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The U.S. Navy Engineering Field Activity Northeast (EFANE) initiated this investigation to
collect additional sediment data to develop the proper decision-making framework for
proceeding with the risk management decision appropriate for the area ofAllen Harbor adjacent
to the Site 16 former creosote dip tank at the former Naval Construction Battalion Center
Davisville facility and to characterize potential ecological risks. This characterization effort has
provided additional aquatic data necessary' to complete a ~creening level ecological risk
assessment for the offshore area adjacent to Site 16, and has provided information on the
influence ofother possible non-Navy sources, which exist in close proximity to the site.
Sediment samples collected were not only from the area immediately adjacent to the site, but
also included a range of local reference stations, providing additional information for comparison
to site data.

Thirteen metals, polycyclic aromatic hydrocarbons (PAR) (with the exception ofnaphthalene),
total polychlorinated biphenyls, and ten pesticides were identified as constituents of potential
concern (COPCs) in Allen Harbor. No volatile organic chemical was identified as a COPC in
Allen Harbor adjacent to Site 16. Based on the Step 3a food web, risks to the surrogate mammal
(raccoon) and the surrogate avian species (herring gull) were found to be acceptable.
Simultaneously extracted metals/acid volatile sulfide ratios were all less than 1.0, indicating that
the divalent metals (cadmium, copper, lead, nickel, and zinc) have sufficient acid volatile sulfide .
available, and consequently, these metals should not be toxic to benthic organisms. These
sediments can be classified as "medium-low priority," indicating that there is a small potential of
risk to benthic organisms from chemicals such as PARs and pesticides.

The reference areas sampled for this study proved to be physically dissimilar from Allen Harbor.
Concentrations of all classes of chemical were found to be higher in Allen Harbor compared to
reference areas; however, Allen Harbor has restricted flow with Narragansett Bay, as well as
intensive use (marine traffic and commercial/industrial activity) compared to any of the reference
areas. Forensic examination revealed that PAH patterns found in Allen Harbor were closely
related to those found in reference areas,indicating a common ubiquitous source.

Concentrations ofchemicals in Allen Harbor were homogeneous, and there was no evidence,
based on measured concentrations of chemicals in different areas of the harbor, that Site 16 had
contributed significant quantities of chemicals to Allen Harbor sediment (see Figures 4-5 through
4-8). There was evidence that shoreline areas, including Site 16, had higher PAH concentrations
than those areas outside of the shoreline areas; however this most likely represents PAH sources'
associated with adjacent land such as storm drain runoff and overland flow. Further, when
concentration variability is taken into account, there is no real difference in concentrations close
to shoreline areas relative to the other areas of Allen Harbor.

Advanced forensics chemical analyses were performed on samples collected from Allen Harbor,
selected hydrocarbon source areas, reference areas in Narragansett Bay, and forensic reference
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materials representative of fire fighting training fuels. These results generated the following
conclusions:

• A middle distillate petroleum signature in the former fire fighter training area (Source
3-2) generally matched the diesel range hydrocarbons in proximal sediment from a single
sampling location, AH-40. However, the low levels ofdiesel range material at AH-40
could also have originated from more contemporary marina activities. Regardless of the
origin, the middle distillate range PAHs (primarily petrogenic 2- and 3-ringPAHs) seen
in this sample were not observed in any other Allen Harbor sediments which consisted of
pyrogenic 4- to 6-ring PAHs. Therefore, the origin·ofPAHs in Allen Harbor was not
attributable to middle distillate releases from Site 16 or the marina.

• The hydrocarbon signatures ofcreosote and heavy residual petroleum in soils from the
former creosote dipping tank and pole drying/storage areas at Site 16 were not observed
in Allen Harbor sediments. The pyrogenic PAHs in Source Area 1 creosotes shared a
distinctive enrichment of anthracene that was absent in the proximal Allen Harbor
sediments. Likewise, the'genetic signature of triterpanes in the heavY residual petroleum .
differed from the sediments ofAllen Harbor. .

• Although the Priority Pollutant PAH concentrations in Allen Harbor sediments
(EPAPAH averaged 12 mg/kg and ranged from 2.51 mglkg to 28.1 mg/kg) matched
many other coastal areas around the United·States (EPAPAH - 20 rilglkg at the upper

ili .,. . "
96 percentile), they were elevated relative to sediments from ,the three Reference Areas
(EPAPAH averaged 0.8mglkg and range from 0.03' mglkg to 238 mg/kg). However, the
concentrations ofTOC (included natural and anthropogenic organic matter) and hopane
(a marker for heavy petroleum) indicated that the loading ofall organic material in Allen
Harbor was elevated. Consequently, the high level ofPAtIs in Ailen HaIbor relative to
the Reference Areas was likely explained by one or more of the following factors: 1) the
higher density of commercial and industrial activities, 2) higher, density of paved areas,
and 3) potential flushing restrictions at the mouth ofAllen Harbor. '

• Some hydrocarbon impacts to sediments arising from the drainage of Allen's Harbor
Road have been demonstrated. Specifically, sediment samples collected proximate to
drains from this road (AH-49 and AH:-28) exhibited elevated PAHs (EPAPAHs from
25.0 ing/kg to 28.1 mg/kg). The heavy residual petroleuni in sediments from the storm
drain associated with Allen's Harbor Road (Source 4-1) matched that found in the outfall,
(AH-49) and neighboring (AH-28) sediments. The source of this heavy residual
petroleum was attributed to typical components of urban runoff (e.g., abraded petroleum
asphalt 'and motor oils). Although not observed in the storm drain sample, low levels of
diesel range hydrocarbons in AH-28 and AH-49 were consistent with runoff from streets
and parking lots. ' ' ,

• Two Allen Harbor sediment samples (EPAPAH = 1i.6 mglkg in Ali-03 and EPAPAH =

24.0 mg/kg in AH-29) collected adjacent to marina dock pilings throughout Allen Harbor
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contained refined tar consistent with creosote. As demonstrated in the Elizabeth River
Case Study, the relative abundances of diagnostic PAHs demonstrated the direct impact
ofvarious types of creosote (Stout et al., 2003). As such, it can be concluded that
creosote likely leached from the marina docks at these locations. Although not selected
for advanced chemical analyses, sample AH-35 (EPAPAH =22.3 mglkg) was located
next to a dock piling and may have also experienced localized creosote leaching.

In summary, the Allen Harbor sediment samples exhibited localized PAH impacts from dock
pilings and roadway runoff. There was no evidence suggesting that the PAH impacts to Allen
Harbor sediments were attributable to historic activities. represented by the Site 16 Source Areas
studied. Chemical concentrations in the harbor are homogeneous, indicating the absence ofa
point source, yet at higher concentrations than the reference areas because of the restricted flow
ofwater into and out of the harbor and higher marine traffic and industrial use in Allen Harbor
relative to the reference areas. Risks to food web receptors were acceptable, and finallY,benthic
organisms have a slight potential of risk from exposure to PAHs and pesticides.
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The U.S. Navy Engineering Field Activity Northeast (EFANE) initiated this investigation to
collect additional sediment data to develop the proper decision-making framework for
proceeding with the risk management decision appropriate for the area of Allen Harbor adjacent
to the Site 16 fonner creosote dip tank at the fonner Naval Construction Battalion Center
(NCBC) Davisville facility by characterizing potential ecological risks. Although the Site 16
Phase I Remedial Investigation (RI) is complete, the Screening Level Ecological Risk
Assessment (SLERA) focused mainly on terrestrial ecological risks. This characterization effort
has provided additional aquatic data necessary to complete a SLERA for the offshore area
adjacent to Site 16 and provided infonnation on the influence ofother possible non-Navy
sources, which exist in close proximity to the site. Investigative activities at the fonner NCBC
Davisville facility included additional sediment sampling and characterization ofpotential
ecological risks in the area of Allen Harbor adjacent to Site 16, and other potential sources that
may influence chemical concentrations. Sediment samples collected were not only from the area
immediately adjacent to the site, butalso included a range of local reference stations, providing
additional infonnation for comparison to site data.

1.2 BACKGROUND

The Site 16 Investigation Area is located at the eastern part ofZone 3 and the northeastern part
ofZone 4 ofthe fonner NCBC Davisville facility (Figure 1-1). The north central region of
Site 16 is a large, wooded area, surrounded by asphalt-paved roads, which were previously used
by the Navy for construction equipment operator training (Figure 1-2). Large areas of
vegetation, shrubs, and grasses now cover this area. Adjacent to Westcott Road is an area that, .
in the 1960s, contained creosote tanks used for dipping wood pilings. The pilings were then
staged to dry before being loaded onto ships. It is reported that the dipping may have taken place
over a larger area then originally reported (Figure 1-2). Just east of the location of the tanks is a
fonner Fire Fighting Training Area (FFTA) where, during the 1960s, buildings were constructed,
doused in flammable liquid, set fire, and extinguished. Six Environmental Baseline Survey
(EBS) areas were identified within the Site 16 area of investigation. Details on these EB~ areas
can be found in Phase I Remedial Investigation, IR Program Site 16 (EA 2oo4a). The purpose
of this study is to investigate the potential risk from these sources and their current impact on
Allen Harbor. Both the creosote dipping and fire fighting training activities could act as sources,
possibly entering Allen Harbor via land overflow or via two seeps located adjacent to Site 16
(Figure 1-2). In addition, a large stonn drain drains a surrounding parking lot that discharges in
this same general area, potentially representing,a source of contaminants to Allen Harbor.
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This chapter provides a summary of the Supplemental Sediment RI for Allen Harbor field
program conducted by EA in 2004 to further characterize sediment conditions adjacent Site 16.
With minor modifications, the work plan as proposed in the Final Quality Assurance Project Plan
(QAPP) for Additional Sediment Sampling and Characterization, Phase II Remedial
Investigation, IR Program Site 16 (EA 2004b) has been followed. The minor differences will be
addressedat appropriate sections in this RI report. Figure 1-2 shows the Site 16 field
investigation area.

2.2 FIELD INVESTIGATION

The purpose of the additional sediment sampling and characterization was to gather data to
characterize potential ecological risks for the area ofAllen Harbor adjacent to the Site 16 fonner
creosote dip tank at the fonner NCBC Davisville facility. Investigative activities included
additional sediment sampling and characterization of potential ecological risks in the area of
Allen Harbor adjacent to Site 16, and other potential sources that may influence chemical
concentrations. Sediment samples collected were not only from the area immediately adjacent to
the site, but also include a range of local reference stations to provide additional infonnation for
comparison to site data. Figure 2-1 shows an overview ofNarragansett Bay and the location of
Allen Harbor and all of the reference sample areas examined during this project.

Sediment sampling for this project was conducted from 22 to 27 March 2004. Samples were
collected from locations as close as possible to those originally proposed in the QAPP (EA
2004b). Sample locations are shown in Figures 2-2 and 2-3 for the area immediately adjacent to
Site 16 and the Allen Harbor locations further removed from Site 16, respectively. Originally it
was planned to collect 50 surface sediment samples from Allen Harbor; however, at the request
of the U.S. Environmental Protection Agency (EPA) oversight person, an additional sample was
taken in the vicinity of the Black Beauty (sand blasting residue) deposits (AH-51). Samples
were taken by Van Veen sampler off the boat or, when at low tide, by wading the tidal flats and
sampling with spoons.

Two sediment cores were originally planned. While Core-I, located in the vicinity ofAH-40
(Figure 2-2) was successfully obtained, it was not possible to collect a core at Core-2 located in
the direct path of the stonn water discharge. Push-coring efforts for Core-2 at the original
location (vicinity ofAH-50, Figure 2-2) were able to recover approximately 0.5 ft ofmaterial
composed of sand, gravel, detritus, and plant material. .Efforts to penetrate the push core to
depths greater than 0.5 ft below the sediment surface resulted in cracking the core liner because
of gravel and other hard substrates. Sampling efforts to retrieve Core-2 were relocated to a
position approximately halfway between sample locations AH-50 and AH-49, where the same
hard-substrates and core refusal was experienced. A third effort to retrieve Core-2 was
conducted at sample location AH-49, where push coring was again unsuccessful due to the
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impenetrable substrates. A fourth unsuccessful push-core effort was conducted approximately 6
ft downstream ofAH-49. Efforts to recover Core-2 were moved another 10 ft downstream.
During this fifth attempt, a 3-ft core was successfully recovered; however, the core was
comprised of approximately 0.5 ft ofsilty-sand material, followed by approximately 2.5 ft ofthe
gray-clay parent material. Further efforts to optain Core-2 were abandoned.

With the exception ofAH-40, no remarkable characteristics were noted for any Allen Harbor
samples. Field observations of the water near sample location AH-40 found a sheen on the
surface of the water that appeared to be ofbacterial origin rather than oil. In protected areas near
the rocky bulkhead along the shoreline in the vicinity ofAH-40, waters were also found to have
a light-brown material floating at the surface. It is likely that the discolored water is the result of
iron-oxidizing bacteria associated with the ground-water seep. An indication of iron oxidation
was also present on the unsubmerged shoreline rocks in the vicinity. Directly below the surface
of the water, a cloudy substance seemed to be circulating within the water column. Sediment
samples recovered from this location were found to have a sheen. This was not observed in
sediment samples from other locations in Allen Harbor.

Reference site samples were taken in Prudence Coggeshall Cove (Figure 2-4) and are termed
"REF I" in this document. Prudence Coggeshall Cove was included as a reference location
because it is at the same latitude as Allen Harbor, is ofsimilar depth, and reflects Providence
River input into Narragansett Bay (Figure 2-1). This site was very pristine,·and numerous
echinoderms (starfish) were observed at the site. Concerns had been raised by EPA that previous
studies in 1991 had shown potential toxicity in Prudence Coggeshall Cove samples.
Additionally, Rhode Island Department of Environmental Management (RIDEM) noted, "It has
been established that, in general, the further north one is in Narragansett Bay the higher the
pollutant load." Despite these concerns, the lowest polycyclic aromatic hydrocarl>ons (PAH)
concentrations were measured in this reference area during this study, and Prudence Coggeshall
Cove should qualify as background.

Reference Site 2 (REF2) was originally proposed for Little Allen Harbor, located at the entrance
neck to Allen Harbor. Chosen to be representative ofnon-Navy influences, yet show marina and
industrial influences such as would be found in Allen Harbor, the location of this reference area
was changed at the request ofRIDEM to the northeast shoreline of Jamestown Island
(Figure 2-5). Sampling at this area proved difficult. The bottom was rocky in many locations,
and it was necessary to utilize most of the ten potential locations originally selected for these
samples to obtain five good sediment samples. .

One of the purposes of the selection of reference locations was to determine PAH chemical
signatures appropriate for sources similar to, but not associated with, Navy activities. It was
hoped that Fishing Cove (REF3), located adjacent to Wickford Harbor (Figure 2-6), would serve
as a good reference. While it was foun4 that the PAH forensic signature at Fishing Cove was
similar to that found in Allen Harbor,PAH concentrations were significantly smaller in the cove
relative to Allen Harbor. Physically Fishing Cove proved very shallow and exposed during low
tide. The site was accessible only during high tide, and samples were taken at the most inland
site at high tide, and further out as the tide receded. Alternatively Allen Harbor is considerably
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deeper, and has a restricted hydrodynamic flux. While the original design for this reference area
was to capture non-Navy marina influences, Fishing Cove failed to satisfy this objective due to
the shallowness of the cove.

One of the objectives of this project was to attempt to identify the potential sowces ofPAH
found in Allen Harbor sediment. Consequently, it was necessary to sample potential sources in
Site 16 as well as other potential sources and analyze them for environmental forensics. These
areas are shown in Figure 1-2 and were:

1. Source I-Split-barrel samplers were used to collect two samples (0-6 ft) from the area
used for dipping posts into creosote and drying the posts. PAH were found at relatively
high concentrations in this area during the previous investigations of Site 16.

2. Source 2-Split-barrel samplers were used to collect two samples (0-6 ft) from a location
to the south of the wooden-bermed structure adjacent to the above-mentioned creosote
dipping area. An oil odor was observed in this area, and high PAH concentrations were
measured during previous studies in these soils.

3. Source 3-Split-barrel samplers were used to collect two samples (0-6 ft) from the
location of the fonner FFTA. Again, PAH were detected in this area in previous
investigations.

. ..
4. Source 4-Discharge of stonn water into surface waters has been recogriized as a major

source ofPAH for sediment. Stonn drains channel water running off from parking lots
and streets; therefore, stonn drains can contain relatively high concentrations of
petroleum products. The stonn drain that discharges into Allen Harbor at the southeast
.comer ofAllen Harbor could be a significant PAH source. A single sample of sediment
from the catch basin was analyzed for environmental forensics to determine ifthe PAH
signature found in Allen Harbor may be characteristic of routine stonn-water discharge.

2.3 RAPID SEDIMENT CHARACTERIZATION

As specified in the QAPP (EA 2004b), U.S. Navy's Space and Naval Warfare (SPAWAR)
Systems Center in San Diego, California conducted rapid sediment characterization (RSC)
screening analysis for selected metals (Cu, Ni, Pb, and Zn) by x-ray fluorescence (XRF)
methods, and PAH using an immunoassay technique. A larger list ofmetals was proposed for
analysis by XRF in the QAPP (EA 2004b); however, to expedite the results for sample selection
purposes, a shorter list of the more potentialiy toxic metals were analyzed. These results, along
with an understanding of sample locations, wer~ used to select a subset of those samples to be
analyzed for full suite chemical analysis using fixed-laboratory SW-846 methods and, in some
cases, PAH forensics analysis. RSC methods have been recommended for use by the Navy as
effective tools (Kirtay and Apitz 2000) and have been utilized in various locations including the
Elizabeth River in Norfolk, Virginia (Stout et al. 2003). The Allen Harbor study has taken
advantage of the use ofRSC.
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The strategy for using RSC is that the higher analytical costs for quantitative analysis and
fingerprinting can be substantially reduced if the sediment samples are first screened using less
expensive RSC techniques. RSC has been used to cost-effectively provide the spatial coverage
that is necessary to:

• Select samples that provide ample spatial coverage of the entire study area,

• Select a sufficient number of samples from specific locations within the study
area that address specific project objectives, and -

• Select samples that represent the range ofRSC concentrations observed, including
those that are representative of the ambient/background conditions.

The results of the RSC analyses are shown in Table 2-1 and 2-2 for metals and total PAH,
respectively. These RSC results will be placed into the context of fixed-laboratory
measurements of these same parameters (copper, lead, zinc, and total PAH).

2.4 SELECTION OF SAMPLES FOR QUANTITATIVE AND ENVIRONMENTAL
FORENSICS ANALYSIS

Due to the nature of activities at the Site 16 study area (creosote and fire fighting training), PAH
were identified as the primary constituents of concern (CaC) for these-activities. RSC total PAH
results (Table 2-2), in conjun~tion with sample locations in space, were used to select samples
for quantitative analysis by a fixed analytical laboratory (metals, PAH, pesticides, and
polychlorinated biphenyls [PCBs], volatile organic compounds [VaC], and simultaneously
extracted metals/acid volatile sulfide (SEM/AVS). Additionally, a subset of these quantitative
samples was also selected for environmental forensics analysis to assess PAH patterns in these
samples. Table 2-3 summarizes the selection of samples for quantitative analysis and -
environmental forensics analysis, along with the rationale for selecting these particular samples.
Figures 2-2 and 2-3 show the physical locations of those samples selected for quantitative as well
as quantitative and forensics analysis in Allen Harbor.

Samples for analysis from reference locations were selected to cover the range of reported
concentrations ofRSC total PAH. The selection of a sample to receive quantitative forensics
was based on the highest total PAH concentration within each reference area. These samples are
listed in Table 2-3 and are shown in Figures 2-4 through 2-6.

Core-l was submitted for quantitative analysis as noted in the QAPP (EA 2004b) and shown in .
Table 2-3. Finally, all source location samples were submitted for e,nvironmental forensics
analysis.
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3. PHYSICAL CHARACTERISTICS OF THE STUDY AREA

Physical properties of sediments collected for this study included grain size (gravel/sand/silt and
clay proportions) and total organic carbon (TOC). Sample results for these parameters are .
shown Appendix A, Table A-6. For convenience, grain size results and TOC are shown in Table
3-1. Examination ofTable 3-1 shows that Coggeshall Cove is quite dissimilar to aD other
locations. The sediment at Coggeshall Cov~ is primarily sand, with a small proportion ofsilt and
clay. In addition, the TOC at Coggeshall Cove was significantly lower than that found in all
other locations.

TOC in most locations ofAllen Harbor were higher than TOC in reference locations, although
there is not a statistically difference between them. In general the typical inverse relationship
between sand content and TOC was found to be intact (when sand content is high, TOC is low,
and when TOC is high, sand is low). There is some evidence that stations located closer to the
shoreline exhibited greater sand content than those stations farther from the shoreline. This
could be due to wave action from boats passing along the shoreline as well as any scouring from
stonnwater entering Allen Harbor during rain events. .
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4. NATURE AND EXTENT OF CONTAMINATION

This section of the document presents and discusses the results of the Allen Harbor study. As
s~ch, issues revolving around the validity of using RSC data for the selection of quantitative and·
forensics samples will be discussed. Quantitative data will be presented, and the forensics report
discussed.

4.1 COMPARISON OF RSC RESULTS WITH QUANTITATIVE RESULTS

As discussed in Section 2.4, RSC results were used to assist the in selection process for which
samples that were to be characterized quantitatively, and for forensics assessment. This section
will present the comparison ofRSC data with the data generated by the fixed laboratory using
standard SW-846 bench analytical methods. .

Figures 4-1 through 4-3 show the regression relationships between RSC and fixed laboratory ICP
analysis for copper, lead, and zinc, respectively. Nickel has notbeen assessed because it was not
detected using RSC methods (Table 2-1). As can be seen, R2 values for all three regressions are
acceptable at 0.88, 0.81, and 0.76, respectively. Similarly; Figure 4-4 shows the regression of
total PAH determined by immunoassay and total PAH determined by SW-8270, which also
shows a good correlation (R2 = 0.85). Consequently, using RSC results to select quantitative
sample locations was a valid methodology.

While Figures 4-1 through 4-4 show that there is a significant relationship between RSC and
fixed lab results, it does not tell if there is an under- or over-prediction in the RSC data. In order
to determine if there were under- or over-predictions, those samples for which there were both
RSC metals and total PAH regressions were run, forcing the intercept through zero.

For lead, it was found that the slope of the regression was 1.35, indicating that the RSC lead was
under-predicting lead measured in the fixed lab by about 25%. Similar under-predictions were
found for copper (slope = 1.41) and zinc (slope = 1.40). The under-prediction ofmetals by XRF
is explained by' the absence ofdrying of the sample prior to analysis. While it is recommended
in the analytical procedure (SW-846 Method 6200) that samples be dried because of water
interfering with the x-ray and resulting in under-reporting lead results, these samples were not
dried so as to assure that all samples were processed in time. However, the under-prediction
does not impact the ability of these RSC results to be used for the sample selection process
because of the significant relationship between RSC and fixed laboratory results (Figure 4-2).

The slope between RSC and fixed laboratory total PAH was 0.394, indicating that total PAH by
immunoassay was over-predicting the sum of the 17 target PAH by approximately a multiple of
2.5. The immunoassay method responds to all hydrocarbons; consequently, it is expected to
overpredict the limited target PAH. The RSC immunoassay result had already been reduced by a
multiple of 5 to attempt to correct for this, based on previous experience at the RSC laboratory,
but this proved insufficient for these samples. The implication is that there are some
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hydrocarbons present in these samples that were not found in the other samples that the
laboratory used to establish the multiple of 5 used for correction.

4.2 NATURE, EXTENT, FATE, AND TRANSPORT OF CONTAMINANTS IN ALLEN
HARBOR

Based on the regressions discussed in Section 4.1, the following equations were used to estimate
the quantified concentrations of lead and total PAH based on the RSC results for the 51 sediment
samples in Allen Harbor:

Leadquantitative = 1.35 * LeadRSC

Copperquantitative = 1.41 * CopperRSC

ZinCquantitative = 1.40 * ZincRSc

Total PAHquantitative =0.394 x Total PAHRSC

The only purpose of this exercise is to more closely approximate the nature and e,xtent ofmetals
and total PAH in Allen Harbor. Neither the RCS results nor the estimated quantitative
concentrations will be used for the quantitative SLERA discussed in Chapter 5. The. resu.lts of
these calculations are shown in Figures 4-5 through Figure 4-8 for lead, copper, zinc, and total
PAH, respectively, in Allen Harbor closest to Site 16. This presentation is strictly to
qualitatively evaluate the spatial distribution of contaminants, and IJ) quantitative assessments
(such as the SLERA) will be performed using estimated data. Two samples had predicted
elevated lead: AH-50 in the vicinity of the storm outfall; and AH-28, to the northeast of the
outfall. These two samples resulted in zones ofhigher lead (Figure 4-5). However, there is no
evidence that releases from Site 16 could account for the patterns shown in Figure 4-5.
Similarly, copper concentration contours (Figure 4-6) do not show evidence of a release from,
Site 16. If anything, it appears that copper concentrations are higher in the marina area, which
may be accounted for by the use of copper-based boat paint. Sample AH-28 showed high zinc
contours (Figure 4-7) as it did for'iead, however there is no evidence that Site 16 was responsible
for the pattern ofzinc shown in Figure 4-7. Total PAH concentration contours are higher the
closer one is to the shoreline (Figure 4-8). This would indicate that there were land-based PAH
sources, including Site 16, for this contaminant. It is known that there were historical sources
(and there are current sources) ofPAH into this end ofAllen Harbor; consequently, the pattern of
contamination for total PAH shown in Figure 4-8 is expected.

Quantitative analytical data for analytes detected at least once in Allen Harbor,all three
reference areas, source areas, and the core sample are summarized in Table 4-1. Analytical
details can be found in Appendix A for all individual samples. In Table 4-1, analytical data from,
the three areas ofAllen Harbor (inner harbor adjacent to Site 16, marina, and outer areas as

. shown in Figures 2-2 and 2-3) are presented separately. As can be seen in Figures 4.-5, ~6,.and
4-7, there is no apparent trend for lead, copper or zinc relative to the vicinity to Site 16. Since no
evident concentration gradient exists, this suggests that Site 16 is not a potential source of these
metals. Total PAH Concentrations tend to exhibit higher concentrations close to the shorel~ne"." "
including the shoreline adjacent to Site 16. This would indicate that there is a potential for Site '
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16 having been a source of total PAH to Allen Harbor, either historically or currently. However
this tendency is not limited to just the shoreline adjacent to Site 16 butadjacent shoreline areas
(east and west of Site 16), suggesting that the higher PAH concentrations found in shoreline
areas are associated with ubiquitous PAH sources such as storm· runoff.

4.3 COMPARISON OF 2004 SEDIMENT DATA WITH PREVIOUS SAMPLES

Prior to this study, there have been few sediment samples taken in this arm ofAllen Harbor.
Two samples were taken in this arm and reported in the Risk Assessment-Pilot Study (SAIC
1992). Taken during Phase 2, one sample (AH7) was taken in the outer harbor area (in the same
general area as AH-06 and AH-07) and one sample (SN) was located close to the outfall in the
vicinity of2004 sample AH-49. High total PAH concentrations (15O-200mg(kg) were reported
in this sample in 1991. Total PAH in 2004 at AH-49 was considerably smaller at 28.1 mglkg.
The only other reported samples from this arm ofAllen Harbor were sampled in 2001 and
reported in Appendix Qofthe Phase I RI (EA 2004a). The storm drain catch basin, Source 4-1,
for which total PAH concentrations of 6.8 mglkg were found in 2004, was sampled in 2001,
during which a similar total PAH concentration of 5.3 mglkg was found (EA 2004a). The .
intertidal seep discharge location close to AH-40 was also sampled in 2001, resulting ina total
PAH concentration of 5.3 mg/kg (EA 2004a). This is consistent with the total PAH
concentration at AH-40 in 2004 of 6.1 mglkg. Concentrations oftotal PAH in the 2004 data
were found to be similar to previous Allen Harbor samples, except for samples taken in .the
vicinity of the stOIm drain outfall taken iIi 1999. .-

4.4 ENVIRONMENTAL FORENSICS

A limited environmental forensic study was conducted at the Naval Construction Battalion
Center (NCBCl Site 16 located on the western shore ofNarragansett Bay in North Kingston,
Rhode Island. The detailed forensics report can be found in Appendix B. The technical
approach for this investigation followed the Navy User's Guide for Determining the Sources of
Contaminants in Sediment (Stout et al., 2003). This investigation was intended to assist the Navy
Project team in identifying sources ofPAH contamination found in Allen Harbor sediments and
to determine if identified PAH sources were related to historical releases from Site 16 activities.
In order to address the project objectives, advanced chemical analyses were performed on seven
Source Area soils, three Reference Area sediments from other areas in Narragansett Bay, and
eleven Allen Harbor sediments. Additional samples were analyzed for EPA Priority Pollutant
PAHs and TOC in order to determine the representativeness of any conclusions derived from the
advanced chemical analyses. The results of these analyses generated the following conclusions:

• A middle distillate petroleum signature in the former fire fighter trainIng area (Source
3-2) generally matched the diesel range hydrocarbons in proXImal sediment from a single
sampling location, AH-40. However, the low levels ofdiesel range material at AH-40
could also have originated from more contemporary marina activities. Regardless of the
origin, the middle distillate range PAHs (primarily petrogenic 2- and 3-ring PAHs) seen
in this sample were not obs~ed in any other Allen Harbor sediments which consisted of
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pyrogenic 4- to 6-ring PAHs. Therefore, the origin ofPAHsin Allen Harbor was not
attributable to middle distillate releases from Site 16 or the marina.

• The hydrocarbon signatures of creosote and heavy residual petroleum in soils from the
former creosote dipping tank and pole drying/storage areas at Site 16 were not observed
in Allen Harbor sediments. The pyrogenic PAHs in Source Area 1 creosotes shared a
distinctive enrichment of anthracene that was absent in the proximal Allen Harbor
sediments. Likewise, the genetic signature of triterpanes in the heavy residual petroleum
differed from the sediments ofAllen Harbor.

• Although the Priority Pollutant PAH concentrations in Allen Harbor sediments
(EPAPAH averaged 12 mglkg and ranged from 2.51 mglkg to 28.1 mglkg) matched
many other coastal areas around the United States (EPAPAH - 20 mglkg at the upper

ili .
96 percentile, Stout et a1. 2004), they were elevated relative to sediments from the three
Reference Areas (EPAPAH averaged 0.8 mglkg and range from 0.03 mglkg to 2.38
mglkg). However, the concentrations ofTOC (included natural and anthropogenic
organic matter) and hopane (a marker for heavy petroleum) indicated that tile loading of
all organic material in Allen Harbor was elevated. Consequently, the high level ofPAHs
in Allen Harbor relative to the Reference Areas was likely explained by one or more of
the following factors: 1) the higher density of commercial and industrial activities, 2) .
higher density of paved areas, and 3) potential flushing restrictions at the mouth ofAllen
Harbor.

• Some hydrocarbon impacts to sediments arising from the drainage ofAllen's Harbor
Road have been demonstrated. Specifically, sediment samples collected proximate to
drains from this road (AH-49 and AH-28) exhibited elevated PAHs (EPAPAHs from
25.0 mglkg to 28.1 mglkg). The heavy residual petroleum in sediments from the storm
drain associated with Allen's Harbor Road (Source 4-1) matched that found in the outfall
(AH-49) and neighboring(AH-28) sediments. The source of this heavy residual
petroleum was attributed to typical components of urban runoff (e.g., abraded petroleum
asphalt and motor oils). Although not observed in the storm drain sample, low levels of
diesel range hydrocarbons in AH-28 and AH-49 were consistent with runoff from streets
and parking lots. .

•. Two Allen Harbor sediment samples (EPAPAH = 11.6 mglkg in AH~03 and EPAPAH =
24.0 mglkg in AH-29) collected adjacent to marina dock pilings throughoutAllen Harbor
contained refined tar consistent with creosote. As demonstrated in the Elizabeth River
Case Study, the relative abundances of diagnostic PAHs demonstrated the direct impact
of various types of creosote (Stout et al., 2003). As such, it can be concluded that
creosote likely leached from the manna docks at these locations. Although not selected
for advanced chemical analyses;sample AH-35 (EPAPAH = 22.3 mglkg) was located
next to a dock piling and may have also experienced localized creosote leaching.

In summary, the Allen Harbor sediment samples exhibited localized PAH impacts from dock
pilings and roadway runoff. There was no evidence suggesting that the PAH impacts to Allen
Harborsediments were attributable to historic activities represented by the Site 16 Source Areas
studied.
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4.5 COMPARISON OF ALLEN HARBOR SEDIMENT WITH REFERENCE AREAS .

Consistent with Navy policy (NAVFAC 2003)~ reference sites were sampled and analyzed for
the same constituents as Allen Harbor. As discussed in Section 2.2~ the three reference areas .
sampled for this study were not found to be physically similar to Allen Harbor~ in that they were

. either more representative of open Narragansett Bay (Coggeshall Cove and Jamestown Island),
or very shallow, with minimal if any boat traffic or other influences (Fishing Cove).
Consequently~ concentrations of contaminants were lower at all three. reference locations when
compared to Allen Harbor (Table 4-1).. Due to the obvious differences in contaminant
concentrations, a statistical comparison was not necessary. However~ as discussed elsewhere~

Allen Harbor functions in many ways as a sediment trap due to limited flow into and out of
Narragansett Bay. The concentrations ~f contaminants observed in Allen Harbor sediments
reflect input from several surrounding sources such as roads and marinas.

