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1 Introduction

AECOM has prepared this background evaluation on behalf of the Potomac Electric Power Company and
Pepco Energy Services, Inc. (collectively “Pepco”) to evaluate the contribution from background
conditions to constituents in environmental media within the Study Area for the Benning Road Remedial
Investigation that Pepco has agreed to perform pursuant to a consent decree that was entered by the
U.S. District Court for the District of Columbia (DC) on December 1, 2011 (the Consent Decree). The
Study Area consists of a Landside Investigation Area comprised of the Benning Service Center facility
(the Site) and a Waterside Investigation Area comprised of a segment of the Anacostia River extending
from approximately 1,000 ft upstream of the River Cove (i.e., the cove where the Benning Road Facility’s

main stormwater outfall discharges) to approximately 2,800 feet downstream of the River Cove.

The objective of the background evaluation is to develop statistically defensible estimates of the
concentrations of constituents of potential concern (COPCs) present in the regional environment that
have not been influenced by Site-related activities. The results of this background evaluation were used
to assess how concentrations of constituents detected in environmental samples collected from multiple
media in the Study Area compare to background concentrations of these same constituents in these
same media. The COPCs and media included in this background evaluation were identified in Section 4
of the Remedial Investigation (RI) Report based on comparisons of COPC concentrations in Study Area
media to the project screening levels. The findings of this background evaluation will inform other
evaluations conducted for the RI/FS, including but not limited to the Baseline Human Health Risk
Assessment (BHHRA) and Baseline Ecological Risk Assessment (BERA) (Appendices AA and BB of the
RI Report, respectively). The findings of this background evaluation also will be used to define areas of
contamination attributable past activities or operations at Site and to identify areas of elevated
contaminant concentrations relative to Site-specific background that may be appropriate for early

remedial action.

The Draft RI Report describing the Phase I field investigation conducted between January 2013 and
December 2014 was finalized on February 26, 2016 (AECOM, 2016a). A Preliminary Background
Evaluation was included as Appendix V to the Draft Rl Report. Pepco prepared three technical

memoranda to define additional data needs and prepare for additional site characterization:

e Technical Memorandum #1 — Conceptual Site Model (AECOM, 2016b) provided a detailed
description of the operational Site history, with a focus on the use, storage, disposal, release, and

Benning Road Facility FINAL February 2020
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cleanup of various chemicals and waste materials, and identified data gaps and uncertainties in the
Site characterization conducted to date as part of the RI/FS.

e Technical Memorandum #2 — Refined Background Evaluation Work Plan (AECOM, 2016c)
described the rationale and procedures for revising the background data evaluation originally
presented in the Draft Rl Report.

e Technical Memorandum #3 — Baseline Human Health and Ecological Risk Assessment Work Plan
(AECOM, 2016d) described the rationale and procedures for revising the Preliminary BHHRA and
Preliminary BERA originally presented in the Draft Rl Report.

Work Plan Addendum #3 (AECOM, 2016e) was developed in conjunction with the three technical memos
to detail the Phase Il field investigation to address the remaining data gaps and uncertainties identified.
Work Plan Addendum #3 was approved by DOEE in October 2016 and formed the basis for the Phase Il
RI. This Refined Background Evaluation is based on the results of the Preliminary Background Evaluation

and the results of additional field investigation in 2017.

1.1 Purpose

The purpose of this evaluation was to identify the concentrations of COPCs that reflect the background
conditions of the Study Area based on the United States Environmental Protection Agency (USEPA)
guidance (2002a,b). According to USEPA (2002a), background conditions are defined as: “Substances or
locations that are not influenced by the releases from a site and are usually described as naturally
occurring or anthropogenic: (1) Naturally occurring substances are present in the environment in forms
that have not been influenced by human activity; (2) Anthropogenic substances are natural and human-
made substances present in the environment as a result of human activities (not specifically related to the

Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA] site in question).”

