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CUSUM
GMA
HTW
LCS
LDS
OSDF
PCB
SCL

Abbreviations

Shewhart-cumulative sum
Great Miami Aquifer
horizontal till well
leachate collection system
leak detection system
On-Site Disposal Facility
polychlorinated biphenyl

Shewhart control limit
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The following information is provided in this sub-attachment:
e Semiannual monitoring summary statistics (refer to Table A.5.1-1)

e Annual leachate collection system (LCS) sample summary information for detected
parameters (refer to Table A.5.1-2)

e LCS monthly accumulation volumes (refer to Figure A.5.1-1)
e Leak detection system (LDS) monthly accumulation volumes (refer to Figure A.5.1-2)

e On-Site Disposal Facility (OSDF) horizontal till well (HTW) 12338 water yield
(refer to Figure A.5.1-3)

e Great Miami Aquifer (GMA) water levels and uranium concentration versus time
(refer to Figures A.5.1-4 and A.5.1-5)

e Plots of concentration versus time (refer to Figures A.5.1-6A through A.5.1-29B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.1-30)
e  Control charts (refer to Figures A.5.1-31 through A.5.1-45)

A.5.1.1  Water Quality Monitoring Results

Water quality within the cell is sampled in the LCS and LDS. Water quality beneath the cell is
sampled in the HTW and GMA wells. Concentrations versus time plots, bivariate plots, and
control charts are used to help interpret and present the results.

Until 2014, quarterly water quality monitoring occurred in the LCS, LDS, HTW, and GMA wells
of each cell for the purpose of determining if the OSDF was operating as designed. With

U.S. Environmental Protection Agency (EPA) and Ohio Environmental Protection Agency
concurrence, the U.S. Department of Energy changed from a quarterly sampling frequency to a
semiannual sampling frequency at the start of 2014.

In 2014, 24 parameters were sampled biannually in the LCS, LDS, and GMA wells of each cell.
HTWs in all cells were sampled biannually for arsenic, uranium, sodium, and sulfate. Summary
statistics are provided in Table A.5.1-1.

Based on capacitance probe readings, the LDS tank of Cell 1 was not dry during 2014. It should
be noted though that the capacitance probes have the ability of measuring to within hundredths
of a foot of water present in the bottom of the tank. So, while water may register via the probes,
there may not be enough water present to physically obtain a sample. This was the case in 2014
for the LDS in Cell 1. Therefore, from a sampling ability, the LDS in Cell 1 was considered to be
dry all year.

As shown in Table A.5.1-1, and summarized below, five parameters (uranium, nitrate/nitrite as
nitrogen, arsenic, boron, and selenium) have upward trends in the HTW and/or the GMA wells
based on the Mann-Kendall test for trend.
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Parameters with upward concentration trends in the HTW and GMA Wells of Cell 1

Parameter HTW GMA-U?® GMA-D?
12338 22201 22198
Total Uranium Up Up
Nitrate/Nitrite as Nitrogen Up
Arsenic Up
Boron Up
Selenium Up

& GMA-U = upgradient Great Miami Aquifer, GMA-D = downgradient Great Miami Aquifer.
No entry indicates that the trend was not up.

The (uranium-sodium) bivariate plot for the Cell 1 LCS, LDS, and HTW is provided in

Figure A.5.1-30. The plot shows that the chemical signature for uranium-sodium in the LCS,
LDS, and HTW are separate and distinct; indicating that mixing between the horizons is not
occurring. Therefore, upward concentration trends measured beneath Cell 1 (i.e., in the HTW
and/or GMA wells) are attributed to fluctuating ambient concentrations beneath the cell that are
not related to cell performance.

A.5.1.2 Control Charts

Intrawell control charts employ historical measurements from a compliance point as background.
The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewhart-cumulative sum (CUSUM)
control chart. Appropriate background data are used to define a baseline for the well. The
baseline parameters for the chart, estimates of the mean, and standard deviation are obtained
from the background data. These baseline measurements characterize the expected background
concentrations at the monitoring point. As future concentrations are collected, the baseline
parameters are used to standardize the newly gathered data. After these measurements are
standardized and plotted, a control chart is declared “not in control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the Shewhart
or CUSUM plot traces begin to exceed a control limit. The limit is based on the rationale that if
the monitoring point remains unchanged from the baseline condition, new standardized
observations should not deviate substantially from the baseline mean. If a change occurs, the
standardized values will deviate significantly from the baseline and tend to exceed the

control limit. Usually, two parameters are used to compute standardized limits; the decision
value (h) and the Shewhart control limit (SCL).

