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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.1-1)

e Annual 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 LDS monthly accumulation volumes (refer to Figure A.5.1-2)

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

e 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 to A.5.1-20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.1-21)
e  Control charts (refer to Figures A.5.1-22 to A.5.1-28)

A.5.1.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.1-1, 7 of the 15 parameters sampled quarterly in the LCS, LDS, HTW,
and GMA wells, (uranium, sulfate, TOC, boron, manganese, nickel, and selenium) have upward
trends in the HTW and/or the GMA wells based on the Mann-Kendall test for trend.

In 2009, both arsenic and iron in the GMA downgradient well had upward trends. In 2010, there
was no trend for arsenic and iron in the GMA downgradient well.

Horizontal Till Wells

The HTW is located beneath the liner penetration box of each cell by design. The liner
penetration box is considered to be potentially the weakest point in the cell design. If a leak were
to develop, it should be detected beneath the liner penetration box first. Therefore, the water
quality in the HTW represents the first line of evidence that a potential leak from the cell might
be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium,
TOC, and boron are increasing in the HTW of Cell 1 (as indicated in the table below). The
bivariate plot for the Cell 1 LCS, LDS, and HTW (uranium-sodium) is provided in

Figure A.5.1-21. 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, the increasing concentrations measured in the HTW of Cell 1 are attributed
to fluctuating ambient concentrations beneath the cell that are not related to cell performance. As
discussed below, if some of the older data are eliminated from the data sets for uranium, TOC,
and boron in the HTW of Cell 1, the upward trends for the HTW will cease all together.
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Parameter HTW GMA-U DMA-D
Uranium Up Up Up
Sulfate Up
TOC Up
Boron Up Up Up
Manganese Up
Nickel Up
Selenium Up

The plot of concentrations versus time for uranium in the HTW of Cell 1 is presented in

Figure A.5.1-6A. The data indicate that concentrations in the overall dataset (1997 to 2010) are
increasing; however, when the data collected prior to the fourth quarter of 2006 are removed, the
data become normally distributed with no Mann-Kendall trend. If monitoring results continue to
support this observation, the older data could be eliminated from the statistical analysis and a
control chart using the more recent data could be established.

The plot of concentrations versus time for TOC in the HTW of Cell 1 is presented in

Figure A.5.1-9A. Although not readily evident in the figure, the overall data set (1997 to 2010)
is increasing. When the data collected prior to the first quarter of 2005 are removed, the data
become normally distributed with no Mann-Kendall trend. If monitoring results continue to
support this observation, the older data could be eliminated from the statistical analysis and a
control chart using the more recent data could be established.

The plot of concentrations versus time for boron in the HTW of Cell 1 is presented in

Figure A.5.1-12A. As reported in the 2009 SER and again this year, the data indicate that
concentrations in the overall data set (1997 to 2010) are increasing; however, when the data
collected prior to the fourth quarter of 2002 are removed, the data become normally distributed
with a decreasing Mann-Kendall trend. If monitoring results continue to support this observation,
the older data could be removed from the statistical analysis resulting in a down trend in the
HTW for boron, rather than an up trend.

Great Miami Aquifer Wells

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow
directions will be from west to east. However, water levels measured in 2010 indicate that
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
northeast to southwest in response to the active groundwater remediation taking place to the west
and southwest. Pumping for the groundwater remediation is scheduled to last until 2023.
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring
horizons are not mixing, the increasing concentrations seen in the GMA wells, for uranium,
arsenic, boron, and manganese, are attributed to fluctuating ambient conditions that are not
related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.1-1)
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 1
GMA wells.
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Parameter LDS GMA-U GMA-D
Uranium (ug/L) 10.7 2.88 5.05
Sulfate (mg/L) 1760 277 227

TOC (mg/L) 6.18 2.58 1.40

Boron (mg/L) 0.241 0.110 0.0604

Manganese (mg/L) 0.0131 0.874 0.517

Nickel (mg/L) 0.0175 0.00496 0.0014

Selenium (mg/L) 0.0072% ND" 0.00125

Note: The highest averages are shown in bold.
@Selenium has only been detected once in the LDS of Cell 1 (second quarter 2009, 0.0072 mg/L).
°ND = not detected

As shown in the table above, the average for manganese is higher in the GMA than in the LDS
of Cell 1.

A.5.1.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works as
follows. 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 “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the Shewart
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.

A minimum of eight samples are recommended for use in ChemStat” to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.1—1 (gray shading) five parameters in the HTW and GMA wells of Cell 1
meet the criteria for control charts (i.e., eight samples, normal or lognormal distribution, no
trend, and no serial correlation), resulting in seven control charts.

Parameter and Monitoring Point® Assessment
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
Manganese in the GMA-U In Control
Zinc in the GMA-D In Control

#HTW = horizontal till well; GMA-U = upgradient Great Miami Aquifer;
GMA-D = downgradient Great Miami Aquifer
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These seven control charts are presented in Figures A.5.1-22 to A.5.1-28. All of the control
charts for Cell 1 indicate “in control” conditions. There was an out of control detection made in
August of 2009 for cobalt in the HTW, but as shown in the control chart, data collected since
then indicates that the out of control condition did not persist.

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 quarterly. No new Appendix I or
PCB parameters were detected in the LCS of Cell 1 in 2010.

A.5.1.4 Summary and Conclusions

e Seven parameters have an upward concentration trend in the HTW and/or GMA wells of
Cell 1 (uranium, sulfate, TOC, boron, manganese, nickel, 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. Concentration
increases in the HTW and GMA wells of Cell 1 are attributed to fluctuating ambient
concentrations beneath the cell and not to cell performance

e Seven control charts were constructed for Cell 1 parameters. 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 2010.
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Note: The data used in this table has been standardized to quarterly.

Table A.5.1-1. Summary Statistics for Cell 1

No. of Percent
Monitoring | Detected |Total No.of|  of Standard | Distribution Serial
Parameter Horizon®| Location Samples Samples | Detects Minimum®| Maximum® Average°'d Deviation® Typed’e Trend®' Correlation®® Outliers™
LCS 12338C 49 50 98.0 ND 206 77.3 3.8 Normal Up Detected
LDS 12338D 36 36 100.0 1.50 28.5 10.7 3.1 Undefined None Detected
Total Uranium (ug/L) HTW 12338 46 48 95.8 0.608 12.7 4.92 2.56 Undefined Up Detected
GMA-U 22201 51 55 92.7 ND 8.3 2.88 5.63 Undefined Up Detected
GMA-D 22198 55 55 100.0 0.575 15.2 5.05 3.09 Undefined Up Detected
LCS 12338C 36 36 100.0 707 2410 1410 510 Lognormal Up Detected
LDS 12338D 18 18 100.0 675 3500 1760 690 Lognormal Up Detected
Sulfate (mg/L) HTW 12338 31 31 100.0 549 907 709 96 Normal Down Detected
GMA-U 22201 31 31 100.0 91.8 699 277 140 Lognormal Up Detected 1980 (Q4-04)
GMA-D 22198 31 31 100.0 101 506 227 112 Lognormal Down Not Detected
LCS 12338C 29 29 100.0 1792 5200 2390 840 Undefined Up Detected
LDS 12338D 5 5 100.0 2432 7542 4940 2160 Normal None Insuff
Total Dissolved Solids (mg/L) HTW 12338 7 7 100.0 1190 1310 1270 40 Normal None Not Detected
GMA-U 22201 7 7 100.0 978 1260 1010 100 Undefined None Not Detected
GMA-D 22198 7 7 100.0 577 805 669 79 Normal None Not Detected
LCS 12338C 48 50 96.0 ND 51.8 20.4 9.9 Undefined Down Detected 123 (Q2-98)
LDS 12338D 33 37 89.2 ND 11.0 6.18 2.42 Normal None Not Detected [80.9 (Q2-98) 15.7 (Q1-00)
Total Organic Carbon (mg/L) HTW 12338 34 47 72.3 ND 4.25 1.80 0.66 Lognormal Up Not Detected |7.24 (Q1-00)
GMA-U 22201 42 55 76.4 ND 59.7 2.58 8.39 Undefined Down Not Detected
GMA-D 22198 36 54 66.7 ND 52.5 1.40 7.42 Undefined None Not Detected
LCS 12338C 46 51 90.2 ND 0.635 0.181 0.155 Undefined None Detected 1.52 (Q3-02)
LDS 12338D 27 37 73.0 ND 0.0971 0.0304 0.0262 Undefined Up Detected 0.361 (Q2-00)
Total Organic Halogens (mg/L) HTW 12338 26 48 54.2 ND 0.063 0.00967 0.00970 Lognormal None Not Detected
GMA-U 22201 21 55 38.2 ND 0.308 0.0105 0.0418 Undefined Down Not Detected
GMA-D 22198 10 54 18.5 ND 0.0235 0.00418 0.00607 Undefined Down Detected 0.0473 (Q2-98) 0.092 (Q2-00) 0.100 (Q2-10)
LCS 12338C 9 24 375 ND 0.0201 0.00581 0.00526 Lognormal None Not Detected |0.0786 (Q2-04)
LDS 12338D 1 8 12,5 ND 0.0125 Insuff Insuff Undefined None Not Detected
Arsenic (mg/L) HTW 12338 3 16 18.8 ND 0.0607 0.00250 Insuff Undefined None Not Detected
GMA-U 22201 3 7 42.9 ND 0.0400 0.00250 Insuff Undefined None Not Detected
GMA-D 22198 5 40 12.5 0.000113| 0.0372 0.0013 0.00828 Undefined None Detected
LCS 12338C 50 51 98.0 0.128 1.66 1.13 0.34 Normal None Not Detected |0.0642 (Q1-98) 2.80 (Q1-99) 2.53(Q3-04) 2.81(Q3-05) 2.33 (Q4-07)
LDS 12338D 36 37 97.3 0.169 0.345 0.241 0.042 Lognormal None Not Detected [0.0296 (Q1-98) 0.00100 (Q3-00)
Boron (mg/L) HTW 12338 45 48 93.8 ND 0.271 0.162 0.065 Undefined Up Detected
GMA-U 22201 53 55 96.4 ND 0.158 0.110 0.027 Normal Up Detected
GMA-D 22198 50 54 92.6 0.0264 0.131 0.0604 0.018 Undefined Up Not Detected
LCS 12338C 16 24 66.7 ND 0.0436 0.00470 0.0116 Undefined Down Detected 0.0575 (Q2-04)
LDS 12338D 6 8 75.0 ND 0.0019 0.00120 0.00050 Normal None Not Detected
Cobalt (mg/L) HTW 12338 9 16 56.3 ND 0.0126 0.00165 0.00298 Lognormal None Not Detected
GMA-U 22201 1 7 0.1 ND 0.00149 Insuff Insuff Undefined None Detected
GMA-D 22198 6 27 22.2 ND 0.0045 0.00084 0.00097 Lognormal None Not Detected
LCS 12338C 21 24 87.5 ND 101 284 20.8 Lognormal Down Detected
LDS 12338D 6 8 75.0 ND 2.55 1.43 0.97 Normal None Not Detected
Iron (mg/L) HTW 12338 16 16 100.0 0.271 13.9 5.61000 3.88000 Lognormal None Not Detected
GMA-U 22201 7 7 100.0 0.0479 4.38 1.55 1.58 Normal None Not Detected
GMA-D 22198 20 20 100.0 0.531 6.92 3.27 1.80 Undefined None Detected
LCS 12338C 16 16 100.0 0.103 0.19 0.132 0.026 Lognormal Up Not Detected
LDS 12338D 8 8 100.0 0.0333 0.075 0.0538 0.0128 Normal None Not Detected
Lithium (mg/L) HTW 12338 12 16 75.0 ND 0.0088 0.00794 0.00144 Undefined None Not Detected
GMA-U 22201 7 7 100.0 0.00723 0.0143 0.0108 0.0026 Normal None Not Detected
GMA-D 22198 7 7 100.0 0.00799 0.0107 0.00910 0.00106 Normal None Not Detected
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Note: The data used in this table has been standardized to quarterly.

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

No. of Percent
Monitoring | Detected |Total No.of|  of Standard | Distribution Serial
Parameter Horizon®| Location Samples Samples | Detects Minimum®| Maximum® Averagec‘d Deviation® Typed’e Trend®' Correlation®? Outliers™
LCS 12338C 16 24 66.6 ND 4.73 0.444 1.35 Undefined Down Detected 7.70 (Q2-04)
LDS 12338D 7 8 87.5 ND 0.0274 0.0131 0.0076 Normal Down Not Detected ]0.184 (Q1-07)
Manganese (mg/L) HTW 12338 15 16 93.8 ND 0.136 0.04770 0.03730 Normal None Not Detected
GMA-U 22201 9 9 100.0 0.0322 2.06 0.87400 0.82300 Normal None Not Detected
GMA-D 22198 39 40 97.5 0.178 1.09 0.517 0.216 Normal Up Detected
LCS 12338C 21 24 87.5 ND 0.0535 0.0222 0.0165 Normal Down Detected
LDS 12338D 8 8 100.0 | 0.00486 0.0353 0.0175 0.00860 Normal None Not Detected
Nickel (mg/L) HTW 12338 7 16 43.8 ND 0.0116 0.00447 0.00320 Normal Down Not Detected
GMA-U 22201 6 7 85.7 ND 0.0115 0.00496 0.00336 Normal Up Not Detected
GMA-D 22198 16 40 40.0 ND 0.13 0.00140 0.0203 Undefined Down Not Detected
LCS 12338C 9 24 37.5 ND 0.0 0.00578 0.00432 Lognormal Up Detected 0.0711 (Q4-09) 0.0715 (Q1-10)
LDS 12338D 1 8 12,5 ND 0.0072 Insuff Insuff Undefined Up Not Detected
Selenium (mg/L) HTW 12338 0 16 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-U 22201 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22198 3 27 111 ND 0.0025 0.00 Insuff Undefined Up Not Detected
LCS 12338C 24 24 100.0 11.7 22.0 17.0 3.0 Normal Up Detected 29.3 (Q3-05)
LDS 12338D 8 8 100.0 335 839 530 190 Normal Up Not Detected
Sodium (mg/L) HTW 12338 16 16 100.0 135 23.8 17.9 3.1 Normal Down Detected
GMA-U 22201 7 7 100.0 61.7 65.5 63.7 1.3 Normal Down Not Detected
GMA-D 22198 7 7 100.0 14.6 17.1 15.7 0.9 Normal None Not Detected
LCS 12338C 16 24 66.7 ND 0.575 0.137 0.155 Lognormal None Not Detected
LDS 12338D 8 8 100.0 0.0557 0.671 0.239 0.201 Normal None Not Detected
Zinc (mg/L) HTW 12338 12 16 75.0 ND 0.618 0.0180 0.175 Undefined None Detected
GMA-U 22201 2 7 28.6 ND 0.0122 Insuff Insuff Insuff Insuff Insuff
GMA-D 22198 15 40 37.5 ND 0.0474 0.00414 0.00741 Lognormal None Not Detected

Note: 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.

LCS = 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.
“Insuff" = Insufficient and 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

GW BACKGROUND??¢ | PW BACKGROUND*?® MAX PW DETECTED
NUMBER OF| NUMBER OF SAMPLES PERCENT OF MIN DETECTED MAX DETECTED AVG DETECTED GW FRL® (#OF (SAMPLES>GW (SAMPLES>PW CONCENTRATION 22
PARAMETER (UNIT) SAMPLES*?| WITH DETECTIONS®® DETECTIONS®® | DETECTED IN 2010 | CONCENTRATION®® | CONCENTRATION®*® | CONCENTRATION®® | SAMPLES>GWFRL) BACKGROUND) BACKGROUND) (SAMPLES>MAX PW)

General Chemistry

Inorganic

Barium (mg/L) 13 13 100.0 Yes 0.0327 0.205 0.0702 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)
Beryllium (mg/L) 13 2 15.4 No 0.0000674 0.00012 0.0001 0.004 mg/L(0) - - 0.0343 mg/L(0)
Cadmium (mg/L) 13 3 23.1 No 0.00014 0.00084 0.014 mg/L(0) 0.014 mg/L(0) 0.05 mg/L(0)
Chromium (mg/L) 13 5 38.5 No 0.0012 0.00365 0.0022 0.022 mg/L%(0) 0.021 mg/L(0) 0.0046 mg/L(0) 0.818 mg/L(0)
Copper (mg/L) 14 12 85.7 No 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)

vercury (g oz 2 74 N0 o000 0.00047 ooz oozmgto) - - owismoQ)

Sitver (mglL) B4+ 77 | No 0004 - - 005mgL0) 0017 mg/L(0) 0.0081 mgIL(0) 0264 mgiL(0)

Radionuclide

Technetium-99 (pCi/L) 29 7 241 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) 26 1 3.8 No 1.01 - - - - - -

aIf 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.
bRejected data qualified with an R or Z were not included.
°If the number of detected samples is equal to two, 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.
From Operable Unit 5 Record of Decision, Table 9-4.

°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.

"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.
9FRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.
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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
Overall: 927

Month/Year

*More than one purge of the well was completed during these
months to help evaluate well yield.

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 vs. Time Plot for Cell 1 Upgradient Monitoring Well 22201
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Figure A.5.1-5. Total Uranium Concentration and Groundwater
Elevation vs. Time Plot for Cell 1 Downgradient Monitoring Well 22198
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December 23, 1987 Waste Placement initiated December 20, 2001: Cap completion
.

i November 23, 1998: HTW purging initiated
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Figure A.5.1-6A. Cell 1 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW
December 23, 1987 Waste Placement initiated December 20, 2001: Cap completion
i November 23, 1998: HTW purging Initiated
1 H H
L] L] L]
1000 D _ : L : ; ; , . .
I | : l: : : ’ ’ : The groundwater FRL for
I: I : : : E; : : ; : total uranium is 30 pgiL ©- 12338-HTW
I I { x : c — A 22201 -GMAU
100 - + + - : : + + + + + + + I 22198- GMA-D
E 1 : ; ;
T It
| i
10 : T
-y
=)
=
E 1
=
g 1 :
3 I I
B : :
2 I: I:
0.1 4 : | i
: l: I
I l: I
I: l: I:
I: l: I:
0.01 I | I
L L L NOTE
I l: I: Unfilled symbols represent not detected
I I: I: concentrations (ND).
I l: I NA = not applicable
0.001 I 1: 1 . -
1997 1988 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010

Figure A.5.1-6B. Cell 1 Total Uranium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1857, Waste Placement initiated December 20, 2001: Cap completion
.

1 November 23, 1998: HTW purging initiated
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Figure A.5.1-7TA. Cell 1 Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-7B. Cell 1 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1887, 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 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-8B. Cell 1 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1857, Waste Placement initiated

December 20, 2001: Cap completion
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Figure A.5.1-9A. Cell 1 Total Organic Carbon Concentration vs. 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.5.1-9B. Cell 1 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1857, Waste Placement initiated December 20, 2001: Cap completion
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Figure A.5.1-10A. Cell 1 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-10B. Cell 1 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 19597. Waste Placement initiated December 20, 2001: Cap completion
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i Movember 23, 1998 HTW purging initiated
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Figure A.5.1-11A. Cell 1 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-11B. Cell 1 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1857, Waste Placement initiated

i November 23, 1998: HTW purging Initiated

December 20, 2001: Cap completion
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Figure A.5.1-12A. Cell 1 Boron Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-12B. Cell 1 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 19597. Waste Placement initiated December 20, 2001: Cap completion
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Figure A.5.1-13A. Cell 1 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-13B. Cell 1 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1857, Waste Placement initiated December 20, 2001: Cap completion
"
' November 23, 1998: HTW purging initiated
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Figure A.5.1-14A. Cell 1 Iron Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-14B. Cell 1 Iron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1857, Waste Placement initiated December 20, 2001: Cap completion
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1 November 23, 1998: HTW purging initiated
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Figure A.5.1-15A. Cell 1 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-15B. Cell 1 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1887, Waste Placement initiated

December 20, 2001: Cap completion
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November 23, 1998: HTW purging initiated
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Figure A.5.1-16B. Cell 1 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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December 23, 1957. Waste Placement initiated December 20, 2001: Cap completion
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Figure A.5.1-17A. Cell 1 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.1-17B. Cell 1 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.2—1)

e Annual LCS sample summary information for detected parameters (refer to Table A.5.2-2)
e LCS monthly accumulation volumes (refer to Figure A.5.2—1)

e LDS monthly accumulation volumes (refer to Figure A.5.2-2)

e OSDF horizontal till well 12339 water yield (refer to Figure A.5.2—-3)

e GMA water levels and uranium concentration versus time (refer to Figures A.5.2—4
and A.5.2-5)

e Plots of concentration versus time (refer to Figures A.5.2—6A to A.5.2—-20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.2—-21)
e  Control charts (refer to Figures A.5.2—22 to A.5.2-27)

A.5.2.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.2—1, 5 of the 15 parameters sampled quarterly in the LCS, LDS, HTW,
and GMA wells (uranium, TOC, arsenic, boron, and sodium) have upward trends in the HTW
and/or the GMA wells based on the Mann-Kendall test for trend.