As detailed in the Preliminary Background Evaluation, there are many sources of potential contaminants
to the Anacostia River including:

e Surface runoff from paved areas

e Stormwater discharges

e Combined sewer system outflows

e Discharges from other industrial, commercial, or manufacturing facilities

e Atmospheric deposition

Benning Road Facility FINAL February 2020
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e Tributary inputs.

These sources have been well-documented (Syracuse Research Corporation [SRC] and National Oceanic
and Atmospheric Administration [NOAA], 2000; Velinsky et al., 2011; Tetra Tech, 2018). Several
constituents including polycyclic aromatic hydrocarbons (PAHSs), metals, polychlorinated biphenyls (PCBs),
and pesticides are distributed throughout the river (Wade et al., 1994; Velinsky and Cummins, 1996;
Velinsky et al., 2011). A river-wide investigation, the Anacostia River Sediment Project (ARSP), is being
conducted by Tetra Tech on behalf of DOEE and has identified COPCs in surface water and sediments in
the river both upstream and downstream of the Study Area (Tetra Tech, 2018). In addition, Tetra Tech
evaluated fish tissue based on whole body fish tissue samples collected by Tetra Tech in 2014 and 2015,
and fillet tissue samples collected by the United States Fish and Wildlife Service (USFWS) in 2013
(Pinkney, 2017%) and Tetra Tech in 2016 (Tetra Tech, 2018). Contaminants were detected in fish tissue
throughout the river with no consistent spatial trend in concentrations, i.e., the sample locations of the

highest concentrations varied based on the contaminant and fish species (Tetra Tech, 2018).

Based on the above-mentioned contamination that has been documented in abiotic and biotic media
throughout the river, a detailed background evaluation is required to evaluate the relative contributions from
regional background conditions to COPCs detected in the Study Area. This evaluation provides context for
the potential risks identified in the BHHRA and BERA and the overall discussion of the nature and extent of
COPCs provided in this Rl Report.

1.2 Background Evaluation Approach

As detailed in Technical Memorandum #2 of the Work Plan Addendum (AECOM, 2016c), the background
evaluation was conducted using both qualitative and quantitative methods in accordance with USEPA
guidance (USEPA 2002a,b) and the Navy Guidance for Environmental Background Analysis (Naval
Facilities Engineering Command [NAVFAC], 2002 and 2003), specifically Volumes | (Soil) and Il
(Sediment). Background threshold levels for COPCs were calculated and Study Area and background
population comparisons were conducted using prescribed statistical analyses. Supporting graphics such
as boxplots, index plots, and probability plots are provided to describe the background data and for

gualitative comparisons to Study Area data.

The background evaluations presented herein are based on soil, sediment, groundwater, and pore water

samples that were collected by Pepco as part of the RI field investigations. These “Site-specific”

1 Report was originally published in September 2014 and revised in November 2017.
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background datasets were supplemented with sediment sampling data collected by DOEE for the ARSP,
which are reported in the ARSP RI Report (Tetra Tech, 2018).

Regional data for soil and fish tissue that were collected and sampled by others were also considered in
this background evaluation. These data provide a regional context for both Site data and Site-specific

background data.

1.3 Document Organization

This document is organized in the following manner:

e Section 2 provides a summary of the background data for each medium.
e Section 3 describes the methodology of the background evaluation for each medium.

e Section 4 presents the background evaluation results for soil, sediment, groundwater, pore water,

and fish tissue.
e Section 5 presents a summary of the background evaluation results.

e Section 6 provides a list of references.

Benning Road Facility FINAL February 2020
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2 Summary of Background Data

This section describes the soils, sediment, groundwater, and pore water data collected to represent
background conditions of the Study Area. The analytical data are included in Attachment A. Fish
tissue data included in the BHHRA and BERA (Appendices AA and BB of the RI Report, respectively)
are based on regional studies of fish tissue conducted to evaluate potential risks to human health and

the environment. The fish tissue data are summarized in Section 2.5.