A minimum of eight samples are recommended for use in ChemStat software to define the
baseline for a control chart. Therefore, only sample sets with greater than eight samples were
selected for control charts. By default, the ChemStat software plots both a CUSUM control limit
(h) and a SCL on the control chart. The software recommends a value of 5 for the CUSUM
control limit (h) and a value of 4.5 for the SCL.

EPA Unified Guidance suggests that to simplify the interpretation of the control chart that an out
of control condition be based on the CUSUM (h) limit alone. Plotting the SCL limit is not
needed. The ChemStat software though, by default, plots both the SCL and CUSUM (h) control
limit on the charts. When interpreting the control charts in this report, the SCL limit of 4.5 can
be ignored.
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As shown in Table A.5.1-1 in gray shading, 12 parameters in the HTW and GMA wells of Cell 1
meet the criteria for control charts (i.e., more than eight samples, normal or lognormal
distribution, no trend, and no serial correlation), resulting in 15 control charts.

These 15 control charts are presented in Figures A.5.1-31 through A.5.1-45. All of the control
charts for Cell 1 indicate “in control” conditions.

Parameter Monitoring Point® Well Number Assessment Figure Number
Alkalinity GMA-U 22201 In Control A.5.1-31
Chloride GMA-U 22201 In Control A.5.1-32
Chloride GMA-D 22198 In Control A.5.1-33

TDS GMA-D 22198 In Control A.5.1-34
Calcium GMA-D 22198 In Control A.5.1-35
Chromium GMA-D 22198 In Control A.5.1-36
Iron GMA-U 22201 In Control A.5.1-37
Lithium GMA-U 22201 In Control A.5.1-38
Lithium GMA-D 22198 In Control A.5.1-39

Magnesium GMA-U 22201 In Control A.5.1-40

Magnesium GMA-D 22198 In Control A.5.1-41

Manganese GMA-U 22201 In Control A.5.1-42

Nickel GMA-U 22201 In Control A.5.1-43

Potassium GMA-U 22201 In Control A.5.1-44

Zinc GMA-D 22198 In Control A.5.1-45

" GMA-U = upgradient Great Miami Aquifer; GMA-D = downgradient Great Miami Aquifer

A.5.1.3  Annual LCS Sample Results

Annual LCS sampling results for Cell 1 are provided in Table A.5.1-2 for those parameters that
have been detected at least once and are not being sampled biannually. No new Appendix I or
polychlorinated biphenyl (PCB) parameters were detected in the LCS of Cell 1 in 2014.

A.5.1.4 Summary and Conclusions

e Five parameters have an upward concentration trend beneath Cell 1 in the HTW and/or
GMA wells: uranium, nitrate-nitrite as nitrogen, arsenic, boron, and selenium.

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 1 indicate that water is not mixing between the horizons. Therefore, upward
concentration trends beneath Cell 1 (i.e., HTW and/or GMA wells) are attributed to
fluctuating ambient concentrations beneath the cell and not to cell performance.

o Fifteen control charts were constructed for Cell 1 parameters for monitoring horizons
beneath the facility (HTW and GMA wells). All of the control charts exhibit “in control”
conditions.

e No new Appendix I or PCB parameters were detected in the LCS of Cell 1 in 2014.
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Table A.5.1-1. Summary Statistics for Cell 1