In 2009, the nickel data set had an upward trend in the GMA downgradient well. In 2010, there
was no trend for the nickel data set in the GMA downgradient well.

Horizontal Till Wells

The HTW is located beneath the liner penetration box of each cell by design. The liner
penetration box is considered to be potentially the weakest point in the cell design. If a leak were
to develop, it should be detected beneath the liner penetration box first. Therefore, the water
quality in the HTW represents the first line of evidence that a potential leak from the cell might
be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium,
TOC, and boron are increasing in the HTW of Cell 2 (as indicated in the table below). The
bivariate plot for the Cell 2 LCS, LDS, and HTW (uranium-sodium) is provided in

Figure A.5.2-21. There is only one data point from the HTW of Cell 2 shown in

Figure A.5.2-21 because the LDS has been dry since the first quarter of 2006. The plot shows
that the chemical signature for uranium-sodium in the LCS LDS, and the one point for the HTW
are separate and distinct; indicating that mixing between the horizons is not occurring. Therefore,
the increasing concentrations measured in the HTW of Cell 2 are attributed to fluctuating
ambient concentrations beneath the cell that are not related to cell performance.
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Parameter HTW GMA-U DMA-D
Uranium Up Up
TOC Up
Arsenic Up
Boron Up Up Up
Sodium Up

The plot of concentrations versus time for boron in the HTW is presented in Figure A.5.2—-12A.
The boron concentration trend appears to increase until 2007, and then it decreases. However,
when the data collected prior to the third quarter of 2007 are removed, the data become normally
distributed with a decreasing Mann-Kendall trend. Although the concentration is still changing,
the trend is down not up. LM will continue to investigate this trend through continued
monitoring and assessment.

Great Miami Aquifer Wells

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow
directions will be from west to east. However, water levels measured in 2010 indicate that
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
northeast to southwest in response to the active groundwater remediation taking place to the west
and southwest. Pumping for the groundwater remediation is scheduled to last until 2023.
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring
horizons are not mixing, the increasing concentrations seen in the GMA wells, for uranium,
arsenic, boron, and manganese, are attributed to fluctuating ambient conditions that are not
related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.2—-1)
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 2
GMA wells.

Parameter LDS GMA-U GMA-D
Uranium (ug/L) 19.1 0.286 0.73
Arsenic (mg/L) ND 0.0025 0.0025

Boron (mg/L) 0.497 0.0479 0.0489
Sodium (mg/L) 989 25.8 18.0

Note: The highest averages are shown in bold. Sodium has only been detected once in the LDS of Cell 2
ND = non detect

As shown above, arsenic has never been detected in the LDS of Cell 2. It should be noted that
the LDS of Cell 2 has been dry since 2006.

U.S. Department of Energy
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A.5.2.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works
as follows. 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 “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the
Shewart 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.

A minimum of eight samples are recommended for use in ChemStat® to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.2—1 (gray shading) five parameters in the HTW and/or GMA wells of
Cell 2 meet the criteria for control charts (i.e., eight samples, normal or lognormal distribution,
no trend, and no serial correlation), resulting in six control charts.

Parameter and Monitoring Point® Assessment
TOC in the GMA-D In Control
Cobalt in the HTW In Control
Iron in the HTW In Control
Manganese in the GMA-U In Control
Manganese in the GMA-D In Control
Zinc in the GMA-D In Control

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

These six control charts are presented in Figures A.5.2—22 to A.5.2—27. All of the control charts
for Cell 2 indicate “in control” conditions.

A.5.2.3 Annual LCS Sample Results

Annual LCS sampling results for Cell 2 are provided in Table A.5.2—2 for those parameters that
have been detected at least once and are not being sampled quarterly. No new Appendix I or
PCB parameters were detected in the LCS of Cell 2 in 2010.
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A.5.2.4 Summary and Conclusions

o Five parameters monitored quarterly have an upward concentration trend in the HTW and/or
GMA wells of Cell 2 (uranium, TOC, arsenic, boron, and sodium).

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 2 indicate that water is not mixing between the horizons. The LDS of Cell 2
has been dry since the first quarter of 2006. Concentration increases in the HTW and GMA
wells of Cell 2 are attributed to fluctuating ambient concentrations beneath the cell, and not
to cell performance.

e  Six control charts were constructed for Cell 2 parameters. All of the control charts exhibit
“in control” conditions.

e No new Appendix I or PCB parameters were detected in the LCS of Cell 2 in 2010.
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Note: The data used in this table has been standardized to quarterly.

Table A.5.2-1. Summary Statistics for Cell 2

No. of Percent
Monitoring | Detected [Total No. of|  of Standard | Distribution Serial
Parameter Horizon®| Location | Samples | Samples | Detects | Minimum®| Maximum® | Average®® | Deviation® Type®® Trend*"| Correlation®® Outliers™
LCS 12339C 47 47 100.0 4.51 404 88.9 69.2 Lognormal Up Detected
LDS 12339D 26 26 100.0 4.08 71.0 19.1 15.1 Lognormal None Detected
Total Uranium (ug/L) HTW 12339 47 48 97.9 ND 13.7 7.34 3.64 Undefined Up Detected 36.9 (Q2-09)
GMA-U 22200 37 54 68.5 ND 1.11 0.286 0.259 Undefined Up Not Detected
GMA-D 22199 53 55 96.4 ND 12.1 0.73 2.65 Undefined None Not Detected
LCS 12339C 36 36 100.0 155 1860 1520 380 Undefined Up Detected
LDS 12339D 9 9 100.0 2290 8110 2990 1760 Undefined None Not Detected
Sulfate (mg/L) HTW 12339 31 31 100.0 497 850 642 85 Normal Down Detected
GMA-U 22200 31 31 100.0 61.1 434 201 104 Normal Down | Not Detected
GMA-D 22199 31 31 100.0 101 540 170 109 Undefined None Not Detected
LCS 12339C 28 28 100.0 557 3390 2630 990 Undefined Up Detected
LDS 12339D 3 3 100.0 1890 3230 2640 Insuff Normal Insuff Insuff
Total Dissolved Solids (mg/L) HTW 12339 7 7 100.0 1210 1480 1350 100.0 Normal Down Detected
GMA-U 22200 7 7 100.0 545 771 617 77 Normal None Not Detected
GMA-D 22199 7 7 100.0 591 742 644 52 Normal None Not Detected
LCS 12339C 37 47 78.7 ND 6.6 2.84 1.43 Normal Up Detected
LDS 12339D 18 26 69.2 ND 26.1 4.04 5.07 Lognormal Down Detected
Total Organic Carbon (mg/L) HTW 12339 33 46 71.7 ND 3.04 1.82 0.62 Normal Up Not Detected [11.1 (Q1-00)
GMA-U 22200 42 54 77.8 ND 40.1 1.78 6.19 Undefined None Not Detected
GMA-D 22199 38 54 70.4 ND 2.57 1.46 0.49 Normal None Not Detected 3.5 (Q2-97) 16.5 (Q3-97) 10.5(Q4-97) 48.1(Q2-98) 3.7 (Q1-98) 9.68 (Q1-00)
LCS 12339C 20 48 41.7 ND 0.0826 0.0193 0.0208 Lognormal None Not Detected
LDS 12339D 8 27 29.6 ND 0.069 0.0123 0.0126 Undefined None Not Detected
Total Organic Halogens (mg/L) HTW 12339 35 48 72.9 ND 0.78 0.0210 0.110 Undefined None Not Detected
GMA-U 22200 15 54 27.8 ND 0.0138 0.00474 0.00477 Undefined Down Detected 0.124 (Q4-98) 0.177 (Q2-00) 0.073 (Q2-10)
GMA-D 22199 12 54 22.2 ND 0.0775 0.00512 0.0138 Undefined Down Detected
LCS 12339C 14 24 58.3 ND 0.187 0.00778 0.0601 Undefined Up Detected
LDS 12339D 0 1 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
Arsenic (mg/L) HTW 12339 1 16 6.3 ND 0.0 Insuff Insuff Undefined None Not Detected
GMA-U 22200 3 7 429 ND 0.0355 0.00250 Insuff Undefined None Not Detected
GMA-D 22199 5 20 25.0 ND 0.0429 0.00250 0.0123 Undefined Up Not Detected
LCS 12339C 48 48 100.0 0.207 4.78 2.26 1.06 Undefined Up Detected
LDS 12339D 26 26 100.0 0.289 222 0.497 0.387 Lognormal None Not Detected
Boron (mg/L) HTW 12339 45 48 93.8 ND 0.213 0.0728 0.0575 Undefined Up Detected
GMA-U 22200 42 54 77.8 ND 0.087 0.0479 0.0144 Normal Up Detected
GMA-D 22199 45 54 83.3 ND 0.0775 0.0489 0.0159 Normal Up Detected
LCS 12339C 20 24 83.3 ND 0.306 0.150 0.078 Lognormal Up Detected
LDS 12339D 1 1 100.0 NA 0.0035 Insuff Insuff Insuff Insuff Insuff
Cobalt (mg/L) HTW 12339 10 16 62.5 ND 0.0023 0.00 0.00 Normal None Not Detecied ]0.00500 (Q3-09)
GMA-U 22200 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22199 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12339C 23 24 95.8 ND 253 17.6 70.4 Undefined Up Detected
LDS 12339D 1 1 100.0 NA 3.61 Insuff Insuff Insuff Insuff Insuff
Iron (mg/L) HTW 12339 15 16 93.75 0.61 4.16 1.68 0.92 Lognormal None Not Detected 136.2 (Q2-07) 42.8 (Q2-09)
GMA-U 22200 7 7 100.0 3.24 10.0 6.59 2.56 Normal None Not Detected
GMA-D 22199 7 7 100.0 3.46 4.88 4.14 0.45 Normal None Not Detected
LCS 12339C 16 16 100.0 0.377 0.747 0.444 0.133 Undefined Up Detected
LDS 12339D 1 1 100.0 NA 0.310 Insuff Insuff Insuff Insuff Insuff
Lithium (mg/L) HTW 12339 16 16 100.0 0.0132 0.0199 0.0164 0.0019 Normal Down | Not Detected
GMA-U 22200 7 7 100.0 0.0039 0.00562 0.00449 0.00060 Normal None Not Detected
GMA-D 22199 7 7 100.0 0.0065 0.00857 0.00732 0.00077 Normal None Not Detected
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Note: The data used in this table has been standardized to quarterly.

Table A.5.2-1 (continued). Summary Statistics for Cell 2

No. of Percent
Monitoring | Detected [Total No. of|  of Standard | Distribution Serial
Parameter Horizon?| Location | Samples | Samples | Detects | Minimum®| Maximum® | Average®® | Deviation® Type®® Trend*"| Correlation®® Outliers™
LCS 12339C 22 24 91.7 ND 12.7 2.06 4.1 Undefined Up Detected
LDS 12339D 1 1 100.0 NA 0.418 Insuff Insuff Insuff Insuff Insuff
Manganese (mg/L) HTW 12339 14 16 87.5 0.00414 0.104 0.0372 0.0308 Normal Down Not Detected [0.364 (Q2-07)
GMA-U 22200 9 9 100 0.244 0.507 0.35 0.09 Normal None Not Detected
GMA-D 22199 19 20 95.0 ND 0.791 0.340 0.169 Lognormal None Not Detected
LCS 12339C 24 24 100.0 0.00495 0.421 0.0918 0.0988 Lognormal None Detected
LDS 12339D 1 1 100.0 NA 0.0215 Insuff Insuff Insuff Insuff Insuff
Nickel (mg/L) HTW 12339 8 16 50.0 ND 0.0111 0.00499 0.00373 Normal Down Not Detected
GMA-U 22200 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22199 5 20 25.0 ND 0.00340 0.00075 0.00085 Undefined None Detected 0.00620 (Q3-05) 0.00660 (Q1-06)
LCS 12339C 9 24 37.5 ND 0.0522 0.0121 0.0143 Lognormal None Not Detected
LDS 12339D 0 1 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
Selenium (mg/L) HTW 12339 1 16 6.3 NA NA Insuff Insuff Undefined None Not Detected ]0.0367 (Q2-09) 0.025 (Q3-09)
GMA-U 22200 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22199 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12339C 24 24 100.0 3.32 26.7 16.4 5.59 Normal Up Detected
LDS 12339D 1 1 100.0 NA 989 Insuff Insuff Insuff Insuff Insuff
Sodium (mg/L) HTW 12339 16 16 100.0 47.7 119 78.6 22.9 Normal Down Detected
GMA-U 22200 7 7 100.0 204 329 25.8 4.98 Normal Up Detected
GMA-D 22199 7 7 100.0 16.7 19.5 18.0 0.9 Normal None Not Detected
LCS 12339C 16 24 66.7 ND 0.223 0.0612 0.0679 Lognormal Up Detected
LDS 12339D 1 1 100.0 NA 0.284 Insuff Insuff Insuff Insuff Insuff
Zinc (mg/L) HTW 12339 8 16 50.0 ND 0.284 0.00506 0.0802 Undefined None Detected
GMA-U 22200 6 7 85.7 0.00525 0.0377 0.0164 0.0105 Normal None Not Detected
GMA-D 22199 12 20 60.0 ND 0.0255 0.00624 0.00523 Lognormal None Not Detected

Note: Shading identifies a horizontal till well or downgradient 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.

4LCS = 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.
“Insuff" = Insufficient and 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.5.2-2. Cell 2 Annual LCS Sample Summary Information for Detected Parameters

GW BACKGROUND*?® | PW BACKGROUND?"® MAX PW DETECTED
NUMBER OF| NUMBER OF SAMPLES PERCENT OF DETECTED IN MIN DETECTED MAX DETECTED AVG DETECTED GW FRL® (#OF (# OF SAMPLES>PW | (# OF SAMPLES>PW CONCENTRATION 22/
PARAMETER(UNIT) SAMPLES®*®|  WITH DETECTIONS?®® DETECTIONS?®® 2010 CONCENTRATION®>® | CONCENTRATION®®°® | CONCENTRATION?"¢| SAMPLES>GWFRL) BACKGROUND) BACKGROUND) (# OF SAMPLES>MAX PW)

General Chemistry

Ammonia (gl o076 o1 . 42mg 34 mg1L0) 220 maL )

Inorganics

Antimony (mg/L) 13 2 15.4 No 0.00053 0.0006 0.0006 0.006 mg/L(0) - - 0.0987 mg/L(0)
Barium (mg/L) 13 13 100.0 Yes 0.0367 0.228 0.084 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)
Cadmium (mg/L) 13 4 30.8 No 0.000091 0.00041 0.0003 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

Copper (g1 4476 o o000 00215 0009 1.3 mgiL0) 0035 mgL(0) 0029 mgL(0) 0298 mgL(0)

Radionuclides

Technetium-99 (pCi/L) 24 1 4.2 No 21.3 - - 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6,130 pCi/L(0)
Organic
Trichlorofluoromethane (ug/L) 11 1 9.1 No 0.27 - - - - - -

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
bRejected data qualified with an R or Z were not included.
°If the number of detected samples is equal to two, 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.
From Operable Unit 5 Record of Decision, Table 9-4.
°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.
"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.

9FRL 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.
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Figure A.5.2—1. Monthly Accumulation Volumes For Cell 2 LCS
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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
2882 g’ggg 2:3 ?g; *More than one purge of the well was completed during these
2009: 2400 n=3 800 months to help evaluate well yield.
2010: 3275 n=4 819
Overall: 838

Figure A.5.2—3. OSDF Horizontal Till Well 12339 (Cell 2) Water Yield
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Figure A.5.2-4. Total Uranium Concentration and Groundwater
Elevation vs. Time Plot for Cell 2 Upgradient Monitoring Well 22200
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Figure A.5.2-5. Total Uranium Concentration and Groundwater
Elevation vs. Time Plot for Cell 2 Downgradient Monitoring Vell 22199
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November 12, 1898: Waste Placement initiated

Novermnber 12, 2003: Cap completion

Il MNovember 23, 1988. HTW purging initiated :
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Figure A.5.2-6A. Cell 2 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion
i MNovember 23, 1988. HTW purging initiated i
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Figure A.5.2-6B. Cell 2 Total Uranium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion

i MNovember 23, 1988. HTW purging initiated
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Figure A.5.2-7A. Cell 2 Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion
Il MNovember 23, 1988. HTW purging initiated i
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Figure A.5.2-7B. Cell 2 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1888: Waste Placement initiated

Novermnber 12, 2003: Cap completion

i MNovember 23, 1988. HTW purging initiated :
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Figure A.5.2-8A. Cell 2 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1888: Waste Placement initiated

Novermnber 12, 2003: Cap completion
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Figure A.5.2-8B. Cell 2 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion

i MNovember 23, 1988. HTW purging initiated i
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Figure A.5.2-9A. Cell 2 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion
MNovember 23, 1988. HTW purging initiated
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Figure A.5.2-9B. Cell 2 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

i MNovember 23, 1998: HTW purging initiated :
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Figure A.5.2-10A. Cell 2 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion
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Figure A.5.2-10B. Cell 2 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

I' November 23, 1998: HTW purging initiated i
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Figure A.5.2-11A. Cell 2 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion
Il Movember 23, 1988: HTW purging initiated i
B L
L] L
1 I . l . . . .
. ! The groundwater FRL for
:._ : : arsenic is 0.05 ma/L. O 12339-HTW
| 1 : —A— 22200-GMAU
1: l: 7
§ i : 22199 - GMA-D
0.1 l: l: : ——
’ I: l: :
I: l: :
1 l:
I l: :
I I : m
0.01 :; : E
g I I
=) 5
£ I :
o . :
£ I :
& I: l:
g oo b i
I l:
I l:
1 l:
I: l:
I l:
0.0001 I )
I l: 3 :
I: l: NOTE:
I l: Unfilled symbols represent not detected
lE I concentrations (ND)
I l: NA = not applicable
0.00001 L e : :
1987 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Figure A.5.2-11B. Cell 2 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1888: Waste Placement initiated

i November 23, 1998: HTW purging initiated

Novermnber 12, 2003: Cap completion
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Figure A.5.2-12A. Cell 2 Boron Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion
Il November 23, 1998: HTW purging initiated E
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Figure A.5.2-12B. Cell 2 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion
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Figure A.5.2-13A. Cell 2 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

Il Movember 23, 1998: HTW purging initiated i
B L
1 1
1
! : : : : I : : ! The groundwater FRL for
:: : : : : : : © cobaltis 0.17 moA. g 12339 HTW
oo e e
: H . H H : H : 22199 - GMA-D
01 1 : : : l: : : 4 : : =
: I : : T : : :
I : l: : ! :
1 . l: :
I : l: :
I : : : : l: - : : : :
001 i i = e
5 I : : S ¥ g : :
= B : : : | B : : :
g I : : S : :
§ I : : : l: : : :
I: : : : l: : :
8 ooot H— ; —t —R
I : : : : l: : : : mgémm
I : : : l: : : : F
1 : : l: : : !
I: : l: : : :
I: l: : :
0.0001 I . . . ) . . . : :
I: L : :
I: l: : : NOTE:
1 : : : N : ¢ | Unfilled symbols represent not detected
I: l: : : concentrations (NO)
lE g | MA = not applicable
0.00001 B i : :
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure A.5.2-13B. Cell 2 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

MNovember 23, 1988. HTW purging initiated
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Figure A.5.2-14A. Cell 2 Iron Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

i November 23, 1988: HTW purging initiated
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Figure A.5.2-14B. Cell 2 Iron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well

Fernald Preserve 2010 Site Environmental Report U.S. Department of Energy
Doc. No. S07409 May 2011
Page A. 5.2-20



November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion
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Figure A.5.2-15A. Cell 2 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1998: Waste Placement initiated Novermnber 12, 2003: Cap completion
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Figure A.5.2-15B. Cell 2 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

Il Movember 23, 1998: HTW purging initiated i
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Figure A.5.2-16A. Cell 2 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW
November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion
I. November 23, 1988: HTW purging initiated i
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Figure A.5.2-16B. Cell 2 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

i Movember 23, 1938: HTW purging initiated
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Figure A.5.2-17A. Cell 2 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

Il Movember 23, 1998: HTW purging initiated
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Figure A.5.2-17B. Cell 2 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

i Movember 23, 1938: HTW purging initiated :
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Figure A.5.2-18A. Cell 2 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

Il Movember 23, 1998: HTW purging initiated i
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Figure A.5.2-18B. Cell 2 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion
Il November 23, 1998: HTW purging initiated
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Figure A.5.2-19A. Cell 2 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW

November 12, 1998: Waste Placement initiated November 12, 2003: Cap completion

Il Movember 23, 1998 HTW purging initiated :
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Figure A.5.2-19B. Cell 2 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 12, 1888: Waste Placement initiated

i Movember 23, 1938: HTW purging initiated
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Figure A.5.2-20A. Cell 2 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.2-20B. Cell 2 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.2-23. Intra-Well Shewhart-CUSUM Control Chart (Cobalt 12339)
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Figure A.5.2-27. Intra-Well Shewhart-CUSUM Control Chart (Zinc 22199)
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Sub-attachment A.5.3
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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.3—1)

e Annual LCS sample summary information for detected parameters (refer to Table A.5.3-2)
e LCS monthly accumulation volumes (refer to Figure A.5.3—1)

e LDS monthly accumulation volumes (refer to Figure A.5.3-2)

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

e GMA water levels and uranium concentration versus time (refer to Figures A.5.3—4
and A.5.3-5)

e Plots of concentration versus time (refer to Figures A.5.3—6A to A.5.3—20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.3-21)
e Control charts (refer to Figures A.5.3—22 to A.5.3—26)

A.5.3.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.3—1, 6 of the 15 parameters sampled quarterly in the LCS, LDS, HTW,
and GMA wells, (uranium, TOC, arsenic, boron, manganese, and zinc) have upward trends in the
HTW and/or GMA wells based on the Mann-Kendall Test for trend.