4.6 COMPARISON OF CORE-l TOP AND BOTTOM RESULTS

As discussed in Section 2.2~ an attempt to collect two cores was made during this project. The
core location outside of the storm drain outfall proved to be impossible to collect due to the
severe erosion of these sediments~ probably during major storm events. However, a sucCessful
core was taken at the location of the seep in the comer of Site 16~ Core 1. Examination of the
results for the top and bottom of this core (Table 4-1 and Appendix A) shows that with few
exceptions (i.e.~ lead)~ concentrations ofall detected analytes were higher at the top of the core
(6-18 in. in depth) than the bottom of the core (24-36 in. in depth). The date ofdeposition of the
various depths of the core are not known, however~ it is clear that, at least at the location of
Core-l ~ concentrations of contaminants are higher at the top of the core.

4.7 VISUAL PRESENTATION OF 2004 ALLEN HARBOR QUANTITATIVE RESULTS

Tabular results from the' quantitative 2004 sediment samples in Allen Harborwere presented
Appendix A. In this format any concentration that exceeded the risk screening value was
designated with a "*,, symbol. Appendix C contains map presentations of sample locations and
concentrations 'for metals (Figure C-l)~ PAH (Figures C-2a and C-2b, separated only for
presentation purPoses), pesticides (Figure C-3)~ and the ratio ofSEM to AVS and total organic
carbon in Figure C-4. Analytes than exceed the screening value in at least one sample location
have been shown in these maps.
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5. SCREENING-LEVEL ECOLOGICAL RISK ASSF$SMENT,

A SLERA was conducted for IR Program Site 16 in 2001 (EA 2001). This SLEM was based ,
on limited data, three sediment samples located adjacent to Site 16, and detennined that there
was potential risk to marine ecological receptors. The purpose of the Phase II SLERA is to
detennine if using an expanded data set, and under expected exposure conditions~ contaminants
in sediments adjacent to Site, 16 are at sufficient concentrations to potentially cause unacceptable
risk to organisms using the area. The three original samples used as the basis of the first SLERA '
have been supplemented with additional samples taken for this investigation. The risk
assessment has been based,on the data from the three original sediment samples; results ofwhich
are presented in Appendix D, and the quantitative samples taken in 2004 from the two areas
closest to, Site 16 ("Inner" and "Marina" areas, Table 2-3)., Table 5-1 shows the sample numbers
and dates for the sixteen samples used for the SLERA. The key guidance' followed in this Phase
II SLERA are the Navy Policy for Conducting Ecological RiskAssessment (Navy 1999) and
Ecological Risk Assessment Guidance for Superfund (USEPA 1997). These two approaches are
very similar in that they are based on a tiered, step-wise protocol. This SLERA includes Tier 1

, (Steps I and 2), and Step 3aofTier 2 for the Allen Harbor sediment (Figure 5-1).

5.1 CONCEPTUAL SITE MODEL

The conceptual site model (CSM) is a description of the physical and ecological characteristics
of the site, potential exposure scenarios, identification of receptors ofconcern (ROCs), and
assessment and measurement endpoints.

A major element in every CSM is a description of the exposure scenarios. This consists of four....
elements: '

1. Source of constituents ofpotential concern (COPC) and release mechanism(s)
2. Transport medium and mechanism of transfer from primary to subsequent media
3. Point (or area) of potential ROC contact with the COPC
4. Route ofuptake by the ROC (ingestion of sediment and food).

Site 16 was the location ofa creosote dip tank area where, during the 1960s, woodpiles were
dipped into tanks containing creosote and staged in the area to dry. In addition, a former FFTA
was reportedly located in the site. In such an area, temporary structures would have been doused
with flammable materials, ignited, and fire fighters would have put these fires out. Such an
operation could have released chemicals to the soil and ground water under Site 16. These
chemicals could have been transported via over-land transport or discharge from seeps into the
adjacent Allen Harbor. Other potential sources ofchemicals, such as storm water outlets and
boat marinas, exist in this area ofAllen Harbor.

The CSM for Allen Harbor sediment is shown in Figure 5-2. On the basis of this CSM, there are
complete exposure pathways for sediment. From sediment, some COPCs could bioaccumulate
in plants and prey animals that may be eaten by other consumers.
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Ecological ROCs are species or guilds of species that are" important to the ecology·ofthe study
area and that may be susceptible to chemical constituents detected at the site.. ROC examples
could inClude an area of riparian wetland, a particular bird species; a benthic community, or a
fish species. Selection of ROCs is systematic, representative, and ecologically based to ensure
that assessment endpoints are adequately addressed. Criteria used to identify ecological ROCs
include the following: .

• Presence - known or expected to occur onsite
• Susceptibility - exposure pathway is likely complete and of suffici.ent durat~(>n/magnitude
• Representative - of the food web and/or guild
• Data Availability - sufficient and appropriate type of toxicity and exposure information
• Societal Importance - species merits public attention.

Ecological ROCs identified for Site 16 Allen Harbor Phase II SLERA include:

• Benthic Communities-Benthic invertebrates such as amphipods and tubewonns that live
in the sediments found in Allen Harbor area as a source of food for birds and fish.

• Aquatic Avian Species-The carnivorous herring gull has been selected as the
representative avian species for the Phase II SLERA. .

• Aquatic Mammalian Species-Mammals can be expected to utilize the aquatic habitat .
adjacent to Site 16. The omnivorous raccoon has been selected as a receptor that could
be found near Allen Harbor.

5.1.2 Assessment and Measurement Endpoints

EPA (l998a) guidance stresses the importance of ecologically significant endpoints.. Without .
identifying such an effect for evaluation, the SLERA brings little value to the decision-making
process. Several criteri~ are applicable for assessment endpoint selection (Suter 1993; USEPA
1998a):

• Unambiguous Definition-Assessment endpoints should indicate a subject and a
characteristic of the subject (such as herring gull reproduction).

• Accessibility to Prediction and Measurement-Assessment endpoints should be reliably
predictable from measurements.

• Susceptibility to the Hazardous Agent/StressoF-Susceptibility of an organism {plant or
animal) results from the combination ofpotential for exposure and the sensitivity to the
concentrations of contaminants or other stressors of concern.
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• Biological Relevan~Biological relevance of impacts to an individual organism is
determined by the importance of the impact to higher levels ofbiological organization
such as populations or communities.

Social Relevance and Policy Goals-AssesSment endpoints should be ofvalue to
decision-makers and the public. The assessment endpoints should represent an effect that
would warrant consideration of site remediation 'or alteration ofproject plans.
Assessment endpoint selection should also include endpoints that may be mandated
legally (e.g., protected species).

The extent to which these items are considered varies from site to site, and it depends on several
factors including the level of public involvement, the ecological character of the site, and the
lead regulatory agency involved in the assessment.

Based on the ROCs observed during the site visits, habitat, and the above observations, the
following ecological assessment endpoints are defined:

• Protection ofbenthic' invertebrates that live in the sediment in Allen Harbor adjacent to
Site 16 to ensure that COPCs in these media do not have adverse effects on survival,
growth, and reproduction.

• Protection ofbirds, represented by the carnivorous herring gull, to ensure that ingestion
of COPCs in food items and sediment does not have adverse impacts on survival, growth,
and reproduction.

• Protection ofmammals, represented by the omnivorous raccoon to ensure that ingestion
of COPCs in food items and sediment does not have adverse impacts on survival, growth,
and reproduction.

Measurement endpoints are measurable ecological characteristics that are related to the
assessment endpoints (USEPA 1998a). Because it is difficult to "measure" assessment
endpoints, measurement endpoints were chosen that permit inference regarding the above
described assessment endpoints. Measurement endpoints selected for this risk assessment
include:

• Media Chemistry for Sediment-The measurement of chemical constituent
concentrations in sediment provides the means, when compared to appropriate sediment
screening values, to .assess the protection of aquatic organisms that live in the.sediment.

• Calculated Dietary Doses-The primary exposure route for birds and mammals is via
intake offood and incidental sediment ingestion. The knowledge of specific COPC
concentrations in sediment cannot be used to address this assessment endpoint directly.
Rather; these measurements are used in conjunction with food ingestion rate and other .
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factors to calculate the daily intake, or dietary dose ofa constituent. These are then
compared to toxicological thresholds to address the assessment endpoint.

I

5.2 SELECTION OF COPCS

A risk assessment begins with a list of analytes that includes compounds and/or elements known
. or suspected to have originated from site-related activities. Analytes measured at non-hazardous

concentrations may be candidates for elimination. Analytes known· or suspected to have
originated from site-related activities remaining after the screening process are COPCs.

The screening process that identifies COPCs must be environmentally conservative. That is, the
process must not eliminate analytes that could pose potential ecological risk. In statistical terms,
the screening process must minimize the potential for false negatives. This potential is
minimized by using conservative assumptions and appropriate screening values during the
COPC screening process. If possible, these screening values should be toxicologically based.
For the Phase II SLERA, the most current conservative screening values for sediment have been
identified and are shown in Table 5-2. These have been used for an initial screen of data from .
current sampling efforts. Maximum measured Allen Harbor concentrations have been compared
against these screening values. If the maximum measured site concentration exceeded the
screening value, the chemical was designated as a COPC.

Results of the COPC screen are shown in Table 5-3. Based on the conservative screen thirteen
metals have been identified as COPCs (arsenic, barium, beryllium, cadmium, cobalt, copper,
lead, manganese, mercury, nickel, selenium, vanadium, and zinc). Essential nutrients (calcium,
iron, magnesium, potassium, and sodium) were not designated as COPCs due to their critical role
in the maintenance of life. All detected PAH were designated as COPCs, as well as total PAH
(sum of the 17 measured PAH). Total PCB, and ten pesticides (DDD, DDE, DDT, total DDT,
alpha-chlordane, dieldrin, endosulfan sulfate, endrin ketone, gamma chlordane, and heptachlor) .
were also designated as COPCs.

5.3 EXPOSURE ASSESSMENT

Exposure assessment is a key component ofrisk quantitation, linking contaminants to receptors
through complete pathways. Exposure refers to the degree of contact between ecological
receptors at a site and the COPCs. The major difference between the Step 2 food web and
Step 3a food web is with regard to the exposure assessment. In the conservative Step 2 food
web, the maximum measured COPC concentration is utili2IXl, it is assumed that the organism
inhabits the site 100% of the time (habitat usage factor = 1.0), and it is assumed that
contaminants in food are at the same concentration as in sediment on a dry weight basis. This is
conservative because, while it does not account for the potential ofbioaccumulation, use ofthe
maximum measured concentrati.on and consumption of food at dry weight sediment
concentrations using wet weight consumption rates assures an overestimate ofdose. The Step 3a
food web c81culation accounts for the propensity of a chemical to accumulate into food on a wet .
weight basis, the habitat usage factor is reflective of the specific receptor, and the dose is based
on either the average sediment concentration (raccoon and herring gull) or the 95% upper .
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confidence limit on the mean (UCLM) (benthic organisms). Sediment and food are also
. consumed at wet weight concentrations in the Step 3a food web.

The appropriate exposure units for characterization ofrisks to benthic organisms living in the
sediment ofAllen Harbor are measured sediment concentrations. The method to be used to
estimate appropriate exposure concentrations is detailed in Section 5.3.1. ..

The method of calculating dietary dose to mammals and birds follows. Dietary exposures for ...
ROCs are estimated as body-weight-nonnalized daily doses for comparison to a body..;weight
normalized daily dose toxicity reference values (TRVs).. Separate doses are calculated for food
and sediment contributions, and these are summed to produce the total dose for each ROC.

Dose,otal = Dosefood + Dosesed

where:

Dos~otal = Total daily dose of COPC received by receptor; mg COPC/kg-body wt/day
Doserood = Daily dose of COPC received by receptor; mg COPC/kg-body wt/day from

. food items .
Dosesed = Daily dose ofCOPC received by receptor; mg COPC/kg':'body wt/day from

incidentally ingested sediment.

The total dose from food is given by:

where:

Fr = Total daily feeding rate in kg food/kg-body weight ofROC/day (wet basis). If
an organism consumes different types of food items, the fraction from each food
item is included in this exposure.

U = Habitat usage factor (frac·tion ofhabitat range represented by site) for receptor
Cr = Concentration of COPC in food; calculated based on Bioaccumulation Factors

(BAFs) (mg chemical/kg food) in Step 3a, or assumed to be the same as those
concentrations found in sediment on a dry weight baSis for a Step 2 analysis.

The total dose from sediment is given by:

where:

Fs =

U =

Cs =

Total daily incidental sediment feeding rate in kg sediment! kg,:,body weightof
ROC/day (wet basis) ... .. . ..
Habitat usage factor (fraction ofhabitat range represented by site) for receptor·
Concentration· of COPC in sediment; mg/kg. .
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Fs = Total daily incidental sediment feeding rate in kg sediment/day (wet basis)
Fr = Total daily feeding rate in kg food/day (wet basis) .
FXsed = Fraction incidental sediment ingestion as a proportion of food ingestion rate.

Infonnation necessary for calculation includes organism body weight (BW), food ingestion rate
(Ff), fraction incidental sediment ingestion as a proportion of food ingestion rate (FXsed), food
item fractions, area use factors, andoanalyte concentrations of ingested materials. Infonnation
specifically relevant to the ecology of the ROCs (i.e., body weights, food ingestion rates, and
incidental sediment ingestion rates) is presented in Table 5-4 for the aquatic receptors. The
primary source used for these exposure parameters was the Exposure Factors Handbook
(USEPA 1993). Some parameters were calculated allometricaIly as per Nagy (1987). These
exposure factors will be utilized in both the Step 2 and Step 3a food web calculations. Based on
the size ofAllen Harbor adjacent to Site 16, it has been calculated that the shoreline length is
approximately 0.2 km in length, and contains an area of approximately 1 hectare.

5.3.1 Exposure Concentrations

For the Phase II SLERA Step 2, maximum measured COPC concentrations in the two Allen
Harbor zones closest to Site 16 have been used to represent exposure (using both 2004 and the
three 2001 samples reported in EA [2004aD, consistent with EPA guidance (USEPA 1997).
Doses were calculated assuming that COPC concentrations in food are the same as those found
in dry-weight sediment,. or for those chemicals. with bioaccumulatioIi factors greater than 1.0
(See Section 5.3.2) food concentrations were assumed to be the dry weight sediment·
concentration times the bioaccumulation factor. This assures a conservative exposure scenario.

For the Phase II SLERA Step 3a, exposure concentrations for both the raccoon and gull were
represented by the arithmetic mean (USEPA 1992). However, for benthic organisms, the Step 3a
exposure concentrations were represented by the 95% UCLM.

The Shapiro-Wilk W-test, p < 0.05 was used to determine whether sediment contmninant
concentrations fit either a nonnal or lognonnal distribution. If the data fit a normal distribution,
the t-distribution was used to estimate the 95% UCLM. The H-statistic was used if the data fit a
lognonnal distribution. If the data fit neither nonnal nor lognonnal distributions, the 95%
UCLM was determined using a standard bootstrap estimation. The bootstrap approach (Efron

1981) gives a convenient way to estimate the standard error of a sample statistic, B, without .
making any assumptions ofhow the original data are distributed. The following is a brief
description ofhow the standard bootstrap procedure is used to estimate the upper confidence
limit (UCL) of a sample statistic (Singh et aI. 1997).

NCBC Davisville
North Kingstown, Rhode Island

Phase II -ScreeningLevel Ecological Risk Assessment
. . of IR Program Site 16



EA Engineering, Science; and Technology

_:"". EA Project No.: 29600.97.3391
Version: FINAL

Page 18 of29
November 2004

Step 1. From the original sample X n =(X1 tX 2 t... tX"n) ; where the deviates Xi are
independently and identically disfubutedt draw a sample ofn observations with
replacement such that each observation has the same probability ofbeing drawn

( = ~). The new data set is called the bootstrap samplet and is typically denoted as
n
* •• •X n = (Xl tX2t ... tXn)'

Step 2. Compute the sample statistict 0* t of interest (in this caset the s,ample mean X )
* .from X n .

Step 3. The procedures in Steps 1 and 2 are repeated N times (e.g.t 500-2tOOO) generating N
, bootstrap estimates of the ~ample statistic. The general bootstrap estimate is the

, N'

arithmetic mean ofthe N estimates, BB = J-.2,0;. The bootstrapped standard
N i=1

error of 0 j denoted by c7B , is given by:

1 ~(~ -\2
c7B = --~\Bi -BB) .
" N-l i=1 "

Step 4. FinallYt the (l-p)100% confidence limits of 0 are ~ven by:

B±Zpo-B'
where:

Zp is the pth quantile of the standard normal distribution.

Based on the above description, the exposure factors (arithmetic mean, maximum detect, and
UCLM) utilized in this SLERA are shown in Table 5-5, along with the statistic used to Calculate'
the UCLM for that COPC. .

5.3.2 Bioaccumulation Factors

Bioaccumulation factors (BAFs) were not applied to most chemicals forStep 2 risk calculations;
rather, it was assumed that food COPC concentrations would be the same concentration as dry- .
weight sediment (i.e., BAF is 1.0). Step 3a exposure assessments Consider the propensity for a
COC to bioaccumulate into the food organism and the impact of considering moisture content
found in food items. Chemicals that bioaccumulate are chemicals in food items with higher
concentrations than that found in the abiotic matrix (sediment). BAFs were used in the Step3a·
exposure assessment.
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Benthic invertebrate BAPs used in the Step 3a aquatic food web for the raccoon and herring gull
are shown in Table 5-6. The majority of these BAPs or biota-sediment accumulation factors
(BSAPs) are site-specific values determined during an earlier AllenHarbor study (SAIC 1996) in
which co-located tissue and sediment concentrations were measured and BAPs developed.
BAPs for barium and vanadium are mean uptake factors for soil invertebrates found in Sample et

. al. (1998).

BAPs are strict ratio relationships between concentrations in the organism (dry weight basis) and
sediment (dry weight basis). Concentrations of COPC in food items are calculated as .follows:

Cf dry ....,. = Cs dry ....,. x BAF
where:

Cfdry wt.

Csdrywt.

BAP

= Concentration ofCOPC in food on a dry weight basis,
= Concentration ofCOPC in sediment on a dry weight basis, and
= The BAP shown in Tables 5-6 and 5-7.

The dry weight COPC concentration is then converted to wet weight basis:

where:

Cfwetwt.

fxdry
= Concentration of COPC in food on a wet weight basis, and
= Fraction solids in the food item.

EPA (1993) shows that the fraction solids in aquatic macrophytes is 0.16, and this was utilized in
the above equation to estimate COPC concentrations in food on a wet weight basis.

BSAPs relate lipid-nonnalized COPC concentrations in organisms to organic carbon-nonnalized
COPC concentrations in sediment:

.Cfd~""" .

BSAF = fi
Csdry ....'.

foe

where:

fi = Fraction lipid in organism, and
foc = Fraction organic carbon in sediment.

Rearrangement of this equation results in the following equation that is used to predict COPC
concentrations in organisms on a dry weight basis: .

Csdry ....'.
Cf dry ....,. = fi x BSAF x ---

foe ~
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These dry weight COPC concentrations were converted to wet weight using the same equation
presented above for BAFs. For these calculations it was assumed that the lipid fraction is 0.02'
(USEPA 1998b), and organic carbon fraction of0.02 based on site-specific measurements.

It has been assumed in this SLERA that the raccoon consumes 38% vegetation. In order to
estimate the concentration of COPC in plants, terrestrial BAFs and regressions (based on the
uptake from soil into vegetation) have been utilized. Plant BAFs are shown in Table>7. Most
inorganic plant BAFs are the mean uptake factor for plants found in Bechtel (1998) with the .
exception ofheryllium, which is the vegetation uptake factor'{Bv) from Baes(1984). The uptake
of organic chemicals into plants was estimated using the regression equation developed by
Travis and Arms (1988) which relates plant uptake to the Log Kow ofthe COPC.

In one instance for invertebrates (manganese), and for arsenic, cadmium, copper, lead, mercury,
nickel, selenium, and zinc uptake into plants, regressions developed by Sample et a1. (1998) and
Bechtel (1998) were used to estimate respective concentrations in invertebrates and plants. The
calculations used to estimate these concentrations are shown'in Table 5-8.

Example calculations of the estimation for food concentrations follow:

Metals for Macroinvertebrates (arsenic as example)
BAF = 0.48 (Table 5-6) /
Dry wt concentration in sediment 10.8 mglkg (Table 5-9)
Fraction Solids = 0.16 (see text above)

Cjdrywt, = CsdrywI. x BAF

CjdrywI, =10.8 mg / kg, x 0.48 =5.184 mg / kg dry

This dry weight concentration is then converted to a wet weight basis as follows:

Cj weI WI. = Cj dry WI. X fx dry
Cjwel WI. =5.184 mg / kg dry. x 0.16 =0.83 mg / kg wet

This concentration for benthic macroinvertebrates is shown in Table 5-9.

Organics for Macroinvertebrates (Heptachlor as example)
BSAF = 2.66 (Table 5-6)
Dry wt concentration in sediment 0.000453 mglkg (Table 5-9)
Fraction Solids =0.16 (see text above)
Fraction lipids in organism = 0.02 (see text, page 20)
Fraction organic ca.r!'on in sediment = 0.02 (see text, page 20)

CsdrywI..
CjdrywI. = fi x BSAF x .

foe
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.' 0.00045 mg / kg dry. .'. .
C/drywl. = 0.02 x 2.66 x = 0.001197 mg/kg wet

. 0.02 .

This dry weight cOncentration is then converted to a wet weight basis.as.follows:

C/wetwt. = C/drywt. x Ix dry'
C/we;wl. = 0.00133mg / kg dry. x 0..16 =0.00019 mg/kg wet

This concentration for benthic macroinvertebrates is shown in Table >9.

The calculation of COPC concentrations in plants are similar to the BAF
calculations show above for metals, with the only difference being that BAFs are
found in Table 5-7 of the document, and the fraction dry for plants is assumed to
be 0.15 (Exposure Factors, EPA 1993).

Table 5-9 summarizes the concentrations used in the SLERA,both fOLthe Step 2 and Step 3a
risk calculations. . .

5.4 TOXICITY ASSESSMENT

This section summarizes the TRVs used in the Phase II SLERA. USEPA (1997) guidance.
specifies that a screening ecotoxicity value should be "equivalent to a documented or best
conservatively estimated chronic No Observed Adverse Effect Level (NOAEL)." The same
toxicity values were utilized in both Step 2 and 3a food web risk calculations.

5.4.1 Sediment Benthic Organisms

The screening criteria used for this Phase II SLERA were designed to protect benthic organisms.
Consequently, those screening values discussed in Section 5.2 and shown in Table 5-2 have been
used to assess risk to benthic invertebrates. The difference between a screening and this
assessment of risk is that the screen compared the maximum detected concentration to these
screening values, while this risk assessment for benthic organisms is based on the upper 95%
UCLM concentration.

5.4.2 NOAEL Toxicity Reference Values

ROCs were selected in Section 5.1.1 and include the herring gull and raccoon. Food web risks
for avian and mammalian species have been expressed relative to a dose of chemical
(mglkg body weight/day) taken up by the organism from food and sediment. Literaturt}-reported
wildlife NOAEL TRVs and Lowest Observed Adverse Effect Level (LOAEL) TRVs (primarily
based on Sample et a1. 1996) are shown in Table 5-10 and 5-11, respectively. When
analyte/receptor combinations were not located in Sample et a1. (1996), the scientific literature
was used to select alternative toxicity values and these have been reported in Table 5-10.
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As noted in Sample -et al. (1996), the current state ofavian toxicology indicates that the use of
allometric relationships, used to relate the body weight of the toxicity test organism to that of the
receptor ofconcern, are not appropriate. Consequently, toxicity values for avian ROCs ,taken
from Sample et al. (1996) are the same regardless of the ROC and are equivalent to that found iri
the test species (such as pheasant, chickens, and ducks). An allometric conversion was
performed to modify the toxicity value from the test species to mammalian ROCs (Sample et al.
1996). This is due to the finding that smaller animals, such as rats and mice that are commonly
used as test species in toxicity tests, have higher metabolic rates and detoxify contaminants faster
than larger animals. TRVs for the raccoon are the same as those shown for the red fox in Sample
et al. (1996) due to the similarity in organism size.

5.5 RISK CHARACTERIZATION

The risk chara~tenzationphase of the ERA follows EPA guidance (USEPA 1997, 1998a) and
represents the linkage between exposure of COPC to ROC with the appropriate toxicity
endpoints. Section 5.5.1 addresses the results ofthe food web.

5.5.1 Results of the Food Web Risk Assessment

Step 2 risk calculations for the raccoon and herring gull are shown in Tables 5-12 and 5-13
respectively. Hazard quotients for this exposure scenario are summarized in Table 5-14. The
exposure under Step 2 is quite conservative~ assuming that food.organisms are all at the same
concentration as that found in dry sediment. Based on this assessment, all metals arid total PAH
were found to represent risk to either the raccOon or gull'or to both (Table 5~14). The highest
hazard quotients (HQs) found were for arsenic and vanadium exposure to the raccoon (278 and
215, respectively), and mercury and zinc exposure for the herring gull (13.7 and 10.9,
respectively). Neither total PCBs nor any pesticides were found to represent risk (Table 5-14).

As discussed in Section 5.3, the Step3a risk calculations were performed based on less
conservative assumptions including the use ofaverage sediment concentrations for food web
exposures, and accounting for bioaccumulation potential of chemIcals into food and consumption
of food on a wet weight basis. The results of the Step 3a risk c~lculations for the raccoon and
herring gull are shown in Tables 5-15 and 5-16, respectively, and are summarized in Table 5-17.
In order to show a range of potential risks, in addition to presentation of the NOAEL risks,
LOAEL risks have also been calculated and are shown on these tables. However, as shown in
Table 5-17, NOAEL HQs are less than 1.0 for all chemical/receptor combinations. The highest
HQs found in the Step 3a was 0.15 for exposure ofthe raccoon to arsenic and 0.04 for exposure
of the herring gull to zinc. Consequently, there is no evidence that the representative ROCs are
at potential risk from exposure to chemicals or metals in Allen Harbor sediment in the vicinity of -
Site 16. ., - . .' .
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UCLM95s for the various COPCs were used to estimate potential risJe to benthic receptors. As
discussed earlier, screening values used to represent low effect levels for benthic invertebrates
are those shown in Table 5-2, and have been used in this section as toxicity values.

Table 5-18 shows the hazard quotients (UCLM95/screening value = HQ)for the copes
identified for Allen Harbor. HQs for metals are relatively low, with the highest metal HQ found
with copper (4.0). Additional evidence that benthic organisms are not at potential risk from
metals, particularly the divalent metals such as copper, lead, nickel, and zinc is that the measured
ratio of simultaneously extracted metals (SEM) to acid volatile sulfide (AVS) never exceeded 1.0 ..
in any sample (see summary table below). This indicates that there is sufficient AVS in these
sediments to ameliorate any free divalent metals. HQs for PAH are a little higher (Table 5-2),
ranging from 1.57 (2-methylnaphthalene) to 14 (acenaphthene). With few exceptions, pesticides.
and PCBs exhibited relatively low HQs of0.2 (heptachlor) to 2.32 (total DDTmetabo1ites).
Exceptions were gamma-chlordane at 12, endrin ketone at 48, and dieldrin at 222.

SUMMARY OF rSEMIAVS RATIOS - 2004 SAMPLES

Sample ill rSEMIAVS Ratio

AH-03 0.036
AH-06 0.028
AH-08 0.021
AH-ll 0.055
AH-17 0.022
AH-23 0.217
AH-26 0.028
AH-28 0.287
AH-29 0.053
AH-32 0.069
AH-33 0.097
.AH-35 0.017
AH-40 0.109
AH-42 0.246
AH-45 0.015
AH-47 0.088
AH-49 0.407
AH-51 0.106

5.6 UNCERTAINTY

Ecological risk characterization includes analysis of uncertainty (EPA 1997). UnCertainty is
distinguished from variability, and arises from lack ofknowledge about factors associated with
the study. Sources ofuncenainty can include the process of selecting COPCs, assumptions made
in establishing the CSM, adequacy of ecological characterization of the site, estimates oftoxicity
to receptors, and selection ofmodel parameters. There are a number of factors that contribute to
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uncertainty in the ecological risk chanicterization for Allen Hatborin the vicinity of Site 16, as
described below.

• In cases where all samples were reported below the detection limit, the chemical was not
identified as a COPC, and therefore, not carried through the risk assessment. When the 
project work plan was produced, the latest available methods were used to achieve the
lowest possible detection limits (EA 2004b). There were few instances when the
detection limits exceeded the applicable screening values~ primarily in the pesticide
fraction. When a sample is reported at below the detection limit~ it does not mean that
the concentration is zero; rather, if it is present, it is present at somewhere below the
detection limit. The impact of this on the ecological risk assessment is to potentially
-exclude chemicals as COPCs, even though they may be present at concentrations that
exceed screening levels. Examination ofTable 5-3 shows that in most cases the detection
limits used in this study were lower than the screening values, allowing a clear
identification of COPCs. A few samples had detection limits of cadmium:, selenium,
PAH, and pesticides for which the detection limit exceeded the screening value; however,
these were exceptions. Data quality objectives have been met for this project with
respect to detection limits.

• Rapid Sediment Characterization using XRF for the analysis ofnickel, copper, lead and
zinc and immunoassay for the analysis of total PAH were performed to assist in the
selection of samples for quantitative and forensics analysis. These techniques are 
"screening" by nature, and therefore have a higher degree ofuncertainty. However, as
shown in Figures 4-1 through 4-4, the regressions of screening results relative to
quantitative results showed sufficient correlations to allow for the intended use of these
screening techniques. Concentrations reported by the screening methods tended to either 
underestimate (meta's) or overestim~te(total PAHs); however, concentrations reported. '
by these screening methods did increase or decrease as expected when compared to
quantitative concentrations.

Toxicological data used in the risk characterization represent significant uncertainty.
Because there maybe no known data on the effects of chemical constituents on specific
ROCs, toxicological data for surrogate species are used, and this adds uncertafnty.

• In the Step 2 SLERA COPCs were assumed to be 100 percent bioavailable. The
assumptiqn that COPCs are 100 percent bioavailable is highly unlikely based on-soil
chemistry. Elements such as lead, manganese, and zinc are common constituents of soil.
In the solid soil matrix, much of these elements' soil levels are not bioavailable, and thus
are not taken up into organisms exposed to these soils. The environmental behavior (and
thus the bioavailability) ofmetals in environmental soils is complex and nohvell
understood. The solubility and availability of these metals is dependent on a nuniberof .'
factors including soil Eh (a measure of the oxidation/reduction potential), pH, and
availability ofligands (chemical constituents capable ofbonding with metal ions) (Booek
et a1. 1988). .
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For the majority of COPCs, site-specific BAFs and BSAFs have been used. However, it
is important to recognize that there is a fair degree ofvariability in these accumulation
factors that may vary from site to site and time to time depending on chemistry and
bioavailability. This uncertainty may result in an over- or under-estimation of risk. "

• "The toxicological data that underpin the screening values are inherently uncertain "
because laboratory data are extrapolated to specific field sites such as Allen Harbor
adjacent to Site 16. This uncertaintyis to" some extent controlled by"choosing the lowest

"available screening values, consistent with EPA (1997) guidance to "be consistently
conservative in selecting literature values...." This also contributes to overestimation of
risk.

• As discussed in Section 5.5.2, a small potential for risk to benthic invertebrates were
found based on comparisons to Effects Range-Low (ERL) sediment screening values.
Long and MacDonald (1998) published a paper regarding the recommended uses of
sediment quality guidelines such as the"ERLs used in this SLERA. In that paper they'
provide a range ofpotential" risk of sediments, based on comparison to the average
Effects Range-Median (ERM), as shown in Table 5-18. The average ERM quotient for"
Allen Harbor was 0.6, and only two chemicals had ERM quotients that exceeded 1.0
(phenanthrene at 1.22 and gamma-chlordane at 1.02). According to Long'and
MacDonald (1998) these sediments would fit into the next-to-Iowest priority sites, termed
"medium-low priority." The implication of this finding is that ,if there are impacts on
benthic invertebrates, they would be marginal.

• The area potentially impacted by Site 16 is small, and has been estimated as
approximately I hectare and the length is approximately 0.2 km for these risk
calculations. Consequently, the area use factor is small for both ROCs. It was found that
if the site area was increased from I to 7 hectares, the NOAELrisk to raccoons from"
arsenic increased to 1.0. When the area use factor is artificially assumed to be 100 - "
percent, the NOAEL risk to raccoons from arsenic is 7.0 and the HQ to the raccoon from
vanadium is 4.3. No other potential contaminants had HQs greater than LO for the"
raccoon, assuming a 100 percent area use factor. No potential contaminants had NOAEL
HQ exceeding 1.0 for the herring gull, assuming a 100 percent area use factor. The area
use factor is a source ofuncertainty for any ecological risk assessment; however, the
limited exceedances of HQs greater than 1.0, even with 100 percent area use, would
imply that populations of raccoons and herring gulls are not at risk from exposure to 
contaminants in sediment adjacent to Site 16.

