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| EXECUTIVE SUMMARY I

Shaw Environmental, Inc. (Shaw) conducted a Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) at Solid Waste Management Unit (SWMU) 48 (RAAP-18) -
the Oily Water Burial Area, and SWMU 49 (RAAP-13) - Red Water Ash Burial #2 during 2007.
These investigations are required by the 2000 RCRA Corrective Action permit [U.S.
Environmental Protection Agency (USEPA), 2000a] for Radford Army Ammunition Plant and
were performed in accordance with Master Work Plan (MWP) Addendum 019 (Shaw, 2007).
MWP Addendum 019 was prepared to facilitate the investigation effort to comply with the
requirements set forth in the 2000 RCRA Corrective Action permit and was approved by USEPA
Region 111 and the Virginia Department of Environmental Quality (VDEQ).

Previous investigations combined sites SWMUs 48, 49, 50, and 59 into one study site. However,
SWMUs 50 and 59 were addressed in a separate RFI (Shaw, 2009) that recommended No
Further Action and was approved by USEPA and VDEQ in October 2009. In addition,

SWMUs 48 and 49 are associated because in previous reports their descriptive titles have been
mixed-up and because of their close proximity to each other. The groundwater samples taken
from wells at SWMUs 48, 49, 50, and 59 were all assessed in this report since the sites are so
close in proximity and the contamination appears to be originating from SWMU 49.

In addition to the MWP Addendum 019 field investigation, six previous field investigations were
conducted at SWMUs 48 and 49 between 1987 and 2006. These investigations provide a good,
long-term dataset that, in conjunction with the current data, can be used to assess concentrations
over time.

During the development of MWP Addendum 019, a review of the data indicated that additional
wells were needed to delineate the extent of constituents in groundwater. Groundwater samples
from previous investigations at the four sites had not been analyzed for perchlorate or herbicides,
representing another data gap. Additional soil sampling at SWMU 49 was performed to provide
additional data for a risk assessment at that site. Soil at SWMU 48 was considered sufficiently
characterized through the sampling performed in the previous investigations.

Activities from the 2007 RFI included the installation of four new monitoring wells and the
collection and chemical analysis of groundwater samples from the new and existing wells in the
area. Four surface soil samples and three subsurface soil samples were also collected from
SWMU 49.

After regulatory review of an earlier version of the draft RFI, a supplemental data investigation
was conducted in 2010 and consisted of the advancement of a series of test pits perpendicular to
the trenches at SWMU 48 and subsurface soil sampling. Although the elevated detection of
2,4,6-trinitrotoluene (TNT) from 1998 could not be duplicated during the investigation, bags of
an unknown clayey substance found to contain high metals concentrations were uncovered.
Based on the discovery of the bags and the high concentrations of metals detected in the clayey
substance, an Interim Measures Removal Action was performed in 2011, and impacted soil, the
ash layer, and debris, including the clayey substance, were removed from the southern trench of
SWMU 48 and disposed of offsite.

Review of the 2007 RFI groundwater data indicated that further investigation was required to
delineate the extent of chlorinated solvents in groundwater in the SWMU 48/49 area. In an
effort to complete the RFI at these sites, a Supplemental RFI was performed in 2013 that
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included the installation of four additional groundwater monitoring wells to the south and east of
SWMUs 48 and 49. These four new wells and 10 existing wells were sampled in May 2013 to
further define the extent of chlorinated solvents in groundwater.

Contamination Assessment

Soil — SWMU 48. The primary concern in soil at SWMU 48 was 2,4,6-TNT and
2,4-dinitrotoluene (DNT), located within a thin ash layer near the base of the southern trench
during the 1998 RFI. Concentrations of explosives above screening levels (SLs) were limited to
three samples collected in the southern trench. Subsurface samples 48SBO7A [8-9 feet (ft)
below ground surface (bgs)] and 48TP1 (6-6.5 ft bgs) were both collected from soil containing
ash. Sample 48SB7B (10-11 ft bgs) was collected directly below sample 48SB7A and indicated
a marked decrease in the concentration of 2,4,6-TNT.

Shaw conducted a supplemental data investigation and additional sampling in 2010 to visibly
locate the ash layer within the SWMU 48 trenches via test pitting and characterize the
concentrations of explosives in the soil above, within, and below the ash layer. Visual
observations during the test pitting indicated that the thickness of the ash layer generally ranged
from approximately 0.3 to 2.0 ft and also demonstrated that the ash layer was present through
much of the length of the southern trench. In addition, lenses of plastics, roofing materials,
asphalt debris, and an unknown green clayey substance were encountered in some of the test pits.
Sample results from the investigation indicated that the elevated TNT levels detected in 1998
were isolated and anomalous results that could not be replicated. Test pit sample results also
indicated that metal concentrations, specifically, lead, antimony, arsenic, cadmium, copper, and
mercury, were present at concentrations posing a threat to human health and the environment at
SWMU 48.

Based upon the 2010 investigation sample results, an interim measures remedial action was
performed to address the elevated concentrations of metals in SWMU 48 soil. In compliance
with the SWMU 48 Interim Measures Work Plan (Shaw, 2011), the source material for
contamination at SWMU 48, the debris and ash layer was removed. As presented in the

SWMU 48 Interim Measures Completion Report (Shaw, 2012), sample results from x-ray
fluorescence screening and laboratory confirmation samples indicated that all contaminated soils
have been removed to or below the industrial remedial goals (RGs) selected for arsenic,
antimony, cadmium, copper, lead, and mercury. The cleanup efforts at SWMU 48 achieved
residential soil RGs, and the site is now suitable for unrestricted re-use. Therefore, soil at
SWMU 48 is not considered a concern.

Soil — SWMU 49. The soil at SWMU 49 was investigated during five investigation efforts
spanning from 1991 through 2007. Sample results from the investigations indicate that
explosives, herbicides, metals, and dioxins/furans were not detected at concentrations above
residential SLs (r-SLs) or industrial SLs (i-SLs) in any of the soil samples collected at the site
and are not considered a concern in soil at SWMU 49. The only analytes detected above SLs
included two semivolatile organic compounds (SVOCs) [bis(2-ethylhexyl)phthalate and
naphthalene], two polychlorinated biphenyls (PCBs; PCB-1232 and PCB-1254), and total
petroleum hydrocarbons (TPH). Bis(2-ethylhexyl)phthalate was only detected in one soil sample
at a concentration marginally above its r-SL (but below its i-SL).

Bis(2-ethylhexyl)phthalate is a common laboratory contaminant that is not site related, and its
presence in a single soil sample above its r-SL is not a concern in soil at the site. Naphthalene
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was detected above its r-SL (but below its i-SL) in one subsurface soil sample and above its i-SL
in one other subsurface soil sample (48SB5A19). Naphthalene was not detected in subsurface
soil sample 48SB5B37, collected below 48SB5A19, where naphthalene was detected above its
i-SL; this indicates that naphthalene is not vertically migrating, and its presence at an elevated
concentration in a couple site soil samples is isolated and not considered a concern in site soil.

The most likely source for PCBs in soil was the oily water that was reportedly disposed of in the
SWMU 48/49 area. PCBs are highly immobile in the environment and their presence at that
depth (and not shallower) is likely due to the fact that the PCBs were entrained with the oily
water when it was dumped. The low mobility of PCBs appears to have caused the PCBs to bind
to soil particles, thus preventing downward migration. Groundwater sample results from the
2007 RFI sampling effort indicate that PCBs were not detected in any of the 11 groundwater
samples collected at the combined study area. Therefore, PCBs are not considered a concern in
soil or groundwater at SWMUs 48 or 49.

Similar to the potential source for PCBs detected in soil at the site, it is likely that the source for
the TPH in soil was the oily water that was reportedly disposed of in the SWMU 48/49 area.
Other than the single occurrence of TPH at an elevated concentration in one site surface soil
sample, elevated TPH concentrations were isolated to two subsurface soil samples collected from
17 to 19 ft bgs. Subsurface soil results from samples collected below 17 to 19 ft bgs in the same
boring indicate that TPH was not detected, demonstrating that elevated concentrations of TPH
are isolated and not migrating downward. In addition, the elevated concentrations of TPH at

17 to 19 ft bgs are present at depths below what human and ecological receptors are exposed.