Number of
Detected |Total Number Percent Standard® Distribution®® Serial ¢
Parameter Horizon® | Location Samples of Samples Detects Minimum® Maximum® Averagec’d Deviation Type Trend®' Correlation Outliers™
LCS 12338C 63 64 98.4 ND 206 84.0 37.0 Normal Up Detected
LDS 12338D 37 37 100 1.5 37 10.8 6.8 Undefined Up Detected
Total Uranium (ug/L) HTW 12338 60 62 96.8 ND 12.7 8.54 3.80 Undefined Up Detected
GMA-U 22201 65 69 94.2 ND 11.2 3.99 3.14 Undefined Up Detected
GMA-D 22198 70 70 100 0.574 15.2 4.98 2.77 Undefined None Detected
LCS 12338C 33 33 100 227 721 339 136 Undefined Down Not Detected
. LDS 12338D 7 7 100 206 528 362 109 Normal None Not Detected
Alkalinity as CaCO3 (me/L) GMAU | 22201 14 14 100 420 563 502 43 Normal None Not Detected
GMA-D 22198 14 14 100 224 383 367 49 Undefined None Not Detected
LCS 12338C 33 33 100 21.8 72.1 40.9 8.8 Undefined Up Detected
. LDS 12338D 7 7 100 87.1 202 128 38.5 Normal None Not Detected
Chioride (mg/L) GMA-U | 22201 14 14 100 326 45.0 38.4 35 Normal None Not Detected |75.0(Q2-11)
GMA-D 22198 14 14 100 20.2 23.7 22.0 1.0 Normal None Not Detected ]27.3(Q2-12)
LCS 12338C 32 44 72.7 ND 49 2.76 19.0 Undefined Up Detected
Nitrate, Nitrite (me/L) LDS 12338D 5 10 50 ND 359 0.0536 113 Undefined None Not Detected
’ GMA-U 22201 10 14 71.4 ND 1.11 0.379 0.354 LogNormal Up Not Detected
GMA-D 22198 9 34 26.5 ND 0.55 0.025 0.203 Undefined Down Detected
LCS 12338C 50 50 100 707 2910 1660 670 Undefined Up Detected
LDS 12338D 19 19 100 675 3500 1850 780 LogNormal Up Detected
Sulfate (mg/L) HTW 12338 40 40 100 484 907 671 112 Normal Down Detected
GMA-U 22201 45 45 100 91.8 1980 291 292 LogNormal None Detected
GMA-D 22198 45 45 100 101 506 178 98 Undefined Down Not Detected
LCS 12338C 43 43 100 1790 5200 3130 960 Undefined Up Detected
Total Dissolved Solids LDS 12338D 6 6 100 2430 7540 5170 2000 Normal None Not Detected
GMA-U 22201 21 21 100 703 1260 959 154 Normal Down Detected
GMA-D 22198 21 21 100 577 805 665 70 LogNormal None Not Detected
LCS 12338C 62 64 96.9 ND 123 18.0 15.8 Undefined Down Detected
Total Organic Carbon LDS 12338D 34 38 89.5 ND 15.7 6.51 2.96 Normal None Not Detected ]80.9(Q2-98)
GMA-U 22201 56 69 81.2 ND 59.7 2.44 7.53 Undefined Down Detected
GMA-D 22198 50 68 73.5 ND 15.8 1.51 2.57 Undefined None Not Detected [52.5(Q2-98)
LCS 12338C 60 65 92.3 ND 1.52 0.188 0.214 Undefined None Detected
Total Organic Halogens LDS 12338D 28 38 73.7 ND 0.361 0.0527 0.0587 LogNormal None Not Detected
GMA-U 22201 28 69 40.6 ND 0.308 0.0075 0.0375 Undefined Down Not Detected
GMA-D 22198 12 68 17.6 ND 0.1 0.00256 0.0170 Undefined Down Detected
LCS 12338C 14 38 36.8 ND 0.0786 0.00678 0.0128 LogNormal None Not Detected
LDS 12338D 1 9 11.1 ND 0.0125 INSUFF INSUFF LogNormal None Not Detected
Arsenic (mg/L) HTW 12338 4 30 13.3 ND 0.0607 0.0025 0.0115 Undefined None Not Detected
GMA-U 22201 5 21 23.8 ND 0.04 0.0025 0.0092 Undefined None Not Detected
GMA-D 22198 8 55 14.6 ND 0.0372 0.0025 0.0071 Undefined Up Detected
LCS 12338C 33 33 100 0.0241 0.205 0.0680 0.0444 LogNormal Down Detected
Barium (mg/L) LDS 12338D 7 7 100 0.0146 0.0173 0.0156 0.0010 Normal None Not Detected
GMA-U 22201 15 15 100 0.0399 0.124 0.0739 0.0195 Normal Down Not Detected
GMA-D 22198 16 16 100 0.0562 0.138 0.0683 0.0206 Undefined None Not Detected
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Table A.5.1-1 (continued). Summary Statistics for Cell 1