5.7 SUMMARY OF THE SLERA

Thirteen metals, PAH (with the exception ofnaphthalene), total PCB, and ten pesticides were
identified as COPCs in (Table 5-3). No VOC were identified as COPCs in Allen Harbor"
adjacent to Site 16. Based on the Step 3a food web, risks to the surrogate mammal (raccoon) .and
the surrogate avian species (herring gull) were found to be acceptable. SEMIAVS ratios were all
less than 1.0, indicating that the divalent metals (cadmium, copper, lead, nickel, and zinc) have
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sufficient AVS available, and consequently, these metals would notbe bioavailable to benthic
invertebrates or upper trophic level receptors. Using guidelines provided in Long and
MacDonald (1998), these sediments were classified as "medium-low priorityt" indicating that
there is a small potential of risk to benthic organisms from chemicals such as PAH and
pesticides.

In conclusion, risks to populations of ecological receptors exposed to sediment in Allen Harbor
adjacent to Site 16 site were determined to be not likely.
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The Navy EFANE initiated this investigation to collect additional sediment data to characterize
potential ecological risks for the area ofAllen Harbor adjacent to the Site 16 former creosote dip
tank at the former NCBC Davisville facility. This characterization effort has provided additional
sediment data necessary to complete a SLERA for the offshore area adjacent to Site 16, and has
provided information on the influence ofother possible non-Navy sources, which exist in close
proximity to the site. Sediment samples collected were not only from the area immediately
adjacent to the site, but also included a range oflocal reference stations, providing additional
information for comparison to site data.

Thirteen metals, PAH (with the exception of naphthalene), total PCB, and ten pesticides were
identified as COPCs in Allen Harbor. No VOC were identified as COPCs in Allen Harbor
adjacent to Site 16. Based on the Step 3a food web, risks to the mammal (raccoon) and the avian
species (herring gull) were found to be acceptable. SEMIAVS ratios were all less than 1.0,
indicating that the divalent metals (cadmium, copper, lead, nickel, and zinc) have sufficient AVS
available, and consequently, these metals would not be bioavailable to benthic invertebrates or
upper trophic receptors. These sediments can be classified as "medium-low priority," indicating
that there is a small potential of risk to benthic invertebrates from chemicals such as PAH and
pesticides. .

The reference area sediments sampled for this study proved to be dissimilar from Allen Harbor
sediments adjacent to Site 16. Concentrations of all classes of chemicals were found to be higher
in Allen Harbor compared to the reference areas; however, Allen Harbor has restricted flow with
Narragansett Bay, as well as intensive use compared to the reference areas.. PAH patterns found
in Allen Harbor are similar to those found in the reference areas.

Concentrations ofmetals in sediments in Allen Harbor adjacent to Site 16 were fairly
homogeneous and exhibited a random pattern of concentrations. According to the spatial
distribution of contaminant concentrations, there was no evidence that Site 16 had contributed
significant quantities ofmetals to Allen Harbor sediment (see Figures 4-5 through 4-7). All
shoreline areas, including the shoreline associated with Site 16, appeared to represent potential
sources of PAH to Allen Harbor sediment (Figure 4-8). There are many potential sources of this
PAH, including storm water runoff, vehicular emissions, and other ubiquitous sources ofPAH
that could account for this pattern.

Advanced forensics chemical analyses were performed on samples collected from Allen Harbor,
selected hydrocarbon source ar~as, reference areas in Narragansett Bay, and forensic reference
materials representative of fire fighting training fuels. These results generatedthe following
conclusions:

• A middle distillate petroleum signature in the former fire fighter training area (Source
3-2) generally matched the diesel range hydrocarbons in proximal sediment from a single
sampling location, AH-40. However, the low levels of diesel range material at AH-40
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could also have originated from more contemporary marina activities. Regardless of the
origin, the middle distillate range PAHs (primarily petrogenic 2- and 3-ring PAHs) seen
in this sample were not observed in any other Allen Harbor sediments which consisted of
pyrogenic 4- to 6-ring PAHs. Therefore, the origin ofPAHs in Allen Harbor was not
attributable to middle distillate releases from Site 16 or the marina.

• The hydrocarbon signatures of creosote and heavy residual petroleum in soils from the
former creosote dipping tank and pole drying/storage areas at Site 16 were not observed
in Allen Harbor sediments. The pyrogenic PAHs in Source Area 1 creosotes shared a
distinctive enrichment of anthracene that was absent in the proximal Allen Harbor
sediments. Likewise, the genetic signature of triterpanes in the heavy residual petroleum
differed from the sediments ofAllen Harbor.

• Although the Priority Pollutant PAH concentrations in Allen Harbor sediments
(EPAPAH averaged 12 mg/kg and ranged from 2.51 mg/kg to 28.1 mg/kg) matched
many other coastal areas around the United States (EPAPAH - 20 mg/kg at the upper

th
96 percentile), they were elevated relative to sediments from the three Reference Areas
(EPAPAH averaged 0.8 mg/kg and range from 0.03 mg/kg to 2.38 mg/kg). However, the
concentrations ofTOC (included natural and anthropogenic organic matter) and hopane
(a marker for heavy petroleum) indicated that the loading of all organic material in Allen
Harbor was elevated. Consequently, the high level ofPAHs in Allen Harbor relative to
the Reference Areas was likely explained by one or more of the following factors: 1) the
higher density of commercial and industrial activities, 2) higher density ofpaved areas,
and 3) potential flushing restrictions at the mouth ofAllen Harbor.

• Some hydrocarbon impacts to sediments arising from the drainage ofAllen's Harbor
Road have been demonstrated. Specifically, sediment samples collected proximate to
drains from this road (AH-49 and AH-28) exhibited elevated PAHs (EPAPAHs from
25.0 mg/kg to 28.1 mg/kg). The heavy residual petroleum in sediments from the storm
drain associated with Allen's Harbor Road (Source 4-1) matched that found in the outfall
(AH-49) and neighboring (AH-28) sediments. The source of this heavy residual

. petroleum was attributed to typical components ofurban runoff (e.g., abraded petroleum
asphalt and motor oils). Although not observed in the storm drain sample, low levels of
diesel range hydrocarbons in AH-28 and AH-49 were consistent with runoff from streets
and parking lots.

• Two Allen Harbor sediment samples (EPAPAH = 11.6 mg/kg in AH-03 and EPAPAH =

24.0 mg/kg in AH-29) collected adjacent to marina dock pilings throughout Allen Harbor
contained refined tar consistent with creosote. As demonstrated in the Elizabeth River
Case Study, the relative abundances ofdiagnostic PAHs demonstrated the direct impact
of various types of creosote (Stout et al., 2003). As such, it can be concluded that
creosote likely leached from the marina docks at these locations. Although not selected
for advanced chemical analyses, sample AH-35 (EPAPAH = 22.3 mg/kg) was located
next to a dock piling and may have also experienced localized creosote leaching.
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In summary, it was apparent from the data collected that the Allen Harbor sediment samples
adjacent to Site 16 exhibited localized PAH impacts from dock pilings and storm water runoff.
It was found that there is no strong evidence that Site 16 source areas contributed significant
amounts of chemicals to Allen Harbor. Chemical concentrations in the harbor are relatively
homogeneous, indicating the absence of a point source, yet at higher concentrations than the
reference areas because of the restricted flow into and out of the harbor. Risks to avian and
mammalian receptors were acceptable. Finally, benthic invertebrates were found to have a slight
potential of risk from exposure to PAH and pesticides.
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Figure 4-1 Comparison of Copper Concentrations (mg/kg)
by Inductive Coupled Plasma (ICP) and X-Ray Fluorescence (XRF)
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Figure 4-2 Comparison of lead Concentrations (mg/kg)
by Inductive Coupled Plasma (ICP) and X-Ray Fluorescence (XRF)
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Figure 4-3 Comparison of Zinc Concentrations (mg/kg)
by Inductive Coupled Plasma (ICP) and X-Ray Fluorescence (XRF)
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Figure 4-4 Comparison of Total PAH Concentrations (ug/kg)
by Gas Chromatography/Mass Spec (GC/MS) and Immunoassay
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FIGURE 4·5

Predicted Lead Concentration
Contours (mg/kg)
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FIGURE 4-7

Predicted Zinc Concentration
Contours (mg/kg)
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FIGURE 4-8

Predicted Total-PAH Concentration
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Tier 1. Screening Risk Assessment (SRA): . Identify pathways and
compare exposure point concentrations to benchmarks.

Step 1: Site Visit; Pathway Identification/Problem Formulation;
Toxicity Evaluation

Step 2: Exposure Estimate; Risk Calculation (SMDP)'

Proceed to Exit Criteria for SRA

Exit Criteria BERA
1) If the site poses acceptable risk, then no further evaluation and no remediation

from an ecological perspective is warranted.
2) If the site poses unacceptable ecological risk and additional evaluation in

the form of remedy development and evaluation is appropriate, proceed to
third tier. ---,'

Exit Criteria for the SRA: Decision for exiting or continuing the ERA.
1) Site passes SRA: a determination is made that the site poses acceptable risk

and shall be closed out for ecological concerns.
2) Site fails SRA: the site must have both complete pathway and unacceptable

risk. As a result, the site will either have an Interim cleanup or move to the
second tier. ---,

C
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E
Gl
CI
III
C
III
:E
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III
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Tier 2. Baseline Ecological Risk Assessment (BERA):
Detailed assessment of exposure and hazard to
"assessment endpoints" (ecological qualities to be
protected). Develop site-specific values that are
protective of the environment.

Step 3a: Refinement of Conservative Exposure Assumptions'
Step 3b: Problem Formulation Toxicity Evaluation; Assessment

Endpoints, Conceptual Model; Risk Hypothesis (SMDP)
Step 4: study Design/DQC - Lines of Evidence; Measurement ~

Endpoints; Work Plan and Sampling & Analysis Plan ......1-1---1
(SMDP)

Step 5: Verification of Field Sampling Design (SMDP)
Step 6: Site Investigation and Data Analysis (SMDP)
Step 7: Risk Characterization

Proceed to exit criteria for SRA

-
, ..

Exit Criteria Step 3a
Refinement

1) If re-evaluation of the
conservative exposure
assumptions (SRA)
support an acceptable
risk determination
then the site exists
the ERA process.

2) If re-evaluation of the
conservative exposure
assumptions (SRA) do
not support an accept
able risk determination,
then the site continues
in the SERA process.

Proceed to Step 3b.

..
Tier 3. Evaluation of Remedial Alternative (RAGs C)

a. Develop site-specific, risk-based cleanup values.
b. Qualitatively evaluate risk posed to the environment by implementation of each

alternative (short-term) impact and estimate risk reduction provided by each
(long-term) impact; provide quantitative evaluation where appropriate. Weigh
alternative using the remaining CERCLA 9 Evaluation Criteria. Plan for
monitoring and site closeout.

Notes: 1) See EPA's 8 Step ERA Process for requirements for each Scientific Management Decision Point (SMDP)
2) Refinement includes but is not limited to background, bioavailability, detection frequency, etc.
3) Risk Management is incorporated throughout the tiered approach.

Navy Policy

Figure 5-1. Navy Ecological Risk Assessment Tiered Approach.

Source: U.S. Navy, 05 April 1999.
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EA Engineerings, Science and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-1, Page I of 3
November 2004

TABLE 2-1 SCREENING METALS RSC RESULTS

SAMPLE Analysis Date Ni (ppm) Stdev Q Cu (ppm) Stdev Q Zn (ppm) Stdev Q Pb (ppm) Stdev Q
AHCOREBOT 4/6/2004 U 36 69 34

AHCORETOPI 4/6/2004 U 48 5 83 4 50 4

AH-01 4/1/2004 U 33 63 22

AH-02 4/1/2004 U 35 67 24

AH-03 3/31/2001 U 78 131 47

AH-04 3/31/2001 U 63 110 39

AH-05 3/31/2001 U 78 134 41

AH-06 313112001 U 67 126 41

AH-06MS , 3/31/2001 U 73 125 37
AH-06MSD 3/3112001 U 68 121 42
AH-06 duplicate 3/31/2001 U 71 121 41

AH-07 3/31/2001 U 81 112 33

AH-08 3/3112001 U 100 147 44

AH-08 duplicate 313112001 U 94 188 44

AH-09 3/3112001 U 65 116 40

AH-IO 3/31/2001 U 77 134 41

AH-II 3131/2001 U 89 128 39

AH-IIMS 3/31/2001 U 79 121 58

AH-II duplicate 3/31/2001 U 92 133 49

AH-12 3/31/2001 7 U 12 J 30 13 J
AH-13 411/2004 U 85 131 51

AH-14 3/31/2001 U 78 113 34

AH-15 3/31/2001 U 124 18 168 4 49 I
AH-16 313112001 U 83 133 41

AH-17 3/31/2001 U 103 184 -. 49

AH-18 4/1/2004 U 92 137 49
AH-18 duplicate 41112004 U 89 133 48
AH-19 3/31/200 I U 95 184 55
AH-20 41112004 U 91 139 57
AH-20 duplicate 411/2004 U 82 141 50
AH-21 411/2004 U 91 149 50
AH-22 4/6/2004 U 74 141 47

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16



EA Engineerings, Science and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-1, Page 2 of 3
November 2004

TABLE 2-1 SCREENING METALS RSC RESULTS

SAMPLE Analysis Date Ni (ppm) Stdev Q Cu (ppm) Stdev Q Zn(ppm) Stdev Q Pb (ppm) Stdev Q

AH-23 4/1/2004 U 92 155 63
AH-24 4/1/2004 U 83 139 55

AH-25 4/3/2004 U 102 151 54

AH-26 4/6/2004 U 75 132 37

AH-27 4/6/2004 U 52 92 29

AH-28 4/3/2004 10 U 87 403 98
AH-29 4/3/2004 U 137 181 60
AH-30 4/3/2004 U 94 149 59
AH-27 4/6/2004 U 52 92 29

AH-28 4/3/2004 10 U 87 403 98

AH-29 4/3/2004 U 137 181 60
AH-30 4/3/2004 U 94 149 59

AH-31 4/3/2004 U 110 156 47

AH-32 4/3/2004 U 110 169 60
AH-33 4/3/2004 U 92 152 59
AH-33.duplicate 4/3/2004 U 100 150 62

AH-34 4/6/2004 U 50 74 31

AH-35 4/3/2004 U 103 168 50

AH-36 4/312004 U 89 132 56

AH-37 4/6/2004 U 103 157 50

AH-38 4/6/2004 U 99 7 165 2 56 5

AH-39 4/3/2004 4 U 27 J 74 26

AH-39 duplicate 4/3/2004 5 U 30 82 36

AH-40 4/6/2004 5 U 41 70 28

AH-41 4/312004 U 48 66 31

AH-42 4/6/2004 U 29 68 24

AH-43 4/3/2004 U 97 154 46

AH-44 4/6/2004 U 72 116 52

AH-45 4/3/2004 U 97 140 49

AH-46 4/6/2004 U 86 132 38

AH-47 4/3/2004 U 36 86 30

AH-48 4/6/2004 U 79 143 50
AH-49 4/312004 I U 31 51 43

NCBC Davisville
North K.wn, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16



EA Engineerings, Science and Technology

TABLE 2-1 SCREENING METALS RSC RESULTS

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-1, Page 3 of 3
November 2004

SAMPLE Analysis Date Ni (ppm) Stdev Q Cu (ppm) Stdev Q Zn (ppm) Stdev Q Pb (ppm) Stdev Q

AH-50 4/3/2004 U 26 J 82 89
AH-51 4/6/2004 2 U 71 117 58
AH-48 4/6/2004 U 79 143 50
AH-49 4/3/2004 I U 31 51 43
AH-50 4/3/2004 U 26 J 82 89
AH-51 4/6/2004 2 U 71 117 58
AH-REFI-I 3/31/2001 U 9 J 10 6 J
AH-REFI-2 3/31/2001 U 17 J 31 15 -.
AH-REFI-3 3/31/2001 U 14 J 20 J 12 r :,.
AH-REFI-4 3/31/2001 U 42 78 29 ,-

AH-REFI-5 3/31/2001 U II J 33 13 J
AH-REF2-1 3/31/2001 U 26 J 91 32
AH-REF2-2 3/31/2001 U 28 J - 63 22
AH-REF2-3 4/1/2004 U 31 82 28 .-'

.4.,

AH-REF2-4 4/1/2004 U 20 J 41 15 ~ .~

AH-REF2-5 4/1/2004 U 19 J 57 17 \-

AH-REF3-1 4/1/2004 U 46 88 32
AH-REF3-2 4/1/2004 U 52 98 34
AH-REF3-3 4/1/2004 U 51 83 39
AH-REF3-4 4/1/2004 U 38 61 24
AH-REF3-5 4/1/2004 9 2 U 14 3 J 26 3 J 8 I J
Limit of Quantitation (LOQ 55 29 27 15
Method Detection Limit (MOL) 17 9 8 4
Sid(!\}: Standard Deviation from laboratory duplicate assay analyses (n=2)
Data Qualifiers (0):

U: The value was less than MDL or the analyte was not detected.
J: Estimated value (MDL < measured value < LOQ )

A
fi
~

4 ~,;

,;1
't.;,

.;':' ~.

~1>~l?ii-'~~ ~~.~it ,);,:'!,u:::.i'"':- l'\~
.-';"~"'-: ..~;.~ ._ ..•~~

. .: ~

...~':~".. ':i.~~
':J?
-~

NCBC Davisville
North Kingstown, Rhode Island
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EA Engineering, Science and Technology

EA Project No.: 29600.97.3391
. Version: FINAL

Table 2-2 Page I of2
November 2004

TABLE 2-2 SCREENING PAll RESULTS

NCBC Davisville
North Kingstown, Rhode Island

IsAMPLE tPAll (f,lgIKg)

!LABEL 1 2 Mean Stdev %RSD

!AH-OI 9038 9038 NA NA

WI-02 9230 9230 NA NA

iAH-03 47474 47474 NA NA

WI-04 10091 10091 NA NA

iAH-05 11569 11569 NA NA

iAH-06 8737 8737 NA NA

iAH-06 dup 7637 7637 NA NA

!AH-07 6792 67fJ2 NA NA

iAH-08 11985 11985 NA NA

iAH-08 dup 12982 12982 NA NA

iAH-09 8806 8806 NA NA

iAH-1O 10088 10088 NA NA

iAH-II 10902 11329 11115 301 2.71%

iAH-II dup 11682 11682 NA NA

iAH-12 1976 1976 NA NA

WI-13 47953 47953 NA NA

iAH-14 13609 13609 NA NA

iAH-i5 12777 16128 14453 2370 16.40%

iAH-16 14240 18481 16361 2999 18.33%

iAH-17 22696 22696 NA NA

!AH-18 18726 18726 NA NA

!AH-19 17997 17997 NA NA

iAH-20 43235 43235 NA NA

AH-20dup 49569 49569 NA NA

iAH-21 16886 16886 NA NA

iAH-22 16792 16792 NA NA

WI:23 23434 23434 NA NA

iAH-24 23708 23708 NA NA

iAH-25 20262 20262 NA NA

iAH-26 19902 19902 NA NA

iAH-27 22215 22215 NA NA

iAH-28 57405 57405 NA NA

!AH-29 47965 47965 NA NA

iAH-30 20760 20760 NA NA

iAH-31 46137 46137 NA NA

iAH-32 19462 19462 NA NA

WI-33 33266 33266 NA NA

iAH-33 dup 33208 33208 NA NA

Wf-34 28315 34217 31266 4173 13.35%

!AH-35 45094 45094 NA NA

iAH-36 29956 29956 NA NA

IAH-37 32620 32620 NA NA

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16



EA Engineering, Science and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-2 Page 1 of2
November 2004

TABLE 2-2 SCREENING PAR RESULTS

NCBC Davisville
North Kingstown, Rhode Island

SAMPLE tPAH (llgIKg)

LABEL 1 2 Mean Stdev %RSD

AH-38 29538 29538 NA NA

AH-39 34508 34508 NA NA

AH-39dup 48673 48673 NA NA

AH-40 28792 28792 NA NA

AH-41 5910 5910 NA NA

AH-42 34531 31460 32995 2171 6.58%

AH-43 27892 24977 26434 2062 7.80%

AH-44 45733 45733 NA NA

AH-45 32897 30823 31860 1467 4.60"10

AH-46 18120 18120 NA NA

AH-47 37273 37273 NA NA

AH-48 35040 35040 NA NA

AH-49 58996 58996 NA NA

AH-50 35641 35641 NA NA

AH-51 24895 25791 25343 634 2.50%

REF 1-1 <1000 <1000 NA NA

REF 1-2 1065 1065 NA NA

REF 1-3 <1000 <1000 NA NA

REF 1-4 3025 3025 NA NA

REF 1-5 1016 1016 NA NA

REF 2-1 4434 4434 NA NA

REF 2-2 1798 1798 NA NA

REF 2-3 2203 2203 NA NA

REF 2-4 1191 1191 NA NA

REF 2-5 1083 1083 NA NA

REF 3-1 6531 6531 NA NA

REF 3-2 7306 7306 NA NA

REF 3-3 6480 6480 NA NA

REF 3-4 4706 4706 NA NA

REF 3-5 2187 2187 NA NA

DQinitians:

Mean: Arithmethic Mean

Stdev: Standard Deviation from laboratory duplicate
assay analyses (n=2)

% RSD: Percent Relative Standard Deviation
whereby; ({stdev/mean} * 100)
Label: AH = Allen Harbor, REF = Reference Site

Phase II Screening Level Ecological Risk Assessment oflR Program Site 16
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EA Enginering, Science, and Technology

TABLE 2-3 QUANTITATIVE AND ENVIRONMENTAL FORENSICS SELECTION

EA Project No.: 29600.97.3391 .
Version: FINAL

Table 2-3, Page 1 of6
November 2004

ACTUAL COORDINATES

DATE Quantitative F rensic
Area Station 10 COMPLETED Northing (ft) Easting (ft) Comments Analysis? Analysis?

AH-01 3/25/2004 194920.023 523758.554 T-PAH 9038 ppb

AH-02 3/25/2004 194899.813 523761.101 T-PAH 9230 ppb

eu AH-03 3/23/2004 196149.714 524078.846 T-PAH 47474 ppb, external marina Yes Yes~
l- ......

-< AH-04 3/23/2004 195954.692 523853.647 T-PAH 10091ppb .~...

I- f~;
~ AH-05 3/23/2004 195830.585 523922.114 T-PAH 11569 ppb :t;;....
=0 AH-06 3/23/2004 195778.447 523609.760 T-PAH 8737 ppb, MS/MSD and duplicate Yes Yes ---

J

I- AH-07 3/22/2004 195597.266 523505.863 T-PAH 6792 ppb
0
.c

3/22/2004 195557.350 523739.086 T-PAH 11985 ppb, external marina
.\-r.

I- AH-08 Yes ',:'f-
eu ,-

==
AH-09 3/22/2004 195534.791 523291.795 T-PAH 8806 ppb ":1.\.

=~ AH-10 3/22/2004 195366.645 523545.624 T-PAH 10088 ppb---< AH-11 3/22/2004 195198.172 523454.974 T-PAH 1115 ppb, MS/MSD and duplicate Yes

AH-12 3/23/2004 195108.843 523685.651 T-PAH 1976 ppb

AH-51 3/27/2004 194932.682 523815.281 T-PAH25343 ppb, black beauty Yes

if,..:,...,
'~:

.~

i:~
..;....)

~'~;
-'7 /,.~

:'~..
'-.':-¥

. .":~{......'. ,

'~~
-_!',:.~

-:1~

(t:-:

NCBC Davisville
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EA Enginering, Science, and Technology

TABLE2-3 QUANTITATIVE AND ENVIRONMENTAL FORENSICS SELECTION

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-3, Page 2 of6
November 2004

ACTUAL COORDINATES

DATE Quantitative Forensic

Area Station ID COMPLETED Northing (ft) Easting (ft) Comments Analysis? Analysis?

AH-13 3/25/2004 194989.503 523255.266 T-PAH 47953 oob

AH-14 3/23/2004 194982.361 523380.152 T-PAH 13609 oob

AH-15 3/23/2004 194975.935 523459.649 T-PAH 14453 oob

AH-16 3/23/2004 194929.499 523323.996 T-PAH 16361 oob

AH-17 3/23/2004 194928.825 523479.179 T-PAH 22696 oob, inner marina Yes Yes
~
~ AH-18 3/24/2004 194927.860 523530.169 T-PAH 18726 oob
&.

-< AH-19 3/23/2004 194900.639 523425.733 T-PAH 17997 oob
~
C

AH-20 3/25/2004 194862.215 523259.934 T-PAH 43535 oob.-&.
~

~ AH-21 3/24/2004 194875.184 523469.456 T-PAH 16886 oob

I
AH-22 3/27/2004 194864.866 523628.490 T-PAH 16792 oob&.

Q
.c AH-23 3/24/2004 194844.423 523318.302 T-PAH 23434 oob, inner marina Yes
&.
~

T-PAH 23708 oob

==
AH-24 3/24/2004 194833.828 523348.558

C AH-25 3/26/2004 194831.512 523545.778 T-PAH 20262 oob~---< AH-26 3/27/2004 194804.520 523635.405 T-PAH 19902 oob, Gradation from Outfall and Marina Yes Yes

, AH-27 3/27/2004 194808.514 523699.124 T-PAH 22215 oob

AH-28 3/25/2004 194803.810 523752.900 T-PAH 57405 oob Yes Yes

AH-29 3/26/2004 194773.392 523417.169 T-PAH 47965 oob, inner marina Yes Yes

AH-30 3/26/2004 194781.336 523580.332 T-PAH 20760 oob .

AH-31 3/26/2004 194757.314 523259.557 T-PAH 46137

NCBC.ilIe
North KI own, Rhode Island Phase II Screening Level Ecological Risk Assessment of IR progr.te 16



EA Enginering, Science, and Technology

TABLE 2-3 QUANTITATIVE AND ENVIRONMENTAL FORENSICS SELECTION

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-3, Page 3 of6
November 2004

ACTUAL COORDINATES

DATE Quantitative Forensic

Area Station ID COMPLETED Northing (ft) Easting (ft) Comments Analysis? Analysis?

.-.. AH-32 3/26/2004 194754.834 523537.837 T-PAH 19462 oob, inner marina and Site 16 Yes
os
~... AH-33 3/26/2004 194742.354 523370.452 T-PAH 33266 oob, inner marina and Site 16 Yes<...

AH-34 3/27/2004 194764.938 523676.870 T-PAH 31266 oob~
c
c .'
~ AH-35 3/26/2004 194747.514 523287.697 T-PAH 45094 ppb, Gradation from seep Yes- :
os
~

3/26/2004 194736.309 523423~720 T-PAH 29956 oob
. t... AH-36 .,

<- 3/26/2004 194745.122 523465.982 T-PAH 32620 ppb
~ AH-37... " .
= AH-38 3/26/2004 194745.145 523476.087 T-PAH 29538 ppb

~.;;

0... "
~ AH-39 3/25/2004 194737.281 523690:588 T-PAH 34508 oob ""...
os .',
~ AH-40 3/27/2004 194741.021 523243.899 T-RAH 28792 ppb, seep sample Yes Yes
E... AH-41 3/26/2004 194730.690 523329.207 T-PAH 5910 ppb(;)...

00

~ AH-42 3/27/2004 194729.090 523609.705 T-PAH 32995 ppb, gradation from Outfall Yes
~... AH-43 3/26/2004 194733.864 523356.841 T-PAH 26434 ppb(;)
.c
00 AH-44 3/26/2004 194712.416 523534.448 T-PAH 45733 oob '
\C
..-I

~ AH-45 3/26/2004 194711.711 523399.888 T-PAH 31860 ppb, close to Site 16, but not seep or outfall Yes Yes...
00

I AH-46 3/26/2004 194711.676 523435.661 T-PAH 18120 ppb...
(;)

,&J AH-47 3/26/2004 194707.936 523553.743 T-PAH 37273, caoture second seep Yes...
os= AH-48 3/27/2004 194705.973 523635.924 T-PAH 35040 oob
c
~

~ AH-49 3/25/2004 194696.186 523654.244 T-PAH 58996 ppb, closest to outfall Yes Yes

AH-50 3/25/2004 194663.187 523649.358 T-PAH 35641 oob

""?", ~

.;,q

~~
4 ••ir;
~~;~
.;~)

I '\f'*
;:;"1
. ::.~

.':. ::;1
::li
..~;".:
.~?
!,j,f
./

NCBC Davisville
North Kingstown, Rhode Island
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· EA Enginering, Science, and Technology

TABLE 2-3 QUANTITATIVE AND ENVIRONMENTAL FORENSICS SELECTION

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-3, Page 4 of6
November 2004

ACTUAL COORDINATES

DATE Quantitative Forensic
Area Station ID COMPLETED Northing (ft) Easting (ft) Comments Analysis? Analysis?

I REFI-1 3/24/2004 208774.113 369189.374 T-PAH < 1000 ppb Yes~

>o <Ii
U- REFI-2 3/24/2004 208425.945 368914.482 T-PAH 1065 ppb Yes~=y= c 3/24/2004 207978.303 368210.904 T-PAH <1000 ppb.c ~ REFI-3

OIl 'C
~ =~I..

REFI-4 3/24/2004 208310.623 368417.334 T-PAH 3025 ppb~Cl. Yes Yes
U

REFI-5 3/24/2004 208254.\48 369406.523 T-PAH 1016 ppb

dI REF2-\ 3/24/2004 178464.332 364727.922 T-PAH 4434 ppb Yes Yesc
;: fIi
~- REF2-2 3/24/2004 178730.676 364275.109 T-PAH 1798 ppbo C
.c ~
VJ 0

178489.664 364472.019 T-PAH 2203 ppb........ REF2-3 3/24/2004 YesOIl OIl= ~
~ E

REF2-4 3/24/2004 178295.174 365\04.642 T-PAH 1191 ppb.c =
1:'"
0:z: REF2-5 3/24/2004 178052.426 365252.970 T-PAH 1083 ppb Yes

REF3-1 3/25/2004 182100.819 343952.29\ T-PAH6531 ppb Yes ,
~

>
3/25/2004 182016.702 343394.692 T-PAH 7306 ppb0 REF3-2 Yes YesU

~

REF3-3 3/25/2004 181480.123 343393.752 T-PAH 6480 ppbC:c
OIl

fi: REF3-4 3/25/2004 181199.509 344000.124 T-PAH 4706 ppb Yes

REF3-5 3/25/2004 180572.19 343712.214 T-PAH 2187 ppb

NCBC.iIIe
North KI own, Rhode Island Phase II Screening Level Ecological Risk Assessment of IR prOg.ite 16



EA Enginering, Science, and Technology

TABLE 2-3 QUANTITATIVE AND ENVIRONMENTAL FORENSICS SELECTION

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-3, Page 5 of6
November 2004

I

ACTUAL COORDINATES

DATE Quantitative Forensic
Area Station ID COMPLETED Northing (ft) Easting (ft) Comments Analysis? Analysis?

Field duplicate- DUP-01 3/22/2004 195198.172 523454.974 dup of AH-11 Yes

Field duplicate- DUP-02 3/22/2004 195557.350 523739.086 dup of AH-8

Field duplicate- DUP-03 3/23/2004 195778.447 523609.760 dup,of AH-6 Yes Yes
'.

Field duplicate- DUP-04 3/24/2004 194927.860 523530.169 dup of AH-18 '"

Field duplicate- DUP-05 3/25/2004 194862.215 523259.'934 dup of AH-20
::$,.
''';.

Field duplicate- DUP-06 3/25/2004 194737.281 523690.588 dup of AH-39

Field duplicate- DUP-07 3/26/2004 194742.354 523370.452 dup of AH-33 Yes
";v,.

Matrix SpikelM.S. AH-11-MSIMSD 3/23/2004 193198.172 523454:974 Yes
.-;.:

Duplicate-indicate '-.

station location AH-06-MSIMSD 3/23/2004 195778.447 523609.760 '. Yes ',,"
, .

RINS-01 X X X Yes

Rinsate Blanks RINS-02 X X X Yes

RINS-03 X X X

RINS-04 X X X
Seep-core sample

Core I-topTop 3/27/2004 194746.203 523258.102 Yes
Seep-core sample

Core 1- botBottom 3/27/2004 194746.203 523258.102 Yes

''i~
.;

~
' ..... ,'1"04

7i~
,~

.. r· .. ~..~-.~... ;.;;,
~'

~11
:'1

<1!
.~:;;

NCae Davisville
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EA Enginering, Science, and Technology

TABLE 2-3 QUANTITATIVE AND ENVIRONMENTAL FORENSICS SELECTION

EA Project No.: 29600.97.3391
Version: FINAL

Table 2-3, Page 6 of6
November 2004

ACTUAL COORDINATES

DATE Quantitative Forensic
-Area Station ID COMPLETED Northing (ft) Easting (ft) Comments Analysis? Analysis?