The Preliminary Background Evaluation included an evaluation of surface water data collected at the
Site and from Site-specific background sampling locations in 2013. Because no potential for risk was
determined for surface water exposure in the Preliminary BERA, and Site and Site-specific

background surface water concentrations were found to be consistent in the Preliminary Background
Evaluation, surface water data and exposure pathways were not identified as a data gap. Therefore,
additional surface water samples were not collected in the Study Area or from Site-specific

background locations during the Phase Il RI field investigation in 2017. The Preliminary Background

Evaluation for surface water is presented in Attachment B and discussed in Section 4.6.

Background media are described in the following sections. Supporting graphics for each matrix are

presented in Attachment C through Attachment G.

21 Soil

Surface (0 to 1 feet below ground surface [ft bgs]) and subsurface (3 to 4 ft bgs) Site-specific
background soil samples were collected in February and April 2017, from 20 locations in the vicinity of
the Site (Figure 2-1). These locations were selected away from known or suspected sources of
contamination, and were considered to be representative of urban background conditions within
northeast Washington, DC. The list of Site-specific background samples is presented in Table 2-1.

Regional background soil samples were identified from publically available databases and Site
characterization reports that were compiled in the preliminary soil background evaluation from Smith
et al. (2013). The regional soil samples and analytical data for each sample are presented in Table 2-

2; the regional sample locations are presented on Figure 2-2.

Benning Road Facility FINAL February 2020
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2.2 Sediment

A total of 31 surface sediment samples are included in the Site-specific background dataset (Table 2-
3). Surface sediment samples were collected by Pepco at three upstream locations in November and
December 2013, and at four additional background/reference sampling locations upstream of the
Waterside Investigation Area in June 2017, to determine the nature and extent of contamination in
sediment at upstream locations unaffected by Site-related activities. The surface samples were
collected from 0 to 10 cm (O to 4 inches) based on the results of the Sediment Profile Imagery (SPI)
Reconnaissance Survey at the 15 near-Site locations within the Waterside Investigation Area? and an
evaluation of the five upstream reference locations in 2017 (Diaz and Daughters, 2017). These
evaluations indicated that the depth of the bioactive zone (BAZ) in this portion of the river is 0 to 10
cm, which is consistent with the BAZ reported for most estuarine and freshwater tidal environments
(USEPA, 2015a).

The Site-specific background data collected by Pepco were supplemented with data collected by
DOEE for the ARSP, which are reported in the ARSP RI Report (Tetra Tech, 2018). Twenty-four
samples were collected upstream of SEDBACK20 in 2014 and 2016 from a depth of 0 to 6 inches
below sediment surface. The surficial sediment samples collected by DOEE/Tetra Tech that were

selected to represent background sediment conditions include the following:

e Seventeen surficial sediment samples (including one field duplicate) collected by Tetra Tech in
2014 to support the ARSP Phase | RI; and

e Seven surficial sediment samples collected by DOEE/Tetra Tech in 2016 to support the ARSP
Phase Il RI.

The background sediment samples included in this evaluation from both Pepco and DOEE are
presented in Table 2-3 and depicted in Figure 2-3. The initial selection of the upstream Site-specific
background locations is addressed in Technical Memorandum #2 which was approved by DOEE on
October 14, 2016. The Site-specific surface sediment background dataset was recently revised to
exclude Pepco and DOEE samples collected in ARSP Reach 7 where coarse-grained sandy sediment
dominates the river substrate. The 31 Pepco and DOEE samples described above are in ARSP Reach

67 where finer-grained silt and clay sediments are dominant, which is more consistent with the

2 Estimation of Biologically Active Zone at Pepco-Benning Road Facility, Washington, DC, Using Sediment Profile
Imaging, May 2017 (Appendix BB of the RI Report, Attachment C).
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predominantly fine-grained surface sediment in the Waterside Investigation Area. This revised dataset

was presented to DOEE in a May 29, 2019 memorandum (Attachment H).

