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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.1−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.1−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.1−3) 

• LCS monthly accumulation volumes (refer to Figure A.5.1−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.1−2) 

• OSDF horizontal till well 12338 water yield (refer to Figure A.5.1−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.1−4 and 
A.5.1−5) 

• Plots of concentration versus time (refer to Figures A.5.1−6A to A.5.1−20B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.1−21) 

• Control charts (refer to Figures A.5.1−22 to A.5.1−31) 
 
A.5.1.1 Quarterly Monitoring Results 
 
Of the 15 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells, 6 (uranium, 
arsenic, boron, iron, manganese, and selenium) have upward trends in the HTW and/or the 
downgradient GMA well based on the Mann-Kendall test for trend. 
 

Parameter Monitoring Horizona 
Uranium HTW 
Uranium GMA-D 
Arsenic GMA-D 
Boron HTW 
Boron GMA-D 
Iron GMA-D 

Manganese GMA-D 
Selenium GMA-D 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
 
The bivariate plot for the Cell 1 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.1−21. As shown in Figure A.5.1−21, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct, indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends noted above for the HTW and downgradient GMA wells are due to 
fluctuating background concentrations. 
 
Other criteria that were used to assess the upward concentrations include the following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
Arsenic in the downgradient GMA well 
Arsenic is not detected in the LDS of Cell 1. 
 
Boron in the HTW and Downgradient GMA Well 
The plot of concentration versus time for boron in the HTW is presented in Figure A.5.1−12A. 
The data indicate that prior to cap completion in 2001, the concentration of boron in the HTW of 
Cell 1 was increasing, but after approximately mid-2002 the concentration looks stable. The data 
set was modified based on this observation, by removing samples collected prior to mid-2002. 
ChemStat runs with the new data set indicate a normal distribution with a decreasing 
Mann-Kendall trend.  
 
Iron in the downgradient GMA well: 
The average concentration of iron in the Cell 1 HTW (6.34 mg/L) is approximately 4 times 
higher than the average concentration of iron in the Cell 1 LDS (1.63 mg/L). The average 
concentration in the downgradient GMA well (3.59 mg/L) is approximately 2 times higher than 
the average concentration in the LDS (1.63 mg/L). 
 
Manganese in the downgradient GMA well: 
The average concentration of manganese in the downgradient GMA well (0.526 mg/L) is 
approximately 36 times higher than the average concentration of manganese in the LDS 
(0.0147 mg/L). 
 
LM will continue to investigate all upward concentration trends in the HTW and/or GMA wells 
of each cell through continued monitoring and assessment. 
 
A.5.1.2  Control Charts 
 
As shown in Table A.5.1−2 (yellow shading) seven parameters in the HTW and GMA wells of 
Cell 1 meet the criteria for control charts (i.e., normal or lognormal distribution, no trend, and no 
serial correlation), resulting in 10 control charts. 
 

Parameter and Monitoring Pointa Assessment 
TOC in the HTW In Control 

TOC in the GMA-U In Control 
TOC in the GMA-D In Control 
TOX in the HTW  In Control 

Cobalt in the HTW In Control 
Cobalt in the GMA-D In Control 

Iron in the HTW In Control 
Manganese in the HTW In Control 

Nickel in the HTW In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great Miami 
Aquifer 
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These 10 control charts are presented in Figures A.5.1−22 to A.5.1−31. All of the control charts 
for Cell 1 indicate that current data are consistent with past data. 
 
A.5.1.3  Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 1 are provided in Table A.5.1−3 for those parameters that 
ever had a detection. As shown in the table, no new Appendix I or PCB detects were made in 
2009 at Cell 1. Since monitoring began, 27 parameters have been detected, but only 16 of the 27 
were detected again in 2009. 
 
Of the 16 parameters detected in 2009, 6 are already being monitored quarterly in the LCS, LDS, 
HTW, and GMA wells of each cell. The remaining 10 parameters are alkalinity, ammonia, 
chloride, nitrate/nitrite, barium, calcium, chromium, copper, magnesium, and potassium 
 
A.5.1.4  Summary and Conclusions 
• Six parameters have an upward concentration trend in the HTW and/or GMA downgradient 

well of Cell 1 (Uranium, arsenic, boron, iron, manganese, and selenium). 

• The bivariate plot for the Cell 1 LCS, LDS, and HTW (uranium-sodium) indicates that the 
chemical signatures of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
place. This evidence indicates that the increasing concentration trends noted above for the 
HTW and downgradient GMA wells are due to fluctuating background concentrations. 

• Ten control charts were constructed for Cell 1 parameters. All of the control charts indicate 
that current data are consistent with past data. 

• No new Appendix I or PCB parameters were detected in the Cell 1 LCS in 2009. 
 

Table A.5.1−1. Cell 1 – 2009 Monthly Liner Efficiencies 
 

Month 
Cell 1 

Apparent Liner Efficiency 
(%) 

January 100 
February 99.52 

March 99.94 
April 99.88 
May 99.83 
June 99.94 
July 100 

August 100 
September 99.94 

October 100 
November 100 
December 100 
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Table A.5.1−2. Summary Statistics for Cell 1 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of Detects Minimumb Maximumb Averagec,d

Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12338C 45 46 97.8 ND 142 73.3 33.9 Normal    Up    Detected    
LDS 12338D 35 35 100.0 1.5 24.4 12.5 5.0 Normal    None    Detected    
HTW 12338 42 44 95.4 ND 12.4 4.35 3.60 Undefined Up    Detected    

GMA-U 22201 47 51 92.2 ND 8.33 2.35 2.51 Undefined Up    Detected    
GMA-D 22198 51 51 100.0 0.574 15.2 5.22 3.21 Undefined Up   Detected    

LCS 12338C 32 32 100.0 707 2200 1300 420 Lognormal Up    Detected    
LDS 12338D 17 17 100.0 675 3500 1670 600 Lognormal Up    Detected    
HTW 12338 27 27 100.0 549 907 725 92 Normal    Down Detected

GMA-U 22201 27 27 100.0 91.8 1980.0 321 368 Lognormal None    Detected    
GMA-D 22198 27 27 100.0 101 506 234 117 Lognormal Down Not Detected  

LCS 12338C 25 25 100.0 1790 5200 2350 730 Undefined Up Not Detected
LDS 12338D 4 4 100.0 2430 7540 4740 2430 Normal    None Insuff
HTW 12338 3 3 100.0 1240 1310 1270 Insuff Normal    Insuff Insuff

GMA-U 22201 3 3 100.0 978 1040 1010 Insuff Normal    Insuff Insuff
GMA-D 22198 3 3 100.0 577 649 648 Insuff Undefined Insuff Insuff

LCS 12338C 44 46 95.7 ND 51.8 21.3 10.0 Undefined Down    Detected    123(Q2-98)     
LDS 12338D 32 36 88.9 ND 15.7 6.41 3.01 Normal    None  Not Detected  80.9 (Q2-98)   
HTW 12338 30 43 69.8 ND 4.25 1.77 0.68 Lognormal None Not Detected 7.24 (Q1-00)

GMA-U 22201 38 51 74.5 ND 12.4 2.78 1.92 Normal    None Not Detected 13.7 (Q1-97) 15.23 (Q2-97) 17.63 (Q3-97) 59.7 (Q2-98) 12.40 (Q1-00)  
GMA-D 22198 32 50 64 ND 52.5 2.46 7.01 Lognormal None Not Detected  

LCS 12338C 42 47 89.4 ND 0.635 0.179 0.160 Undefined None    Detected    1.52 (Q3-02)
LDS 12338D 26 36 72.2 ND 0.361 0.0507 0.0600 Lognormal None Not Detected
HTW 12338 22 44 50.0 ND 0.0332 0.00879 0.00586 Lognormal None Not Detected

GMA-U 22201 20 51 39.2 ND 0.0319 0.0105 0.0076 Undefined Down Not Detected 0.078(Q1-97) 0.308(Q2-00)
GMA-D 22198 9 50 18 ND 0.0235 0.00462 0.00610 Undefined Down   Detected    0.0473 (Q2-98) 0.092 (Q2-00)

LCS 12338C 8 20 40.0 ND 0.0786 0.0077 0.017 Lognormal None Not Detected
LDS 12338D 1j 7 14.3 ND NA Insuff Insuff Insuff Insuff Insuff 0.00920 (Q2-06)
HTW 12338 2 12 16.7 ND 0.0053 Insuff Insuff Undefined None Not Detected 0.0607 (Q3-09)

GMA-U 22201 1 3 33.3 ND 0.0178 Insuff Insuff Undefined Insuff Insuff
GMA-D 22198 3 36 8.3 ND 0.0352 0.00105 Insuff Undefined Up Detected

LCS 12338C 46 47 97.9 ND 1.72 1.16 0.32 Normal    None Not Detected 0.0642 (Q1-98) 0.128 (Q2-98) 2.80 (Q1-99) 2.53 (Q3-04) 2.81 (Q3-05) 2.33 (Q4-07)
LDS 12338D 35 36 97.2 ND 0.328 0.238 0.038 Lognormal None  Not Detected  0.0296(Q1-98)    0.001(Q3-00)
HTW 12338 41 44 93.2 ND 0.271 0.163 0.068 Undefined Up    Detected    

GMA-U 22201 49 51 96.1 ND 0.145 0.106 0.025 Normal    Up    Detected    
GMA-D 22198 46 50 92.0 ND 0.131 0.0586 0.0186 Lognormal Up Not Detected

LCS 12338C 16 20 80.0 ND 0.0575 0.0181 0.0153 Lognormal Down Not Detected
LDS 12338D 6 7 85.7 ND 0.0019 0.0012 0.001 Normal    None Not Detected
HTW 12338 8 12 66.7 ND 0.01265 0.0017 0.00339 Lognormal None Not Detected

GMA-U 22201 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22198 6 23 26.1 ND 0.0045 0.00092 0.00104 Lognormal None Not Detected

LCS 12338C 18 20 90.0 ND 101 33.0 22.5 Lognormal None Not Detected
LDS 12338D 6 7 85.7 ND 2.55 1.63 0.852 Normal    None Not Detected
HTW 12338 12 12 100.0 0.271 13.9 6.34 4.17 Lognormal None Not Detected

GMA-U 22201 3 3 100.0 0.0479 1.63 0.676 Insuff Normal    Insuff Insuff
GMA-D 22198 16 16 100.0 0.531 6.92 3.59 2.01 Normal    Up Detected

LCS 12338C 12 12 100.0 0.103 0.161 0.123 0.016 Normal    None Not Detected
LDS 12338D 7 7 100.0 0.0333 0.075 0.0522 0.0129 Normal    None Not Detected
HTW 12338 8 12 66.7 ND 0.0088 0.00765 0.00157 Undefined None Not Detected

GMA-U 22201 3 3 100.0 0.00723 0.0132 0.0107 Insuff Normal    Insuff Insuff
GMA-D 22198 3 3 100.0 0.0082 0.00934 0.00863 Insuff Normal    Insuff Insuff

Lithium (mg/L)

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Outliersh,i

Total Organic Carbon (mg/L)

Total Organic Halogens (mg/L)

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)
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Table A.5.1−2 (continued). Summary Statistics for Cell 1 

Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12338C 45 46 97.8 ND 142 73.3 33.9 Normal    Up    Detected    
LDS 12338D 35 35 100.0 1.5 24.4 12.5 5.0 Normal    None    Detected    
HTW 12338 42 44 95.4 ND 12.4 4.35 3.60 Undefined Up    Detected    

GMA-U 22201 47 51 92.2 ND 8.33 2.35 2.51 Undefined Up    Detected    
GMA-D 22198 51 51 100.0 0.574 15.2 5.22 3.21 Undefined Up    Detected    

LCS 12338C 32 32 100.0 707 2200 1300 420 Lognormal Up    Detected    
LDS 12338D 17 17 100.0 675 3500 1670 600 Lognormal Up    Detected    
HTW 12338 27 27 100.0 549 907 725 92 Normal    Down Detected

GMA-U 22201 27 27 100.0 91.8 1980.0 321 368 Lognormal None    Detected    
GMA-D 22198 27 27 100.0 101 506 234 117 Lognormal Down  Not Detected  

LCS 12338C 25 25 100.0 1790 5200 2350 730 Undefined Up Not Detected
LDS 12338D 4 4 100.0 2430 7540 4740 2430 Normal    None Insuff
HTW 12338 3 3 100.0 1240 1310 1270 Insuff Normal    Insuff Insuff

GMA-U 22201 3 3 100.0 978 1040 1010 Insuff Normal    Insuff Insuff
GMA-D 22198 3 3 100.0 577 649 648 Insuff Undefined Insuff Insuff

LCS 12338C 16 20 80.0 ND 7.7 0.899 1.97 Undefined Down Not Detected
LDS 12338D 7 7 100.0 0.0079 0.0274 0.0147 0.0074 Lognormal None Not Detected 0.184 (1Q-07)
HTW 12338 12 12 100.0 0.0062 0.136 0.052 0.040 Normal    None Not Detected

GMA-U 22201 5 5 100.0 0.0322 2.06 0.766 0.809 Normal    None Insuff
GMA-D 22198 35 36 97.2 ND 1.09 0.526 0.226 Normal    Up Detected

LCS 12338C 19 20 95.0 ND 0.0535 0.026 0.015 Normal    Down Not Detected
LDS 12338D 7 7 100.0 0.00486 0.0353 0.018 0.009 Normal    None Not Detected
HTW 12338 6 12 50.0 ND 0.0116 0.005 0.003 Normal    None Not Detected

GMA-U 22201 3 3 100.0 0.00248 0.0115 0.007 Insuff Normal    Insuff Insuff
GMA-D 22198 16 36 44.4 ND 0.009 0.0024 0.0023 Lognormal Down Not Detected 0.13 (Q4-99)

LCS 12338C 8 20 40.0 ND 0.0711 0.0069 0.015 Lognormal None Not Detected
LDS 12338D 1 7 14.3 ND 0.00724 Insuff Insuff Undefined None Not Detected
HTW 12338 0 12 0.0 ND NA Insuff Insuff Insuff None Not Detected

GMA-U 22201 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22198 3 23 13.0 ND 0.0025 0.0011 Insuff Undefined Up Not Detected

LCS 12338C 20 20 100.0 11.7 20.2 16.2 2.5 Lognormal Up Detected 29.3 (Q3-05)
LDS 12338D 7 7 100.0 335 839 496 177 Normal    None Not Detected
HTW 12338 12 12 100.0 14.5 23.8 19.1 2.6 Normal    Down Detected

GMA-U 22201 3 3 100.0 64.5 65.5 65.0 Insuff Normal    Insuff Insuff
GMA-D 22198 3 3 100.0 14.8 16.5 15.5 Insuff Normal    Insuff Insuff

LCS 12338C 14 20 70.0 ND 0.575 0.147 0.166 Lognormal None Not Detected
LDS 12338D 7 7 100.0 0.1 0.671 0.243 0.217 Normal    None Not Detected
HTW 12338 8 12 66.7 ND 0.618 0.103 0.199 Lognormal Up Detected

GMA-U 22201 2 3 66.7 ND 0.0122 Insuff Insuff Lognormal Insuff Insuff
GMA-D 22198 11 36 30.6 ND 0.0474 0.004 0.008 Lognormal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
f Trend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly
jThe one detected result was an outlier; therefore, in terms of the distribution and associated statistics, there were no detections.

Outliersh,i

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)
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Table A.5.1−3. Cell 1 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER (UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 18 18 100% Yes 227 721 456 - 422 mg/L(10) 430 mg/L(9) -

Ammonia (mg/L) 12 8 66.70% Yes 0.03 4.5 0.931 - 4.2 mg/L(1) 4.34 mg/L(1) 220 mg/L(0)

Chloride (mg/L) 18 18 100% Yes 21.8 41 35.8 - 7.3 mg/L(18) 45 mg/L(0) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 29 17 58.60% Yes 0.00793 48.8 7.69 11 mg/Lg(3) 11 mg/L(3) 0.29 mg/L(12) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 25 25 100% Yes 1790 5200 2560 - - - -

Inorganic

Arsenic (mg/L) 14 6 42.90% Yes 0.0038 0.0786 0.0188 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 12 12 100% Yes 0.0327 0.205 0.0727 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Beryllium (mg/L) 12 2 16.70% No 0.0000674 0.00012 0.0001 0.004 mg/L(0) - - 0.0343 mg/L(0)

Cadmium (mg/L) 12 3 25% No 0.00014 0.00084 0.0004 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

Calcium (mg/L) 18 18 100% Yes 377 1500 602 - 159 mg/L(18) 172 mg/L(18) 1800 mg/L(0)

Chromium (mg/L) 12 5 41.70% Yes 0.0012 0.00365 0.0022 0.022 mg/Lg(0) 0.021 mg/L(0) 0.0046 mg/L(0) 0.818 mg/L(0)

Cobalt (mg/L) 14 10 71.40% No 0.0025 0.0575 0.0176 0.17 mg/L(0) 0.0086 mg/L(6) - 0.0886 mg/L(0)

Copper (mg/L) 12 12 100% Yes 0.00094 0.0159 0.0094 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 20 18 90% Yes 0.114 101 11.7 - 5.72 mg/L(7) 6.35 mg/L(7) 21.3 mg/L(2)

Lead (mg/L) 12 1 8.30% No 0.00066 - - 0.015 mg/L(0) 0.022 mg/L(0) 0.0016 mg/L(0) 0.0114 mg/L(0)

Magnesium (mg/L) 18 18 100% Yes 71.4 377 175 - 38.5 mg/L(18) 50.7 mg/L(18) 690 mg/L(0)

Manganese (mg/L) 20 16 80% No 0.0104 7.7 2.02 0.9 mg/L(10) 0.9 mg/L(10) 0.21 mg/L(15) 35 mg/L(0)

Mercury (mg/L) 26 2 7.70% No 0.00000024 0.00047 0.0002 0.002 mg/L(0) - - 0.0018 mg/L(0)

Nickel (mg/L) 14 13 92.90% Yes 0.00257 0.0535 0.0258 0.1 mg/L(0) 0.0514 mg/L(1) 0.0072 mg/L(11) 0.981 mg/L(0)

Potassium (mg/L) 18 18 100% Yes 10.8 25.9 18.3 - 1.96 mg/L(18) 17.2 mg/L(10) 12400 mg/L(0)

Selenium (mg/L) 14 5 35.70% Yes 0.0048 0.0711 0.0213 0.05 mg/L(1) 0.00075 mg/L(5) - 0.0494 mg/L(1)

Silver (mg/L) 12 1 8.30% No 0.00014 - - 0.05 mg/L(0) 0.0117 mg/L(0) 0.0031 mg/L(0) 0.264 mg/L(0)

Sodium (mg/L) 20 20 100% Yes 11.7 29.3 16.8 - 47.1 mg/L(0) 50 mg/L(0) 1300 mg/L(0)

Thallium (mg/L) 12 2 16.70% No 0.0007 0.00756 0.0041 - - - 0.0028 mg/L(1)

Zinc (mg/L) 14 8 57.10% No 0.0099 0.575 0.111 0.021 mg/L(5) 0.02 mg/L(5) 0.35 mg/L(1) 1.78 mg/L(0)

Radionuclide

Technetium-99 (pCi/L) 28 7 25% No 1.81 18.3 9.92 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6130 pCi/L(0)

Organic

4-Nitroaniline (ug/L) 25 1 4% No 1.01 - - - - - -

Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information.
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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Note:  No data graphed for February and March 2003 
due to bypasses under the OSDF contingency plan.

FIGURE A.5.1-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 1 LCS
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FIGURE A.5.1-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 1 LDS
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FIGURE A.5.1-3.  OSDF HORIZONTAL TILL WELL 12338 (CELL 1) WATER YIELD
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12338 Purge Information
Year               Total Volumes (gal.)      Months Purged    Avg. Monthly Purge (gal.)
1999:                   5655                            n=9                             628   
2000:                   6000                            n=6                             1000
2001:                   4060                            n=4                             1015
2002:                   4060                            n=4                             1015
2003:                   4325                            n=4                             1081
2004:                   3950                            n=4                             988
2005:                   4250                            n=4                             1063
2006:                   4350                            n=4                             1088
2007:                   3625                            n=4                             906
2008:                   3625                            n=4                             906
2009:                   2750                            n=3                             917 
Overall:                                                                                       933

*More than one purge of the well was completed during these 
months to help evaluate well yield.
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Figure A.5.1−21. Cell 1 Bivariate Plot for Uranium and Sodium 

 

 
 

Figure A.5.1−22. Intra-Well Shewhart-CUSUM Control Chart (TOC 12338) 
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Figure A.5.1−23. Intra-Well Shewhart-CUSUM Control Chart (TOC 22201) 
 

 
 

Figure A.5.1−24. Intra-Well Shewhart-CUSUM Control Chart (TOC 22198) 
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Figure A.5.1−25. Intra-Well Shewhart-CUSUM Control Chart (TOX 12338) 
 

 
 

Figure A.5.1−26. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12338) 
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Figure A.5.1−27. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 22198) 
 

 
 

Figure A.5.1−28. Intra-Well Shewhart-CUSUM Control Chart (Iron 12338) 
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Figure A.5.1−29. Intra-Well Shewhart-CUSUM Control Chart (Manganese 12338) 
 

 
 

Figure A.5.1−30. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12338) 
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Figure A.5.1−31. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22198)  
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.2−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.2−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.2−3) 

• LCS monthly accumulation volumes (refer to Figure A.5.2−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.2−2) 

• OSDF horizontal till well 12339 water yield (refer to Figure A.5.2−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.2−4 and 
A.5.2−5) 

• Plots of concentration versus time (refer to Figures A.5.2−6A to A.5.2−20B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.2−21) 

• Control charts (refer to Figures A.5.2−22 to A.5.2−32) 
 
A.5.2.1 Quarterly Monitoring Results 
 
Of the 15 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells, 5 (uranium, 
TOC, arsenic, boron, and nickel) have upward trends in the HTW and/or the downgradient GMA 
well based on the Mann-Kendall test for trend. 
 

Parameter Monitoring Horizona 
Uranium HTW 

TOC HTW 
Arsenic GMA-D 
Boron HTW 
Boron GMA-D 
Nickel GMA-D 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
 
The bivariate plot for the Cell 2 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.2−21. As shown in Figure A.5.2−21, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct, indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends noted above for the HTW and downgradient GMA wells are due to 
fluctuating background concentrations. 
 
Other criteria that were used to assess the upward concentrations noted above include the 
following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
TOC in the HTW  
The LDS of Cell 2 has been dry since 2005. The increasing concentration trend for TOC in the 
HTW is probably due to changes in the concentration of the perched groundwater system 
beneath Cell 2 that are not related to Cell 2. To see if capping the cell might have had an effect 
on the TOC concentration in the HTW, the data set for TOC for 12339 was revised by removing 
all of the data prior to cap completion in 2003. The reduced data set still displayed an upward 
Mann-Kendall trend. LM will continue to investigate this trend through continued monitoring 
and assessment. 
 