Groundwater. The contamination assessment and the human health risk assessment (HHRA)
identified several volatile organic compounds (VOCs) and metals as elevated and contributing to
potential future risks. Two of the VOCs associated with potential future industrial and
residential risk in the HHRA [carbon tetrachloride (CT) and trichloroethene (TCE)] were present
above USEPA’s Maximum Contaminant Levels (USEPA, 2006) during the multiple
groundwater sampling events at the combined study area. The highest VOC concentrations of
CT and TCE were found in wells 48MW?2 and 48MW3, where the center of the plumes is
located. The CT plume is oval in shape, approximately 250 ft in length (north to south) and

680 ft wide (east to west), and is delineated in all directions. The center of the plume (highest
detected concentrations) is located approximately 205 ft southeast of SWMU 49. The upgradient
edge of the plume is located approximately 250 ft to the northwest from the center of the plume.
The TCE plume is triangular in shape, is approximately 560 ft in length (north to south) and

580 ft wide (east to west), and is delineated in all directions. The center of the plume (highest
detected concentrations) is located approximately 210 ft southeast of SWMU 49. The upgradient
edge of the plume is located approximately 300 ft to the northwest from the center of the plume
and extends into SWMU 48.

A comparison in concentrations from the mid-1990s to 2013 indicates that the majority of the
VOCs are no longer present in these sampled areas and have broken down through natural
processes. Analysis of the groundwater data during this roughly 20-year period shows that
concentrations of CT and TCE plume have: 1) decreased overall, 2) decreased to 1 microgram
per liter surrounding the center of the plume, and 3) decreased at least by one half in the center of
the plume. The presence of daughter products [i.e., chloroform and cis-1,2-dichloroethene
(DCE)] in groundwater at the combined study area indicates that limited biological degradation
of the chlorinated solvents is occurring.
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Human Health Risk Assessment

An HHRA (Section 6.0) was conducted at SWMUSs 48 and 49 to evaluate the potential human
health risks associated with previous activities at the site. Risks associated with surface soil,
total soil, and groundwater were evaluated for several different current and hypothetical future
exposure scenarios. Risks and hazards from these scenarios are summarized below.

SWMU 48

At SWMU 48, the total cancer risk for current and future maintenance worker, future industrial
worker, and future excavation worker exposures to surface soil were within or below the target
risk range of 1E-06 to 1E-04. The total hazard indices (HIs) were less than 1. For current and
future maintenance worker and future excavation worker, the total cancer risk associated with
groundwater was below the target risk range and the total HI was less than 1. For the future
industrial worker, the total cancer risk associated with groundwater (1E-04) was equal to the
upper limit of the target risk range of 1E-06 to 1E-04. The total HI (2E+01) was above 1,
primarily due to cobalt, iron, manganese, and thallium. The maximum detected concentration
(MDC) and the arithmetic mean of lead in groundwater is greater than the action level for lead in
drinking water.

For the future lifetime resident (and off-site resident), the total cancer risks associated with total
soil (1E-05) were within the target risk range, primarily due to arsenic. Arsenic has been
determined to be within background concentrations for total soil. For future adult residents, the
total HI for total soil was less than 1. The total cancer risk associated with groundwater (2E-03)
was above the target risk range of 1E-06 to 1E-04. For future adult resident exposures, the total
HI (9E+01) was above 1. The MDC for lead in groundwater was above the action level for lead
in drinking water. For the residential scenario, site concentrations were above the health
protective criterion for lead.

For the child resident, the total cancer risks associated with total soil (9E-06) was within the
target risk range, primarily due to arsenic. Arsenic has been determined to be within background
concentrations for total soil. For future child residents, the total HI (4E+00) was above 1;
however, there were no individual chemicals of potential concern (COPCs) with Hls above 1.
The total cancer risk associated with groundwater (onsite and offsite) (6E-04) was above the
target risk range of 1E-06 to 1E-04. For future child resident exposures, the total HI (1E+02)
was above 1. It is noted that chemicals with a critical endpoint of harm to the developing fetus
may have other less sensitive effects on other organs in children. For the residential scenario,
site concentrations in groundwater were above the health protective criterion for lead.

SWMU 49

At SWMU 49, the total cancer risk for current and future maintenance worker, future industrial
worker, and future excavation worker exposures to surface soil and/or total soil was within or
below the target risk range of 1E-06 to 1E-04. The total HI was less than 1. The total cancer
risk for current and future maintenance worker and future excavation worker exposures
associated with groundwater (onsite and offsite) was below the target risk range of 1E-06 to
1E-04. The total HI was less than 1.

The total cancer risk for future industrial worker exposures associated with groundwater (onsite
and offsite) (LE-04) was equal to the upper limit of the target risk range of 1E-06 to 1E-04. The
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total HI (2E+01) was above 1. The MDC and arithmetic mean of lead in groundwater were
greater than the action level for lead in drinking water.

For the future lifetime resident, the total cancer risks associated with total soil (5E-05) were
within the target risk range. For future adult residents, the total HI for total soil was less than 1.
The total cancer risk associated with groundwater (onsite and offsite) (2E-03) was above the
target risk range of 1E-06 to 1E-04. For future adult resident exposures, the total HI (9E+01)
was above 1. The MDC and the arithmetic mean of lead in groundwater were greater than the
action level for lead in drinking water. For the residential scenario, site concentrations were
above the health protective criterion for lead.

For the future child resident, the total cancer risk associated with total soil (4E-05) was within
the target risk range. The total HI (3E+00) was above 1; however, there were no individual
COPCs with Hls above 1. The total cancer risk associated with groundwater (onsite and offsite)
(6E-04) was above the target risk range of 1E-06 to 1E-04. The total HI (1E+02) was above 1.
The margin-of-exposure evaluation for iron indicated that the iron intake was above the
allowable range.

Screening Level Ecological Risk Assessment

The data, results, and conclusions of the screening level ecological risk assessment (SLERA)
evaluated risks to ecological populations inhabiting SWMU 48. Conclusions are derived from
the risk assessment and are based on the responses to the assessment hypotheses and assessment
endpoints. The assessment results for food chain exposure are summarized in Table 7-9, and
direct contact exposure results for terrestrial invertebrates, which may serve as a food source for
wildlife are summarized in Table 7-10 and discussed in Section 7.2.4.1.

The food chain Tier 2 no-observed-adverse-effect level assessment suggests potential adverse
impacts to terrestrial wildlife, especially shrews, robins, and voles for modeled contact with the
hazard drivers (arsenic; chromium; lead; mercury; zinc; Aroclor 1254; 4,4-DDT; 4,4-DDD; and
TCDD) in surface soil. Based on Tier 2 lowest-observed-adverse-effect level (LOAEL)-based
approach, only chromium for the robin and TCDD for the shrew had estimated environmental
effects quotients (EEQs) greater than 1 when rounded to one significant figure. In addition,
when alternative exposure and/or toxicity factors were used in the SLERA EEQ calculation for
these two receptors, estimated EEQs would be expected to drop to 1 or less. The direct contact
assessment results suggest a potential reduction in wildlife food supply due to barium and
mercury in surface soil; however, due to the small size of the site (1 acre), this potential
reduction in food is not considered biologically significant. Analysis of the site and background
data indicates that all of the Tier 2 inorganic chemical of potential ecological concern (COPEC)
drivers (chromium, mercury, and zinc) and the direct contact constituent mercury are statistically
related to naturally-occurring surface soil concentrations (Section 7.2.5).

Based on uncertainties of toxicity, the finding that chromium, mercury, and zinc concentrations
are background related, the fact that no wildlife rare, threatened, or endangered (RTE) species
have been confirmed at the SWMU study area, alternative exposure and/or toxicity factors that
could be used, and the relatively small size of the SWMU (1.0 acre), additional remedial
measures solely to address ecological concerns are not warranted for soil. The
scientific/management decision point (SMDP) reached for this SLERA is that the information
collected and presented indicates that a more thorough assessment is not warranted.
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The data, results, and conclusions of the SLERA evaluated risks to ecological populations
inhabiting SWMU 49. Conclusions are derived from the risk assessment and are based on the
responses to the assessment hypotheses and assessment endpoints. The assessment results for
food chain exposure are summarized in Table 7-16, and direct contact exposure results for
terrestrial invertebrates, which may serve as a food source for wildlife are summarized in
Table 7-17 and discussed in Section 7.3.4.1.