As part of this background evaluation, Pepco performed a further analysis of potential tidal influence to
confirm that all sediment sampling locations included in the Site-specific background dataset were
upstream of any potential influence from the Site. Pepco reviewed a report on Sediment Trend
Analysis® (STA) for the Anacostia River (Hill and McLaren, 2000) prepared by GeoSea to evaluate
general direction of sediment movement within the Waterside Investigation Area under normal
conditions. Pepco also estimated an approximate distance for upstream transport of fine-grained
sediment particles (which typically carry contaminants) from the Waterside Investigation Area under

worst case tidal and storm surge conditions.

GeoSea used sediment characteristics and STA methodology to determine sediment transport under
normal conditions. Results of the analysis indicate that the Anacostia reach between Beaver Dam
Creek to East Capitol Street Bridge (which includes the Waterside Investigation Area) is a “Total
Depositional” area where existing sediments were regularly covered by new sediments from up-river
areas; and there is erosion of sediments from the confluence of Watts Branch to the River Cove within
the Waterside Investigation Area, where Pepco’s outfall 013 and two other non-Pepco outfalls discharge
(0.3 mile long) with a downstream transport direction. Examination of the newer grain size data
collected during 2014 and 2017 and its distribution suggests that the net sediment transport direction

would be southerly, consistent with the earlier determination by the GeoSea STA.

Pepco used a combination of model inputs (river flows and tides stages), and sediment transport
computations to determine a reasonable maximum upstream transport distance. A one-dimensional (1-
D) hydraulic model (HEC-RAS Ver 4.1) was used to compute water level variations and 1-D velocity
field along the Anacostia River. The velocities were computed for a condition when the downstream
river flows are low and tidal stages are maximum (highest 77-year tidal stage is 11.05 ft MLLW) to yield
the highest upriver tidal currents. Transport distance for mobilized particles were calculated using
velocity computed by the 1-D model. It is assumed that the cross-section average velocities computed
by the hydraulic model are representative of the river velocities. The computations also conservatively
assume unobstructed movement of eroded fine-grained sediment particles up-river, ignoring flocculation

of sediment patrticles that would reduce upstream travel distance.

Tidal currents during a 100-yr storm event and during storm surges will be stronger, but the net direction
of flow will be downstream due to high volume of river discharge from upstream areas. The semi-diurnal

tidal flux will be less dominant during extreme river flow events. An incoming tide during a low river flow

Benning Road Facility FINAL February 2020
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event, on the other hand, would present the most favorable conditions for the mobilization and upstream
transport of fine-grained sediments. Under these conditions, it is estimated that fines (silt and clay) from
the River Cove could potentially be carried upstream with the tide and then settle out from the water
column during slack tide. Based on the modeling of reasonable worst-case conditions described above,
the most upstream location where these fines would be carried by the tide is estimated to be
approximately 2,376 feet from the Cove, at which point these would be carried back downstream for the
next 6 hours during the ebb tide. The nearest upstream sediment sampling location used for the
calculation of background threshold values, SEDBACK 20, is approximately 4,716 feet upstream of the

Cove. The modeling effort is described further in Attachment K.

Pepco’s analysis thus confirms that the background location SEDBACK 20 and background locations
upstream of SEDBACK 20 will not be influenced by any Site-related contaminants as a result of tidal
exchanges. No sampling locations downstream of SEDBACK 20 were included in the dataset for the

purpose of calculating site-specific background values.

2.3 Groundwater

Background groundwater samples were collected via direct Push Technology drilling and temporary
well sampling methods at 10 background locations in the vicinity of the Site in March and April 2017,
and August 2017. The background groundwater samples included in this evaluation are presented in
Table 2-4 and depicted in Figure 2-1. Similar to the background soil sample locations, the
background groundwater sample locations were selected away from known or suspected sources of
contamination, and were considered to be representative of urban background conditions within
northeast Washington, DC. Attempts to collect groundwater samples at six additional locations were
not successful due to shallow refusal and/or a non-producing (clay) formation. Attempts were made to
collect groundwater samples from both the upper and lower aquifers at each location; however, lower

aquifer samples were only collected at four of the 10 sampled locations due to refusal.