Number of
Detected |Total Number Percent Standard® Distribution®® Serial %
Parameter Horizon® | Location Samples of Samples Detects Minimum® Maximum® Averagec’d Deviation Type Trend®' Correlation Outliers™
LCS 12338C 64 65 98.5 ND 2.81 0.999 0.502 Undefined Down Detected
Boron (mg/L) LDS 12338D 37 38 97.4 0.169 0.345 0.243 0.043 LogNormal None Not Detected ]0(Q3-00), 0.0296(Q1-98)
GMA-U 22201 67 69 97.1 ND 0.158 0.121 0.028 Undefined Up Detected
GMA-D 22198 64 68 94.1 ND 0.0858 0.0557 0.0138 Normal None Detected 0.131(Q1-07)
LCS 12338C 33 33 100 377 939 551 131 LogNormal None Not Detected ]1,500(Q3-05)
. LDS 12338D 7 7 100 324 553 396 78 Normal Up Not Detected
Calcium (mg/L)
GMA-U 22201 14 14 100 163 271 211 33 Normal Down Not Detected
GMA-D 22198 14 14 100 137 192 161 15 Normal None Not Detected
LCS 12338C 8 27 29.6 ND 0.00635 0.00120 $0.00170 Undefined Up Detected
. LDS 12338D 2 6 33.3 ND 0.0071 INSUFF INSUFF Undefined None Not Detected
Chromium (mg/L)
GMA-U 22201 4 7 57.1 ND 0.0475 0.00816 0.0171 LogNormal Down Not Detected
GMA-D 22198 5 21 23.8 ND 0.0111 0.00180 0.00269 LogNormal None Not Detected
LCS 12338C 17 38 44.7 ND 0.0575 0.00100 0.0129 Undefined Down Detected
LDS 12338D 6 9 66.7 ND 0.0019 0.00110 0.00050 Normal None Not Detected
Cobalt (me/L) GMA-U | 22201 4 21 19.0 ND 0.00223 0.000500 | 0.000533 Undefined None Not Detected
GMA-D 22198 6 41 14.6 ND 0.0045 0.000500 0.000796 Undefined None Not Detected
LCS 12338C 25 34 73.5 ND 0.0285 0.00965 0.00696 Undefined None Not Detected
LDS 12338D 6 8 75.0 ND 0.0231 0.00980 0.00692 Normal None Not Detected
Copper (me/L) GMA-U | 22201 6 14 42.9 ND 0.011 0.00150 0.00377 Undefined Down Not Detected
GMA-D 22198 6 15 40.0 ND 0.0104 0.00150 0.00322 Undefined None Not Detected
LCS 12338C 33 38 86.8 ND 101 0.172 16.9 Undefined Down Detected
Iron (mg/L) LDS 12338D 7 9 77.8 ND 2.55 13 1.0 Normal None Detected
GMA-U 22201 20 21 95.2 ND 4.42 1.56 1.50 LogNormal None Not Detected
GMA-D 22198 34 34 100 0.531 6.92 2.90 1.44 Undefined Down Detected
LCS 12338C 30 30 100 0.103 0.232 0.157 0.036 Normal Up Detected
Lithium (me/L) LDS 12338D 9 9 100 0.0333 0.075 0.0561 0.0137 Normal None Not Detected
GMA-U 22201 21 21 100 0.00723 0.0153 0.0108 0.0025 Normal None Not Detected
GMA-D 22198 21 21 100 0.00624 0.0107 0.00912 0.00097 Normal None Not Detected
LCS 12338C 33 33 100 71.4 525 319 162 Undefined Up Detected
Magnesium (mg/L) LDS 12338D 7 7 100 120 326 179 68 LogNormal None Not Detected
GMA-U 22201 14 14 100 36.1 65.3 46.2 8.0 Normal None Not Detected
GMA-D 22198 14 14 100 36.2 47.8 41.8 3.4 Normal None Not Detected
LCS 12338C 16 38 42.1 ND 7.7 0.01 1.63 Undefined Down Detected
LDS 12338D 8 9 88.9 ND 0.184 0.0277 0.0579 LogNormal Down Not Detected
Manganese (mg/L)
GMA-U 22201 23 23 100 0.0322 2.06 0.821 0.657 LogNormal None Not Detected
GMA-D 22198 54 55 98.2 ND 1.09 0.513 0.189 LogNormal None Detected
LCS 12338C 31 38 81.6 ND 0.0535 0.00357 0.0163 Undefined Down Detected
Nickel (mg/L) LDS 12338D 9 9 100 0.00486 0.0353 0.0169 0.0082 Normal None Not Detected
GMA-U 22201 20 21 95.2 ND 0.0115 0.00472 0.00244 Normal None Not Detected
GMA-D 22198 19 55 34.6 ND 0.13 0.000800 0.0174 Undefined Down Not Detected
LCS 12338C 33 33 100 10.8 30 23.7 5.5 Undefined Up Detected
Potassium (me/L) LDS 12338D 7 7 100 13.2 354 19.8 7.4 LogNormal None Not Detected
GMA-U 22201 14 14 100 2.28 3.97 3.16 0.47 Normal None Not Detected
GMA-D 22198 14 14 100 1.58 2.07 1.82 0.14 Normal Down Detected