The food chain assessment suggests potential adverse impacts to terrestrial wildlife, especially
shrews and voles for modeled contact with the hazard drivers (primarily selenium and TCDD) in
surface soil. Use of alternative SLERA parameters would reduce the estimated Tier 2 LOAEL-
based EEQs to essentially 1, except for selenium exposure for the meadow vole. However, the
small size of the site may not be able to support enough small mammals for a sustainable
breeding population. The direct contact assessment results suggest a potential reduction in
terrestrial invertebrate wildlife food supply due to lead and mercury in surface soil; however,
given the small size of the site, it is unlikely that the potential loss of prey would be biologically
significant. Analysis of the site and background data indicates that of the three inorganic
COPEC drivers, lead is background related [i.e., statistically related to naturally-occurring
surface soil concentrations (Section 7.3.5)].

Based on uncertainties of toxicity, the potential that lead concentrations are background related,
the fact that no wildlife RTE species have been confirmed at the SWMU study area, and the
relatively small size of the site (0.1 acre), remedial measures solely to address ecological
concerns are not warranted for soil. The SMDP reached for this SLERA is that the information
collected and presented indicates that a more thorough assessment is not warranted.

For both SWMUs 48 and 49, migration of COPECs in groundwater to surface water and
sediment of the New River was determined unlikely due to the distance of this receptor area from
the site and therefore was not deemed to be an ecological concern.

The SWMU 48 and 49 assessment results may serve as the foci of discussions with risk
managers and regulatory agencies. It is very important to note that many conservative
assumptions and modeling approaches were used in the assessment, and actual hazards to
wildlife may be orders of magnitude lower than predicted herein.

Recommendations
Soil

SWMU 48. As presented in the SWMU 48 Interim Measures Completion Report (Shaw, 2012),
soil constituents have been remediated to below industrial standards. Additionally, the cleanup
efforts at SWMU 48 achieved residential soil RGs, and the site is now suitable for unrestricted
re-use. The Army requests a Response Complete determination for SWMU 48, as the results of
the Interim Measures and the contamination assessment indicate that No Further Action is
required for the site.

SWMU 49. The contamination assessment of SWMU 49 indicates that explosives, herbicides,
metals, and dioxins/furans were not detected at concentrations above r-SLs or i-SLs in any of the
soil samples collected at the site and are not considered a concern in soil at SWMU 49. The only
analytes detected above SLs included two SVOCs [bis(2-ethylhexyl)phthalate and naphthalene],
two PCBs (PCB-1232 and PCB-1254), and TPH. Analysis of the soil data indicates that these
analytes are not considered a concern in soil at SWMU 49.
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The HHRA indicated that the total cancer risk for current and future maintenance worker, future
industrial worker, and future excavation worker exposures to surface soil and/or total soil was
within or below the target risk range of 1E-06 to 1E-04. The total HI was less than 1. For the
future child resident, the total cancer risk associated with total soil (4E-05) was within the target
risk range. The total HI (3E+00) was above 1; however, there were no individual COPCs with
His above 1.

The SLERA indicated that the food chain assessment suggests potential adverse impacts to
terrestrial wildlife, especially shrews and voles for modeled contact with the hazard drivers. The
direct contact assessment results suggest a potential reduction in terrestrial invertebrate wildlife
food supply due to lead and mercury in surface soil. Based on uncertainties of toxicity, the
potential that lead concentrations are background related, the fact that no wildlife RTE species
have been confirmed at the study area, and the relatively small size of the site (0.1 acre),
remedial measures solely to address ecological concerns are not warranted for soil. The SMDP
reached for this SLERA is that the information collected and presented indicates that a more
thorough assessment is not warranted.

Based on the findings from the contamination assessment, HHRA, and SLERA, the site is
suitable for unrestricted use and No Further Action is recommended for soil at SWMU 49.

Groundwater

Groundwater at the combined study area has been investigated from the mid-1990s through 2013
and has been fully characterized and delineated. Based on the contamination assessment and the
HHRA, CT and TCE are the primary constituents of concern that are contributing potential
future industrial and residential risk at the combined study area. Results from the monitored
natural attenuation (MNA) analysis conducted for the combined study area groundwater

(Section 4.6) indicated that MNA processes including biodegradation, sorption, dilution,
dispersion, and chemical stabilization are occurring in groundwater at the combined study area.
The following conclusions were derived from the MNA analysis:

o Decreases in TCE and CT concentrations have occurred from 1995 to 2013 and indicate
that MNA processes are aiding in the reduction of contaminated concentrations.

e The presence of daughter products cis-1,2-DCE and chloroform suggests that limited
biological degradation has occurred, which also may be aiding in removing mass in the
groundwater.

o The geochemical parameters, including dissolved oxygen, oxidation-reduction potential,
anions, and total organic carbon indicate that groundwater conditions are generally
aerobic and not favorable for the complete biological reducing of TCE and CT.

« Additional sampling is required to obtain a more complete data set for the evaluation of
site characteristics and further analyze contaminant concentrations in the combined study
area.

Based on the findings from the contamination assessment, MNA analysis, and HHRA, long-term
monitoring of the combined study area groundwater is recommended to further evaluate
contaminant concentrations and MNA of contaminants in groundwater at the combined study
area.
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1.0 INTRODUCTION

Shaw Environmental, Inc. (Shaw) was tasked by the U.S. Army Corps of Engineers, Baltimore
District, to perform a Resource Conservation and Recovery Act (RCRA) Facility Investigation
(RFI) and Corrective Measures Study at Solid Waste Management Unit (SWMU) 48 (RAAP-18)
- the Oily Water Burial Area and SWMU 49 (RAAP-13) - the Red Water Ash Burial No. 2. The
SWNMUs are located adjacent to one another in the southeastern portion of the Horseshoe Area
(HSA) of Radford Army Ammunition Plant (RFAAP), east of the main bridge over the New
River (Figure 1-1). The work was performed in accordance with RFAAP’s Master Work Plan
(MWP) (URS, 2003) and MWP Addendum 019 (Shaw, 2007) under Contract No. W912QR-04-
D-0027.

Previous investigations have been conducted as a collective effort at or adjacent to SWMUs 48
and 49 and are discussed in the following section of this report. A data review, including the
development of a conceptual site model (CSM) and a data gap analysis, was performed in MWP
Addendum 019 (Shaw, 2007). Review of the data indicated that additional samples needed to be
collected to characterize the current state of potentially impacted media, representing a data gap.
Once the data needs were identified, sampling strategies were developed to complete the
characterization of SWMUs 48 and 49.

The objectives of the field investigation at SWMUs 48 and 49 were designed to:
o Collect sufficient samples in order to complete risk assessments.
o Further delineate identified “hotspots” in soil.
« Provide additional coverage in lateral and vertical dimensions at the sites.

e Further characterize groundwater so that a groundwater component could be added to the
human health risk assessment (HHRA).

Field activities were conducted in accordance with the MWP, Master Quality Assurance Plan,
Master Health and Safety Plan (URS, 2003), MWP Addendum 012 (IT, 2002a), and MWP
Addendum 019 (Shaw, 2007), as approved by the U.S. Environmental Protection Agency
(USEPA) Region 111 and the Virginia Department of Environmental Quality (VDEQ).
Modifications to MWP Addendum 019 proposed sampling activities are presented in

Section 3.1.5.

The data collected in 2007, in conjunction with existing data, and recent data collected in 2010
and 2011 was sufficient to complete a Nature and Extent of Contamination Assessment
(Section 4.0), Fate and Transport Evaluation (Section 5.0), HHRA (Section 6.0), and Screening
Level Ecological Risk Assessment (SLERA) (Section 7.0).
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2.0 SITE BACKGROUND

2.1 Site Description

The combined study area (SWMUSs 48 and 49) is located in the southeastern portion of the
RFAAP HSA, east of the main bridge over the New River. As illustrated on Figure 2-1, the two
SWNMUs are adjacent, with SWMU 48 located approximately 200 feet (ft) northwest of

SWMU 49.

The SWMU 48 study area is approximately 380 ft long by 120 ft wide; whereas, the SWMU 49
study area is 75 ft long by 83 ft wide. The combined study area is situated on a bluff
approximately 120 ft above and overlooking SWMU 13 and the New River. The land surface in
the combined study area gently slopes from approximately 1,830 feet above mean sea level (ft
msl) on the north side of SWMU 48, to approximately 1,816 ft msl on the southeast side of
SWMU 49. Based on topography, surface water runoff is expected to flow approximately 700 ft
south to the New River.