2.4 Pore Water

Pore water was sampled at the five background/reference sampling locations upstream of the

Waterside Investigation Area, co-located with the background sediment sample locations described in

Section 2.2, to support the benthic macroinvertebrate community risk analysis presented in the BERA.

Specifically, pore water concentrations were compared to ecological screening values (ESVSs)
considered indicative of a potential for ecological risks and were used to help evaluate the Study
Area-specific toxicity and macroinvertebrate data presented in the BERA. Sediment for pore water

analysis was collected in June 2017, using the same grab sampling techniques for bulk sediment

2-4
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chemistry, from the agreed BAZ interval (surficial 10 cm). Table 2-5 and Figure 2-2 present the five

background pore water samples selected for the background evaluation.

After receipt at the laboratories, the following methods were used for pore water analysis:

e Centrifugation/Filtration: Pore water for metals, dissolved organic carbon (DOC), particulate
organic carbon (POC), hardness, and ammonia were obtained via centrifugation of sediment.
The POC sample was collected from the post-centrifugation supernatant. The remaining

supernatant was filtered via a 0.45-micron filter, and the filtrate was then analyzed.

e Solid Phase Microextraction (SPME): Pore water samples for PAHs were collected and
analyzed ex situ in accordance with American Society for Testing and Materials (ASTM) Method

7263, a method that involves centrifugation, flocculation, and SPME of the pore water.

e Sorbent Sampling: The dissolved PCBs in pore water were determined by ex situ sorbent
sampling methods. USEPA Method 1668 was used to measure PCBs sorbed to
polyoxymethylene or polyethylene sorbents after tumbling and equilibration of a
sediment/water/sorbent mixture. Literature values for PCB congener sorbent partition

coefficients were used to calculate pore water concentrations from the sorbent concentrations.

The organic COPC data from the pore water samples collected by Tetra Tech (2018) to support the
ARSP were not included in the background pore water dataset because they were collected and
analyzed using different techniques than those used by Pepco, which resulted in datasets that are not
directly comparable. Passive sampling techniques using sorbents such as polyethylene sheets or
polydimethylsiloxane on SPME fibers (which are the methods used by Pepco) are regarded by
USEPA and academia as the best available techniques to measure truly dissolved concentrations of
hydrophobic organic compounds (HOCs) such as PAHs and PCBs in pore water (Ghosh et al., 2014;
Lydy et al., 2014; USEPA, 2012; USEPA, 2017a; Hawthorne et al., 2005). Results from traditional
centrifugation and whole water extraction of supernatant water (which are the methods used by
DOEE) can include HOCs on colloidal solids or attached to dissolved macromolecular natural organic
matter. Given the extremely low water solubility of some HOCs, these traditional method results can
be orders of magnitude higher than the truly dissolved fraction that is most relevant to risk
assessment based on the bioavailability and chemical activity of the HOCs in pore water. Combining
results from these very different methods would be inappropriate because they are not comparable
datasets. However, because the sampling and analyses for inorganic COPCs are comparable, the
data from pore water samples collected by Tetra Tech (2018) are included in boxplots with the Pepco
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near-Site and Site-specific pore water samples for comparison (boxplots are presented in
Attachment F).

2.5 Fish Tissue

The BHHRA and BERA (Appendices AA and BB of the RI Report, respectively) both incorporated
regional fish tissue data to evaluate potential risks to human health and the environment. As agreed
with DOEE, samples of fish tissue were not collected during this program (AECOM, 2012). Rather, as
specified in the Risk Assessment Work Plan (AECOM, 2012), other studies conducted in the
Anacostia River and the Potomac River were evaluated to determine whether relevant and
appropriate fish tissue data were available. This section provides a summary of regional fish tissue

data that were considered in the BHHRA and BERA, respectively.