Davisville Storm
Water Outfall-core Core 2 - top
sample Top 3127/2004 194720.321 523654.815 No Sample
IDavlsvllle Storm
Water Outfall-core Core 2 - bot
sample Bottom 312712004 194720.321 523654.815 No Sample

Source 1 - Dip SOURCE1-1 3/26/2004 194536 522819 Yes
Tank Area SOURCEI-2 3/2612004 194534 522836 Yes
Source 2 - MWI6- SOURCE2-1 3/26/2004 194419 522908 Yes
07S area SOURCE2-2 3/26/2004 194419 522900 Yes

SOURCE3-1 312612004 194510 523127 Yes
Source 3 - FFFTA SOURCE3-2 3126/2004 194520 523086 Yes
Source 4- SW

SOURCE4-1Catch Basin 194588 523693 Yes

* - easting and northing in Rhode Island State Plane NAD27

NCBC.i1Ie
North K own, Rhode Island Phase II Screening Level Ecological Risk Assessment of IR prog.ite 16
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EA Project No.: 29600.97.3391
Version: FINAL

Table 3-1, Page 1 of 1
November 2004

TABLE 3-1 GRAIN SIZE AND TOTAL ORGANIC CARBON RESULTS

Allen Harbor -
Outer Area

Station ill % Gravel % Sand % Silt & Clay Size %TOC

AH-03 14.1 58.0 27.9 2.77
AH-06 0.0 1.8 98.2 3.20
AH-08 4.8 22.4 72.9 4.68
AH-ll 9.7 79.4 10.9 3.90

Allen Harbor -
Marina Area

AH-17 0.4 3.8 95.8 5.25
AH-23 0.0 20.8 79.2 3.73
AH-26 0.7 23.2 76.1 3.10
AH-28 5.2 78.7 16.1 3.10
AH-29 0.0 2.6 97.4 5.01

Allen Harbor
Inner Area

AH-32 0.0 4.4 95.5 4.29
AH-33 0.0 7.3 92.7 3.89
AH-35 1.3 10.3 . 88.4 4.55
AH-40 1.4 92.0 6.6 0.78
AH-42 11.3 80.5 8.1 1.13
AH-45 9.1 O' 15.9 f.1\.J 75.0 4.97
AH-47 11.9 78.0 10.0 1.60
AH-49 0.8 97.8 1.4 1.36
AH-51 1.8 54.2 44.0 5.05

Core I-Bot 21.2 59.2 19.6 1.18
Core I-Top 5.7 79.7 14.6 1.27

Coggeshall Cove -
Prudence Is.

REF 1-1 0.0 98.4 1.6 0.18
REF 1-2 0.0 95.5 4.5 0.31
REF 1-4 14.3 57.3 28.4 1.97

Northeast
Shoreline -

Jamestown Is.
REF 2-1 0.0 1.2 98.8 2.85
REF 2-3 10.6 62.1 27.4 2.51
REF 2-5 3.1 87.7 9.2 1.03

Fishing Cove
REF 3-1 1.5 12.7 85.8 2.86
REF 3-2 0.0 13.3 86.7 No data
REF 3-4 0.0 32.7 67.3 1.89

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 4-1, Page 1 of 16
November 2004

TABLE 4-1 SUMMARY OF QUANTITATIVE ANALYSES (ANALYTES WITH A MINIMUM OF ONE DETECTION)

Minimum
Minimum Detection Maximum Maximum Detection Frequency of

Analyte Group Analyte Detection Qualifier Detection Qualifier Units Detection

Allen Harbor-Marina
GenChem Total Organic Carbon 2.10 5.25 % 5/5
Grain Size Gravel .4 5.2 % 3/5
Grain Size Sand 2.6 78.7 % 5/5
Grain Size Silt & Clay 16.1 97.4 % 5/5
Inorganics Aluminum 3760 15900 mg/kg 5/5
Inorganics Arsenic 3.9 18 mg/kg 5/5
Inorganics Barium 48.3 89.9 mg/kg 5/5
Inorganics Beryllium 1 1.9 mg/kg 5/5
Inorganics Cadmium .32 2.4 mg/kg 5/5
Inorganics Chromium 32.1 66.8 mg/kg 5/5
Inorganics Cobalt 5.6 10.2· mg/kg 5/5
Inorganics Copper 85.5 212 mg/kg 5/5
Inorganics Iron 11300 38800 mg/kg 5/5
Inorganics Lead 54.8 101 mg/kg 5/5
Inorganics Magnesium 2100 7890 mg/kg 5/5
Inorganics Manganese 97.4 312 mg/kg 5/5
Inorganics Mercury .066 .38 mg/kg 5/5
Inorganics Nickel 19.7 33.1 mg/kg 5/5
Inorganics Potassium 2330 4380 mg/kg 4/5
Inorganics Vanadium 14.8 80.5 mglkg 5/5
Inorganics Zinc 176 449 mglkg 5/5
AVS Cadmium .00188 .00885 umol/g 5/5
AVS Copper .0552 .56824 umol/g 5/5
AVS Lead .16246 .38705 Ilmol/g 5/5
AVS Nickel .05112 .21468 umol/g 5/5
AVS Zinc 2.12376 4.78514 umol/g 5/5
AVS l:SEM 2.44 5.38 Ilmol/g 5/5
AVS Acid Volatile Sulfide 16.3 157 umol/g 5/5
AVS l:SEMIAVS Ratio 0.022 0.28 -- 5/5
PAHS 2-Methylnaphthalene 21.20 J 39.74 Ilg/kg 5/5

!.
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Minimum
Minimum Detection Maximum Maximum Detection Frequency of

Analyte Group Analyte Detection Qualifier Detection Qualifier Units Detection

Allen Harbor-Marina
PAHS Acenaphthene 22.87 J 97.39 ~glkg 5/5
PAHS Acenaphthylene 171.97 J 785.17 ~g/kg 5/5
PAHS Anthracene 208.38 J 792.27 ~g/kg 5/5
PAHS Benz(a)anthracene 380.61 J 1339.47 ~g/kg 5/5
PAHS Benzo(a)pyrene 497.20 J 1623.42 ~g/kg 5/5
PAHS Benzo(b)fluoranthene 641.86 J 2195.47 ~g/kg 5/5
PAHS Benzo(k)fluoranthene 617.11 J 2033.61 ~g/kg 5/5
PAHS Benzofg,h,Ilperylene 411.55 J 1243.88 IlgJ ~g 5/5
PAHS Chrysene 626.91 J 2227.35 ~gJ kg 5/5
PAHS Dibenz(a,h)anthracene 100.55 J 317.72 ~~ kg 5/5
PAHS Fluoranthene 1083.67 J 4751.11 ~g/kg 5/5
PAHS Fluorene 39.43 J 136.72 ~g/kg 5/5
PAHS Indeno(l,2,3-c,d)pyrene 462.31 J 1294.80 ~glkg 5/5
PAHS Naphthalene 36.52 J 128.42 J ~gJ ~g 5/5
PAHS Phenanthrene 497.50 J 3316.29 ~~ kg 5/5
PAHS Pyrene 1049.11 J 4322.0 I ~gI ~g 5/5
PCBS PCB-1260 17 J 70 ~gJ ~g 5/5
Pesticides 4,4'-DDD 1.6 3.3 ~g/kg 2/5
Pesticides 4,4'-DDE 3.4 J 3.4 J ~g/kg 1/5
Pesticides Dieldrin 8.1 8.1 ~g/kg 1/5
Pesticides Gamma-cWordane 5.3 J 10 ~g/ ~g 3/5
Volatiles 2-Butanone 10 J 20 J ~g/kg 1/5
Volatiles Acetone 200 200 ~g/kg 1/5

Allen Harbor-Outer Area
GenChem Total Organic Carbon 2.77 5.05 % 5/5
Grain Size Gravel 4.8 14.1 % 3/5
Grain Size Sand 1.8 58 % 5/5
Grain Size Silt & Clay 27.9 98.2 % 5/5
Inorganics Aluminum 6540 12000 mg/kg 5/5
Inorganics Arsenic 7.4 10.7 mg/kg 5/5
Inorganics Barium 35.5 126 mg/kg 5/5

NCJIi~visvil1e
No~gstown, Rhode Island

Phase II Screening Level Ecological Risk Asse.nt
. of IR Program
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Analyte Group Analyte

Minimum
Minimum I Detection I Maximum
Detection Qualifier Detection

Allen Harbor-Outer Area

Maximum Detection
Qualifier Units

Frequency of
Detection

Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
AVS
AVS
AVS
AVS
AVS
AVS
AVS
AVS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS

Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper

Iron
Lead

Magnesium
Manganese

Mercury
Nickel

Potassium
Silver

Vanadium
Zinc

Cadmium
Copper

Lead
Nickel
Zinc

LSEM
Acid Volatile Sulfide

LSEMIAVS Ratio
2-Methylnaphthalene

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene

0.85
.22

22600
26.7
5.3

79.6
18000
48.9
3120
134
.15
16.6
1620
.42

24.2
154

.00372

.04097

.13949

.08361
1.34282

1.69
38.4

0.021
6.97
8.62

58.74
93.37
167.23
213.60
280.68

J

J

J

J

"-

1.5
.81

22600
50.3
8.5
148

31100
88.9
7190
210
.29

30.3
3400
.62

49.7
256

.00793

.14151

.25498

.12342
2.63781

3.03
144

0.055
16.2

33.37
354
359

715.48
792.32
1408.11

J

J

J

J

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
Ilmollg

Ilmollg
Ilmollg

Ilmollg

Ilmollg
Ilmollg
Ilmollg

Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg

5/5
5/5
1/5
5/5
5/5
5/5
5/5
5/5
515-
5/5
5/5
5/5 .
5/5
2/5
5/5
5/5
5/5
5/5
5/5
3/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5

~,.
'"'-"
.~
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:~:
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~
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Analyte Group Analyte

Minimum
Minimum I Detection I Maximum
Detection Qualifier Detection

Allen Harbor-Outer Area

Maximum Detection
Qualifier Units

Frequency of
Detection

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PCBS
Pesticides
Pesticides
Volatiles
Volatiles

Benzo(k)fluoranthene
Benzorg,h,i]perylene

Chrysene
Dibenz(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene
PCB-1260
4,4'-DDE

Gamma-Chlordane
2-Butanone

Acetone

270.95
173.03
292.35
43.37
376.06
16.83

204.58
13.64
177.09
406.32

19
1.6

1.55
7

220

J

J
J

1100.54
516.30
1644.13
156.39

1869.80
52.88

689.38
39.27

1114.52
1977.37

59
2.3
8.7
16

390

J
J

J
J
J

Ilglkg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilglkg
Ilglkg
Ilglkg
Ilg/kg
Ilg/kg
Ilglkg
Ilglkg
Ilglkg
Ilg/kg
Ilg/kg

5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
4/5
3/5
2/5
3/5
2/5

GenChem
Grain Size
Grain Size
Grain Size
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics

Total organic carbons
Gravel
Sand

Silt & Clay
Aluminum

Arsenic
Barium

Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper

Iron
Lead

.78
0.8
4.4
1.4

2410
. 3

13.8
.29
.23

5110
7.7
2.1
23

5820
22

Allen Harbor-Inner Area
4.97
11.9
97.8
95.5

14600
15

133
1.7
.83

5110
59.7
9.3
168

34600
86.6

%
%
%
%

mglkg
mg/kg
mg/kg,
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mglkg
mg/kg

8/8
6/8
8/8
8/8
8/8
7/8
8/8
8/8
5/8
1/8
8/8
8/8
8/8
8/8
8/8

NC~visville

NOWlgstown, Rhode Island
Phase II Screening Level Ecological Risk Asse.!'t

. of IR Program
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Analyte Group Analyte

Minimum
Minimum I Detection I Maximum
Detection Qualifier Detection

Allen Harbor-Inner Area

Maximum Detection
Qualifier I Units

Frequency of
Detection

Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
AVS
AVS
AVS
AVS
AVS
AVS
AVS
AVS
PARS
PARS
PARS
PARS
PAHS
PAHS
PARS
PARS
PARS
PARS
PAHS
PARS
PARS
PARS
PARS
PARS

Magnesium
Manganese

Mercury
Nickel

Potassium
Vanadium

Zinc
Cadmium

Copper
Lead

Nickel
Zinc

LSEM
Acid Volatile Sulfide

LSEMIAVS Ratio
2-Methylnaphthalene

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene

Chrysene
Dibenzo(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2;3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene

1690
46.2
.039
6.3

3010
8.6

66.9
.00167
.03971
.09205
.02251
.70586
0.93
2.27

0.015
15.76
30.65
27.95
197.53
362.69
389.82
420.58
433.61
501.0
75.76

1081.60
43.69
306.66
30.46

526.04
904.73

J

J

J
J

J
J

J

6620
301
.31

28.2
3920
60.1
262

.00785

.54259

.39602

.22183
2.67061

3.31
220
0.41

51.56
294.89
314.45
814.22
1596.69
1654.23
1765.93
1799.07
2416.21
331.17

4872.56
248.78
1349.72
91.66

4493.70
4721.00

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Ilmol/g
J,lmol/g

Ilmol/g
J,lmol/g

Ilmol/g
Ilmol/g
J,lmol/g

J I J,lg/kg
J,lg/kg

J I Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
J,lg/kg
J,lg/kg
J,lg/kg
Jlg/kg
Jlg/kg
Jlg/kg
Jlg/kg
Jlg/kg
Ilg/kg
Jlg/kg

6/8
8/8
8/8
8/8
4/8
8/8
8/8
5/8
8/8
8/8
6/8
8/8

8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8

~;

~
1
.;

1
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Ana1yte Group Analyte

Minimum
Minimum I Detection I Maximum
Detection Qualifier Detection

Allen Harbor-Inner Area

Maximum Detection
Qualifier Units

Frequency of
Detection

PCBS
Pesticides
Pesticides
Pesticides
Pesticides
Pesticides
Volatiles
Volatiles
Volatiles
Volatiles
Volatiles

GenChem
Grain Size
Grain Size
Grain Size
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics

PCB-1260
4,4'-000

Alpha-Chlordane
Delta BHC

Dieldrin
Gamma-Chloradane
1,1-Dich1oroethene

2-Butanone
Cis-1,2-Dichlorothene

Trans-1,2-Dichlorothene
Trichloroethene

Total organic carbons
Gravel
Sand

Silt & Clay
Aluminum

Arsenic
Barium

Beryllium
Cadmium
Calcium

Chromium
Cobalt

Iron
Lead

Magnesium
Manganese

Mercury
Nickel

16
1.7
2

.92
3.7
5.1
0.9
8
5
3
2

.18
14.3
57.3
1.6

1920
2.8
7.2
.14
.044
6680
4.4
1.3

3650
3.9

3420
45.6
.0246
3.3

J

J
J
J
J
J

J
C022eshall Cove

J

55
1.7
2

.92
3.7
6.8
.9
20
880
3
2

1.97
14.3
98.4
28.4
4060
2.8
7.2
.23
.044

13.7
2.4

8150
13.5
3420
112
.079
6.5

J
J

J

J
J

J

J

J

~g/kg

~g/kg

~g/kg

~g/kg

~g/kg

Ilg/kg
Ilg/kg
Ilg/kg

J.lg/kg

~g/kg

Jlg/kg

%
%
%
%

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mgikg
mg/kg
mgikg
mgikg

7/8
1/8
1/8
1/8
1/8
3/8
1/8
7/8
3/8
1/8
1/8

3/3
1/3
3/3
3/3
3/3
1/3
1/3
3/3
1/3
1/3
3/3
3/3
3/3
3/3
1/3
3/3
3/3
3/3

NCjiiavisville
No~gstown,Rhode Island

Phase II Screening Level Ecological Risk Asse.t
. ofIR Program
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Analyte Group

Inorganics
Inorganics
Inorganics
AVS
AVS
AVS
AVS
AVS
AVS
AVS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
Volatiles
Volatiles
Volatiles

Analyte

Silver
Vanadium

Zinc
Copper

Lead
Nickel
Zinc

LSEM
Acid Volatile Sulfide

LSEMIAVS Ratio
2-Methylnaphthalene

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo[G,H,Ilperylene

Chrysene
Dibenzo(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene
2-Butanone

Carbon Disulfide
Trichlorothene

Minimum
Detection

.26
3.6

36.1
.01674
.01296
.05015
.10508
0.1468
0.0242
0.0234

.43

.10

.56

.86
2.01
2.41
2.52
2.42
2.16
2.35
.44

4.73
.28

2.45
10.82
3.12
4.15
38
12

Minimum
Detection
Qualifier

Coggeshall Cove
J

J

J

Maximum
Detection

.26
9.6

36.1
.07635
.0867

.05015

.45563
0.6639

28.3
12.4
5.07
2.15
13.02
18.21
36.82
54.75
68.74
58.71
52.46
48.48
11.73
90.43
5.97
61.45
10.82
34.40
78.35

38
46

Maximum Detection
Qualifier

J

J

J

J

Units

mg/kg
mg/kg
mg/kg

I1mollg
I1mollg

Ilmollg
I1mollg
Ilmollg

Ilmollg

Ilglkg
Ilglkg
Jlg/kg
Jlg/kg
Ilglkg
Ilglkg
Ilglkg
Jlg/kg
Jlg/kg
Jlg/kg
Jlg/kg
Ilglkg
Ilglkg
Ilglkg
Ilglkg
Jlg/kg
Jlg/kg
Ilg/kg
Ilglkg
Ilglkg

Frequency of
Detection

1/3
3/3
1/3
3/3
3/3
1/3
3/3
3/3
3/3
3/3
2/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
1/3
3/3
3/3
1/3
2/3
1/3
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Minimum
Minimum Detection Maximum Maximum Detection Frequency of

Analyte Group Analyte Detection Qualifier Detection Qualifier Units Detection

Fishine Cove
GenChem Total organic carbons 1.89 2.86 % 2/2
Grain Size Gravel 1.5 1.5 % 1/3
Grain Size Sand 12.7 32.7 % 3/3
Grain Size Silt & Clay 67.3 85.8 % 3/3
Inorganics Aluminum 6480 9280 mg/kg 3/3
Inorganics Arsenic 4.9 6.1 mg/kg 3/3
Inorganics Barium 14.8 23.3 mg/kg 3/3
Inorganics Beryllium .74 1.1 mg/kg 3/3
Inorganics Cadmium .34 .38 mg/kg 2/3
Inorganics Calcium 7530 7530 mg/kg 1/3
Inorganics Chromium 26.8 43.3 mg/kg 3/3
Inorganics Cobalt 4.2 6.1 mg/kg 3/3
Inorganics Copper 52.6 72.6 mg/kg 3/3
Inorganics Iron 13500 21700 mg/kg 3/3
Inorganics Lead 25.7 45 mg/kg 3/3
Inorganics Magnesium 4020 6200 mg/kg 3/3
Inorganics Manganese 116 175 mg/kg 3/3
Inorganics Mercury .21 .48 mg/kg 3/3
Inorganics Nickel 9.9 15.8 mg/kg 3/3
Inorganics Potassium 1860 2870 mg/kg 3/3
Inorganics Vanadium 19.7 31.5 mg/kg 3/3
Inorganics Zinc 73.2 119 mg/kg 3/3
AVS Cadmium .00252 .00363 Jlmol/g 2/3
AVS Copper .16948 .22713 Ilmol/g 3/3
AVS Lead .09782 .17086 Ilmol/g 3/3
AVS Nickel .09275 .09275 Jlmol/g 1/3
AVS Zinc 0.5581 1.22686 Jlmol/g 3/3
AVS ~SEM 0.9207 1.6533 Ilmol/g 3/3
AVS Acid Volatile Sulfide 3.1946 16.55 Ilmol/g 3/3
AVS ~SEM/AVS Ratio 0.0808 0.2882 -- 3/3

PAHS 2-Methylnaphthalene 3.18 5.42 J Jlg/kg 3/3
PAHS Acenaphthene 3.27 5.82 Jlg/kg 3/3

NCMiliiavisville
N~gstown,Rhode Island

Phase II Screening Level Ecological Risk Asse.t
. of IR Program
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Analyte Group

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS

Analyte

Acenaphthylene
Anthracene

Benz(a)anthracene
Benzo(a)pyrene

Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo[g,h,i]perylene

Chrysene

Minimum
Detection

12.51
24.61
74.24
90.04
89.22
83.62
65.50
78.42

Minimum
Detection I Maximum
Qualifier Detection

Fishine Cove
27.11
52.05
175.29
206.95
203.99
202.15
148.83
188.13

Maximum Detection
Qualifier

J

Units

J.lg/kg
llg/kg
llg/kg
llg/kg
llg/kg
J.lg/kg
J.lg/kg
J.lg/kg

Frequency of
Detection

3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
Volatiles

GenChem
Grain Size
Grain Size
Grain Size
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics

.. Inorganics
Inorganics
Inorganics

Dibenz(a,h)anthracene
Fluoranthene

Fluorene
Indeno( 1,2,3-c,d)pyrene

Naphthalene
Phenanthrene

Pyrene
2-Butanone

Total organic carbons
Gravel
Sand

Silt & Clay
Aluminum

Arsenic
Barium

Beryllium
Calcium

Chromium
Cobalt
Copper

Iron
Lead

Magnesium

15.99
168.96
7.01
79.31
7.23
64.80
143.79

13

1.03
3.1
1.2
9.2

6790
3.9
8.1
.47

5700
15.1
4.8
21.8

13100
11.7
3380

J

Jamestown Island

36.27
406.54
16.22

186.49
13.96
164.01
343.26

13

2.51
10.6
87.7
98.8

10900
5.4

26.4

8170
40
7.2
33.2

22400
45.5
6820

J

J

J.lg/kg
llg/kg
llg/kg
J.lg/kg
J.lg/kg
llg/kg
J.lg/kg
llg/kg

%
%
%
%

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mglkg
mglkg
mg/kg
mg/kg
mg/kg

3/3
3/3
3/3
3/3 .
3/3
3/3
3/3
3/3

3/3
2/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
2/3
3/3
3/3
3/3

..,
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Analyte Group

Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
Inorganics
AVS
AVS
AVS
AVS
AVS
AVS
AVS
AVS

PAHS
PAHS
PAHS
PARS
PARS
PAHS
PARS
PARS
PARS
PAHS
PARS
PARS
PAHS
PARS
PARS
PARS
PARS

Analyte

Manganese
Mercury
Nickel

Potassium
Vanadium

Zinc
Cadmium

Copper
Lead

Nickel
Zinc

LSEM
Acid Volatile Sulfide

LSEMIAVS Ratio
2-Methylnaphthalene

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene

Benzo(a)pyrene
Benzo(b)f1uoranthene
Benzo(k)f1uoranthene
Benzorg,h,ilperylene

Chrysene
Dibenz(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene

Minimum
Detection

105
.06
9.6

2160
12.9
41.6

.00197

.05348

.04368

.02091

.32121
0.4406
1.8523
0.0212

.91

.46
2.32
2.95
6.96
9.49
10.15
10.00
8.70
8.54
1.89

14.47
1.01
9.98
2.78
7.41
13.73

Minimum
Detection I Maximum
Qualifier Detection

Jamestown Island
204
.18
17.9
3190
36.4
108

.00197

.25133

.21551

.08601
1.23662
1.7918
84.2

0.2378

8.16
3.46
18.30
24.55
48.84
74.11
92.88
80.25
67.10
64.66
15.10

115.97
8.62
79.62
16.73
43.53
104.41

Maximum Detection
Qualifier

J

J

J

Units

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Ilmol/g
Ilmol/g

Ilmol/g
Ilmol/g
Ilmol/g

Ilmol/g
Ilmol/g

Ilg!kg
Ilg!kg
Ilg!kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg!kg
Ilg!kg
Ilg!kg
Ilg!kg
Ilg!kg
Ilg!kg
Ilg!kg
Ilg/kg

Ilg/kg

Frequency of
Detection

3/3
3/3
3/3
2/3
3/3
3/3
1/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3
3/3

N~~~visville
N~gstOwn, Rhode Island

Phase I! Screening Level Ecological Risk AsseMr:
. of IR Program~
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Analyte Group

PCBS

Analyte

PCB-1260

Minimum
Minimum I Detection I Maximum

- Detection Qualifier Detection

Jamestown Island
11 I Jill

Source 1

Maximum Detection
Qualifier

J

Units

Ilg/kg

Frequency of
Detection

1/3

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS

2-Methylnaphthalene
Acenaphthene

Acenaphthylene
Anthracene

Benz(a)anthracene
Benzo(a)pyrene

Benzo(b)f1uoranthene
Benzo(k)f1uoranthene
Benzo[G,H,I]perylene

Chrysene
Dibenzo(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene

2-Methylnaphthalene
Acenaphthene

Acenaphthylene
Anthracene

Benz(a)anthracene
Benzo(a)pyrene

Benzo(b)f1uoranthene
Benzo(k)f1uoranthene'
Benzo[G,H,I]perylene

Chrysene
Dibenzo(a,h)anthracene

11.7
12.26

159.35
529.63
770.25
318.34
1020.86
985.73
300.82
1297.64
116.24

2548.92
42.99

435.21
18.95

363.61
2131.25

9428.33
440.58
650.90
651.79
314.01
328.14
382.86
347.37
295.21
338.46
91.54

J

J

J

Source 2
J

J

50.00
47.19

963.01
1885.32
3812.16
2338.54
7235.67
6221.25
1904.12
6548.95
824.90

6958.00
144.77

2707.70
121.50
959.02
8016.78

10012.10
748.75
650.90
222.68
1059.88
988.67
1128.68
1029.39
875.34
1207.94
258.74

J
J
J
J
J
J
J
J

J
J
J
J
J
J
J

J

J

Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg

Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg

2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/2
2/2

Y2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2

1
.'

.;.."'..

J

,;

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
of IR Program Site 16
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Analyte Group

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS

GenChem
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
2/2PAHS
PAHS
PAHS
PAHS

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS

Analyte

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene

Total Organic Carbons
2-Methylnaphthalene

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene

Benzo(a)pyrene
Benzo(b)f1uoranthene
Benzo(k)f1uoranthene
Benzofg,h,ilperylene

Chrysene
Dibenz(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene

2-Methylnaphthalene
Acenaphthene

Acenaphthylene
Anthracene

Benz(a)anthracene
Benzo(a)pyrene

Benzo(b)f1uoranthene

Minimum
Detection

461.79
677.93
307.27
3366.92
1563.07
491.82

..80

4.15
4.93
1l.28
20.83
58.96
42.38
66.93
62.47
44.71
67.89
13.09

136.26
5.49

51.87
13.46
92.64
106.45

15.30
24.44
172.28
211.64
321.70
369.75
494.83

Minimum
Detection
Qualifier

Source 2

J

Source 3

J

J

J

Source 4
J

J

Maximum
Detection

1942.94
983.53
935.45
3685.04
2766.64
1739.83

.80
99.56
64.95
26.26
66.01
186.42
170.42
261.65
213.57
154.26
213.61
46.61

329.37
66.46
180.88
163.29
235.38
271.02

15.30
24.44
172.28
211.64
321.70
369.75
494.83

Maximum Detection
Qualifier

J

J

J

J

J

J

Units

/lg/kg
/lg/kg
/lg/kg
/lg/kg
/lg/kg
!!g/kg

%
/lg/kg
/lg/kg
!!g/kg
!!glkg
!!g/kg
/lg/kg
/lg/kg
/lg/kg
/lg/kg
Ilg/kg
Ilglkg
Ilglkg
/lg/kg
/lg/kg
/lg/kg
/lg/kg
/lg/kg

/lg/kg
/lg/kg
/lg/kg
/lg/kg
/lg/kg
Ilg/kg
Ilg/kg

Frequency of
Detection

2/2
2/2
2/2
2/2
2/2
2/2

1/1
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2

1/1
1/1
1/1
1/1
1/1
1/1
1/1

NC~~visville
No...gstown, Rhode Island

Phase II Screening Level Ecological Risk Asse.s. t
of IR Program
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Minimum
Minimum Detection Maximum Maximum Detection Frequency of

Analyte Group Analyte Detection Qualifier Detection Qualifier Units Detection

Source 4
PAHS Benzo(k)fluoranthene 464.01 464.01 ~glkg 1/1
PAHS Benzo[g,h,i]perylene 357.35 357.35 11g!kg 1/1
PAHS Chrvsene 636.01 636.01 11g! <g 1/1
PAHS Dibenzo(a,h)anthracene 83.98 83.98 11g! <g 1/1
PAHS Fluoranthene 1202.09 1202.09 I1g/ <g 1/1
PAHS Fluorene 44.35 44.35 l1g!kg 1/1
PAHS Indeno( I,2,3-c,d)pyrene 362.83 362.83 Ilglkg 1/1
PAHS Naphthalene 29.74 J 29.74 J Ilglkg 1/1
PAHS Phenanthrene 916.28 .......:. 916.28 Ilglkg 1/1
PAHS pyrene 1089.54 1089.54 Ilg/kg 1/1

Core 1- TOI

GenChem Total Organic Carbon 1.27 1.27 % 1/1
Grain Size Gravel 5.7 5.7 % 1/1
Grain Size Sand 79.7 79.7 % 1/1
Grain Size Silt & Clay 14.6 14.6 % 1/1
Inorganics Aluminum 5430 5430 mg!kg 1/1
Inorganics Arsenic 4.9 4.9 mg!kg 1/1
Inorganics Barium 37.1 37.1 mglkg ·1/1 <0

Inorganics Beryllium 0.68 0.68 mg/kg 1/1
1norganics Cadmium 0.39 0.39 mg!kg 1/1
Inorganics Calcium 9680 / 9680 1/1
Inorganics Chromium 18.6 18.6 mg/kg 1/1
Inorganics Cobalt 3.6 3.6 mg/kg 1/1
Inorganics Copper 56.9 56.9 mg/kg 1/1
Inorganics Iron 14700 14700 mg!kg 1/1
Inorganics Lead 35.3 35.3 mg! <g 1/1
Inorganics Magnesium 2700 2700 . mg! <g 1/1
Inorganics Manganese 99.4 99.4 mg! <g 1/1
Inorganics Mercury 0.11 0.11 mg!kg 1/1

<;.

"

..
:::

,.-~
J\

~..?
:)

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
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Analyte Group

Inorganics
Inorganics
Inorganics
AVS
AVS
AVS
AVS
AVS
AVS
AVS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PCBS
Pesticides
Pesticides
Pesticides

Analyte

Nickel
Vanadium

Zinc
Cadmium

Lead
Nickel
Zinc

LSEM
Acid Volatile Sulfide

LSEMIAVS Ratio
2-Methylnaphthalene

Acenaphthene
Acenaphthylene

Anthracene
Benz(a)anthracene

Benzo(a)pyrene
Benzo(b)f1uoranthene
Benzo(k)f1uoranthene
Benzo[g,h,l]perylene

Chrysene
Dibenz(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene
PCB-1260
4,4'-000
Delta BHC

Gamma-chlordane

Minimum
Detection

10.3
23.7
101

0.00287
0.12696
0.22077
1.2393

1.48629
70.47344
0.02109

32.75
213.90
54.24

302.24
737.41
668.48
718.80
717.41
401.58
855.55
124.04

1783.54
155.10
506.20
92.86

1441.84
1560.92

25
1.7
2

0.88

Minimum
Detection I Maximum
.Qualifier Detection

Core 1 - Top
10.3
23.7
101

0.00287
0.12696
0.22077
1.2393

1.48629
70.47344
0.02109

32.75
213.90
54.24

302.24
737.41
668.4.8
718.80
717.41
401.58
855.55
124.04

1783.54
155.10
506.20
92.86

1441.84
1560.92

25
1.7
2

0.88

Maximum Detection
Qualifier Units

mg/kg
mg/kg
mg/kg

l!mollg
l!mollg
l!mol/g

l!mol/g
Ilmol/g
l!mol/g

J-lglkg
l!g/kg
l!glkg
l!gIkg
l!gIkg
l!g/kg
J-lglkg
J-lglkg
Ilg/kg
l!g/kg
l!g/kg
l!g/kg
l!gIkg
l!gIkg
l!g/kg
l!g/kg
l!g/kg
l!g/kg
l!g/kg
l!g/kg
l!g/kg

Frequency of
Detection

1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1

NC~avisville

No~gstown, Rhode Island
Phase II Screening Level Ecological Risk Asse."t

. of IR Program
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Minimum
Minimum Detection Maximum Maximum Detection Frequency of

Analyte Group Analyte Detection Qualifier Detection Qualifier Units Detection

Core 1 - Top
Volatiles 2-Butanone 5 5 J.lg/kg III

Core 1 - Bottom
GenChem Total Organic Carbon 1.18 1.18 % III
Grain Size Gravel 21.2 21.2 % III
Grain Size Sand 59.2 59.2 % III
Grain Size Silt & Clay 19.6 19.6 % 1/1
Inorganics Aluminum 3600 3600 mg/kg III
Inorganics Arsenic 2.8 2.8 mg/kg III
Inorganics Barium 21 21 mg/kg III
Inorganics Beryllium 0.44 0.44 mg/kg III
Inorganics Cadmium 0.19

,
0.19 mg/kg III

Inorganics Calcium 6000 6000 mg/kg III
Inorganics Chromium 9.4 9.4 mg/kg III
Inorganics Cobalt 2.6 2.6 mg/kg III
Inorganics Copper 22.8 22.8 mg/kg III
Inorganics Iron 10100 10100 mg/kg 1/1
Inorganics Lead 35.2 35.2 mg/kg III
Inorganics Manganese 72.8 72.8 mg/kg 1/1
Inorganics Mercury 0.038 0.038 mg/kg III
Inorganics Nickel 7 7 mg/kg III
Inorganics Vanadium 12.1 12.1 mg/kg III
Inorganics Zinc 52.7 52.7 mg/kg 1/1
AVS Cadmium 0.0016 0.0016 J.lmol/g III
AVS Copper 0.10369 0.10369 l.lInol/g III
AVS Lead 0.11935 0.11935 Ilmol/g III
AVS Nickel 0.03043 0.03043 Ilmol/g III
AVS Zinc 0.6127 0.6127 Ilmol/g III
AVS LSEM 0.86779 0.86779 Ilmol/g III
AVS Acid Volatile Sulfide 50.56655 50.56655 Ilmol/g III
AVS LSEMIAVS Ratio 0.01716 0.01716 -- III

'i
""

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofiR Program Site 16
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Analyte Group

PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PAHS
PCBS
Pesticides
Pesticides
Volatiles

Analyte

2-Methylnaphthalene
Acenaphthene

Acenaphthylene
Anthracene

Benz(a)anthracene
Benzo(a)pyrene

Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo[g,h,I]perylene

Chrysene
Dibenz(a,h)anthracene

Fluoranthene
Fluorene

Indeno( 1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene
PCB-1260
4,4'-DDD
Delta BHC
2-Butanone

Minimum
Detection

6.28
18.98
33.33
79.68
145.37
1l0.10
196.12
188.42
84.45

274.36
22.72

776.86
16.33

101.67
9.45

134.43
604.18

38
1.7

0.53
5

Minimum
Detection I Maximum
Qualifier Detection

Core 1 - Bottom
6.28
18.98
33.33
79.68
145.37
110.10
196.12
188.42
84.45

274.36
22.72

776.86
16.33

101.67
9.45

134.43
604.18

38
1.7

0.53
5

Maximum Detection
Qualifier Units

~glkg

~g/kg

~glkg

~glkg

~glkg

~glkg

Ilg/kg
Ilglkg
Ilglkg
~glkg

~glkg

Ilg/kg
Ilglkg
I1g1kg
~glkg

~glkg

~glkg

Ilg/kg
l1g/kg
I1g1kg
l1g!kg

Frequency of
Detection

1/1
III
1/1
1/1
1/1
III
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1

NCjil?avisville
N~gstown,Rhode Island

Phase II Screening Level Ecological Risk Asse.t
. of IR Program
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TABLE 5-1 ALLEN HARBOR SAMPLES USED IN SLERA

Are'" Sample Number Sample Date

AH-32 3/26/04

AH-33 3/26/04

~
AH-35 3/26/04

~

< AH-40 3/27/04...
~

AH-42 3/27/04==...... AH-45 3/26/04Q
.c...