Horizontal Till Well

The HTW is located beneath the liner penetration box of each cell by design. The liner
penetration box is considered to be potentially the weakest point in the cell design. If a leak were
to develop, it should be detected beneath the liner penetration box first. Therefore, the water
quality in the HTW represents the first line of evidence that a potential leak from the cell might
be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium,
TOC, boron, and zinc are increasing in the HTW of Cell 3 (as indicated in the table below). The
bivariate plot for the Cell 3 LCS, LDS, and HTW (uranium-sodium) is provided in

Figure A.5.3-21. 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, the increasing concentrations measured in the HTW of Cell 3 are attributed
to fluctuating ambient concentrations beneath the cell that are not related to cell performance.
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Parameter HTW GMA-U DMA-D
Uranium Up Up
TOC Up
Arsenic Up
Boron Up Up Up
Manganese Up
Zinc Up

The plot of uranium concentrations versus time uranium in the HTW of Cell 3 is presented in
Figure A.5.3—-6A to A.5.3—-6B. The data indicate that concentrations in the overall dataset (1997
to 2010) are increasing; however, when the data collected prior to the third quarter of 2002 and
the outlier collected on 8/15/2009 (58.5 ng/L) are removed, the data become normally distributed
with no Mann-Kendall trend. If monitoring results continue to support this observation, the older
data could be eliminated from the statistical analysis resulting in a useful control chart for
uranium in the HTW of Cell 3. LM will continue to investigate this trend through continued
monitoring and assessment.

Great Miami Aquifer Wells

GMA monitoring wells are positioned and labeled for post-aquifer-remediation flow conditions,
when flow directions will be from west to east. Water levels measured in 2010 though indicate
that groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
NE to SW in response to the active remediation taking place to the west and southwest. Pumping
for the groundwater remediation is scheduled to last until 2023. Because bivariate plots
(discussed above) indicate that LCS, LDS, and HTW monitoring horizons are not mixing, the
increasing concentrations seen in the GMA wells, for uranium, arsenic, boron, and manganese,
are attributed to fluctuating ambient conditions that are not related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.3-1)
measured in the LDS, and GMA wells for parameters with increasing concentrations in the
Cell 3 GMA wells.

Parameter LDS GMA-U GMA-D
Uranium (pg/L) 19.7 1.98 4.75
Arsenic (mg/L) 0.0085 0.0025 0.0025

Boron (mg/L) 0.128 0.0416 0.0418

Manganese (mg/L) 0.0256 0.345 1.3

Note: The highest averages are shown in bold. Arsenic has only been detected once in the LDS of Cell 3
(second quarter 2006, 0.0085 mg/L).

As shown in the table above, the average concentration of manganese is higher in the GMA than
it is in the LDS of Cell 3.
A5.3.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works as
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follows. 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 “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the
Shewart 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.

A minimum of eight samples are recommended for use in ChemStat® to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.3—1 (gray shading), five parameters in the HTW and GMA wells of
Cell 3 meet the criteria for control charts (i.e., eight samples, normal or lognormal distribution,
no trend, and no serial correlation), resulting in five control charts.

Parameter and Monitoring Point® Assessment
TOC in the GMA-D In Control
TOX in the HTW In Control
Cobalt in the HTW In Control
Manganese in the GMA-U In Control
Zinc in the GMA-D In Control

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

These five control charts are presented in Figures A.5.3—22 through A.5.3—26. All of the control
charts for Cell 3 exhibit “in control” conditions.

A.5.3.3 Annual LCS Sample Results

Annual LCS sampling results for Cell 3 are provided in Table A.5.3—2 for those parameters that
have been detected at least once and are not being sampled quarterly. No new Appendix I or
PCB parameters were detected in the LCS of Cell 3 in 2010.

A.5.3.4 Summary and Conclusions

e  Six parameters monitored quarterly have an upward concentration trend in the HTW and/or
GMA wells of Cell 3 (uranium, TOC, arsenic, boron, manganese, and zinc).

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 3 indicate that water is not mixing between the horizons. Concentration
increases in the HTW and GMA wells of Cell 3 are attributed to fluctuating ambient
concentrations beneath the cell, and not to cell performance.
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e Five control charts were constructed for Cell 3 parameters. All of the control charts exhibit
“in control” conditions.

e No new Appendix I or PCB parameters were detected in the LCS of Cell 3 in 2010.
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Note: The data used in this table has been standardized to quarterly.

Table A.5.3-1. Summary Statistics for Cell 3

No. of Percent
Monitoring | Detected |Total No.of|  of Standard | Distribution Serial
Parameter Horizon®| Location Samples Samples | Detects Minimum® | Maximum® AverageC’d Deviation® Typed'e Trend®"| Correlation®® Outliers™
LCS 12340C 44 44 100.0 9.35 113 59.6 24.4 Normal Up Detected
LDS 12340D 21 21 100.0 8.9 72.4 19.7 13 Normal Down | Not Detected
Total Uranium (ug/L) HTW 12340 47 47 100.0 3.89 58.5 20.2 9.4 Undefined Up Detected
GMA-U 22203 46 49 93.9 0.118 7.92 1.98 1.86 Lognormal None Detected
GMA-D 22204 49 50 98.0 ND 16.4 4.75 4.32 Lognormal Up Detected
LCS 12340C 36 36 100.0 26.1 2650 1690 620 Undefined Up Not Detected
LDS 12340D 19 19 100.0 112 2510 1250 700 Undefined Down | Not Detected
Sulfate (mg/L) HTW 12340 31 31 100.0 352 958 700 155 Normal None Detected
GMA-U 22203 31 31 100.0 67.3 735 258 151 Lognormal Down Detected
GMA-D 22204 31 31 100.0 269 779 483 145 Normal Down | Not Detected
LCS 12340C 25 25 100.0 233 3470 2740 1200 Undefined Up Detected
LDS 12340D 0 0 0.0 Insuff Insuff Insuff Insuff Insuff Insuff Insuff
Total Dissolved Solids (mg/L) HTW 12340 7 7 100.0 1280 1650 1450 130 Normal Down | Not Detected
GMA-U 22203 7 7 100.0 524 751 618 86 Normal None Not Detected
GMA-D 22204 7 7 100.0 849 1070 967 93 Normal None Not Detected
LCS 12340C 31 43 72.09 ND 17.4 2.32 2.46 Normal None Not Detected
LDS 12340D 17 21 80.95 ND 8.02 5.77 2.26 Undefined None Not Detected
Total Organic Carbon (mg/L) HTW 12340 36 46 78.26 ND 3.21 222 1.31 Undefined Up Detected 9.81 (Q1-00)
GMA-U 22203 35 49 71.43 ND 2.90 1.55 0.54 Normal None Detected 5.66 (Q1-00) 14.1 (Q4-00)
GMA-D 22204 32 49 65.31 ND 2.92 1.44 0.52 Normal None Not Detected |8.83 (Q1-00)
LCS 12340C 15 44 34.09 ND 0.141 0.0125 0.0234 Undefined Down Detected
LDS 12340D 10 21 47.62 ND 0.0838 0.0251 0.0187 Lognormal None Not Detected
Total Organic Halogens (mg/L) HTW 12340 35 48 72.92 ND 0.0960 0.0209 0.0177 Lognormal None Not Detected
GMA-U 22203 20 49 40.8 ND 0.0750 0.00535 0.0113 Undefined Down Detected 0.213 (Q2-00)
GMA-D 22204 10 49 20.4 ND 0.0194 0.00598 0.00526 Undefined Down Detected 0.165 (Q2-00)
LCS 12340C 5 24 20.8 ND 0.131 0.00250 0.0325 Undefined Up Not Detected
LDS 12340D 1 9 111 ND 0.00850 Insuff Insuff Undefined None Not Detected
Arsenic (mg/L) HTW 12340 3 16 18.8 ND 0.0250 0.00350 Insuff Undefined None Not Detected
GMA-U 22203 3 7 429 ND 0.0372 0.00250 Insuff Undefined None Not Detected
GMA-D 22204 4 20 20.0 ND 0.0382 0.00250 0.0121 Undefined Up Detected
LCS 12340C 44 45 97.8 ND 9.19 4.29 2.15 Undefined Up Detected
LDS 12340D 20 21 95.24 ND 0.557 0.128 0.149 Undefined Down Detected
Boron (mg/L) HTW 12340 47 47 100.0 0.0481 0.259 0.130 0.056 Undefined Up Detected 0.960 (Q3-06)
GMA-U 22203 38 49 77.6 ND 0.0617 0.0416 0.0115 Undefined Up Detected
GMA-D 22204 41 49 83.7 ND 0.0887 0.0418 0.0157 Lognormal Up Detected
LCS 12340C 16 24 66.7 ND 0.0666 0.00250 0.0196 Undefined None Detected
LDS 12340D 8 9 88.9 ND 0.00110 | 0.000710 | 0.000260 Normal None Not Detected
Cobalt (mg/L) HTW 12340 13 16 81.3 ND 0.00190 | 0.00123 0.00038 Normal None Not Detected ]0.00655 (Q3-09)
GMA-U 22203 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22204 1 7 14.3 ND 0.00162 Insuff Insuff Undefined None Not Detected
LCS 12340C 23 24 95.8 0.0757 16.6 4.85 3.92 Lognormal None Detected
LDS 12340D 8 9 88.9 0.622 214 1.22 0.53 Normal None Not Detected
Iron (mg/L) HTW 12340 16 16 100.0 0.513 22.8 2.32 5.38 Undefined None Not Detected
GMA-U 22203 7 7 100.0 2.90 13.6 8.45 4.11 Normal None Not Detected
GMA-D 22204 7 7 100.0 4.10 11.3 6.49 2.29 Lognormal None Not Detected
LCS 12340C 16 16 100.0 0.683 0.974 0.785 0.076 Lognormal Down Detected
LDS 12340D 9 9 100.0 0.0313 0.0645 0.0427 0.0106 Normal Down Not Detected
Lithium (mg/L) HTW 12340 16 16 100.0 0.0129 0.0305 0.0219 0.0065 Undefined Down Detected
GMA-U 22203 7 7 100.0 0.00577 0.0119 0.0077 0.0021 Normal None Not Detected
GMA-D 22204 7 7 100.0 0.00694 | 0.00946 | 0.00796 0.00084 Normal None Not Detected
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Table A.5.3-1 (continued). Summary Statistics for Cell 3

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

No. of Percent
Monitoring | Detected |Total No.of|  of Standard | Distribution Serial
Parameter Horizon? | Location Samples Samples | Detects Minimum® | Maximum® Averagec’d Deviation® Typed’e Trend®"| Correlation®® Outliers™
LCS 12340C 23 24 95.8 0.0014 7.27 0.472 2.86 Undefined None Detected
LDS 12340D 8 9 88.9 0.0015 0.146 0.0256 0.0463 Lognormal Up Not Detected
Manganese (mg/L) HTW 12340 16 16 100.0 0.0315 0.697 0.162 0.160 Lognormal Down Detected
GMA-U 22203 9 © 100.0 0.202 0.59000 | 0.345111 | 0.11851 Normal None Not Detected
GMA-D 22204 19 20 95.0 ND 3.01 1.30 0.52 Lognormal Up Not Detected
LCS 12340C 24 24 100.0 0.00210 0.102 0.0133 0.0373 Undefined None Detected
LDS 12340D 9 9 100.0 0.00340 | 0.00970 | 0.00620 0.00190 Normal None Not Detected
Nickel (mg/L) HTW 12340 7 16 43.8 ND 0.0107 0.00358 0.00361 Undefined Down | Not Detected
GMA-U 22203 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22204 7 20 35.0 ND 0.0127 | 0.000828 | 0.00351 Undefined None Not Detected
LCS 12340C 3 24 12.5 ND 0.0393 0.00622 Insuff Lognormal None Not Detected
LDS 12340D 0 9 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
Selenium (mg/L) HTW 12340 0 16 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-U 22203 1 7 14.3 ND 0.00617 Insuff Insuff Undefined Insuff Insuff
GMA-D 22204 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12340C 24 24 100.0 4.35 49.9 252 10.4 Undefined Up Not Detected
LDS 12340D 9 9 100.0 263 344 315 28 Normal None Not Detected
Sodium (mg/L) HTW 12340 16 16 100.0 34.9 741 53.4 13.4 Normal Down Detected
GMA-U 22203 7 7 100.0 18.5 223 20.0 1.2 Normal None Not Detected
GMA-D 22204 7 7 100.0 17.3 20.5 18.7 1.1 Normal None Not Detected
LCS 12340C 18 24 75.0 ND 0.0420 0.0168 0.0093 Normal None Detected
LDS 12340D 8 9 88.9 ND 0.499 0.161 0.175 Lognormal Up Not Detected
Zinc (mg/L) HTW 12340 12 16 75.0 0.00450 0.569 0.102 0.157 Lognormal Up Detected
GMA-U 22203 3 7 42.9 ND 0.0127 0.00670 Insuff Normal None Not Detected
GMA-D 22204 14 20 70.0 ND 0.0405 0.0123 0.0101 Lognormal None Not Detected

Note: 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.
8LCS = 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.
®Insuff" = Insufficient and 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.5.3-2. Cell 3 Annual LCS Sample Summary Information for Detected Parameters

NUMBER OF
SAMPLES®®

NUMBER OF SAMPLES
WITH DETECTIONS®®

PERCENT OF
DETECTIONS®®

DETECTED IN
2010

MIN DETECTED
CONCENTRATION??¢

MAX DETECTED
CONCENTRATION??¢

AVG DETECTED
CONCENTRATION®P®

GW FRL® (#OF
SAMPLES>GWFRL)

GW BACKGROUND?*"®
(# OF SAMPLES>PW
BACKGROUND)

PW BACKGROUND®"®
(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED

CONCENTRATION 22
(# OF SAMPLES>MAX PW)

PARAMETER(UNIT)

General Chemistry

Ammonia (g 2 s ve oo o oos . s2mi0) +34mgL 0 220 mgL0)

Inorganics

Barium (mg/L) 13 13 100.0 Yes 0.0307 0.118 0.0506 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)
Beryllium (mg/L) 13 1 7.7 No 0.0002 - - 0.004 mg/L(0) - - 0.0343 mg/L(0)
Cadmium (mg/L) 13 3 23.1 No 0.000065 0.00044 0.0002 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

Copper (mgl) w42 &7 No _oo0fe 006 00078 1.3 mg/L(O) 0035 mglL(0) 0029 mglL(0) 0.298 mg/L(0)

Thalium (mglL) s 477 N o020 - | - .- 000smgl()

Radionuclides

Technetium-99 (pCi/L) 23 2 8.7 No 3.84 9.89 6.87 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6,130 pCi/L(0)
Organics

1,1-Dichloroethane (ug/L) 10 2 20.0 No 0.351 0.79 0.571 280 ug/L(0) - - -
11Dicnorosthene @ty s 0 ws N oz a e - =
1,1,1-Trichloroethane (ug/L) 11 2 18.2 No 0.54 0.64 0.59 - - - -

4-Nitroaniline 21 1 4.8 No 2.94 - - - - - -
Bromodichloromethane (ug/L) 22 1 4.5 No 0.5 - - 100 ug/L(0) - - -
Chlorodibromomethane (ug/L) 11 1 9.1 No 1 - - - - - -
Trans-1,3-dichloropropene (ug/L) 10 1 10.0 No 1 - - - - - -

aIf 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

bRejected data qualified with an R or Z were not included.

°If the number of detected samples is equal to two, 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.
From Operable Unit 5 Record of Decision, Table 9-4.

°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.

"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.

9FRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.
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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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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 *More than one purge of the well was completed during these
2008: 2875 n=4 719 months to help evaluate well yield.
2009: 2100 n=3 700
2010: 2650 n=4 663
Overall: 533
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Figure A.5.3—-3. OSDF Horizontal Till Well 12340 (Cell 3) Water Yield
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Figure A.5.3-4. Total Uranium Concentration and Groundwater
Elevation vs. Time Plot for Cell 3 Upgradient Monitoring Well 22203
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Figure A.5.3-6A. Cell 3 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW
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MNovember 232, 1998: HTW purging initiated

September 20, 2004: Cap completion
i October 26, 1998 Waste Placement initiated
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Figure A.5.3-7A. Cell 3 Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW
MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
i October 26, 1999: Waste Placement initiated i
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Figure A.5.3-7B. Cell 3 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
i October 26, 1998 Waste Placement initiated
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Figure A.5.3-8A. Cell 3 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW
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i October 26, 1898: Waste Placement initiated
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Figure A.5.3-8B. Cell 3 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion

i October 26, 1999 Waste Placement initiated i
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Figure A.5.3-9A. Cell 3 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW
MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
i October 26, 1999: Waste Placement initiated
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Figure A.5.3-9B. Cell 3 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion

i October 26, 1999 Waste Placement initiated i
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Figure A.5.3-10A. Cell 3 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW
MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
I Oclober 26, 1999: Waste Placement initiated i
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Figure A.5.3-10B. Cell 3 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 23, 1998: HTW pulging initiated
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Cap completion
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MNovember 232, 1998: HTW purging iniliated

Figure A.5.3-11A. Cell 3 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW

October 26, 1999 Waste Placement initiated

September 20, 2004: Cap completion
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Figure A.5.3-11B. Cell 3 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated

September 20, 2004: Cap completion

i October 26, 1999: Waste Placement initiated i
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Figure A.5.3-12A. Cell 3 Boron Concentration vs. Time Plot for LCS, LDS, and HTW
MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
i October 26, 1999: Waste Placement initiated i
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Figure A.5.3-12B. Cell 3 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
1 October 26, 1999. Waste Placement initiated
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Figure A.5.3-13A. Cell 3 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW

MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
i October 26, 1998: Waste Placement initiated
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Figure A.5.3-13B. Cell 3 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated

September 20, 2004: Cap completion

i Cctober 26, 1999: Waste Placement initiated !
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Figure A.5.3-14A. Cell 3 Iron Concentration vs. Time Plot for LCS, LDS, and HTW
MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
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Figure A.5.3-14B. Cell 3 Iron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
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Figure A.5.3-15A. Cell 3 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.3-15B. Cell 3 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well

U.S. Department of Energy Fernald Preserve 2010 Site Environmental Report
May 2011 Doc. No. S07409
Page A.5.3-21



MNovember 23, 1998: HTW pulging initiated

September 20, 2004

Cap completion
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MNovember 232, 1998: HTW purging initiated

Figure A.5.3-16A. Cell 3 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.3-16B. Cell 3 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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MNovember 232, 1998: HTW purging initiated

i October 26, 1899: Waste Placement initiated

September 20, 2004: Cap completion
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Figure A.5.3-17A. Cell 3 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW

MNovember 232, 1998: HTW purging initiated

October 26, 1999: Waste Placement initiated

September 20, 2004: Cap completion
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Figure A.5.3-17B. Cell 3 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well

U.S. Department of Energy

May 2011

Fernald Preserve 2010 Site Environmental Report

Doc. No. S07409
Page A.5.3-23



MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
i October 26, 1899: Waste Placement initiated
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Figure A.5.3-18A. Cell 3 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW

MNovember 232, 1998: HTW purging initiated September 20, 2004: Cap completion
October 26, 1999: Waste Placement initiated
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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.4—1)

e Annual LCS sample summary information for detected parameters (refer to Table A.5.4-2)
e LCS monthly accumulation volumes (refer to Figure A.5.4—1)

e LDS monthly accumulation volumes (refer to Figure A.5.4-2)

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

e GMA water levels and uranium concentration versus time (refer to Figures A.5.4—4
and A.5.4-5)

e Plots of concentration versus time (refer to Figures A.5.4—6A to A.5.4-20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.4-21)
e  Control charts (refer to Figures A.5.4-22 to A.5.4-27)

A.5.4.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.4—1, 5 of the 15 parameters sampled quarterly in the LCS, LDS, HTW,
and GMA wells (sulfate, TDS, arsenic, iron, and manganese) have upward trends in the HTW
and/or GMA wells based on the Mann-Kendall test for trend.

Horizontal Till Well

The HTW is located beneath the liner penetration box of each cell by design. The liner
penetration box is considered to be potentially the weakest point in the cell design. If a leak were
to develop, it should be detected beneath the liner penetration box first. Therefore, the water
quality in the HTW represents the first line of evidence that a potential leak from the cell might
be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, sulfate, iron,
and manganese are increasing in the HTW of Cell 4 (as indicated in the table below). The
bivariate plot for the Cell 4 LCS, LDS, and HTW (uranium-sodium) is provided in

Figure A.5.4-21. 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 the increasing concentrations measured in the HTW of Cell 4 are attributed
to fluctuating ambient concentrations beneath the cell, that are not related to cell performance.
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Parameter HTW GMA-U DMA-D
Sulfate Up
TDS Up
Arsenic Up
Iron Up
Manganese Up

Great Miami Aquifer Wells

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow
directions will be from west to east. However, water levels measured in 2010 indicate that
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
northeast to southwest in response to the active groundwater remediation taking place to the west
and southwest. Pumping for the groundwater remediation is scheduled to last until 2023.
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring
horizons are not mixing, the increasing concentrations seen in the GMA wells, for TDS and
arsenic, are attributed to fluctuating ambient conditions that are not related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.4-1)
measured in the LDS, and GMA wells for parameters with increasing concentrations in the
Cell 4 GMA wells.

Parameter LDS GMA-U GMA-D
TDS (mg/L) 5560 624 907
Arsenic (mg/L) 0.00765 0.0145 0.0025

Note: The highest averages are shown in bold.

As shown in the table above, the average concentration for arsenic in the GMA is higher than the
average concentration in the LDS of Cell 4.

A.5.4.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works as
follows. 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 “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the
Shewart 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.

A minimum of eight samples are recommended for use in ChemStat® to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
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Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.4—1 (gray shading), six parameters in the HTW and/or GMA wells of
Cell 4 (sulfate, TOX, arsenic, nickel, sodium, and zinc) meet the criteria for control charts
(i.e., eight samples, normal or lognormal distribution, no trend, and no serial correlation),
resulting in six control charts.

Parameter and Monitoring Point® Assessment
Sulfate in the GMA-D In Control
TOX in the HTW In Control
Arsenic in the HTW In Control
Nickel in the HTW In Control
Sodium in the HTW In Control
Zinc in the GMA-D Out of Control

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

These six control charts are presented in Figures A.5.4-22 to A.5.4-27. All of the control charts
for Cell 4 (with the exception of zinc) exhibit “in control” conditions. In 2010, the cumulative
sum for zinc was greater than (h) twice, and the standardized mean was greater than the (SCL)
once. As discussed above, separate and distinct signatures for uranium and sodium in the LCS,
LDS, and HTW of Cell 4 indicate that water is not mixing between the horizons, so the out of
control condition is attributed to fluctuating ambient conditions beneath the cell, and not to

cell performance.

A.5.4.3 Annual LCS Sample Results

Annual LCS sampling results for Cell 4 are provided in Table A.5.4-2 for those parameters that
have been detected at least once and are not being sampled quarterly. As shown in the table, lead
was detected for the first time in the LCS of Cell 4 in 2010. Detection of lead in the LCS of

Cell 4 in 2011 will trigger sampling for lead in the LDS of Cell 4 during the subsequent next
scheduled sampling event for the Cell 4 LDS.

A.5.4.4 Summary and Conclusions

e The concentrations of five parameters monitored quarterly are increasing in either the HTW
and/or GMA wells of Cell 4 (sulfate, TDS, arsenic, iron, and manganese).

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 4 indicate that water is not mixing between the horizons. Concentration
increases in the HTW and GMA wells of Cell 4 are attributed to fluctuating ambient
concentrations beneath the cell, and not to cell performance.

e  Six control charts were constructed for Cell 4 parameters. Five of the six control charts
exhibit “in control” conditions. The control chart for zinc in the GMA-D is not in control.

e Lead was detected for the first time in the LCS of Cell 4 in 2010. Detection of lead in the
LCS of Cell 4 in 2011 will trigger sampling for lead in the LDS of Cell 4 during the
subsequent next scheduled sampling event for the Cell 4 LDS.
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Table A.5.4-1. Summary Statistics for Cell 4

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

No. of Percent
Monitoring | Detected |Total No. of of Standard | Distribution Serial
Parameter Horizon?| Location | Samples | Samples | Detects |Minimum®|Maximum®| Average®® | Deviation® Type®® Trend®| Correlation®® Outliers™
LCS 12341C 30 30 100.0 4.41 171 94.9 375 Normal None Detected
LDS 12341D 31 31 100.0 5.74 21.3 14.0 2.9 Normal None Not Detected
Total Uranium (ug/L) HTW 12341 35 35 100.0 4.85 7.89 5.70 0.84 Undefined None Not Detected
GMA-U 22206 32 36 88.9 ND 4.67 0.826 1.07 Undefined None Not Detected
GMA-D 22205 37 37 100.0 0.525 121 1.55 2.93 Undefined None Not Detected
LCS 12341C 30 30 100.0 1560 2980 2360 370 Normal Up Detected 140 (Q3-03) 287 (Q4-03) 243 (Q1-04) 454 (Q2-04) 3940 (Q3-10)
LDS 12341D 31 31 100.0 1470 4490 2380 770 Lognormal Up Detected
Sulfate (mg/L) HTW 12341 31 31 100.0 153 313 220 41 Normal Up Detected
GMA-U 22206 31 31 100.0 122 559 266 109 Lognormal Down Detected
GMA-D 22205 31 31 100.0 199 535 323 90 Normal None Not Detected
LCS 12341C 18 18 100.0 351 5020 4240 1660 Undefined Up Detected
LDS 12341D 8 8 100.0 4810 7140 5560 740 Normal Up Detected
Total Dissolved Solids (mg/L) HTW 12341 7 7 100.0 929 1060 1010 50 Normal None Not Detected
GMA-U 22206 7 7 100.0 588 692 624 34 Normal None Not Detected
GMA-D 22205 7 7 100.0 753 1180 907 151 Normal Up Not Detected
LCS 12341C 23 30 76.7 ND 5.39 2.66 1.12 Normal None Not Detected
LDS 12341D 28 31 90.3 ND 8.00 4.60 1.55 Normal None Detected
Total Organic Carbon (mg/L) HTW 12341 28 34 82.4 ND 4.42 2.41 0.86 Normal None Detected
GMA-U 22206 25 36 69.4 ND 2.39 1.38 0.48 Normal None Detected 9.84 (Q2-03)
GMA-D 22205 25 36 69.4 ND 2.74 1.50 0.52 Normal None Detected
LCS 12341C 19 30 63.3 ND 0.06 0.0146 0.0120 Undefined None Not Detected
LDS 12341D 23 31 74.2 ND 0.07 0.0227 0.0143 Normal None Not Detected
Total Organic Halogens (mg/L) HTW 12341 22 35 62.9 ND 0.077 0 0 Lognormal None Not Detected
GMA-U 22206 13 36 36.1 ND 0.0136 0.00438 0.0111 Undefined Down Detected 0.027 (Q1-05) 0.064 (Q2-10)
GMA-D 22205 7 36 19.4 ND 0.01425 | 0.00410 0.00459 Undefined Down Detected
LCS 12341C 4 20 20.0 ND 0.126 0.00375 0.0322 Undefined Up Detected
LDS 12341D 5 17 29.4 ND 0.0274 0.00765 | 0.00813 Lognormal None Not Detected
Arsenic (mg/L) HTW 12341 7 16 43.8 ND 0.00873 0 0 Lognormal None Not Detected |0.0938 (Q3-09) 0.0307 (Q2-10)
GMA-U 22206 4 7 57.1 ND 0.0365 0.0145 0.0137 Lognormal None Not Detected
GMA-D 22205 4 20 20.0 ND 0.0344 0.00250 0.0111 Undefined Up Not Detected
LCS 12341C 30 30 100.0 0.685 1.27 0.942 0.138 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 31 31 100.0 0.415 0.807 0.570 0.107 Normal Up 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)
Boron (mg/L) HTW 12341 32 35 914 ND 0.205 0.120 0.045 Lognormal Down Detected 1.25 (Q1-02) 0.908 (Q2-02)
GMA-U 22206 31 36 86.1 ND 0.0617 0.0406 0.0095 Undefined None Not Detected
GMA-D 22205 29 36 80.6 ND 0.0526 0.0364 0.0098 Normal None Detected 0.0807 (Q3-02)
LCS 12341C 12 20 60.0 ND 0.0057 0.00196 | 0.00158 Lognormal None Not Detected
LDS 12341D 10 17 58.8 ND 0.0064 0.00227 0.00188 Normal Down Detected
Cobalt (mg/L) HTW 12341 14 16 87.5 ND 0.00634 0 0 Lognormal None | Not Detected
GMA-U 22206 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22205 1 7 14.3 ND 0.00174 Insuff Insuff Undefined None Detected
LCS 12341C 14 20 70.0 ND 4.18 0.314 1.43 Undefined Down Detected
LDS 12341D 13 17 76.5 ND 5.99 1.84 2.08 Normal None Detected 27.8 (Q4-06) 10.5 (Q1-07)
Iron (mg/L) HTW 12341 16 16 100.0 0.922 13.4 2.61 3.06 Lognormal Up Detected
GMA-U 22206 7 7 100.0 0.986 15.0 8.67 4.65 Normal None Not Detected
GMA-D 22205 7 7 100.0 4.57 7.46 5.91 1.08 Normal None Not Detected
LCS 12341C 16 16 100.0 0.0818 0.142 0.112 0.019 Normal Up Detected
LDS 12341D 16 16 100.0 0.0951 0.285 0.158 0.054 Normal Up Detected
Lithium (mg/L) HTW 12341 16 16 100.0 0.00812 0.0134 0.0108 0.0018 Normal Down Detected
GMA-U 22206 7 7 100.0 0.0133 0.0175 0.0151 0.0016 Normal None Not Detected
GMA-D 22205 7 7 100.0 0.00685 0.0093 0.00806 | 0.00079 Normal None Detected
U.S. Department of Energy Fernald Preserve 2010 Site Environmental Report
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Note: The data used in this table has been standardized to quarterly.

Table A.5.4-1 (continued). Summary Statistics for Cell 4

No. of Percent
Monitoring | Detected |Total No. of of Standard | Distribution Serial
Parameter Horizon?| Location | Samples | Samples | Detects |Minimum®|Maximum®| Average®® | Deviation® Type®® Trend®| Correlation®® Outliers™
LCS 12341C 14 20 70.0 ND 2.14 0.201 0.525 Lognormal None Detected
LDS 12341D 12 17 70.6 ND 1.85 1.72 0.52 Lognormal Down Detected
Manganese (mg/L) HTW 12341 16 16 100.0 0.182 0.564 0.365 0.136 Lognormal Up Detected
GMA-U 22206 9 9 100.0 0.341 0.708 0.451 0.122 Normal Down | Not Detected
GMA-D 22205 19 20 95.0 ND 1.10 0.655 0.219 Normal Down | Not Detected
LCS 12341C 16 20 80.0 ND 0.0474 0.0132 0.0135 Normal None Detected
LDS 12341D 15 17 88.2 ND 0.0413 0.0155 0.0101 Normal None Not Detected
Nickel (mg/L) HTW 12341 12 16 75.0 ND 0.0101 0 0 Normal None | Not Detected
GMA-U 22206 1 7 14.3 ND 0.00147 Insuff Insuff Undefined None Detected
GMA-D 22205 7 20 35.0 ND 0.0135 | 0.000750 | 0.00322 Undefined None Not Detected
LCS 12341C 4 20 20.0 ND 0.231 0.0152 0.0529 Lognormal None Not Detected
LDS 12341D 2 17 11.8 ND 0.0670 Insuff Insuff Undefined None Not Detected
Selenium (mg/L) HTW 12341 0 16 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-U 22206 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22205 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12341C 20 20 100.0 22.0 117 5.23 19.9 Normal Up Not Detected
LDS 12341D 17 17 100.0 307 552 43.4 78.0 Normal Up Detected
Sodium (mg/L) HTW 12341 16 16 100.0 14.1 18.1 15 1 Normal None | Not Detected
GMA-U 22206 7 7 100.0 12.3 14.3 13.4 0.8 Normal None Not Detected
GMA-D 22205 7 7 100.0 14.9 20.5 17.9 2.6 Normal None Not Detected
LCS 12341C 9 20 45.0 ND 0.0446 0.0146 0.0104 Lognormal Up Not Detected
LDS 12341D 14 17 82.4 ND 0.750 0.223 0.209 Lognormal None Not Detected
Zinc (mg/L) HTW 12341 10 16 62.5 ND 0.351 0.00834 0.124 Undefined None Detected
GMA-U 22206 3 7 42.9 ND 0.0112 0.00817 Insuff Normal None Not Detected
GMA-D 22205 9 20 45.0 ND 0.00859 0 0 Normal None | Not Detected

Note: 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.

#LCS = 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.

d"nsuff" = Insufficient and 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.5.4-2. Cell 4 Annual LCS Sample Summary Information for Detected Parameters

PARAMETER(UNIT)

NUMBER OF
SAMPLES*?

NUMBER OF SAMPLES
WITH DETECTIONS®®

PERCENT OF
DETECTIONS®®

DETECTED IN
2010

MIN DETECTED
CONCENTRATION?P®

MAX DETECTED
CONCENTRATION?P¢

AVG DETECTED
CONCENTRATION?P®

GW FRL® (#OF
SAMPLES>GWFRL)

GW BACKGROUND??®
(# OF SAMPLES>PW
BACKGROUND)

PW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED

CONCENTRATION b
(# OF SAMPLES>MAX PW)

General Chemistry

Anmeria (gL e s s ve | om | oms ooess | a2map 134 moL0) 220 mg1L0)

2 mg/L(0)

0.77 mg/L(0)

0.45 mg/L(0)

0.589 mg/L(0)

Copper (mg/L) n_m 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)

Radionuclides

Organics
1,1-Dichloroethane (ug/L) 9 1 11.1 No 0.332 - - 280 ug/L(0) - - -
Acetone (ug/L) 9 1 1.1 No 2.35 - - - - - -

aIf 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

°Rejected data qualified with an R or Z were not included.
°If the number of detected samples is equal to two, 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.
From Operable Unit 5 Record of Decision, Table 9-4.
°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.
"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.
9FRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.
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Figure A.5.4—1. Monthly Accumulation Volumes For Cell 4 LCS
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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 *More than one purge of the well was completed during these
2005: 2500 n=4 625 months to drain perched water and infiltrating surface water
2006: 2475 n=4 619 so the compacted clay liner could be constructed.
2007: 2425 n=4 606
2008: 2220 n=4 555
2009: 2150 n=3 77
2010: 2575 n=4 644
Overall: 985
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Figure A.5.4-3. OSDF Horizontal Till Well 12341 (Cell 4) Water Yield
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-6A. Cell 4 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion
Movember 8, 2002: Waste Placement initiated
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Figure A.5.4-6B. Cell 4 Total Uranium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Novemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion
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I Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-TA. Cell 4 Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW
November 23, 1998: HTW purging initiated April 29, 2005: Cap completion
i Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-7B. Cell 4 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-8A. Cell 4 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW
Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion
i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-8B. Cell 4 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-9A. Cell 4 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW
Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion
Movember 8, 2002: Waste Placement initiated
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Figure A.5.4-9B. Cell 4 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-10A. Cell 4 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW
Movemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion
i Movember 8, 2002: Waste Placement initiated ;
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Figure A.5.4-10B. Cell 4 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-11A. Cell 4 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-11B. Cell 4 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1996

. HTW purging initiated April 29, 2005: Cap completion
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Figure A.5.4-12A. Cell 4 Boron Concentration vs. Time Plot for LCS, LDS, and HTW
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i Movember 8, 2002: Waste Placement initiated i
s : L
L] L L]
0 I 1 1
I : I * The groundwater FRL for
H I: . | . [ : B boron is 0.33 mafl. _9_ 12341 - HTW
| : l: 1 : : i —A— 22206-GMA-U
I : I I g 22205-GMAD
1 : : : 3 : : : : 2 : :
: l: : : : I: : | . . ;
: I: : : 1 i : :
2 l: : 4 | il |
: I: : : | |
. I: . ;
: I: : :
i : T: : :
: I: : :
—_— . Iv . .
5 : : :
'gﬂ : I: : : : !
£ : I: : : : 1 R ;
5 : I: C : : | R :
§ 001 R : : " — ;
: l: : : : l: : o : : : :
: I: : : : l: : A | : g :
; I: : : | | :
: I: : | o :
: I: : l: | :
0.001 . | : : . } : | : : : :
: I: ; 1 : o :
S : I : o NOTE
: l: : : : l: : o : | Unfilled symbols represent not detected
|f ' l: i | : concentrations (MD)
. B | = MNA = not applicable
0.0001 I ! i . =
1997 1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure A.5.4-12B. Cell 4 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-13A. Cell 4 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-13B. Cell 4 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well

