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1. INTRODUCTION

This report, C-746-U Contained Landfill Fourth Quarter Calendar Year 2021 (October-December)
Compliance Monitoring Report, Paducah Gaseous Diffusion Plant, Paducah, Kentucky, is being submitted
in accordance with Solid Waste Permit Number SW07300014, SW07300015, SW07300045.

The Groundwater, Surface Water, Leachate, and Methane Monitoring Sample Data Reporting Form is
provided in Appendix A. The facility information sheet is provided in Appendix B. Groundwater analytical
results are recorded on the Kentucky Division of Waste Management (KDWM) Groundwater Sample
Analyses forms, which are presented in Appendix C. The statistical analyses and qualification statement
are provided in Appendix D. The groundwater flow rate and direction determinations are provided in
Appendix E. Appendix F contains the notifications for all permit required parameters whose concentrations
exceed the maximum contaminant level (MCL) for Kentucky solid waste facilities provided in
401 KAR 47:030 & 6 and for all permit required parameters listed in 40 CFR § 302.4, Appendix A, that do
not have an MCL and whose concentrations exceed the historical background concentrations [upper
tolerance limit (UTL), or both UTL and lower tolerance limit (LTL) for pH, as established at a
95% confidence]. Appendix G provides a chart of MCL and historical background UTL exceedances that
have occurred, beginning in the third quarter, calendar year (CY) 2002. Methane monitoring results are
documented on the approved C-746-U Landfill Methane Monitoring Report form provided in Appendix H.
The form includes pertinent remarks/observations as required by 401 KAR 48:090 § 5. Surface water
analyses and written comments are provided in Appendix I. Analytical laboratory certification is provided
in Appendix J. Laboratory analytical methods used to analyze the included data set are provided in
Appendix K. Micropurging stability parameter results are provided in Appendix L.

1.1 BACKGROUND

The C-746-U Landfill is an operating solid waste landfill located north of the Paducah Gaseous Diffusion
Plant and north of the C-746-S&T Landfills. Construction and operation of the C-746-U Landfill were
permitted in November 1996. The operation is regulated under Solid Waste Landfill Permit
Number SW07300014, SW07300015, SW07300045. The permitted C-746-U Landfill area covers about
60 acres and includes a liner and leachate collection system. The C-746-U Landfill currently is operating
in Phases 4 and 5, with Phases 6 and 7 approved for receipt of waste as of September 27, 2019. A minor
permit modification that included upgrades to the leachate storage capacity for Phases 6 and 7 was approved
by KDWM on May 21, 2021 (FRNP 2021). Phases 1, 2, and 3 have long-term cover. Phases 8 through 23
have not been constructed.

1.2 MONITORING PERIOD ACTIVITIES
1.2.1 Groundwater Monitoring

Three zones are monitored at the site: the Upper Continental Recharge System (UCRS), the Upper Regional
Gravel Aquifer (URGA), and the Lower Regional Gravel Aquifer (LRGA). There are 21 monitoring wells
(MWSs) under permit for the C-746-U Landfill: 9 UCRS wells, 6 URGA wells, and 6 LRGA wells. A map
of the MW locations is presented in Figure 1. All MWs were sampled this quarter except MW376 and
MW377 (both screened in the UCRS), which had an insufficient amount of water to obtain samples;
therefore, there are no laboratory analysis results for these locations.
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Figure 1. C-746-U Landfill Groundwater Monitoring Well Network



Consistent with the approved Groundwater Monitoring Plan for the Solid Waste Permitted Landfills
(C-746-S Residential Landfill, C-746-T Inert Landfill, and C-746-U Contained Landfill) at the Paducah
Gaseous Diffusion Plant, Paducah, Kentucky, (Groundwater Monitoring Plan) UCRS wells are included in
the monitoring program (LATA Kentucky 2014). Groundwater flow gradients are downward through the
UCRS, but flow in the underlying Regional Gravel Aquifer (RGA) is lateral. Groundwater flow in the RGA
typically is in a northeasterly direction in the vicinity of the C-746-U Landfill. The Ohio River and lower
reaches of Little Bayou Creek are the discharge areas for the RGA flow system from the vicinity of the
landfills.