SWMU 48, the oily water burial area, consists of two sets of unlined trenches, one at the
northern end of the site and one at the southern end. SWMU 49, the red water ash burial no. 2,
during its time of active use simply looked like an area of disturbed ground.

The overall study area is grassy with wooded areas to the south, east, and west. The 2000 aerial
photo shown on Figure 2-2 indicates ground scarring and disturbed soil; however, the site has
revegetated in the years since they were active. A subsided area that coincides with southern
SWMU 48 trench provides evidence of its location.

An east-west asphalt road, located at the northern edge of the study area, parallels SWMU 48 and
provides access to the combined study area via a gravel and bottom ash covered dirt road that
trends north-south in the middle of the study area. The dirt and gravel road connects to an east-
west trending dirt road at the southern end of the area. There are no structures in the combined
study area, and according to RFAAP utility maps, there are no manholes, catch basins, or storm
drains located in the immediate vicinity of the area. There is also no sediment or surface water
located on the sites.

2.2 Site History and Operations

The histories of the two SWMUs that comprise the combined study area are described separately
in this section, and the site figures depict the two SWMUSs as separate and distinct areas.
However, it is apparent from analytical testing of soil that the combined study area should be
considered as one contiguous area with some degree of cross disposal occurring when operations
at the SWMUSs occurred concurrently.

SWMU 48, Oily Water Burial Area. Aerial photographs taken in 1971 and 1986 indicate that
SWMU 48 consists of two sets of unlined trenches, identified as the northern and southern
trenches (Figure 2-1). Prior to off-post waste oil reclamation, approximately 200,000 gallons of
oily wastewater removed from oil/water separators throughout RFAAP was reportedly disposed
of in SWMU 48 (Dames and Moore, 1992). However, the results of environmental sampling to
date indicate that the oily wastewater was likely disposed of in the area associated with

SWMU 49. Conversely, sampling indicates that the red water ash associated with SWMU 49
was disposed in the SWMU 48 disposal trenches. Interpretations of aerial photographs indicate
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that activity first occurred at SWMU 48 in 1970 (USEPA, 1992). The northern trench is visible
in the 1971 aerial photograph as light colored east to west trending scars of disturbed soil that
parallel the asphalt road. Revegetation had occurred by the time of the 1981 aerial photograph.
The filled and revegetated southern trench is prominent in the 1986 aerial photograph, positioned
at a slight angle below the northern trench. This trench is marked by the growth of grass visibly
different from the surrounding vegetation (e.g., greener and thicker) and by extensive ground
subsidence. Documentation for disposal activities in the southern trench is currently unknown,
but observations during soil boring and test pit activities during the 1998 RFI indicate a layer of
fine black material occurring at approximately 6-7 ft below ground surface (bgs). Explosives
compounds were detected in samples of this material.

SWMU 49, Red Water Ash Burial No. 2. The location of SWMU 49 has been unclear in
previous investigations, which essentially considered SWMU 49 to be contiguous or co-located
with SWMU 48. In fact, previous sampling of this area was performed as part of SWMU 48
investigations. The location of SWMU 49 is defined in aerial photography by disturbed ground
during the time of active disposal in the adjacent SWMUs 48 and 50. No signs of release were
noted during the April 1987 visual site inspection performed during the RCRA Facility
Assessment (RFA) [U.S. Army Toxic and Hazardous Materials Agency (USATHAMA), 1987].

SWMU 49 reportedly received 10 tons of red water ash during its active period (USATHAMA,
1987). However, the results of environmental sampling to date indicate that the red water ash
was likely disposed of in the disposal trenches associated with SWMU 48. Conversely, sampling
indicates that the oily wastewater associated with SWMU 48 was disposed of in the SWMU 49
area. Red water ash is a USEPA listed hazardous waste (K047) and is listed solely for reactivity
(40 Code of Federal Regulations 261.32). During the production and formulation of
trinitrotoluene (TNT), an alkaline, red-colored aqueous waste is generated (red water). This
waste stream is composed of TNT purification filtrate, air pollution control scrubber effluent,
washwater from cleaning of equipment and facilities, and washwater from product washdown
operations. Red water was concentrated by evaporation, and the sludge was burned in rotary
kilns located in the TNT manufacturing area (USATHAMA, 1976). The ash from the burned red
water sludge is known as red water ash.

2.3 Site Soil

The U.S. Department of Agriculture has mapped Braddock loam soils as underlying SWMUs 48
and 49 with slope modifiers of 2 to 7 percent, except for the small northeast corner of SWMU 48
which is a different soil type (Figure 2-3). A typical profile of Braddock loam has a dark
yellowish-brown loam surface layer about 7 inches thick with yellowish-red and red clay subsoil
extending to about 60 inches depth or more. It is a gently-sloping soil that is over 60 inches deep
to bedrock and doesn’t have a seasonal high water table within 6 ft of the surface (SCS, 1985).

The soil located in the small northeast corner of SWMU 48 is defined as a Cotaco loam with
slope modifiers of 2 to 7 percent. A typical profile of Cotaco loam has a 9-inch-thick brown
loam surface layer with a subsoil layer extending to 60 inches or deeper. The subsoil is mainly
yellowish-brown and brownish-yellow loam and clay loam and is mottled with reddish-yellow,
brownish-yellow, strong brown, and light gray. Cotaco loam is a gently-sloping soil with a
seasonally high water table at a depth of 1.5 to 2.5 ft and is more than 60 inches deep to bedrock.
The soil type is typically found on high terraces along streams and is in irregularly shaped areas
that range from 3 to 15 acres.
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2.4 Site Geology

RFAAP is located in the New River Valley, which crosses the Valley and Ridge Province
approximately perpendicular to the regional strike of bedrock, and cross cuts Cambrian and
Ordovician limestone or dolostone. Deep clay-rich residuum is prevalent in areas underlain by
carbonate rocks. The valley floor is covered by river floodplain and terrace deposits; karst
topography is dominant throughout the area.

Stratigraphic characterization of the subsurface was performed during the advancement of soil
and monitoring well borings at the sites. Geologic cross-sections were developed based on the
logging descriptions (Appendix B-1). Plan view of cross-sectional lines A-A’ and B-B’ is
presented on Figure 2-4. As depicted on Figures 2-5 and 2-6, the subsurface geology consists
of alluvium and residual deposits comprised of clay and silt with some sand and gravel overlying
bedrock. Depth to bedrock ranges from approximately 55 to 65 ft bgs. Bedrock consists of
highly fractured interbedded siltstone, limestone, and dolostone of the Elbrook Formation. The
Max Meadows Breccia is evident in outcrops along the slope leading to the river. In the outcrop
along the slope, the tectonic breccia and the limestone and dolostone are highly weathered with
many solution cavities.

2.5 Site Hydrogeology

Groundwater conditions in the vicinity are controlled by the karstic nature of the Elbrook
Formation. Based on topography and groundwater elevations measured in August 2007 and
May 2013 (Figures 2-7 and 2-8), groundwater flow in the combined study area is to the south
towards the New River and appears to follow topography. The water table becomes steeper at
the southern end of the sites near the cliff above SWMU 13 and the New River. As discussed in
Section 3.4, four new monitoring wells were installed to the south and east of SWMUs 48 and 49
during the 2013 Supplemental RFI to refine the understanding of groundwater flow in the
combined study area and better define the extent of chlorinated solvents previously detected in
groundwater.

The groundwater table was present below the sites in August 2007 at elevations ranging from
1694.41 to 1786.86 ft msl (Figure 2-7) and from 1680.17 to 1757.13 ft msl in May 2013
(Figure 2-8). A steep hill exists between SWMU 49 and SWMU 13 and, therefore, no
monitoring wells are positioned between these sites. As discussed in Section 2.1, surface water
is also expected to flow towards the New River.