Fernald Preserve 2014 Site Environmental Report

Doc. No. S12455
Sub-attachment A.5.1, Page 6

U.S. Department of Energy




Table A.5.1-1 (continued). Summary Statistics for Cell 1

Number of
Detected |Total Number| Percent Standard® Distribution®* Serial &
Parameter Horizon® | Location Samples of Samples Detects Minimum® Maximum® Averagec'd Deviation Type Trend®' Correlation Outliers™
LCS 12338C 17 38 44.7 ND 0.0715 0.00514 0.0155 LogNormal Up Not Detected
Selenium (mg/L) LDS 12338D 1 9 11.1 ND 0.076 Insufficient Insufficient Undefined Up Not Detected
GMA-U 22201 0 21 0 NA NA Insufficient Insufficient Insufficient Insufficient Insufficient
GMA-D 22198 4 41 9.8 ND 0.00758 0.00250 0.00133 Undefined Up Detected
LCS 12338C 38 38 100 11.7 29.3 18.4 3.4 LogNormal Up Detected
LDS 12338D 9 9 100 335 896 571 216 Normal Up Not Detected
Sodium (mg/L) HTW 12338 30 30 100 10.2 23.8 15.2 3.7 LogNormal Down Detected
GMA-U 22201 21 21 100 38.2 65.5 47.9 9.5 Undefined Down Detected
GMA-D 22198 21 21 100 12.9 17.1 14.6 1.2 Normal Down Not Detected
LCS 12338C 20 38 52.6 ND 0.575 0.0141 0.128 Undefined Down Detected
Zinc (mg/L) LDS 12338D 9 9 100 0.0557 0.671 0.239 0.190 LogNormal None Not Detected
GMA-U 22201 11 21 52.4 ND 0.0127 0.00568 0.00365 Undefined None Not Detected
GMA-D 22198 20 55 36.4 ND 0.0116 0.00372 0.00250 LogNormal None Not Detected [0.0474(Q2-97)

Note 1: Shading identifies a horizontal till well or Great Miami Aquifer well, with at least 8 samples, normal or lognormal distribution, no trend, and no serial correlation. These wells achieve control chart criteria.

Note 2: Data used in this table has been standardized to quarterly.
3LCS = leachate collection system; LDS = leak detection system; HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer; and GMA-D = downgradient Great Miami Aquifer
°ND = not detected; NA = not applicable
°Averages were determined based on the distribution assumption.

“Insufficient is used for Distribution Type, Trend, or Serial Correlation whenever there is not enough data to run the test.

°Data 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.
Trend based on nonparametric Mann-Kendall procedure.
9Serial correlation based on Rank Von Neumann test.
"Outliers determined by Rosner's (for sample sizes greater than 25) or Dixon procedure (for sample sizes less than or equal to 25).
'Q = quarterly
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Table A.5.1-2. Cell 1 Annual LCS Sample Summary Information for Detected Parameters

Background®"® Perched Water Maximum Perched Water
(Number of Samples Background®"® Detected Concentration "
Groundwater FRL® Greater than (Number of Samples (Number of Samples Greater
Number of Number of Samples Percent of Minimum Detected Maximum Detected Average Detected (Number of Samples Groundwater Greater Than Perched than Maximum Perched