U.S. Department of Energy Fernald Preserve 2010 Site Environmental Report
May 2011 Doc. No. S07409
Page A.5.4-19



Movemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated I
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Figure A.5.4-14A. Cell 4 Iron Concentration vs. Time Plot for LCS, LDS, and HTW
Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion
i Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-14B. Cell 4 Iron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

Movember 8, 2002: Waste Placement initiated
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Figure A.5.4-15A. Cell 4 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

Movember 8, 2002: Waste Placement initiated
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Figure A.5.4-15B. Cell 4 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movemnber 23, 1998: HTW purging initiated

April 29, 2005: Cap completion
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i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-16A. Cell 4 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1988: HTW purging initiated

April 29, 2005: Cap completion
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Figure A.5.4-16B. Cell 4 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated

April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-17A. Cell 4 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW

Movemnber 23, 1998: HTW purging initiated
Movember 8, 2002: Waste Placement initiated

April 29, 2005: Cap completion
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Figure A.5.4-17B. Cell 4 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated i
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Figure A.5.4-18A. Cell 4 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW

Movemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion
Movember 8, 2002: Waste Placement initiated
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Figure A.5.4-18B. Cell 4 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

Movember 8, 2002: Waste Placement initiated

10000

1000

100

Sodium (mgi/L)

1 1

| 1

1 L 1

I | I
T = ; : | 1 : :
: l: : : l: o ! :
: l: : : l: | : : :
: l: : S ) : | : : : : :
: l: : : I : | : : : : :
2 l: £ l: | : : : :
: l: : : l: ' : : : -
> l: ; l: o
: L : I 1
: l: : : l:
: l: : : : : o :
: l: : : : i | :
: l: : l: : o i
: l: : ;b ; 1 ; : ; : :
* = : = : o | :
: l: : R B : | : : : :
: l: : . : 1
: Iis : l: : 4 |
: l: : l: ; |
S
$ l: : | I ! i | :
: l: : l: : 'I i :
% I . | . T ; : :
. |: : | : 1 : ! : !
S N A
: l: ¢ l: : 1 E NOTE: —T %
i l: ; l: : 1 | Unfiled symbols represent :
3 I . : I: : | : | not detected concentrations :
: l: : : : l: : o . : : = &
- 1 : 1. : 1

1997

1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

* 12341C - LCS
_._ 12341D - LDS
e 12341 - HTW

Figure A.5.4-19A. Cell 4 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

10000

1000

100

Sodium (mg/L)

i Movember 8, 2002: Waste Pla::ernenl initiated :
t t }
1 1 1
: I: : : l: : b | : :
: I : : l: : ol : :
: l: ; . l: ; | : : : : .
: I: : : : l: : B | ¢ : : : :
; I : : l: : o : :
. l: : : : l: : | : ! : : s
S S :
¥ |- d ; ! }- : —} . z . 2 :
: I: ! l: - | ;
: l: : l: : | :
N :
: l: : l: 2 | : : : :
: l: : l: : e | : : : :
S ¢ S ;
: I: : : l: : | : : : :
: LF : T E ot : : : :
SN S
; I: : l: : ol | ’
: l: : l: : | :
: l: : : l: : o : : : : :
: I: : : l: : |
: I: . l: : :
: I: . l: 5 ¥
: I: : I: : L 3 .
P S T A ’
!:. I l: : il
“NoTE T il
Unfilled symbols represent not detected | : l: : N : i :
concentrations (ND) l: | : :
MNA = not applicable 2 l: . |
i ; 1: i

1997

1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

_9_ 12341 - HTW

_‘_ 22206 - GMA-U

~l- 22205 - GMA-D

Figure A.5.4-19B. Cell 4 Sodium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well

U.S. Department of Energy

May 2011

Fernald Preserve 2010 Site Environmental Report

Doc. No. S07409
Page A.5.4-25



Movember 23, 1988: HTW purging initiated April 29, 2005: Cap completion

i Movember 8, 2002: Waste Placement initiated :
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Figure A.5.4-20A. Cell 4 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW

Movemnber 23, 1998: HTW purging initiated April 29, 2005: Cap completion
Movember 8, 2002: Waste Placement initiated
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Figure A.5.4-20B. Cell 4 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.4-21. Cell 4 Bivariate Plot for Uranium and Sodium
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f

S

OLOZISLILL

T 0LOZISLIg

T OLOZIGLIG

T 0LOZISLIZ

TE00ZIGLILL

T B00ZIGLIS

T G00ZISLIS

TE00ZISLILL

T 800ZI5Li8

T BOOZISHIS

T 800ZIGLIZ

TL00ZIGLILL

T 4002ZigLig

T L00ZISLig

T L00ZISLiT

T900ZIGLILL

T 900ZIGLi8

T 900ZISLIS

T 900ZIGLIZ

TS00ZISLILL

T S00ZISLig

T S00ZIGLIG

T S00ZISLIZ

TR00ZIGLILL

(s}un pezipepueis) aue)

w Fo0ZicLie

CUsUM

o

Standardized mean

-

Sample Date

Figure A.5.4-22. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22205)
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SCL

TOX
Intra-Well Shewhart-CUSUM Control Chart of 12341
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Figure A.5.4-23. Intra-Well Shewhart-CUSUM Control Chart (TOX 12341)
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Figure A.5.4-25. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12341)
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Intra-Well Shewhart-CUSUM Control Chart of 12341
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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.5—1)

e Annual LCS sample summary information for detected parameters (refer to Table A.5.5-2)
e LCS monthly accumulation volumes (refer to Figure A.5.5—1)

e LDS monthly accumulation volumes (refer to Figure A.5.5-2)

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

e GMA water levels and uranium concentration versus time (refer to Figures A.5.5—4
and A.5.5-5)

e Plots of concentration versus time (refer to Figures A.5.5—6A to A.5.5-20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.5-21)
e  Control charts (refer to Figures A.5.5-22 to A.5.5-32)

A.5.5.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.5—1, 4 of the 15 parameters sampled quarterly in the LCS, LDS, HTW,
and GMA wells (sulfate, arsenic, lithium, and sodium) have upward trends in the HTW and/or
the GMA wells based on the Mann-Kendall test for trend.

Horizontal Till Well

The HTW is located beneath the liner penetration box of each cell by design. The liner
penetration box is considered to be potentially the weakest point in the cell design. If a leak were
to develop, it should be detected beneath the liner penetration box first. Therefore, the water
quality in the HTW represents the first line of evidence that a potential leak from the cell might
be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, sulfate and
sodium are increasing in the HTW of Cell 5 (as indicated in the table below). The bivariate plot
for the Cell 5 LCS, LDS, and HTW (uranium-sodium) is provided in Figure A.5.5—21. 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, the
increasing concentrations measured in the HTW of Cell 5 are attributed to fluctuating ambient
concentrations beneath the cell that are not related to cell performance.

Parameter HTW GMA-U DMA-D
Sulfate Up Up
Arsenic Up
Lithium Up
Sodium Up
U.S. Department of Energy Fernald Preserve 2010 Site Environmental Report
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Great Miami Aquifer Wells

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow
directions will be from west to east. However, water levels measured in 2010 indicate that
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
northeast to southwest in response to the active groundwater remediation taking place to the west
and southwest. Pumping for the groundwater remediation is scheduled to last until 2023.
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring
horizons are not mixing, the increasing concentrations seen in the GMA wells are attributed to
fluctuating ambient conditions that are not related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.5-1)
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 5
GMA wells.

Parameter LDS GMA-U GMA-D
Sulfate (mg/L) 1740 271 375
Arsenic (mg/L) 0.01872 0.134 0.008
Lithium (mg/L) 0.087 0.0078 0.0077

Note: The highest averages are shown in bold.
Arsenic has only had one detect in the LDS

As shown in the table above, arsenic has a higher concentration in the GMA than it does in the
LDS of Cell 5.

A.5.5.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works as
follows. 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 “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the
Shewart 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.

A minimum of eight samples are recommended for use in ChemStat® to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.5—1 (gray shading), nine parameters in the HTW and/or GMA wells of
Cell 5 (uranium, sulfate, TOC, TOX, arsenic, cobalt, manganese, nickel, and zinc) meet the
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criteria for control charts (i.e., eight samples, normal or lognormal distribution, no trend, and no
serial correlation), resulting in 11 control charts.

Parameter and Monitoring Point® Assessment
Uranium in the GMA-D In Control
Sulfate in the GMA-U In Control
Sulfate in the GMA-D In Control

TOC in the GMA-U In Control
TOX in the HTW In Control
Arsenic in the HTW Out of Control
Cobalt in the HTW Out of Control
Manganese in the HTW Out of Control
Manganese in the GMA-D In Control
Nickel in the HTW In Control
Zinc in the GMA-D In Control

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

These 11 control charts are presented in Figures A.5.5-22 to A.5.5—32. All of the control charts,
with the exception of three, exhibit “in control” conditions. The three exceptions are arsenic,
cobalt, and manganese in the HTW. As discussed above, separate and distinct signatures for
uranium and sodium in the LCS, LDS, and HTW of Cell 5 indicate that water is not mixing
between the horizons, so the out of control conditions are attributed to fluctuating ambient
conditions beneath the cell, and not to cell performance.

A.5.5.3 Annual LCS Sample Results

Annual LCS sampling results for Cell 5 are provided in Table A.5.5-2 for those parameters that
have been detected at least once and are not being sampled quarterly. No new Appendix I of
PCB parameters were detected in the LCS of Cell 5 in 2010.

A.5.5.4 Summary and Conclusions

e  The concentrations of four parameters monitored quarterly are increasing in either the HTW
and/or GMA wells of Cell 5 (sulfate, arsenic, lithium and sodium).

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 5 indicate that water is not mixing between the horizons. Concentration
increases in the HTW and GMA wells of Cell 5 are attributed to fluctuating ambient
concentrations beneath the cell and not to cell performance.

o Eleven control charts were constructed for Cell 5 parameters. Eight of the eleven control
charts exhibit “in control” conditions. Control charts for arsenic, cobalt, and manganese in
the HTW are not in control.

e No new Appendix I or PCB parameters were detected in the LCS of Cell 5 in 2010.
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Note: The data used in this table has been standardized to quarterly.

Table A.5.5-1. Summary Statistics for Cell 5

No. of
Monitoring | Detected |Total No. of|Percent of Standard | Distribution Serial
Parameter Horizon?| Location | Samples | Samples | Detects | Minimum® | Maximum® | Average®® | Deviation® Type®® Trend®’| Correlation®® Outliers™
LCS 12342C 32 32 100.0 3.39 285 130 55 Normal Up Detected
LDS 12342D 30 30 100.0 2.93 271 17.0 5.3 Normal None Detected
Total Uranium (ug/L) HTW 12342 35 35 100.0 7.45 19.2 9.2 27 Undefined Down Detected
GMA-U 22207 29 36 80.6 ND 2.39 0.32 0.37 Undefined Down Detected
GMA-D 22208 30 37 81.1 ND 0.780 0.350 0.152 Normal None Not Detected |2.10 (Q2-04)
LCS 12342C 32 32 100.0 218 5910 2470 1280 Undefined Up Detected
LDS 12342D 30 30 100.0 1130 2800 1740 490 Lognormal Up Detected
Sulfate (mg/L) HTW 12342 31 31 100.0 101 399 223 110 Undefined Up Detected
GMA-U 22207 31 31 100.0 154 416 271 79 Lognormal None Not Detected ]552 (Q3-04)
GMA-D 22208 31 31 100.0 221 582 375 90 Normal None Not Detected
LCS 12342C 20 20 100.0 436 5970 3970 2060 Undefined Up Detected
LDS 12342D 8 8 100.0 2080 4390 4000 760 Undefined Up Not Detected
Total Dissolved Solids (mg/L) HTW 12342 7 7 100.0 1120 1190 1150 20 Normal Insuff Insuff
GMA-U 22207 7 7 100.0 638 987 737 120 Lognormal None Not Detected
GMA-D 22208 7 7 100.0 896 1060 969 72 Normal None Not Detected
LCS 12342C 23 31 74.2 ND 4.21 2.01 0.93 Normal None Not Detected
LDS 12342D 27 30 90.0 ND 10.7 6.16 2.44 Normal None Detected
Total Organic Carbon (mg/L) HTW 12342 29 34 85.3 ND 5.27 2.88 0.93 Normal None Detected
GMA-U 22207 25 36 69.4 ND 415 1.4468125(0.6917102| Lognormal None Not Detected
GMA-D 22208 26 36 72.2 ND 2.45 1.41 0.49 Normal None Detected 8.93 (Q4-01)
LCS 12342C 16 32 50.0 ND 0.0604 0.0117 0.0123 Undefined None Not Detected
LDS 12342D 20 30 66.7 ND 0.0717 0.0314 0.0205 Normal None Not Detected
Total Organic Halogens (mg/L) HTW 12342 22 & 62.9 ND 0.032 0.0095 |0.0070366| Lognormal None | Not Detected
GMA-U 22207 10 36 27.8 ND 0.0150 0.00441 0.00841 Undefined Down Detected 0.047 (Q2-10)
GMA-D 22208 8 36 22.2 ND 0.0132 0.00431 0.00447 Undefined Down Detected
LCS 12342C 4 20 20.0 ND 0.14 0.00375 0.0404 Undefined Up Detected
LDS 12342D 1 17 59 ND 0.0187 Insuff Insuff Undefined None Not Detected
Arsenic (mg/L) HTW 12342 8 16 50.0 ND 0.00723 0.00375 | 0.00192 Normal None Not Detected ]0.0528 (Q3-09) 0.0219 (Q2-10)
GMA-U 22207 4 7 571 ND 0.0363 0.0134 0.0135 Lognormal None Not Detected
GMA-D 22208 5 20 25.0 ND 0.039 0.00803 0.0119 Lognormal Up Detected
LCS 12342C 30 32 93.8 ND 1.59 0.764 0.355 Undefined None Detected
LDS 12342D 30 30 100.0 0.202 1.20 0.317 0.314 Undefined Down Detected
Boron (mg/L) HTW 12342 33 35 94.3 ND 0.221 0.110 0.048 Lognormal None Detected
GMA-U 22207 31 36 86.1 ND 0.048 0.0362 0.0087 Undefined None Not Detected
GMA-D 22208 30 36 83.3 ND 0.0464 0.0293 0.0090 Normal None Detected
LCS 12342C 12 20 60.0 ND 0.0116 0.00295 | 0.00335 Lognormal None Detected
LDS 12342D 9 17 52.9 ND 0.0034 0.00091 0.00095 Undefined Down | Not Detected
Cobalt (mg/L) HTW 12342 14 16 87.5 ND 0.0106 0.0034 | 0.002321 Lognormal None Not Detected
GMA-U 22207 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22208 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12342C 16 20 80.0 ND 4.61 0.762 1.60 Undefined Down Detected
LDS 12342D 16 17 941 ND 3.67 1.44 1.08 Normal None Not Detected
Iron (mg/L) HTW 12342 16 16 100.0 1.74 18.9 3.16 5.36 Undefined None Not Detected
GMA-U 22207 7 7 100.0 5.74 18.2 10.8 5.3 Normal None Not Detected
GMA-D 22208 7 7 100.0 4.92 7.87 6.44 0.96 Normal None Not Detected
LCS 12342C 16 16 100.0 0.107 0.211 0.167 0.039 Undefined None Detected
LDS 12342D 16 16 100.0 0.0484 0.164 0.0867 0.0441 Undefined Up Detected
Lithium (mg/L) HTW 12342 12 16 75.0 0.0026 0.005 0.00382 | 0.00080 Normal None Detected
GMA-U 22207 7 7 100.0 0.00642 0.0102 0.00784 | 0.00146 Normal Up Detected
GMA-D 22208 7 7 100.0 0.00659 | 0.00901 0.00767 | 0.00080 Normal None Not Detected
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Note: The data used in this table has been standardized to quarterly.

Table A.5.5-1 (continued). Summary Statistics for Cell 5

No. of
Monitoring | Detected |Total No. of|Percent of Standard | Distribution Serial
Parameter Horizon®| Location | Samples | Samples | Detects | Minimum® | Maximum® | Average®® | Deviation® Type®® Trend®'| Correlation®® Outliers™
LCS 12342C 12 20 60.0 ND 2.96 0.0102 1.06 Undefined None Detected
LDS 12342D 15 17 88.2 ND 0.783 0.224 0.189 Lognormal Down Not Detected
Manganese (mg/L) HTW 12342 16 16 100.0 0.687 1.3 0.9256875( 0.1556696 Normal None | Not Detected
GMA-U 22207 7 7 100.0 0.304 0.650 0.336 0.121 Undefined None Not Detected
GMA-D 22208 19 20 95.0 0.306 0.441 0.378 0.039 Normal None | Not Detected ]0.230 (Q3-03) 0.425 (Q1-04)
LCS 12342C 16 20 80.0 ND 0.0452 0.0222 0.0169 Lognormal None Detected
LDS 12342D 15 17 88.2 0.00163 0.0230 0.00897 | 0.00636 Normal Down | Not Detected
Nickel (mg/L) HTW 12342 14 16 87.5 0.00322 0.0172 0.00824 | 0.00348 Normal None | Not Detected
GMA-U 22207 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22208 8 20 40.0 ND 0.0069 0.00075 | 0.00191 Undefined None Not Detected
LCS 12342C 4 20 20.0 ND 0.212 0.00625 0.0489 Undefined None Not Detected
LDS 12342D 2 17 11.8 0.00086 0.0525 Insuff Insuff Lognormal None Not Detected
Selenium (mg/L) HTW 12342 0 16 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-U 22207 1 7 14.3 ND 0.00509 Insuff Insuff Undefined None Detected
GMA-D 22208 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12342C 19 20 95.0 16.4 108 70.4 21.7 Undefined Up Not Detected
LDS 12342D 17 17 100.0 323 452 371 40 Normal Up Detected 84.6 (Q4-02)
Sodium (mg/L) HTW 12342 16 16 100.0 17.0 33.6 255 5.7 Normal Up Detected
GMA-U 22207 7 7 100.0 14.2 17.1 15.5 1.1 Normal None Not Detected
GMA-D 22208 7 7 100.0 14.3 17.7 15.9 1.3 Normal None Not Detected
LCS 12342C 7 20 35.0 ND 0.0400 0.0148 0.0093 Lognormal Up Not Detected
LDS 12342D 11 17 64.7 ND 0.131 0.0272 0.0314 Lognormal None Not Detected
Zinc (mg/L) HTW 12342 10 16 62.5 ND 0.0869 0.0188 0.0236 Lognormal None Detected
GMA-U 22207 1 7 14.3 ND 0.0122 Insuff Insuff Normal None Not Detected
GMA-D 22208 11 20 55.0 ND 0.01245 0.00479 | 0.00278 Lognormal None Not Detected

Note: 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.

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 and 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.

Mnsuff' =

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.
MTrend 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.5.5-2. Cell 5 Annual LCS Sample Summary Information for Detected Parameters

PARAMETER(UNIT)

NUMBER OF
SAMPLES?®

NUMBER OF SAMPLES
WITH DETECTIONS?®

PERCENT OF
DETECTIONS®®

DETECTED IN
2010

MIN DETECTED
CONCENTRATION??¢

MAX DETECTED
CONCENTRATION?P®

AVG DETECTED
CONCENTRATION®P¢

GW FRL® (#OF
SAMPLES>GWFRL)

GW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

PW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED

CONCENTRATION 2°f
(# OF SAMPLES>MAX PW)

General Chemistry

Anmoria (g1 R S S O T Y S S S B YY) 134 L0 220 mg1L0)

Inorganics
Barium (mg/L) 9 9 100.0 Yes 0.0207 0.0707 0.0396 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)
Beryllium (mg/L) 9 1 111 No 0.000038 - - 0.004 mg/L(0) - - 0.0343 mg/L(0)

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 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.
From Operable Unit 5 Record of Decision, Table 9-4.
°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.
"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.
9FRL based on hexavalent chromium and nitrate, from Operable Unit 5 Record of Decision, Table 9-4.