2.6  Previous Investigations

Six previous investigations have been conducted at SWMUs 48 and 49. In 1987, USEPA
conducted an RFA to evaluate potential hazardous waste or hazardous constituent releases and
implement corrective actions, as necessary. In 1992, Dames and Moore performed a Verification
Investigation (V1), which included surface and subsurface soil sampling and a soil gas survey to
characterize the nature and extent of contamination. In 1996, Parsons Engineering Science
conducted an RFI to further delineate the extent of contamination identified during the 1992 VI
sampling. ICF Kaiser Engineers also performed an RFI in 1998 to further refine the
understanding of the nature and extent of contamination identified during the previous
investigations. Additional sampling was conducted by IT Corporation/Shaw in 2002 and 2006 to
collect sufficient data to complete human health and ecological risk assessments. These
investigations and results of the chemical data are summarized below.
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2.6.1 RFA, USEPA, 1987

An installation-wide assessment was conducted for RFAAP to evaluate potential hazardous
waste or hazardous constituent releases and implement corrective actions, as necessary. The
assessment consisted of a preliminary review and evaluation of available site information,
personnel interviews, and a visual site inspection. Environmental samples were not collected
from SWMUs 48 or 49 as part of the inspection.

The assessment indicated that inactive SWMUSs 48 and 49 are contiguous, and no distinction can
be made by visual observation. During a site inspection in April 1987, there were no visual signs
of release; however, some residue of what appeared to be calcium sulfate was noted, likely
associated with adjacent SWMU 50 — Calcium Sulfate Treatment/Disposal Area.

2.6.2 VI, Dames and Moore, 1992

The VI report was prepared for USATHAMA and covered many RFAAP SWMUs. The
objective was to evaluate whether toxic or hazardous contaminants are present and are, or have
the potential of, migrating beyond the boundaries of the identified SWMUs. Environmental
samples were collected, analyzed for chemical constituents, and evaluated. Recommendations
for further study or action (or No Further Action) were made. Environmental samples collected
from the SWMU 48/49 combined study area included:

e Two soil samples from within [48SB1(RVFS*1) and 48SB2(RVFS*3)] and two samples
below disposed material at SWMU 48 [48SB1(RVFS*2) and 48SB2(RVFS*4)], analyzed
for target analyte list (TAL) metals, toxicity characteristic leachate procedure (TCLP)
metals, volatile organic compounds (VOCs), and semivolatile organic compounds
(SVOCs).

e One soil sample [48SB3(RVFS*6)] from a depth of 18-20 ft at SWMU 49, analyzed for
TAL metals, TCLP metals, VOCs, and SVOCs.

« In addition, due to detections of SVOCs in soil and apparent fuel-like odors encountered
from 13 to 22 ft in the soil boring from SWMU 49, a subsurface soil gas survey was
conducted over a 100-ft x 100-ft area. Eight soil gas samples were collected at 50-ft
spacing from a depth of 4 ft bgs and analyzed for pentane/methyl tert-butyl ether,
benzene, toluene, ethylbenzene, and xylenes. Concentrations were at or below detectable
levels. Soil gas survey procedures and results can be found in Appendix B-2.

A summary of VI sampling is included in Table 2-1. Positive detections for VI sampling and
detections above screening levels (SLs) for SWMUs 48 and 49 are identified in Tables 2-2 and
2-3, respectively. Detailed discussion of detections above SLs will be presented in Section 4.0.
Soil sampling locations are depicted on Figure 2-2. It should be noted that SWMU 49 was not
distinguished in the report separately from SWMU 48. The area now considered to be

SWMU 49 was sampled and discussed as “the lower disposal area” of SWMU 48. Therefore,
samples from SWMU 49 were identified with a “48” prefix.
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Table 2-1
Previous Investigations Samples and Analyses

Media | Sample ID | Depth (ft bgs) | Analyses
SWMU 48
1992 Verification Investigation, Dames & Moore
Subsurface Soil 48SB1 7.5-9.5 TAL metals, VOCs, SVOCs, TCLP metals
48SB1 13-15 TAL metals, VOCs, SVOCs, TCLP metals
485B2 10-12 TAL metals, VOCs, SVOCs, TCLP metals
485B2 20-22 TAL metals, VOCs, SVOCs, TCLP metals
1996 RCRA Facility Investigation, Parsons Engineering Science, Inc.
Surface Soil 48SS1 0-1 TAL metals, VOCs, SVOCs, explosives, TPH
48SS2 0-1 TAL metals, VOCs, SVOCs, explosives, TPH
48SS3 0-1 TAL metals, VOCs, SVOCs, explosives, TPH
Subsurface Soil | 48SB4A11 10-11 VVOCs, SVOCs, explosives, TPH
48SB4B21 20-21 VOCs, SVOCs, explosives, TPH, TOC
1998 RCRA Facility Investigation, ICF Kaiser Engineers, Inc.
Surface Soil 48SB6C 1-3 TAL metals, VOCs, SVOCs, PAHSs, explosives
48SB6C2 1-3 VOCs (methanol preservation)
Subsurface Soil 48SB6A 6-7 TAL metals, VOCs, SVOCs, PAHSs, explosives
48SB6A2 6-7 VOCs (methanol preservation)
48SB6B 14-16 TAL metals, VOCs, SVOCs, PAHSs, explosives
485B6B2 14-16 VOCs (methanol preservation)
48SB7A 8-9 TAL metals, VOCs, SVOCs, PAHSs, explosives
48SB7A2 8-9 VVOCs (methanol preservation)
48SB7B 10-11 TAL metals, VOCs, SVOCs, PAHSs, explosives
48TP1 6-6.5 TAL metals, VOCs, SVOCs, PAHSs, explosives
48TP2 6-6.5 TAL metals, VOCs, SVOCs, PAHSs, explosives
48TP3 6-6.5 TAL metals, VOCs, SVOCs, PAHSs, explosives
48TP4 6-6.5 TAL metals, VOCs, SVOCs, PAHSs, explosives
2002 Site Characterization, IT Corporation
. TCL VOCs, SVOCs, pesticides/PCBs, herbicides, PAHs
Surface Soil 48SBOBA 0-0.5 explosives, ’TAL me'Earl)s, dioxins/furan’s, TOC, gra;in size,' pH
48SB09A 0-0.5 Explosives, dioxins/furans
TCL VOCs, SVOCs, pesticides/PCBs, herbicides, PAHs,
48SB10A 0-0.5 explosives, TAL metarl)s, dioxins/furans
Subsurface Soil 48SB0SB 4.6 ;jriCO)Izir\é?fSrs;éVOCs, PCBs, PAHSs, explosives, TAL metals,
TCL VOCs, SVOCs, PCBs, PAHSs, explosives, TAL metals,
485B08C 8-10 dioxins/furans, TOC, grain size, pH P
485B09B 4-6 Explosives, dioxins/furans
48SB09C 8-10 Explosives, dioxins/furans
48SB10B 4.6 ;jriCO;ir\lﬁlcj:rs;nEVOCs, PCBs, PAHSs, explosives, TAL metals,
48SB10C 8-10 ;jriCO)Izir\é?fSrs;éVOCs, PCBs, PAHSs, explosives, TAL metals,
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Table 2-1 (Continued)
Previous Investigations Samples and Analyses

Media | Sample ID | Depth (ft bgs) | Analyses
SWMU 49
1992 Verification Investigation, Dames and Moore
Subsurface Soil | 48SB3 | 10-12 | TAL metals, VOCs, SVOCs, TCLP metals
1996 RCRA Facility Investigation, Parsons Engineering Science, Inc.
Surface Soil 48SS4 0-1 TAL metals, SVOCs, TPH
48SS5 0-1 TAL metals, SVOCs, TPH
48SS6 0-1 TAL metals, SVOCs, TPH
Subsurface Soil 48SB5A19 17-19 SVOCs, TPH
48SB5B37 35-37 SVOCs, TPH, TOC
48MW1A22 20-22 SVOCs, TPH
48MW1B54 52-54 SVOCs, TPH, TOC
48MW2A42 40-42 SVOCs, TPH
48MW2B46 44-46 SVOCs, TPH, TOC
48MW3A22 20-22 SVOCs, TPH
48MW3B32 30-32 SVOCs, TPH, TOC
1998 RCRA Facility Investigation, ICF Kaiser Engineers, Inc.
Subsurface Sail 49SB1A 8-10 TAL metals, VOCs, SVOCs, PAHSs, explosives
49SB1B 18-24 TAL metals, VOCs, SVOCs, PAHSs, explosives
49SB1B2 18-24 VVOCs (methanol preservation)
49SB1C 28-32 TAL metals, VOCs, SVOCs, PAHSs, explosives
49SB1C2 28-32 VOCs (methanol preservation)
49SB1D 38-40 TAL metals, VOCs, SVOCs, PAHSs, explosives
49SB1D2 38-40 VVOCs (methanol preservation)
49SB1E 48-50 TAL metals, VOCs, SVOCs, PAHSs, explosives
49SB1F 58-60 TAL metals, VOCs, SVOCs, PAHSs, explosives
2002 Site Characterization, IT Corporation
. TCL VOCs, SVOCs, pesticides/PCBs, herbicides, PAHs,
Surface Soil 495S01 0-0.5 explosives, TAL metarl)s, dioxins/furans, TOC, grain size, pH
49SBO2A 0-0.5 TCL V_OCs, SVOCs, pesti_cidgs/PCBs, herbicides, PAHSs,
explosives, TAL metals, dioxins/furans
Subsurface Soil 49SB02B 4-6 TCL PCBs, PAHs, TAL metals, dioxins/furans
49SB02C 8-10 TCL PCBs, PAHs, TAL metals, dioxins/furans
49SSB02D 17-19 TC!_ P_CBs, PAHs, TAL metals, dioxins/furans, TPH, TOC,
grain size, pH
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Table 2-1 (Continued)
Previous Investigations Samples and Analyses