Parameter (Unit) Samples®® With Detections®® Detections®® Detected in 2014 Concentration®®® Concentration®®® Concentration®®® Above FRL) Background) Water Background) Water)
General Chemistry
Ammonia (mg/L) 17 13 76.5 Yes 0.03 4.5 0.662 - 4.2 mg/L(1) 4.34 mg/L(1) 220 mg/L(0)
Inorganic
Beryllium (mg/L) 17 2 11.8 No 0.0000674 0.000120 0.000100 0.004 mg/L(0) - - 0.0343 mg/L(0)
Cadmium (mg/L) 17 4 23.5 No 0.000140 0.000840 0.000400 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)
Lead (mg/L) 17 2 11.8 No 0.00066 0.0222 0.0114 0.015 mg/L(1) 0.022 mg/L(1) 0.0016 mg/L(1) 0.0114 mg/L(1)
Mercury (mg/L) 31 2 6.5 No 0.00000024 0.000470 0.000200 0.002 mg/L(0) - - 0.0018 mg/L(0)
Silver (mg/L) 17 1 5.9 No 0.000140 - - 0.05 mg/L(0) 0.0117 mg/L(0) 0.0031 mg/L(0) 0.264 mg/L(0)
Thallium (mg/L) 17 2 11.8 No 0.000700 0.00756 0.00410 - - - 0.0028 mg/L(1)
Radionuclide
Technetium-99 (pCi/l) 33 8 24.2 Yes 1.81 30.4 125 94 pCi/L(0) 22 pCilL(1) 30 pCilL(1) 6130 pCi/L(0)
Organic
4-Nitroaniline (ug/L) 30 1 3.3 No 1.01 - - - - - -

Note: Shading indicates that at least one detected sample is greater than the final remediation level (FRL), groundwater background, perched water background, or perched water maximum.
2If more than one sample is collected per well per day (e.g., duplicates), then only one sample is counted for the total number of samples, and the sample with the maximum representative concentration is used for all the summary information.

PRejected data qualified with an R or Z were not included.
°If the number of detected samples is equal to two, then the minumum and maximum are reported. If the number of detected is equal to one, then the data point is reported as the minimum. The "Average Detected Concentration" is not reported for either of these cases.
From Operable Unit 5 Record of Decision, Table 9-4 (DOE 1996).
°From the Characterization of Background Water Quality for Streams and Groundwater (DOE 1994) which was developed for Operable Unit 5 RI/FS documents.

"Maximum Perched Water - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.
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Note: No data graphed for February and March 2003
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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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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
2010: 3405 n=4 851
2011: 3675 n=4 919
2012: 1850 n=4 463
2013: 1235 n=4 309
2014b: 1770 n=2 885
Overall: 862
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aMore than one purge of the well was completed during these
months to help evaluate well yield.

bSampling schedule reduced to semi-annual sampling in 2014.

Figure A.5.1-3. OSDF Horizontal Till Well 12338 (Cell 1) Water Yield
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Figure A.5.1-4. Total Uranium Concentration and Groundwater Elevation Versus Time Plot for Cell 1
Upgradient Monitoring Well 22201
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Figure A.5.1-5. Total Uranium Concentration and Groundwater Elevation Versus Time Plot for Cell 1
Downgradient Monitoring Well 22198
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion

.
November 23, 1998: HTW purging initiated
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Figure A.5.1-6A. Cell 1 Total Uranium Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.
i November 23, 1998: HTW purging initiated
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Figure A.5.1-6B. Cell 1 Total Uranium Concentration Versus Time Plot for HTW, GMA-U Well, and

GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
'

i November 23, 1998: HTW purging initiated
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Figure A.5.1-7A. Cell 1 Chloride Concentration Versus Time Plot for LCS, LDS, and HTW
December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purg?ng initiated
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Figure A.5.1-7B. Cell 1 Chloride Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion

)
November 23, 1998: HTW purging initiated
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Figure A.5.1-8A. Cell 1 Magnesium Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
| November 23, 1998: HTW purging initiated
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Figure A.5.1-8B. Cell 1 Magnesium Concentration Versus Time Plot for HTW, GMA-U Well, and

GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
1
November 23, 1998: HTW purging initiated
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Figure A.5.1-9A. Cell 1 Nitrate + Nitrite as Nitrogen Concentration Versus Time Plot for LCS, LDS,
and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.
November 23, 1898: HTW purging initiated
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Figure A.5.1-9B. Cell 1 Nitrate + Nitrite as Nitrogen Concentration Versus Time Plot for HTW,
GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
1