Consistent with the conceptual site model, the constituent concentrations in UCRS wells are considered to
be representative only of the conditions local to the well or sourced from overlying soils; thus, no discussion
of potential “upgradient” sources is relevant to the discussion for the UCRS. Nevertheless, a UTL for
background also has been calculated for UCRS wells using concentrations from UCRS wells located in the
same direction (relative to the landfill) as those RGA wells identified as upgradient. The results from these
wells are considered to represent historical “background” for UCRS water quality. Similarly, other gradient
references for UCRS wells are identified using the same gradient references (relative to the landfill) that
are attributed to nearby RGA wells. Results from UCRS wells are compared to this UTL and exceedances
of these values are reported in the quarterly report.

Groundwater sampling was conducted within the fourth quarter 2021 in accordance with the Groundwater
Monitoring Plan (LATA Kentucky 2014) using the Deactivation and Remediation Contractor procedure
CP4-ES-2101, Groundwater Sampling. Groundwater sampling for the fourth quarter 2021 was conducted
in October and December 2021. The analytical laboratory used U.S. Environmental Protection Agency-
approved methods, as applicable. Appropriate sample containers and preservatives were used. The
parameters specified in Permit Condition GSTR0001, Special Condition 1, were analyzed for all locations
sampled.

The groundwater flow rate and direction determination are provided in Appendix E. Depth-to-water was
measured on October 26, 2021, in MWs of the C-746-U Landfill (see Appendix E, Table E.1), in MWs of the
C-746-S&T Landfills, and in MWs of the surrounding region (shown on Appendix E, Figure E.4). Water level
measurements in 38 vicinity wells define the potentiometric surface for the RGA. Typical regional flow in the
RGA is northeastward, toward the Ohio River. During October, RGA groundwater flow in the area of the
landfill was oriented northeast. The hydraulic gradient for the RGA in the vicinity of the C-746-U Landfill
in October was 5.21 x 10 ft/ft (see Appendix E, Table E.2). The hydraulic gradients for the URGA and
LRGA at the C-746-U Landfill were 1.08 x 102 ft/ft and 1.12 x 10 ft/ft, respectively (see Appendix E,
Table E.2). Calculated groundwater flow rates (average linear velocity) at the C-746-U Landfill range from
1.84 to 3.14 ft/day for the URGA and 1.91 to 3.26 ft/day for the LRGA (see Appendix E, Table E.3).

1.2.2 Methane Monitoring

Methane monitoring was conducted in accordance with 401 KAR 48:090 § 5 and the approved Explosive
Gas Monitoring Program (KEEC 2011), which is Technical Application Attachment 12, of the Solid Waste
Permit. Industrial Hygiene staff monitored for the occurrence of methane in four on-site building locations
and four locations along the landfill boundary on December 2, 2021. See Appendix H for a map (see
Appendix H, Figure H.1) of the monitoring locations. Monitoring identified all locations to be compliant
with the regulatory requirement of <100% lower explosive limit (LEL) at boundary locations and
< 25% LEL at all other locations. The results are documented on the C-746-U Landfill Methane Log
provided in Appendix H.

1.2.3 Surface Water Monitoring

Surface water was monitored, as specified in 401 KAR 48:300 § 2, and the approved Surface Water
Monitoring Plan for C-746-U and C-746-S&T Landfills Permit Number SW07300014, SW07300015,



SWO07300045, Paducah Gaseous Diffusion Plant, Paducah, Kentucky, Agency Interest Number 3059
(FRNP 2021), which is Technical Application Attachment 24 of the Solid Waste Permit. Surface water
sampling was performed at three locations (see Figure 2) monitored for the C-746-U Landfill: (1) instream
location, L154; (2) downstream location, L351; and (3) instream location L150. Surface water results are
provided in Appendix |.

1.3 KEY RESULTS

Groundwater data were evaluated in accordance with the approved Groundwater Monitoring Plan
(LATA Kentucky 2014), which is Technical Application Attachment 25, of the Solid Waste Permit.
Parameters that had concentrations that exceeded their respective MCL are listed in Table 1. Those
constituents that exceeded their respective MCL were evaluated further against their historical background
UTL. Table 2 identifies parameters (that do not have MCLs) with concentrations that exceeded the
statistically derived historical background UTL! during the fourth quarter 2021, as well as parameters that
exceeded their MCL and also exceeded their historical background UTL. Those constituents (present in
downgradient wells) that exceed their historical background UTL were evaluated against their current
UTL-derived background using the most recent eight quarters of data from wells considered to be
background. Constituents in downgradient wells that exceeded current background UTL are shown on
Table 3.