Vanadium (mg/L) 9 2 22.2 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)
Radionuclides

Technetium-99 (pCi/L) 17 8 471 No 2.04 19 10.3 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6,130 pCi/L(0)
Organics

1,1-Dichloroethane (ug/L) 9 1 11.1 No 0.498 - - 280 ug/L(0) - - -
1,1-Dichloroethene (ug/L) 17 1 5.9 No 0.744 - - 7 ug/L(0) - - -
4-Methyl-2-Pentanone (ug/L) 9 1 11.1 No 0.46 - - - - - -
Acetone (ug/L) 9 1 111 No 2.7 - - - - - -
Carbon Disulfide (ug/L) 9 1 111 No 0.33 - - 5.5 ug/L(0) - - -
Toluene (ug/L) 9 1 111 No 0.416 - - - - - -
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Figure A.5.5—1. Monthly Accumulation Volumes For Cell 5 LCS
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Figure A.5.5-2. Monthly Accumulation Volumes For Cell 5 LDS

Fernald Preserve 2010 Site Environmental Report

U.S. Department of Energy

May 2011

Doc. No. S07409

Page A.5.5-9



01-$'S'V 23ed

60%L0S 'ON "d0Q

110day [BIUSWIUOIIAUL SIS ()] (T SAIISAIJ PIBUID,]

Gallons Pumped

100,000
E3
Te]
,\-X
~N o
A
% \—|\"‘O-k
) N o
10,000 + WD
5 M
0w oo ~ o OO WoOoOO0O9Looo9o oo OO0 0099 o0owoo Lo o wWoo
N NGO DO ~. rg) OCONDLOOLOLVLWH KD O © O DOOLOLOLNILDLW NOLUOUNDODWM
T e e o < T Lo Qo .00 o .9 S 0O o .. ooQ oo e 9o T.e oo
5]
1,000 +&-9--B-1— - = b= - - - STTTTT R TR v -5
100 +-4--8- e B BN B Ee e B B G B B N B B s b b Bt b E
10 +&-4--F- e B B BN G B R G B B N e B S -8
1,

32 v 3Z 32 v 0 O
"I>Q &Q (0\0 Q)\Q ,\Q\Q '\\Q QD\Q

U > > © ©
\\Q (O\Q \\\Q 63\0 \\\Q

)
)

12342 Purge Information

Year Total Volumes (gal.)

Months Purged

Month/Year

Avg. Monthly Purge (gal.)

2002 35815 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
2010: 4325 n=4 1081

Overall: 1624
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*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.

**Excess water was pumped from this well in February 2002 for
well development.

A310ug jo judwaeda 'S’ N

110T KeN

Figure A.5.5-3. OSDF Horizontal Till Well 12342 (Cell 5) Water Yield
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Figure A.5.5-4. Total Uranium Concentration and Groundwater
Elevation vs. Time Plot for Cell 5 Upgradient Monitoring Well 22207
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Figure A.5.5-5. Total Uranium Concentration and Groundwater
Elevation vs. Time Plot for Cell 5 Downgradient Monitoring VWell 22208
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion

i November 19, 2002: Waste Placement intiated :
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Figure A.5.5-6A. Cell 5 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW
Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
i November 19, 2002: Waste Placement intiated :
L ; L
L] Ll L]
1000 l L L
. : : . : i P i e grounowster FRLter
: E: : : : I . : : : total uranium is 30 pg/L. —©- 12342-HTW
A A U R T [
100 { 3 I : ; : ; g 22208-GMA-D
S | : : S : Pl P Do
. E . . . ! . ! . .
T ‘ ¥
o — & 1| e
: I: -
3 S § :
2 N
S 3 . E: : :
£ : : : :
: o
3 : b 5 Mk -
o : I: . . i
F o1 Rk : P t =
I o R T
: 5L I: e . :
: l: l: : | : :
R B ’
0.01 : | I : 1 2
S ¥ ¥ : ol ! NOTE
: l: : : l: : I i | Unfilled symbols represent not detected
: I: l: : 1 concentrations (NO)
: l: : : : l: | NA = not applicable
: i ! ! ; 1: 1 - ;
0.001
1997 1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Figure A.5.5-6B. Cell 5 Total Uranium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
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Figure A.5.5-TA. Cell 5 Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion

- November 18, 2002: Waste Placement initiated
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Figure A.5.5-7B. Cell 5 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated

August 29, 2005 Cap completion
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i November 19, 2002: Waste Placement intiated :
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Figure A.5.5-8A. Cell 5 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1998: HTW purging initiated

August 29, 2005 Cap completion

100

_9_ 12342 - HTW

_‘_ 22207 - GMA-U

~l- 22208 - GMA-D

i Novermnber 19, 2002: W.asle Placement initiated :
L i L
L L] L]
10000 l 1 1
: I : : : I : : : : ; : : :
: I: : : : l: : A : : :
: I: y : : l: : = L : : :
: I : : I : I I : : :
. l: : : : l: : G ! : :
: l: : : l: : I : :
) I : : I : o :
: k& : . 5 : . 9 5
3 S ‘ 5 S : i 1 i 0
E : l: : : l: 2 A : :
4 : I: : : l: : O : :
3 : : : : : : : : : : : :
0 : - : : : : : : : ;
§ 1000 : i ; : L : T T : ;
] : I : : l: : A B : : ]
& ; l: y : l: : G K : ’
o : I: : : l: : I : :
8 : l: : : l: : I : : :
= S : : b : e 1 : :
: I : : I : o :
: l: : : l: : O | :
: l: : : l: : I : '
: I ! I I : o 1
S ¥ : S & po NOTE:
: I: . : l: : s 1 Unfilled symbols represent not detected
: I: : : l: : N B concentrations (ND)
: l: : l: : | NA = not applicable
1: 1 1 0 T

1997 1998 1989 2000 2001

2002 2003 2004

2005 2006 2007 2008

2009 2010

Figure A.5.5-8B. Cell 5 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion

i November 19, 2002: Waste Placement intiated :
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Figure A.5.5-9A. Cell 5 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW
Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
November 19, 2002: Waste Placement intiated
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Figure A.5.5-9B. Cell 5 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion

i November 19, 2002: Waste Placement intiated :
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Figure A.5.5-10A. Cell 5 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW
Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
i November 19, 2002: Waste Placement intiated i
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Figure A.5.5-10B. Cell 5 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated

November 18, 2002: Waste Placement initiated

August 29, 2005 Cap completion
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Figure A.5.5-11A. Cell 5 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1598: HTW purging initiated

August 29, 2005 Cap completion

November 18, 2002: Waste Placement initiated
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Figure A.5.5-11B. Cell 5 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated

August 29, 2005 Cap completion
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Movember 23, 1998: HTW purging initiated

Figure A.5.5-12A. Cell 5 Boron Concentration vs. Time Plot for LCS, LDS, and HTW

August 29, 2005 Cap completion
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Figure A.5.5-12B. Cell 5 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion

i Novemnber 19, 2002: Waste Placement initiated i
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Figure A.5.5-13A. Cell 5 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1598: HTW purging initiated August 29, 2005 Cap completion

i November 19, 2002: Waste Placement intiated i
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Figure A.5.5-13B. Cell 5 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
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Figure A.5.5-14A. Cell 5 Iron Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
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Figure A.5.5-15A. Cell 5 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
November 18, 2002: Waste Placement initiated
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Figure A.5.5-15B. Cell 5 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.5-16A. Cell 5 Manganese Concentration vs

Movember 23, 1598: HTW purging initiated

August 29,

2005 Cap completion

. Time Plot for LCS, LDS, and HTW

100

0.1

_9_ 12342 - HTW

_‘_ 22207 - GMA-U

~l- 22208 - GMA-D

Manganese (mg/L)

0.001

0.0001

0.00001

i Novemnber 19, 2002: Wa.sle Placement initiated i
} } }
| 1 1

: I : : | : : : ! : : ! The groundwater FRL for

x I'_ I I B B = l s . 1 manganese is 0.9 mg/L.

: l: : : l: : S : c .

: l: : : l: : i : : :

S L S S S O S S S O

: l: : : : l: : o0 : : : :

oo b EE Lo

S L EEE P

: }i ; I

: l: : l:

: I: : ; : I: . . : ’

: l: : : l: : E : : :

g l: : i : l: : i B : ; : :

S o oo
l: : : I: : | : : :
. R A S
I ; : I : 2o : : :
|- : : |- : +—t . : :

l: : : l: : o : : :

l: : : : l: : | : : : :

l: : : l: : H | : : :

l: : ! l: : | : : :

I: : I : P : : :

l: : l: : A : ; :

N EEE R A A

l: ; l: : to ] ;

1 I 1 - o
o : L 3 TR NOTE:

l: . : : l: : o Unfilled symbols represent not detected
I: : l: o concentrations (NO)

l: l: 1 NA = not applicable

1 1 1 : :

1997

1998 1989 2000 2001 2002

2003

2004

2005

2006

2007 2008

2009 2010

Figure A.5.5-16B. Cell 5 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated

Figure A.5.5-17A. Cell 5 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.5-17B. Cell 5 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1998: HTW purging initiated
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August 29, 2005 Cap completion
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Figure A.5.5-18A. Cell 5 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.5-18B. Cell 5 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Movember 23, 1598: HTW purging initiated August 29, 2005 Cap completion

November 18, 2002: Waste Placement initiated
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Figure A.5.5-19A. Cell 5 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
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Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion
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Figure A.5.5-20A. Cell 5 Zinc Concentration vs. Time Plot for LCS, LDS, and HTW

Movember 23, 1998: HTW purging initiated August 29, 2005 Cap completion

November 18, 2002: Waste Placement initiated
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Figure A.5.5-20B. Cell 5 Zinc Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.5-22. Intra-Well Shewhart-CUSUM Control Chart (Uranium 22208)

Fernald Preserve 2010 Site Environmental Report
Doc. No. S07409
Page A.5.5-28

U.S. Department of Energy
May 2011



SCL

Sulfate
Intra-Well Shewhart-CUSUM Control Chart of 22207

Baseline Mean = 12.4499; Baseline Std Dev =0.219239; k=1, h=5; SCL=4.5

[

0LOZIGLILL
T oL0zISHS
e T 0LOZIGHIS
L T 0L0ZISHZ
TB00ZISHILL
J T 600ZISHS

\ T 600ZISLIS

T800ZIGLILL

T 200Zigli8

e T BOOZISHIS

T 800ZIGLIZ
TL002IGLILL

T Z002/5Li8

// T L00ZIGLIS

V T 200Z1GLIT
T900ZISLILL
T 900ZIGLI8
T 900ZISLIS
T 9002ZI5LiZ
TS00ZISLILL

T S00ZIGLIS

T S00ZISLIZ

(s}un pezipepueis) aue)

PO0ZiSLILL

A
2

7

+ Standardized mean o CUSUM

Sample Date

Figure A.5.5-23. Intra-Well Shewhart-CUSUM Control Chart (Sulfate 22207)

U.S. Department of Energy
May 2011

Fernald Preserve 2010 Site Environmental Report

Doc. No. S07409
Page A.5.5-29



SCL

Sulfate
Intra-Well Shewhart-CUSUM Control Chart of 22208

Baseline Mean = 367533; Baseline Std Dev = 111253, k=1; h=5; SCL=4.5

f—

OLOZISLILL

T 0LOZISLIg

T OLOZIGLIG

T 0LOZISLIZ

TE00ZIGLILL

T B00ZIGLIS

T G00ZISLIS

TE00ZISLILL

T 800ZI5Li8

T BOOZISHIS

T 800ZIGLIZ

TL00ZIGLILL

T 4002ZigLig

T L00ZISLig

T L00ZISLiT

T900ZIGLILL

T 900ZIGLi8

T 900ZISLIS

T 900ZIGLIZ

TS00ZISLILL

T S00ZISLig

T S00ZIGLIG

T S00ZISLIZ

TR00ZIGLILL

(s}un pezipepueis) aue)

w Fo0ZicLie

CUsUM

o

Standardized mean

-

Sample Date
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Figure A.5.5-25. Intra-Well Shewhart-CUSUM Control Chart (TOC 22207)
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Sub-attachment A.5.6

Cell 6
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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.6—1)

e Annual LCS sample summary information for detected parameters (refer to Table A.5.6—2)
e  Site-specific parameter selection results (refer to Table A.5.6-3)

e LCS monthly accumulation volumes (refer to Figure A.5.6—1)

e  LDS monthly accumulation volumes (refer to Figure A.5.6—2)

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

e GMA water levels and uranium concentration versus time (refer to Figures A.5.6—4
and A.5.6-5)

e Plots of concentration versus time (refer to Figures A.5.6—6A to A.5.6—20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.6—21)
e  Control charts (refer to Figures A.5.6—22 to A.5.6-31)

A.5.6.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.6—1, 6 of the 15 parameters sampled quarterly in the LCS, LDS, HTW,
and GMA wells, (uranium, sulfate, TOC, arsenic, cobalt, and iron) have upward trends in the
HTW and/or the GMA wells based on the Mann-Kendall test for trend.

Horizontal Till Well

The HTW is located beneath the liner penetration box of each cell by design. This area of the
liner penetration box is considered to be potentially the weakest point in the cell design. If a leak
were to develop, it should be detected beneath the liner penetration box first. Therefore, the
water quality in the HTW represents the first line of evidence that a potential leak from the cell
might be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium,
sulfate, cobalt, and iron are increasing in the HTW of Cell 6 (as indicated in the table below).
The bivariate plot for the Cell 6 LCS, LDS, and HTW (uranium-sodium) is provided in

Figure A.5.6-21. 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, the increasing concentrations measured in the HTW of Cell 6 are attributed
to fluctuating ambient concentrations beneath the cell that are not related to cell performance.
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Parameter Horizontal Till Well GMA Down Gradient
Uranium Up
Sulfate Up Up
TOC Up
Arsenic Up
Cobalt Up
Iron Up

Great Miami Aquifer Wells

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow
directions will be from west to east. However, water levels measured in 2010 indicate that
groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
northeast to southwest in response to the active groundwater remediation taking place to the west
and southwest. Pumping for the groundwater remediation is scheduled to last until 2023.
Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring
horizons are not mixing, the increasing concentrations seen in the GMA wells are attributed to
fluctuating ambient conditions that are not related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.6-1)
measured in the LDS, HTW, and GMA wells for parameters with increasing concentrations in
the Cell 6 GMA wells.

Parameter LDS GMA-U GMA-D
Sulfate (mg/L) 2220 199 255

TOC (mg/L) 5.15 1.18 1.27
Arsenic (mg/L) 0.0038 0.017 0.0025

Note: The highest averages are shown in bold.

As shown in the table above, the average concentration of arsenic in the GMA is higher than the
average in the LDS of Cell 6.

A.5.6.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works as
follows. 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 “out of control” if future concentrations
exceed the baseline control limit. This is indicated on the control chart when either the
Shewart 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
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occurs, the standardized values will deviate significantly from the baseline and tend to exceed
the control limit.

A minimum of eight samples are recommended for use in ChemStat® to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.6—1 (gray shading), seven parameters in the HTW and/or GMA wells of
Cell 6 (uranium, TOC, lithium, manganese, nickel, sodium, and zinc) meet the criteria for control
charts (i.e., eight samples, normal or lognormal distribution, no trend, and no serial correlation),
resulting in 10 control charts.

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

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

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

Control charts are presented in Figures A.5.6—22 to A.5.6—31. All of the control charts exhibit
“in control” conditions.

A.5.6.3 Annual LCS Sample Results

Annual LCS sampling results for Cell 6 are provided in Table A.5.6—2 for those parameters
detected at least once, and not being sampled quarterly. One new Appendix I parameter
(chromium) was detected in 2010 at Cell 6. Detection of chromium in the LCS of Cell 6 in 2011
will trigger sampling for chromium in the LDS of Cell 6 during the subsequent next scheduled
sampling event.

A.5.6.4 Site-Specific Parameter Selection for Cell 6

The sample size of the Cell 6 dataset reached a minimum of eight samples at the end of 2010;
therefore, the site-specific leachate monitoring parameter selection approach presented in
Figures A.5-5A and A.5-5B was followed to determine if any of the Appendix I and PCB
parameters detected in Cell 6 should be selected as site-specific monitoring parameters.

As discussed in Attachment A.5, the objective of the selection process 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
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pre-design or background data for the parameter. If the mean is greater, then the parameter is
selected for more quarterly monitoring in the LCS, LDS, HTW, and GMA wells of the cell.

The null hypothesis used for each statistical test is that the mean of the concentration of the LCS
dataset is less than or equal to the mean of the pre-design or background dataset. Failure of the
null hypothesis indicates that the mean of the LCS dataset is greater than the mean of the pre-
design or background dataset.

Results for Cell 6 are presented in Table A.5.6—3. Out of the nine parameters that were tested for
Cell 6, six—alkalinity, chloride, barium, calcium, magnesium, and potassium—failed the null
hypothesis. These six parameters were identified in the 2009 SER for quarterly monitoring,
beginning in January 2011, based on the parameter selection statistics that were conducted for
Cells 4 and 5.

A.5.6.4 Summary and Conclusions

e The concentrations of 6 parameters monitored quarterly are increasing in either the HTW
and/or GMA wells of Cell 6 (uranium, sulfate, TOC, arsenic, cobalt, and iron).

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 6 indicate that water is not mixing between the horizons. Concentration
increases in the HTW and GMA wells of Cell 6 are attributed to fluctuating ambient
concentrations beneath the cell and not to cell performance.

e Ten control charts were constructed for Cell 6 parameters. All 10 control charts exhibit
“in control” conditions.

e One new Appendix I parameter (chromium) was detected in the LCS of Cell 6 in 2010.
Detection of chromium in the LCS of Cell 6 in 2011 will trigger sampling for chromium in
the LDS of Cell 6 during the subsequent next scheduled sampling event.
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Note: The data used in this table has been standardized to quarterly.