Arsenic in the downgradient GMA well 
Arsenic is not detected in the LDS of Cell 2 
 
Boron in the HTW and downgradient GMA well 
The LDS of Cell 2 has been dry since 2005. The increasing concentration trend for boron in the 
HTW is probably due to changes in the concentration of the perched groundwater system 
beneath Cell 2 that are not related to Cell 2.  
 
The plot of boron concentration versus time for Cell 2 (Figure A.5.2−12A) shows that after the 
cell was capped in 2003, concentrations increased until 2007. After 2007 they have been 
relatively stable. To check this observation, the data set for boron for 12339 was revised by 
removing all of the data prior to 2007. The reduced data set had a downward Mann-Kendall 
trend.  
 
Nickel in the downgradient GMA well 
The LDS of Cell 2 has been dry since 2005, indicating that a leak should not be occurring.  
 
LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.2.2 Control Charts 
 
As shown in Table A.5.2−2 (yellow shading) eight parameters in the HTW and/or GMA wells of 
Cell 2 meet the criteria for control charts (i.e., normal or lognormal distribution, no trend, and no 
serial correlation), resulting in 11 control charts. 
 

Parameter and Monitoring Pointa Assessment 
Sulfate in the GMA-U In Control 
Sulfate in the GMA-D In Control 
TOC in the GMA-U In Control 
TOC in the GMA-D In Control 
Cobalt in the HTW In Control 

Iron in the HTW In Control 
Lithium in the HTW In Control 

Manganese in the HTW In Control 
Manganese in the GMA-D In Control 

Nickel in the HTW In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great 
Miami Aquifer 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.2−3 

These 11 control charts are presented in Figures A.5.2−22 to A.5.2−32. The control charts shown 
for Cell 2 indicate that current data are consistent with past data. It should be noted that a 
lognormal transformation of the concentration data was used in the control chart for sulfate in the 
GMA-U (22200).  
 
A.5.2.3  Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 2 are provided in Table A.5.2−3 for those parameters that 
ever had a detection. As shown in the table, no new Appendix I or PCB detects were made in 
2009 at Cell 2. Since monitoring began, 25 parameters have been detected, but only 19 of the 
25 were detected again in 2009. 
 
Of the 19 parameters detected in 2009, 9 are already being monitored quarterly in the LCS, LDS, 
HTW, and GMA wells of each cell. The remaining 10 parameters are alkalinity, ammonia, 
chloride, nitrate/nitrite, barium, cadmium, calcium, copper, magnesium, and potassium. 
 
A.5.2.4  Summary and Conclusions 
• Five parameters monitored quarterly have an upward concentration trend in the HTW and/or 

GMA downgradient well of Cell 2 (uranium, TOC, arsenic, boron, and nickel). 

• The bivariate plot for Cell 2 LCS, LDS, and HTW (uranium-sodium) indicates that the 
chemical signature of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
place. This evidence indicates that the increasing concentration trends noted above for the 
HTW and downgradient GMA wells are due to fluctuating background concentrations. 

• Eleven control charts were constructed for Cell 2 parameters. All 11 of the control charts 
indicate that current data are consistent with past data. 

• No new Appendix I or PCB parameters were detected in the Cell 2 LCS in 2009. 
 

Table A.5.2−1. Cell 2 2009 Monthly Liner Efficiencies 
 

Month Cell 2 
Apparent Liner Efficiency (%) 

January 100 

February 100 

March 100 

April 100 

May 100 

June 100 

July 100 

August 100 

September 100 

October 100 

November 100 

December 100 
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Table A.5.2−2. Summary Statistics for Cell 2 
 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12339C 43 43 100.0 4.51 197 78.5 49.1 Lognormal Up Detected
LDS 12339D 26 26 100.0 4.08 24.8 14.5 5.0 Normal None Not Detected 71 (Q4-98)  50.37 (Q1-99) 50.5 (Q2-99)
HTW 12339 43 44 100.0 ND 12.6 7.17 3.33 Undefined Up Detected 36.9 (Q2-09)

GMA-U 22200 33 50 66.0 ND 0.878 0.244 0.198 Undefined Up Not Detected 1.11 (Q2-97) 0.991 (Q3-00) 1.03 (Q1-03)
GMA-D 22199 49 51 96.1 ND 3.03 0.706 0.663 Undefined None Not Detected 11.826 (Q3-98) 4.4 (Q4-98) 6.41 (Q2-99) 12.1 (Q3-99) 8.77 (Q3-02) 4.885 (Q3-04) 5.54 (Q3-05) 5.25 (Q3-07)

LCS 12339C 32 32 100.0 1020 1760 1390 200 Normal Up Detected 414 (Q3-00) 155 (Q2-01) 552 (Q1-03)
LDS 12339D 9 9 100.0 2290 8110 2990 1760 Undefined None Not Detected
HTW 12339 27 27 100.0 530 850 660 80 Normal Down Detected

GMA-U 22200 27 27 100.0 75.7 434 214 103 Normal None Not Detected
GMA-D 22199 27 27 100.0 101 540 211 116 Lognormal None Not Detected

LCS 12339C 24 24 100.0 557 3220 2240 960 Undefined Up Detected
LDS 12339D 3 3 100.0 1890 3230 2640 Insuff Normal Insuff Insuff
HTW 12339 3 3 100.0 1380 1480 1430 Insuff Normal Insuff Insuff

GMA-U 22200 3 3 100.0 545 627 595 Insuff Normal Insuff Insuff
GMA-D 22199 3 3 100.0 610 624 615 Insuff Normal Insuff Insuff

LCS 12339C 33 43 76.7 ND 6.6 2.9 1.5 Lognormal Up Detected
LDS 12339D 18 26 69.2 ND 8.19 3.08 1.84 Lognormal Down Detected 26.1 (Q3-99) 11.5 (Q1-00)
HTW 12339 28 42 59.5 ND 3.04 1.75 0.61 Normal Up Not Detected 11.1 (Q1-00)

GMA-U 22200 38 50 76 ND 40.1 2.98 6.43 Lognormal None Not Detected
GMA-D 22199 34 50 68 ND 3.7 1.54 0.67 Lognormal None Not Detected 16.53 (Q3-97) 10.53 (Q4-97) 48.1 (Q2-98) 9.68 (Q1-00)

LCS 12339C 17 44 38.6 ND 0.0826 0.0125 0.0192 Undefined None Detected
LDS 12339D 8 27 29.6 ND 0.0205 0.0122 0.0052 Undefined None Not Detected 0.069 (Q2-00)
HTW 12339 31 44 70.5 ND 0.0435 0.0210 0.0122 Undefined None Not Detected

GMA-U 22200 13 50 26.0 ND 0.0 0.00589 0.00481 Undefined Down Detected 0.124 (Q4-98) 0.177 (Q2-00)
GMA-D 22199 11 50 22.0 ND 0.0 0.00512 0.00535 Undefined Down Detected 0.0272 (Q1-99) 0.0775 (Q2-00)

LCS 12339C 11 20 55.0 ND 0.2 0.00338 0.0639 Undefined Up Detected
LDS 12339D 0 1 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
HTW 12339 0 12 0.0 ND NA Insuff Insuff Insuff Insuff Insuff 0.025 (Q3-09)

GMA-U 22200 1 3 33.3 ND 0.0224 Insuff Insuff Undefined Insuff Insuff
GMA-D 22199 2 16 12.5 ND 0.0379 Insuff Insuff Undefined Up Not Detected

LCS 12339C 44 44 100.0 0.207 4.78 2.16 1.06 Undefined Up Detected
LDS 12339D 26 26 100 0.289 2.22 0.404 0.387 Undefined None Not Detected
HTW 12339 40 44 90.9 ND 0.213 0.068 0.058 Undefined Up Detected

GMA-U 22200 38 50 76.0 ND 0.087 0.0488 0.0136 Undefined None Not Detected
GMA-D 22199 41 50 82.0 ND 0.0775 0.0470 0.0148 Normal Up Detected

LCS 12339C 16 20 80.0 ND 0.306 0.0194 0.0841 Undefined Up Detected
LDS 12339D 1 1 100.0 NA 0.0035 Insuff Insuff Insuff Insuff Insuff
HTW 12339 9 12 75.0 ND 0.005 0.0015 0.0012 Lognormal None Not Detected

GMA-U 22200 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22199 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12339C 19 20 95.0 ND 253.0 540 76 Lognormal Up Detected
LDS 12339D 1 1 100.0 NA 3.61 Insuff Insuff Insuff Insuff Insuff
HTW 12339 11 12 91.7 ND 4.16 1.84 0.98 Normal None Not Detected 36.2 (Q2-07) 42.8 (Q2-09)

GMA-U 22200 3 3 100.0 3.24 9.05 5.45 Insuff Normal Insuff Insuff
GMA-D 22199 3 3 100.0 3.46 4.04 4.04 Insuff Undefined Insuff Insuff

LCS 12339C 12 12 100.0 0.377 0.633 0.421 0.086 Undefined Up Not Detected
LDS 12339D 1 1 100.0 NA 0.31 Insuff Insuff Insuff Insuff Insuff
HTW 12339 12 12 100.0 0.0132 0.0199 0.0169 0.002 Normal None Not Detected

GMA-U 22200 3 3 100.0 0.00398 0.0045 0.0045 Insuff Normal Insuff Insuff
GMA-D 22199 3 3 100.0 0.0065 0.00691 0.00676 Insuff Normal Insuff Insuff

Outliersh,i

Total Organic Carbon (mg/L)

Total Organic Halogens (mg/L)

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Lithium (mg/L)
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Table A.5.2−2 (continued). Summary Statistics for Cell 2 
 

Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12339C 18 20 90.0 ND 12.7 3.05 4.38 Undefined Up Detected
LDS 12339D 1 1 100.0 NA 0.418 Insuff Insuff Insuff Insuff Insuff
HTW 12339 11 12 91.7 ND 0.364 0.074 0.095 Lognormal None Not Detected

GMA-U 22200 5 5 100.0 0.3 0.472 0.367 0.069 Normal None Insuff
GMA-D 22199 15 16 93.8 ND 0.791 0.361 0.183 Lognormal None Not Detected

LCS 12339C 20 20 100.0 0.00495 0.421 0.109 0.106 Lognormal Up Detected
LDS 12339D 1 1 100.0 NA 0.0215 Insuff Insuff Insuff Insuff Insuff
HTW 12339 8 12 66.7 ND 0.0111 0.006 0.003 Normal None Not Detected

GMA-U 22200 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22199 5 16 31.3 ND 0.0034 0.000515 Insuff Undefined Up Not Detected 0.0062 (Q3-05) 0.0066 (Q1-06)

LCS 12339C 13 20 65.0 ND 0.1 0.0098 0.014 Lognormal None Not Detected
LDS 12339D 0 1 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
HTW 12339 1j 12 8.3 ND NA Insuff Insuff Undefined None Not Detected 0.0367 (Q2-09) 0.025 (Q3-09)

GMA-U 22200 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22199 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12339C 20 20 100.0 3.32 26.7 15.3 5.5 Normal Up Not Detected
LDS 12339D 1 1 100.0 NA 989 Insuff Insuff Insuff Insuff Insuff
HTW 12339 12 12 100.0 55.3 119 87.4 19.3 Normal Down Detected

GMA-U 22200 3 3 100.0 20.4 21.8 21.1 Insuff Normal Insuff Insuff
GMA-D 22199 3 3 100.0 17.1 18.4 2.88 Insuff Normal Insuff Insuff

LCS 12339C 12 20 60.0 ND 0.223 0.0650 0.0706 Lognormal Up Detected
LDS 12339D 1 1 100.0 NA 0.284 Insuff Insuff Insuff Insuff Insuff
HTW 12339 6 12 50.0 ND 0.0888 0.0071 0.026 Undefined None Not Detected 0.184 (Q4-06) 0.284 (Q1-07)

GMA-U 22200 3 3 100.0 0.0107 0.0167 0.0141 Insuff Normal Insuff Insuff
GMA-D 22199 10 16 62.5 ND 0.0255 0.0063 0.0059 Lognormal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
f Trend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly
jThe one detected result was an outlier; therefore, in terms of the distribution and associated statistics, there were no detections.

Outliersh,i

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)
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Table A.5.2−3. Cell 2 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 18 18 100% Yes 60.5 683 453 - 422 mg/L(12) 430 mg/L(12) -

Ammonia (mg/L) 12 4 33.30% Yes 0.076 0.2 0.126 - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 18 18 100% Yes 3.95 41.2 14.5 - 7.3 mg/L(17) 45 mg/L(0) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 28 19 67.90% Yes 0.039 4.1 1.53 11 mg/Lg(0) 11 mg/L(0) 0.29 mg/L(14) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 24 24 100% Yes 557 3220 2030 - - - -

Inorganics

Antimony (mg/L) 12 2 16.70% No 0.00053 0.0006 0.0006 0.006 mg/L(0) - - 0.0987 mg/L(0)

Arsenic (mg/L) 14 7 50% Yes 0.00091 0.157 0.0715 0.05 mg/L(3) 0.029 mg/L(5) 0.019 mg/L(5) 0.191 mg/L(0)

Barium (mg/L) 12 12 100% Yes 0.0367 0.228 0.0825 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Cadmium (mg/L) 12 4 33.30% Yes 0.000091 0.00041 0.0003 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

Calcium (mg/L) 18 18 100% Yes 165 984 566 - 159 mg/L(18) 172 mg/L(17) 1800 mg/L(0)

Chromium (mg/L) 12 5 41.70% No 0.0009 0.0069 0.0041 0.022 mg/Lg(0) 0.021 mg/L(0) 0.0046 mg/L(3) 0.818 mg/L(0)

Cobalt (mg/L) 14 10 71.40% Yes 0.000283 0.17 0.0433 0.17 mg/L(0) 0.0086 mg/L(8) - 0.0886 mg/L(2)

Copper (mg/L) 12 11 91.70% Yes 0.00093 0.0215 0.009 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 20 19 95% Yes 0.088 253 56.6 - 5.72 mg/L(13) 6.35 mg/L(13) 21.3 mg/L(8)

Lead (mg/L) 12 2 16.70% No 0.0007 0.0046 0.0026 0.015 mg/L(0) 0.022 mg/L(0) 0.0016 mg/L(1) 0.0114 mg/L(0)

Magnesium (mg/L) 18 18 100% Yes 32.4 375 179 - 38.5 mg/L(17) 50.7 mg/L(16) 690 mg/L(0)

Manganese (mg/L) 20 18 90% Yes 0.0106 12.7 4.68 0.9 mg/L(13) 0.9 mg/L(13) 0.21 mg/L(14) 35 mg/L(0)

Nickel (mg/L) 14 14 100% Yes 0.00495 0.166 0.0483 0.1 mg/L(2) 0.0514 mg/L(5) 0.0072 mg/L(12) 0.981 mg/L(0)

Potassium (mg/L) 18 18 100% Yes 3.93 35.9 19.9 - 1.96 mg/L(18) 17.2 mg/L(13) 12400 mg/L(0)

Selenium (mg/L) 14 7 50% Yes 0.00417 0.0522 0.0203 0.05 mg/L(1) 0.00075 mg/L(7) - 0.0494 mg/L(1)

Sodium (mg/L) 20 20 100% Yes 3.32 26.7 15.3 - 47.1 mg/L(0) 50 mg/L(0) 1300 mg/L(0)

Thallium (mg/L) 12 3 25% No 0.00057 0.0107 0.0041 - - - 0.0028 mg/L(1)

Vanadium (mg/L) 12 2 16.70% No 0.00158 0.0066 0.0041 0.038 mg/L(0) 0.012 mg/L(0) 0.005 mg/L(1) 0.299 mg/L(0)

Zinc (mg/L) 14 8 57.10% Yes 0.0124 0.178 0.0529 0.021 mg/L(4) 0.02 mg/L(4) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 23 1 4.30% No 21.3 - - 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6130 pCi/L(0)

Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.
aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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Note:  No data graphed for February and March 2003 
due to bypasses under the OSDF Contingency Plan.

FIGURE A.5.2-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 2 LCS
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FIGURE A.5.2-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 2 LDS
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FIGURE A.5.2-3.  OSDF HORIZONTAL TILL WELL 12339 (CELL 2) WATER YIELD 
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12339 Purge Information
Year               Total Volumes (gal.)      Months Purged    Avg. Monthly Purge (gal.)
1999:                      5725                         n=7                            818   
2000:                      5750                         n=6                            958
2001:                      3395                         n=4                            849
2002:                      3625                         n=4                            906
2003:                      3370                         n=4                            843
2004:                      3220                         n=4                            805
2005:                      3275                         n=4                            819
2006:                      3175                         n=4                            1088
2007:                      3325                         n=4                            831
2008:                      3050                         n=4                            763
2009:                      2400                         n=3                            800              
Overall:                                                                                      840

*More than one purge of the well was completed during these 
months to help evaluate well yield.
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Figure A.5.2−21. Cell 2 Bivariate Plot for Uranium and Sodium 
 

 
 

Figure A.5.2−22. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22200) 
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Figure A.5.2−23. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22199) 
 

 
 

Figure A.5.2−24. Intra-Well Shewhart-CUSUM Control Chart (TOC 22200) 
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Figure A.5.2−25. Intra-Well Shewhart-CUSUM Control Chart (TOC 22199) 
 

 
 

Figure A.5.2−26. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12339) 
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Figure A.5.2−27. Intra-Well Shewhart-CUSUM Control Chart (Iron 12339) 
 

 
 

Figure A.5.2−28. Intra-Well Shewhart-CUSUM Control Chart (Lithium 12339) 
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Figure A.5.2−29. Intra-Well Shewhart-CUSUM Control Chart (Manganese 12339) 
 

 
 

Figure A.5.2−30. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22199) 
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Figure A.5.2−31. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12339) 
 

 
 

Figure A.5.2−32. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22199) 
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.3−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.3−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.3−3) 

• LCS monthly accumulation volumes (refer to Figure A.5.3−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.3−2) 

• OSDF horizontal till well 12340 water yield (refer to Figure A.5.3−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.3−4 and 
A.5.3−5) 

• Plots of concentration versus time (refer to Figures A.5.3−6A to A.5.3−20B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.3−21) 

• Control charts (refer to Figures A.5.3−22 to A.5.3−29) 
 
A.5.3.1 Quarterly Monitoring Results 
 
Of the 15 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells, 6 (uranium, 
TOC, arsenic, boron, manganese, and zinc) have upward trends in the HTW and/or the 
downgradient GMA well based on the Mann-Kendall Test for trend  
 

Parameter Monitoring Horizona 
Uranium HTW 
Uranium GMA-D 

TOC HTW 
Arsenic GMA-D 
Boron HTW 
Boron GMA-D 

Manganese GMA-D 
Zinc HTW 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
 
The bivariate plot for the Cell 3 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.3−21. As shown in Figure A.5.3−21, the chemical signature of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct, indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends noted for the HTW and downgradient GMA wells are due to fluctuating 
background concentrations. 
 
Other criteria that were used to assess the upward concentrations include the following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
TOC in the HTW 
The LDS of Cell 3 has been dry since 2007, indicating that a leak should not be occurring.  
 
Arsenic in the downgradient GMA well 
Arsenic has only been detected once in the LDS or the downgradient GMA well of Cell 3. The 
one detect in the downgradient GMA well (0.0382 mg/L) is approximately 4 times higher than 
the concentration of the one detect in the LDS (0.0085 mg/L). 
 
Boron in the HTW and downgradient GMA well 
The LDS of Cell 3 has been dry since 2007, indicating that a leak should not be occurring. The 
concentration trends shown in Figure A.5.3−12A also indicate that since the cap for Cell 3 has 
been completed, the LCS concentration has been relatively steady, and the LDS concentration 
was decreasing up until the time that it went dry. If the LCS was leaking into the LDS, the 
concentration in the LDS should have increased, not decreased. LM will continue to investigate 
this trend through continued monitoring and assessment. 
 
Manganese in the downgradient GMA well 
The average concentration of manganese in the downgradient GMA well (1.40 mg/L) is 
approximately 53 times higher than the average concentration of manganese in the LDS 
(0.026 mg/L). 
 
Zinc in the HTW 
The LDS of Cell 3 has been dry since 2007, indicating that a leak should not be occurring. 
 
LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.3.2 Control Charts 
 
As shown in Table A.5.3−2 (yellow shading), seven parameters in the HTW and GMA wells of 
Cell 3 meet the criteria for control charts (i.e., normal or lognormal distribution, no trend, and no 
serial correlation), resulting in eight control charts. 
 

Parameter and Monitoring Pointa Assessment 
TOC in the GMA-D In Control 
Arsenic in the HTW In Control 
Cobalt in the HTW In Control 

Iron in the HTW In Control 
Nickel in the HTW In Control 

Nickel in the GMA-D In Control 
Sodium in the HTW In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
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These eight control charts are presented in Figures A.5.3−22 to A.5.3−29. All eight of the control 
charts shown for Cell 3 indicate that current data are consistent with past data. 
 
A.5.3.3 Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 3 are provided in Table A.5.3−3 for those parameters that 
ever had a detection. As shown in the table, one new Appendix I parameter (ammonia) was 
detected in 2009 at Cell 3. A detection of ammonia again next year will trigger sampling for 
ammonia in the LDS of Cell 3.  
 
Since monitoring began, 29 parameters have been detected, but only 18 of the 29 were detected 
again in 2009. Of the 18 parameters detected in 2009, 8 are already being monitored quarterly in 
the LCS, LDS, HTW, and GMA wells of each cell. The remaining 10 parameters are alkalinity, 
ammonia, chloride, nitrate/nitrite, barium, calcium, chromium, copper, magnesium, and 
potassium. 
 
A.5.3.4 Summary and Conclusions 
• Six parameters monitored quarterly have an upward concentration trend in the HTW and/or 

GMA downgradient well of Cell 3 (uranium, TOC, arsenic, boron, manganese, and zinc). 

• The bivariate plot for the Cell 3 LCS, LDS, and HTW (uranium-sodium) indicates that the 
chemical signature of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
place. This evidence indicates that the increasing concentration trends for the HTW and 
downgradient GMA wells are due to fluctuating background concentrations. 

• Eight control charts were constructed for Cell 3 parameters. All eight of the control charts 
indicate that current data are consistent with past data. 

• A first-time detect for ammonia was made in 2009 in the Cell 3 LCS. A detection of 
ammonia again next year will trigger sampling for ammonia in the LDS of Cell 3. 