2.5.1 Fish Tissue Evaluation —- BHHRA

Several investigations of chemical contaminants in fish tissue data have been conducted for the
Anacostia and Potomac Rivers, including data summarized by Velinsky and Cummins (1996), SRC
and NOAA (2000), Haywood and Buchanan (2007), Pinkney et al. (2001), and Pinkney (2009, 2017).
Fish tissue data collected within the last 10 years were considered for inclusion in the BHHRA based
on the assumption that tissue collected recently will better reflect current conditions. Two sources of
recent fish tissue data were identified: 1) sampling conducted in 2013 by USFWS in the District's
stretch of the Anacostia and Potomac Rivers and reported in Pinkney (2017), and 2) sampling
conducted by Tetra Tech in 2016 in the upstream non-tidal portion of Anacostia River above the DC-
Maryland state line and the northeast and northwest tributaries. The available fish tissue data were

evaluated according to the following five areas:

e Upper Anacostia River Area (upstream of the CSX bridge); includes the Waterside Investigation

Area

e Lower Anacostia River Area (downstream of the CSX bridge)

e Upper Potomac River (upstream of the 14th Street bridge)

e Lower Potomac River (downstream of the 14th street bridge)

e Upstream non-tidal Anacostia River (north of the Maryland state line)

The BHHRA fish tissue data included in this evaluation are summarized in Table 2-6 and presented in
Figures 2-4, 2-5, and 2-6.
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With the exception of the DOEE data for the upstream non-tidal Anacostia River, fish tissue data
evaluated in the BHHRA were collected in support of the District’s fish consumption advisories, not as
part of an RI, and therefore were not intended to assign attribution to any upland source. It is
unknown if the samples collected in the Upper Anacostia River reflect conditions in within the
Waterside Investigation Area or simply reflect the several-mile-long river reach that was sampled (or

the possibly larger home range for the fish species sampled).

2.5.2 Fish Tissue Evaluation — BERA

Whole body fish tissue samples were collected by Tetra Tech in 2014 and 2015 to support the ARSP
(Tetra Tech, 2018). Tetra Tech divided the Lower Anacostia River into seven exposure units, and the
Waterside Investigation Area is located in Exposure Unit 3. Whole body fish tissue samples used in
the BERA and included in this evaluation were collected from within Exposure Unit 3, which includes
samples collected from an area ranging from approximately 1.4 miles upstream of the Waterside
Investigation Area to New York Avenue and approximately 1.4 miles downstream to the CSX bridge
(2.8 miles total), including Kingman Lake (East Capitol Bridge to Amtrak Bridge). The fish tissue

sample locations are presented on Figure 2-7.

Whole body fish tissue samples collected by Tetra Tech downstream of the CSX bridge and upstream
of New York Avenue were included to represent fish tissue concentrations downstream and upstream
of the Study Area, respectively. For forage fish with smaller forage or home ranges, these upstream
and downstream tissue samples may be representative of regional fish tissue concentrations. For
upper trophic level fish with larger home ranges, there is likely overlap in exposure among sampling
areas (i.e., these fish likely move throughout the Lower Anacostia River and do not necessarily only

represent exposure in Exposure Unit 3).

The tissue samples available for Exposure Unit 3 and upstream and downstream of Exposure Unit 3
are presented in Table 2-7 and illustrated on Figure 2-7. A total of 48 whole body composite fish
tissue samples were available in Exposure Unit 3, 45 samples in the upstream area, and 25 samples
in the downstream area.

In the BERA, forage fish and mid-trophic level fish samples were used to represent fish as prey in the
food web model, and lower trophic level (forage) fish, mid-trophic level fish, and upper trophic level
(predator) fish samples were used to represent fish for the critical body residue evaluation. The

species in these trophic groupings include:
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Trophic Level Tissue Sample

Species

Forage fish

Banded killfish, bluegill, creek chubsucker, eastern mosquitofish, eastern silvery
minnow, green sunfish, golden shiner, inland silverside, mummichog,
pumpkinseed, quillback, redbreast sunfish, spottail shiner, tessellated darter,
white perch

Mid-level trophic fish

Bluegill, pumpkinseed, redbreast sunfish, yellow perch

Top-level or predator fish

Black crappie, largemouth bass, smallmouth bass, striped bass, snakehead

Source: Tetra Tech (2018)