Table A.5.6-1. Summary Statistics for Cell 6

No. of Percent
Monitoring | Detected [Total No.of|  of Standard Distribution Serial
Parameter Horizon®| Location | Samples | Samples | Detects |Minimum®|Maximum®| Average®® | Deviation® Type®® Trend®'| Correlation®® Outliers™
LCS 12343C 28 28 100.0 43.3 197 136 33 Undefined None Not Detected
LDS 12343D 28 28 100.0 3.10 40.3 21.8 8.2 Normal Up Detected
Total Uranium (ug/L) HTW 12343 28 28 100.0 6.32 24.2 10.8 3.5 Log Normal Up Detected
GMA-U 22209 28 32 87.5 ND 0.928 0.548 0.200 Normal None Not Detected |2.43 (Q2-06) 2.10 (Q3-08)
GMA-D 22210 31 33 93.9 ND 0.950 0.628 0.188 Normal None Not Detected
LCS 12343C 28 28 100.0 491 4800 2190 890 Normal Up Detected
LDS 12343D 28 28 100.0 1300 3800 2220 720 Log Normal Up Detected
Sulfate (mg/L) HTW 12343 27 28 96.4 333 582 450 61 Normal Up Detected 192 (Q1-03)
GMA-U 22209 31 31 100.0 2.07 406 199 71 Normal Up Not Detected
GMA-D 22210 31 31 100.0 127 578 255 91 Log Normal Up Detected
LCS 12343C 16 16 100.0 267 5720 3730 1760 Normal Up Detected
LDS 12343D 8 8 100.0 3690 5850 5040 710 Normal Up Detected
Total Dissolved Solids (mg/L) HTW 12343 7 7 100.0 1210 1350 1280 50 Normal None Not Detected
GMA-U 22209 7 7 100.0 635 718 670 28 Normal None Not Detected
GMA-D 22210 7 7 100.0 827 925 918 35 Undefined None Not Detected
LCS 12343C 25 28 89.3 ND 3.55 219 0.64 Normal None Not Detected |14.6 (Q4-03)
LDS 12343D 26 28 92.9 ND 10.4 5.15 2.14 Normal Down Detected
Total Organic Carbon (mg/L) HTW 12343 23 28 82.1 ND 3.42 2.26 0.530 Normal None Not Detected |4.93 (Q4-07)
GMA-U 22209 20 32 62.5 ND 2.28 1.18 0.45 Normal Up Detected
GMA-D 22210 21 32 65.6 ND 2.39 1.27 0.48 Normal Up Detected
LCS 12343C 18 28 64.3 ND 0.0600 0.0161 0.0121 Log Normal Up Not Detected
LDS 12343D 20 28 71.4 ND 0.0910 0.0272 0.0165 Normal None Not Detected
Total Organic Halogens (mg/L) HTW 12343 13 28 46.4 ND 0.0560 0.00889 0.0107 Log Normal Down Not Detected
GMA-U 22209 7 32 21.9 ND 0.0174 0.00310 0.00493 Undefined Down Detected 0.0365 (Q3-06)
GMA-D 22210 6 32 18.8 ND 0.0590 0.00634 0.0104 Log Normal Down Not Detected
LCS 12343C 4 19 21.1 ND 0.0930 0.00375 0.0305 Undefined Up Detected
LDS 12343D 3 17 17.7 ND 0.0230 0.00375 Insuff Undefined None Not Detected
Arsenic (mg/L) HTW 12343 1 15 6.7 ND 0.0330 Insuff Insuff Undefined None Not Detected
GMA-U 22209 5 7 71.4 ND 0.0396 0.0174 0.0142 Normal Up Not Detected
GMA-D 22210 4 16 25.0 ND 0.0381 0.00250 0.0128 Undefined Up Not Detected
LCS 12343C 28 28 100.0 0.0566 1.37 0.764 0.266 Normal None Detected
LDS 12343D 28 28 100.0 0.289 0.755 0.386 0.109 Undefined Down Not Detected |1.22 (Q4-03) 2.38 (Q3-04)
Boron (mg/L) HTW 12343 24 28 85.7 ND 0.124 0.0854 0.0215 Normal None Detected
GMA-U 22209 27 32 84.4 ND 0.0447 0.0360 0.0081 Undefined None Not Detected
GMA-D 22210 29 32 90.6 ND 0.0468 0.0332 0.0075 Undefined None Not Detected
LCS 12343C 10 19 52.6 ND 0.00290 0.00124 0.00080 Normal None Not Detected
LDS 12343D 9 17 52.9 ND 0.00150 | 0.000820 0.000555 Undefined None Not Detected ]0.0105 (Q4-03)
Cobalt (mg/L) HTW 12343 11 15 73.3 ND 0.0333 0.00332 0.00832 Log Normal Up Not Detected
GMA-U 22209 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22210 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12343C 11 19 57.9 ND 4.48 0.180 1.65 Undefined Down Detected
LDS 12343D 11 17 64.7 ND 3.69 1.09 1.21 Normal Down Detected
Iron (mg/L) HTW 12343 15 15 100.0 0.23 31.9 6.34 8.69 Log Normal Up Not Detected
GMA-U 22209 7 7 100.0 3.43 5.58 4.37 0.84 Normal None Not Detected
GMA-D 22210 7 7 100.0 1.57 2.24 1.85 0.25 Normal None Not Detected
LCS 12343C 16 16 100.0 0.0234 0.186 0.111 0.043 Normal Up Detected
LDS 12343D 16 16 100.0 0.0703 0.172 0.106 0.032 Normal Up Detected
Lithium (mg/L) HTW 12343 14 15 93.3 0.00896 0.0124 0.0112 0.001 Normal None Not Detected ]0.00500 (Q3-06)
GMA-U 22209 7 7 100.0 0.00524 | 0.00709 0.00592 0.00064 Normal None Not Detected
GMA-D 22210 7 7 100.0 0.00631 | 0.00797 0.00729 0.00070 Normal Insuff Insuff
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Note: The data used in this table has been standardized to quarterly.

Table A.5.6-1 (continued). Summary Statistics for Cell 6

No. of Percent
Monitoring | Detected |Total No.of|  of Standard Distribution Serial
Parameter Horizon®| Location | Samples | Samples | Detects |Minimum®|Maximum®| Average®® | Deviation® Type®® Trend®'| Correlation®? Outliers™
LCS 12343C 9 19 47.4 ND 1.41 0.00690 0.334 Undefined None Detected
LDS 12343D 10 17 58.8 ND 0.0913 0.0177 0.0218 Log Normal None Not Detected |3.24 (Q4-03)

Manganese (mg/L)

[GMA-U| 22209 | 7 | 7 ] 1000 | 0256 | 0287 | 0278 | 0012 ] Normal | None | NotDetected |

12343C 0.0319 0.0108 0.0105 Undefined Detected
LDS 12343D 11 17 64.7 ND 0.0162 0.00776 0.00557 Normal Down Not Detected [0.0572 (Q4-03)
Nickel (mg/L)
22209 0 . NA Insuff Insuff Insuff Insuff
GMA-D 22210 14 16 87.5 ND 0.00990 0.00428 0.00302 Log Normal Down Not Detected
LCS 12343C 2 19 10.5 ND 0.140 Insuff Insuff Undefined None Not Detected
LDS 12343D 2 17 11.8 ND 0.0545 Insuff Insuff Log Normal None Not Detected
Selenium (mg/L) HTW 12343 0 15 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-U 22209 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22210 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12343C 19 19 100.0 23.1 107 58.2 19.0 Normal Up Not Detected
LDS 12343D 17 17 100.0 372 532 428 41 Normal Up Detected 109 (Q4-03)
Sodium (mg/L)
GMA-U 22209 7 7 100.0 17.6 22.5 20.1 15 Normal Down Detected
GMA-D 22210 7 7 100.0 17.5 20.4 18.9 0.9 Normal None Not Detected
LCS 12343C 6 19 31.6 ND 0.0432 0.0134 0.0100 Log Normal None Not Detected
LDS 12343D 9 17 52.9 ND 2.61 0.0189 0.627 Undefined None Not Detected
Zinc (mg/L) 7.19 (Q1-07) 0.0570 (Q4-06) 0.919 (Q2-07)

[GMA-U| 22209 | 2 | 7 ] 286 | ND | 00133 | nsuff | Insuff ] Normal ] None | NotDetected |

LCS = 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.

" nsuff"

°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.

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

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

The one detected result was an outlier; therefore, in terms of the distribution and associated statistics, there were no detections.
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Table A.5.6-2. Cell 6 Annual LCS Sample Summary Information for Detected Parameters

PARAMETER(UNIT)

NUMBER OF
SAMPLES®®

NUMBER OF SAMPLES
WITH DETECTIONS?®

PERCENT OF
DETECTIONS®®

DETECTED IN
2010

MIN DETECTED
CONCENTRATION?P¢

MAX DETECTED
CONCENTRATION??®

AVG DETECTED
CONCENTRATION?P®

GW FRL (#OF
SAMPLES>GWFRL)

GW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

PW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

MAX PW DETECTED

CONCENTRATION 2°f
(# OF SAMPLES>MAX PW)

General Chemistry

Ammonia (gL s 220 ve | oo os4 | aomio | 4smeLo) 220 maL(0)

Inorganic

Barium (mg/L)

Chromium (mg/L)

100.0

0.0232

0.00288

0.0868

0.0451

2 mg/L(0)

0.022 mg/L(0)

0.77 mg/L(0)

0.021 mg/L(0)

0.45 mg/L(0)

0.0046 mg/L(0)

0.589 mg/L(0)

0.818 mg/L(0)

Copper (mg/L)

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)

Vanadium (mg/L) 8 1 12.5 No 0.00088 - - 0.038 mg/L(0) 0.012 mg/L(0) 0.005 mg/L(0) 0.299 mg/L(0)
Radionuclides

Technetium-99 (pCi/L) 14 4 28.6 No 1.83 11.7 7.22 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6,130 pCi/L(0)
Organics

Acetone (ug/L) 8 1 12.5 No 2.66 - - - - - -
Toluene (ug/L) 8 1 12.5 No 0.716 - - - - - -

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
°Rejected data qualified with an R or Z were not included.
°If the number of detected samples is equal to two, 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.
9From Operable Unit 5 Record of Decision, Table 9-4.
°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.
"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.

9FRL based on nitrate, from Operable Unit 5 Record of Decision, Table 9-4.
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Table A.5.6-3. Site-Specific Parameter Selection Results

Color Codes

Pass Normality/Lognormality test

Fail Normality/Lognormality test - cannot use t-Test

LCS data

* before 2/10/95

t-Test Wilcoxon + Quantile Tarone-Ware Test
Shapiro-| Shapiro- . Mean . . Std. Log Log t-Test | Wilcoxen Group .
Parameter Dataset Samples | Detects | Detect % wilk (N) | itk Ly Min Max (mg/L) Median Variance Dev. Mean | sD F-Test Prob Comparison Quantile Test
Alkalinity LCS 14 14 100.0% Fail Fail 64 557 452 476 13,700 117
PreDesign 45 43 95.5% Fail Fail 1 42,000 1,360 402 38,500,000 6,200 Pass
PreDesign* 18 17 94.4% Fail Fail 1 42,000 2,850 459 95,600,000 9,780 Pass
PreDesign** 27 26 96.0% Fail Fail 1 468 363 376 9,380 96.8
* before 2/10/95
** after 2/10/95
Ammonia LCS 8 2 25.0% 0.005 1.00 0.156 0.032 0.117 0.343
PreDesign** 9 7 78.0% 0.015 450 55.0 0.604 22,100 149 Pass
* before 2/10/95
** after 2/10/95
Chloride LCS 14 14 100.0% Fail Fail
PreDesign 46 45 97.8% Fail Fail 0.025 57.9 12.0 6.915 179 13.4
PreDesign* 18 17 94.4% Fail Fail 0.025 274 9.46 8.32 51.5 7.18
PreDesign** 28 28 100.0% Fail Pass 0.073 57.9 13.6 5.94 259 16.1
* before 2/10/95
** after 2/10/95
Nitrate/Nitrite  ]LCS 18 11 61.1% 0.0070 4.67 1.01 0.140 2.03 1.43
PreDesign 26 11 42.3% 0.00029 5.07 0.402 0.100 1.11 1.05 Pass
PreDesign* 17 3 17.6% 0.02 2.26 0.205 0.050 0.282 0.531 Pass
PreDesign** 9 8 88.9% 0.00029 5.07 0.776 0.168 2.66 1.63 Pass
* before 2/10/95
** after 2/10/95
Barium LCS 8 8 100.0% Fail Pass 0.0232 0.0868 0.0450 0.0310 0.000595 0.0240
PreDesign 40 39 97.5% Fail Fail 0.002 2.39 0.326 0.264 0.148 0.385 Pass
PreDesign* 19 18 94.7% Fail Fail 0.002 2.39 0.470 0.343 0.260 0.510 Pass
PreDesign** 21 21 100.0% Fail Fail 0.066 0.424 0.195 0.129 0.0180 0.133 Pass
* before 2/10/95
** after 2/10/95
Calcium LCS 14 14 100.0% Fail Fail 225.0 996 503 503 32,800 181
PreDesign 40 39 97.5% Fail Fail 0.0125 2260 241 140.5 129,000 359 Pass
PreDesign* 19 18 94.7% Fail Fail 0.0125 2260 376 197 241,000 491 Pass
PreDesign** 21 21 100.0% Pass 58.1 189 119 110 1,170 34
* before 2/10/95
** after 2/10/95
Copper LCS 9 7 77.8% 0.00150 | 0.0140 0.007 0.006 0.000026 0.005
PreDesign 40 16 40.0% 0.002 0.794 0.068 0.006 0.020 0.14 Pass
PreDesign* 19 15 78.9% 0.006 0.794 0.139 0.108 0.033 0.180 Pass
PreDesign** 21 1 4.8% 0.002 0.0170 0.005 0.006 0.0000116 0.003 Pass
* before 2/10/95
** after 2/10/95
Magnesium LCS 14 14 100.0% Pass 92.4 724 350 3125 30,300 174
PreDesign 42 41 97.6% Fail Fail 0.0375 624 83.0 59.2 9,920 99.6 Pass
PreDesign* 19 18 94.7% Fail Fail 0.0375 624 127 30 18,500 136
PreDesign** 23 23 100.0% Fail Fail 0.264 65.4 46.2 48.3 232 15.2
* before 2/10/95
** after 2/10/95
Potassium LCS 14 14 100.0% Fail Fail 9.00 75.6 241 20.7 245 15.6
PreDesign 40 37 92.5% Fail Pass 0.0485 66.6 9.91 2.725 203 14.3 Pass
PreDesign* 19 16 84.2% 0.0485 66.6 18.5 18.5 290 17.0 Pass
PreDesign** 21 21 100.0% Fail Pass 0.85 5.09 2.10 1.81 1.155 1.08

** after 2/10/95

No significant difference (Pass)
[ L CS significantly GREATER than PreDesign (Fail)
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100,000
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
10,000 2 3 June = 308,605 Gallons
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Low values indicate that the bypassed flow through the LCS
valve house flow meter was too low to register
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Figure A.5.6—1. Monthly Accumulation Volumes for Cell 6 LCS
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Figure A.5.6-2. Monthly Accumulation Volumes for Cell 6 LDS
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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

2010: 935 n=4 234

Overall: 364

*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.

**Excess water was pumped from this well in March 2003 for
well development.

Figure A.5.6—3. OSDF Horizontal Till Well 12343 (Cell 6) Water Yield




30
1 Mote: The groundwater FRL for total uranium is 30 pa/L. |
i + 530
Top of Screen =517.6 f. AMSL
e et - : : : : : : L 520
H H . . H . H - 510
20 freeenenes prersssse s s . oo fureeraseacas- prerasaeass
E o 1%
_5 Bottom of Screen = 5026 f. AMSL E
] -3 S P ——— A fosssassanss i PR RRSETEERTPERS e aseTe se e eves seneTpETTaTeTE sy
-5 + 4903
t ] S
2 -@ Total Uranium Concentration g
8 & Groundw ater Bevation (Fre-sanple) ﬁ
+ 480
L[V S s emn s e e s s s s s s ne i b s m s s ne A s s A e s sm s s sy 2n]
+ 470
B e eeeenacieneenneneeaescenansaanesdonnenncnnonadancsacacesmnnfascstonnennosfiassosnnssaaadnocnncnccnaasbonaonannnenad
+ 460
430
2002 2003 2004 2005 2006 2007 2008 2000 2010 201
Sample Date (Year)
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November 23, 1998. HTW purging initiated

January 12, 2006: Cap completion

* 12343C - LCS
_._ 12343D - LDS
e 12343 - HTW

i November 18, 2003: Waste Placement initiated i
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November 23, 1998. HTW purging initiated

Figure A.5.6-6A. Cell 6 Total Uranium Concentration vs. Time Plot for LCS, LDS, and HTW

January 12, 2006: Cap completion

i November 18, 2003: Waste Placement initiated i
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Figure A.5.6-6B. Cell 6 Total Uranium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated

Movember 18, 2003: Waste Placement initiated

January 12, 2006:

Cap completion
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November 23, 1998:

Figure A.5.6-7A. Cell 6 Sulfate Concentration vs. Time Plot for LCS, LDS, and HTW

HTW purging initiated
1

Movember 18, 2003: Waste Placement initiated

January 12, 2006: Cap completion
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Figure A.5.6-7B. Cell 6 Sulfate Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well

U.S. Department of Energy

May 2011

Fernald Preserve 2010 Site Environmental Report

Doc. No. S07409
Page A.5.6-13



MNovember 232, 1998: HTW purging initiated

January 12, 2006: Cap completion
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e 12343 - HTW

i November 18, 2003: Waste Placement initiated I
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Figure A.5.6-8A. Cell 6 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW

MNovember 232, 1998: HTW purging initiated

January 12, 2006: Cap completion

i November 18, 2003: Waste Placement initiated i
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Figure A.5.6-8B. Cell 6 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated January 12, 2006: Cap completion

i November 18, 2003: Waste Placement initiated ;
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Figure A.5.6-9A. Cell 6 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW

November 23, 1998. HTW purging initiated January 12, 2006: Cap completion

i MNovember 18, 2003 Waste Placement initiated :
L : L
Ll L Ll
1Dw . I. . . l . . lv -
4 I: : : l: : 3 3 : : :
: : : : : : : : : —Q- 12343-HTW
T T T A L T T T T T T e
: l: 3 ' 5 l: y i % : . .
: - : : : : § : 22210 - GMA-D
: I: g : : : l: : k : : ‘ : i
i 0 ¢ ¢ & § a4 B i o® i B
100 ’ i : ; y ' i Y . i i : ; -
_ : I: : : l: : I : 3
J : : . : : . : : : : : : :
) : :: : : $ : : : :: : : :
E : . : : : ! : : ¢ : :
B ¢ I: : l: ! I : : :
8 . ' : : A ok : : :
§ ol & ¢ 2 0 - 1 ¢ £ E
E N U - E i 5
) : I: : : l: I 3 :
o : I : : ) I : :
8 : I: : : : k :
P : L ; IS\ &
: I: §
L : I T
: I: :
: I I
: I : : : : : : I
: I: : : : : : : I | Unfiled symbols represent not detected
: I: : : : : : : I concentrations (ND)
: ] ] NA = not applicable
0.1 E L ' g
1997 1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure A.5.6-9B. Cell 6 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated January 12, 2006: Cap completion
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Figure A.5.6-10A. Cell 6 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW
November 23, 1998. HTW purging initiated January 12, 2006: Cap completion
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Figure A.5.6-10B. Cell 6 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated

Movember 18, 2003:
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January 12, 2006: Cap completion
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Figure A.5.6-11A. Cell 6 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW
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January 12, 2006: Cap completion
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Figure A.5.6-11B. Cell 6 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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January 12, 2006: Cap completion
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Figure A.5.6-12A. Cell 6 Boron Concentration vs. Time Plot for LCS, LDS, and HTW
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January 12, 2006: Cap completion
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Figure A.5.6-12B. Cell 6 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated January 12, 2006: Cap completion
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Figure A.5.6-13A. Cell 6 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.6-13B. Cell 6 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Cap completion
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November 23, 1998. HTW purging initiated January 12, 2006: Cap completion
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Figure A.5.6-15A. Cell 6 Lithium Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.6-15B. Cell 6 Lithium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.6-16A. Cell 6 Manganese Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.6-16B. Cell 6 Manganese Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.6-17A. Cell 6 Nickel Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.6-17B. Cell 6 Nickel Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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Figure A.5.6-18A. Cell 6 Selenium Concentration vs. Time Plot for LCS, LDS, and HTW
November 23, 1998. HTW purging initiated January 12, 2006: Cap completion
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Figure A.5.6-18B. Cell 6 Selenium Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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January 12, 2006: Cap completion
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Figure A.5.6-19A. Cell 6 Sodium Concentration vs. Time Plot for LCS, LDS, and HTW
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Baseline Mean = 626.45; Baseline Std Dev =161.766; k=1; h=5; SCL=4.5
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Figure A.5.6-27. Intra-Well Shewhart-CUSUM Control Chart (Manganese 22210)
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Figure A.5.6-28. Intra-Well Shewhart-CUSUM Control Chart (Nickel 12343)
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Figure A.5.6-29. Intra-Well Shewhart-CUSUM Control Chart (Sodium 12343)
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Figure A.5.6-30. Intra-Well Shewhart-CUSUM Control Chart (Zinc 12343)
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The following information is provided in this sub-attachment:

e Quarterly monitoring summary statistics (refer to Table A.5.7—1)

e Annual LCS sample summary information for detected parameters (refer to Table A.5.7-2)
e LCS monthly accumulation volumes (refer to Figure A.5.7—1)

e LDS monthly accumulation volumes (refer to Figure A.5.7-2)

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

e GMA water levels and uranium concentration versus time (refer to Figures A.5.7—4
and A.5.7-5)

e Plots of concentration versus time (refer to Figures A.5.7—6A to A.5.7-20B)
e A bivariate plot for uranium-sodium (refer to Figure A.5.7-21)
e Control charts (refer to Figures A.5.7-22 to A.5.7-28)

A.5.7.1 Quarterly Monitoring Results

Quarterly water quality monitoring takes place in the LCS, LDS, HTW, and GMA wells of each
cell for the purpose of determining if the OSDF is operating as designed. 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.