Media Sample ID | Depth (ft bgs) | Analyses
Combined Study Area Groundwater Assessment
1996 RCRA Facility Investigation, Parsons Engineering Science, Inc.
Groundwater 48MW1 na TAL r_netals, VOCs, SVOCs, Hardness, TPH, TOC, TOX,

Chloride

48MW1 na TAL metals, VOCs, SVOCs, Hardness, TOC, TOX, Chloride

48MW?2 na TAL metals, VOCs, SVOCs, Hardness, TPH, TOC, TOX,
Chloride

48&1!;/2' na TAL metals, VOCs, SVOCs, Hardness, TOC, TOX, Chloride

48MW3 na TAL metals, VOCs, SVOCs, Hardness, TPH, TOC, TOX,
Chloride

ABNIWS- na TAL metals, VOCs, SVOCs, Hardness, TOC, TOX, Chloride

48MW4 na TAL metals, VOCs, SVOCs

48:;/:\5/\5/4' na TAL metals, VOCs, SVOCs

1998 RCRA Facility Investigation, ICF Kaiser Engineers, Inc.

Groundwater 48MW1-2 na TAL metals, VOCs, SVOCs, PAHSs, explosives, TOC, TOX
48MW2-2 na TAL metals, VOCs, SVOCs, PAHSs, explosives, TOC, TOX
48MW3-2 na TAL metals, VOCs, SVOCs, PAHSs, explosives, TOC, TOX
48MW4-2 na TAL metals, VOCs, SVOCs, PAHSs, explosives, TOC, TOX

2006 Eastern Horseshoe Area GW Sampling, Shaw
Groundwater 48MW1 na TAL metals, _TC_L VOCs, SVOCs, PAHS, pest/PCBs,
explosives, dioxins/furans
48MW?2 na TAL rr_letals, _TC_L VOCs, SVOCs, PAHS, pest/PCBs,
explosives, dioxins/furans
48MW3 na TAL metals, .TC.L VOCs, SVOCs, PAHS, pest/PCBs,
explosives, dioxins/furans
48MW4 na TAL metals, TCL VOCs, SVOCs, PAHSs, pest/PCBs,

explosives, dioxins/furans
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Table 2-2

Analytes Detected in SWMU 48 Soil Samples - 1992 VI

Sample ID]  48SB1 (RVFS*1) 48SB1 (RVFS*2) 48SB2 (RVFS*3) 48SB2 (RVFS*4)
Analyte Sample Datej 8/19/91 8/19/91 8/16/91 8/16/91
Sample Depth 7.5-9.5 13-15 10-12 20-22

i-SL | rsL ] Background Result [ Lab Q| Val Q Result Lab Q] ValQ Result [ Lab Q| Val Q Result Lab Q] ValQ
VOCs (ug/kg)
Toluene 4500000 | 500000 | na | o078 u u] o7 u U] 1 \ \ 078 U U
SVOCs (ug/kg)
2,4-Dinitrotoluene 5500 1600 na 700 U U 140 U U 3200 140 U U
2,6-Dinitrotoluene 62000 6100 na 400 Uu u 85 u u 1200 85 u u
bis(2-Ethylhexyl)phthalate 120000 | 35000 na 3000 u u 620 u u 1000 620 Uu u
(IDi-n-butylphthalate 6200000 | 610000 na 300 Uu u 61 u u 2900 190
[INaphthalene 18000 3600 na 200 Uu u 37 u u 270 37 Uu u
[lPhenanthrene 1700000 | 170000 na 200 33 u u 130 33 u u
(Pyrene 1700000 | 170000 na 300 33 u u 33 Uu u 33 Uu u
Metals (mg/kg)
Aluminum 99000 7700 40041 2940 12200 15700 14600
Arsenic 1.6 0.39 15.8 8.19 31 47 2.75
Barium 19000 1500 209 425 36.7 52.4 70.8
[Beryllium 200 16 1.02 0.767 173 2.15 4.98
[lcalcium na na na 240000 662 9740 198
[[Chromium 150000 | 12000 65.3 7.78 273 29.5 319
[lcobalt 30 2.3 72.3 3.01 6.34 11.3 17.9
Copper 4100 310 535 10.8 6.87 135 14.6
Iron 72000 5500 50962 8550 21200 25800 41600
Lead 800 400 26.8 36.9 105 u u 154 105 u u
||Magnesium na na na 130000 784 3390 763
[Manganese 2300 180 2543 222 195 278 547
[[Mercury 43 1.0 0.13 2.6 0.05 U 0.23 0.05 U
[INickel 2000 150 62.8 4.91 6.57 25.6 24.5
Potassium na na na 327 551 758 934
Silver 510 39 na 1.03 0.589 u u 0.855 0.589 u u
Sodium na na na 551 372 391 2880
\Vanadium 520 39 108 8.97 30 343 328
Zinc 31000 2300 202 38.2 23 713 29.8

*Refer to legend immediately following this table for a list of definitions and table notes.




Table 2-2

Legend
12 J Bold outline indicates a residential SL exceedance.
12 J Bold, underlined font indicates a background exceedance.

SLs for carcinogenic compounds are shown in red font.

SLs for non-Carcinogenic compounds have been recalculated to an HI of 0.1.

The pyrene SLs were used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue font.
Inorganic results below background UTLs are not indicated as exceedances on the table.

SL Source: ORNL Regional Screening Table. November 2011.

Lead screening values from Technical Review Workgroup for Lead: Guidance Document (USEPA, 2003b).
mg/kg = milligrams per kilogram (parts per million).

ng/kg = micrograms per kilogram (parts per billion).

NA = not applicable.

Lab Q = Lab Data Qualifiers
U = Analyte not-detected at the method reporting limit.

Val Q = Validation Data Qualifiers
U = Analyte not detected.



Table 2-3
Analytes Detected in SWMU 49 Soil Samples - 1992 VI

Sample 1D 48SB3 (RVFS*6)
Analyte Sample Date 8/19/91
Sample Depth 18-20
i-SL | r-SL ] Background Result [LabQ| Val Q

\VVOCs (ug/kg)

Ethylbenzene 27000 5400 na 47

Toluene 4500000 | 500000 na 2.6

Xylenes (total) 270000 63000 na 250

SVOCs (ug/kg)

2-Methylnaphthalene 410000 31000 na 30000

Fluorene 2200000 | 230000 na 8000
[[Naphthalene 18000 | 3600 na 6000
[Phenanthrene 1700000 | 170000 na 10000 |
||Metals (mg/kg)
(lAluminum 99000 7700 40041 16400
(Barium 19000 1500 209 325
(Beryllium 200 16 1.02 2.98
[lchromium 150000 | 12000 65.3 13.2
[[Cobalt 30 2.3 72.3 25.6
[lcopper 4100 310 535 3
[liron 72000 5500 50962 23700
||Magne5ium na na na 751
[[Manganese 2300 180 2543 168
[Nickel 2000 150 62.8 30.8
||Potassium na na na 1890
||Sodium na na na 315
[Vanadium 520 39 108 16.8
[lZinc 31000 2300 202 23.8

*Refer to legend immediately following this table for a list of definitions and table notes.



Table 2-3

Legend
12 J Bold outline indicates a residential SL exceedance.
12 J Bold, underlined font indicates a background exceedance.