 
Table A.5.3−1. Cell 3 2009 Monthly Liner Efficiencies 

 
Month Cell 3 

Apparent Liner Efficiency (%) 
January 100 

February 100 

March 100 

April 100 

May 100 

June 100 

July 99.95 

August 100 

September 99.96 

October 99.96 

November 100 

December 100 
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Table A.5.3−2. Summary Statistics for Cell 3 
 

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12340C 40 40 100.0 9.35 91.9 63.8 22.5 Undefined Up Detected
LDS 12340D 21 21 100.0 8.9 27.7 17.0 5.05 Normal Down Not Detected 72.4 (Q4-04)
HTW 12340 43 43 100.0 3.89 58.5 20.2 9.8 Undefined Up Detected

GMA-U 22203 42 45 93.3 ND 7.92 2.06 1.91 Lognormal None Detected
GMA-D 22204 45 46 97.8 ND 16.4 3.03 4.48 Undefined Up Detected

LCS 12340C 32 32 100.0 26.1 2650 1420 630 Normal None Not Detected
LDS 12340D 19 19 100.0 112 2510 1250 700 Undefined Down Not Detected
HTW 12340 27 27 100.0 352 958 758 162 Undefined None Detected

GMA-U 22203 27 27 100.0 67.3 735 277 153 Lognormal Down Detected
GMA-D 22204 27 27 100.0 269 779 508 137 Normal Down Not Detected

LCS 12340C 21 21 100.0 233 3330 1610 1170 Undefined Up Detected
LDS 12340D 0 0 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
HTW 12340 3 3 100.0 1460 1650 1560 Insuff Normal Insuff Insuff

GMA-U 22203 3 3 100.0 524 614 559 Insuff Normal Insuff Insuff
GMA-D 22204 3 3 100.0 912 1060 1060 Insuff Undefined Insuff Insuff

LCS 12340C 27 39 69.2 ND 4.21 1.90 0.78 Normal None Not Detected 17.35 (Q4-99)
LDS 12340D 17 21 81 ND 8.02 5.77 2.26 Undefined None Not Detected
HTW 12340 32 42 76.2 ND 3.21 2.01 0.65 Normal Up Detected 9.81 (Q1-00)

GMA-U 22203 31 45 68.9 ND 2.9 1.51 0.55 Normal None Detected 5.66 (Q1-00) 14.1 (Q4-00)
GMA-D 22204 28 45 62.2 ND 2.92 1.40 0.53 Normal None Not Detected 8.83 (Q1-00)

LCS 12340C 12 40 30 ND 0.141 0.0125 0.0234 Undefined Down Detected
LDS 12340D 10 21 47.6 ND 0.0838 0.0217 0.0187 Lognormal None Not Detected
HTW 12340 31 44 70.5 ND 0.0459 0.0138 0.0118 Undefined Down Detected 0.067 (Q4-99)

GMA-U 22203 18 45 40.0 ND 0.0209 0.00515 0.00557 Undefined Down Detected 0.213 (Q2-00)
GMA-D 22204 9 45 20.0 ND 0.0194 0.00598 0.00538 Undefined Down Detected 0.165 (Q2-00)

LCS 12340C 4 20 20.0 ND 0.131 0.0025 0.029 Undefined Up Not Detected
LDS 12340D 1 9 11.1 ND 0.0085 Insuff Insuff Undefined None Not Detected
HTW 12340 2 12 16.7 ND 0.025 Insuff Insuff Lognormal None Not Detected

GMA-U 22203 1 3 33.3 ND 0.0104 Insuff Insuff Undefined Insuff Insuff
GMA-D 22204 1 16 6.3 ND 0.0382 Insuff Insuff Lognormal Up Detected

LCS 12340C 40 41 97.6 ND 9.19 4.02 2.19 Undefined Up Detected
LDS 12340D 20 21 95.2 ND 0.557 0.128 0.149 Undefined Down Detected
HTW 12340 43 43 100.0 0.0481 0.259 0.137 0.056 Lognormal Up Detected 0.96 (Q3-06)

GMA-U 22203 34 45 75.6 ND 0.0558 0.0407 0.0107 Undefined Up Detected
GMA-D 22204 37 45 82.2 ND 0.0887 0.0391 0.0132 Lognormal Up Detected

LCS 12340C 14 20 70.0 ND 0.0666 0.0077 0.021 Undefined Up Detected
LDS 12340D 8 9 88.9 ND 0.0011 0.00071 0.00026 Normal None Not Detected
HTW 12340 10 12 83.3 ND 0.0019 0.0013 0.0004 Normal None Not Detected 0.007 (Q3-09)

GMA-U 22203 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22204 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12340C 19 20 95.0 ND 16.6 5.33 4.12 Lognormal Up Detected
LDS 12340D 8 9 88.9 ND 2.14 1.22 0.53 Normal None Not Detected
HTW 12340 12 12 100.0 1.67 3.53 2.37 0.63 Normal None Not Detected 22.8 (Q3-09)

GMA-U 22203 3 3 100.0 2.9 13.6 7.95 Insuff Normal Insuff Insuff
GMA-D 22204 3 3 100.0 4.1 6.15 5.40 Insuff Normal Insuff Insuff

LCS 12340C 12 12 100.0 0.727 0.974 0.785 0.075 Undefined Down Detected
LDS 12340D 9 9 100.0 0.0313 0.0645 0.0427 0.0106 Normal Down Not Detected
HTW 12340 12 12 100.0 0.0129 0.0305 0.0254 0.0059 Undefined Down Not Detected

GMA-U 22203 3 3 100.0 0.00577 0.00865 0.00685 Insuff Normal Insuff Insuff
GMA-D 22204 3 3 100.0 0.00743 0.00860 0.0080 Insuff Normal Insuff Insuff

Sulfate (mg/L)

Total Uranium (μg/L)

Lithium (mg/L)

Total Organic Halogens (mg/L)

Total Organic Carbon (mg/L)

Total Dissolved Solids (mg/L)

Outliersh,i

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)
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Table A.5.3−2 (continued). Summary Statistics for Cell 3 
 

Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12340C 19 20 95.0 ND 7.27 1.24 2.96 Undefined Up Detected
LDS 12340D 8 9 88.9 ND 0.146 0.026 0.046 Lognormal Up Not Detected
HTW 12340 12 12 100.0 0.0804 0.697 0.197 0.168 Lognormal Down Not Detected

GMA-U 22203 5 5 100.0 0.202 0.590 0.382 0.150 Normal None Insuff
GMA-D 22204 15 16 93.8 ND 3.01 1.40 0.55 Lognormal Up Not Detected

LCS 12340C 20 20 100.0 0.0021 0.102 0.0378 0.0381 Undefined None Detected
LDS 12340D 9 9 100.0 0.0034 0.0097 0.0062 0.0019 Normal None Not Detected
HTW 12340 6 12 50.0 ND 0.0107 0.00579 0.00347 Normal None Not Detected

GMA-U 22203 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22204 7 16 43.8 ND 0.0127 0.0031 0.0038 Lognormal None Not Detected

LCS 12340C 3 20 15.0 ND 0.0133 0.0049 Insuff Lognormal None Not Detected
LDS 12340D 0 9 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
HTW 12340 0 12 0.0 ND NA Insuff Insuff Insuff Insuff Insuff 0.025 (Q3-09)

GMA-U 22203 1 3 33.3 ND 0.00617 Insuff Insuff Undefined Insuff Insuff
GMA-D 22204 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12340C 20 20 100.0 4.35 30.9 25.0 9.1 Undefined Up Not Detected 49.9 (Q3-05)
LDS 12340D 9 9 100.0 263 344 315 27 Normal None Not Detected
HTW 12340 12 12 100.0 43.2 74.1 58.4 11.8 Lognormal None Not Detected

GMA-U 22203 3 3 100.0 18.5 20.1 19.4 Insuff Normal Insuff Insuff
GMA-D 22204 3 3 100.0 18.0 19.0 18.5 Insuff Normal Insuff Insuff

LCS 12340C 14 20 70.0 ND 0.042 0.0171 0.0098 Normal None Detected
LDS 12340D 8 9 88.9 ND 0.499 0.160 0.175 Lognormal Up Not Detected
HTW 12340 9 12 75.0 ND 0.569 0.152 0.176 Lognormal Up Detected

GMA-U 22203 2 3 66.6 ND 0.0127 Insuff Insuff Normal Insuff Insuff
GMA-D 22204 11 16 68.8 ND 0.0405 0.012 0.011 Lognormal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
f Trend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly

Outliersh,i

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)
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Table A.5.3−3. Cell 3 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 18 18 100% Yes 72 1080 441 - 422 mg/L(12) 430 mg/L(12) -

Ammonia (mg/L) 12 1 8.30% Yes 0.103 - - - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 18 18 100% Yes 4.7 43.1 27.3 - 7.3 mg/L(16) 45 mg/L(0) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 25 17 68% Yes 0.024 2.2 0.819 11 mg/Lg(0) 11 mg/L(0) 0.29 mg/L(13) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 21 21 100% Yes 233 3330 1910 - - - -

Inorganics

Arsenic (mg/L) 14 2 14% Yes 0.0013 0.131 0.066 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 12 12 100% Yes 0.0307 0.118 0.052 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Beryllium (mg/L) 12 1 8.30% No 0.0002 - - 0.004 mg/L(0) - - 0.0343 mg/L(0)

Cadmium (mg/L) 12 3 25% No 0.000065 0.00044 0.0002 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

Calcium (mg/L) 18 18 100% Yes 50.3 1200 496 - 159 mg/L(14) 172 mg/L(14) 1800 mg/L(0)

Chromium (mg/L) 12 7 58.30% Yes 0.00093 0.006 0.0027 0.022 mg/Lg(0) 0.021 mg/L(0) 0.0046 mg/L(2) 0.818 mg/L(0)

Cobalt (mg/L) 14 8 57.10% Yes 0.000288 0.0431 0.0133 0.17 mg/L(0) 0.0086 mg/L(4) - 0.0886 mg/L(0)

Copper (mg/L) 12 12 100% Yes 0.00118 0.016 0.0078 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 20 19 95% Yes 0.175 16.6 4.01 - 5.72 mg/L(4) 6.35 mg/L(3) 21.3 mg/L(0)

Lead (mg/L) 12 1 8.30% No 0.00146 - - 0.015 mg/L(0) 0.022 mg/L(0) 0.0016 mg/L(0) 0.0114 mg/L(0)

Magnesium (mg/L) 18 18 100% Yes 10.2 380 151 - 38.5 mg/L(14) 50.7 mg/L(14) 690 mg/L(0)
Manganese (mg/L) 20 19 95% Yes 0.0014 7.27 2.94 0.9 mg/L(10) 0.9 mg/L(10) 0.21 mg/L(13) 35 mg/L(0)

Nickel (mg/L) 14 14 100% Yes 0.0021 0.0918 0.0262 0.1 mg/L(0) 0.0514 mg/L(3) 0.0072 mg/L(10) 0.981 mg/L(0)

Potassium (mg/L) 18 18 100% Yes 0.575 31.9 20 - 1.96 mg/L(17) 17.2 mg/L(13) 12400 mg/L(0)
Selenium (mg/L) 14 3 21.40% No 0.0019 0.0133 0.0065 0.05 mg/L(0) 0.00075 mg/L(3) - 0.0494 mg/L(0)

Sodium (mg/L) 20 20 100% Yes 4.35 49.9 21.4 - 47.1 mg/L(1) 50 mg/L(0) 1300 mg/L(0)

Thallium (mg/L) 12 1 8.30% No 0.0021 - - - - - 0.0028 mg/L(0)
Vanadium (mg/L) 12 3 25% No 0.0034 0.00959 0.0056 0.038 mg/L(0) 0.012 mg/L(0) 0.005 mg/L(1) 0.299 mg/L(0)

Zinc (mg/L) 14 9 64.30% Yes 0.00743 0.0278 0.018 0.021 mg/L(3) 0.02 mg/L(3) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 22 2 9.10% No 3.84 9.89 6.87 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6130 pCi/L(0)

Organics

1,1-Dichloroethene (ug/L) 29 10 34.50% No 0.112 13.1 4.45 7 ug/L(3) - - -

4-Nitroaniline                                 20 1 5% No 2.94 - - - - - -

Bromodichloromethane (ug/L) 21 1 4.80% No 0.5 - - 100 ug/L(0) - - -

Vinyl chloride (ug/L) 21 2 9.50% No 0.539 16.1 8.32 2 ug/L(1) - - -

Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf  more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf  the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.3−8 

 

This page intentionally left blank 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.3−9 

 

1

10

100

1,000

10,000

100,000

Ja
n-

04

M
ar

-0
4

M
ay

-0
4

Ju
l-0

4

Se
p-

04

N
ov

-0
4

Ja
n-

05

M
ar

-0
5

M
ay

-0
5

Ju
l-0

5

Se
p-

05

N
ov

-0
5

Ja
n-

06

M
ar

-0
6

M
ay

-0
6

Ju
l-0

6

Se
p-

06

N
ov

-0
6

Ja
n-

07

M
ar

-0
7

M
ay

-0
7

Ju
l-0

7

Se
p-

07

N
ov

-0
7

Ja
n-

08

M
ar

-0
8

M
ay

-0
8

Ju
l-0

8

Se
p-

08

N
ov

-0
8

Ja
n-

09

M
ar

-0
9

M
ay

-0
9

Ju
l-0

9

Se
p-

09

N
ov

-0
9

Date

G
al

lo
ns

FIGURE A.5.3-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 3 LCS
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FIGURE A.5.3-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 3 LDS
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FIGURE A.5.3-3.  OSDF HORIZONTAL TILL WELL 12340 (CELL 3) WATER YIELD

80
0

70
0

40
0

15
0

43
5

20
0

18
5

20
0

18
0

12
5 20

0
22

5
22

5 35
0

30
0

30
0

30
0

30
0 53

5
41

0 67
5

77
5

80
0

85
0

80
0

88
0

84
0

77
5

80
0

70
0

75
0

67
5

77
0

70
0

80
0

72
5

72
5

62
5

70
0

62
5 77
5

70
5*

41
0*

17
5

17
5

15
5 25

0

85
0

57
577

5

37
5

45
0

1

10

100

1,000

10,000

100,000

1/9
9

3/9
9

5/9
9

7/9
9

10
/99

12
/99 4/0

0

8/0
0

12
/00 5/0

1
11

/01 5/0
2

11
/02 5/0

3
11

/03 5/0
4

11
/04 5/0

5
11

/05 5/0
6

11
/06 5/0

7
11

/07 5/0
8

11
/08 6/0

9
10

/09

Month/Year

G
al

lo
ns

 P
um

pe
d

12340 Purge Information
Year               Total Volumes (gal.)      Months Purged    Avg. Monthly Purge (gal.)
1999:                   4880                            n=11                            444   
2000:                   1090                            n= 6                            182
2001:                   1050                            n= 4                            263
2002:                   1200                            n= 4                            300
2003:                   1770                            n= 4                            443 
2004:                   2875                            n= 4                            719
2005:                   3330                            n=4                             833
2006:                   3115                            n=4                             779
2007:                   2895                            n=4                             724
2008:                   2875                            n=4                             719
2009:                   2100                            n=3                             700             
Overall:                                                                                      523

*More than one purge of the well was completed during these 
months to help evaluate well yield.
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Figure A.5.3−21: Cell 3 Bivariate Plot for Uranium and Sodium 

 

 
 

Figure A.5.3−22. Intra-Well Shewhart-CUSUM Control Chart (TOC 22204) 
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Figure A.5.3−23. Intra-Well Shewhart-CUSUM Control Chart (Arsenic 12340) 
 

 
 

Figure A.5.3−24. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12340) 
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Figure A.5.3−25. Intra-Well Shewhart-CUSUM Control Chart (Iron 12340) 
 

 
 

Figure A.5.3−26. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12340) 
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Figure A.5.3−27. Intra-Well Shewhart-CUSUM Control Chart (Nickel 22204) 
 

 
 

Figure A.5.3−28. Intra-Well Shewhart-CUSUM Control Chart (Sodium 12340) 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.3−31 

 

 
 

Figure A.5.3−29. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22204) 
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.4−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.4−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.4−3) 

• Statistical comparison of Cell 4 LCS data to pre-design data (refer to Table A.5.4−4) 

• LCS monthly accumulation volumes (refer to Figure A.5.4−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.4−2) 

• OSDF horizontal till well 12341 water yield (refer to Figure A.5.4−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.4−4 and 
A.5.4−5) 

• Plots of concentration versus time (refer to Figures A.5.4−6A to A.5.4−20B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.4−21) 

• Control charts (refer to Figures A.5.4−22 to A.5.4−32) 
 
A.5.4.1 Quarterly Monitoring Results 
 
Of the 15 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells, 2 (arsenic and 
manganese) have upward trends in the HTW and/or the downgradient GMA well based on the 
Mann-Kendall test for trend. 
 

Parameter Monitoring Horizona 
Arsenic HTW 
Arsenic GMA-D 

Manganese HTW 
aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 

 
The bivariate plot for the Cell 4 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.4−21. As shown in Figure A.5.4−21, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct; indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends noted above for the HTW and downgradient GMA wells are due to 
fluctuating background concentrations. 
 
Other criteria that were used to assess the upward concentrations include the following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
Arsenic in the downgradient GMA well 
Arsenic has only been detected once in the downgradient GMA well of Cell 4. The one detect in 
the downgradient GMA well (0.0344 mg/L) is approximately 6 times higher than the 
concentration of the one detect in the LDS (0.0053 mg/L). 
 
LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.4.2 Control Charts 
 
As shown in Table A.5.4−2 (yellow shading), eight parameters in the HTW and/or GMA wells 
of Cell 4 (uranium, sulfate, TOC, TOX, iron, nickel, sodium, and zinc) meet the criteria for 
control charts (i.e., normal or lognormal distribution, no trend, and no serial correlation), 
resulting in 11 control charts. 
 

Parameter and Monitoring Pointa Assessment 
Uranium in the GMA-U In Control 
Uranium in the GMA-D In Control 

Sulfate in the HTW In Control 
Sulfate in the GMA-D In Control 

TOC in the HTW In Control 
TOC in the GMA-U In Control 
TOX in the HTW In Control 
Iron in the HTW Out of Control 

Nickel in the HTW In Control 
Sodium in the HTW In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great 
Miami Aquifer 

 
These eleven control charts are presented in Figures A.5.4−22 to A.5.4−32. Ten of the control 
charts for Cell 3 indicate that current data are consistent with past data. A lognormal 
transformation of the concentration data was used in the control chart for sulfate in the HTW and 
in the GMA-D well. Although the control chart for iron in the HTW indicates “out of control,” 
the standardized mean plots below the SCL in late 2009. Sampling next year will provide further 
insight. 
 
A.5.4.3 Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 4 are provided in Table A.5.4−3 for those parameters that 
ever had a detection. As shown in the table, one new Appendix I parameter (acetone) was 
detected in 2009 at Cell 4, but this detect is suspect because acetone was detected in the trip 
blank at a higher concentration than in the LCS sample. 
 
Since monitoring began, 22 parameters have been detected, but only 18 of the 22 were detected 
again in 2009. Of the 18 parameters detected in 2009, 8—TDS, arsenic, iron, manganese, nickel, 
selenium, sodium, and zinc—are already being monitored quarterly in the LCS, LDS, HTW, and 
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GMA wells of each cell. The remaining 10 parameters are alkalinity, ammonia, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, potassium, and acetone. 
 
Statistical Analysis of Technetium-99 in Cell 4. 
 
As presented in Attachment A.5, a statistical analysis of technetium-99 was conducted in 
Cells 4–8, and the null hypothesis passed for Cell 4. Therefore, LM does not recommend 
sampling for technetium-99 quarterly in all horizons of Cell 4. 
 
Site-Specific Leachate Monitoring Parameter Selection Approach for Cell 4 
 
The sample size of the Cell 4 database reached a minimum of eight samples at the end of 2009; 
therefore, the site-specific leachate monitoring parameter selection approach presented in 
Figures A.5.4A and A.5.4B was followed to determine if any of the Appendix I and PCB 
parameters detected in Cell 4 should be selected as site-specific monitoring parameters. 
 
As discussed in Attachment A.5, the objective of the statistical approach is to determine if the 
mean concentration of an Appendix I or PCB parameter (that has been sampled eight times and 
detected more than 25 percent of the time) is statistically greater than the mean of either the 
pre-design or background data for the parameter. If the mean is greater, then the parameter is 
selected for more frequent and robust monitoring. 
 
The null hypothesis used for each statistical test is that the mean of the concentration of the LCS 
data set is less than or equal to the mean of the pre-design or background data set. Failure of the 
null hypothesis indicates that the mean of the LCS data set is greater than the mean of the pre-
design or background data set. 
 
Results for Cell 4 are presented in Table A.5.4−4. Out of the nine parameters that were tested for 
Cell 4, eight—alkalinity, chloride, nitrate/nitrite, barium, calcium, copper, magnesium, and 
potassium—failed the null hypothesis. 
 
The results of the parameter selection process indicate that quarterly monitoring should be 
conducted for eight additional parameters (alkalinity, chloride, nitrate/nitrite, barium, calcium, 
copper, magnesium, and potassium) in the LCS, LDS, HTW, and GMA wells of Cell 4. 
 
A.5.4.4 Summary and Conclusions 
• Two parameters (arsenic and manganese) monitored quarterly have an upward concentration 

trend in the HTW and/or GMA downgradient well of Cell 4.  

• The bivariate plot for the Cell 4 LCS, LDS, and HTW (uranium-sodium) indicates that the 
chemical signatures of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
place. This evidence indicates that the increasing concentration trends noted above for the 
HTW and downgradient GMA wells are due to fluctuating background concentrations. 

• Eleven control charts are presented in Figures A.5.4−22 to A.5.4−32. Ten of the control 
charts indicate that current data are consistent with past data. A lognormal transformation of 
the concentration data was used in the control chart for sulfate in the HTW and in the GMA 
D well. Although the control chart for iron in the HTW indicates “out of control,” it appears 
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that the cause was a higher-concentration sample in 2009 followed by a lower-concentration 
sample. Sampling next year will provide further insight. 

• One new Appendix I parameter (acetone) was detected in 2009 in the LCS of Cell 4, but this 
detection is suspect, because acetone was detected in the trip blank at a higher concentration 
than in the LCS sample. 

• The Parameter Selection Approach presented in Figures A.5.4A and A.5.4B was followed to 
determine if any of the Appendix I and PCB parameters detected in Cell 4 should be 
selected as site-specific monitoring parameters. Eight parameters (alkalinity, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, and potassium) failed the null 
hypothesis. The results of the parameter selection process indicate that quarterly monitoring 
should be conducted for these eight additional parameters. 