Table 1. Summary of MCL Exceedances

UCRS URGA

MW363: Nitrate as Nitrogen

LRGA
MW361: Trichloroethene
MW364: Trichloroethene
MW373: Trichloroethene

None

Table 2. Exceedances of Statistically Derived Historical Background Concentrations

UCRS*

URGA

LRGA

MW359: Dissolved oxygen,
oxidation-reduction potential,
sulfate

MW357: Oxidation-reduction
potential

MW358: Oxidation-reduction
potential

MW362: Oxidation-reduction
potential, sulfate

MW360: Oxidation-reduction
potential

MW361: Oxidation-reduction
potential, technetium-99

MW365: Dissolved oxygen,
oxidation-reduction potential,
sulfate

MW363: Nitrate as nitrogen,
Oxidation-reduction potential

MW364: Oxidation-reduction
potential, technetium-99

MW368: Oxidation-reduction

MW366: Oxidation-reduction

MW367: pH, oxidation-reduction

potential, sulfate potential potential
MW371: Dissolved oxygen, MW369: Oxidation-reduction MW370: Dissolved oxygen,
oxidation-reduction potential potential oxidation-reduction potential

MW374: Oxidation-reduction
potential

MWa372: Calcium, dissolved
solids, magnesium,
oxidation-reduction potential,
sulfate

MW373: pH, oxidation-reduction
potential

MW375: Oxidation-reduction
potential, sulfate

*Gradients in the UCRS are downward. UCRS gradient designations are identified using the same gradient reference (relative to the landfill) that

is attributed to nearby RGA wells.
Sidegradient wells: MW375, MW376, MW377

Downgradient wells: MW357, MW358, MW359, MW360, MW361, MW362, MW363, MW364, MW365, MW366, MW367, MW368
Upgradient wells: MW369, MW370, MW371, MW372, MW373, MW374

1 The UTL comparison for pH uses a two-sided test for both UTLs and LTLs. For the purposes of this report, the reference to “UTL

exceedances” also includes the LTL for pH.
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Table 3. Exceedances of Current Background
UTL in Downgradient Wells

URGA LRGA
MW363: Nitrate as nitrogen None

The notification of parameters that exceeded the MCL was submitted electronically to the KDWM, in
accordance with 401 KAR 48:300 § 7, prior to the submittal of this report.

The constituents that exceeded their MCL in a downgradient well were subjected to a comparison against
the UTL concentrations calculated using historical concentrations from wells identified as background. In
accordance with the approved Groundwater Monitoring Plan, the MCL exceedances for trichloroethene in
MW361 and MW364 (downgradient wells) do not exceed the historical background concentration and are
considered to be a Type 1 exceedance—not attributable to the C-746-U Landfill.

This report is the notification of parameters that had statistically significant increased concentrations
relative to historical background concentrations, as required by Permit Number SW07300014,
SW07300015, SW07300045, Condition GSTR0001, Standard Requirement 5, and 401 KAR 48:300 § 7.

The constituents that had exceedances of the statistically derived historical background UTL underwent
additional statistical evaluation. The current quarter concentrations were compared to the current
background UTLs that were developed using the most recent eight quarters of data from wells identified as
background in order to determine if the current downgradient (compliance) well concentrations are
consistent with current background values. Table 3 summarizes the evaluation against current background
UTL for those constituents present in downgradient RGA wells with historical UTL exceedances. In
accordance with the approved Groundwater Monitoring Plan, constituents in downgradient wells that
exceed the historical UTL, but do not exceed the current UTL, are considered not to have a
C-746-U Landfill source; therefore, they are a Type 1 exceedance (not attributable to the C-746-U Landfill).
Except for nitrate as nitrogen in MW363, all MCL and UTL exceedances reported for this quarter were
evaluated and considered to be Type 1 exceedances—not attributable to the C-746-U Landfill.

Nitrate as nitrogen in MW363 (downgradient well) was shown to exceed both the historical background
UTL and the current background UTL; therefore, preliminarily it was considered to be a Type 2 exceedance.
To evaluate the preliminary Type 2 exceedance further, the parameter was subjected to the Mann-Kendall
statistical test for trend using the most recent eight quarters of data. The results have been summarized in
Table 4. MW363 showed an increasing Mann-Kendall trend for nitrate as nitrogen and is considered to be
a Type 2 exceedance—source unknown. Further assessment will be necessary to determine the source of
the current nitrate as nitrogen trend.