AH-47 3/26/04~

== AH-49 3/26/04~

~ SED16-01 3/21/01

SED16-02 3/26/01

OPSEDI6-01 3/22/01

AH-17 3/23/04
... ~ ;' .Q ~ AH-23

..
3/24/04-e<

~=~ AH-26 3/27/04==.-~ ...
AH-28 3/25/04- ~

<~
AH-29 3/26/04

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
of IR Program Site 16
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TABLE 5-2 RISK-BASED ECOLOGICAL SCREENING VALVES FOR SEDIMENT ALLEN
HARBOR ADJACENT TO SITE 16 (mglkg dry wt.)

ANALYTE VALUE SOURCE

INORGANICS
~Iuminum 26000 Ingersoll et al. (1996)
Antimony 9.3 Buchman (1999)
Arsenic 8.2 ER-L, Long et al. (1995)
Barium 48 Buchman (1999)
Beryllium NA No Data
Cadmium 1.2 ER-L, Long et al. (1995)
Calcium NA Essential Nutrient
Chromium 81 ER-L, Long et al. (1995)
Cobalt 10 Buchman (1999)
Copper 34 ER-L, Long et al. (1995)
Iron NA Essential Nutrient
Lead 46.7 ER-L, Long et al. (1995)
Magnesium NA Essential Nutrient
Manganese 260 Buchman (1999)
Mercury 0.15 ER-L, Long et al. (1995)
Nickel 20.9 ER-L, Long et al. (1995)
Potassium NA Essential Nutrient
Selenium 1 Buchman (1999)
Sodium NA Essential Nutrient
Vanadium 57 Buchman (1999)
Zinc 150 ER-L, Long et al. (1995)

PAHs
2-Methylnaphthalene 0.07 ER-L, Long et al. (1995)
Acenaphthene 0.016 ER-L, Long et al. (1995)
Acenaphthylene 0.044 ER-L, Long et al. (1995)
Anthracene 0.085 ER-L, Long et al. (1995}
Benzfa1anthracene 0.26 ER-L, Long et al. (1995)

Benzo[a]pyrene 0.43 ER-L, Long et al. (1995)
Benzo[b]fluoranthene(a) 0.24 ER-L, Long et al. (1995)
Benzo[g,h,i]perylene 0.29 Freshwater ER-L based on 14 day C. riparius test

USEPA 1996
Benzofklfluoranthene 0.24 ER-L, Long et al. (1995)
Chrysene 0.38 ER-L, Long et al. (1995)
Dibenzfa,h1anthracene 0.063 ER-L, Long et al. (1995)
Fluoranthene 0.6 ER-L, Long et al. (1995)
Fluorene 0.019 ER-L, Long et al. (1995)
Indeno[ 1,2,3-cd]pyrene 0.078 Freshwater ER-L, based on 14 day H. azteca test.

USEPA 1996
Naphthalene 0.160 ER-L, Long et al. (1995)
Phenanthrene 0.240 ER-L, Long et al. (1995)
Pyrene 0.67 ER-L, Long et al. (1995)
Total PAHs 2.9 Swartz (1999) assuming I % OC

PCBs
Total PCBs 0.023 ER-L, Long et al. (1995)

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR Program Site 16
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I ANALYTE I VALUE I SOURCE I
PESTICIDES

4,4'-DDD 0.002 ER-L, Long et al. (1995
4,4'-DDE 0.002 ER-L, Long et al. (1995)
4,4'-DDT 0.001 ER-L, Long et al. 1995
Total DDT 0.003 ER-L, Long et al. 1995)
Chlordane (alpha-and gamma-) 0.0005 ER-L, Long et al. 1995
Delta BHC 0.0032 ER-L, Long et al. (1995
Dieldrin 0.00002 ER-L, Long et al. (1995
Endrin Ketone 0.00002\D) ER-L, Long et al. (1995
HeptacWor 0.003 Buchman (1999)
:Heptachlor Epoxide 0.00247 MacDonald et al. (2000

.VOLATILES
1,I-DicWoroethene\D) 4.8 . DiToro and McGrath (2000) assuming 1 % OC
1,2-DicWoroethene, Total 4.8 DiToro and McGrath (2000) assuming I % OC
2-Butanone 2.9 DiToro and McGrath (2000) assuming 1 % OC
Acetone 2.3 DiToro and McGrath (2000) assuming 1 % OC
Carbon Disulfide 0.22 Fuchsman (2003)
TricWoroethene 6.5 DiToro and McGrath (2000) assuming 1 % OC

NOTE:
(a) Value for benzo[k]fluoranthene used for benzo[b]fluoranthene
(b) Value for dieldrin used as a surrogate.

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
of IR Program Site 16
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"

Location of Eco Screening
Minimum Minimum Maximum Maximum Maximum Detection Range of Screening Quotient COPC

Chemical Concentration Qualifier Concentration Qualifier Units Concentration Frequency Detection Limits Value Ratio Flag

INORGANICS
Aluminum 2370 15900 I mg/kg AH-29 16/16 2.7 - 56 26000 0.61 No
Antimony 0.5 J 1.35 VJ /J mg/kg SED16-01 3/12 0.76 - 2.4 9.3 0.14 No
Arsenic 0.97 36.6 mg/kg SED16-02 15/16 0.3 - 2.1 8.2 4.46 Yes
Barium 13.8 I 133 I mg/kg AH-32 16/16 0.05 - 0.94 48 2.77 Yes
Beryllium 0.29 I 1.9 I mg/kg AH-17 16/16 0.014 - 0.94 ND N/A Yes
Cadmium 0.19 2.4 I mg/kg AH-17 11/16 0.031 - 2.65 1.2 2 Yes
Calcium 1380 5110 I mg/kg AH-42 4/16 4.8 - 29 ND N/A -::. No
Chromium 7.7 I 66.8 I mg/kg AH-29 16/16 0.081 - 2.8 81 0.82 No
Cobalt 2.1 I 37.9 mg/kg SED16-02 16/16 0.22 - 5.6 10 3.79- Yes
Copper 13.4 J 212 I mg/kg AH-17 16/16 0.44 - 6.6 34 6.23 Yes.
Iron 5820 I 63350 mg/kg SED16-01 16/16 2.6 - 190 ND N/A No~-

Lead 11.4 154 J mg/kg OPSEDI6-01 16/16 0.13-1.3 46.7 3.30 Yes::

Magnesium 994 J 7890 I mg/kg AH-17 14/16 2.1-9.4 ND - N/A No
Maneanese 46.2 I 788 mg/kg SED16-02 16/16 0.15 - 0.94 260 3.03 . Yes
Mercury 0.039 J/J I J/J 0.38 I mg/kg AH-17 13/16 0.023 - 0.071 0.15 2.53 Yes
Nickel 6.3 I 53.8 mgikg SED16-01 16/16 0.17-10.55 20.9 2.57 . Yes

Potassium 599 4380 I mg/kg AH-29 11/16 6.8.- 190 ND N/A No

Selenium 1.3 VI 1.3 VI mg/kg SED16-01 1/16 0.67 -2.65 1 1.3 Yes
Sodium 239.5 239.5 mg/kg SED16-01 1/16 13.9 - 190 ND N/A No

Vanadium 8.6 I 80.9 I mg/kg AH-29 16/16 0.3 - 4.7 57 1.42 Yes
Zinc 50.5 449 I mg/kg AH-17 16/16 1.4 - 6.6 . 150 2.99 Yes

PAHS

2-methylnapthalene 0.01576 J/J 0.21346 J/J mg/kg AH-29 13/16 0.00157 -0.62 0.07 3.05 Yes
Acenaphthene 0.02287 J/J 0.905 JI mg/kg SED16-01 14/16 0.00157 -0.62 0.016 56.56 Yes
Acenaphthylene 0.02795 J/J 0.79131 J/J mg/kg AH-49 14/16 0.00157 -0.62 0.044 17.98 Yes
Anthracene 0.19753 J/J 0.81422 I mg/kg AH-49 14/16 0.00157 -0.62 0.085 9.58 Yes
Benzo(a)anthracene 0.02 1.59669 I mg/kg AH-35 16/16 0.00157 -0.62 0.26 6.14 Yes
Benzo(a)pyrene 0.3 1.65423 I mg/kg AH-49 14/16 0.00157 -0.62 0.43 3.85 Yes
Benzo(b)Duoranthene 0.041 2.19547 I mg/kg AH-29 16/16 0.00157 -0.62 0.24 9.15 Yes
Benz (k)Du ranthene 0.34 2.03361 I mg/kg AH-29 14/16 0.00313 -0.62 0.24 8.47 Yes

~j

~,-~:

..~
"-' ..
"~-'~

~~:~'.~
..-i~

~-,:;>

--~.
~. ~.~:

..:~,

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
of IR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 5-3, Page 2 of 3
November 2004

Location of Eco Screening
Minimum Minimum Maximum Maximum Maximum Detection Range of Screening Quotient COPC

Chemical Concentration Qualifier Concentration Qualifier Units Concentration Frequency Detection Limits Value Ratio Flag

Benzo[J!:,h,il perylene 0.023 1.24388 I mg/kg AH-28 15/16 0.00157 -0.62 0.29 4.29 Yes
Chrysene 0.034 2.41621 I mg/kg AH-49 16/16 0.00157 -0.62 0.38 6.36 Yes
Dibenz (a,h)anthracene 0.07576 I 0.33117 I mg/kg AH-49 13/16 0.00157 -0.62 0.063 5.26 Yes
Flu ranthene 0.064 4.87256 I mg/kg AH-49 16/16 0.00157 -0.62 0.6 8.12 Yes
Fluorene 0.03943 J/J 0.58 J mg/kg SEDl6-01 14/16 0.00157 -0.62 0.019 30.53 Yes
Inden (1,2,3-cd)pyrene 0.25 1.36112 I mg/kg AH-28 14/16 0.00157 -0.62 0.078 17.45 Yes
Naphthalene 0.03046 J/J 0.12842 J/J mg/kg AH-29 13/16 0.00157 -0.62 0.16 0.80 No
Phenanthrene 0.044 4.4937 I mg/kg AH-49 16/16 0.00157 -0.62 0.24 18.72 Yes
pyrene 0.068 4.721 I mg/kg AH-49 16/16 0.00157 -0.62 0.67 7.04 . Yes

TOTALPAH 0.294 28.14211 I mg/kg AH-49 16/16 0.00313 -0.62 2.9 9.70 Yes
PCBs

PCB-1260ll
) 0.016 I 0.07 I mg/kg AH-23 13/16 0.0087 -0.033 ND N/A No

TOTAL PCB 0.016 I 0.07 I mg/kg AH-23 13/15 0.018 - 0.039 0.023 3.04 Yes
PESTICIDES

4,4'-DDD 0.0016 I 0.00345 J mg/kg SEDl6-01 5/14 0.00087-0.0065 0.002 1.73 Yes
4,4'-DDE 0.0015 J 0.0034 J/J mg/kg AH-23 4/12 0.00087 - 0.0065 0.002 1.7 Yes
4,4'-DDT 0.0014 J 0.0018 J mg/kg SED16-02 2/14 0.00087 - 0.0065 0.001 1.0 Yes
TOTAL DDT Metabolites 0.0014 0.0053 mg/kg SED16-02 8/8 0.00087 - 0.0065 0.003 1.77 Yes
Alpha-chlordane 0.002 I 0.002 I mg/kg AH-47 1/13 0.00045 - 0.0033 0.0005 4 Yes
DELTABHC 0.00092 J/J 0.0015 mg/kg OPSEDI6-01 2/13 0.00045 - 0.0033 0.0032 0.47 No

Dieldrin 0.0017 J 0.0081 I mg/kg AH-28 3/11 0.00087 - 0.0065 0.00002 405 Yes
Endosulfan sulfate 0.0021 J IV 0.0021 J IV mg/kg SEDl6-01 1/14 0.00087 - 0.0065 ND N/A Yes
Endrin ketone 0.00064 J 0.0016 mg/kg OPSEDI6-01 3/13 0.00087 - 0.0065 0.00002 80 Yes
Gamma-chlordane 0.0017 om I mg/kg AH-23 7/10 0.00045 - 0.0033 0.0005 20 Yes
Heptachlor 0.000625 JI 0.00071 mg/kg SEDl6-02 2/10 0.00045 - 0.0033 0.0003 2.37 Yes
HeptacWor epoxide 0.0012 J 0.0012 J . mg/kg OPSEDl6-01 1/11 0.00045 - 0.0033 0.00247 0.49 No

VOLATILES
1,I-DicWoroethene 0.0009 J/J 0.0009 J/J mg/kg AH-47 1/16 0.005 - 0.02 4.8 0.00018 No

2-Butanone 0.008 J/J I I I J/J 0.02
J/J III J/J I

mg/kg
AH-17 I AH-35

8/16 0.01 - 0.041 2.9 0.007 NoIJ I AH-33
Acetone 0.057 J 0.2 I mg/kg AH-17 4/16 0.01 - 0.041 2.3 0.087 No
Carbon disulfide 0.012 0.0275 J mg/kg SED16-01 2/16 0.005 - 0.02' 0.22 0.13 No

NCBC Davisville
North Kings. Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR em Site 16
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Location of Eco Screening
Minimum Minimum Maximum Maximum Maximum Detection Range of Screening Quotient COPC

Chemical Concentration Qualifier Concentration Qualifier Units Concentration Frequency Detection Limits Value Ratio Flag

Cis-l,2-Dichloroethene 0.005 J/J 0.88 / mg/kg AH-47 3/16 0.005 - 1.3 . 4.8 0.18 No

Trans-I,2-Dichloroethene 0.003 J/J 0.003 J/J mg/kg AH-47 1/16 0.005 - 0.02 4.8 0.000625 No

Trichloroethene 0.002 J/J 0.002 J/J mg/kg AH-47 1/16 0.005 - 0.02 6.5 0.00031 No

(1) Use Total PCB for Aroc1or 1260 risk.
NOTES: NA = Not Applicable

NO =NoData
COPC = Constituent of Potential Concern
-- = No Qualifier, or not applicable
J = Indicates an estimated value.
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TABLE 5-4 EXPOSURE FACTORS FOR ECOLOGICAL RECEPTORS OF CONCERN

Receptor
Exposure Factor Raccoon Herring Gull

Body Weight (kg) 6.0 0.951
(USEPA 1993) (USEPA 1993)

Mean for adult female; IL Mean adult female SpringfLake
I Huron

Food Ingestion Rate (gig/day) 0.25 0.2
(USEPA 1993) (USEPA 1993)

Calculated, see below Breeding male, Newfoundland
Incidental Sediment Ingestion 0.0235. 0.016
Rate (gig/day) (USEPA 1993) (USEPA 1993)

Based on 9.4% sediment in diet Based on 8.2% sediment in diet
using the goose as a surrogate

Home Range 108 Ha 5 km foraging radius
(USEPA 1993) (USEPA 1993)

Based on adult female in MI riparian Based on the middle of the mean
habitat foraging range

Dietary Composition 62% invertebrates 100% invertebrates (ignore fish
38% vegetation component of diet)
(USEPA 1993) (USEPA 1993)

Based on Maryland forested bottomland

NOTE:
Food intake rates for mammals can be calculated using the following equation (USEPA 1993):

F; = 0.0687 X (BW)O.S22

Substituting the BW of 6 kg for the raccoon, the equation becomes:

kg dry kg dry kg wetF; =0.0687x (6.0) 0.822 =0.30-- =0.05 /0.2 (assumedfxdryinfood) =0.25
d~ kgbw-d~ kgbw-d~

Ha = Hectare
Km = kilometer

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR Program Site 16
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TABLE 5-5 SUMMARY OF SEDIMENT EXPOSURE STATISTICS

Shaoiro Wilk Test

Analyte Units N
%

FOD
Arithmetic

Mean W Probability W-Iog I Probability

INORGANICS

Method

95%
UCL

of
Normal

Data

95%
UCL

of
Lognormal

Data

95% UCL
of

Nonparametricl Maximum
Data Concentration UCLM95

V\rsenic
Barium
Beryllium

admium
robalt
r-.-opper
Lead
an~anese

ercury
ickel
elenium
anadium

!zinc

I2-Methylnaphthalene
lAcenaphthene

cenaphthylene
nthracene
enzo(alanthracene
enzo(a)pyrene
enzolb)Ouoranthene
enzo(k)Ouoranthene

lBenzolg,h,i]perylene
rhrysene
loibenzo(a,h)Anthracene
IFluoranthene

luorene
ndenoO ,2,3-ed)pyrene

Phenanthrene
pyrene

otal PAH

mg/k~

mglkg
mg/kg
mg/kg
mglkg
mg/k~

mglkg
mg/k~

mg/k~

mglkg
mg/k~

mglkg
mglkg

mglkg
mg/kg
mglkg
mg/k~

mglkg
mg/kg
mg/k~

mglkg
mglkg
mglkg
mglkg
mglkg
mglkg
mg/k~

mg/k~

mg/k~

mglkg

16 I 94%
161100%
161100%
16 I 69%
16 1100%
16 I 100%
16 1100%
16 1100%
16 I 81%
16 I 100%
16 I 6%
16 1100%
16 1100%

16 181%
16 I 88%
16 I 88%
16 I 88%
161100%
16 I 88%
161100%
16 I 88%
16 I 94%
161100%
16 181%
16 1100%
16 I 88%
16 I 88%
161100%
161100%
161100%

1.08E+OI
5.72E+01
1.03E+OO
6.74E-01
8.18E+OO
1.06E+02
7.37E+OI
2.13E+02
1.73E-OI
2.20E+OI
8.14E-01
3.64E+OI
2.17E+02

7.00E-02
1.33E-01
2.97E-OI
3.8IE-OI
6.65E-01
7.88E-OI
9.37E-OI
8.96E-Q1
5.9IE-Ol
1.04E+OO
1.83E-Q1
2.I3E+OO
1.38E-QI
6.67E-QI
1.33E+OO
1.90E+OO
1.20E+OI

8.48E-01
9.28E-01
8.96E-01
8.68E-OI
5.90E-OI
8.98E-OI
9.57E-01
7.42E-Q1
8.17E-OI
9.15E-01
9.07E-01
8.67E-QI
9.38E-OI

6.IOE-01
5.18E-OI
8.35E-OI
8.3IE-QI
8.90E-OI
8.78E-OI
9.22E-OI
9.08E-OI
8.96E-OI
8.98E-QI
8.98E-OI
8.39E-OI
6.93E-OI
8.87E-QI
8.05E-QI
8.68E-OI
8.66E-QI

1.27E-02
2.29E-01
6.83E-02
2.56E-02
1.30E-05
7.43E-02
6.03E-OI
5.13E-04
4.69E-03
1.39E-01
1.03E-Q1
2.41E-02
3.29E-01

2.02E-05
3.01 E-06
8.19E-03
7.17E-03
5.53E-02
3.68E-Q2

, 1.82E-Q1
1.10E-01
6.92E-Q2
7.55E-Q2
7.38E-02
9.37E-03
1.43E-Q4
4.97E-02
3.20E-03
2.56E-Q2
2.35E-Q2

9.18E-01
9.19E-Ol
8.74E-OI
8.86E-OI
9.13E-OI
8.67E-01
8.78E-QI
9.46E-01
8.63E-OI
9.08E-Q1
8.91 E-OI
8.85E-OI
9.23E-01

7.85E-01
8.59E-Q1
9.0IE-QI
8.57E-OI
8.49E-OI
8.42E-OI
8.52E-01
8.48E-QI
7.74E-OI
8.46E-QI
9.25E-QI
7.46E-QI
9.2IE-QI
8.45E-OI
8.80E-OI
8.66E-QI
7.69E-QI

1.59E-01
1.61E-01
3.09E-02
4.74E-02
1.31 E-OI
2.43E-02
3.67E-02
4.31 E-OI
2.16E-02
1.09E-OI
5.69E-02
4.70E-02
1.88E-OI

PAHs
1.75E-03
1.85E-02
8.47E-02
1.76E-02
1.34E-02
1.05E-02
1.44E-02
1.28E-02
1.25E-03
1.2IE-Q2
2.02E-OI
5.62E-04
1.78E-01
1.14E-Q2
3.82E-Q2
2.40E-02
1.07E-Q3

95% UCLM-H
UCLM-t
UCLM-t
95% UCLM-Bootstrap
95% UCLM-H
UCLM-t
UCLM-t
95% UCLM-H
95% UCLM-Bootstrap
UCLM-t
UCLM-t
95% UCLM-Bootstrap
UCLM-t

95% UCLM-Bootstrap
95% UCLM-Bootstrap
95% UCLM-H
95% UCLM-Bootstrap
UCLM-t
95% UCLM-Bootstrap
UCLM-t
UCLM-t
UCLM-t
UCLM-t
UCLM-t
95% UCLM-Bootstrap
95% UCLM-H
95% UCLM-Bootstrap
95% UCLM-Bootstrap
,95% UCLM-Bootstrap
95% UCLM-Bootstrap

1.48E+OI
7.28E+01
1.29E+OO
9.40E-01
1.19E+OI
1.36E+02
8.99E+OI
2.91E+02
2.34E-QI
2.75E+01
9.59E-01
4.70E+01
2.72E+02

1.11 E-OI
2.29E-OI
3.96E-01
4.88E-01
8.77E-QI
1.02E+OO
1.21E+OO
1.16E+OO
7.49E-QI
1.36E+OO
2.26E-OI
2.75E+OO
1.99E-QI
8.52E-OI
1.85E+OO
2.53E+OO
1.56E+OI

2.64E+01
9.21E+01
1.61E+OO
3.32E+00
1.25E+OI
2.12E+02
1.17E+02
3.4 IE+02
5.32E-QI
3.3IE+01
1.04E+OO
5.88E+OI
3.40E+02

1.28E-OI
2.30E-OI
6.03E-OI
6.37E-01
1.85E+OO
1.69E+OO
2.14E+OO
2.02E+OO
1.33E+OO
2.85E+OO
2.67E-QI
5.25E+OO
2.18E-QI

1.34E+OO
3.37E+OO
4.94E+OO
3.27E+OI

1.47E+OI
7.23E+01
1.28E+OO
9.32E-OI
1.18E+OI
1.35E+02
8.94E+01
2.88E+02
2.32E-QI
2.74E+OI
9.55E-01
4.67E+OI
2.70E+02

1.10E-01
2.26E-OI
3.93E-OI
4.84E-OI
8.70E-Q1
1.0lE+OO
1.20E+OO
1.15E+OO
7.44E-QI
1.35E+OO
2.25E-Q1
2.73E+OO
1.97E-01
8.46E-01
1.83E+OO
2.51E+OO
1.55E+OI

3.66E+OI
1.33E+02
1.90E+OO
2.40E+OO
3.79E+OI
2.12E+02
l.54E+02
7.88E+02
3.80E-OI
5.38E+01
1.30E+OO
8.09E+OI
4.49E+02

2.13E-QI
9.05E-OI
7.9IE-QI
8.14E-OI
1.60E+OO
1.65E+OO
2.20E+OO
2.03E+OO
1.24E+OO
2.42E+OO
3.3IE-QI
4.87E+OO
5.80E-QI
1.36E+OO
4.49E+OO
4.72E+OO
2.81E+OI

2.64E+01
7.28E+OI
1.29E+OO
9.32E-OI
1.25E+OI
1.36E+02
8.99E+OI
3.4IE+02
2.32E-01 '.
2.75E+OJ'
9.59E-QI

·4.67E+01
2.72E+02

1.10E-Q1
2.26E-Q1
6.03E-QI
4.84E-QI
8.77E-QI
1.0lE+OO
I.2IE+OO
1.16E+OO
7.49E-OI
1.36E+OO
2.26E-QI
2.73E+OO
2.18E-QI
8.46E-QI
1.83E+OO
2.51E+OO
1.55E+OI
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Analyte

otal PCB
,4'-000
A'-DDE
,4'-DDT
.Ipha-Chlordane

Dieldrin
Endosulfan Sulfate
Endrin Ketone
lGamma-Chlordane
Heptachlor
trotal DDT metabolites

Units

mw'kR
mglkg

mRlkR
mglkg
mw'kg
mw'kg
mglkg

mwkR
mglkg
mglkg

mglkg

N

15
14
12
14
13
II
14
13
10
10
8

%
FOD

87%
36%
33%
14%
8%
27%
7%

23%
70%
20%
100%

Arithmetic
Mean

3.08E-02
1.38E-03
1.24E-03
8.65E-04
6.75E-04
1.94E-03
I.Q2E-03
7.72E-04
4.33E-03
4.53E-04
2.77E-03

W

9.08E-OI
8.28E-OI
8.14E-01
7.83E-OI
7.52E-OI
6.86E-OI
7.02E-OI
8.12E-OI
9.27E-01
8.60E-Ol
8.78E-Ol

Probability

1.27E-01
I.l2E-02
1.34E-02
3.I3E-03
1.96E-03
3.09E-04
3.83E-04
9.44E-03
4.17E-Ol
7.56E-02
1.80E-OI

W-IOR I Probability 1 Method

PCBs and PESTICIDES
9.75E-01 1 9.20E-01 IUCLM-t
9.18E-01 1 2.09E-01 195% UCLM-H
8.9IE-01 1 I.2IE-OI 195% UCLM-H
8.87E-OI 1 7.28E-02 195% UCLM-H
8.7IE-OI 1 5.35E-02 195% UCLM-H
9.17E-OI I 2.95E-OI 195% UCLM-H
8.42E-01 1 I.7IE-02 195% UCLM-Bootstrap
9.09E-Ol 1 1.79E-OI 195% UCLM-H
8.58E-OI 1 7.19E-02 IUCLM-t
9.26E-OI I 4.14E-01 IUCLM-t
9.12E-OI I 3.70E-01 IUCLM-t

95%
UCL

of
Normal

Data

3.83E-02
1.86E-03
1.71 E-03
1.IIE-03
9.6IE-04
3. I8E-03
1.41E-03
9.46E-04
6.12E-03
6.00E-04
3.66E-03

95%
UCL

of
Lognormal

Data

4.18E-02
2.20E-03
2.03E-03
1.16E-03
1.12E-03
4.45E-03
I.49E-03
9.73E-04
2.12E-02
6.72E-04
4.27E-03

95% UCL
of

Nonparametric
Data

3.80E-02
1.84E-03
1.69E-03
I.IOE-OJ
9.50E-04
3.12E-03
1.40E-03
9.39E-04
6.03E-03
5.92E-04
3.6IE-03

Maximum
Concentration

7.00E-02
3.45E-OJ
3.40E-OJ
1.80E-03
2.00E-03
8. IOE-OJ
2. IOE-03
1.60E-03
1.00E-02
7.IOE-04
5.30E-03

UCLM95

3.83E-02
2.20E-03
2.03E-03
I.l6E-03
1.12E-03
4.45E-03
1.40E-03
9.73E-04
6.12E-03
6.00E-04
3.66E-03
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TABLE 5-6 INVERTEBRATE BIOACCUMULATION FACTORS FOR AQUATIC
RECEPTORS

BSAF BAF
COPC (ug/g 1ipid/ug/g OC) (unitless) Source

INORGANICS
Arsenic 0.48 SAlC (1996)
Barium 0.09 Sample (1998) Mean uptake factor

using soil inverts as surrogate
Beryllium 0.045 Sample (1998) Mean uptake factor

using soil inverts as surrogate
Cadmium 0.76 SAIC (1996)
Cobalt 0.122 Sample (1998) Mean uptake factor

using soil inverts as surrogate
Copper 0.19 SAIC (1996)
Lead 0.02 SAIC (1996)
Manganese Used soil invert regression
Mercury 0.29 SAlC (1996)
Nickel 0.15 SAlC (1996)
Selenium 1.798 Sample (1998) Mean uptake factor

using soil inverts as surrogate
Vanadium 0.04 Sample (1998) Mean uptake factor

using soil inverts as surrogate
Zinc 1.68:. " SAlC (1996)

PAHs
TotalPAH 0.24 SAlC (1996)

PCBs
Total PCB 1.96 SAIC (1996)

PESTICIDES
Alpha CWordane 2.04 Mean of invert BSAF

(USEPA 2000)
Dieldrin 0.685 Mean of invert BSAF

(USEPA 2000)
Endosulfan Sulfate 15.7 Mean of invert BSAF

(USEPA 2000)
Endrin Ketone 31.4 Mean of invert BSAF

(USEPA 2000)
Gamma CWordane 2.04 Mean of invert BSAF

(USEPA 2000)
HeptacWor 2.66 Mean of invert BSAF

(USEPA 2000)
Total DDT 2.62 SAlC (1996)

NCBC Davisville
North Kingstown, Rhode Island
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of IR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 5-7, Page 1 of I
November 2004

TABLE 5-7 PLANT BIOACCUMULATION FACTORS FOR AQUATIC RECEPTORS

BAF
COPC (unitless) Source

INORGANICS
Arsenic 0.048 (see Table 5-8) Used regression from Bechtel 1998
Barium 0.21 Mean uptake factor from Bechtel (1998)
Beryllium 0.01 Bv from Baes (1984)
Cadmium 0.75 (see Table 5-8) Used regression from Bechtel (1998)
Cobalt 0.0115 Mean uptake factor from Bechtel (1998)
Copper 0.12 (see Table 5-8) Used regression from Bechtel 1998
Lead 0.004 (see Table 5-8) Used regression from Bechtel (1998)
Manganese 0.113 Mean uptake factor from Bechtel (1998)
Mercury 0.84 (see Table 5-8) Used regression from Bechtel 1998
Nickel 0.05 (see Table 5-8) Used regression from Bechtel 1998
Selenium 0.49 (see Table 5-8) Used regression from Bechtel 1998
Vanadium 0.00548 Mean uptake factor from Bechtel (1998)
Zinc 0.44 (see Table 5-8) Used regression from Bechtel (1998)

PAR
Total PAR 0.042 Based on Log Kow regression (Travis and

Arms 1988)
PCB

Total PCB 0.216 Based on Log Kow regression (Travis and
Arms 1988)

PESTICIDES
Alph~ Chlordane 0.024 Based on Log Kow regression (Travis and

Arms 1988)
Dieldrin 0.091 Based on Log Kow regression (Travis and

Arms 1988)
Endosulfan Sulfate 0.237 Based on Log Kow regression (Travis and

. Arms 1988))
Endrin Ketone 0.09 Based on Log Kow regression (Travis and

Arms 1988)
Gamma Chlordane 0.024 Based on Log Kow regression (Travis and

Arms 1988)
Heptachlor 0.132 Based on Log Kowregression (Travis and

Arms 1988)
Total DDT 0.0082 Based on Log Kow regression (Travis and

Arms 1988)
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TABLE 5-8 REGRESSIONS USED TO ESTIMATE INVERTEBRATE AND PLANT CONCENTRATIONS FOR FOOD WEB

WORM REGRESSION (mg/kg)
Regression model: log(benthic invert)= a'+b(log(soil» from Sample et al.. 1998

Assumptions: Dry weight basis, Invertebrates are 84% water

COPC
Sediment log(soil) a' b log(invert) Invert Fraction Invert

Cone (dw) cone (dw) dry cone (ww)

Metals

Manganese 212.86 2.328099 -0.043 0.5759 1.297752305 19.84962495 0.16 3.175939992
Invert concentration (ww) = Invert conc (dw) * Fraction dry

PLANT REGRESSIONS (mg/kg)
Plant Regression model: In(conc in plant)= BO+B 1(In(soil» from Bechtel. 1998
Assumptions: Dry weight basis, Plants are 85% water

COPC
Soil In(soil) BO Bl In(plant) Plant Fraction Plant

Cone (dw) cone (dw) dry cone (ww)

lMetals

IArsenic 10.81 2.380529 -1.992 0.564 -0.649381392 0.522368818 0.15 0.078355323

Cadmium 0.67 -0.39457 -0.476 0.546 -0.691436058 0.500856294 0.15 0.075128444

topper 106.23 4.665618 '0.669 0.394 2.507253619 12.27118239 0.15 1.840677359

fLead 73.72 4.300257 -1.328 0.561 1.084444276 2.957795644 0.15 0.443669347
Mercury 0.17 -1.75718 -0.996 0.544 -1.951904233 0.142003406 0.15 0.021300511

lNickel 22.03 3.092462 -2.224 0.748 0.089161501 1.093257204 0.15 0.163988581
!Selenium 0.81 -0.20572 -0.678 1.104 -0.905112821 0.404496247 0.15 0.060674437

~inc 216.58 5.377966 1.575 0.555 4.559771 95.56159372 0.15 14.33423906

NCBC Davisville
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Maximum Average Average
Invertebrate

Sediment Sediment Sediment Vegetation

Concentration Concentration Concentration Concentration Concentration

k=hemical (mglkg) (dw) (mg/kg) (dw) (mg/kg) (WW)I (mg/kg) (ww) (mglkg) (ww)

!Arsenic 36.60 10.81 4.9728875 0.8303 0.08

lBarium 133.00 57.15 26.289 0.8230 5.6

lBeryllium 1.90 1.03 0.47595625 0.0074 0.0048

K:;admium 2.40 0.67 0.310025625 0.0820 0.08

K:;obalt 37.90 8.18 3.7648125 0.1598 0.04
K:;opper 212.00 106.23 48.866375 3.2294 1.84

lLead 154.00 73.72 33.910625 0.2359 0.44

Manganese 788.00 212.86 97.91675 3.1759 11.065

Mercury 0.38 0.17 0.079364375 0.0080 0.02

Nickel 53.80 22.03 10.134375 0.5288 0.16

Selenium 1.30 0.81 0.37446875 0.2342 0.06

Vanadium 80.90 36.37 16.7310625 0.2328 0.09

Zinc 449.00 216.58 99.627375 58.2170 14.3

Total PAH 28.14 11.962 5.502581094 0.4593 0.2

Total PCB 0.0700 0.031 0.014152667 0.009648 0.000610

Total DDT 0.0053 0.0028 0.001273625 0.001161 0.000010

Alpha-Chlordane 0.0020 0.0007 0.000310677 0.000220 0.000008

Dieldrin 0.0081 0.0019 0.000892191 0.000213 0.000081

Endosulfan Sulfate 0.0021 0.0010 0.000467886 0.002555 0.000111

Endrin Ketone 0.0016 0.0008 0.000355262 0.003880 0.000032
Gamma-Chlordane 0.0100 0.0043 0.00199295 0.021766 0.000048

Heptachlor 0.0007 0.00045 0.00020815 0.000193 0.000027

!NOTE: (I) Soil (~) based on average sediment percent moisture of 54%.