 
Table A.5.4−1. Cell 4 – 2009 Monthly Liner Efficiencies  

 

Month 
Cell 4 

Apparent Liner Efficiency 
(%) 

January 99.19 

February 99.38 

March 98.95 

April 99.25 

May 98.77 

June 99.73 

July 99.33 

August 99.38 

September 99.28 

October 98.02 

November 99.44 

December 99.50 
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Table A.5.4−2. Summary Statistics for Cell 4 

 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12341C 26 26 100.0 4.41 171 97.0 39.6 Normal None Not Detected
LDS 12341D 27 27 100.0 5.74 21.3 14.0 2.92 Normal None Detected
HTW 12341 31 31 100.0 4.89 7.89 5.70 0.86 Undefined None Not Detected

GMA-U 22206 28 32 87.5 ND 4.67 1.20 1.13 Lognormal None Not Detected
GMA-D 22205 33 33 100.0 0.525 12.1 2.81 3.04 Lognormal None Not Detected

LCS 12341C 26 26 100.0 1560 2980 2320 360 Normal Up Detected 140.0 (Q3-03) 287.0 (Q4-03) 243.0 (Q1-04) 454.0 (Q2-04)
LDS 12341D 27 27 100.0 1470 3510 2170 540 Lognormal Up Detected
HTW 12341 27 27 100.0 153 313 210 33 Normal None Not Detected

GMA-U 22206 27 27 100.0 155 559 284 105 Lognormal Down Not Detected
GMA-D 22205 27 27 100.0 199 535 319 92 Normal None Not Detected

LCS 12341C 14 14 100.0 351 5020 3210 1710 Undefined Up Detected
LDS 12341D 4 4 100.0 4810 5320 5040 250 Normal None Insuff
HTW 12341 3 3 100.0 929 1040 987 Insuff Normal Insuff Insuff

GMA-U 22206 3 3 100.0 594 692 638 Insuff Normal Insuff Insuff
GMA-D 22205 3 3 100.0 753 813 780 Insuff Normal Insuff Insuff

LCS 12341C 19 26 73.1 ND 5.39 2.70 1.20 Normal None Not Detected
LDS 12341D 24 27 88.9 ND 8.00 4.70 1.64 Normal None Detected
HTW 12341 24 30 80.0 ND 4.42 2.33 0.88 Normal None Not Detected

GMA-U 22206 31 32 96.9 ND 2.39 1.33 0.49 Normal None Not Detected 9.84 (Q2-03)
GMA-D 22205 21 32 65.6 ND 2.74 1.46 0.53 Normal None Detected

LCS 12341C 16 26 61.5 ND 0.0372 0.0171 0.0090 Normal None Not Detected
LDS 12341D 19 27 70.4 ND 0.0445 0.0215 0.0119 Normal None Not Detected
HTW 12341 18 31 58.1 ND 0.0428 0.0108 0.0088 Lognormal None Not Detected

GMA-U 22206 10 32 31.3 ND 0.0136 0.00446 0.00461 Undefined Down Detected 0.027 (Q1-05)
GMA-D 22205 5 32 15.6 ND 0.0142 0.00410 0.00476 Undefined Down Detected

LCS 12341C 2 16 12.5 ND 0.126 Insuff Insuff Undefined None Not Detected
LDS 12341D 3 13 23.1 ND 0.015 0.0053 Insuff Lognormal None Not Detected
HTW 12341 6 12 50.0 ND 0.00873 0.00375 0.00198 Undefined Up Not Detected 0.0938 (Q3-09)

GMA-U 22206 1 3 33.3 ND 0.00992 Insuff Insuff Undefined Insuff Insuff
GMA-D 22205 1 16 6.3 ND 0.0344 Insuff Insuff Lognormal Up Not Detected

LCS 12341C 26 26 100.0 0.685 1.27 0.951 0.147 Normal None Not Detected 0.0626 (Q3-03) 0.104 (Q4-03) 0.0788 (Q1-04) 0.245 (Q2-04) 1.93 Q3-05)
LDS 12341D 27 27 100.0 0.415 0.739 0.542 0.090 Normal None Detected 1.81 (Q4-02) 1.21 (Q2-03) 1.18 (Q3-03) 1.39 (Q4-03) 0.951 (Q1-04) 1.00 (Q2-04) 1.11 (Q3-04)
HTW 12341 28 31 90.3 ND 0.205 0.127 0.044 Normal Down Detected 1.245 (Q1-02)  0.9085 (Q2-02)

GMA-U 22206 26 32 81.3 ND 0.0617 0.0405 0.0099 Undefined Down Not Detected
GMA-D 22205 26 32 81.3 ND 0.0447 0.0372 0.0086 Undefined None Not Detected 0.0807 (Q3-02)

LCS 12341C 12 16 75.0 ND 0.0057 0.0021 0.0016 Normal None Not Detected
LDS 12341D 10 13 76.9 ND 0.0064 0.0028 0.0018 Normal None Not Detected
HTW 12341 11 12 91.7 ND 0.00311 0.0024 0.00096 Lognormal None Detected

GMA-U 22206 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22205 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12341C 12 16 75.0 ND 4.18 1.10 1.46 Undefined Down Detected
LDS 12341D 10 13 76.9 ND 5.99 2.47 2.10 Normal None Not Detected 27.8 (Q4-06) 10.5 (Q1-07)
HTW 12341 12 12 100.0 0.922 5.31 1.83 1.22 Lognormal None Not Detected

GMA-U 22206 3 3 100.0 4.81 15 9.78 Insuff Normal Insuff Insuff
GMA-D 22205 3 3 100.0 4.57 7.32 5.80 Insuff Normal Insuff Insuff

LCS 12341C 12 12 100.0 0.0818 0.142 0.107 0.191 Normal Up Detected
LDS 12341D 12 12 100.0 0.0951 0.196 0.135 0.035 Lognormal Up Detected
HTW 12341 12 12 100.0 0.00829 0.0134 0.0115 0.0016 Normal Down Not Detected

GMA-U 22206 3 3 100.0 0.0140 0.0165 0.0155 Insuff Normal Insuff Insuff
GMA-D 22205 3 3 100.0 0.00685 0.00787 0.00741 Insuff Normal Insuff Insuff

Lithium (mg/L)

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Outliersh,i

Total Organic Carbon (mg/L)

Total Organic Halogens (mg/L)

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)
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Table A.5.4−2 (continued). Summary Statistics for Cell 4 

 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12341C 14 16 87.5 ND 2.14 0.336 0.579 Lognormal None Detected
LDS 12341D 11 13 84.6 ND 1.85 2.39 0.56 Lognormal None Not Detected
HTW 12341 12 12 100.0 0.182 0.532 0.309 0.107 Lognormal Up Detected

GMA-U 22206 5 5 100.0 0.370 0.708 0.507 0.135 Normal None Insuff
GMA-D 22205 15 16 93.8 ND 1.10 0.661 0.213 Normal Down Not Detected

LCS 12341C 14 16 87.5 ND 0.0474 0.0161 0.0136 Normal None Not Detected
LDS 12341D 12 13 92.3 ND 0.0413 0.0185 0.0094 Normal None Not Detected
HTW 12341 9 12 75.0 ND 0.0075 0.0059 0.0015 Normal None Not Detected

GMA-U 22206 1 3 33.3 ND 0.00147 Insuff Insuff Undefined Insuff Insuff
GMA-D 22205 7 16 43.8 ND 0.0135 0.000781 0.00353 Undefined None Not Detected

LCS 12341C 4 16 25.0 ND 0.231 0.0124 0.0567 Lognormal None Not Detected
LDS 12341D 2 13 84.6 ND 0.0497 Insuff Insuff Undefined None Detected
HTW 12341 0 12 0.0 ND NA Insuff Insuff Insuff Insuff Insuff 0.025 (Q3-09)

GMA-U 22206 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22205 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12341C 16 16 100.0 43.4 53.2 47.4 3.3 Normal Up Not Detected 117 (Q4-02) 22.0 (Q3-03) 26.1 (Q2-04) 87.8 (Q3-05)
LDS 12341D 13 13 100.0 307 495 404 51 Normal Up Not Detected
HTW 12341 12 12 100.0 14.1 18.1 15.5 1.1 Normal None Not Detected

GMA-U 22206 3 3 100.0 13.2 14.0 13.2 Insuff Undefined Insuff Insuff
GMA-D 22205 3 3 100.0 14.9 16.1 14.9 Insuff Undefined Insuff Insuff

LCS 12341C 6 16 37.5 ND 0.0269 0.0111 0.007492 Normal Up Detected
LDS 12341D 10 13 76.9 ND 0.483 0.230 0.164 Lognormal None Not Detected
HTW 12341 7 12 58.3 ND 0.351 0.00816 0.120 Undefined None Detected

GMA-U 22206 2 3 66.7 ND 0.0112 Insuff Insuff Normal Insuff Insuff
GMA-D 22205 8 16 50.0 ND 0.00859 0.0034 0.0018 Lognormal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
f Trend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)

Outliersh,i
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Table A.5.4−3. Cell 4 Annual LCS Sample Summary Information for Detected Parameters 

 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 14 14 100% Yes 48 583 365 - 422 mg/L(5) 430 mg/L(5) -

Ammonia (mg/L) 8 2 25% Yes 0.03 0.0328 0.0314 - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 14 13 92.90% Yes 26 109 84.1 - 7.3 mg/L(13) 45 mg/L(11) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 18 9 50% Yes 0.245 6.34 2.46 11 mg/Lg(0) 11 mg/L(0) 0.29 mg/L(8) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 14 14 100% Yes 351 5020 3010 - - - -

Inorganic

Arsenic (mg/L) 10 2 20% Yes 0.00556 0.126 0.0658 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 8 8 100% Yes 0.0193 0.058 0.0342 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Calcium (mg/L) 14 14 100% Yes 52.9 1110 519 - 159 mg/L(13) 172 mg/L(13) 1800 mg/L(0)

Chromium (mg/L) 8 3 37.50% No 0.003 0.0137 0.0076 0.022 mg/Lg(0) 0.021 mg/L(0) 0.0046 mg/L(2) 0.818 mg/L(0)

Cobalt (mg/L) 10 6 60% No 0.00046 0.0057 0.0024 0.17 mg/L(0) 0.0086 mg/L(0) - 0.0886 mg/L(0)

Copper (mg/L) 8 6 75% Yes 0.00076 0.0215 0.013 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 16 12 75% Yes 0.0294 4.18 1.78 - 5.72 mg/L(0) 6.35 mg/L(0) 21.3 mg/L(0)

Magnesium (mg/L) 14 14 100% Yes 15 732 355 - 38.5 mg/L(13) 50.7 mg/L(13) 690 mg/L(1)

Manganese (mg/L) 16 14 87.50% Yes 0.00346 2.14 0.298 0.9 mg/L(2) 0.9 mg/L(2) 0.21 mg/L(3) 35 mg/L(0)

Nickel (mg/L) 10 9 90% Yes 0.00112 0.0375 0.0122 0.1 mg/L(0) 0.0514 mg/L(0) 0.0072 mg/L(5) 0.981 mg/L(0)

Potassium (mg/L) 14 14 100% Yes 3.81 78.4 23.2 - 1.96 mg/L(14) 17.2 mg/L(12) 12400 mg/L(0)

Selenium (mg/L) 10 4 40% Yes 0.0025 0.231 0.0635 0.05 mg/L(1) 0.00075 mg/L(4) - 0.0494 mg/L(1)

Sodium (mg/L) 16 16 100% Yes 22 117 51.4 - 47.1 mg/L(8) 50 mg/L(4) 1300 mg/L(0)

Zinc (mg/L) 10 3 30% Yes 0.0181 0.0269 0.0216 0.021 mg/L(1) 0.02 mg/L(1) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 14 5 35.70% No 1.21 37.8 14.5 94 pCi/L(0) 22 pCi/L(1) 30 pCi/L(1) 6130 pCi/L(0)

Organics

1,1-Dichloroethane (ug/L) 8 1 12.50% No 0.332 - - 280 ug/L(0) - - -

Acetone (ug/L) 8 1 12.50% Yes 2.35 - - - - - -
Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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Table A.5.4−4. Parameter Selection Criteria - Statistical Comparison of LCS Data to Pre-Design Data for Cell 4 (12341C) 
 

III. Poisson PL

Parameter Dataset Samples Detects Detect % Shapiro-Wilk (N) Shapiro-Wilk 
(LN) Min Max Mean 

(mg/L) Median Variance Std.
Dev.

Log
Mean

Log
SD F-Test t-Test 

Prob
Wilcoxon Group 

Comparison Quantile Test Poisson 
Prediction Limit

Alkalinity LCS 14 14 100% Pass 48 583 365.214 356.5 26424.335 162.556
PreDesign 45 43 96% Fail Fail 1 42000 1359.480 402 38459780.357 6201.595 Fail Pass
PreDesign* 18 17 94% Fail Fail 1 42000 2853.532 459 95589457.407 9776.986 Pass Pass
PreDesign** 27 26 96% Fail Fail 1 468 363.444 376 9375.333 96.826 Fail Pass
* before 2/10/95
** after 2/10/95

Ammonia LCS 8 2 25% Pass 0.005 0.050 0.022 0.018 0.000 0.015
PreDesign** 9 7 78% Fail Pass 0.015 450 54.98 0.604 22134.38 148.780 Pass Pass
* before 2/10/95
** after 2/10/95

Chloride LCS 14 13 93% Fail Fail 0.016 109 78.094 93.5 1230.121 35.073
PreDesign 46 45 98% Fail Fail 0.025 57.9 11.984 6.915 179.306 13.391 Fail Fail
PreDesign* 18 17 94% Fail Fail 0.025 27 9.455 8.32 51.518 7.178 Fail Fail
PreDesign** 28 28 100% Fail Pass 0.073 57.9 13.61 5.940 259.398 16.106 Fail Fail
* before 2/10/95
** after 2/10/95

Nitrate/Nitrite LCS 18 9 50% Fail Fail 0.0015 6.34 1.232 0.129725 3.789 1.947
PreDesign 26 11 42% Fail Fail 0.00029 5.07 0.402 0.1 1.109 1.053 Fail Pass
PreDesign* 17 3 18% Fail Fail 0.02 2.26 0.205 0.05 0.282 0.531 Pass Fail
PreDesign** 9 8 89% Fail Pass 0.00029 5.07 0.776 0.168 2.660 1.631 Pass Pass
* before 2/10/95
** after 2/10/95

Barium LCS 14 14 100% Fail Fail 0.0193 0.0580 0.0320 0.0284 0.0000 0.01100
PreDesign 40 39 98% Fail Fail 0.002 2.390 0.326 0.264 0.148 0.385 Fail Pass
PreDesign* 19 18 95% Fail Fail 0.002 2.390 0.470 0.343 0.260 0.510 Pass Pass
PreDesign** 21 21 100% Fail Fail 0.066 0.424 0.195 0.129 0.018 0.133 Fail Pass
* before 2/10/95
** after 2/10/95

Calcium LCS 14 14 100% Fail Fail 52.9 1110 518.850 538.5 53954.992 232.282
PreDesign 40 39 98% Fail Fail 0.0125 2260 240.668 140.5 128719.284 358.775 Fail Pass
PreDesign* 19 18 95% Fail Fail 0.0125 2260 375.580 197 241002.180 490.920 Fail Pass
PreDesign** 21 21 100% Pass 58.1 189.0 118.605 110 1165.151 34.134 Fail Fail
* before 2/10/95
** after 2/10/95

Copper LCS 14 12 86% Pass 0.00076 0.0309 0.012 0.012 0.000 0.008
PreDesign 40 16 40% Fail Fail 0.002 0.794 0.068 0.006 0.020 0.140 Fail Pass
PreDesign* 19 15 79% Fail Fail 0.006 0.794 0.139 0.108 0.033 0.180 Pass Pass
PreDesign** 21 1 5%   0.002 0.017 0.005 0.006 0.000 0.003 Pass
* before 2/10/95
** after 2/10/95

Magnesium LCS 14 14 100% Pass 15 732 355.364 401.5 35277.750 187.824
PreDesign 42 41 98% Fail Fail 0.0375 624 82.995 59.2 9922.2930 99.611 Fail Pass
PreDesign* 19 18 95% Fail Fail 0.0375 624 127.497 80 18500.4870 136.016 Fail Fail
PreDesign** 23 23 100% Fail Fail 0.264 65.4 46.233 48.30 231.580 15.218 Fail Fail
* before 2/10/95
** after 2/10/95

Potassium LCS 14 14 100% Fail Fail 3.81 78.4 23.185 20.3 292.443 17.101
PreDesign 40 37 93% Fail Pass 0.0485 66.6 9.914 2.725 203.491 14.265 Fail Pass
PreDesign* 19 16 84% Fail Fail 0.0485 66.6 18.547 18.5 289.764 17.022 Pass Pass
PreDesign** 21 21 100% Fail Pass 0.85 5.09 2.103 1.81 1.155 1.075 Fail Fail
* before 2/10/95
** after 2/10/95
 

LCS data

LCS significantly greater
than PreDesign (fail)

Fail Normality/Lognormality
test - cannot use t-Test

No significant
difference (pass)

I.  t-Test II.  Wilcoxon + Quantile

Pass Normality/
Lognormality test

Color Codes
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FIGURE A.5.4-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 4 LCS
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FIGURE A.5.4-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 4 LDS

Gap in data due to malfunctioning 
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FIGURE A.5.4-3.  OSDF HORIZONTAL TILL WELL 12341 (CELL 4) WATER YIELD

12341 Purge Information
Year          Total Volumes (gal.)   Months Purged   Avg. Monthly Purge (gal.)
2002:                 21115                            n=9                                   2346
2003:                   3950                            n=6                                     658
2004:                   2935                            n=5                                     587
2005:                   2500                            n=4                                     625
2006:                   2475                            n=4                                     619
2007:                   2425                            n=4                                     606
2008:                   2220                            n=4                                     555
2009:                   2150                            n=3                                     717             
Overall:                                                                                              1020             

*More than one purge of the well was completed during these
months to drain perched water and infiltrating surface water
so the compacted clay liner could be constructed.

 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−11 

 
 

 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−12 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−13 

 

 
 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−14 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−15 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−16 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−17 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−18 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−19 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−20 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−21 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−22 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−23 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−24 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−25 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.4−26 

 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−27 

0

20

40

60

80

100

120

140

10000 100000 1000000

Sodium (ug/L)

U
ra

ni
um

 (u
g/

L)

LCS

LDS

HTW

CELL 4

 
 

Figure A.5.4−21: Cell 4-Bivariate Plot for Uranium and Sodium 
 

 
 

Figure A.5.4−22. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22206) 
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Figure A.5.4−23. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22205) 
 

 
 

Figure A.5.4−24. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 12341) 
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Figure A.5.4−25. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22205) 
 

 
 

Figure A.5.4−26. Intra-Well Shewhart-CUSUM Control Chart (TOC 12341) 
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Figure A.5.4−27. Intra-Well Shewhart-CUSUM Control Chart (TOC 22206) 
 

 
 

Figure A.5.4−28. Intra-Well Shewhart-CUSUM Control Chart (TOX 12341) 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.4−31 

 
 

Figure A.5.4−29. Intra-Well Shewhart-CUSUM Control Chart (Iron 12341) 
 

 
 

Figure A.5.4−30. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12341) 
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Figure A.5.4−31. Intra-Well Shewhart-CUSUM Control Chart (Sodium 12341) 
 

 
 

Figure A.5.4−32.Intra-Well Shewhart-CUSUM Control Chart (Zinc 22205) 
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.5−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.5−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.5−3) 

• Statistical comparison of Cell 5 LCS data to pre-design data (refer to Table A.5.5−4) 

• LCS monthly accumulation volumes (refer to Figure A.5.5−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.5−2) 

• OSDF horizontal till well 12342 water yield (refer to Figure A.5.5−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.5−4 and 
A.5.5−5) 

• Plots of concentration versus time (refer to Figures A.5.5−6A to A.5.5−20B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.5−21) 

• Control charts (refer to Figures A.5.5−22 to A.5.5−32) 
 
A.5.5.1 Quarterly Monitoring Results 
 
Of the 15 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells, 3 (arsenic, 
manganese, and sodium) have upward trends in the HTW and/or the downgradient GMA well 
based on the Mann-Kendall test for trend. 
 

Parameter Monitoring Horizona 
Arsenic GMA-D 

Manganese HTW 
Sodium HTW 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
 
The bivariate plot for the Cell 5 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.5−21. As shown in Figure A.5.5−21, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct, indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends for the HTW and downgradient GMA wells are due to fluctuating 
background concentrations. 
 
Other criteria that were used to assess the upward concentrations include the following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
Arsenic in the downgradient GMA well 
Only 2 of 16 samples had detected concentrations of arsenic in the downgradient GMA well of 
Cell 5. The average of these two detects (0.012 and 0.039 mg/L) is 0.0255 mg/L. Arsenic has 
only been detected once in the Cell 5 LDS (0.0187 mg/L). The average concentration in the 
downgradient GMA well is approximately 1.4 times higher than the single detected 
concentration of arsenic in the Cell 5 LDS (0.0187 mg/L). 
 
Manganese in the HTW 
The average concentration for manganese in the HTW of Cell 5 (0.942 mg/L) is approximately 
3.4 times higher than the average concentration of manganese in the LDS of Cell 5 (0.273 mg/L).  
 
LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.5.2 Control Charts 
 
As shown in Table A.5.5−2 (yellow shading), nine parameters in the HTW and/or GMA wells of 
Cell 5 (uranium, sulfate, TOC, TOX, arsenic, boron, manganese, nickel, and zinc) meet the 
criteria for control charts (i.e., normal or lognormal distribution, no trend, and no serial 
correlation), resulting in 11 control charts. 
 

Parameter and Monitoring Pointa Assessment 
Uranium in the GMA-D In Control 
Sulfate in the GMA-D In Control 

TOC in the HTW In Control 
TOC in the GMA-U In Control 
TOX in the HTW In Control 

Arsenic in the HTW Out of Control 
Boron in the GMA-D In Control 

Manganese in the GMA-D In Control 
Nickel in the HTW In Control 

Nickel in the GMA-D In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great 
Miami Aquifer 

 
These eleven control charts are presented in Figures A.5.5−22 to A.5.5−32. Ten of the eleven 
control charts for Cell 5 indicate that current data are consistent with past data. A lognormal 
transformation of the concentration data was used in the control chart for sulfate in the GMA-D 
well (22208). Although the CUSUM control limit for the control chart for arsenic in the HTW is 
out of control, the out-of-control condition occurred in late 2009. Data collected in 2010 should 
provide further insight. 
 
A.5.5.3 Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 5 are provided in Table A.5.5−3 for those parameters that 
ever had a detection. As shown in the table, two new Appendix I parameters were detected in 
2009 at Cell 5 (1,1-dichloroethane and acetone). Both of these detections were above the method 
detection limit (MDL) but below the CRDL. In addition, since acetone was detected in the trip 
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blank at a higher concentration than in the LCS sample, acetone is suspect as a detection for this 
cell.  
 
Since monitoring began, 28 parameters have been detected, but only 19 of the 28 were detected 
again in 2009. Of the 19 parameters detected in 2009, 8 (TDS, arsenic, iron, manganese, nickel, 
selenium, sodium, and zinc) are already being monitored quarterly in the LCS, LDS, HTW, and 
GMA wells of each cell. The remaining 11 parameters are alkalinity, ammonia, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, potassium, 1,1-dichloroethene, and acetone. 
 