Table 4. C-746-U Landfills Downgradient Wells Trend Summary
Utilizing the Previous Eight Quarters

Location Well ID Parameter Saslil;l; le Alpha! | p-Value? S3 Decision*
C-746-U . . .
Landfill MW363 Nitrate as nitrogen 8 0.05 0.001 24 Increasing

! An alpha of 0.05 represents a 95% confidence interval.

2 The p-value represents the risk of acceptance the H, hypothesis of a trend, in terms of a percentage.

3 The initial value of the Mann-Kendall statistic, S, is assumed to be 0 (e.g., no trend). If a data value from a later time period is higher than a
data value from an earlier time period, S is incremented by 1. On the other hand, if the data value from a later time period is lower than a data
value sampled earlier, S is decremented by 1. The net result of all such increments and decrements yields the final value of S. A very high
positive value of S is an indicator of an increasing trend, and a very low negative value indicates a decreasing trend.

4 The Mann-Kendall decision operates on two hypotheses; the Hoand H,. Ho assumes there is no trend in the data, whereas H, assumes either a
positive or negative trend.

Note: Statistics generated using ProUCL.



The statistical evaluation of current UCRS concentrations against the current UCRS background UTL
identified a sulfate value in UCRS well MW368 that exceeded both the historical and current backgrounds
(Table 5). Because UCRS wells are not hydrogeologically downgradient of the C-746-U Landfill, this
exceedance is not attributable to C-746-U Landfill sources and is considered to be a Type 1 exceedance—
not attributable to the C-746-U Landfill.

Table 5. Exceedances of Current Background
UTL in Downgradient UCRS Wells*

UCRS
MW368: sulfate

*In the same direction (relative to the landfill) as RGA wells.
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2. DATA EVALUATION/STATISTICAL SYNOPSIS

The statistical analyses conducted on the fourth quarter 2021 groundwater data collected from the
C-746-U Landfill MWs were performed in accordance with the Groundwater Monitoring Plan
(LATA Kentucky 2014). The statistical analyses for this report use data from the first eight quarters that
were sampled for each parameter, beginning with the baseline sampling events in 2002, when available.
The sampling dates associated with background data are listed next to the result in the statistical analysis
sheets in Appendix D (Attachments D1 and D2).

Parameters that exceed the MCL for Kentucky solid waste facilities found in 401 KAR 47:030 § 6 were
documented and evaluated further. Exceedances were reviewed against historical background results
(UTL). If the MCL exceedance was found not to exceed the historical UTL, the exceedance was noted as a
Type 1 exceedance—an exceedance not attributable to the C-746-U Landfill. If there was an exceedance
of the MCL in a downgradient well and this constituent also exceeded the historical background, the
guarterly result was compared to the current background UTL (developed using the most recent eight
guarters of data from wells identified as background) to identify if this exceedance is attributable to
upgradient/non-landfill sources. If the downgradient concentration was less than the current background,
the exceedance was noted as a Type 1 exceedance. If a constituent exceeds its Kentucky solid waste facility
MCL, historical background UTL, and current background UTL, it was reported as a Type 2 exceedance—
source undetermined. Type 2 exceedances (undetermined source) were evaluated further using the
Mann-Kendall test for trend. If there was no statistically significant increasing trend for a constituent in a
downgradient well, the exceedance was reclassified as a Type 1 exceedance (not attributable to the
C-746-U Landfill).

For those parameters that do not have a Kentucky solid waste facility MCL, the same process was used. If
a constituent without an MCL exceeded its historical background UTL and its current background UTL, it
was evaluated further to identify the source of the exceedance, if possible. If the source of the exceedance
could not be identified, it was reported as a Type 2 exceedance—source undetermined. Type 2 exceedances
(undetermined source) were evaluated further using the Mann-Kendall test for trend. If there was no
statistically significant increasing trend for a constituent in a downgradient well, the exceedance was
reclassified as a Type 1 exceedance (not attributable to the C-746-U Landfill).

To calculate the UTL, the data were divided into censored (nondetects) and uncensored (detected)
observations. The one-sided tolerance interval statistical test was conducted only on parameters that had at
least one uncensored observation. Results of the one-sided tolerance interval statistical test were used to
determine whether the data showed a statistical exceedance in concentrations with respect to historical
background concentrations (UTL).