Although tissue data from the ARSP RI were included in this evaluation, per the direction of DOEE,

these data were collected by the DOEE to evaluate overall conditions in the Anacostia River, and

there is insufficient information to define any relationship between fish tissue data collected in support
of the ARSP RI and the Waterside Investigation Area.
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3 Background Evaluation Methodology

The refined background evaluation was performed using the methodology outlined in the approved
Work Plan (AECOM, 2016e). A variety of graphical and statistical analyses were used, including
outlier identification, population tests, background threshold value (BTV) calculation, and boxplot
comparisons. The sections below describe the methodology for the graphical and statistical analyses
conducted on the Site and Site-specific background datasets.

3.1 Selection of COPCs

Soil, sediment, groundwater, and pore water COPCs were selected for inclusion in the background
evaluation for the Benning Road Facility on the basis of detection and magnitude in Site samples and
Site-specific background samples. The COPCs included in the background soil, sediment, and
groundwater evaluations were based on the target analyte list presented in the Background
Evaluation Work Plan (AECOM, 2016c) and exclude the following:

e Constituents that were not measured or not detected in background samples

e Constituents that were not detected in Site samples

e Constituents that lack risk-based screening levels

e Constituents that were detected in Site samples at concentrations less than applicable

screening levels

This COPC selection process and the resulting list of selected COPCs for soil, sediment, and
groundwater were reviewed and approved by DOEE prior to proceeding with the background

evaluations.

For the fish tissue evaluation, COPCs were selected in the BHHRA and BERA (Appendices AA and
BB of the RI Report, respectively).

3.2 Graphical Evaluation

Several graphs were used to evaluate the background datasets in terms of the distribution and
presence of outlier values and to compare the background and Site datasets. The various graphs are
described in the following sections. For all graphs, if a dataset included non-detect concentrations,

those values were represented by the full value of the reporting limit (RL) for that COPC.
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3.2.1 Boxplots

Boxplots were used to evaluate the range of concentrations detected in the background dataset
(including non-detect concentrations at the full value of the RL) and to compare Site and background
data for each medium. Boxplots were created in Minitab (Version 17.3.1). The box represents the
interquartile range (IQR), where the top of the box corresponds to the third quartile (Q3), or the 75th
percentile, and the bottom of the box corresponds to the first quartile (Q1), or the 25th percentile (see
example figure below). The line between the lower and upper quartiles represents the median, or the
50th percentile (where 50% of the data are greater than this value and 50% of the data are less than
this value). The “whiskers” above and below the box represent the sum of Q3 and the product of 1.5
and the IQR and the difference of Q1 and the product of 1.5 and the IQR, respectively, and the
asterisks above and below the whiskers are any result that is greater or less than the whisker values.
In some cases, the box plots are displayed on a logarithmic scale to better illustrate the range of data.

A footnote is added to the plot to indicate when a log scale was used.

+ «— > Q3+ 1.5(IQR)

Q3 +15(IQR)

Q3 (75%)

<— Median

Q1 (25%)

| «— Q1-1.5(IQR)
+ €<— <Ql-1.5(IQR)

The boxplots were first used to describe the background datasets and include the full background
datasets, i.e., including outliers and non-detect concentrations at the full value of the RL. Next,
boxplots were used to compare the Site and background datasets and exclude any outliers identified

in the background datasets.
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3.2.2 Probability Plots

Probability plots aided in determining whether the background datasets were normally distributed and
in identifying the number of suspected outliers. These plots were created in Minitab using a
cumulative frequency distribution of the dataset and associated 95% confidence intervals. These plots
present the full background datasets (i.e., including outliers and non-detect concentrations at the full
value of the RL). If the background data roughly follow the normal distribution line and/or fall within the
confidence interval, then the distribution of the data is likely normal. Goodness-of-fit (GOF) statistics
(Anderson-Darling test) and associated p-value were also calculated on these graphs; however, the
results of the GOF test statistics produced from ProUCL were used to determine the distribution of the
data (see Section 3.3 for more discussion on the GOF test). The number of suspected outliers was

identified as those data points that fall outside of the 95% confidence interval lines.