Statistical Analysis of Technetium-99 in Cell 5 
 
As presented in Attachment A.5, a statistical analysis of technetium-99 was conducted in 
Cells 4-8, and the null hypothesis passed for Cell 5. Technetium-99 should not be monitored 
quarterly in all horizons of Cell 5. 
 
Site-Specific Leachate Monitoring Parameter Selection Approach for Cell 5 
 
The sample size of the Cell 5 data set reached a minimum of eight samples at the end of 2009; 
therefore, the site-specific leachate monitoring parameter selection approach presented in 
Figures A.5.4A and A.5.4B was followed to determine if any of the Appendix I parameters 
detected in Cell 5 should be selected as site-specific monitoring parameters. 
 
As discussed in Attachment A.5, the objective of the statistical approach is to determine if the 
mean concentration of a particular Appendix I or PCB parameter (that has been sampled eight 
times and detected more than 25 percent of the time) is statistically greater than the mean of 
either the pre-design or background data for the parameter. If the mean is greater, then the 
parameter is selected for more frequent and robust monitoring. 
 
The null hypothesis used for each statistical test is that the mean of the concentration of the LCS 
data set is less than or equal to the mean of the pre-design or background data set. Failure of the 
null hypothesis indicates that the mean of the LCS data set is greater than the mean of the 
pre-design or background data set. 
 
Results for Cell 5 are presented in Table A.5.5−4. Of the 10 parameters that were tested for 
Cell 5, 9 (alkalinity, chloride, nitrate/nitrite, barium, calcium, copper, magnesium, potassium, 
and vanadium) failed the null hypothesis. 
 
The results of the parameter selection process indicate that quarterly monitoring should be 
conducted for nine additional parameters (alkalinity, chloride, nitrate/nitrite, barium, calcium, 
copper, magnesium, potassium, and vanadium) in the LCS, LDS, HTW, and GMA wells of 
Cell 5. 
 
A.5.5.4 Summary and Conclusions 
• Three parameters (arsenic, manganese, and sodium) monitored quarterly have an upward 

concentration trend in the HTW and/or GMA downgradient well of Cell 5. 

• The bivariate plot for the Cell 5 LCS, LDS, and HTW (uranium-sodium) indicates that the 
chemical signatures of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
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place. This evidence indicates that the increasing concentration trends for the HTW and 
downgradient GMA wells are due to fluctuating background concentrations.  

• Eleven control charts are presented in Figures A.5.5−22 to A.5.5−32. Ten of the 11 control 
charts indicate that current data are consistent with past data. A lognormal transformation of 
the concentration data was used in the control chart for sulfate in the GMA-D well (22208). 
Although the CUSUM control limit for the control chart for arsenic in the HTW is out of 
control, the out-of-control condition occurred late in 2009. Data collected in 2010 should 
provide further insight into the control chart. 

• Acetone and 1,1-dichloroethane were detected for the first time in the Cell 5 LCS. Both of 
these detections were above the MDL but below the CRDL. In addition, since acetone was 
detected in the trip blank at a higher concentration than in the LCS sample, acetone is 
suspect as a detection for this cell.  

• The parameter selection approach presented in Figures A.5.4A and A.5.4B was followed to 
determine if any of the Appendix I and PCB parameters detected in the Cell 5 LCS should 
be selected as site-specific monitoring parameters. Nine parameters (alkalinity, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, potassium, and vanadium) failed the 
null hypothesis. The results of the parameter selection process indicate that quarterly 
monitoring should be conducted for eight additional parameters (alkalinity, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, and potassium) in the LCS, LDS, HTW, 
and GMA wells of Cell 5. 

 
Table A.5.5−1. Cell 5 2009 Monthly Liner Efficiencies 

 

Month 
Cell 5 

Apparent Liner Efficiency 
(%) 

January 97.24 

February 97.13 

March 97.05 

April 98.09 

May 98.30 

June 97.97 

July 98.22 

August 98.60 

September 98.31 

October 98.56 

November 98.56 

December 98.68 
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Table A.5.5−2. Summary Statistics for Cell 5 
 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12342C 28 28 100.0 3.39 285 130 56 Normal Up Detected
LDS 12342D 26 26 100.0 2.93 27.1 17.1 5.6 Normal None Detected
HTW 12342 31 31 100.0 7.45 19.2 9.02 2.81 Undefined Down Detected

GMA-U 22207 25 32 78.1 ND 2.39 0.409 0.386 Lognormal Down Not Detected
GMA-D 22208 26 33 78.8 ND 0.800 0.353 0.160 Normal None Not Detected 2.10 (Q2-04)

LCS 12342C 28 28 100.0 218 3550 1990 1050 Normal Up Detected
LDS 12342D 26 26 100.0 1130 2300 1480 390 Undefined None Detected
HTW 12342 27 27 100.0 101 399 185 104 Undefined None Detected

GMA-U 22207 27 27 100.0 195 552 246 94 Undefined None Not Detected 770 (Q2-05)
GMA-D 22208 27 27 100.0 221 582 382 93 Normal None Not Detected

LCS 12342C 16 16 100.0 436 5630 3090 1910 Lognormal Up Detected
LDS 12342D 4 4 100.0 2080 3900 3290 830 Normal None Insuff
HTW 12342 3 3 100.0 1120 1190 1150 Insuff Normal Insuff Insuff

GMA-U 22207 3 3 100.0 660 987 782 Insuff Normal Insuff Insuff
GMA-D 22208 3 3 100.0 908 1050 968 Insuff Normal Insuff Insuff

LCS 12342C 19 27 70.4 ND 4.21 2.04 0.99 Normal None Not Detected
LDS 12342D 23 26 88.5 ND 10.7 6.32 2.59 Normal None Detected
HTW 12342 25 30 83.3 ND 5.27 2.82 0.98 Normal None Not Detected

GMA-U 22207 21 32 65.6 ND 4.15 1.42 0.73 Lognormal None Not Detected
GMA-D 22208 22 32 68.8 ND 2.45 1.37 0.51 Normal None Detected 8.93 (Q4-01)

LCS 12342C 12 28 42.9 ND 0.0604 0.0154 0.0124 Lognormal None Not Detected
LDS 12342D 16 26 61.5 ND 0.0717 0.0317 0.0219 Normal Up Not Detected
HTW 12342 18 31 58.1 ND 0.0156 0.0070 0.0045 Normal None Not Detected 0.0237 (Q1-06) 0.0244 (Q3-08)

GMA-U 22207 6 32 18.8 ND 0.015 0.00442 0.00511 Undefined Down Detected
GMA-D 22208 8 32 25.0 ND 0.0132 0.00431 0.00462 Undefined Down Detected

LCS 12342C 2 16 12.5 ND 0.14 Insuff Insuff Undefined Up Detected
LDS 12342D 1 13 7.7 ND 0.0187 Insuff Insuff Undefined None Not Detected
HTW 12342 6 12 50.0 ND 0.00723 0.00386 0.00190 Normal None Not Detected 0.0528 (Q3-09)

GMA-U 22207 1 3 33.3 ND 0.00991 Insuff Insuff Undefined Insuff Insuff
GMA-D 22208 2 16 12.5 ND 0.039 Insuff Insuff Lognormal Up Not Detected

LCS 12342C 26 28 92.9 ND 1.59 0.700 0.380 Normal Up Detected
LDS 12342D 26 26 100.0 0.202 1.20 0.274 0.338 Undefined Down Detected
HTW 12342 29 31 93.6 ND 0.221 0.110 0.0506 Lognormal Down Detected

GMA-U 22207 27 32 84.4 ND 0.046 0.0357 0.0086 Undefined None Not Detected
GMA-D 22208 26 32 81.3 ND 0.0438 0.0280 0.0086 Normal None Not Detected

LCS 12342C 12 16 75.0 ND 0.0116 0.0039 0.0035 Lognormal Up Detected
LDS 12342D 9 13 69.2 ND 0.0034 0.0015 0.0010 Normal None Not Detected
HTW 12342 11 12 91.7 ND 0.00661 0.00265 0.00136 Undefined None Not Detected

GMA-U 22207 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22208 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12342C 13 16 81.3 ND 4.61 1.47 1.68 Undefined Down Detected
LDS 12342D 12 13 92.3 ND 3.67 1.60 1.15 Normal None Not Detected
HTW 12342 12 12 100.0 1.74 18.9 2.70 5.12 Undefined None Not Detected

GMA-U 22207 3 3 100.0 6.88 18.2 10.8 Insuff Normal Insuff Insuff
GMA-D 22208 3 3 100.0 4.92 6.20 5.76 Insuff Normal Insuff Insuff

LCS 12342C 12 12 100.0 0.107 0.204 0.148 0.038 Normal None Not Detected
LDS 12342D 12 12 100.0 0.0484 0.139 0.0596 0.0349 Undefined Up Detected
HTW 12342 8 12 66.7 ND 0.005 0.004 0.001 Normal None Detected

GMA-U 22207 3 3 100.0 0.00642 0.00673 0.00661 Insuff Normal Insuff Insuff
GMA-D 22208 3 3 100.0 0.00718 0.00901 0.00791 Insuff Normal Insuff Insuff

Sulfate (mg/L)

Total Uranium (μg/L)

Lithium (mg/L)

Total Organic Halogens (mg/L)

Total Organic Carbon (mg/L)

Total Dissolved Solids (mg/L)

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Outliersh,i
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Table A.5.5−2 (continued). Summary Statistics for Cell 5 
 

Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12342C 11 16 68.8 ND 2.96 0.0114 1.14 Undefined None Detected
LDS 12342D 12 13 92.3 ND 0.783 0.273 0.211 Lognormal Down Not Detected
HTW 12342 12 12 100.0 0.687 1.30 0.942 0.167 Normal Up Not Detected

GMA-U 22207 3 3 100.0 0.334 0.650 0.446 Insuff Normal Insuff Insuff
GMA-D 22208 15 16 93.8 ND 0.441 0.364 0.053 Normal None Not Detected 0.000425 (Q1-04)

LCS 12342C 14 16 87.5 ND 0.0452 0.0188 0.0168 Undefined None Detected
LDS 12342D 11 13 84.6 ND 0.230 0.011 0.006 Normal None Not Detected
HTW 12342 10 12 83.3 ND 0.0113 0.00837 0.00217 Normal None Not Detected

GMA-U 22207 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22208 8 16 50.0 ND 0.0069 0.0020 0.0021 Lognormal None Not Detected

LCS 12342C 3 16 18.8 ND 0.212 0.00625 Insuff Undefined None Not Detected
LDS 12342D 2 13 84.6 ND 0.0494 Insuff Insuff Lognormal Up Not Detected
HTW 12342 0 12 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

GMA-U 22207 1 3 33.3 ND 0.00509 Insuff Insuff Undefined Insuff Insuff
GMA-D 22208 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12342C 15 16 93.8 ND 108 69.4 23.7 Undefined Up Not Detected
LDS 12342D 13 13 100.0 323 409 355 29 Normal None Not Detected 84.6 (Q4-02)
HTW 12342 12 12 100.0 17.0 32.4 24.1 5.8 Normal Up Detected

GMA-U 22207 3 3 100.0 15.6 17.1 16.4 Insuff Normal Insuff Insuff
GMA-D 22208 3 3 100.0 14.8 17.7 16.0 Insuff Normal Insuff Insuff

LCS 12342C 5 16 31.3 ND 0.0264 0.0121 0.0069 Normal Up Not Detected
LDS 12342D 8 13 61.5 ND 0.131 0.0249 0.0336 Lognormal None Not Detected
HTW 12342 7 12 58.3 ND 0.0869 0.0231 0.0264 Lognormal None Detected

GMA-U 22207 1 3 33.3 ND 0.0122 Insuff Insuff Normal Insuff Insuff
GMA-D 22208 9 16 56.3 ND 0.0076 0.0038 0.0020 Normal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
f Trend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)

Outliersh,i

 



 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.5−7 

Table A.5.5−3. Cell 5 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 14 14 100% Yes 58 563 428 - 422 mg/L(10) 430 mg/L(9) -

Ammonia (mg/L) 8 2 25% Yes 0.02 0.815 0.418 - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 14 14 100% Yes 16.9 103 71.9 - 7.3 mg/L(14) 45 mg/L(11) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 20 13 65% Yes 0.00366 4.18 1.34 11 mg/Lg(0) 11 mg/L(0) 0.29 mg/L(10) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 16 16 100% Yes 436 5630 2880 - - - -

Inorganics

Arsenic (mg/L) 10 2 20% Yes 0.00679 0.14 0.0734 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 8 8 100% Yes 0.0207 0.0707 0.037 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Beryllium (mg/L) 8 1 12.50% No 0.000038 - - 0.004 mg/L(0) - - 0.0343 mg/L(0)

Calcium (mg/L) 14 14 100% Yes 163 990 512 - 159 mg/L(14) 172 mg/L(13) 1800 mg/L(0)

Chromium (mg/L) 8 1 12.50% No 0.0013 - - 0.022 mg/Lg(0) 0.021 mg/L(0) 0.0046 mg/L(0) 0.818 mg/L(0)

Cobalt (mg/L) 10 6 60% No 0.00035 0.0116 0.0032 0.17 mg/L(0) 0.0086 mg/L(1) - 0.0886 mg/L(0)

Copper (mg/L) 8 6 75% Yes 0.0097 0.0862 0.0256 1.3 mg/L(0) 0.035 mg/L(1) 0.029 mg/L(1) 0.298 mg/L(0)

Iron (mg/L) 16 13 81.20% Yes 0.0473 4.61 2.15 - 5.72 mg/L(0) 6.35 mg/L(0) 21.3 mg/L(0)

Magnesium (mg/L) 14 14 100% Yes 57.7 913 403 - 38.5 mg/L(14) 50.7 mg/L(14) 690 mg/L(1)

Manganese (mg/L) 16 11 68.80% Yes 0.0059 2.96 1.05 0.9 mg/L(5) 0.9 mg/L(5) 0.21 mg/L(5) 35 mg/L(0)

Nickel (mg/L) 10 9 90% Yes 0.00315 0.0438 0.0167 0.1 mg/L(0) 0.0514 mg/L(0) 0.0072 mg/L(4) 0.981 mg/L(0)

Potassium (mg/L) 14 14 100% Yes 6.22 65.5 24.5 - 1.96 mg/L(14) 17.2 mg/L(12) 12400 mg/L(0)

Selenium (mg/L) 10 3 30% Yes 0.0027 0.212 0.078 0.05 mg/L(1) 0.00075 mg/L(3) - 0.0494 mg/L(1)

Sodium (mg/L) 16 15 93.80% Yes 16.4 108 65.0 - 47.1 mg/L(13) 50 mg/L(13) 1300 mg/L(0)

Vanadium (mg/L) 8 2 25% No 0.00089 0.00157 0.0012 0.038 mg/L(0) 0.012 mg/L(0) 0.005 mg/L(0) 0.299 mg/L(0)

Zinc (mg/L) 10 3 30.00% Yes 0.0156 0.0264 0.0197 0.021 mg/L(1) 0.02 mg/L(1) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 16 8 50% No 2.04 19 10.3 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6130 pCi/L(0)

Organics

1,1-Dichloroethane (ug/L)        8 1 12.50% No 0.498 - - 280 ug/L(0) - - -

1,1-Dichloroethene (ug/L)        16 1 6.20% Yes 0.744 - - 7 ug/L(0) - - -

4-Methyl-2-Pentanone (ug/L)   8 1 12.50% No 0.46 - - - - - -

Acetone (ug/L) 8 1 12.50% Yes 2.7 - - - - - -

Carbon Disulf ide (ug/L) 8 1 12.50% No 0.33 - - 5.5 ug/L(0) - - -

Toluene (ug/L) 8 1 12.50% No 0.416 - - - - - -
Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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Table A.5.5−4. Parameter Selection Criteria - Statistical Comparison of LCS Data to Pre-Design Data for Cell 5 (12342C) 
 

III. Poisson PL

Parameter Dataset Samples Detects Detect % Shapiro-Wilk (N) Shapiro-Wilk 
(LN) Min Max Mean 

(mg/L) Median Variance Std.
Dev.

Log
Mean

Log
SD F-Test t-Test Wilcoxen Group 

Comparison Quantile Test Poisson 
Prediction Limit

Alkalinity LCS 14 14 100% Fail Fail 58 563 428.429 497 23557.495 153.485 Color Codes
PreDesign 45 43 96% Fail Fail 1.000 42000.0 1359.480 402 38459780.357 6201.595 Fail Pass
PreDesign* 18 17 94% Fail Fail 1.000 42000.0 2853.532 459 95589457.407 9776.986 Pass Pass
PreDesign** 27 26 96% Fail Fail 1.000 468 363.444 376 9375.333 96.826 Fail Fail
* before 2/10/95
** after 2/10/95

Ammonia LCS 8 2 25% Fail Fail 0.005 0.815 0.113 0.01175 0.081 0.284
PreDesign** 9 7 78% Fail Pass 0.015 450 54.98 0.604 22134.38 148.780 Pass Pass
* before 2/10/95
** after 2/10/95

Chloride LCS 14 14 100% Fail Fail 16.9 103 71.921 82.55 816.042 28.566
PreDesign 46 45 98% Fail Fail 0.025 57.9 11.984 6.915 179.306 13.391 Fail Fail
PreDesign* 18 17 94% Fail Fail 0.025 27 9.455 8.32 51.518 7.178 Fail Fail
PreDesign** 28 28 100% Fail Pass 0.073 57.9 13.61 5.940 259.398 16.106 Fail Fail
* before 2/10/95
** after 2/10/95

Nitrate/Nitrite LCS 20 13 65% Fail Fail 0.0015 4.18 0.875 0.3895 1.242 1.114
PreDesign 26 11 42% Fail Fail 0.00029 5.07 0.402 0.1 1.109 1.053 Fail Pass
PreDesign* 17 3 18% Fail Fail 0.02 2.26 0.205 0.05 0.282 0.531 Fail Pass
PreDesign** 9 8 89% Fail Pass 0.00029 5.07 0.776 0.168 2.660 1.631 Fail Pass
* before 2/10/95
** after 2/10/95

Barium LCS 14 14 100% Fail Fail 0.0207 0.0707 0.033 0.02595 0.0000 0.014
PreDesign 40 39 98% Fail Fail 0.002 2.390 0.326 0.264 0.148 0.385 Fail Pass
PreDesign* 19 18 95% Fail Fail 0.002 2.390 0.470 0.343 0.260 0.510 Pass Pass
PreDesign** 21 21 100% Fail Fail 0.066 0.424 0.195 0.129 0.018 0.133 Fail Pass
* before 2/10/95
** after 2/10/95

Calcium LCS 14 14 100% Fail Fail 163 990 512.286 506 35719.604 188.996
PreDesign 40 39 98% Fail Fail 0.0125 2260 240.668 140.5 128719.284 358.775 Fail Pass
PreDesign* 19 18 95% Fail Fail 0.0125 2260 375.580 197 241002.180 490.920 Fail Pass
PreDesign** 21 21 100% Pass 58.1 189.0 118.605 110 1165.151 34.134 Fail Fail
* before 2/10/95
** after 2/10/95

Copper LCS 14 12 86% Fail Pass 0.000815 0.0862 0.018 0.01315 0.000 0.021
PreDesign 40 16 40% Fail Fail 0.002 0.794 0.068 0.006 0.020 0.140 Fail Pass
PreDesign* 19 15 79% Fail Fail 0.006 0.794 0.139 0.108 0.033 0.180 Pass Pass
PreDesign** 21 1 5%   0.002 0.017 0.005 0.006 0.000 0.003 Pass
* before 2/10/95
** after 2/10/95

Magnesium LCS 14 14 100% Pass  57.7 913 402.514 419.5 48949.541 221.245
PreDesign 42 41 98% Fail Fail 0.0375 624 82.995 59.2 9922.2930 99.611 Fail Fail
PreDesign* 19 18 95% Fail Fail 0.0375 624 127.497 80 18500.4870 136.016 Fail Fail
PreDesign** 23 23 100% Fail Fail 0.264 65.4 46.233 48.30 231.580 15.218 Fail Fail
* before 2/10/95
** after 2/10/95

Potassium LCS 14 14 100% Fail Fail 6.22 65.5 24.501 23.05 172.807 13.146
PreDesign 40 37 93% Fail Pass 0.0485 66.6 9.914 2.725 203.491 14.265 Fail Pass
PreDesign* 19 16 84% Fail Fail 0.0485 66.6 18.547 18.5 289.764 17.022 Pass Pass
PreDesign** 21 21 100% Fail Pass 0.85 5.09 2.103 1.81 1.155 1.075 Fail Fail
* before 2/10/95
** after 2/10/95
 

Vanadium LCS 14 3 21% Fail Fail 0.000303 0.125 0.012 0.005 0.001 0.033
PreDesign 40 16 40% Fail Fail 0.0015 0.564 0.0518 0.0075 0.010 0.1 Fail Pass
PreDesign* 19 14 74% Fail Pass 0.0075 0.564 0.102 0.066 0.016 0.128 Pass Pass
PreDesign** 21 2 10% 0.0015 0.0187 0.007 0.0075 1.838E-05 0.0043 Pass
* before 2/10/95
** after 2/10/95
 

LCS data

LCS significantly greater
than PreDesign (fail)

Fail Normality/Lognormality
test - cannot use t-Test

No significant
difference (pass)

I.  t-Test II.  Wilcoxon + Quantile

Pass Normality/
Lognormality test
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Low values indicate that the bypassed flow through the LCS 
valve house flow meter was too low to register 

FIGURE A.5.5-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 5 LCS

Values for high readings in 2005 are:
January = 263,512 Gallons

July = 659,705 Gallons
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FIGURE A.5.5-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 5 LDS
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FIGURE A.5.5-3.  OSDF HORIZONTAL TILL WELL 12342 (CELL 5) WATER YIELD

*More than one purge of the well was completed during these
months to drain perched water and infiltrating surface water
so the compacted clay liner could be constructed.