As shown in Table A.5.7—1, 10 of the 15 constituents sampled quarterly in the LCS, LDS,
HTW, and GMA wells (uranium, sulfate, TOC, arsenic, boron, cobalt, iron, manganese, sodium
and zinc) have upward concentration trends in the HTW and/or GMA wells based on the
Mann-Kendall test for trend.

Horizontal Till Well

The HTW is located beneath the liner penetration box of each cell by design. This area of the
liner penetration box is considered to be potentially the weakest point in the cell design. If a leak
were to develop, it should be detected beneath the liner penetration box first. Therefore, the
water quality in the HTW represents the first line of evidence that a potential leak from the cell
might be occurring. A leak would be indicated by an increasing concentration in the HTW.

Of the 15 parameters monitored quarterly in the LCS, LDS, HTW, and GMA wells, uranium,
sulfate, cobalt, iron, sodium, and zinc concentrations are increasing in the HTW of Cell 7 (as
indicated in the table below). The bivariate plot for the Cell 7 LCS, LDS, and HTW (uranium-
sodium) is provided in Figure A.5.7-21. 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, the increasing concentrations measured in the HTW of

Cell 7 are attributed to fluctuating ambient concentrations beneath the cell, that are not related to
cell performance.
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Parameter HTW GMA-U DMA-D
Uranium Up
Sulfate Up Up Up
TOC Up Up
Arsenic Up
Boron Up
Cobalt Up
Iron Up
Manganese Up
Sodium Up
Zinc Up

Great Miami Aquifer Wells

GMA monitoring wells are positioned for post-aquifer-remediation flow conditions, when flow
directions will be from west to east. However, water levels measured in 2010 though indicate
that groundwater in the GMA in most of the area of the OSDF is moving in a general direction of
northeast to southwest in response to the active groundwater remediation taking place to the west
and southwest. Pumping for the groundwater remediation is scheduled to last until 2023.

Because bivariate plots (discussed above) indicate that LCS, LDS, and HTW monitoring
horizons are not mixing, the increasing concentrations seen in the GMA wells are attributed to
fluctuating ambient conditions that are not related to cell performance.

The table below provides a summary of the average concentration (as reported in Table A.5.7-1)
measured in the LDS and GMA wells for parameters with increasing concentrations in the Cell 7
GMA wells.

Parameter LDS GMA-U GMA-D
Sulfate (mg/L) 1720 231 333
TOC (mg/L) 5.59 1.21 1.29
Arsenic (mg/L) 0.0066 0.0148 0.0025
Boron (mg/L) 0.326 0.035 0.028
Manganese (mg/L) 0.005 0.372 0.458

Note: The highest averages are shown in bold.

As shown above, both arsenic and manganese have higher concentration averages in the GMA
than they do in the LDS of Cell 7.

A.5.7.2 Control Charts

The Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified
Guidance (EPA 2009) defines the process of creating a Shewart-CUSUM control chart works as
follows. 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 “out of control” if future concentrations
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exceed the baseline control limit. This is indicated on the control chart when either the
Shewart 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.

A minimum of eight samples are recommended for use in ChemStat® to define the baseline. For
each control chart, (k) was defined as 1, the CUSUM control limit (h) was defined as 5, and the
Shewart control limit (SCL) was defined as 4.5. An out-of-control condition is present if the
CUSUM is greater than 5 or the standardized mean is greater than 4.5.

As shown in Table A.5.7—1 (gray shading) five constituents in the HTW and GMA wells
of Cell 7 (TOX, boron, manganese, nickel, and zinc) meet the criteria for control charts
(i.e., eight samples, normal or lognormal distribution, no trend, and no serial correlation),
resulting in seven control charts.

Constituent and Monitoring Point® Assessment
TOX in the HTW 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
Nickel in the HTW Out of Control
Zinc in the GMA-D In Control

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

The control charts are presented in Figures A.5.7-22 to A.5.7—28. With the exception of nickel
in the HTW, all of the control charts exhibit ’in control” conditions. For nickel in the HTW, the
first two samples collected in 2010 were “in control” and the last two samples collected for 2010
were “out of control”. As discussed above, separate and distinct signatures for uranium and
sodium in the LCS, LDS, and HTW of Cell 7 indicate that water is not mixing between the
horizons, so the out of control conditions are attributed to fluctuating ambient conditions beneath
the cell, and not to cell performance.

A.5.7.3 Annual LCS Sample Results

Annual LCS sampling results for Cell 7 are provided in Table A.5.7-2 for those parameters that
have been detected at least once, and are not being sampled quarterly. No new Appendix I or
PCB parameters were detected in the LCS of Cell 7 in 2010.

As reported last year, in 2009, 1,1-dichloroethene was detected for the first time in the LCS of
Cell 7. In 2010, 1,1-dichloroethene was detected again in the LCS of Cell 7. As stated in
Appendix B of the GWLMP (DOE 2010a) “two consecutive detects in a cell’s LCS will trigger
sampling in the cell’s LDS during the next scheduled sampling round. Therefore,
1,1-dichloroethene will be monitored for in the LDS of Cell 7 during the next scheduled
sampling event.
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A.5.7.4 Summary and Conclusions

e The concentrations of 10 parameters monitored quarterly are increasing in either the HTW
and/or GMA wells of Cell 7 (uranium, sulfate, TOC, arsenic, boron, cobalt, iron,
manganese, sodium, and zinc).

e Separate and distinct chemical signatures for uranium and sodium in the LCS, LDS, and
HTW of Cell 7 indicate that water is not mixing between the horizons. Concentration
increases in the HTW and GMA wells of Cell 7 are attributed to fluctuating ambient
concentrations beneath the cell, and not to cell performance.

e Seven control charts were constructed for Cell 7 parameters. Six of the seven control charts
exhibit “in control” conditions. The control chart for nickel in the HTW is not in control.

e No new Appendix I or PCB parameters were detected in the LCS of Cell 7 in 2010.
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Note: The data used in this table has been standardized to quarterly.

Table A.5.7-1. Summary Statistics for Cell 7

No. of Percent
Monitoring | Detected [Total No.of|  of Standard | Distribution Serial
Parameter Horizon?| Location Samples Samples | Detects Minimum® | Maximum® Averagec’“| Deviation® Type”’e Trend®'| Correlation®® Outliers™
LCS 12344C 25 25 100.0 4.72 355 177 66 Normal None Not Detected
LDS 12344D 24 24 100.0 12.2 33.7 23.8 5.2 Normal None Not Detected
Total Uranium (ug/L) HTW 12344 27 27 100.0 20 8.61 3.00 1.32 Undefined Up Detected
GMA-U 22212 25 27 92.6 ND 1.73 0.491 0.410 Undefined None Not Detected |4.46 (Q1-05)
GMA-D 22211 27 28 96.4 0.131 2.30 0.326 0.561 Undefined None Not Detected
LCS 12344C 25 25 100.0 122 3850 2800 1090 Undefined Up Detected
LDS 12344D 24 24 100.0 1280 4030 1720 570 Undefined Up Detected
Sulfate (mg/L) HTW 12344 27 27 100.0 80.4 465 134 135 Undefined Up Detected
GMA-U 22212 27 27 100.0 96.7 556 231 108 Log Normal Up Detected
GMA-D 22211 27 27 100.0 152 572 333 128 Normal Up Detected
LCS 12344C 13 13 100.0 960 6160 5530 1870 Undefined Up Detected
LDS 12344D 8 8 100.0 2590 6870 3880 1280 Log Normal None Not Detected
Total Dissolved Solids (mg/L) HTW 12344 7 7 100.0 1020 1200 1120 60 Normal None Not Detected
GMA-U 22212 7 7 100.0 666 1270 876 232 Normal None Not Detected
GMA-D 22211 7 7 100.0 942 1350 1160 160 Normal None Not Detected
LCS 12344C 21 25 84.0 ND 5.55 2.31 0.93 Log Normal None Not Detected
LDS 12344D 24 24 100.0 2.99 8.80 5.59 1.42 Normal Down | Not Detected
Total Organic Carbon (mg/L) HTW 12344 24 27 88.9 ND 3.72 2.24 0.72 Normal None Detected
GMA-U 22212 22 27 81.5 ND 2.24 1.21 0.53 Normal Up Detected
GMA-D 22211 21 27 77.8 0.555 2.15 1.29 0.53 Undefined Up Detected
LCS 12344C 16 25 64.0 ND 0.039 0.0152 0.0110 Normal Up Detected
LDS 12344D 17 24 70.8 ND 0.064 0.0286 0.0143 Normal Up Not Detected
Total Organic Halogens (mg/L) HTW 12344 12 27 44 .4 ND 0.035 0.0101 0.0098 Log Normal None Not Detected
GMA-U 22212 10 27 37.0 ND 0.05 0.00604 0.0093 Log Normal None | Not Detected
GMA-D 22211 6 27 22.2 0.00062 0.054 0.00468 0.0103 Log Normal None Not Detected
LCS 12344C 6 18 33.3 ND 0.179 0.00375 0.0512 Undefined Up Not Detected
LDS 12344D 4 17 235 ND 0.0480 0.00656 0.0117 Log Normal Up Not Detected
Arsenic (mg/L) HTW 12344 1 15 6.7 ND 0.0298 Insuff Insuff Undefined None Not Detected
GMA-U 22212 3 7 42.9 ND 0.0394 0.0148 Insuff Normal None Not Detected
GMA-D 22211 5 16 31.3 ND 0.0323 0.00250 0.0103 Undefined Up Not Detected
LCS 12344C 25 25 100.0 0.0625 1.35 1.14 0.40 Undefined None Not Detected
LDS 12344D 24 24 100.0 0.168 0.648 0.326 0.124 Log Normal Up Detected 2100 (Q3-04) 1080 (Q1-05)
Boron (mg/L) HTW 12344 19 27 70.4 ND 0.075 0.0249 0.0137 Log Normal None | Not Detected
GMA-U 22212 25 27 92.6 ND 0.0458 0.0347 0.0050 Normal None Detected 15.1 (Q3-08)
GMA-D 22211 24 27 88.9 ND 0.0433 0.0284 0.0070 Undefined Up Not Detected
LCS 12344C 11 18 61.1 ND 0.0080 0.00185 0.00230 Undefined None Not Detected
LDS 12344D 9 17 52.9 ND 0.0025 0.000828 | 0.000550 | Log Normal None Not Detected
Cobalt (mg/L) HTW 12344 10 15 66.7 ND 0.0433 0.000800 0.0133 Undefined Up Detected
GMA-U 22212 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
GMA-D 22211 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff
LCS 12344C 17 18 94 .4 ND 18.7 6.64 5.39 Log Normal Down Not Detected
LDS 12344D 15 17 88.2 ND 2.74 1.10 0.84 Normal Down Not Detected
Iron (mg/L) HTW 12344 14 15 93.3 0.119 66.1 21.2 18.2 Log Normal Up Detected
GMA-U 22212 7 7 100.0 5.64 20.5 10.7 5.2 Normal None Not Detected
GMA-D 22211 7 7 100.0 5.92 11.2 8.86 1.94 Normal None Not Detected
LCS 12344C 16 16 100.0 0.0188 0.237 0.139 0.071 Normal Up Detected
LDS 12344D 16 16 100.0 0.0529 0.226 0.107 0.049 Log Normal None Not Detected
Lithium (mg/L) HTW 12344 10 15 66.7 ND 0.00874 0.00716 0.00143 Undefined None Not Detected
GMA-U 22212 7 7 100.0 0.00517 | 0.00892 0.00633 0.00122 Log Normal Insuff Insuff
GMA-D 22211 7 7 100.0 0.00613 | 0.00827 0.00701 0.00082 Normal None Not Detected
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Table A.5.7-1 (continued). Summary Statistics for Cell 7

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

No. of Percent
Monitoring | Detected [Total No.of|  of Standard | Distribution Serial
Parameter Horizon®| Location Samples Samples | Detects Minimum® | Maximum® Averagec’d Deviation® Typed'e Trend®'| Correlation®® Outliers™

LCS 12344C 13 18 72.2 0.0041 0.991 0.212 0.300 Log Normal Down Detected
LDS 12344D 10 17 58.8 ND 1.20 0.00505 0.289 Undefined None Not Detected
Manganese (mg/L) HTW 12344 14 15 93.3 ND 0.223 0.0525 0.0565 Log Normal None Not Detected
GMA-U 22212 7 7 100.0 0.254 0.697 0.372 0.159 Log Normal None Not Detected

GMA-D 22211 16 16 100.0 0.256 0.673 0.458 0.139 Normal Up Detected

LCS 12344C 15 18 83.3 ND 0.0265 0.0119 0.0084 Log Normal Down Detected
LDS 12344D 13 17 76.5 ND 0.0138 0.00663 0.00411 Normal Down | Not Detected
Nickel (mg/L) HTW 12344 11 15 73.3 ND 0.0761 0.0114 0.0215 Log Normal None Not Detected
GMA-U 22212 2 7 28.6 ND 0.00202 Insuff Insuff Undefined None Not Detected

GMA-D 22211 3 16 18.8 ND 0.00520 | 0.000750 Insuff Undefined None Detected
LCS 12344C 2 18 11.1 ND 0.171 Insuff Insuff Undefined Up Not Detected
LDS 12344D 3 17 17.7 ND 0.0477 0.00820 Insuff Log Normal Up Not Detected
Selenium (mg/L) HTW 12344 1 15 6.7 ND 0.0292 Insuff Insuff Undefined None | Not Detected

GMA-U 22212 1 7 14.3 ND 0.00827 Insuff Insuff Undefined None Detected

GMA-D 22211 0 7 0.0 NA NA Insuff Insuff Insuff Insuff Insuff

LCS 12344C 18 18 100.0 18.1 101 74.5 254 Undefined Up Detected
LDS 12344D 17 17 100.0 186 913 561 170 Normal None Not Detected

Sodium (mg/L) HTW 12344 15 15 100.0 19.8 37.4 23.0 6.8 Undefined Up Detected
GMA-U 22212 7 7 100.0 22.6 27.0 24.6 1.7 Normal None Not Detected
GMA-D 22211 7 7 100.0 14.2 18.7 16.1 1.8 Normal None Not Detected
LCS 12344C 12 18 66.7 ND 0.154 0.0348 0.0434 Log Normal None Not Detected

LDS 12344D 14 17 82.4 ND 2.90 0.0243 0.697 Undefined Up Detected
Zinc (mg/L) HTW 12344 14 15 93.3 0.0048 0.655 0.211 0.213 Log Normal Up Not Detected
GMA-U 22212 3 7 42.9 ND 0.0148 0.00692 Insuff Normal None Not Detected
GMA-D 22211 8 16 50.0 ND 0.0205 0.00471 0.0049 Log Normal None | Not Detected

Note: 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.
8LCS = 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.
“Insuff" = Insufficient and 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
Fernald Preserve 2010 Site Environmental Report U.S. Department of Energy
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Table A.5.7-2. Cell 7 Annual LCS Sample Summary Information for Detected Parameters

PARAMETER(UNIT)

NUMBER OF
SAMPLES*?

NUMBER OF SAMPLES
WITH DETECTIONS?®

PERCENT OF
DETECTIONS®®

DETECTED IN
2010

MIN DETECTED
CONCENTRATION®P¢

MAX DETECTED
CONCENTRATION?P®

AVG DETECTED
CONCENTRATION?P¢

GW FRL® (#OF
SAMPLES>GWFRL)

GW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

PW BACKGROUND?"®
(# OF SAMPLES>PW
BACKGROUND)

(# OF SAMPLES>MAX PW)

MAX PW DETECTED
CONCENTRATION 2°f

General Chemistry

Anmeria (i a2 me | we oo oz | o | 2mg0) 13m0 220 mg1L0)

Thallium (mg/L)

Radionuclides

14.3

No

0.00046

Inorganics

Barium (mg/L) 7 7 100.0 Yes 0.028 0.112 0.0627 2 mg/L(0) 0.77 mg/L(0) 0.45 mg/L(0) 0.589 mg/L(0)
Beryllium (mg/L) 7 2 28.6 No 0.00017 0.00025 0.0002 0.004 mg/L(0) - - 0.0343 mg/L(0)
Cadmium (mg/L) 7 1 14.3 No 0.0002 - - 0.014 mg/L(0) 0.014 mg/L(0) - 0.05 mg/L(0)

0.0028 mg/L(0)

Technetium-99 (pCi/L) 15 6 40.0 No 0.86 16.2 9.05 94 pCi/L(0) 22 pCi/L(0) 30 pCi/L(0) 6,130 pCi/L(0)
Organics

1,1-Dichloroethene (ug/L) 13 2 15.4 Yes 0.455 0.72 0.588 7 ug/L(0) - - -
Acetone (ug/L) 7 1 14.3 No 3.5 - - - - - -

Total Xylenes (ug/L) 7 1 14.3 No 1.01 - - - - - -

aIf more than one sample is collected per well per day (e.qg., 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
°Rejected data qualified with an R or Z were not included.
°If the number of detected samples is equal to two, 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.
From Operable Unit 5 Record of Decision, Table 9-4.
°From the Characterization of Background Water Quality for Streams and Groundwater which was developed for Operable Unit 5 RI/FS documents.
"Max PW - maximum detected concentration in perched water as defined in the Remedial Investigation Report for Operable Unit 5.
9FRL 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
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2004: 2380 n=9 264
2005: 2475 n=5 495
2006: 2375 n=4 594 . .
2007: 1300 n=4 325 *More than one purge of the well was completed during this
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Overall: 389

Figure A.5.7-3. OSDF Horizontal Till Well 12343 (Cell 7) Water Yield
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November 23, 1998. HTW purging initiated October 25, 2006: Cap completion
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Figure A.5.7-8A. Cell 7 Total Dissolved Solids Concentration vs. Time Plot for LCS, LDS, and HTW
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Figure A.5.7-8B. Cell 7 Total Dissolved Solids Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated October 25, 2006: Cap completion

i September 9, 2004: Waste Placement initiated i
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Figure A.5.7-9A. Cell 7 Total Organic Carbon Concentration vs. Time Plot for LCS, LDS, and HTW
November 23, 1998. HTW purging initiated October 25, 2006: Cap completion
September 9, 2004: Waste Placement initiated
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Figure A.5.7-9B. Cell 7 Total Organic Carbon Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated October 25, 2006: Cap completion
. September 9, 2004: Waste Placement initiated
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Figure A.5.7-10A. Cell 7 Total Organic Halogens Concentration vs. Time Plot for LCS, LDS, and HTW

November 23, 1998. HTW purging initiated October 25, 2006: Cap completion
September 9, 2004: Waste Placement initiated
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Figure A.5.7-10B. Cell 7 Total Organic Halogens Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated October 25, 2006: Cap completion

i September 9, 2004: Waste Placement initiated i
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Figure A.5.7-11A. Cell 7 Arsenic Concentration vs. Time Plot for LCS, LDS, and HTW

November 23, 1998. HTW purging initiated October 25, 2006: Cap completion

i September 9, 2004: Waste Placement initiated i
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Figure A.5.7-11B. Cell 7 Arsenic Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated
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Figure A.5.7-12A. Cell 7 Boron Concentration vs. Time Plot for LCS, LDS, and HTW

November 23, 1998. HTW purging initiated

October 25, 2006: Cap completion
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Figure A.5.7-12B. Cell 7 Boron Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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November 23, 1998. HTW purging initiated October 25, 2006: Cap completion

i September 9, 2004: Waste Placement initiated i
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Figure A.5.7-13A. Cell 7 Cobalt Concentration vs. Time Plot for LCS, LDS, and HTW

November 23, 1998. HTW purging initiated October 25, 2006: Cap completion

i September 9, 2004: Waste Placement initiated i
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Figure A.5.7-13B. Cell 7 Cobalt Concentration vs. Time Plot for HTW, GMA-U Well, and GMA-D Well
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