3.2.3 Index Plots

The index plots (created with the statistical software R) present the full range of background
concentrations (i.e., including outliers and non-detect concentrations at the full value of the RL)
relative to the selected BTV (as discussed in Section 3.3.4). The background data are ranked from
lowest to highest concentration and displayed with the BTV, which is presented as a straight line at

the value of the selected BTV.

3.3 Statistical Evaluations

Statistical tests were used to evaluate the distribution of the background dataset, the presence of
outliers, the similarity among depth intervals (where applicable), and the comparison of Site and
background datasets. COPCs considered appropriate for quantitative background statistical
evaluation were those with a minimum of eight samples in both the Study Area and background
datasets, based on best professional judgment and agency guidance (USEPA, 2002a; 2015b). In
some cases (e.g., groundwater), statistical tests were conducted on less than eight samples due to

the small size of the datasets.

The statistical tests were performed in the order presented in Figure 3-1 and follow these general

steps:

1. Determine the distribution of the raw background dataset.
o If the data are normally distributed, then performed the outlier test on the raw dataset (skip Step
2 and proceed to Step 3).

o If the data are not normal, then performed a log-transformation (proceed to Step 2).

3-3
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2. Transform datasets that do not follow a normal distribution using a log transformation and test if the

log-transformed data follow a normal distribution;

3. Evaluate the presence of outliers on the raw data (if normal or no discernible distribution) or the log-

transformed data (if normal following log-transformation).

4. Following the removal of outlier values, perform BTV statistical analysis on the raw dataset and

select the BTV based on the distribution of the raw dataset.

Each of these steps and associated statistical tests are further described in the following sections. All
statistical tests were performed in ProUCL, Version 5.1 (USEPA, 2015b, 2016), except where noted.
The ProUCL output is presented in Attachment I.

3.3.1 Distribution

The distributions of the background datasets were evaluated using the GOF statistics in ProUCL.
GOF tests were performed on the raw dataset and following the log data transformation, when
applicable. The results of the Shapiro-Wilk test were evaluated to determine whether the data were
normally or lognormally distributed at a confidence level of 0.05. The results of the Anderson-Darling
test or Kolmogorov-Smirnov test were evaluated to determine whether the data were gamma
distributed at a confidence level of 0.05. Before conducting the outlier test, the GOF test results were
evaluated on the basis of non-detect concentrations included at the full value of the RL for those
datasets that included non-detects. The probability plots (Section 3.2.2) were used to support and
interpret these results. Following the outlier test, the GOF test was performed as part of the BTV
statistics (i.e., the results are included in the BTV output), and the distribution is based on the
detected concentrations. If the dataset included non-detects, the BTV statistics were selected on the
basis of the distribution of the detected concentrations and using the Kaplan-Meier estimates for non-
detects.

3.3.2 Outlier Test

Outliers are concentrations that are higher or lower than the majority of concentrations of the
background dataset that may distort the calculation of background statistics such as the BTV or
population tests (USEPA, 2015b). Outliers may be the result of errors related to laboratory analyses
or coding or they may be related to an anomaly in the background sampling area, e.g., unrelated
contaminated sites. Outlier values (both upper- and lower-tail) identified based on the results the
ProUCL default outlier tests for this evaluation were assumed to not be representative of the

background datasets and were removed from the evaluation. This is a conservative measure
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because there is no evidence of laboratory anomalies and background sampling locations were

selected with DOEE approval in uncontaminated areas.

Either Rosner’s test, which is the default outlier test in ProUCL for datasets with 25 samples or more,
or Dixon’s test, which is the default outlier test in ProUCL for datasets with less than 25 samples,
were conducted on the background datasets. Non-detect values were included at the full value of the
RL3. Both the Rosner and Dixon tests assume that the dataset without suspected ou