12342 Purge Information
Year       Total Volumes (gal.)     Months Purged     Avg. Monthly Purge (gal.)
2002                   35815                   n=10                            3582
2003:                   6200                    n= 6                            1033
2004:                   5425                    n= 5                            1085
2005:                   4270                    n=4                             1068
2006:                   3710                    n=4                               928
2007:                   4250                    n=4                             1063
2008:                   4225                    n=4                             1056
2009:                   3225                    n=3                             1075            
Overall:                                                                               1678

**Excess water was pumped from this well in February 2002 for 
well development.
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Figure A.5.5−21. Cell 5 Bivariate Plot for Uranium and Sodium 
 

 
 

Figure A.5.5−22. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22208) 
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Figure A.5.5−23. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22208) 
 

 
 

Figure A.5.5−24. Intra-Well Shewhart-CUSUM Control Chart (TOC 12342) 
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Figure A.5.5−25. Intra-Well Shewhart-CUSUM Control Chart (TOC 22207) 
 

 
 

Figure A.5.5−26. Intra-Well Shewhart-CUSUM Control Chart (TOX 12342) 
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Figure A.5.5−27. Intra-Well Shewhart-CUSUM Control Chart (Arsenic 12342) 
 

 
 

Figure A.5.5−28. Intra-Well Shewhart-CUSUM Control Chart (Boron 22208) 
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Figure A.5.5−29. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22208) 
 

 
 

Figure A.5.5−30. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12342) 
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Figure A.5.5−31. Intra-Well Shewhart-CUSUM Control Chart (Nickel 22208) 
 

 
 

Figure A.5.5−32. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22208) 
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.6−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.6−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.6−3) 

• LCS monthly accumulation volumes (refer to Figure A.5.6−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.6−2) 

• OSDF horizontal till well 12343 water yield (refer to Figure A.5.6−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.6−4 and 
A.5.6−5) 

• Plots of concentration versus time (refer to Figures A.5.6−6A to A.5.6−20B) 

• A bivariate plot for uranium-sodium ( refer to Figure A.5.6−21) 

• Control charts (refer to Figures A.5.6−22 to A.5.6−33) 
 
A.5.6.1 Quarterly Monitoring Results 
 
Of the 15 parameters sampled quarterly in the LCS, LDS, HTW, and GMA wells, 5 (uranium, 
sulfate, TOC, arsenic, and sodium) have upward trends in the HTW and/or the downgradient 
GMA well based on the Mann-Kendall test for trend. 
 

Parameter Monitoring Horizona 
Uranium HTW 
Sulfate HTW 
Sulfate GMA-D 
TOC GMA-D 

Arsenic GMA-D 
Sodium HTW 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
 
The bivariate plot for the Cell 6 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.6−21. As shown in Figure A.5.6−21, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct, indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends noted above for the HTW and downgradient GMA wells are due to 
fluctuating background concentrations. 
 
Other criteria that were used to assess the upward concentrations include the following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
Arsenic in the downgradient GMA well 
Arsenic has not been detected in the LDS of Cell 6. 
 
LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.6.2 Control Charts 
 
As shown in Table A.5.6−2 (yellow shading), seven parameters in the HTW and/or GMA wells 
of Cell 6 (uranium, TOC, boron, cobalt, manganese, nickel, and zinc) meet the criteria for 
control charts (i.e., normal or lognormal distribution, no trend, and no serial correlation), 
resulting in 12 control charts. 
 

Parameter and Monitoring Pointa Assessment 
Uranium in the GMA-U In Control 
Uranium in the GMA-D In Control 

TOC in the HTW In Control 
Boron in the GMA-U In Control 
Boron in the GMA-D In Control 
Cobalt in the HTW In Control 

Manganese in the HTW In Control 
Manganese in the GMA-D In Control 

Nickel in the HTW In Control 
Nickel in the GMA-D In Control 

Zinc in the HTW In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great 
Miami Aquifer 

 
These twelve control charts are presented in Figures A.5.6−22 to A.5.6−33. All twelve of the 
control charts indicate that current data are consistent with past data. 
 
A.5.6.3 Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 6 are provided in Table A.5.6−3 for those parameters that 
ever had a detection. As shown in the table, two new Appendix I parameters—acetone and 
toluene—were detected in 2009 at Cell 6. Both of these detections were above the MDL but 
below the CRDL. In addition, since acetone was detected in the trip blank at a higher 
concentration than in the LCS sample, acetone is suspect as a detection for this cell.  
 
Since monitoring began, 23 parameters have been detected, but only 18 of the 23 were detected 
again in 2009. Of the 18 parameters detected in 2009, 8 are already being monitored quarterly in 
the LCS, LDS, HTW, and GMA wells of each cell (TDS, arsenic, iron, manganese, nickel, 
selenium, sodium, and zinc). The remaining 10 parameters are alkalinity, chloride, nitrate/nitrite, 
barium, calcium, copper, magnesium, potassium, acetone, and toluene. 
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Statistical analysis of Technetium-99 in Cell 6. 
 
As presented in Attachment A.5, a statistical analysis of technetium-99 was conducted in 
Cells 4-8, and the null hypothesis passed for Cell 6. Technetium-99 should not be sampled for 
quarterly in all horizons of Cell 6. 
 
A.5.6.4 Summary and Conclusions 
• Five parameters monitored quarterly (uranium, sulfate, TOC, arsenic, and sodium) have an 

upward concentration trend in the HTW and/or GMA downgradient well of Cell 6. 

• The bivariate plot (uranium-sodium) for the Cell 6 LCS, LDS, and HTW indicates that the 
chemical signatures of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
place. This evidence indicates that the increasing concentration trends for the HTW and 
downgradient GMA wells are due to fluctuating background concentrations. 

• Twelve control charts were constructed for Cell 6 parameters. All 12 charts indicate that 
current data are consistent with past data. 

• Acetone and toluene were detected for the first time in the Cell 6 LCS. Both of these 
detections were above the MDL but below the CRDL. In addition, since acetone was 
detected in the trip blank at a higher concentration than in the LCS sample, acetone is 
suspect as a detection for this cell. 

 
Table A.5.6−1. Cell 6 – 2009 Monthly Liner Efficiencies 

 

Month 
Cell 6 

Apparent Liner Efficiency 
(%) 

January 98.15 

February 98.32 

March 98.48 

April 98.58 

May 99.15 

June 98.97 

July 98.90 

August 98.97 

September 98.94 

October 99.09 

November 99.21 

December 99.27 
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Table A.5.6−2. Summary Statistics for Cell 6 
 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of Detects Minimumb Maximumb Averagec,d

Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12343C 24 24 100.0 43.3 197 136 35 Undefined None Not Detected
LDS 12343D 24 24 100.0 3.1 29.5 20.0 6.8 Undefined None Detected
HTW 12343 24 24 100.0 6.32 16.9 10.9 2.6 Log Normal Up Detected 24.2 (Q1-07)

GMA-U 22209 24 28 85.7 ND 0.928 0.561 0.212 Normal None Not Detected 2.43 (Q2-06) 2.10 (Q3-08)
GMA-D 22210 27 29 93.1 ND 0.950 0.626 0.160363 Normal None Not Detected 0 (Q2-05)

LCS 12343C 24 24 100.0 491 3000 1940 630 Normal Up Detected
LDS 12343D 24 24 100.0 1300 3060 1990 490 Log Normal Up Detected
HTW 12343 23 24 95.8 ND 515 434 48 Normal Up Detected 191.5 (Q1-05)

GMA-U 22209 27 27 100.0 2.07 406 201 76 Normal Up Not Detected
GMA-D 22210 27 27 100.0 127 371 236 72 Normal Up Detected 578 (Q1-07)

LCS 12343C 12 12 100.0 267 5180 3120 1610 Normal Up Detected
LDS 12343D 4 4 100.0 3690 5000 4510 590 Normal Up Insuff
HTW 12343 3 3 100.0 1210 1270 1240 Insuff Normal Insuff Insuff

GMA-U 22209 3 3 100.0 635 718 679 Insuff Normal Insuff Insuff
GMA-D 22210 3 3 100.0 827 891 869 Insuff Normal Insuff Insuff

LCS 12343C 21 24 87.5 ND 3.55 2.21 0.69 Normal None Not Detected 14.575 (Q4-03)
LDS 12343D 22 24 91.7 ND 10.4 5.40 2.23 Normal Down Detected
HTW 12343 19 24 79.2 ND 3.42 2.22 0.56 Normal None Not Detected 4.93 (Q4-07)

GMA-U 22209 16 28 57.1 ND 2.28 1.12 0.45 Normal None Detected
GMA-D 22210 17 28 60.7 ND 2.39 1.21 0.48 Normal Up Detected

LCS 12343C 14 24 58.3 ND 0.0319 0.0130 0.0088 Normal Up Not Detected
LDS 12343D 16 24 66.7 ND 0.0446 0.0255 0.0115 Normal None Not Detected
HTW 12343 10 24 41.7 ND 0.0233 0.00765 0.00570 Log Normal Down Not Detected

GMA-U 22209 7 28 25.0 ND 0.0365 0.00701 0.00773 Log Normal Down Detected
GMA-D 22210 3 28 10.7 ND 0.0125 0.00551 Insuff Log Normal Down Not Detected

LCS 12343C 2 15 13.3 ND 0.0875 Insuff Insuff Undefined Up Detected
LDS 12343D 1j 13 7.7 ND NA Insuff Insuff Undefined None Detected 0.00533 (Q4-03) 0.00075 (Q3-05) 0.00075 (Q1-07) 0.0125 (Q3-09)
HTW 12343 0 11 0.0 ND NA Insuff Insuff Insuff Insuff Insuff 0.03305 (Q3-09)

GMA-U 22209 1 3 33.3 ND 0.0214 Insuff Insuff Undefined Insuff Insuff
GMA-D 22210 1 12 8.3 ND 0.0372 Insuff Insuff Undefined Up Detected

LCS 12343C 24 24 100.0 0.0566 1.37 0.769 0.287 Normal None Not Detected
LDS 12343D 24 24 100.0 0.289 0.755 0.389 0.118 Undefined Down Not Detected 1.22 (Q4-03) 2.38 (Q3-04)
HTW 12343 21 24 87.5 ND 0.124 0.086 0.021 Normal None Detected

GMA-U 22209 23 28 82.1 ND 0.0447 0.0325 0.0080 Normal None Not Detected
GMA-D 22210 25 28 89.3 ND 0.0468 0.0306 0.0076 Normal None Not Detected

LCS 12343C 10 15 66.7 ND 0.0029 0.0014 0.0008 Normal None Not Detected
LDS 12343D 9 13 69.2 ND 0.0015 0.0010 0.0004 Normal None Not Detected 0.0105 (Q4-03) 0.0025 (Q3-09)
HTW 12343 8 11 72.7 ND 0.00648 0.00206 0.00221 Log Normal None Not Detected

GMA-U 22209 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22210 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12343C 10 15 66.7 ND 4.48 1.39 1.69 Undefined Down Detected
LDS 12343D 9 13 69.2 ND 3.69 1.36 1.25 Normal Down Not Detected
HTW 12343 11 11 100.0 0.23 17.7 1.46 5.78 Undefined None Not Detected

GMA-U 22209 3 3 100.0 3.71 4.20 3.96 Insuff Normal Insuff Insuff
GMA-D 22210 3 3 100.0 1.69 2.24 2.00 Insuff Normal Insuff Insuff

LCS 12343C 12 12 100.0 0.0234 0.149 0.0942 0.0346 Normal None Detected
LDS 12343D 12 12 100.0 0.0703 0.127 0.0921 0.0210 Log Normal Up Detected
HTW 12343 10 11 90.9 ND 0.0124 0.0113 0.0010 Normal None Detected 0.005 (Q3-06)

GMA-U 22209 3 3 100.0 0.00549 0.00625 0.00597 Insuff Normal Insuff Insuff
GMA-D 22210 3 3 100.0 0.00664 0.00797 0.00713 Insuff Normal Insuff Insuff

Lithium (mg/L)

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Outliersh,i

Total Organic Carbon (mg/L)

Total Organic Halogens (mg/L)

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)
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Table A.5.6−2 (continued). Summary Statistics for Cell 6 
 

Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects
Minimum

b Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12343C 9 15 60.0 ND 1.41 0.321 0.371 Log Normal None Detected
LDS 12343D 9 13 69.2 ND 0.0304 0.012 0.010 Normal None Not Detected 3.24 (Q4-03)
HTW 12343 11 11 100.0 0.0212 1.18 0.441 0.351 Log Normal None Not Detected

GMA-U 22209 3 3 100.0 0.273 0.282 0.279 Insuff Normal Insuff Insuff
GMA-D 22210 12 12 100.0 0.0735 0.420 0.220 0.124 Normal None Not Detected

LCS 12343C 13 15 86.7 ND 0.0319 0.0154 0.0098 Normal None Not Detected
LDS 12343D 10 13 76.9 ND 0.0572 0.0131 0.0142 Log Normal Down Not Detected
HTW 12343 8 11 72.7 ND 0.0189 0.00815 0.00473 Normal None Not Detected

GMA-U 22209 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22210 12 12 100.0 0.0013 0.0099 0.0048 0.0031 Normal None Not Detected

LCS 12343C 2 15 13.3 ND 0.14 Insuff Insuff Undefined None Not Detected
LDS 12343D 2 13 15.4 ND 0.0545 Insuff Insuff Undefined Up Not Detected
HTW 12343 0 11 0.0 ND NA Insuff Insuff Insuff Insuff Insuff 0.025 (Q3-09)

GMA-U 22209 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22210 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12343C 15 15 100.0 23.1 107 55.6 20.7 Normal Up Not Detected
LDS 12343D 13 13 100.0 372 447 412 26 Normal None Detected 109 (Q4-03)
HTW 12343 11 11 100.0 33.9 66.0 53.6 11.4 Normal Up Not Detected

GMA-U 22209 3 3 100.0 20.3 22.5 21.4 Insuff Normal Insuff Insuff
GMA-D 22210 3 3 100.0 17.5 20.4 18.9 Insuff Normal Insuff Insuff

LCS 12343C 4 15 26.7 ND 0.026 0.0111 0.0070 Log Normal None Not Detected
LDS 12343D 6 13 46.2 ND 0.0955 0.0326 0.0315 Log Normal None Not Detected
HTW 12343 9 11 81.8 ND 0.919 0.179 0.311 Log Normal None Not Detected 7.19 (Q1-07)

GMA-U 22209 1 3 33.3 ND 0.0102 Insuff Insuff Normal Insuff Insuff
GMA-D 22210 9 12 75.0 ND 0.0244 0.0132 0.0075 Normal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
fTrend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly
jThe one detected result was an outlier; therefore, in terms of the distribution and associated statistics, there were no detections.

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)

Outliersh,i
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Table A.5.6−3. Cell 6 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 13 13 100% Yes 64 557 451 - 422 mg/L(11) 430 mg/L(11) -

Ammonia (mg/L) 7 1 14.30% No 0.0882 - - - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 13 13 100% Yes 20.1 139 96.2 - 7.3 mg/L(13) 45 mg/L(11) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 17 10 58.80% Yes 0.055 4.67 1.54 11 mg/L(0) 11 mg/Lg(0) 0.29 mg/L(7) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 13 13 100% Yes 267 5180 3060 - - - -

Inorganic

Arsenic (mg/L) 9 2 22.20% Yes 0.00685 0.0875 0.0472 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 7 7 100% Yes 0.0232 0.0868 0.0475 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Calcium (mg/L) 13 13 100% Yes 225 996 496 - 159 mg/L(13) 172 mg/L(13) 1800 mg/L(0)

Cobalt (mg/L) 9 4 44.40% No 0.0006 0.0017 0.0012 0.17 mg/L(0) 0.0086 mg/L(0) - 0.0886 mg/L(0)

Copper (mg/L) 7 7 100% Yes 0.00421 0.014 0.0091 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 15 10 66.70% Yes 0.04 4.48 2.53 - 5.72 mg/L(0) 6.35 mg/L(0) 21.3 mg/L(0)

Magnesium (mg/L) 13 13 100% Yes 92.4 609 321 - 38.5 mg/L(13) 50.7 mg/L(13) 690 mg/L(0)

Manganese (mg/L) 15 9 60% No 0.0069 1.41 0.288 0.9 mg/L(1) 0.9 mg/L(1) 0.21 mg/L(4) 35 mg/L(0)

Mercury (mg/L) 13 1 7.70% No 0.000338 - - 0.002 mg/L(0) - - 0.0018 mg/L(0)

Nickel (mg/L) 9 8 88.90% Yes 0.003 0.0285 0.0125 0.1 mg/L(0) 0.0514 mg/L(0) 0.0072 mg/L(4) 0.981 mg/L(0)

Potassium (mg/L) 13 13 100% Yes 9 75.5 23.7 - 1.96 mg/L(13) 17.2 mg/L(11) 12400 mg/L(0)

Selenium (mg/L) 9 2 22.20% Yes 0.0097 0.14 0.0748 0.05 mg/L(1) 0.00075 mg/L(2) - 0.0494 mg/L(1)

Sodium (mg/L) 15 15 100% Yes 23.1 107 55.6 - 47.1 mg/L(11) 50 mg/L(9) 1300 mg/L(0)

Vanadium (mg/L) 7 1 14.30% No 0.00088 - - 0.038 mg/L(0) 0.012 mg/L(0) 0.005 mg/L(0) 0.299 mg/L(0)

Zinc (mg/L) 9 3 33.30% Yes 0.0135 0.026 0.0216 0.021 mg/L(2) 0.02 mg/L(2) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 13 4 31% No 1.83 11.7 7.22 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6130 pCi/L(0)

Organics

Acetone (ug/L) 7 1 14.30% Yes 2.66 - - - - - -

Toluene (ug/L) 7 1 14.30% Yes 0.716 - - - - - -

Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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FIGURE A.5.6-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 6 LCS

Low values indicate that the bypassed flow through the LCS 
valve house flow meter was too low to register 

Values for high readings in 2005 are:
January = 1,877,259 Gallons
February = 539,243 Gallons

March = 848,614 Gallons
April = 635,839 Gallons
May = 719,850 Gallons
June = 308,605 Gallons

 
 

0

1

10

100

1,000

10,000

Ja
n-

05

M
ar

-0
5

M
ay

-0
5

Ju
l-0

5

Se
p-

05

N
ov

-0
5

Ja
n-

06

M
ar

-0
6

M
ay

-0
6

Ju
l-0

6

Se
p-

06

N
ov

-0
6

Ja
n-

07

M
ar

-0
7

M
ay

-0
7

Ju
l-0

7

Se
p-

07

N
ov

-0
7

Ja
n-

08

M
ar

-0
8

M
ay

-0
8

Ju
l-0

8

Se
p-

08

N
ov

-0
8

Ja
n-

09

M
ar

-0
9

M
ay

-0
9

Ju
l-0

9

Se
p-

09

N
ov

-0
9

Date

G
al

lo
ns

FIGURE A.5.6-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 6 LDS

Gap in data is due to 
malfunctioning transducer.
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FIGURE A.5.6-3.  OSDF HORIZONTAL TILL WELL 12343 (CELL 6) WATER YIELD

*More than one purge of the well was completed during these
months to drain perched water and infiltrating surface water
so the compacted clay liner could be constructed.

12343 Purge Information
Year       Total Volumes (gal.)     Months Purged     Avg. Monthly Purge (gal.)
2003:                   9940                           n=10                                994
2004:                   760                             n= 6                                127
2005:                   925                             n=5                                 185
2006:                   565                             n=4                                 141
2007:                   355                             n=4                                  89
2008:                   510                             n=4                                 128
2009:                   550                             n=3                                 183         
Overall:                                                                                          378

**Excess water was pumped from this well in March 2003 for 
well development.
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Figure A.5.6−21. Cell 6 Bivariate Plot for Uranium and Sodium 
 

 
 

Figure A.5.6−22. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22209) 
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Figure A.5.6−23. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22210) 
 

 
 

Figure A.5.6−24. Intra-Well Shewhart-CUSUM Control Chart (TOC 12343) 
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Figure A.5.6−25. Intra-Well Shewhart-CUSUM Control Chart (Boron 22209) 
 

 
 

Figure A.5.6−26. Intra-Well Shewhart-CUSUM Control Chart (Boron 22210) 
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Figure A.5.6−27. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12343) 
 

 
 

Figure A.5.6−28. Intra-Well Shewhart-CUSUM Control Chart (Manganese 12343) 
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Figure A.5.6−29. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22210) 
 

 
 

Figure A.5.6−30. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12343) 
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Figure A.5.6−31. Intra-Well Shewhart-CUSUM Control Chart (Nickel 22210) 
 

 
 

Figure A.5.6−32. Intra-Well Shewhart-CUSUM Control Chart (Zinc 12343) 
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Figure A.5.6−33. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22210) 
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.7−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.7−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.7−3) 

• LCS monthly accumulation volumes (refer to Figure A.5.7−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.7−2) 

• OSDF horizontal till well 12344 water yield (refer to Figure A.5.7−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.7−4 and 
A.5.7−5) 

• Plots of concentration versus time (refer to Figures A.5.7−6A to A.5.7−20B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.7−21) 

• Control charts (refer to Figures A.5.7−22 to A.5.7−27) 
 
A.5.7.1 Quarterly Monitoring Results 
 
Of the 15 constituents sampled quarterly in the LCS, LDS, HTW, and GMA wells, 8 (uranium, 
sulfate, TOC, arsenic, boron, iron, manganese, and zinc) have upward trends in the HTW and/or 
the downgradient GMA well based on the Mann-Kendall test for trend.  
 

Constituent Monitoring Horizona 
Uranium HTW 
Sulfate HTW 
Sulfate GMA-D 
TOC GMA-D 

Arsenic GMA-D 
Boron GMA-D 
Iron HTW 

Manganese GMA-D 
Zinc HTW 

aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer 
 
The bivariate plot for the Cell 7 LCS, LDS, and HTW (uranium-sodium) is provided in 
Figure A.5.7−21. As shown in Figure A.5.7−21, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are separate and distinct, indicating that mixing 
between the monitoring horizons is not taking place. This evidence indicates that the increasing 
concentration trends for the HTW and downgradient GMA wells are due to fluctuating 
background concentrations. 
 
Other criteria that were used to assess the upward concentrations include the following: 

• If the constituent is not detected in the LDS, it is doubtful that an increasing concentration 
for the constituent in either the HTW or the downgradient GMA well could be attributed to 
the cell. 

• If the average concentration of the constituent is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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Additional Observations: 
 
Iron in the HTW 
The average concentration for iron in the HTW of Cell 5 (10.3 mg/L) is approximately 7.7 times 
higher than the average concentration for iron in the LDS of Cell 5 (1.33 mg/L). 
 
Manganese in the downgradient GMA well 
The average concentration for manganese in the downgradient GMA well of Cell 5 (0.413 mg/L) 
is approximately 25 times higher than the average concentration for manganese in the LDS of 
Cell 5 (0.0164 mg/L). 
 
LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.7.2 Control Charts 
 
As shown in Table A.5.7−2 (yellow shading) five constituents in the HTW and GMA wells 
of Cell 7 (uranium, TOX, boron, manganese, and zinc) meet the criteria for control charts 
(i.e., normal or lognormal distribution, no trend, and no serial correlation), resulting in six 
control charts. 
 

Constituent and Monitoring Pointa Assessment 
Uranium in the GMA-U In Control 

TOX in the GMA-U In Control 
TOX in the GMA-D In Control 
Boron in the HTW In Control 

Manganese in the HTW In Control 
Zinc in the GMA-D In Control 

aHTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great 
Miami Aquifer 

 
These six control charts are presented in Figures A.5.7−22 to A.5.7−27. All six control charts 
shown for Cell 7 indicate that current data are consistent with past data. 
 
A.5.7.3 Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 7 are provided in Table A.5.7−3 for those parameters that 
ever had a detection. As shown in the table, two new Appendix I constituents—
1,1-dichloroethene and acetone—were detected in 2009 at Cell 7. Both of these detections were 
above the MDL but below the CRDL. In addition, since acetone was detected in the trip blank at 
a higher concentration than in the LCS sample, acetone is suspect as a detection for this well.  
 