'
November 23, 1998: HTW purging initiated
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Figure A.5.1-10A. Cell 1 Sulfate Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purging initiated
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Figure A.5.1-10B. Cell 1 Sulfate Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
)
November 23, 1998: HTW purging initiated
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Figure A.5.1-11A. Cell 1 Alkalinity, Total (As CaCOj3) Concentration Versus Time Plot for LCS, LDS,

and HTW
December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
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i November 23, 1998: HTW purging initiated
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Figure A.5.1-11B. Cell 1 Alkalinity, Total (As CaCO3) Concentration Versus Time Plot for HTW,
GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion

'
November 23, 1998: HTW purging initiated
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Figure A.5.1-12A. Cell 1 Total Dissolved Solids Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purging initiated
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Figure A.5.1-12B. Cell 1 Total Dissolved Solids Concentration Versus Time Plot for HTW, GMA-U Well,

and GMA-D Well
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December 23, 1997: Waste Placement initiated

.

November 23, 1998: HTW purging initiated
1

December 20, 2001: Cap completion
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Figure A.5.1-13A. Cell 1 Total Organic Carbon Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated

December 20, 2001: Cap completion
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Figure A.5.1-13B. Cell 1 Total Organic Carbon Concentration Versus Time Plot for HTW, GMA-U Well,

and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.

i November 23, 1998: HTW purging initiated
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Figure A.5.1-14A. Cell 1 Total Organic Halogens Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
'
i November 23, 1998: HTW purging initiated
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Figure A.5.1-14B. Cell 1 Total Organic Halogens Concentration Versus Time Plot for HTW, GMA-U Well,
and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion

i November 23, 1998: HTW purgin.g initiated
—i i
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Figure A.5.1-15A. Cell 1 Arsenic Concentration Versus Time Plot for LCS, LDS, and HTW
December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purging initiated
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Figure A.5.1-15B. Cell 1 Arsenic Concentration Versus Time Plot for HTW, GMA-U Well, and
GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
[
November 23, 1998: HTW purging initiated
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Figure A.5.1-16A. Cell 1 Barium Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion

i November 23, 1998: HTW purgi;g initiated
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Figure A.5.1-16B. Cell 1 Barium Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
[
November 23, 1998: HTW purging initiated
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Figure A.5.1-17A. Cell 1 Boron Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.
November 23, 1998: HTW purging initiated
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Figure A.5.1-17B. Cell 1 Boron Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
)
i November 23, 1998: HTW purging initiated
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Figure A.5.1-18A. Cell 1 Calcium Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.
November 23, 1998: HTW purging initiated
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Figure A.5.1-18B. Cell 1 Calcium Concentration Versus Time Plot for HTW, GMA-U Well, and
GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.
H November 23, 1998: HTW purging initiated
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Figure A.5.1-19A. Cell 1 Chromium Concentration Versus Time Plot for LCS, LDS, and HTW
December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purging initiate
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Figure A.5.1-19B. Cell 1 Chromium Concentration Versus Time Plot for HTW, GMA-U Well, and
GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion

i November 23, 1998: HTW purg?ng initiated
— i
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Figure A.5.1-20A. Cell 1 Cobalt Concentration Versus Time Plot for LCS, LDS, and HTW
December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purging initiated
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Figure A.5.1-20B. Cell 1 Cobalt Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
'
November 23, 1998: HTW purging initiated
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Figure A.5.1-21A. Cell 1 Copper Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
'
November 23, 1998: HTW purging initiated
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Figure A.5.1-21B. Cell 1 Copper Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
.

November 23, 1998: HTW purging initiated
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Figure A.5.1-22A. Cell 1 Iron Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
'
November 23, 1998: HTW purging initiated

1000

e 12338 - HTW
. 22201 -GMAU

100 1% -cMAD

Iron (mg/L)

0.1

Note: Unfilled symbols
represent not detected
concentrations (ND).

0.001
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure A.5.1-22B. Cell 1 Iron Concentration Versus Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1997: Waste Placement initiated December 20, 2001: Cap completion
[
November 23, 1998: HTW purging initiated
[
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Figure A.5.1-23A. Cell 1 Lithium Concentration Versus Time Plot for LCS, LDS, and HTW

December 23, 1997: Waste Placement initiated December 20, 