SLs for carcinogenic compounds are shown in red font.

SLs for non-Carcinogenic compounds have been recalculated to an HI of 0.1.

The pyrene SLs were used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue font.
Inorganic results below background UTLs are not indicated as exceedances on the table.

SL Source: ORNL Regional Screening Table. November 2011.

Lead screening values from Technical Review Workgroup for Lead: Guidance Document (USEPA, 2003b).
mg/kg = milligrams per kilogram (parts per million).

ng/kg = micrograms per kilogram (parts per billion).

NA = not applicable.



The VI report concluded that contaminants of concern included:

e Explosive SVOC compounds (DNT-mix) were detected within SWMU 48 that were
greater than health-based numbers. However, the report also noted that the explosives
were not detected in the deeper soil sample, indicating that downward migration had not
occurred and impact to groundwater was unlikely.

e SVOCs deep in the soil column at SWMU 49 which created the potential for groundwater
contamination.

The report recommended further sampling and/or an RFI to address the source and extent of the
contaminants of concern identified.

2.6.3 RFI, Parsons Engineering Science, 1996

The 1996 RFI was performed for the U.S. Army Environmental Command (USAEC) (formerly
USATHAMA) to support the Permit for Corrective Action and Incinerator Operation at RFAAP.
The RFI was initiated to characterize the nature, extent, and potential migration of releases of
hazardous waste or hazardous constituents from SWMUs 17, 31, 48 (at the time, SWMU 49 was
still considered part of SWMU 48), and 54.

The following environmental samples were collected from SWMUs 48 and 49:

o Six surface soil samples; three from SWMU 48 (48SS1, 48SS2, and 48SS3) and three
from SWMU 49 (48SS4, 48SS5, and 48SS6). Samples were analyzed for metals,
SVOCs, and total petroleum hydrocarbons (TPH); SWMU 48 samples were also
analyzed for VOCs and explosives.

e Two subsurface soil samples from each of two soil borings [one boring in SWMU 48
(samples 48SB4A11 and 48SB4B21) and one boring in SWMU 49 (samples 48SB5A19
and 48SB5B37)]. Samples were analyzed for SVOCs and TPH; SWMU 48 samples were
also analyzed for VOCs and explosives.

e Two subsurface soil samples from each of four well borings. Samples were analyzed for
SVOCs and TPH. SWMU 48 samples were also analyzed for VOCs and explosives.

e Four groundwater samples from new monitoring wells. At SWMU 49, samples were
analyzed for metals, VOCs, SVOCs, and TPH.

A summary of sampling for the 1996 RFI is included in Table 2-1, and chemical results from the
samples are presented in Tables 2-4 and 2-5 (soil) as well as Table 2-6 (groundwater). Detailed
discussion of detections above SLs will be presented in Section 4.0. Soil sampling locations are
located on Figure 2-2. As with the VI sampling, the area now considered to be SWMU 49 was
sampled and discussed as “the lower disposal area” of SWMU 48. Therefore, samples from
SWMU 49 were identified with a “48” prefix.

The draft RFI report, submitted in January 1996, included an HHRA and identified the following
risk drivers:

e Surface Soil — Arsenic and beryllium.

e Subsurface Soil — Not considered in the risk assessment because samples were collected
from greater than 10 ft bgs.

e Groundwater — Beryllium and carbon tetrachloride (CT).
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Table 2-4
Analytes Detected in SWMU 48 Soil Samples - 1996 RFI

Sample ID 48SB4A11 485B4B21 485S1 485S2 485S3
Analyte Sample Date 12/17/94 12/17/94 12/16/94 12/16/94 12/16/94
Sample Depth 10-11 20-21 0-05 0-05 0-05
i-SL I r-SL I Background Result ‘ Lab Q‘ Val Q Result ‘ Lab Q‘ Val Q Result ‘ Lab Q‘ Val Q Result ‘ Lab Q‘ Val Q Result ‘ Lab Q‘ Val Q

VOCs (ug/kg) None detected

SVOCs (ug/kg)

bis(2-Ethylhexyl)phthalate 120000 | 35000 na 2800 3600 1500 1300 480 Uu u
[lchrysene 210000 | 15000 na 32 u u 32 u u 86 32 u u 32 u u
[[Di-n-butylphthalate 6200000 | 610000 na 1300 Uu u 6000 1300 Uu u 10000 1300 Uu u
||N—nitrosodiphenylamine 350000 99000 na 1400 1700 290 u u 290 u u 290 u u
(Phenanthrene 1700000 | 170000 na 32 Uu u 32 Uu u 270 32 Uu u 32 Uu u
[[Explosives (mg/kg) None detected

||Meta|s (ma/kg)

[lArsenic 16 0.39 15.8 NT NT 3.42 7.97 2.5 ulu
(Barium 19000 1500 209 NT NT 572 82.3 108

(IBeryllium 200 16 1.02 NT NT 1.62 0.739 0.872

[lchromium 150000 | 12000 65.3 NT NT 5.34 47.8 243

(ILead 800 400 26.8 NT NT 4.4 160 18

([Mercury 43 1.0 0.13 NT NT 1.11 0.441 0.05 Ul u
Nickel 2000 150 62.8 NT NT 8.93 25.4 6.13

Selenium 510 39 na NT NT 0.449 Uu u 1.07 0.449 u u
Silver 510 39 na NT NT 0.0124 u u 0.0285 0.0245

Misc. (mg/Kkg)

(TPH | 100 ] 1200 | na | 10 LU 10 LU 10 LU 10 U | 10 U |

* Refer to legend immediately following this table for a list of definitions and table notes.




Table 2-4

Legend
12 J Bold outline indicates a residential SL exceedance.
12 J Bold, underlined font indicates a background exceedance.

SLs for carcinogenic compounds are shown in red font.

SLs for non-Carcinogenic compounds have been recalculated to an HI of 0.1.

The pyrene SLs were used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue font.
Inorganic results below background UTLs are not indicated as exceedances on the table.

SL Source: ORNL Regional Screening Table. November 2011.

Lead screening values from Technical Review Workgroup for Lead: Guidance Document (USEPA, 2003b).
TPH screening values are based on the VDEQ Storage Tank Program action levels

mg/kg = milligrams per kilogram (parts per million).

na/kg = micrograms per kilogram (parts per billion).

NA = not applicable.

NT = analyte not tested.

Lab Q = Lab Data Qualifiers
U = Analyte not-detected at the method reporting limit.

Val Q = Validation Data Qualifiers
U = Analyte not detected.



Table 2-5

Analytes Detected in SWMU 49 Soil Samples - 1996 RFI

Sample ID 48MW3A22 48MW3B32 48MW1A22 48MW1B54 48MW2A42 48MW2B46 48SB5A19 48SB5B37 48SS4 48SS5 48SS6
Analyte Sample Date 1/7/95 1/7/95 12/17/94 12/18/94 12/20/94 12/20/94 12/17/94 12/17/94 12/16/94 12/16/94 12/16/94
Sample Depth 20-22 30-32 20-22 52-54 40-42 8270C-8270C 17-19 35-37 0-0.5 0-0.5 0-0.5
i-SL | r-SL  [Background Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ Result [LabQ[ ValQ

\VOCs (ug/kg) Samples were not tested for this group.