Since monitoring began, 28 constituents have been detected, but only 18 of the 28 were detected 
again in 2009. Of the 18 constituents detected in 2009, 7 are already being monitored quarterly in 
the LCS, LDS, HTW, and GMA wells of each cell (TDS, arsenic, iron, manganese, nickel, 
selenium, and sodium). The remaining 11 constituents are alkalinity, ammonia, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, potassium, 1,1-dichloroethene, and acetone. 
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Statistical analysis of Technetium-99 in Cell. 
 
As presented in Attachment A.5, a statistical analysis of technetium-99 was conducted in 
Cells 4-8, and the null hypothesis passed for Cell 7. Technetium-99 should not be monitored 
quarterly in all horizons of Cell 7. 
 
Sampling for Copper in the Cell 7 LCS and LDS 
 
As stated in the 2008 SER (DOE 2009b), sampling for copper in the LCS and LDS of Cell 7 
began in 2009. Results indicate that copper was detected in both the LCS and LDS of Cell 7 in 
2009. As discussed in Sub-attachments A.5.4 and A.5.5, copper should be monitored quarterly in 
the LCS, LDS, HTW, and GMA wells of Cells 4 and 5. The decision was made to also sample 
for copper in the LCS, LDS, HTW, and GMA wells of all 8 cells. 
 
A.5.7.4 Summary and Conclusions 
• Eight constituents monitored quarterly have an upward concentration trend in the HTW 

and/or GMA downgradient well of Cell 7 (uranium, sulfate, TOC, arsenic, boron, iron, 
manganese, and zinc). 

• The bivariate plot for the Cell 7 LCS, LDS, and HTW (uranium-sodium) indicates that the 
chemical signatures of the uranium-sodium concentrations for the LCS, LDS, and HTW are 
separate and distinct, indicating that mixing between the monitoring horizons is not taking 
place. This evidence indicates that the increasing concentration trends for the HTW and 
downgradient GMA wells are due to fluctuating background concentrations. 

• Six control charts were constructed for Cell 7 constituents. All six charts indicate that 
current data are consistent with past data. 

• Acetone and 1,1-dichloroethene were detected for the first time in the LCS of Cell 7. Both 
of these detections were above the MDL but below the CRDL. In addition, since acetone 
was detected in the trip blank at a higher concentration than in the LCS sample, acetone is 
suspect as a detection for this cell.  

• As stated in the 2008 SER, sampling for copper in the LCS and LDS of Cell 7 began in 
2009. Results indicate that copper was detected in both the LCS and LDS of Cell 7 in 2009. 
As discussed in Sub-attachments A.5.4 and A.5.5, copper should be monitored quarterly in 
the LCS, LDS, HTW, and GMA wells of Cells 4 and 5. The decision was made to also 
sample for copper in the LCS, LDS, HTW, and GMA wells of all 8 cells. 
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Table A.5.7−1 Cell 7 – 2009 Monthly Liner Efficiencies 
 

Month Cell 7 
Apparent Liner Efficiency (%) 

January 96.80 
February 97.86 

March 97.65 
April 97.87 
May 99.07 
June 99.17 
July 99.06 

August 99.43 
September 99.24 

October 99.23 
November 99.38 
December 99.15 
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Table A.5.7−2. Summary Statistics for Cell 7 
 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12344C 21 21 100.0 4.72 355 178 71 Normal None Not Detected
LDS 12344D 20 20 100.0 12.2 33.7 23.4 5.2 Normal None Not Detected
HTW 12344 23 23 100.0 2.0 8.61 2.9 1.4 Undefined Up Detected

GMA-U 22212 21 23 91.3 ND 0.634 0.463 0.108 Normal None Not Detected 1.644 (Q1-04) 4.46 (Q1-05) 1.70 (Q1-07)
GMA-D 22211 23 24 95.8 ND 2.3 0.32 0.60 Undefined None Not Detected

LCS 12344C 21 21 100.0 122 3340 2780 1060 Undefined Up Detected
LDS 12344D 20 20 100.0 1280 2240 1650 220 Normal None Detected
HTW 12344 23 23 100.0 80.4 377 128 94 Undefined Up Detected

GMA-U 22212 23 23 100.0 96.7 362 208 75 Normal Up Detected
GMA-D 22211 23 23 100.0 152 560 310 118 Normal Up Detected

LCS 12344C 9 9 100.0 960 5750 3910 1960 Normal Up Detected
LDS 12344D 4 4 100.0 3230 3600 3440 180 Normal None Insuff
HTW 12344 3 3 100.0 1020 1120 1080 Insuff Normal Insuff Insuff

GMA-U 22212 3 3 100.0 666 854 761 Insuff Normal Insuff Insuff
GMA-D 22211 3 3 100.0 942 1270 1130 Insuff Normal Insuff Insuff

LCS 12344C 17 21 81.0 ND 5.55 2.36 1.01 Log Normal None Not Detected
LDS 12344D 20 20 100.0 2.99 8.80 5.63 1.49 Normal Down Detected
HTW 12344 20 23 87.0 ND 3.72 2.17 0.75 Normal None Detected

GMA-U 22212 18 23 78.3 ND 2.24 1.09 0.47 Normal Up Detected
GMA-D 22211 16 22 72.7 ND 2.15 1.21 0.53 Undefined Up Detected

LCS 12344C 12 21 57.1 ND 0.0328 0.014 0.010 Normal Up Detected
LDS 12344D 13 20 65.0 ND 0.0544 0.0264 0.0128 Normal None Not Detected
HTW 12344 9 23 39.1 ND 0.0323 0.00950 0.00893 Log Normal Down Not Detected

GMA-U 22212 9 23 39.1 ND 0.0125 0.0047 0.0030 Normal None Not Detected
GMA-D 22211 5 24 20.8 ND 0.0134 0.00388 0.00353 Log Normal None Not Detected

LCS 12344C 4 14 28.6 ND 0.179 0.00375 0.0469 Undefined Up Not Detected
LDS 12344D 3 13 23.1 ND 0.048 0.00660 Insuff Log Normal Up Not Detected
HTW 12344 0 11 0.0 ND NA Insuff Insuff Insuff Insuff Insuff 0.0298 (Q3-09)

GMA-U 22212 1 3 33.3 ND 0.0192 Insuff Insuff Undefined Insuff Insuff
GMA-D 22211 2 12 16.7 ND 0.0323 Insuff Insuff Log Normal Up Detected

LCS 12344C 21 21 100.0 0.0625 1.35 1.15 0.432 Undefined Up Not Detected
LDS 12344D 20 20 100.0 0.168 0.497 0.280 0.076 Normal Up Detected 2.10 (Q3-04) 1.08 (Q1-05) 0.648 (Q2-05)
HTW 12344 16 23 69.6 ND 0.075 0.0247 0.0140 Log Normal None Not Detected

GMA-U 22212 21 23 91.3 ND 0.0381 0.0344 0.0040 Undefined None Not Detected 0.0151 (Q3-08)
GMA-D 22211 20 23 87.0 ND 0.0433 0.0274 0.0038 Undefined Up Not Detected

LCS 12344C 11 14 78.6 ND 0.008 0.0030 0.00237 Log Normal None Not Detected
LDS 12344D 8 13 61.5 ND 0.0025 0.00086 0.00057 Log Normal None Not Detected
HTW 12344 7 11 63.6 ND 0.0433 0.00056 0.013 Undefined None Not Detected

GMA-U 22212 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22211 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12344C 13 14 92.9 ND 18.7 9.22 5.84 Log Normal Down Not Detected
LDS 12344D 12 13 92.3 ND 2.74 1.33 0.79 Normal None Not Detected
HTW 12344 10 11 90.9 ND 66.1 10.3 20.0 Log Normal Up Not Detected

GMA-U 22212 3 3 100.0 5.64 14.2 10.5 Insuff Normal Insuff Insuff
GMA-D 22211 3 3 100.0 8.7 10.3 9.47 Insuff Normal Insuff Insuff

LCS 12344C 12 12 100.0 0.0188 0.216 0.117 0.068 Normal Up Detected
LDS 12344D 12 12 100.0 0.0529 0.226 0.101 0.052 Log Normal None Not Detected
HTW 12344 6 11 54.5 ND 0.0084 0.0063 0.0015 Undefined None Not Detected

GMA-U 22212 3 3 100.0 0.00517 0.00632 0.00588 Insuff Normal Insuff Insuff
GMA-D 22211 3 3 100.0 0.00613 0.00806 0.00695 Insuff Normal Insuff Insuff

Outliersh,i

Total Organic Carbon (mg/L)

Total Organic Halogens (mg/L)

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Lithium (mg/L)
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Table A.5.7−2 (continued). Summary Statistics for Cell 7 
 
Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12344C 12 14 85.7 ND 0.991 0.298 0.328 Log Normal Down Not Detected
LDS 12344D 9 13 69.2 ND 0.0848 0.0164 0.0251 Log Normal None Not Detected
HTW 12344 10 11 90.9 ND 0.223 0.0519 0.0648 Log Normal None Not Detected

GMA-U 22212 3 3 100.0 0.254 0.318 0.286 Insuff Normal Insuff Insuff
GMA-D 22211 12 12 100.0 0.256 0.610 0.413 0.125 Normal Up Detected

LCS 12344C 13 14 92.9 ND 0.0265 0.0124 0.0081 Normal None Not Detected
LDS 12344D 10 13 76.9 ND 0.0126 0.00728 0.00321 Normal Down Detected
HTW 12344 8 11 72.7 ND 0.0761 0.0041 0.0217 Undefined None Not Detected

GMA-U 22212 1 3 33.3 ND 0.00202 Insuff Insuff Undefined Insuff Insuff
GMA-D 22211 3 12 25.0 ND 0.0052 0.00075 Insuff Undefined None Detected

LCS 12344C 2 14 14.3 ND 0.171 Insuff Insuff Undefined None Not Detected
LDS 12344D 2 13 15.4 ND 0.0477 Insuff Insuff Undefined Up Not Detected
HTW 12344 1 11 9.1 ND 0.0292 Insuff Insuff Undefined None Not Detected

GMA-U 22212 1 3 33.3 ND 0.00827 Insuff Insuff Undefined Insuff Insuff
GMA-D 22211 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12344C 14 14 100.0 18.1 88.7 72.6 24.4 Undefined Up Detected
LDS 12344D 13 13 100.0 186 913 552 178 Normal Down Not Detected
HTW 12344 11 11 100.0 19.8 30.6 22.2 3.9 Undefined None Not Detected

GMA-U 22212 3 3 100.0 24.8 27.0 25.6 Insuff Normal Insuff Insuff
GMA-D 22211 3 3 100.0 15.5 17.1 15.5 Insuff Normal Insuff Insuff

LCS 12344C 9 14 64.3 ND 0.154 0.0370 0.0480 Log Normal None Not Detected
LDS 12344D 10 13 76.9 ND 0.125 0.0263 0.0308 Normal Up Detected
HTW 12344 10 11 90.9 ND 0.655 0.313 0.245 Log Normal Up Not Detected

GMA-U 22212 2 3 66.7 ND 0.00929 Insuff Insuff Normal Insuff Insuff
GMA-D 22211 7 12 58.3 ND 0.0205 0.00506 0.00558 Log Normal None Not Detected

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
f Trend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly

Outliersh,i

Sodium (mg/L)

Zinc (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)
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Table A.5.7−3. Cell 7 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 12 12 100% Yes 86 822 364 - 422 mg/L(4) 430 mg/L(4) -

Ammonia (mg/L) 6 2 33.30% Yes 0.026 0.254 0.14 - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 12 12 100% Yes 26.7 137 91.5 - 7.3 mg/L(12) 45 mg/L(9) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 13 8 61.50% Yes 0.097 10.7 2.6 11 mg/Lg(0) 11 mg/L(0) 0.29 mg/L(6) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 9 9 100% Yes 960 5750 3910 - - - -

Inorganics

Arsenic (mg/L) 8 4 50% Yes 0.0015 0.179 0.0489 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 6 6 100% Yes 0.028 0.112 0.0596 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Beryllium (mg/L) 6 2 33.30% No 0.00017 0.00025 0.0002 0.004 mg/L(0) - - 0.0343 mg/L(0)

Cadmium (mg/L) 6 1 16.70% No 0.0002 - - 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

Calcium (mg/L) 12 12 100% Yes 153 759 480.5 - 159 mg/L(11) 172 mg/L(10) 1800 mg/L(0)

Chromium (mg/L) 6 1 16.70% No 0.0292 - - 0.022 mg/Lg(1) 0.021 mg/L(1) 0.0046 mg/L(1) 0.818 mg/L(0)

Cobalt (mg/L) 8 5 62.50% No 0.0016 0.008 0.0038 0.17 mg/L(0) 0.0086 mg/L(0) - 0.0886 mg/L(0)

Copper (mg/L) 8 7 87.50% Yes 0.0059 0.0247 0.0141 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 14 13 92.90% Yes 0.0855 18.7 5.24 - 5.72 mg/L(3) 6.35 mg/L(3) 21.3 mg/L(0)

Lead (mg/L) 6 1 16.70% No 0.0061 - - 0.015 mg/L(0) 0.022 mg/L(0) 0.0016 mg/L(1) 0.0114 mg/L(0)

Magnesium (mg/L) 12 12 100% Yes 60.5 652 306 - 38.5 mg/L(12) 50.7 mg/L(12) 690 mg/L(0)

Manganese (mg/L) 14 12 85.70% Yes 0.0041 0.991 0.249 0.9 mg/L(1) 0.9 mg/L(1) 0.21 mg/L(4) 35 mg/L(0)

Nickel (mg/L) 8 7 87.50% Yes 0.00214 0.0261 0.0124 0.1 mg/L(0) 0.0514 mg/L(0) 0.0072 mg/L(4) 0.981 mg/L(0)

Potassium (mg/L) 12 12 100% Yes 8.12 61.4 35.5 - 1.96 mg/L(12) 17.2 mg/L(9) 12400 mg/L(0)

Selenium (mg/L)                       8 1 12.50% Yes 0.171 - - 0.05 mg/L(1) 0.00075 mg/L(1) - 0.0494 mg/L(1)

Sodium (mg/L) 14 14 100% Yes 18.1 88.7 63.1 - 47.1 mg/L(11) 50 mg/L(11) 1300 mg/L(0)

Thallium (mg/L) 6 1 16.70% No 0.00046 - - - - - 0.0028 mg/L(0)

Vanadium (mg/L) 6 1 16.70% No 0.0051 - - 0.038 mg/L(0) 0.012 mg/L(0) 0.005 mg/L(1) 0.299 mg/L(0)

Zinc (mg/L) 8 5 62.50% No 0.0142 0.154 0.07 0.021 mg/L(2) 0.02 mg/L(4) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 14 6 42.90% No 0.86 16.2 9.05 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6130 pCi/L(0)

Organics

1,1-Dichloroethene (ug/L) 12 1 8.30% Yes 0.455 - - 7 ug/L(0) - - -

Acetone (ug/L)         6 1 16.70% Yes 3.5 - - - - - -

Total Xylenes  (ug/L) 6 1 16.70% No 1.01 - - - - - -
Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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FIGURE A.5.7-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 7 LCS

Low values indicate that the bypassed flow through the LCS 
valve house flow meter was too low to register 

Values for high readings in 2005 are:
January = 4,386,320 Gallons

May = 803,374 Gallons
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FIGURE A.5.7-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 7 LDS
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FIGURE A.5.7-3.  OSDF HORIZONTAL TILL WELL 12344 (CELL 7) WATER YIELD

*More than one purge of the well was completed during this
month to drain perched water and infiltrating surface water
so the compacted clay liner could be constructed.

12344 Purge Information
Year       Total Volumes (gal.)     Months Purged     Avg. Monthly Purge (gal.)
2004:                   2380                    n=9                             264
2005:                   2475                    n=5                             495
2006:                   2375                    n=4                             594
2007:                   1300                    n=4                             325
2008:                   2800                    n=4                             700
2009:                     825                    n=3                             275             
Overall:                                                                               419

 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−11 

 
 

 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−12 

 

 
 

 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−13 

 

 
 

 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−14 

 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−15 

 
 

 
 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−16 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−17 

 
 

 
 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−18 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−19 

 
 

 
 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−20 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−21 

 
 

 
 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−22 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−23 

 
 

 
 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−24 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−25 

 
 

 



 
Fernald Preserve 2009 Site Environmental Report U.S. Department of Energy 
Doc. No. S06109 May 2010 
Page A.5.7−26 

 
 

 
 



 

 
U.S. Department of Energy Fernald Preserve 2009 Site Environmental Report 
May 2010 Doc. No. S06109 
 Page A.5.7−27 

0

50

100

150

200

250

300

10000 100000 1000000

Sodium (ug/L)

U
ra

ni
um

 (u
g/

L)

LCS

LDS

HTW

CELL 7

 
 

Figure A.5.7−21. Cell 7 Bivariate Plot for Uranium and Sodium 
 

 
 

Figure A.5.7−22. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22212) 
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Figure A.5.7−23. Intra-Well Shewhart-CUSUM Control Chart (TOX 22212) 
 

 
 

Figure A.5.7−24. Intra-Well Shewhart-CUSUM Control Chart (TOX 22211) 
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Figure A.5.7−25. Intra-Well Shewhart-CUSUM Control Chart (Boron 12344) 
 

 
 

Figure A.5.7−26. Intra-Well Shewhart-CUSUM Control Chart (Manganese 12344) 
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Figure A.5.7−27. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22211) 
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The following information is provided in this sub-attachment: 

• Monthly liner efficiencies (refer to Table A.5.8−1) 

• Quarterly monitoring summary statistics (refer to Table A.5.8−2) 

• Annual LCS sample summary information for detected parameters (refer to Table A.5.8−3) 

• LCS monthly accumulation volumes (refer to Figure A.5.8−1) 

• LDS monthly accumulation volumes (refer to Figure A.5.8−2) 

• OSDF horizontal till well 12345 water yield (refer to Figure A.5.8−3) 

• GMA water levels and uranium concentration versus time (refer to Figures A.5.8−4 and 
A.5.8−7) 

• Plots of concentration versus time (refer to Figures A.5.8−8A to A.5.8−22B) 

• A bivariate plot for uranium-sodium (refer to Figure A.5.8−23) 

• Control charts (refer to Figures A.5.8−24 to A.5.8−38) 
 
A.5.8.1 Quarterly Monitoring Results 
 
Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, 5 (uranium, 
sulfate, TOC, arsenic, and zinc) have upward trends in the HTW and/or the downgradient GMA 
well based on the Mann-Kendall test for trend. Cell 8 is unique in that it has three wells in the 
GMA that are considered to be downgradient (GMA-D, GMA-SE, and GMA-SW). 
 

Parameter Monitoring Horizona 
Uranium HTW 
Sulfate HTW 
Sulfate GMA-SW 
TOC GMA-SW 
TOC GMA-SE 

Arsenic GMA-D 
Zinc GMA-D 

aHTW = horizontal till well; GMA-SW = southwest Great Miami Aquifer; GMA-SE = southeast Great 
Miami Aquifer; GMA-D = downgradient Great Miami Aquifer 

 
The uranium-sodium bivariate plot for the Cell 8 LCS, LDS, and HTW is provided in 
Figure A.5.8−23. As shown in the figure, the chemical signatures of the uranium-sodium 
concentrations for the LCS, LDS, and HTW are not as separate and distinct as those in the other 
seven cells, but figure still shows a clear distinction between the signature of the LCS and that of 
the LDS. LM will determine if a bivariate plot that matches uranium with a different parameter 
might be more useful for Cell 8. 
 
Other criteria that were used to assess the upward concentrations trends include the following: 

• If the parameter is not detected in the LDS, it is doubtful that an increasing concentration for 
the parameter in either the HTW or the downgradient GMA well could be attributed to the 
cell. 

• If the average concentration of the parameter is higher beneath the facility than it is within 
the facility, the concentration change beneath the facility is most likely resulting from 
ambient background changes not attributable to the cell. 
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LM will continue to investigate all upward concentration trends in the HTW and GMA wells of 
each cell through continued monitoring and assessment. 
 
A.5.8.2 Control Charts 
 
As shown in Table A.5.8−2 (yellow shading), seven parameters in the HTW and/or GMA wells 
of Cell 8 (uranium, sulfate, TOC, TOX, boron, manganese, and nickel) meet the criteria for 
control charts (i.e., normal or lognormal distribution, no trend, and no serial correlation), 
resulting in 15 control charts. 
 

Parameter and Monitoring Pointa Assessment 
Uranium in the GMA-D In Control 
Sulfate in the GMA-SE In Control 

TOC in the HTW In Control 
TOC in the GMA-U In Control 
TOC in the GMA-D In Control 
TOX in the HTW In Control 

TOX in the GMA-SW In Control 
TOX in the GMA-SE In Control 
Boron in the HTW In Control 

Boron in the GMA-U In Control 
Boron in the GMA-SW In Control 
Boron in the GMA-SE In Control 

Manganese in the GMA-D In Control 
Nickel in the HTW In Control 

Nickel in the GMA-D In Control 
aHTW = horizontal till well; GMA-D = downgradient Great Miami Aquifer; GMA-U = upgradient 
Great Miami Aquifer; GMA-SW = southwest Great Miami Aquifer; GMA-SE = southeast Great 
Miami Aquifer 

 
These 15 control charts are presented in Figures A.5.8−24 to A.5.8−38. All 15 charts indicate 
that current data are consistent with past data. The log transformation of the concentration data 
for TOC in the HTW (well 12345) is plotted in the control chart. 
 
A.5.8.3 Annual LCS Sample Results 
 
Annual LCS sampling results for Cell 8 are provided in Table A.5.8−3 for those parameters that 
ever had a detection. As shown in the table, three new Appendix I parameters—
1,1-dichloroethene, ammonia, and acetone—were detected in 2009 at Cell 8. These detections 
were above the MDL but below the CRDL. In addition, since acetone was detected in the trip 
blank at a higher concentration than in the LCS sample, acetone is suspect as a detection for this 
cell.  
 
Since monitoring began, 27 parameters have been detected, but only 21 of the 28 were detected 
again in 2009. Of the 21 parameters detected in 2009, 8 (TDS, arsenic, iron, manganese, nickel, 
selenium, sodium, and zinc) are already being monitored quarterly in the LCS, LDS, HTW, and 
GMA wells of each cell. The remaining 13 parameters are alkalinity, ammonia, chloride, 
nitrate/nitrite, barium, calcium, copper, magnesium, potassium, technetium-99, 
1,1-dichloroethene, acetone, and tetrachloroethene. 
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Statistical analysis of Technetium-99 in Cell 8 
 
As presented in Attachment A.5, a statistical analysis of technetium-99 was conducted in 
Cells 4-8, and the null hypothesis failed for Cell 8. Technetium-99 should be monitored quarterly 
in all horizons of Cell 8. 
 