NCBC Davisville
North Kingstown, Rhode Island
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TABLE 5-10 NOAEL TOXICITY REFERENCE VALVES (TRVs) FOR USE IN THE
FOOD WEB

(mg/kg-bw/day) (Based on Sample et al. 1996 unless otherwise noted)

I COPC I Herring Gull I Raccoon I Comments I
INORGANICS

Arsenic 5.1 0.036 NOAEL for raccoon based on mouse exposed to arsenite.
NOAEL for herring gull based on mallard exposed to sodium
arsenite.

Barium 20.80 2.80 NOAEL for raccoon based on rat exposed to barium chloride
NOAEL for herring gull based on I-day old chick exposed to
barium hydroxide

Beryllium NA .35 NOAEL for raccoon based on rat exposed to beryllium
sulfate.

Cadmium 1.45 .51 NOAEL for raccoon based on rat exposed to cadmium
chloride. NOAEL for herring gull based on mallard exposed
to cadmium chloride.

Cobalt 5.2 42.00 NOAEL for raccoon and herring gull based on (EPA 2000)
Copper 47 8 NOAEL for raccoon based on mink NOAEL for copper

sulfate. NOAEL for herring gull based on chick NOAEL
exposed to copper oxide.

Lead 3.85 4.22 NOAEL for raccoon based on rat NOAEL for lead acetate.
NOAEL for herring gull based on kestrel NOAEL exposed to
metallic lead.

Manganese 997 46 NOAEL for raccoon based on rat NOAEL. NOAEL for
herring gull based on quail NOAEL.

Mercury 0.01 0.006 NOAEL for raccoon and herring gull based on methyl
mercury.

Nickel 77.4 21.12 NOAEL for raccoon based on rat NOAEL for nickel sulfate
hexahydrate. NOAEL for herring gull based on mallard
NOAEL exposed to nickel sulfate.

Selenium 0.5 0.106 NOAEL for raccoon based on rat NOAEL for selenate.
NOAEL for herring gull based on mallard exposed to sodium
selenite.

Vanadium 11.4 0.103 NOAEL for raccoon based on rat NOAEL exposed to sodium
metavanadate. NOAEL for herring gull based on mallard
NOAEL exposed to vanadyl sulfate.

Zinc 14.5 84.5 NOAEL for raccoon based on rat NOAEL exposed to zinc
oxide. NOAEL for herring gull based on chicken NOAEL
exposed to zinc sulfate.

PAH
Total PAHs 1.0 0.29 NOAEL value for raccoon used is for benzo(a)pyrene based'

on mouse NOAEL (Sample et al. 1996). TRV for avian
receptors based on a single oral-dose LC50 of 101 mg/kg/day
for a red-winged blackbird (Schafer et al. 1983). This LC50
was divided by 100 to approximate the chronic NOAEL of
1.0 mg/kg/day.

/
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COPC Herring Gull Raccoon Comments

PCB
Total PCBs 0.18 0.096 NOAEL for raccoon based on mouse NOAEL exposed to

Aroclor 1254. Fox NOAEL based on mink exposed to
Aroclor 1254. NOAEL for herring gull based on pheasant
NOAEL exposed to Aroclor 1254.

PESTICIDES
Total DDT 0.003 0.42 NOAEL for raccoon based on rat NOAEL exposed to

technical DDT. NOAEL for herring gull based on brown
Ipelican exposed to technical DDT.

Alpha-Chlordane 2.1 1.3 NOAEL for raccoon based on mouse NOAEL exposed to
chlordane. NOAEL for herring gull based on red-winged
blackbird NOAEL exposed to chlordane.

Dieldrin 0.077 0.011 NOAEL for raccoon based on rat NOAEL. NOAEL for
herring gull based on bam owl NOAEL.

Endosulfan Sulfate 10 .08 NOAEL for raccoon based on rat exposed to endosulfan.
NOARL for herring gull based on gray partridge exposure to
endosulfan

Endrin Ketone 0.01 0.026 NOAEL for raccoon based on mouse NOAEL. NOAELfor
(based on endrin as herring gull based on screech owl NOAEL.
surrogate)
Gamma-Chlordane 2.1 1.3 NOAEL for raccoon based on mouse NOAEL exposed to

chlordane. NOAEL for herring gull based on red-winged
blackbird NOAEL exposed to chlordane.

Heptachlor 1.8 0.069 NOAEL for raccoon based on mink NOAEL (Sample et al.
1996). Avian TRV based on American woodcock LD50
(Stickel et al. 1965) divided by 100 to approximate NOAEL.

NOTE:
NOAEL values for the raccoon based on the red fox (same approximate size).
NA = None Available.
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TABLE 5-11 LOAEL TOXICITY REFERENCE VALVES (TRVs) FOR USE IN THE
TERRESTRIAL FOOD WEB

(mglkg-bw/day) (Based on Sample et al. 1996 unless otherwise noted)

I COPC I Herring Gull I Raccoon I Comments I
INORGANICS

Arsenic 7.4 0.36 LOAEL for raccoon based on mouse exposed to arsenite.
LOAEL for herring gull based on mallard exposed to sodium
arsenite.

Barium 41.7 10.5 LOAEL for raccoon based on rat exposed to barium chloride
LOAEL for herring gull based on I-day old chick exposed to
barium hydroxide

Beryllium I NA 3.5 LOAEL for raccoon based on rat exposed to beryllium
sulfate.

Cadmium 20 5.1 LOAEL for raccoon based on rat exposed to cadmium
chloride. LOAEL for herring gull based on mallard exposed
to cadmium chloride.

Cobalt 52 420 LOAEL for raccoon and herring gull based on (EPA 2000)
Copper 61.7 10.6 LOAEL for raccoon based on mink LOAEL for copper

sulfate. LOAEL for herring gull based on chick LOAEL
exposed to copper oxide.

Lead 11.3 42.3 LOAEL for raccoon based on rat LOAEL for lead acetate.
LOAEL for herring gull based on kestrel LOAEL exposed to
metallic lead.

Manganese 9,970 150 LOAEL for raccoon based on rat LOAEL. LOAEL for
herring gull based on quail LOAEL.

Mercury 0.06 0.01 LOAEL for raccoon based on mink exposed to methyl
mercury. LOAEL for herring gull based on mallard duck
exposed to methyl mercury.

Nickel 107 42.25 LOAEL for raccoon based on rat LOAEL for nickel sulfate
hexahydrate. LOAEL for herring gull based on mallard
LOAEL exposed to nickel sulfate.

Selenium 1.0 0.174 LOAEL for raccoon based on rat LOAEL for selenate.
LOAEL for herring gull based on mallard exposed to sodium
selenite.

Vanadium 114 1.03 LOAEL for raccoon based on rat LOAEL exposed to sodium
metavanadate. LOAEL for herring gull based on mallard
LOAEL exposed to vanadyl sulfate.

Zinc 131 169 LOAEL for raccoon based on rat LOAEL exposed to zinc
oxide. LOAEL for herring gull based on chicken LOAEL
exposed to zinc sulfate.

PAR
Total PAHs 10 2.9 LOAEL value for raccoon used is for benzo(a)pyrene based

on mouse LOAEL (Sample et al. 1996). TRV for avian
receptors based on a single oral-dose LC50 of 101 mg/kglday
for a red-winged blackbird (Schafer et al. 1983). This LC50
was divided by 100 to approximate the chronic LOAEL of
1.0 mglkglday.
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COPC Herring Gull Raccoon Comments

PCB
Total PCBs 1.8 0.474 LOAEL for raccoon based on mouse LOAEL exposed to

Aroclor 1254. Fox LOAEL based on mink exposed to
Aroclor 1254. LOAEL for herring gull based on pheasant
LOAEL exposed to Aroelor 1254.

PESTICIDES
Total DDT 0.028 2.11 LOAEL for raccoon based on rat LOAEL exposed to

technical DDT. LOAEL for herring gull based on brown
Ipelican exposed to technical DDT.

Alpha-CWordane 10.7 2.6 LOAEL for raccoon based on mouse LOAEL exposed to
cWordane. LOAEL for herring gull based on red-winged
blackbird LOAEL exposed to cWordane.

Dieldrin 0.77 0.106 LOAEL for raccoon based on rat LOAEL. LOAEL for
herring gull based on bam owl LOAEL.

Endosulfan Sulfate 100 0.8 LOAEL for raccoon based on rat exposed to endosulfan.
NOARL for herring gull based on gray partridge exposure to
endosulfan

Endrin Ketone 0.1 0.26 LOAEL for raccoon based on mouse LOAEL. LOAEL for
(based on endrin as herring gull based on screech owl LOAEL.
surrogate)
Gamma-Chlordane 10.7 2.6 LOAEL for raccoon based on mouse LOAEL exposed to

cWordane. LOAEL for herring gull based on red-winged
blackbird LOAEL exposed to chlordane.

HeptacWor 18 0.69 LOAEL for raccoon based on mink LOAEL (Sample et al.
1996). Avian TRV based on American woodcock LD50
(Stickel et al. 1965) divided by 100 to approximate LOAEL.

INOTE:
LOAEL values for the raccoon based on the red fox (same approximate size).
NA = None Available.
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TABLE 5-12 STEP 2 RISK CALCULATIONS FOR THE RACCOON

Raccoon
Body Weight 6.0000000 kg
Food Ingestion Rate 0.2500000 kglkg-bw-day
Sediment Ingestion Rate 0.0235 kglkg-bw-day

) Sediment Food
tEcological Concentration Concentration Dose NOAEL NOAEL
!Contaminant
IofConcem (mg/kg) (mg/kg) (mg/kg/day) (mg/kg/day) HQn

Arsenic 36.60 36.60 10.01 0.04 278.06

Barium 133.00 133.00 36.38 2.80 12.99

Beryllium 1.90 1.90 0.52 0.35 1.48

Cadmium 2.40 2.40 0.66 0.51 1.29

Cobalt 37.90 37.90 10.37 42.00 0.25

Copper 212.00 212.00 57.98 8.00 7.25
Lead 154.00 154.00 42.12 4.22 9.98

Manl!:anese 788.00 788.00 215.52 46.00 4.69
Mercury 0.38 0.38 0.10 0.01 10.39

Nickel 53.80 53.80 14.71 21.12 0.70

Selenium 1.30 2.34 0.61 0.11 5.80
Vanadium 80.90 80.90 22.13 0.10 214:82

Zinc 449.00 754.32 199.13 84.50 2.36
Total PAH 28.14 28.14 7.70 0.29 26.54
Total PCB 7.00E-02

.... :....
1.37E-Ol 3~59E-02 9.60E-02 3.74E-Ol

Total DDT 5.30E-03 1.39E-02 3.60E-03 4.20E-01 8.56E-03
Alpha-Chlordane 2.00E-03 4.08E-03 1.07E-03 1.30E+00 8.21E-04

Dieldrin 8.10E-03 8.10E-03 2.22E-03 1.10E-02 2.0IE-OI
Endosulfan Sulfate 2.IOE-03 3.30E-02 8.29E-03 8.00E-02 1.04E-OI

Endrin Ketone 1.60E-03 5.02E-02 1.26E-02 2.60E-02 4.85E-OI

Gamma-Chlordane 1.00E-02 2.04E-02 5.34E-03 1.30E+OO 4.IOE-03
Heptachlor 7.10E-04 1.89E-03 4.89E-04 6.90E-02 7.08E-03

INA = Not Available, HQn = Hazard Quotient based on the NOAEL
1F00dweb Model Calculations:
IDose = (Dose Food + Dose Sediment + Dose Water)
IDose Food = Food Concentration x Food Ingestion Rate
kNote: Food concentration is assumed to be equal to sediment concentration)
IDose Sediment = Sediment Concentration x Incidental Sediment Ingestion Rate
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TABLE 5-13 STEP 2 RISK CALCULATIONS FOR THE HERRING GULL

Herring Gull
Body Weight 0.9510000 kg
Food Ingestion Rate 0.2000000 kglkg-bw-day
Sediment Ingestion Rate 0.0160000 kglkg-bw-day

Sediment Food
Ecological Contaminant Concentration Concentration Dose NOAEL NOAEL

of Concern (mg/kg) (mg/kg) (mg/kg/day) (mg/kg/day) HQn

Arsenic 36.60 36.60 7.91 5.10 1.55
Barium 133.00 133.00 28.73 20.80 1.38

Beryllium 1.90 1.90 0.41 NA NA
Cadmium 2.40 2.40 0.52 1.45 0.36

Cobalt 37.90 37.90 8.19 5.20 1.57
Copper 212.00 212.00 45.79 47.00 0.97
Lead 154.00 154.00 33.26 3.85 8.64

Manganese 788.00 788.00 170.21 997.00 0.17
Mercury 0.38 0.38 0.08 0.006 13.68

Nickel 53.80 53.80 11.62 77.40 0.15
Selenium 1.30 2.34 0.49 0.50 0.98

Vanadium 80.90 80.90 17.47 11.40 1.53
Zinc 449.00 754.32 158.05 14.50 10.90

Total PAH 28:14 28.14 6.08 1.00 6.08
Total PCB 7.00E-02 1.37E-Ol 2.86E-02 1.80E-Ol 1.59E-Ol
Total DDT 5.30E-03 1.39E-02 2.86E-03 3.00E-03 9.54E-Ol

Alpha-CWordane 2.00E-03 4.08E-03 8.48E-04 2.10E+OO 4.04E-04
Dieldrin 8.IOE-03 8.10E-03 1.75E-03 7.70E-02 2.27E-02

Endosulfan Sulfate 2.10E-03 3.30E-02 6.63E-03 1.00E+Ol 6.63E-04
Endrin Ketone 1.60E-03 5.02E-02 1.01E-02 1.00E-02 1.0IE+OO

Gamma-CWordane 1.00E-02 2.04E-02 4.24E-03 2.10E+OO 2.02E-03
HeptacWor 7.IOE-04 1.89E-03 3.89E-04 1.80E+00 2.16E-04

INA = Not Available, HQn = Hazard Quotient based on the NOAEL
~oodweb Model Calculations:
IDose = (Dose Food + Dose Sediment + Dose Water)
loose Food = Food Concentration x Food Ingestion Rate
(Note: Food concentration is assumed to be equal to sediment concentration)

loose Sediment = Sediment Concentration x Incidental Sediment Ingestion Rate.
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TABLE 5-14 SUMMARY OF STEP 2 FOOD WEB RISKS

Raccoon Herring Gull
Ecological Contaminants NOAEL NOAEL

of Concern HQn HQn

Arsenic 278.06 1.55
Barium 12.99 1.38
Beryllium 1.48 NA
Cadmium 1.29 0.36

Cobalt 0.25 1.57
Copper 7.25 0.97
Lead 9.98 8.64
Manl!:anese 4.69 0.17
Mercurv 10.39 13.68
Nickel 0.70 0.15
Selenium 5.80 0.98
IVanadium 214.82 1.53
[zinc 2.36 10.90
[rotal PAH 26.54 6.08
[rotaI PCB 3.74E-OI 1.59E-Ol
Total DDT 8.56E-03 9.54E-Ol
Alpha-CWordane 8.21E-04 4.04E-04
Dieldrin 2.01E-Ol 2.27E-02
Endosulfan Sulfate 1.04E-Ol 6.63E-04
Endrin Ketone 4.85E-Ol 1.01E+OO
Gamma-Chlordane 4.10E-03 2.02E-03
Heptachlor 7.08E-03 2. 16E-04

NA = Not Available HQn= Hazard Quotient based on the NOAEL
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TABLE 5-15 STEP 3a RISK CALCULAnONS FOR THE RACCOON

Racc n
Body Weight 6.0000000 kg
Food Ingestion Weight 0.2500000 kg/kg-bw-day
Sediment Ingestion Rate 0.0235 kg/kg-bw-day
Area Use Factor 0.02083333
Fraction Diet Invertebrates 0.62
Fraction Diet Vegetation 0.38

Mean Concentrations

EA Project No.: 29600.97.3391
Version: FINAL
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Ecological· Sediment Invertebrate Vegetation
Contaminant Concentration Concentration Concentration Dose NOAEL NOAEL LOAEL LOAEL
of Concern (mg/kg) (ww) (mg/kg) (ww) (mg/kg) (ww) (mg/kg/day) (mg/kg/day) HQn (mg/kg/day) HQn

Arsenic 4.97 0.8303 0.08 0.0053 0.04 1.46E-OI 0.36 1.46E-02
Barium 26.2 0.8230 5.60 0.027 2.80 9.50E-03 10.50 2.53E-03
Beryllium 0.47 0.0074 0.00 0.00027 0.35 7.6IE-04 3.50 7.6IE-05
Cadmium 0.31 0.0820 0.08 0.00057 0.51 l.lIE-03 5.09 l.lIE-04
Cobalt 3.76 0.1598 0.04 0.0024 42.00 5.82E-05 420.00 5.82E-06
Copper 48.8 3.2294 1.84 0.0388 8.00 4.75E-03 10.60 3.58E-03
J.,ead 33.9 0.2359 0.44 0.018 4.22 4.32E-03 42.25 4.32E-04
Manganese 97.9 3.1759 11.06 0.080 46.00 1.74E-03 150.00 5.34E-04
Mercury 0.079 0.0080 0.02 0.00011 0.01 1.07E-02 0.02 6.29E-03
Nickel 10.1 0.5288 0.16 0.0070 21.12 3.3IE-04 42.25 1.66E-04
Selenium 0.37 0.2342 0.06 0.0011 0.11 1.00E-02 0.17 6.09E-03
'vanadium 16.7 0.2328 0.09 0.0091 0.10 8.86E-02 1.03 8.86E-03
Zinc 99.6 58.2170 14.33 0.27 84.50 3.14E-03 169.00 1.57E-03
Total PAH 5.50 0.4593 0.23 0.0046 0.29 1.60E-02 2.86 1.62E-03
T.otaiPCB 0.014 0.0096 6.IOE-04 3.93E-05 0.10 4.09E-04 0.47 8.29E-05
rotal DDT 0.0012 0.0012 1.04E-05 4.39E-06 0.42 1.05E-05 2.11 2.08E-06
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Ecological Sediment Invertebrate Vegetation
Contaminant Concentration Concentration Concentration Dose NOAEL NOAEL LOAEL LOAEL

of Concern (mg/kg) (ww) (mg/kg) (ww) (mg/kg) (ww) (mglkg/day) (mg/kg/day) HQn (mg/kg/day) HQn

Alpha-CWordane 0.00031 0.0002 7.55E-06 8.79E-07 1.30 6.76E-07 2.60 3.38E-07

Dieldrin 0.00089 0.0002 8.10E-05 1.28E-06 0.01 1.17E-04 0.11 l.2lE-05

Endosulfan Sulfate 0.00046 0.0026 l.l1E-04 8.70E-06 0.08 1.09E-04 0.80 1.09E-05

Endrin Ketone 0.00035 0.0039 3.18E-05 1.28E-05 0.03 4.91E-04 0.26 4.85E-05

Gamma-Chlordane 0.0019 0.0218 4.85E-05 7.14E-05 1.30 5.49E-05 2.60 2.74E-05
Heptachlor 0.00020 0.0002 2.74E-05 7.78E-07 0.07 1.13E-05 0.69 1.13E-06

NA = Not Available, HQn = Hazard Quotient based on the NOAEL, HQl = Hazard Quotient based on the LOAEL
1F00dweb Model Calculations:
loose = (Dose Food + Dose Sediment + Dose Water).
loose Food = Food Concentration x Food Ingestion Rate.
loose Sediment = Sediment Concentration x Incidental Sediment Ingestion Rate.
loose Water = Water Concentration x Water Ingestion Rate.

NCBC Davisville
NO.gstOwn, Rhode Island

Phase II Level Ecological Risk Assessment
of IR Program.6
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TABLE 5-16 STEP 3a RISK CALCULATIONS FOR THE HERRING GULL

Herring Gull
Body Weight 0.9510000 kg
Food Ingestion Weight 0.2000000 kglkg-bw-day
Sediment Ingestion Rate 0.0160000 kglkg-bw-day
Area Use Factor 0.04
Fraction Diet Invertebrates 1

Mean Concentrations

EA Project No.: 29600.97.3391
Version: FINAL

Table 5-16, Page 1 of 2
November 2004

Sediment Invertebrate
Ecological Contaminant Concentration Concentration Dose NOAEL NOAEL LOAEL LOAEL

of Concern (mg/kg) (ww) (mg/kg) (ww) (mg/kg/day) (mg/kg/day) HQn (mg/kg/day) HQn

Arsenic 4.97 0.830 0.00982 5.10 1.93E-03 7.40 1.33E-03
Barium 26.2 0.822 0.0234 20.80 1.13E-03 41.70 5.61E-04
Beryllium 0.475 0.00744 0.000364 NA NA NA NA
Cadmium 0.31 0.0819 . 0.000854 1.45 5.89E-04 20.00 4.27E-05
Cobalt 3.76 0.159 0.00368 5.20 7.09E-04 52.00 ,.- 7.09E-05
Copper 48.8 3.22 0.0571 47.00 1.22E-03 61.70 9.26E-04
,Lead 33.9 0.235 0.0235 3.85 6. 13E-03 11.30 2.09E-03
Manganese 97.9 3.17 0.088 997.00 8.83E-05 9970.00 8.83E-06
Mercury 0.079 0.0080 0.000114 0.01 1.91E-02 0.06 1.79E-03
lNickel 10.1 0.52 0.0107 77.40 1.38E-04 107.00 1.00E-04
Selenium 0.37 0.234 0.00211 0.50 4.23E-03 1.00 2.11E-03
lVanadium 16.7 0.232 . 0.0125 11.40 1.10E-03 114.00 1.IOE-04
[zinc 99.6 58.2 0.529 14.50 3.65E-02 131.00 4.04E-03
rI'otal PAH 5.50 0.459 0.00719 1.00 7.20E-03 10.00 7.20E-04
rI'otal PCB 0.0141 0.00964 8.62E-05 0.18 4.79E-04 1.80 4.79E-05
rI'otal DDT 0.00127 0.00116 1.01E-05 0.00 3.37E-03 0.03 3.6IE-04

',<\-

i

i

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR Program Site 16
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Sediment Invertebrate
Ecological Contaminant Concentration Concentration Dose NOAEL NOAEL LOAEL LOAEL

ofConcem (mg/kg) (ww) (mgikg) (ww) . (mglkg/day) (mg/kg/day) HQn (mg/kg/day) HQn
Alpha-Chlordane 0.000310 0.000220 1.96E-06 2.10 9.34E-07 10.70 1.83E-07

Dieldrin 0.000892 0.000212 2.27E-06 0.08 2.95E-05 0.77 2.95E-06
Endosulfan Sulfate 0.000467 0.00255 2.07E-05 10.00 2.07E-06 100.00 2.07E-07

Endrin Ketone 0.000355 0.00388 3.12E-05 0.01 3.l3E-03 0.10 3.13E-04
Gamma-CWordane 0.00199 0.0217 0.000175 2.10 8.35E-05 10.70 I.64E-05

Heptachlor 0.000208 0.000192 1.67E-06 1.80 9.30E-07 18.00 9.30E-08

NA = Not Available, HQn = Hazard Quotient based on the NOAEL, HQl= Hazard Quotient based on the LOAEL

Foodweb Model Calculations:

Dose = (Dose Food + Dose Sediment + Dose Water)

Dose Food = Food Concentration x Food Ingestion Rate

Dose Sediment = Sediment Concentration x Incidental Sediment Ingestion Rate

NCBC Davisville
Noeingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
of IR program.
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TABLE 5-17 SUMMARY OF STEP 3a FOOD WEB RISKS

Raccoon Herring Gull
Ecological Contaminants

of Concern NOAEL LOAEL NOAEL LOAEL

HQn HQI HQn HQI

IArsenic 1.46E-01 1.46E-02 1.93E-03 1.33E-03

lBarium 9.50E-03 2.53E-03 1.13E-03 5.61E-04

Beryllium 7.6IE-04 7.61E-05 NA NA

r'admium U1E-03 1.11E-04 5.89E-04 4.27E-05

Cobalt 5.82E-05 5.82E-06 7.09E-04 7.09E-05

Copper 4.75E-03 3.58E-03 1.22E-03 9.26E-04

Lead 4.32E-03 4.32E-04 6.13E-03 2.09E-03

Manganese 1.74E-03 5.34E-04 8.83E-05 8.83E-06

Mercury 1.07E-02 6.29E-03 1.91E-02 1.79E-03

Nickel 3.31E-04 1.66E-04 1.38E-04 1.00E-04

Selenium 1.00E-02 6.09E-03 4.23E-03 2.11E-03

Ivanadium 8.86E-02 8.86E-03 1.10E-03 1.10E-04

lZinc 3. 14E-03 1.57E-03 3.65E-02 4.04E-03

~otal PAR 1.60E-02 1.62E-03 7.20E-03 7.20E-04

~otal PCB 4.09E-04 8.29E-05 4.79E-04 4.79E-05

[Total DDT 1.05E-05 2.08E-06 3.37E-03 3.61E-04

IAlpha-Chlordane 6.76E-07 3.38E-07 9.34E-07 1.83E-07

toieldrin 1.17E-04 1.2IE-05 2.95E-05 2.95E-06

IEndosulfan Sulfate 1.09E-04 1.09E-05 2.07E-06 2.07E-07

IEndrin Ketone 4.91E-04 4.85E-05 3.13E-03 3.13E-04

pamma-Chlordane 5.49E-05 2.74E-05 8.35E-05 1.64E-05

lHeptachlor 1.13E-05 1.13E-06 9.30E-07 9.30E-08

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table 5-18, Page 1 of 2
November 2004

TABLE 5-18 POTENTIAL HAZARD QUOTIENTS FOR BENTHIC INVERTEBRATES

I Analyte I UCLM95 (mg/kg) I ER-L (mg/kg) IER-L Hazard Quotient I ER-M (mg/kg) IER-M Hazard QuotientI
InOfl!anics

ARSENIC 2.64E+Ol 8.2 3.22 70 0.38

BARIUM 7.28E+Ol 48 1.52 ND NC

BERYLLIUM 1.29E+00 ND NC ND NC

CADMIUM 9.32E-Ol 1.2 0.78 9.6 0.097

rOBALT 1.25E+Ol 10 1.25 ND NC

COPPER 1.36E+02 34 4.01 270 0.05

LEAD
/

2188.99E+Ol 46.7 1.93 0.41

MANGANESE 3.41E+02 260 1.31 ND NC

MERCURY 2.32E-Ol 0.15 1.55 0.71 0.33

NICKEL 2.75E+Ol 20.9 1.32 51.6 0.53

SELENIUM 9.59E-Ol 1 0.96 ND NC

VANADIUM 4.67E+Ol 57 0.82 ND NC

ZINC 2.72E+02 150 1.81 410 0.66

PAR

2-METHYLNAPHTHALENE 1.l0E-Ol 0.07 1.57 0.67 0.16

l<\CENAPHTHENE 2.26E-Ol 0.016 14.15 0.5 0.45

l<\CENAPHTHYLENE 6.03E-Ol 0.044 13.71 0.64 0.94

l<\NTHRACENE 4.84£-01 0.085 5.70 1.1 0.44

~ENZO(A)ANTHRACENE 8.77E-Ol 0.26 3.37 1.6 0.54

!BENZO(A)PYRENE 1.01E+00 0.43 2.34 1.6 0.63

IBENZO~)FLUORANTHENE 1.21E+00 0.24 5.03 ND NC

~ENZOIG,H,IJPERYLENE 7.49E-Ol 0.29 2.58 ND NC

!BENZO(~FLUORANTHENE 1.16E+00 0.24 4.82 ND NC

tHRYSENE 1.36E+00 0.38 3.58 2.8 0.49

IDIBENW(A,H)ANTHRACENE 2.26E-Ol 0.063 3.59 0.26 0.86

nUORANTHENE 2.73E+00 0.6 4.55 5.1 0.54

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment
ofIR Program Site 16
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I Analyte I UCLM95 (mg/kg) I ER-L (mg/kg) IER-L Hazard Quotient I ER-M (mg/kg) IER-M Hazard QuotientI
PAH continued

IFLUORENE 2.18E-OI 0.019 11.45 0.54 0.40

lNDENO(I,2,3-CD)PYRENE 8.46E-OI 0.078 10.85 ND NC

IPHENANTHRENE 1.83E+00 0.24 7.63 1.5 1.22

rYRENE 2.5IE+00 0.67 3.75 2.6 0.97

[fotal PAH 1.55E+OI 2.9 5.33 44.8 0.35

PCB and Pesticides

IrOTALPCB 3.83E-02 0.023 1.66 0.18 0.21

~,4'-DDD 2.20E-03 0.002 1.10 0.02 0.11

~.4'-DDE 2.03E-03 0.002 1.02 0.015 0.14

~,4'-DDT 1.16E-03 0.00158 0.73 0.0461 0.03

[fotal DDT metabolites 3.66E-03 0.00158 2.32 0.027 0.14

!ALPHA-CHLORDANE 1.12E-03 0.0005 2.24 0.006 0.19

IDIELDRIN 4.45E-03 0.00002 222.31 0.008 0.56

IENDRlN KETONE 9.73E-04 0.00002 48.63 0.045 0.02

!GAMMA-CHLORDANE 6.12E-03 0.0005 12.24 0.006 1.02

~EPTACHLOR 6.00E-04 0.003 0.20 ND NC

NOTE:
ND = No Screening data..
NC = Not Calculable.