SVOCs (ug/kg)

bis(2-Ethylhexyl)phthalate 120000 35000 na 3100 2000 6400 5300 1700 480 U U 40000 10000 480 U U 480 U U 1200

||Chrysene 210000 15000 na 32 U U 32 U U 32 U U 32 U U 32 U U 32 U U 200 U U 32 U U 79 32 U U 70
"Di-n—butylphthalate 6200000 | 610000 na 1900 1300 U U 1300 U U 1300 U U 1300 U U 1300 U U 6000 U U 1300 U U 1300 U U 1300 U U 1300 U U
"Naphthalene 18000 3600 na 740 U U 740 U U 740 U U 740 U U 740 U U 740 U U 20000 740 U U 740 U U 740 U U 740 U U
||Phenanthrene 1700000 | 170000 na 32 U U 32 U U 32 U U 32 U U 32 U U 32 U U 10000 32 U U 310 32 U U 280

"Phenol 18000000} 1800000 na 52 U U 52 U U 52 U U 52 U U 120 52 U U 300 U U 52 U U 52 U U 52 U U 52 U U
||Pyrene 1700000 | 170000 na 83 U U 83 U U 83 U U 83 U U 83 U U 83 U U 800 83 U U 83 U U 83 U U 83 U U
[[Metals (mg/kg)
||Arsenic 1.6 0.39 15.8 NT NT NT NT NT NT NT NT 3.66 2.5 U U 3.81
"Barium 19000 1500 209 NT NT NT NT NT NT NT NT 114 53.9 119
"Beryllium 200 16 1.02 NT NT NT NT NT NT NT NT 0.427 U U 0.624 0.74
"Chromium 150000 12000 65.3 NT NT NT NT NT NT NT NT 14.4 30.3 15.9
[ILead 800 400 26.8 NT NT NT NT NT NT NT NT 215 22 14.1

Nickel 2000 150 62.8 NT NT NT NT NT NT NT NT 6.04 10.3 5.77

Selenium 510 39 na NT NT NT NT NT NT NT NT 0.668 0.449 U U 0.449 U U
Silver 510 39 na NT NT NT NT NT NT NT NT 0.0262 0.0124 U U 0.0222

Misc.

Total Organic Carbon na na na NT 1000 U U NT 1000 U U NT 36100 NT | | 1000 U U NT NT | NT

Total Petroleum Hydrocarbons (mg/kg) 100 100 na 10 U U 10 U U 10 U U 10 U U 10 U U 10 U U 3570 10 U U 12 335 10 U U

*Refer to legend immediately following this table for a list of definitions and table notes.




Table 2-5

Legend
12 J Shading and black font indicate an industrial SL exceedance.
12 J Bold outline indicates a residential SL exceedance.

SLs for carcinogenic compounds are shown in red font.

SLs for non-Carcinogenic compounds have been recalculated to an HI of 0.1.

The pyrene SLs were used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue font.
Inorganic results below background UTLs are not indicated as exceedances on the table.

SL Source: ORNL Regional Screening Table. November 2011.

Lead screening values from Technical Review Workgroup for Lead: Guidance Document (USEPA, 2003b).
TPH screening values are based on the VDEQ Storage Tank Program action levels

mg/kg = milligrams per kilogram (parts per million).

na/kg = micrograms per kilogram (parts per billion).

NA = not applicable.

NT = analyte not tested.

Lab Q = Lab Data Qualifiers
U = Analyte not-detected at the method reporting limit.

Val Q = Validation Data Qualifiers
U = Analyte not detected.



Table 2-6
Analytes Detected in SWMU 48 and 49 Groundwater Samples - 1996 RFI

Sample ID 48MW1 48MW1 48MW2 48MW2 48MW3 48MW3 48MW4
Analyte Sample Date 1/20/95 7/20/95 1/19/95 7/19/95 1/20/95 7/21/95 7127195
MCL | tw-RBC Result ‘ Lab Q‘ Val Q Result ‘ Lab Q‘ val Q Result ‘ Lab Q‘ Val Q| Result ‘ Lab Q‘ Val Q| Result ‘ Lab Q‘ Val Q| Result ‘ Lab Q‘ Val Q] Result ‘ Lab Q‘ Val Q

VOCs (ug/L)

1,1,1-Trichloroethane 200 910 NT 4.1 NT 0.98 NT 1 U 1 U
1,1-Dichloroethane na 2.4 NT 2.3 NT 1 U NT 1 U 1 U
1,1-Dichloroethene 7 34 NT 11 NT 1 U NT 1 U 1 U
Carbon tetrachloride 5 0.44 NT 1 U NT 92 NT 100 1 u
Chloroform 80 0.19 NT 1 U NT 6.7 NT 30 1 U
Methylene chloride 5 4.8 NT 1 U NT 11 NT 1 U 1 U
Tetrachloroethene 5 0.11 NT 1.2 NT 1 U NT 1 U 1 U
Trichloroethene 5 2 NT 17 NT 11 NT 37 1 U
SVOCs (ug/L)

bis(2-Ethylhexyl)phthalate 6 | 48 | 77 U] NT | | 12 NT | | 23 NT | | NT | |
[IMetals (ug/L), Total
[Barium 2000 730 NT 81 NT 1070 NT 70.7 299
[[Beryllium 4 7.3 NT 4.16 NT 10.7 NT 112 | U 112 | U
lchromium 100 1600 NT 16.8 U NT 428 NT 168 | U 6.8 U
||Lead 15 na NT 4.47 U SN NT 9.29 J NT 4.47 U 12.4
Selenium 50 18 NT 2.72 NT 2.53 U NT 2.53 U 2.53 U
|'Metals (ug/L), Filtered
||Barium 2000 730 67 69.7 215 816 91.9 69.8 295
|_Bery||ium 4 7.3 4.18 4.05 2.22 2.69 | \ 3.17 1.12 U 1.12 U
Misc. (ug/L)
[[Chioride 250000 na 9300 NT 5480 NT 2990 NT NT
Hardness na na 445000 NT 268000 NT 368000 NT NT

Total Organic Carbon na na 1000 ] NT 2620 NT 1610 NT NT

Total Organic Halides na na 13.7 NT 33.6 NT 178 NT NT

Total Petroleum Hydrocarbons na 1000 143 NT 480 NT 247 NT NT

*Refer to legend immediately following this table for a list of definitions and table notes.




Table 2-6

Legend
12 J Shading and black font indicate an MCL exceedance.
12 J Bold outline indicates a tw-SL exceedance.

tw-SLs for carcinogenic compounds are shown in red font.

tw-SLs for non-Carcinogenic compounds have been recalculated to an HI of 0.1.

Secondary MCLs were used for aluminum, iron, manganese, silver, and zinc.

MCL Action Levels were used for copper and lead.

MCL Source: 2006 Edition of the Drinking Water Standards and Health Advisories. USEPA. August 2006.
tw-SL Source: ORNL Regional Screening Table. November 2011.

TPH screening value is based on the VDEQ Storage Tank Program action levels

ug/L = micrograms per liter (parts per billion).

NA = not applicable.

NT = analyte not tested.

Lab Q = Lab Data Qualifiers
U = Analyte not-detected at the method reporting limit.

Val Q = Validation Data Qualifiers
J = Estimated concentration.
UJ = Estimated concentration non-detect.



The draft RFI report was never finalized. Further RFI characterization of the site continued in
1998 as discussed in the next section.

2.6.4 REFI, ICF Kaiser, 1998

The objective of the 1998 RFI was to further refine the understanding of the nature and extent of
contamination associated with previous disposal and/or burial practices. To meet these
objectives, the following field tasks were performed for SWMUs 48 and 49:

o Excavation of a test pit at SWMU 48 to identify waste disposal boundaries.

o Collection of four subsurface soil samples from the floor of the test pit, analyzed for
metals, VOCs, SVOCs, polynuclear aromatic hydrocarbons (PAHSs), and explosives.

o Collection of 11 subsurface soil samples from three soil borings, analyzed for metals,
VOCs, SVOCs, PAHSs, and explosives.

o Collection of groundwater samples from the four monitoring wells installed during the
1996 RFI. Samples were analyzed for metals, VOCs, SVOCs, PAHSs, explosives, total
organic carbon (TOC), and total organic halides (TOX).

A summary of sampling for the 1998 RFI is included as Table 2-1. Analytes detected in soil
samples are shown in Table 2-7 (SWMU 48) and Table 2-8 (SWMU 49) and in Table 2-9 for
groundwater. Detailed discussion of detections above SLs will be presented in Section 4.0.
Sampling locations are depicted on Figure 2-2.

The analytical results confirmed the previous finding of explosives compounds [DNT mix;
1,3-dinitrobenzene (DNB); and 2,4,6-TNT] in the SWMU 48 disposal trenches and confirmed
the VOC [CT and trichloroethene (TCE)] detections in groundwater. The draft RFI report was
submitted in January 1999, but was never finalized. It recommended additional sampling to
further define the nature and extent of contamination. Additional RFI characterization of the site
continued in 2002 as presented in Section 2.6.5.

2.6.5 RFI, Shaw, 2002

Additional RFI characterization of these sites continued in 2002, with the collection of additional
soil samples. Table 2-1 presents the depths and analyses for the 2002 soil samples. Results
from these soil samples are presented in Table 2-10 (SWMU 48) and Table 2-11 (SWMU 49).

The preliminary draft RFI utiliz