Sampling for Copper in the Cell 8 LCS and LDS 
 
As stated in the 2008 SER (DOE 2009b), sampling for copper in the LCS and LDS of Cell 8 
began in 2009. Results indicate that copper was detected in both the LCS and LDS of Cell 8 in 
2009. As discussed in Sub-attachments A.5.4 and A.5.5, copper should be monitored quarterly in 
the LCS, LDS, HTW, and GMA wells of Cells 4 and 5. The decision was made to also sample 
copper in the LCS, LDS, HTW, and GMA wells of all 8 cells, beginning in 2011. 
 
A.5.8.4 Summary and Conclusions 
• Five parameters monitored quarterly have an upward concentration trend in the HTW and/or 

GMA downgradient well of Cell 8 (uranium, sulfate, TOC, arsenic, and zinc). 

• The uranium-sodium bivariate plot for the Cell 8 LCS, LDS, and HTW is provided in 
Figure A.5.8−23. As shown in Figure A.5.8−23, the chemical signatures of the uranium-
sodium concentrations for the LCS, LDS, and HTW are not as separate and distinct as those 
in the other seven cells, but the figure still show a clear distinction between the signature of 
the LCS and that of the LDS. LM will determine if a bivariate plot that matches uranium 
with a different parameter might be more useful for Cell 8. 

• Fifteen control charts were constructed for Cell 8 parameters. All 15 of the control charts 
indicate that current data are consistent with past data. 

• Acetone and 1,1-dichloroethene were detected for the first time in the LCS of Cell 8. Both 
of these detections were above the MDL but below the CRDL. In addition, since acetone 
was detected in the trip blank at a higher concentration than in the LCS sample, acetone is 
suspect as a detection for this cell. 

• As stated in the 2008 SER (DOE 2009b), sampling for copper in the LCS and LDS of Cell 8 
began in 2009. Results indicate that copper was detected in both the LCS and LDS of Cell 8 
in 2009. As discussed in Sub-attachments A.5.4 and A.5.5, copper should be monitored 
quarterly in the LCS, LDS, HTW, and GMA wells of Cells 4 and 5. The decision was made 
to also sample copper in the LCS, LDS, HTW, and GMA wells of all 8 cells, beginning in 
2011. 
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Table A.5.8−1. Cell 8 2009 Monthly Liner Efficiencies 
 

Month Cell 8 
Apparent Liner Efficiency (%) 

January 98.18 
February 98.11 

March 97.72 
April 98.39 
May 98.82 
June 98.48 
July 98.26 

August 98.54 
September 99.15 

October 98.76 
November 98.84 
December 99.19 
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Table A.5.8−2. Summary Statistics for Cell 8 
 

Note: The data used in this table has been standardized to quarterly.

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12345C 20 20 100.0 1.51 228 176 65 Undefined Up Detected
LDS 12345D 19 19 100.0 9.38 36.4 20.0 7.6 Log Normal None Detected
HTW 12345 16 16 100.0 3.67 7.30 5.02 0.99 Normal Up Not Detected

GMA-U 22213 17 23 73.9 ND 0.589 0.348 0.135 Normal Up Not Detected
GMA-D 22214 23 24 95.8 ND 1.40 0.705 0.398 Log Normal None Not Detected

GMA-SW 22215 14 17 82.4 ND 0.77 0.452 0.139 Undefined None Not Detected
GMA-SE 22217 15 16 93.8 ND 15.1 7.01 5.14 Normal Up Detected

LCS 12345C 20 20 100.0 146 2630 2140 920 Undefined Up Detected
LDS 12345D 19 19 100.0 1730 3450 2610 460 Normal Up Detected
HTW 12345 15 15 100.0 95.5 152 116 18 Normal Up Detected

GMA-U 22213 23 23 100.0 90.2 268 147 64 Undefined Up Detected
GMA-D 22214 23 23 100.0 182 457 241 78 Undefined None Detected

GMA-SW 22215 16 17 94.1 ND 180 120 33 Normal Up Not Detected
GMA-SE 22217 16 16 100.0 136 1320 398 278 Log Normal None Not Detected

LCS 12345C 8 8 100.0 882 5160 3470 1780 Normal Up Detected
LDS 12345D 4 4 100.0 3860 5990 4990 770 Normal Up Insuff
HTW 12345 0 0 0.0 NA NA Insuff Insuff Insuff Insuff Insuff

GMA-U 22213 3 3 100.0 672 796 795 Insuff Undefined Insuff Insuff
GMA-D 22214 3 3 100.0 531 730 616 Insuff Normal Insuff Insuff

GMA-SW 22215 3 3 100.0 457 585 533 Insuff Normal Insuff Insuff
GMA-SE 22217 3 3 100.0 893 1350 896 Insuff Undefined Insuff Insuff

LCS 12345C 17 20 85.0 ND 5.31 2.32 0.945 Log Normal None Not Detected
LDS 12345D 18 19 94.7 ND 5.45 3.22 1.16 Normal None Detected
HTW 12345 9 15 60.0 ND 3.12 1.63 0.62 Normal None Not Detected

GMA-U 22213 18 23 78.3 ND 2.23 1.15 0.46 Normal None Not Detected
GMA-D 22214 17 23 73.9 ND 2.03 1.21 0.46 Normal None Not Detected

GMA-SW 22215 12 17 70.6 ND 1.82 1.10 0.43 Normal Up Not Detected
GMA-SE 22217 12 16 75.0 ND 2.33 1.38 0.51 Normal Up Not Detected

LCS 12345C 10 20 50.0 ND 0.0593 0.0211 0.0172 Log Normal Up Not Detected
LDS 12345D 10 19 52.6 ND 0.0794 0.0148 0.0175 Log Normal None Not Detected
HTW 12345 11 15 73.3 ND 0.0942 0.0484 0.0243 Normal None Not Detected

GMA-U 22213 4 23 17.4 ND 0.0231 0.00166 0.00515 Undefined None Not Detected
GMA-D 22214 3 23 13.0 ND 0.0165 0.00156 Insuff Undefined None Not Detected

GMA-SW 22215 4 17 23.5 ND 0.0176 0.00435 0.00493 Log Normal None Not Detected
GMA-SE 22217 5 16 31.3 ND 0.0149 0.00364 0.00436 Log Normal None Not Detected

LCS 12345C 2 12 16.7 ND 0.142 Insuff Insuff Undefined Up Not Detected
LDS 12345D 2 10 20.0 ND 0.0445 Insuff Insuff Log Normal Up Not Detected
HTW 12345 0 7 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

GMA-U 22213 1 3 33.3 ND 0.0242 Insuff Insuff Undefined Insuff Insuff
GMA-D 22214 1 12 8.3 ND 0.0409 Insuff Insuff Undefined Up Detected

GMA-SW 22215 1 3 33.3 ND 0.0130 Insuff Insuff Undefined Insuff Insuff
GMA-SE 22217 1 3 33.3 ND 0.0183 Insuff Insuff Undefined Insuff Insuff

LCS 12345C 20 20 100.0 0.0681 0.74 0.578 0.227 Undefined Up Detected
LDS 12345D 19 19 100.0 0.582 2.40 0.791 0.541 Undefined Down Detected
HTW 12345 15 15 100.0 0.0683 0.0978 0.0834 0.0078 Normal None Not Detected

GMA-U 22213 21 23 91.3 ND 0.0463 0.0336 0.0068 Normal None Not Detected
GMA-D 22214 21 23 91.3 ND 0.0393 0.0069 Undefined None Not Detected

GMA-SW 22215 15 17 88.2 ND 0.0409 0.0304 0.0067 Normal None Not Detected
GMA-SE 22217 14 16 87.5 ND 0.0360 0.0260 0.0060 Normal None Not Detected

LCS 12345C 8 12 66.7 ND 0.0029 0.0014 0.0087 Normal None Not Detected
LDS 12345D 6 10 60.0 ND 0.0025 0.0016 0.0008 Normal None Not Detected
HTW 12345 6 7 85.7 ND 0.00145 0.00095 0.00036 Normal Down Not Detected

GMA-U 22213 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22214 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

GMA-SW 22215 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-SE 22217 1 3 33.3 ND 0.00137 Insuff Insuff Undefined Insuff Insuff

LCS 12345C 9 12 75.0 ND 2.09 0.617 0.892 Undefined Down Detected
LDS 12345D 8 10 80.0 ND 6.2 2.24 2.31 Normal Down Detected
HTW 12345 6 7 85.7 ND 2.68 1.62 0.74 Normal None Not Detected

GMA-U 22213 3 3 100.0 0.551 2.65 1.55 Insuff Normal Insuff Insuff
GMA-D 22214 3 3 100.0 3.82 4.39 4.17 Insuff Normal Insuff Insuff

GMA-SW 22215 3 3 100.0 5.25 17.4 10.0 Insuff Log Normal Insuff Insuff
GMA-SE 22217 3 3 100.0 1.27 8.02 3.987 Insuff Normal Insuff Insuff

Arsenic (mg/L)

Boron (mg/L)

Cobalt (mg/L)

Iron (mg/L)

Outliersh,i

Total Organic Carbon (mg/L)

Total Organic Halogens (mg/L)

Total Uranium (μg/L)

Sulfate (mg/L)

Total Dissolved Solids (mg/L)
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Table A.5.8−2 (continued). Summary Statistics for Cell 8 
 

Parameter Horizona
Monitoring 
Location

No. of 
Detected 
Samples

Total No. of 
Samples

Percent 
of 

Detects Minimumb Maximumb Averagec,d
Standard 
Deviationd

Distribution 
Typed,e Trendd,f

Serial 
Correlationd,g

LCS 12345C 11 11 100.0 0.0073 0.121 0.0819 0.0431 Undefined Up Not Detected
LDS 12345D 9 9 100.0 0.0702 0.204 0.151 0.046 Normal None Not Detected
HTW 12345 7 7 100.0 0.0145 0.0183 0.0164 0.0015 Normal None Not Detected

GMA-U 22213 3 3 100.0 0.00564 0.00593 0.0058 Insuff Normal Insuff Insuff
GMA-D 22214 3 3 100.0 0.00472 0.00482 0.00476 Insuff Normal Insuff Insuff

GMA-SW 22215 3 3 100.0 0.00488 0.00530 0.00502 Insuff Normal Insuff Insuff
GMA-SE 22217 3 3 100.0 0.00585 0.00756 0.00686 Insuff Normal Insuff Insuff

LCS 12345C 9 12 75.0 ND 0.170 0.0510 0.0517 Log Normal Down Detected
LDS 12345D 8 10 80.0 ND 0.687 0.207 0.208 Log Normal None Not Detected
HTW 12345 7 7 100.0 0.0116 0.199 0.053 0.0653 Log Normal Down Not Detected

GMA-U 22213 3 3 100.0 0.224 0.265 0.246 Insuff Normal Insuff Insuff
GMA-D 22214 12 12 100.0 0.293 0.448 0.359 0.061 Normal None Not Detected 0.706 (Q3-05) 0.695 (Q3-07)

GMA-SW 22215 3 3 100.0 0.240 0.274 0.240 Insuff Undefined Insuff Insuff
GMA-SE 22217 3 3 100.0 0.813 1.32 1.01 Insuff Normal Insuff Insuff

LCS 12345C 10 12 83.3 ND 0.018 0.00785 0.00469 Log Normal None Not Detected
LDS 12345D 8 10 80.0 ND 0.022 0.012 0.007 Normal Down Not Detected
HTW 12345 7 7 100.0 0.0057 0.0144 0.0090 0.0031 Normal None Not Detected

GMA-U 22213 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22214 4 12 33.3 ND 0.0063 0.00155 0.00168 Log Normal None Not Detected

GMA-SW 22215 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-SE 22217 2 3 66.7 ND 0.0228 Insuff Insuff Normal Insuff Insuff

LCS 12345C 1 12 8.3 ND 0.151 Insuff Insuff Log Normal None Not Detected
LDS 12345D 1 10 10.0 ND 0.0352 Insuff Insuff Log Normal Up Not Detected
HTW 12345 0 7 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

GMA-U 22213 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22214 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

GMA-SW 22215 1 3 33.3 ND 0.00648 Insuff Insuff Undefined Insuff Insuff
GMA-SE 22217 0 3 0.0 ND NA Insuff Insuff Insuff Insuff Insuff

LCS 12345C 12 12 100.0 16.8 103 68.3 36.2 Undefined Up Detected
LDS 12345D 10 10 100.0 76.6 762 370 235 Normal Up Detected
HTW 12345 7 7 100.0 277 385 334 45 Normal Down Not Detected

GMA-U 22213 3 3 100.0 23.5 27.2 25.5 Insuff Normal Insuff Insuff
GMA-D 22214 3 3 100.0 9.9 11.6 10.6 Insuff Normal Insuff Insuff

GMA-SW 22215 3 3 100.0 13.5 15.0 14.367 Insuff Normal Insuff Insuff
GMA-SE 22217 3 3 100.0 13.7 15.3 13.7 Insuff Undefined Insuff Insuff

LCS 12345C 5 12 41.7 ND 0.0174 0.00757 0.00481 Normal None Not Detected
LDS 12345D 6 10 60.0 ND 0.00506 0.0661 0.0441 Log Normal None Not Detected
HTW 12345 5 7 71.4 ND 0.122 0.0077 0.046 Undefined None Not Detected 1.89 (Q1-07)

GMA-U 22213 2 3 66.7 ND 0.00923 Insuff Insuff Normal Insuff Insuff
GMA-D 22214 6 12 50.0 ND 0.00506 0.00272 0.00155 Normal Up Detected

GMA-SW 22215 2 3 66.7 ND 0.00854 Insuff Insuff Normal Insuff Insuff
GMA-SE 22217 3 3 100.0 0.00353 0.0105 0.00618 Insuff Normal Insuff Insuff

aLCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
bND = not detected; NA = not applicable
cAverages were determined based on the distribution assumption.
d"Insuff" = Insufficient and is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.
eData distribution based on the Shapiro-Wilk statistic.
          Normal:  Normal assumption could not be rejected at the 5 percent level and has a higher probability value than the lognormal assumption.
          Lognormal:  Lognormal assumption could not be rejected at the 5 percent level and has a higher probability value than the normal assumption.
          Undefined:  Normal and Lognormal Distribution assumptiions are both rejected or there are less than 25% detected values.  "Average" is defined as the Median of the data.
fTrend based on nonparametric Mann-Kendall procedure.
gSerial correlation based on Rank Von Neumann test.  Note that "Insuff." = Insufficient.
hOutliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
iQ = quarterly

Sodium (mg/L)

Zinc (mg/L)

Lithium (mg/L)

Manganese (mg/L)

Nickel (mg/L)

Selenium (mg/L)

Outliersh,i
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Table A.5.8−3. Cell 8 Annual LCS Sample Summary Information for Detected Parameters 
 

PARAMETER(UNIT)
NUMBER OF
SAMPLESa,b

NUMBER OF SAMPLES
WITH DETECTIONSa,b

PERCENT  OF
DETECTIONSa,b

DETECTED IN 
2009?

MIN DETECTED
CONCENTRATIONa,b,c

MAX DETECTED
CONCENTRATIONa,b,c

AVG DETECTED
CONCENTRATIONa,b,c

GW FRLd (#OF
SAMPLES>GWFRL)

GW BACKGROUNDa,b,e 

(# OF SAMPLES>PW 
BACKGROUND)

PW BACKGROUNDa,b,e 

(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED
CONCENTRATION a,b,f 

(# OF SAMPLES>MAX PW)

General Chemistry

Alkalinity as CaCO3 (mg/L) 12 12 100% Yes 64.9 418 225 - 422 mg/L(0) 430 mg/L(0) -

Ammonia (mg/L) 6 1 16.70% Yes 0.03 - - - 4.2 mg/L(0) 4.34 mg/L(0) 220 mg/L(0)

Chloride (mg/L) 12 12 100% Yes 18.9 257 129 - 7.3 mg/L(12) 45 mg/L(9) 6300 mg/L(0)

Nitrate/Nitrite (mg/L) 12 11 91.70% Yes 1.52 74.6 34.0 11 mg/Lg(7) 11 mg/L(7) 0.29 mg/L(11) 2670 mg/L(0)

Total Dissolved Solids (mg/L) 8 8 100% Yes 882 5160 3470 - - - -

Inorganics

Arsenic (mg/L) 8 2 25% Yes 0.00672 0.142 0.0744 0.05 mg/L(1) 0.029 mg/L(1) 0.019 mg/L(1) 0.191 mg/L(0)

Barium (mg/L) 6 6 100% Yes 0.0298 0.103 0.0527 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)

Calcium (mg/L) 10 10 100% Yes 65.4 664 349 - 159 mg/L(8) 172 mg/L(7) 1800 mg/L(0)

Chromium (mg/L) 6 2 33.30% No 0.0016 0.0269 0.0142 0.022 mg/Lg(1) 0.021 mg/L(1) 0.0046 mg/L(1) 0.818 mg/L(0)

Cobalt (mg/L) 8 4 50% No 0.00067 0.0022 0.0014 0.17 mg/L(0) 0.0086 mg/L(0) - 0.0886 mg/L(0)

Copper (mg/L) 8 6 75% Yes 0.0035 0.0181 0.0102 1.3 mg/L(0) 0.035 mg/L(0) 0.029 mg/L(0) 0.298 mg/L(0)

Iron (mg/L) 12 9 75% Yes 0.0465 2.09 1.20 - 5.72 mg/L(0) 6.35 mg/L(0) 21.3 mg/L(0)

Magnesium (mg/L) 10 10 100% Yes 21.9 427 195 - 38.5 mg/L(9) 50.7 mg/L(7) 690 mg/L(0)

Manganese (mg/L) 12 9 75% Yes 0.00378 0.17 0.0475 0.9 mg/L(0) 0.9 mg/L(0) 0.21 mg/L(0) 35 mg/L(0)

Nickel (mg/L) 8 6 75% Yes 0.00344 0.0155 0.0076 0.1 mg/L(0) 0.0514 mg/L(0) 0.0072 mg/L(3) 0.981 mg/L(0)

Potassium (mg/L) 10 10 100% Yes 4.86 26.3 16.3 - 1.96 mg/L(10) 17.2 mg/L(4) 12400 mg/L(0)

Selenium (mg/L)                      8 1 12.50% Yes 0.151 - - 0.05 mg/L(1) 0.00075 mg/L(1) - 0.0494 mg/L(1)

Sodium (mg/L) 12 12 100% Yes 16.8 103 61.8 - 47.1 mg/L(6) 50 mg/L(6) 1300 mg/L(0)

Thallium (mg/L) 6 1 16.70% No 0.00057 - - - - - 0.0028 mg/L(0)

Vanadium (mg/L) 6 1 16.70% No 0.016 - - 0.038 mg/L(0) 0.012 mg/L(1) 0.005 mg/L(1) 0.299 mg/L(0)

Zinc (mg/L) 8 3 37.50% Yes 0.0041 0.0138 0.0103 0.021 mg/L(0) 0.02 mg/L(0) 0.35 mg/L(0) 1.78 mg/L(0)

Radionuclides

Technetium-99 (pCi/L) 17 13 76.50% Yes 8.39 101 44.9 94 pCi/L(1) 22 pCi/L(9) 30 pCi/L(8) 6130 pCi/L(0)

Organics

1,1-Dichloroethene                  17 1 5.90% Yes 1.97 - - 7 ug/L(0) - - -

Acetone                                  6 1 16.70% Yes 2.31 - - - - - -

Aroclor - 1260                         6 1 16.70% No 0.058 - - - - - -

Tetrachloroethene                   17 4 23.50% Yes 0.475 1.24 0.898 - - - -

Trichloroethene                       17 3 17.60% No 0.246 1.11 0.587 5 ug/L(0) - - -

Note:  Shading indicates that at least one detected sample is greater than the FRL, groundw ater background, PW background, or PW maximum.

aIf more than one sample is collected per w ell per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample w ith the maximum representative concentration is used for all the summary information
bRejected data qualif ied w ith an R or Z w ere not included.
cIf the number of detected samples is equal to tw o, then the minumun and maximumn are reported.  If  the number of detected is equal to one, then the data point is reported as the minimum.  The "AVG DETECTED CONCENTRATION" is not reported for either of these cases.
dFrom Operable Unit 5 Record of Decision, Table 9-4.
eFrom the Characterization of Background Water Quality for Streams and Groundw ater w hich w as developed for Operable Unit 5 RI/FS documents.
fMax PW - maximum detected concentration in perched w ater as defined in the Remedial Investigation Report for Operable Unit 5.
gFRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.  
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FIGURE A.5.8-1.  MONTHLY ACCUMULATION VOLUMES FOR CELL 8 LCS

Low values indicate that the bypassed flow through the LCS 
valve house flow meter was too low to register

Values for high readings in 2005 are:
January = 4,439,477 Gallons

May = 1,280,305 Gallons
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FIGURE A.5.8-2.  MONTHLY ACCUMULATION VOLUMES FOR CELL 8 LDS
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FIGURE A.5.8-3.  OSDF HORIZONTAL TILL WELL 12345 (CELL 8) WATER YIELD

12345 Purge Information
Year       Total Volumes (gal.)     Months Purged     Avg. Monthly Purge (gal.)
2004:                   4020                    n=5                               804
2005:                   1050                    n=6                               175
2006:                   3375                    n=4                               844
2007:                   1000                    n=4                               250
2008:                     135                    n=4                                 34
2009:                         0                    n=3                                   0                   
Overall:                                                                                 368
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Figure A.5.8−23. Cell 8 Bivariate Plot for Uranium and Sodium 

 

 
 

Figure A.5.8−24. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22214) 
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Figure A.5.8−25. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22217) 
 

 
 

Figure A.5.8−26. Intra-Well Shewhart-CUSUM Control Chart (TOC 12345) 
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Figure A.5.8−27. Intra-Well Shewhart-CUSUM Control Chart (TOC 22213) 
 

 
 

Figure A.5.8−28. Intra-Well Shewhart-CUSUM Control Chart (TOC 22214) 
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Figure A.5.8−29. Intra-Well Shewhart-CUSUM Control Chart (TOX 12345) 
 

 
 

Figure A.5.8−30. Intra-Well Shewhart-CUSUM Control Chart (TOX 22215) 
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Figure A.5.8−31. Intra-Well Shewhart-CUSUM Control Chart (TOX 22217) 
 

 
 

Figure A.5.8−32. Intra-Well Shewhart-CUSUM Control Chart (Boron 12345) 
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Figure A.5.8−33. Intra-Well Shewhart-CUSUM Control Chart (Boron 22213) 
 

 
 

Figure A.5.8−34. Intra-Well Shewhart-CUSUM Control Chart (Boron 22215) 
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Figure A.5.8−35. Intra-Well Shewhart-CUSUM Control Chart (Boron 22217) 
 

 
 

Figure A.5.8−36. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22214) 
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Figure A.5.8−37. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12345) 
 

 
 

Figure A.5.8−38. Intra-Well Shewhart-CUSUM Control Chart (Nickel 22214) 
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