NCBC Davisville
NOemgstown, Rhode Island

,

Phase II Screening Level Ecological Risk Assessment
of IR Program.6
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TABLE A-I VOLATILE ORGANIC COMPOUNDS DETECTED IN SEDIMENT,
MARCH 2004

Location ill AH-03 AH-06DUP AH-06 AH-08 AH-ll DUP AH-ll
Sample Date 3/23/04 3/23/04 3/23/04 3/22/04 3/22/04 3/22/04

Chemical Name Unit Screening Level

1,1,2,2-TetracWoroethane 111g/kg 8,300 <7U <IOU <12U <17R <12U <lID

1,1,2-TricWoroethane 111g/kg 6,000 <7U <IOU <12U <17R <12U <lID

1,1-DicWoroethane !l1g/kg 4,800 <7U <IOU <12U <17R <12U <lID

1,I-DicWoroethene 111g/kg <7U <IOU <12U <17R <12U <llUJ

1,2-DicWoroethane l1g/kg 4,800 <7U <IOU <12U <17R <12U <lID

1,2-DicWoropropane l1g/kg <7U <IOU <12U <17R <12U <lID

I2-Butanone ug/kg 2,900 7J l4J 10J <33R <23U <2ID

~-Hexanone ug/kg 4,800 <14U <20U <24U <33R <23U <2lU
I4-Methyl-2-Pentanone lug/kg 4,800 <14U <20U <24U <33R <23U <21U
Acetone 111g/kg 2,300 220 83J 390J <210R . <150U <1 IOU

Benzene lug/kg ,290 <7U <IOU <12U <17R <12U <llUJ

IBromodicWoromethane Ilg/kg 10,000 <7U <IOU <12U <17R <12U <lID

!Bromoform lug/kg 12,000 <7U <IOU <12U <17R <12U <lID

!Bromomethane lug/kg <7U <IOU <12U <17R <12U <lID

Carbon Disulfide lug/kg 220 <lID <lID <12U <24R <12U <lID

Carbon TetracWoride !ug/kg 7,800 <7U <IOU <12U <17R <12U <IIU

tWorobenzene ug/kg 7,200 <7U <IOU <12U <17R <12U <llUJ
CWoroethane ug/kg 2,900 <7U <IOU <12U <17R <12U <lID

Chloroform l1g/kg 5,700 <7U <IOU <12U <17R <12U <lID

CWoromethane l1g/kg 2,100 <7U <IOU <12U <17R <12U <llU

is-I,2-Dichloroethene l1g/kg 3,700 <7U <IOU <12U <17R <12U <IIUJ
is-I,3-DicWoropropene l1g/kg <7U <IOU <12U <17R <12U <llU

DibromocWoromethane l1g/kg <7U <IOU <12U <17R <12U <lID
Ethylbenzene lug/kg 9,700 <7U <IOU. <12U <17R <12U <lID
!M,P-Xylenes lug/kg 9,700 <14U <20U <24U <33R <23U <21U

!Methylene Chloride lug/kg 2,600 <37UJ <lOUJ <89UJ <17R <12UJ <IIUJ
la-Xylene lug/kg 9,700 <7U <IOU <12U <17R <12U <llU
Styrene lug/kg 9,100 <7U <IOU <12U <17R <12U <lID
tretrachloroethene 111g/kg 9,200 <7U <IOU <12U <17R <12U <lID

troluene lug/kg 8,200 <7U <IOU <12U <17R <12U <lID
trans-I,2-DicWoroethene lug/kg 4,800 <7U <IOU <12U <17R <12U <llUJ
rans-l,3-Dichloropropene lug/kg <7U <IOU <12U <17R <12U <lID

Irrichloroethene 111g/kg 6,500 <7U <IOU <12U <17R <12U <llUJ
Ivinyl Chloride 111g/kg <7U <IOU <12U <17R <12U <lID

NOTE: Ilg/kg = Micrograms per kilogram.
U = Undetected.
R = The data areUnusable (compound mayor may not be present).
UJ = The compound was analyzed for, but not detected. The associated numerical value is the

estimated sample quantitation limit.
J = Estimated.

* = Exceeds Project Action Level.

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment ofIR Program Site 16
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Location ill AH-17 AH-23 AH-26' AH-28 AH-29 AH-32
Sample Date 3/23/04 3/24/04 3/27/04 3/25/04 3/26/04 3/26/04

Chemical Name Unit Screening Level

1,1,2,2-Tetrachloroethane lug/kg 8,300 <15U <IOU <8U <5U <13U <IIU

1,1,2-Trichloroethane lug/kg 6,000 <15U <IOU <8U <5U <13U <IIU

1,I-Dichloroethane :!1g!kg 4,800 <15U <IOU <8U <5U <13U <IIU

1,I-Dichloroethene lug/kg <15U <IOU <8U <5U <13U <IIU
1,2-Dichloroethane lug/kg 4,800 <15U <IOU <8U <5U <13U <l1U
1,2-Dichloropropane lug/kg <15U <IOU <8U <5U <13U <IIU

I2-Butanone lug/kg 2,900 20J <21U <17U <IOU <27U 17J

I2-Hexanone
.

1!1g/kg 4,800 <30U <21U <17U <IOU <27U <23U
~-~ethyl-2-Pentanone 1!1g/kg 4,800 <30U <21U <17U <IOU <27U <23U

IAcetone 1!1g/kg 2,300 200 <2 IOU <67UJ <84UJ <93UJ <130U

!Benzene I!1g!kg 290 <15U <IOU <8U <5U <13U <l1U

!Bromodichloromethane 1!1g/kg 10,000 <15U <IOU <8U <5U <13U <IIU

Bromoform lug/kg 12,000 <15U <IOU <8U <5U <13U <llU
Bromomethane lug/kg <15U <IOU <8U <5U <13U -<l1U

Carbon Disulfide l!1g!kg 220 <24U <IOU <9U <5U <13U <IIU

Carbon Tetrachloride 1!1g/kg 7,800 <15U <IOU <8U <5U <13U <IIU

Chlorobenzene lug/kg 7,200 <15U <IOU <8U <5U <13U <11U

Chloroethane lug/kg 2,900 <15U <IOU <8U <5U <13U <llU

Chloroform lug/kg 5,700 <15U <IOU <8U <5U <13U <llU

Chloromethane iug/kg 2,100 <15U <IOU <8U <5U <13U <llU

ris-I,2-Dichloroethene lug/kg 3,700 <15U <IOU <8U <5U <13U 5J
ris-I,3-Dichloropropene Ug!kg <15U <IOU <8U <5U <13U <llU

Dibromochloromethane ug/kg <15U <IOU <8U <5U <13U <11U

Ethylbenzene ug/kg 9,700 <15U <IOU <8U <5U <13U <l1U

IM,P-Xvlenes ug/kg 9,700 <30U <21U <17U <IOU <27U <23U
Methylene Chloride lug/kg 2,600 <15UJ <10UJ <8UJ <5UJ <13UJ <11UJ

p-Xylene 1!1g/kg 9,700 <15U <IOU <8U <5U <13U <llU

Styrene l!1g/kg 9,100 <15U <IOU <8U <5U <13U <llU

~etrachloroethene lug/kg 9,200 <15U <IOU <8U <5U <13U <llU

~oluene lug/kg 8,200 <15U <IOU <8U <5U <13U <llU

ltrans-l,2-Dichloroethene lug/kg 4,800 <15U <IOU <8U <5U <13U <IIU

rans-l,3-Dichloropropene lug/kg <15U <IOU <8U <5U <13U <l1U

Irrichloroethene lug/kg 6,500 <15U <IOU <8U <5U <13U <llU

lVinyl Chloride !1g/kg <15U <IOU <8U <5U <13U <llU

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16
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Location ill AH-33 DUP AH-33 AH-35 AH-40 AH-42 AH-45
Sample Date 3/26/04 3/26/04 3/26/04 3/27/04 3/27/04 3/26/04

Chemical Name Unit Screening Level -
1,1,2,2-TetracWoroethane . llg/kg 8,300 <IOU <IOU <12U <5U <5U <12U

1,1,2-TricWoroethane 'llg/kg 6,000 <IOU <IOU <12U <5U <5U <12U

1, 1-DicWoroethane llg/kg 4,800 <IOU <IOU <12U <5U <5U <12U

1,1-DicWoroethene llg/kg <IOU <IOU .<12U <5U <5U <12U

1,2-Dichloroethane llg/kg 4,800 <IOU <IOU <12U <5U <5U <12U

1,2-DicWoropropane llg/kg <IOU <IOU <12U <5U <5U <12U

~-Butanone llg/kg 2,900 23 17J 20J 8 8J 15J

2-Hexanone Illg/kg 4,800 <20U <20U <25U <IOU <IOU <24U
4-Methyl-2-Pentanone Illg/kg 4,800 <20U <20U <25U <IOU <IOU <24U
Acetone Illg/kg 2,300 <85U <120U <91U <45U <52UJ <190U
Benzene Illg/kg 290 <IOU <IOU <12U <5U <5U <12U
IBromodicWoromethane Illg/kg 10,000 <IOU <IOU <12U <5U <5U <12U

IBromoform Illg/kg 12,000 <IOU <IOU <12U <5U <5U <12U

IBromomethane Illg/kg <IOU <IOU <12U <5U <5U <12U

tarbon Disulfide Illg/kg 220 <IOU <IOU <12U <IOU <5U <12U

tarbon Tetrachloride Illg/kg 7,800 <IOU <IOU <12U <5U <5U <12U

Chlorobenzene llg/kg 7,200 <IOU <IOU <12U <5U <5U <12U

~Woroethane llg/kg 2,900 <IOU <IOU <12U <5U <5U <12U

CWoroform llg/kg 5,700 <IOU <IOU <12U <5U <5U <12U

tWoromethane llg/kg 2,100 <IOU <IOU <12U <5U <5U <12U

lris-1,2-DicWoroethene llg/kg 3,700 <IOU 6J <12U <5U <5U <12U
lris-1,3-Dichloropropene llg/kg <IOU <IOU <12U <5U <5U <12U

lDibromochloromethane llg/kg <IOU <IOU <12U <5U <5U <12U
IEthylbenzene llg/kg 9,700 <IOU <IOU <12U <5U <5U <12U

IM,P-Xy1enes llg/kg 9,700 <20U <20U <25U <IOU <IOU <24U
Methylene Chloride . llg/kg 2,600 <10UJ <10UJ <12UJ <5UJ <5UI <63UJ
O-Xy1ene llg/kg 9,700 <IOU <IOU <12U <5U <5U <12U
Styrene llg/kg 9,100 <IOU <IOU <12U <5U <5U <12U
TetracWoroethene llg/kg 9,200 <IOU <IOU <12U <5U <5U <12U
Toluene Illg/kg 8,200 <IOU <IOU <12U <5U <5U <12U
rans-1,2-DicWoroethene Illg/kg 4,800 <IOU <IOU <12U <5U <5U <12U
rans-1,3-DicWoropropene Illg/kg <IOU <IOU <12U <5U ·<5U <12U

TricWoroethene Illg/kg 6,500 <IOU <IOU <12U <5U <5U <12U
Vinyl Chloride Illg/kg <IOU <IOU <12U <5U <5U <12U

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16
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AH-47 AH-49 AH-51 COREI- COREI- REFI-I
Location ill BOT TOP
Sample Date 3/26/04 3/25/04 3/27/04 3/27/04 3/27/04 3/24/04

Chemical Name Unit Screening Level

1,1,2,2-TetracWoroethane Illg/kg 8,300 <5U <5U <l1U <5U <5U <5U
I, I ,2-TricWoroethane Illg/kg 6,000 <5U <5U <l1U <5U <5U <5U
1,I-DicWoroethane Illg/kg 4,800 <5U <5U <IIU <5U <5U <5U

1,I-DicWoroethene Illg/kg 0.9J <5U <llU <5U <5U <5U

1,2-DicWoroethane lJ.1g/kg 4,800 <5U <5U <l1U .<5U <5U <5U

1,2-DicWoropropane Illg/kg <5U <5U <IIU <5U <5U <5U

~-Butanone Illg/kg 2,900 8J <IOU 16J 5J 5J <IOU
Q-Hexanone Illgikg 4,800 <IOU <IOU <22U <IOU <IOU <IOU
4-Methvl-2-Pentanone Illg/kg 4,800 <IOU <IOU <22U <IOU <IOU <IOU
Acetone Illg/kg 2,300 <72UJ <79U <2IOUJ <65UJ <20U <70U
Benzene Illg/kg 290 <5U <5U <IIU <5U <5U <5U
BromodicWoromethane Illg/kg 10,000 <5U <5U <llU <5U <5U <5U
Bromoform Illg/kg 12,000 <5U <5U <l1U <5U <5U <5U
IBromomethane llg/kg <5U <5U <llU <5U <5U <5U

K:arbon Disulfide J.1g/kg 220 <5U <5U <l1U <5U <5U 46

K:arbon TetracWoride lJ.1g!kg 7,800 <5U <5U <IIU <5U <5U <5U

K:hlorobenzene J.1g/kg 7,200 <5U <5U <IIU <5U <5U <5U

thloroethane J.1g/kg 2,900 <5U <5U <IIU <5U <5U <5U

tWoroform J.1g/kg 5,700 <5U <5U <IIU <5U <5U <5U

tWoromethane J.1g/kg 2,100 <5U <5U <l1U <5U <5U <5U

lris-I,2-Dichloroethene J.1g/kg 3,700 880 <5U <IIU <5U <5U <5U

lris-I,3-Dichloropropene llg!kg <5U <5U <llU <5U <5U <5U

lDibromocWoromethane Ilg/kg <5U <5U <llU <5U <5U <5U
IEthylbenzene llg/kg 9,700 <5U <5U <llU <5U <5U <5U
!M,P-Xylenes J.1g/kg 9,700 <IOU <IOU <22U <IOU <IOU <IOU

!Methylene Chloride J.1g!kg 2,600 \ <5UJ <5UJ <IIUJ <5UJ <5UJ <5UJ

p-Xylene llg/kg 9,700 <5U <5U <llU <5U <5U <5U
Styrene llg/kg 9,100 <5U <5U <l1U <5U <5U <5U

ITetracWoroethene llg!kg 9,200 <5U <5U <llU <5U <5U <5U

~oluene .J.1g/kg 8,200 <5U <5U <l1U <5U <5U <5U

~ans-I ,2-DicWoroethene J.1g!kg 4,800 3J <5U <l1U <5U <5U <5U

rans-I,3-Dichloropropene llg/kg <5U <5U <IIU <5U <5U <5U

~ricWoroethene llg/kg 6,500 2J <5U <IIU <5U <5U 11

!Vinyl CWoride ,llg/kg <5U <5U <llU <5U <5U <5U

NCBC Davisville
North Kingstown, Rhode Island
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Location ID REFI-2 REF1-4 REF2-1 REF2-3 REF2-5 REF3-1

Sample Date 3/24/04 3/24/04 3/24/04 3/24/04 3/24/04 3/25/04

Chemical Name Unit Screening Level

I, I ,2,2-Tetrachloroethane Illg/kg 8,300 <5U <7U <8U <6U <5U <8U

I, I ,2-Trichloroethane Illg/kg 6,000 <5U <7U <8U <6U <5U <8U

I,1-Dichloroethane lug/kg 4,800 <5U <7U <8U <6U <5U <8U

I,I-Dichloroethene lug/kg <5U <7U <8U <6U <5U <8U

1,2-Dichloroethane lug/kg 4,800 <5U <7U <8U <6U <5U <8U

1,2-Dichloropropane lug/kg <5U <7U <8U <6U <5U <8U

12-Butanone lug/kg 2,900 <IOU 38 <16U <12U <IOU 13J

2-Hexanone lug/kg 4,800 <IOU <14U <16U <12U <IOU <16U

4-Methyl-2-Pentanone lug/kg 4,800 <IOU <14U <16U <12U <IOU <16U

IAcetone lug/kg 2,300 <52U <200U <140U <74U <65U <150U

!Benzene lug/kg 290 <5U <7U <8U <6U <5U <8U

IBromodichloromethane lug/kg 10,000 <5U <7U <8U <6U <5U <8U

!Bromoform ·Ilg/kg 12,000 <5U <7U <8U <6U <5U <8U

!Bromomethane Ilg/kg <5U <7U <8U <6U <5U <8U

Carbon Disulfide Ug!kg 220 12 <16U <14U <8U <3U <8U

K;arbon Tetrachloride ug/kg 7,800 <5U <7U <8U <6U <5U <8U

Chlorobenzene ug/kg 7,200 <5U <7U <8U <6U <5U <8U

':hloroethane lug/kg 2,900 <5U <7U <8U <6U <5U <8U

Chloroform Ilg/kg 5,700 <5U <7U <8U <6U <5U <8U

K;hloromethane lug/kg 2,100 <5U <7U <8U <6U <5U <8U

hs-I,2-Dichloroethene lug/kg 3,700 <5U <7U <8U <6U <5U <8U

is-l,3-Dichloropropene Illg/kg <5U <7U <8U <6U <5U <8U

Dibromochloromethane Illg/kg <5U <7U <8U <6U <5U <8U

Ethylbenzene lug/kg 9,700 <5U <7U <8U <6U <5U <8U

M,P-Xylenes lug/kg 9,700 <IOU <14U <16U <12U <IOU <16U

Methylene Chloride lug/kg 2,600 <5UJ <7UJ '<8UJ <6UJ <5UJ <8UJ

la-Xylene lug/kg 9,700 <5U <7U <8U <6U <5U <8U

Styrene lug!kg 9,100 <5U <7U <8U <6U <5U <8U

rretrachloroethene Illg/kg 9,200 <5U <7U <8U <6U <5U <8U

rroluene lug/kg 8,200 <5U <7U <8U <6U <5U <8U

rans-l,2-Dichloroethene lug/kg 4,800 <5U <7U <8U <6U <5U <8U

rans-l,3-Dichloropropene Illg/kg <5U <7U <8U <6U <5U <8U

rrrichloroethene lug/kg 6,500 <5U <7U ·<8U <6U <5U <8U

lVinyl Chloride lug/kg <5U <7U <8U <6U <5U <8U

NCBC Davisville
North Kingstown, Rhode Island
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Location ill REF3-2 REF3-4

Sample Date 3/25/04 3/25/04
Chemical Name Unit Screening Level

1,1,2,2-TetracWoroethane .Jlg/kg 8,300 <7U <6U
1,1,2-TricWoroethane Jlg/kg 6,000 <7U <6U
1,I-DicWoroethane Jlg/kg 4,800 <7U <6U
1,I-DicWoroethene Jlg/kg <7U <6U
1,2-DicWoroethane Jlg/kg 4,800 <7U <6U
1,2-DicWoropropane Ilg/kg <7U <6U
12-Butanone Ilg/kg 2,900 13J 13
12-Hexanone Ilg/kg 4,800 <14U <13U
4-Methyl-2-Pentanone Ilg/kg 4,800 <14U <13U
Acetone Illg/kg 2,300 <150U <440U
Benzene Illg/kg 290 <7U <6U
BromodicWoromethane Illg/kg 10,000 <7U <6U
Bromoform Illg/kg 12,000 <7U <6U
Bromomethane IJlg/kg <7U <6U
("'arbon Disulfide IJlg/kg 220 <7U <6U
Carbon TetracWoride Illg/kg 7,800 <7U <6U
CWorobenzene Illg/kg 7,200 <7U <6U

IChloroethane Ilg/kg 2,900 <7U <6U

ICWoroform llg/kg 5,700 <7U <6U

ICWoromethane Ilg/kg 2,100 <7U <6U
bs-l,2-DicWoroethene Ilg/kg 3,700 <7U <6U
lris-l,3-Dichloropropene llg/kg <7U <6U
lDibromocWoromethane llg/kg <7U <6U

!Ethylbenzene llg/kg 9,700 <7U <6U
IM,P-Xvlenes Ilg/kg 9,700 <14U <13U
Methylene Chloride llg/kg 2,600 <7UJ <13UJ
p-Xylene Jlg/kg 9,700 <7U <6U
Styrene Ilg/kg 9,100 <7U <6U
IfetracWoroethene llg/kg 9,200 <7U <6U
[Toluene llg/kg 8,200 <7U <6U
'{rans-I,2-DicWoroethene Jlg/kg 4,800 <7U <6U
Ifrans-l,3-DicWoropropene Jlg/kg <7U <6U

[TricWoroethene Jlg/kg 6,500 <7U <6U

lVinyl CWoride Jlg/kg <7U <6U

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16
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TABLE A-2 POLYCYCLIC AROMATIC HYDROCARBONS DETECTED IN SEDIMENT, MARCH 2004

Location ID AH-06 AH-ll
DUP AH-06 AH-08 DUP AH-11 AH-17 AH-23 AH-26

Sample Date 3/23/04 3/23/04 3/22/04 3/22/04 3/22/04 3/23/04 3/24/04 3/27/04
Chemical Name Unit Screening Level

~-Methylnaphthalene Ilg/kg 70 8.24 J 9.24 J 16.12 J 16.31 13.37 21.51 J 23.13 21.20 J
!Acenaphthene Ilg/kg 16 7.73 8.62 13.69 J 22.77* 20.33* 22.87 J* 56.52* 37.73*
!Acenaphthylene Ilg/kg 44 52.99 J* 58.74 J* 115.95J* 148.52* 121.50* 171.97 J* 259.86* 285.68 J*
!Anthracene Ilg/kg 85 78.59 93.37* 180.96 J* 188.33* 166.67* 208.38 J* 390.41* 314.15*
Benzo(a)Anthracene Ilg/kg 260 154.97 167.23 333.13J* 326.25* 324.68* 380.61 J* 665.32* 535.47*
Benzo(a)Pyrene Ilg/kg 430 194.69 213.60 386.33 J 465.48* 425.84 497.20 J* 829.48* 664.35*
Benzo(b)Fluoranthene Ilg/kg 240 254.02* 280.68* 572.41 J* 584.48* 525.88 J* 641.86 J* 1,137.00* 789.32*
Benzo(k)Fluoranthene J.1gfkg 240 244.66* 270.95* 518.85 J* 551.87* 500.30 J* 617.11J* 999.91* 709.63*
Benzorg,h,ilPerylene J.1gfkg 290 152.79 173.03 309.96 J* 359.99* 326.92* 411.55 J* 605.79* 498.24*
Chrysene Ilg/kg 380 252.47 292.35 615.92 J* 571.49* 549.07 J* 626.91 J* 1,110.94* 871.45*
Dibenzo(a,h)Anthracene J.1g/kg 63 39.27 43.37 74.94 J* 90.56* 82.28* 100.55 J* 160.00* 137.19*
Fluoranthene J.1g/kg 600 335.13· 376.06 660.03 J* 746.19* 694.90 J* 1,083.67 J* 1,914.77* 1,519.36*
Fluorene J.1g/kg 19 14.45 16.83 25.07 J* 33.55* 30.13* 39.43 J* 73.35* 74.23*
ndeno( 1,2,3-cd)Pyrene J.1g!kg 78 179.39* 204.58* 356.55 J* 411.62* 367.47 J* 462.31 J* 722.15* 572.98*

Naphthalene J.1g/kg 160 16.91 J 18.32 J 29.74 J 32.90 26.77 45.09 J 46.10 36.52 J
Phenanthrene J.1g!kg 240 157.03 177.09 303.89 J* 474.38* 396.25* 497.50 J* 924.53* 1,193.18*
Pyrene J.1g!kg 670 368.78 406.32 1,125.23 J* 894.36* 790.88* 1,049.11 J* 1,957.11* 1,533.21*

NOTE: J.1g!kg = Micrograms per kilogram.
J = Estimated.
* = Exceeds Project Action Level.
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Location ID AH-28 AH-29 AH-32 AH-33 AH-33 AH-35 AH-40 AH-42
DUP

Sample Date 3/25/04 3/26/04 3/26/04 3/26/04 3/26/04 3/26/04 3/27/04 3/27/04
Chemical Name Unit Screening Level

~-Methylnaphthalene Jlg/kg 70 39.74 213.46 J* 23.61 17.83 25.49 44.83 22.22 J 16.52
Acenaphthene Jlg/kg 16 56.46* 97.39* 39.09* 34.08 J* 70.70 J* 294.89* 115.80* 30.65*
Acenaphthylene Jlg/kg 44 785.17* 534.97 J* 272.86* 196..76* 275.93* 231.15* 27.95 J 314.45*
Anthracene Ilg/kg 85 792.27* 758.28* 308.66* 254.17* 373.96* 693.13* 203.32* 324.70*
Benzo(a)Anthracene Ilg/kg 260 1,339.47* 1,187.49* 504.90* 452.28* 684.19* 1,596.69* 441.24* 700.42*
Benzo(a)pyrene Ilg/kg 430 1,623.42* 1,503.46* 702.88* 543.51 * 819.88* 1,560.65* 389.82 847.16*
Benzo(b)Fluoranthene Ilg/kg 240 1,745.90* 2,195.47* 850.15* 723.68* 981.63* 1,765.93* 420.58* 952.29*
Benzo(k)Fluoranthene Ilg/kg 240 1,725.11* 2,033.61* 826.73* 657.52* 983.43* 1,643.93* 433.61 * 931.27*
Benzorg,h,ilPerylene Ilg/kg 290 1,243.88* 1,067.85* 569.33* 426.88* 634.64* 1,000.56* 244.50 575.27*
Chrysene Jlg/kg 380 2,227.35* 1,974.39* 892.57* 745.64* 1,095.87* 2,034.63* 501.01 * 1,078.97*
Dibenzo(a,h)Anthracene Jlg/kg 63 317.72* 288.39* 142.26* 109.07* 163.99* 292.59* 75.76* 163.45*
Fluoranthene Jlg/kg 600 4,081.99* 4,751.11* 1,441.22* 1,548.52* 2,003.94* 3,720.28* 1,100.26* 1,742.77*
Fluorene Ilg/kg 19 145.02* 136.72* 60.21 * 50.89 J* 87.36 J* 248.78* 89.67* 82.30*
ndeno( 1,2,3-cd)Pyrene Ilg/kg 78 1,361.12* 1,294.80* 643.03* 500.69* 733.91 * 1,233.47* 306.66* 658.06*

Naphthalene Ilg/kg 160 67.83 128.42 J 47.25 33.56 51.39 91.66 45.59 J 32.19
IPhenanthrene Ilg/kg 240 3,316.29* 1,486.20* 981.88* 758.70* 1,169.38* 2,544.73* 763.05* 1,430.20*
lPyrene Ilg/kg 670 4,143.47* 4,322.01 * 1,579.40* 1,390.76* 1,904.58* 3,322.77* 904.73* 1,705.00*

NCBC Davisville
NemgstOwn, Rhode Island
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Location ID AH-45 AH-47 AH-49 AH-51 COREl-BOT COREl-TOP REFl-l REF 1-2
Sample Date 3/26/04 3/26/04 3/25/04 3/27/04 3/27/04 3/27/04 3/24/04 3/24/04

Chemical Name Unit Screening Level

~-Methylnaphthalene Ilg/kg 70 15.76J 16.05 51.56 J 22.80·J 6.28 32.75 <0.25 U 0.43
IAcenaphthene Ilg/kg 16 36.64 J* 32.71* 70.16* 33.37 J* 18.98* 213.90* 0.10 J 0.15 J
IAcenaphthylene Ilg/kg 44 143.74 J* 238.43* 791.31 J* 354.73 J* 33.33 54.24* 0.56 0.92
IAnthracene Ilg/kg 85 197.53J* 244.43* 814.22* 358.53 J* 79.68 302.24* 0.86 1.24
lBenzo(a)Anthracene Ilg/kg 260 362.69 J* 502.65* 1,502.30* 530.25 J* 145.37 737.41 * 2.01 2.51
Benzo(a)Pyrene Ilg/kg 430 452.96 J* 549.11* 1,654.23* 739.58 J* 110.10 668.48* 2.41 3.90
Benzo(b)Fluoranthene Ilg/kg 240 592.35 J* 554.41* 1,724.54* 906.18 J* 196.12 718.80* 2.52 4.76 .
Benzo(k)Fluoranthene Ilg/kg 240 532.37 J* 568.44* 1,799.07* 876.16 J* 188.42 717.41* 2.42 4.58
Benzo[g,h,i]Perylene Ilg/kg 290 359.63 J* 386.32* 1,241.54* 633.68 J* 84.54 401.58* 2.16 4.36
Chrysene Ilg/kg 380 583.33 J* 738.64* 2,416.21* 981.43 J* 274.36 855.55* 2.35 3.67
Dibenzo(a,h)Anthracene Ilg/kg 63 94.77 J* 100.96* 331.17* 157.21 J* 22.72 124.04* 0.44 0.92
Fluoranthene Ilg/kg 600 1,018.60 J* 1,455.37* 4,872.56* 1,947.41 J* 776.86* 1,783.54* 4.73 6.22
Fluorene Ilg/kg 19 43.69 J* 63.44* 230.36* 52.88 J* 16.33 155.10* 0.28 . 0.43

ndeno( 1,2,3-cd)Pyrene Ilg/kg 78 422.35 J* 433.05* 1,349.72* 689.38 J* 101.67* 506.20* 2.45 . 4.86'
Naphthalene Ilg/kg 160 30.46 J 31.40 78.46 J 39.27 J 9.45 92.86 <0.86 U < 1.00 U.
Phenanthrene Ilg/kg 240 526.04 J* 1,028.61* 4,493.70* 1,114.52 J* 134.43 1,441.84* 3.12 2.83
Pyrene Ilg/kg 670 933.27 J* 1,353.15* 4,721.00* 1,780.72 J* 604.18 1,560.92* 4.15 5.76

NOTE: U = Undetected.
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Location ID REFI-4 REF2-1 REF2-3 REF2-5 REF3-1 REF3-2 REF3-4 SOURCE1-1
Sample Date 3/24/04 3/24/04 3/24/04 3/24/04 3/25/04 3/25/04 3/25/04 3/26/04

Chemical Name Unit Screening Level

~-Methylnaphthalene Ilg!kg 70 5.07 J 8.16 J 5.02 0.91 4.77 5.42J 3.18 11.17J

iAcenaphthene Ilg/kg 16 2.15 3.46 2.11 0.46 4.08 5.82 3.27 12.26

iAcenaphthylene Ilg!kg 44 13.02 J 18.30 J 11.84 2.32 18.54 27.11 J 12.51 159.35 J.

iAnthracene Ilg/kg 85 18.21 24.55 15.87 2.95 28.79 52.05 24.61 529.63·
!Benzo(a)Anthracene Ilg/kg 260 36.82 48.84 31.22 6.96 86.82 175.29 74.24 770.25·
Benzo(a)Pyrene Ilg/kg 430 54.75 74.11 48.35 9.49 115.78 206.95 90.04 318.34
Benzo(b)Fluoranthene Ilg/kg 240 68.74 92.88 57.66 10.15 120.11 203.99 89.22 1,020.86·
Benzo(k)Fluoranthene Ilglkg 240 58.71 80.25 50.46 10.00 119.13 202.15 83.62 985.73·
Benzofg,h,ilPerylene Ilg/kg 290 52.46 67.10 46.21 8.70 91.76 148.83 65.50 300.82·
Chrysene Ilglkg 380 48.48 64.66 43.40 8.54 103.70 188.13 78.42 1,297.64·
Dibenzo(a,h)Anthracene Ilg/kg 63 11.73 15.10 10.59 1.89 21.04 36.27 15.99 116.24·
Fluoranthene Ilg/kg 600 90.43 115.97 68.33 . 14.47 199.60 406.54 168.96 2,548.92·

Fluorene Ilg/kg 19 5.97 8.62 5.25 1.01 9.77 16.22 7.01 42.99·
ndeno( 1,2,3-cd)Pyrene Ilg/kg 78 61.45 79.62· 53.12 9.98 112.25· 186.49· 79.31· 435.21·

Naphthalene Ilg/kg 160 10.82 J 16.73 J 10.33 2.78 10.41 13.96 J 7.23 18.95 J
Phenanthrene Ilg/kg 240 34.40 43.53 31.00 7.41 78.59 164.01 64.80 363.61·
Pyrene Ilglkg 670 78.35 104.41 64.50 13.73 172.48 345.26 143.79 2,131.25·

NCBC Davisville
NO.ingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment ofIR Program Site 16
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Location ID SOURCEI-2 SOURCE2-1 SOURCE2-2 SOURCE3-1 SOURCE3-2 SOURCE4-1
Sample Date 3/26/04 3/26/04 3/26/04 3/26/04 3/26/04 3/24/04

Chemical Name Unit Screening Level

~-Methylnaphthalene Ilglkg 70 50.00 J 9,428.33 J* 10,012.10 J* 4.15 J 99.56 J* 15.30 J
!Acenaphthene Ilglkg 16 47.19 J* 440.58* 748.75* 4.93 64.95* 24.44*
!Acenaphthylene Ilg/kg 44 963.01 J* <R 650.90 J* 11.28 J 26.26 J 172.28 J*
!Anthracene Ilglkg 85 1,885.32 J* 222.68* 651.79* 20.83 66.01 211.64*
lBenzo(a)Anthracene Ilg/kg 260 3,812.16 J* 314.01 * 1,059.88* 58.96 186.42 321.70*
lBenzo(a)Pyrene Ug!kg 430 2,338.54 J* 328.14 988.67* 42.38 170.42 369.75
lBenzo(b)Fluoranthene ug/kg 240 7,235.67 J* '. 382.86* 1,128.68* 66.93 261.65* 494.83*
lBenzo(k)Fluoranthene ug/kg 240 6,221.25 J* 347.37* 1,029.39* 62.47 213.57 464.01*
lBenzorg,h,ilPerylene Ilg/kg 290 1,904.12 J* 295.21* 875.34* 44.71 154.26 357.35*
thrysene Ilg/kg 380 6,548.95 J* 338.46 1,207.94* 67.89 213.61 636.01 *
10ibenzo(a,h)Anthracene Ilg/kg 63 824.90 J* 91.54* 258.74* 13.09 46.30 83.98*
IFluoranthene Ilglkg 600 6,958.00 J* 461.79 1,942.94* 136.26 329.37 1,202.09*
IFluorene ug/kg 19 144.77 J* 677.93* 983.53* 5.49 66.46* 44.35*
~ndeno(1,2,3-cd)Pyrene ug/kg 78 2,707.70 J* 307.27* 935.45* 51.87 180.88* 362.83*
lNaphthalene Ilg/kg 160 121.50 J 3,366.92 J* 3,685.04 J* 13.46 J 163.29 J* 29.74 J
IPhenanthrene Ilg/kg 240 959.02 J* '1,563.07* 2,766.64* 92.64 235.38 916.28*
lPyrene Ilglkg 670 8,016.78 J* 491.82 1,739.83* 106.45 271.02 1,089.54*
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TABLE A 3 - PESTICIDES AND PCB DETECTED IN SEDIMENT, MARCH 2004

ChemicafName

4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
Alpha BHC
Alpha-Chlordane
Beta BHC
Delta BHC
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan Sulfate
Endrin
Endrin Aldehyde
Endrin Ketone
Gamma BHC (Lindane)
Gamma-Chlordane
Heptachlor
Heptachlor Epoxide
Methoxychlor
Toxaphene
PCB-IOI6
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB·1254
PCB-1260

Unit

Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
ug/kg
Ilg/kg
Ilg/kg
Ilg/kg
ug/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
ug/kg

Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
ug/kg

Location ID
Sample Date

Screening Level

2
2

9.5
3

3.2
3.2
0.02

0.02
0.02
0.02
2.4

0.3
2.47
0.3

23
23
23
23
23
23
23

AH-03
3/23/04

< 1.3 U
1.6

< 1.3 U
< 0.65 U
< 0.65 U
< 0.65 U
<4.2 R

< 0.65 U
<I.3U

< 0.65 U
<I.3U
<I.3U
<I.3U
< 1.3 U
<I.3U

< 0.65 U
< 0.66 R
< 1.2 R

< 0.65 U
< 6.5 U
<65 U
<13U
<25 U
<13U
< 13 U
< 13 U
<13U
<13U

AH-06 DUP
3/23/04

< 17U
<34 U
<17U
< 17 U
<17U
< 17 U

21

AH-06
3/23/04

< 1.7 U
< 1.7 U
< 1.7 U
< 0.86 U
< 0.86 U
< 0.86 U
< 0.86 U
< 0.86 U
< 1.7 U

< 0.86 U
< 1.7 U
<I.7U
<I.7U
<I.7U
< 1.7 U

< 0.86 UJ
< 0.86 U
< 0.86 U
< 0.86 U
< 8.6 U
<86 U
< 17 U
<34 U
< 17 U
< 17U
< 17 U
< 17U

19 J

AH-08
3/22/04

<I.3R
1.6 J

< 1.3 R
< 0.68 R
< 0.68 R
< 0.68 R
<0.68 R
< 0.68 R
< 1.3 R
< 0.68 R
<I.3R
< 1.3 R
<I.3R
< 1.3 R
< 1.3 R
<I.IR

< 0.68 R
< 1.4 R
<2.1 R
<6.8 R
<68 R
< 13 R
<27 R
< 13 R
< 13 R
< 13 R
< 13 R

21 J

AH-II DUP
3/22/04

< 1.8 U
2.7 J *
< 1.8 U

<0.92 U
< 0.92 U
< 0.92 U
<0.92 U
<0.92 U
< 1.8 U

<0.92 U
< 1.8 U
< 1.8 U
< 1.8 U
< 1.8 U
< 1.8 U
< 0.92 U

3.4 J
< 0.92 U
< 0.92 U
<9.2 U
<92U
< 18 U
<36 U
< 18 U
< 18 U
< 18 U
< 18U

34*

AH-II
3/22/04

< 1.8 U
< 1.8 UJ
< 1.8 U

<0.94 U
<0.94 U
<0.94 U
<4.8 R

<0.94 U
< 1.8 U

< 0.94 UJ
< 1.8 U
< 1.8 U
< 1.8U
< 1.8 U
< 1.8 UJ
< 0.94 UJ

1.7 J
<3R

<0.94 U
< 9.4 UJ
<94 U
< 18 U
<37 U
< 18 U
< 18 U
< 18 U
< 18 U
30 J*

AH-17
3/23/04

< 1.5 U
< 1.5 U
< 1.5 U

<0.76 U
<0.76 U
< 0.76 U
< 5.3 R

< 0.76 U
< 1.5 U
< 0.76 U
< 1.5 U
<1.5U
< 1.5 U
< 1.5 U
< 1.5 U

<0.76 U
5.3 J

< 0.76 U
<6.4 R
<7.6 U
<76 U
<13R
<27 R
< 13 R
<13R
< 13 R
<13R

17 J

AH-23
3/24/04

< 1.8 U
3.4 J *
< 1.8 U

<0.94 U
<0.94 U
< 0.94 U
<0.94 U
<0.94 U
<9.6R

<0.94 U
< 1.8 U
< 1.8 U
< 1.8 U
< 1.9 R
< 1.8 U
<2R

10
<0:94 U'
<0.94 U
<9.4 U
<94 U
< 17U
<34 U
< 17U
< 17 U
< 17 U
< 17 U

70*

*
UJ

NOTE: Ilg/kg = Micrograms per kilogram.
U = Undetected.
R = The data are unusable (compound mayor may not be present).
J = Estimated.