For the statistical analysis of pH, a two-sided tolerance interval statistical test was conducted. The test well
results were compared to both a UTL and LTL to determine if statistically significant deviations in
concentrations existed with respect to background well data.

A stepwise list of the one-sided tolerance interval statistical procedures applied to the data is provided in
Appendix D under Statistical Analysis Process. The statistical analysis was conducted separately for each
parameter in each well. The MWs included historically in the statistical analyses are listed in Table 5.



Table 6. Monitoring Wells Included in Statistical Analysis?

UCRS URGA LRGA
MW359 MW357 MW358
MW362 MW360 MW361
MW365 MW363 MW364
MW368 MW366 MW367
MW371° MW369 (background) MW370 (background)
MW374° MW372 (background) MW373 (background)
MW375
MW376°¢
MW377¢

2 Map showing the monitoring well locations is shown on Figure 1.
® In the same direction (relative to the landfill) as RGA wells considered to be upgradient.
¢ Well had insufficient water to permit a water sample for laboratory analysis.

2.1 STATISTICAL ANALYSIS OF GROUNDWATER DATA

Parameters requiring statistical analysis are summarized in Appendix D for each hydrogeological unit. A
stepwise list for determining exceedances of statistically derived historical background concentrations is
provided in Appendix D under Statistical Analysis Process. A comparison of the current quarter’s results to
the statistically derived historical background was conducted for parameters that do not have MCLs and
also for those parameters whose concentrations exceed MCLs. Appendix G summarizes the occurrences
(by well and by quarter) of historical UTLs and MCL exceedances. The constituents that had exceedances of
the statistically derived historical background UTL underwent additional statistical evaluation. The current
guarter concentrations were compared to the current background UTL developed using the most recent
eight quarters of data from wells identified as upgradient in order to determine if the current downgradient
concentrations are consistent with current background values.

2.1.1 Upper Continental Recharge System

In this quarter, 24 parameters, including those with MCLs, required statistical analysis in the UCRS. During
the fourth quarter, dissolved oxygen, oxidation-reduction potential, and sulfate displayed concentrations
that exceeded their respective historical UTL and are listed in Table 2. Sulfate exceeded the current
background UTL in downgradient UCRS well MW368.

2.1.2 Upper Regional Gravel Aquifer

In this quarter, 25 parameters, including those with MCLs, required statistical analysis in the URGA. During
the fourth quarter, calcium, dissolved solids, magnesium, nitrate as nitrogen, oxidation-reduction potential,
and sulfate displayed concentrations that exceeded their respective historical UTL and are listed in Table 2.
Nitrate as nitrogen exceeded the current background UTL in downgradient URGA well MW363.

2.1.3 Lower Regional Gravel Aquifer
In this quarter, 26 parameters, including those with MCLs, required statistical analysis in the LRGA. During
the fourth quarter, dissolved oxygen, oxidation-reduction potential, pH, and technetium-99 displayed

concentrations that exceeded their respective historical UTL and are listed in Table 2. There were no
constituents that exceeded the current background UTL in downgradient LRGA wells.
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2.2 DATA VERIFICATION AND VALIDATION

Data verification is the process of comparing a data set against a set standard or contractual requirements.
In accordance with the approved Groundwater Monitoring Plan (LATA Kentucky 2014), data verification
is performed for 100% of the data. Data are flagged as necessary.

Data validation was performed on 100% of the organic, inorganic, and radiochemical analytical data by a
qualified individual independent from sampling, laboratory, project management, or other decision making
personnel. Data validation evaluates the laboratory adherence to analytical method requirements.
Validation qualifiers are added by the independent validator and not the laboratory. Validation qualifiers
are not requested on the groundwater reporting forms.

Field quality control samples are collected each sampling event. Field blanks, rinseate blanks, and trip
blanks are obtained to ensure quality of field and laboratory practices and data are reported in the
Groundwater Sample Analysis forms in Appendix C. Laboratory quality control samples, such as matrix
spikes, matrix spike duplicates, and method blanks, are performed by the laboratory. Both field and
laboratory quality control sample results are reviewed as part of the data verification/validation process.

Data verification and validation results for this data set indicated that all data, except for
cis-1,3-dichloropropene in MW357 were considered usable. Monitoring well MW357 was resampled on
December 16, 2021, for cis-1,3-dichloropropene only. Results of the resample were validated and
considered acceptable. The resample results were used in the statistical analysis.
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