= Exceeds Project Action Level.
= The compound was analyzed for, but not detected. The associated numerical value is the estimated sample Quantitation limit.
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Location ID AH-26 AH-28 AH-29 AH-32 AH-33 DUP AH-33 AH-35 AH-40
Sample Date 3/27/04 3/25/04 3/26/04 3/26/04 3/26/04 3/26/04 3/26/04 3/27/04

Chemical Name Unit Screening Level

4,4'-DDD Ilg/kg 2 < 1.6 R 1.6 3.3 * < 1.9 R < 1.7 U < 1.8 U <1.3U 1.7
4,4'-DDE Ilg/kg 2 < 1.6R < 1.4 R <1.3U < 1.9 R 2J <2.2R < 1.3 U <0.87 U
4,4'-DDT Ilg/kg 1 < 1.6 R <0.94 U <1.3U < 1.9 R <1.7U < 1.8 U < 1.3 U < 0.87 U
Aldrin . Ilg/kg 9.5 < 0.84 R <0.48 U < 0.68 U < 0.99 R < 0.89 U < 0.91 U <0.68 U < 0.45 U
AlphaBHC Ilg/kg 3 < 0.84 R <0.48U < 0.68 U <0.99 R < 0.89 U < 0.91 U <0.68 U < 0.45 UJ
Alpha-Chlordane Ilg/kg < 0.84 R <2.4 R < 0.68 U < 0.99 R < 0.89 U < 0.91 U < 0.68 U < 0.45 U
Beta BHC Ilg/kg 3.2 <5.7 R < 0.48 U <2.4 R <7.5 R <4.9R <3.9R <2.9R < 0.45 U
Delta BHC Il~ kg 3.2 <0.84 R < 0.48 U < 0.68 U < 0.99 R < 0.89 U < 0.91 U <0.68 U 0.92 J
Dieldrin Il~ kg 0.02 < 1.6 R 8.1 * <4.2R < 1.9 R <3R < 1.8 U < 1.3 U 3.7tr-
Endosulfan I Ilg, kg < 0.84 R <0.48U < 0.68 U < 0.99 R < 0.89 U <0.91 U <0.68 U <0.45 U
Endosulfan II Ilg/kg < 1.6 R <0.94 U < 1.3 U < 1.9 R <1.7U < 1.8 U < 1.3 U < 0.87 U
Endosulfan Sulfate Ilg/kg < 1.6 R <0.94 U <1.3U < 1.9 R < 1.7 U < 1.8 U <1.3U <0.87 U
Endrin Jlg/kg 0.02 < 1.6 R <0.94 U <1.3U < 1.9 R <1.7U < 1.8 U <1.3U < 0.87 U
Endrin Aldehyde Jlglkg 0.02 < 1.6 R <0.94 U <1.3U < 1.9 R <1.7U < 1.8 U < 1.3 U < 0.87 U
Endrin Ketone Ilg/kg 0.02 < 1.6 R <2R <1.3U < 1.9 R <1.7U < 1.8 U <1.3U <0.87 U
Gamma BHC (Lindane) Ilg, kg 2.4 < 0.84 R <0.64 R < 0.68 U <0.99 R < 0.89 U <0.91 U <0.68 U < 0.45 UJ
Gamma-Chlordane Ilg, kg 5.4 J <2.3 R < 5.4 R 6.1 J 6.5 J 7.1 5.1 J < 0.45 U
HeptacWor Ilg, kg 0.3 <0.97 R < 0.48 U < 0.68 U <2.1 R <2.5 R < 1.4 R <9R < 0.45 U
Heptachlor Epoxide Ilg/kg 2.47 <0.84 R < 0.48 U <8.8 R < 0.99 R < 0.89 U < 0.91 U <0.68 U <0.45 U
MethoxycWor Jlg/kg 0.3 <8.4 R <4.8 U <6.8 U <9.9R <8.9U <9.1 U <6.8U <4.5 U
Toxaphene Ilg/kg <84R <48U <68U <99R <89U <91U <68 U <45U
PCB-1016 Ilglkg 23 < 16 U <9.4 U <13U < 19 U < 17 U < 18 U < 13 U <8.7U
PCB-1221 Ilg/kg 23 <33 U < 19U <27U <39U <35 U <36U <27U < 18 U
PCB-1232 Ilg/kg 23 < 16U . < 9.4 U < 13 U < 19U < 17 U < 18 U <13U <8.7U
PCB-1242 Ilg/kg 23 < 16U <9.4 U <13U < 19U < 17 U < 18 U <13U <8.7U
PCB-1248 Ilg/kg 23 < 16 U <9.4 U < 13 U < 19 U < 17 U < 18 U <13U <8.7U
PCB-1254 Ilglkg 23 < 16 U <9.4 U <13U < 19 U < 17 U < 18 U <13U <8.7U
PCB-1260 J.lglkg 23 41* 23* 22 55* 49* 371* 22 32 J*
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Location ID
Sample Date

AH-42
3/27/04

AH-45
3/26/04

AH-47
3/26/04

AH-49
3/25/04

AH-51
3/27/04

COREl-BOT
3/27/04

COREl-TOP
3/27/04

REFl-l
3/24/04

Chemical Name

4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
Alpha BHC
Alpha-Chlordane
BetaBHC
DeltaBHC
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan Sulfate
Endrin
Endrin Aldehyde
Endrin Ketone
Gamma BHC (Lindane)
Gamma-Chlordane
Heptachlor
Heptachlor Epoxide
Methoxychlor
Toxaphene
PCB-IOI6
PCB-I221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

Vnit

Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
l.lg/kg
l.lg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilg/kg
Ilgll<g
Ilg/kg
Ilg/kg

Ilg/kg

Screening Level

2
2

9.5
3

3.2
3.2

0.02

0.02
0.02
0.02
2.4

0.3
2.47
0.3

23
23
23
23
23
23
23

< 1.2 V
< 1.2 V
< 1.2 V

<0.62 V
<0.62 V
<0.62 V
< 1.4 R

< 0.62 V
< 1.2 V

<0.62 V
< 1.2 V
< 1.2 V
< 1.2 V
< 1.2 V
< 1.2 V

< 0.62 V
< 1.8 R

<0.62 V
<0.62 V
<6.2 V
<62 V
< 12 V
<24 V
< 12 V
< 12 V
< 12 V
< 12 V

37*

< 1.3 V
< 1.3 V
<: 1.3 V

<0.68 V
<0.68 V
<0.68 V
<0.68 V
<2.2R
<3.2R
< 1.4 R
< 1.3 V
< 1.3 V
< 1.3 V
< 1.3 V
< 1.3 V
< 0.68 V
<2.2R

< 0.83 R
<20R
<6.8V
<68 V
< 13 V
<27V
<13V
<13V
<13V
<13V

16

<0.94 V
<0.94 V
<0.94 V
<0.49 V
< 0.49 V

2
< 1.4 R

< 0.49 V
<0.94 V
< 0.49 V
<0.94 V
<0.94 V
<0.94 V
<0.94 V
<0.94 V

,<0.49 V
. <2.8 R

<l.lR
< 0.49 V
<4.9V
<49V
<9.4 V
< 19V
<9.4 V
<9.4 V
<9.4 V
<9.4 V

21

< 0.88 V
< 1.4 R

< 0.88 V
< 0.45 V
< 0.45 V
<0.45 V
< 0.45 V
< 0.45 V
< 0.88 V
< 0.45 V
<0.88 V.
<0.88 V
< 0.88 V
< 0.88 V
<0.88 V
<0.45V
< 0.63 R
< 0.45 V
< 0.45 V
<4.5 V
<45V
<8.8V
< 18 V
<8.8V
<8.8V
<8.8V
<8.8V
<8.8V

2.2 J*
2.3 J*
<2V
<IV
<IV
<IV
< 14 R
<IV

<2.4 R
<IV
<2V
<2V
<2V
<2V
<2V
<IV

8.7
< 1.4 R
<4.5 R
< 10V
< 100 V
<20V
<42V
<20V
<20V
<20V
<20V
59 J*

1.71
<0.79 V
<0.79 V
<0.41 V
< 0.41 VJ
<0.41 V
<l.lR
0.53 J

<0.79 V
<0.41V
<0.79V
<0.79 V
<0.79 V
<0.79 V
<0.79V
< 0.41 UJ
<0.41 V
<0.41 V
<0.41 V
<4.1 V
<41V
<7.8V
< 16V
<7.8V
<7.8V
<7.8V
<7.8V

38 J*

1.7J
< 0.84 VJ
< 0.84 UJ
< 0.43 UJ
< 0.43 VJ
< 0.43 UJ
< 1.9 R

2J
< 0.84 UJ
< 0.43 UJ
< 0.84 UJ
< 0.84 UJ
<0.84 VJ
< 0.84 VJ
< 0.84 VJ
< 0.43 UJ

0.88 J
< 0.43 VJ
<0.43 VJ
<4.3 UJ
<43 UJ
< 8.4 V
< 17 V
< 8.4 V
< 8.4 V
< 8.4 V
< 8.4 V

25 J*

< 0.83 V
<0.83 V
<0.83 V
< 0.43 V
<0.43 V
< 0.43 V
<0.43 V
<0.43 V
<0.83 V
<0.43 V
<0.83 V
< 0.83 V
< 0.83 V
< 0.83 V
<0.83 V
<0.43 U
<0.43 V
<0.43 V
<0.43 V
<4.3V
<43 V
<8.4 V
< 17V
<8.4 V
<8.4 V
<8.4 V
< 8.4 V
< 8.4 V
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Chemical Name

4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
AlphaBHC
Alpha-CWordane
Beta BHC
Delta BHC
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan Sulfate
Endrin
Endrin Aldehyde
Endrin Ketone
Gamma BHC (Lindane)
Gamma-CWordane
HeptacWor
Heptachlor Epoxide
Methoxychlor
Toxaphene
PCB-1016
PCB-I221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

Unit

llWkg
llWkg
llWkg
llWkg
llg/kg
llg/kg
J.1g/kg
llWkg
IlWkg
Ilg/kg
J.1g/kg
llg/kg
J.1g/kg
J.1g/kg
llWkg
llWkg
llg/kg
llWkg
Ilg/kg
llg/kg
llg/kg
Ilg/kg
J.1g/kg
J.1g/kg
J.1g/kg
J.1g/kg
Ilg/kg
J.1g/kg

Location ID
Sample Date

Screening Level

2
2

9.5
3

3.2
3.2

0.02

0.02
0.02
0.02
2.4

0.3
2.47
0.3

23
23
23
23
23
23
23

REFI-2
3/24/04

< 0.81 U
< 0.81 U
< 0.81 U
< 0.42 U
< 0.42 U
< 0.42 U
< 0.42 U
< 0.42 U
< 0.81 U
< 0.42 U
< 0.81 U
< 0.81 U
< 0.81 U
< 0.81 U
<0.81 U
< 0.42 U
< 0.42 U
< 0.42 U
< 0.42 U
<4.2 U
<42 U
<8.2U
< 17U
<8.2U
<8.2 U
<8.2U
<8.2 U
<8.2U

REFI-4
3/24/04

<1.1U
<1.1U
<1.1U

<0.57 U
< 0.57 U
< 0.57 U
< 0.57 U
< 0.57 U
<1.1U

< 0.57 U
<1.1U
<1.1U
<1.1U
<1.1U
<1.1U

< 0.57 U
<0.57U
<0.57 U
< 0.57 U
<5.7U
<57U
< 11 U
<23 U
< 11 U
<l1U
<l1U
< 11 U
<l1U

REF2-1
3/24/04

<1.3U
< 1.3 U
< 1.3 U

< 0.68 U
<0.68 U
<0.68 U
<0.68 U
<0.68 U
<1.3U

< 0.68 U
<1.3U
< 1.3 U
<1.3U
<1.3U
<1.3U

< 0.68 U
< 0.68 U
< 0.68 U
< 0.67 R
<6.8 U
<68U
<13U
<27U
< 13 U
< 13 U
<13U
<13U

11 J

REF2-3
3/24/04

< 1.2 U
<1.2U
< 1.2 U
<0.6U
<0.6U
<0.6U
<0.6U
<0.6U
< 1.2 U
<0.6U
< 1.2 U
< 1.2 U
< 1.2 U
< 1.2 U
< 1.2 U
<0.6U
<0.6U
<0.6U
<0.6U
<6U
<60U
< 12 U
<24 U
< 12 U
< 12 U
< 12 U
< 12 U
< 12 U

REF2-5
3/24/04

<0.81 U
<0.81 U
< 0.81 U
<0.42 U
<0.42 U
< 0.42 U
< 0.42 U
<0.42 U
<0.81 U
< 0.42 U
< 0.81 U
< 0.81 U
< 0.81 U
< 0.81 U
< 0.81 U
< 0.42 U
< 0.42 U
<0.42 U
< 0.42 U
<4.2U
<42U
<8.1 U
< 16U
< 8.1 U
< 8.1 U
< 8.1 U
< 8.1 U
< 8.1 U

REF3-1
3/25/04

< 1.5 U
<1.5U
< 1.5 U

<0.76 U
<0.76 U
<0.76 U
<0.76 U
<0.76 U
< 1.5 U

<0.76 U
< 1.5 U
<1.5U
<1.5U
<1.5U
<1.5U

< 0.76 U
<0.76 U
<0.76 U
<0.76 U
<7.6U
<76U
< 15 U
<30U
< 15 U
< 15 U
< 15 U
< 15 U
< 15 U

REF3-2
3/25/04

<1.5U
< 1.5 U
< 1.5 U

<0.79 U
<0.79 U
< 0.79U
<0.79U
< 0.79 U
< 1.5 U

<0.79 U
< 1.5 U
<1.5 U
< 1.5 U
< 1.5 U
< 1.5 U

<0.79 U
<0.79 U
<0.79 U
<0.79 U
<7.9U
<79U
< 15 U
<31 U
< 15 U
< 15 U
< 15 U
< 15 U
< 15 U

REF3-4
3/25/04

<1.1U
<1.1U
<1.1U
<0.56 U
<0.56 U
<0.56 U
<0.56 U
<0.56 U
<1.1U

<0.56 U
<1.1U
<1.1U
<1.1U
<1.1U
<1.1U

< 0.56 U
<0.56U
<0.56 U
<0.56 U
<5.6U
<56U
< 11 U
<22U
<l1U
<l1U
< 11 U
< 11 U
<l1U
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TABLE A-4 INORGANIC COMPOUNDS DETECTED IN SEDIMENT SAMPLES, MARCH 2004

Location ID AH-03 AH-06DUP AH-06 AH-08 AH-ll DUP AH-ll AH-17 AH-23

Sample Date 3/23/04 3/23/04 3/23/04 3/22/04 3/22/04 3/22/04 3/23104 3/24/04

Chemical Name Unit Screening Level

Aluminum mg/kg 26,000 6,540 10,600 10,900 12,000 12,000 11,200 15,400 13,700

Antimony mg/kg 9.3 <l.lR <IAR, <1.3R <1.9R <1.5R <1.6R <1.8R <1.5R

Arsenic mg/kg 8.2 704 7.7 7.8 10.7* 10.3* 9.5* 17* 1504*

Barium mg/kg , 48 35.5 64.7* 62.7* 60.8* 102* 52.8* 85.1 * 60.5*

Beryllium mg/kg 0.85 1.3 1.3 1.5 1.4 1.3 1.9 1.6

~admium mg/kg 1.2 0.22 0.58 . 0.53 0.81 0.57 0.38 2.4* 0.95

Calcium mg/kg 22,600 <2,490U <2,670U <3,860U <2,450U <2,170U <4,51OU <2,050U

Chromium mg/kg 81 26.7 45.8 __ 46.2 50.3 52.6 41.8 65.7 58.4 ~.

tobalt mg/kg 10 5.3 7.2 7.4 8.5 7.8 7.5 10.1* 8.8

topper mg/kg 34 79.6* 90.8* 87* 148* 126* 83.5* 212* 164*

ron mg/kg 18,400 25,700 25,200 31,100 28,000 27,100 38,800 35,700

iLead mg/kg 46.7 60.61* 50.11* 48.91* 70.11* 64.41* 59.91* 96.91* 92.91~

Magnesium mg/kg 4,230 6,800 6,680 7,190 7,170 6,260 7,890 6,050
..

Manganese mg/kg 260 134 196 -. 197 210 217 200 260 215

Mercury mg/kg 0.15 0.15 0.25* :. 0.23* 0.29* 0.29* 0.23* 0.38* 0.34*

lNickel mg/kg 20.9 16.6 20.3 20.2 23.6* 23.8* 19.4 30.1* 27.8*

lPotassium mg/kg 1,7601 , 3,0401 2,9801 3,4001 3,4001 3,0401 4,3101 3,2701

Selenium mg/kg 1 <1.2U, <1.6U <1.4U <2.m <1.6U <1.7U <2U <1.7U

Silver mg/kg 1 <0.23U 0.41 <0.27U 0.62 0.41 0.43 <0.38U <0.32U

Sodium mg/kg <11,500U <18,100U <16,200U <19,800U <18,800U <15,600U <18,200U <6,960U
[Thallium mg/kg <2U <2.5U <2.3U <3.4U <2.6U <2.8U <3.3U <2.8U

tvanadium mg/kg 57 24.2 33.7 34.3 49.7 46.7 37.4 71* 57

lZinc mg/kg 150 217* 159* 154* 256* 193* 149 449* 246*

NOTE: mg/kg = Milligrams per kilogram.
R = The data are unusable (compound mayor may not be present).
• = Exceeds Project Action Level.
U = Undetected.
1 = Estimated.
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Location ID AH-26 AH-28 AH-29 AH-32 AH-33 DUP AH-33 AH-35 AH-40
Sample Date 3/27/04 3/25/04 3/26/04 3/26/04 3/26/04 3/26/04 3/26/04 3/27/04

Chemical Name Unit Screening Level

[Aluminum mg/kg 26,000 7,790 3,760 15,900 14,600 10,900 12,800 12,900 3,330

[Antimony mg/kg 9.3 <1.4U <0.87R <2.m <1.7U <1.7U <1.8U <2.1U <0.8U
[Arsenic mg/kg 8.2 8.8* 3.9 18* 13.4* 13.6* 13.7* 14.1 * 3

lBarium mg/kg 48 89.9* 48.3* 66.1* 133* 78.3* 40.1 75* 18.4

lBeryllium mg/kg 1 1 1.8 1.7 1.3 1.5 1.5 0.41

!cadmium mg/kg 1.2 0.64 0.32 1.1 0.78 0.73 0.74 0.83 <0.086U

Calcium mg/kg <2,300U <1,930U <2,590U <2,630U <1,930U <2,460U <6,840U <710U

Chromium mg/kg 81 32.4 32.1 66.8 59.7 48.9 54.5 51.8 7.7
Cobalt mg/kg 10 5.8 5.6 10.2* 9.3 7.5 8.3 8.2 2.3
Copper mg/kg 34 85.5* 118* 204* 146* 132* 142* 168* 32.7

ron mg/kg 21,700 11,300 38,400 33,600 29,500 35,900 34,600 12,500

Lead mg/kg 46.7 54.8* 96.4* 101* 86.6* 75.9* 84.9* 78.1* 22

Magnesium mg/kg 4,430 2,100 7,290 6,570 5,370 5,420 6,620 <1,430U
Manganese mg/kg 260 156 97.4 312* 261* 215 248 229 61.1
Mercury mg/kg 0.15 0.21* 0.066 0.3* 0.31 * 0.33* 0.28* 0.3* 0.039J

Nickel mg/kg 20.9 19.7 33.1 * 31.6* 28.2* 22.4* 25.8* 23.1 * 6.6
Potassium mg/kg 2,330 <924U 4,380 3,920 2,800 3,220 3,900 <546U

Selenium mg/kg 1 <1.5U <0.96U <2.3U <1.9U <1.9U <2U <2.3U <0.88U
Silver mg/kg 1 <0.84U <0.33U <1.5U <1.3U <0.62U <0.87U <O.64U <0.17U
Sodium mg/kg <11,900U <4,670U <11,800U <9,030U <6,010U <2,660U <15,000U <1,240U

Thallium mg/kg <2.4U <1.6U <3.7U <3.m <3.m <3.2U <3.8U· <1.4U

Vanadium mg/kg 57 33 14.8 80.9* 60.1* 47.3 54.5 57.6* 13.3
Zinc mg/kg 150 176* 427* 317* 236* 212* 224* 262*- 72.2

NCBC Davisville
NO.ingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16
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Location ID AH-42 AH-45 AH-47 AH-49 AH-51 COREl-BOT COREl-TOP REFl-l

Sample Date 3/27/04 3/26/04 3/26/04 3/25/04 3/27/04 3/27/04 3/27/04 3/24/04

Chemical Name Unit Screening Level

!Aluminum mg/kg 26,000 3,830 11,800 3,670 2,410 6,670 3,600 5,430 1,920

!Antimony mg/kg 9.3 <0.9U <2.4U <O.77U <0.6R <1.5U <0.78U <1U <0.73R

!Arsenic mg/kg 8.2 3.7 15* 3.1 <2.2U 6.9· 2.8 4.9 <1.3U

tBarium mg/kg 48 18.1 64.2* 13.8 . 19.3 126* 21 37.1 <2.8U

!Beryllium mg/kg 0.49 1.4 0.51 0.29 0.99 0.44 0.68 0.14

K;admium mg/kg 1.2 0.23 0.7 <O.1U <0.031U 0.54 0.19 0.39 0.044J

K;a1cium mg/kg 5,110 <9,6IOU <3,760U <453U <2,340U 6,000 9,680 <290U

!chromium mg/kg 81 14.2 49.8 14.4 11 29.3 9.4 18.6 4.4

!cobalt mg/kg 10 2.9 7.7 3.7 2.1 5.3 2.6 3.6 1.3
Copper mg/kg 34 37.2* 164* 32.7 23 104* 22.8 56.9* <3.6U

ron mg/kg 10,000 34,500 11,900 5,820 18,000 10,100 14,700 3,650
Lead mg/kg 46.7 31 77.5* 36.6 53.IJ* 88.9* 35.2 35.3 3.9J
Magnesium mg/kg 2,270 5,980 1,690 <1,240U 3,120 <1,470U 2,700 <1,120U
Manganese mg/kg 260 74.2 301* 79.9 46.2 172 72.8 99.4 45.6 -

Mercury mg/kg 0.15 0.068 0.29* 0.039J <0.023U 0.21* 0.038J 0.11 <0.0240
Nickel mg/kg 20.9 7.9 21.2* 8.2 6.3 30.3* 7 10.3 3.3
Potassium mg/kg <935U 3,430 <637U <416U <1,620U <685U <1,400U <341U

Selenium mg/kg 1 <0.99U <2.6U <0.85U <0.67U <1.6U <0.86U <1.1U <0.8U

Silver mg/kg 1 <0.29U <0.49U <0.23U <0.13U <0.46U <0.25U <0.54U <0.15U

Sodium mg/kg <4,970U <7,970U . <573U <1,780U <6,360U <406U <3,750U <2,970U
Thallium mg/kg <1.6U <4.2U <1.4U <1.1U <2.6U <1.4U <1.8U <1.3U

~anadium mg/kg 57 14.3 50.7 15.6 8.6 32.1 12.1 23.7 3.6
Zinc mg/kg 150 93.5 254* 88.2 66.9 218* 52.7 101 <13.7U
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Location ID REFI-2 REFl-4 REF2-1 REF2-3 REF2-5 REF3-1 REF3-2 REF3-4
Sample Date 3/24/04 3/24/04 .3/24/04 3/24/04 3/24/04 3/25/04 3/25/04 3/25/04

Chemical Name Unit Screening Level

IAluminum mg/kg 26,000 3,200 4,060 10,900 9,800 6,790 9,280 9,850 6,480
Antimony mg/kg 9.3 <0.68R <0.82R <lAR <0.9IR <0.7R <IAU <1.5U <1.1U

Arsenic mg/kg 8.2 <1.5U 2.8 504 404 3.9 6.1 6.6 4.9

Barium mg/kg 48 <4.3U 7.2 2604 16.9 8.1 2004 23.3 14.8
Beryllium mg/kg 0.23 0.23 1 0.7 0047 1.1 1.1 0.74

Cadmium mg/kg 1.2 <0.035U <0.042U <0.16U <0.068U <0.036U 0.38 0.34 <0.12U
Calcium mg/kg <1,220U 66,800 8,170 7,900 5,700 7,530 <2,150U <1,620U
Chromium mg/kg 81 9 13.7 40 29.7 15.1 39.5 43.3 26.8
Cobalt mg/kg 10 1.9 204 7.2 604 4.8 504 6.1 4.2
Copper mg/kg 34 <7U <11.9U 33.2 21.8 <8.2U 72.6* 66* 52.6*
ron mg/kg 5,430 8,150 22,400 19,700 13,100 19,800 21,700 13,500

Lead mg/kg 46.7 7.9J 13.5J 45.5J 30.7J l1.7J 3904 45 25.7
Magnesium mg/kg <1,690U 3,420 6,820 5,570 3,380 5,630 6,200 4,020
Manganese mg/kg 260 71 112 204 170 105 162 175 116
Mercury mg/kg 0.15 0.039 0.079 0.18* 0.12 0.06 0047* 0048* 0.21*
Nickel mg/kg 20.9 4.7 6.5 17.9 15.3 9.6 14.8 15.8 9.9
Potassium mg/kg <539U <857U 3,190J 2,160J <876U 2,740 2,870 1,860
Selenium mg/kg 1 <0.75U <0.91U <1.6U <1U <O.78U <1.5U <1.6U <lAU
Silver mg/kg 1 <0.14U 0.26J <0.3U <0.19U <O.l5U <0.29U <0.31U <0.24U

Sodium mg/kg <2,890U <5,330U <15,700U <8,940U <2,770U <13,700U <14,500U <8,780U

Thallium mg/kg <1.2U <l.5U <2.5U <1.6U <1.3U <2.5U <2.7U <2U

Vanadium mg/kg 57 6.1 9.6 3604 25.9 12.9 29.3 31.5 19.7
Zinc mg/kg 150 <20.7U 36.1 108 81.1 41.6 106 119 73.2

NCBC Davisville
N.ingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment ofIR Program Site 16
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TABLE A-5 INORGANIC COMPOUNDS DETECTED BY AVS IN SEDIMENT SAMPLES, MARCH 2004

- Location ID AH-03 AH-06 DUP AH-06 AH-08 AH-ll DUP AH-ll AH-17 AH-23
Sample Date 3/23/2004 3/23/2004 3/23/2004 3/22/2004 3/22/2004 3/22/2004 3/23/2004 3/24/2004

Chemical Name Unit Screening Level

Cadmium J.1mol/g 1.2 0.00372 0.00595 0.00549 0.00793 0.00517 0.00629 0.00795 0.00871
Copper J.1mol!g 34 0.14151 0.09355 0.13881 0.04097 0.18127 J 0.0381 J 0.19542 0.56824
Lead J.1mol/g 46.7 0.17892 0.14761 0.13949 0.25498 0.18045 0.20172 0.28383 0.35687
Mercury J.1mol!g 0.15 <4e-005 U < 6e-005 U < 6e-005 U < 8e-005 U < 7e-005 U < 6e-005 U < 8e-005 U < 6e-005 U
Nickel J.1mol/g 20.9 0.12342 < 0.04255 U < 0.03805 U 0.08361 < 0.04449 U <0.04015 U 0.07549 0.05112
Zinc ~mol/g 150 2.14287 1.42476 1.34282 2.63781 1.74358 1.78542 2.89544 2.55792
Acid Volatile -,
Sulfide ~mol/g 71.54786 69.23663 51.59663 144.49011 36.7449 40.14089 156.59328 16.3014
SEM Ratio 0.03621 0.02475 0.03216 0.02094 0.05853 0.05158 0.02208 0.21734' .
SumOfSEM J.1mol!g 2.59048 1.71373 1.65957 3.02538 2.15065 2.07048 3.45821 3.54292

NOTE:
Jlmol/g = Micromoles per gram.
J = Estimated.
U = Undetected.

Location ID AH-26 AH-28 AH-29 AH-32 AH-33 DUP AH-33 AH-35 AH-40
Sample Date 3/27/2004 3/25/2004 3/26/2004 3/26/2004 3/26/2004 3/26/2004 3/26/2004 3/27/2004

Chemical Name Unit Screening Level

Cadmium ~mol!g 1.2 0.00606 . 0.00188 0.00885 0.00785 0.00772 0.00674 0.00681 < 0.00126 U
Copper Jlmol!g 34 0.0552 0.06744 0.07783 0.35525 0.60138 0.4838 0.03971 0.16339
Lead ~mol/g 46.7 0.16246 0.3153 0.38705 0.34446 0.36666 0.3289 0.27367 0.19566
Mercury J.1mol/g 0.15 < 5e-005 U < 3e-005 U < 7e-005 U < 6e-005 U < 6e-005 U < 6e-005 U < 7e-005 U < 3e-005 U
Nickel J.1mol/g 20.9 0.09486 0.21468 0.05951 0.05882 0.05073 < 0.04422 U 0.09162 0.03088
Zinc J.1mol!g 150 2.12376 4.78514 2.84286 2.46126 2.54318 2.18632 2.62459 0.71717
Acid Volatile 85.88608 18.72961 64.29311 46.84314 45.87013 J 26.11944 J 176.88774 10.16732
Sulfide Jlmol!g
SEM Ratio 0.02844 0.28748 0.05251 0.0689 0.07782 0.11649 0.01717 0.10901
SumOfSEM J.1mol!g 2.44239 5.38447 3.37618 3.22769 3.56972 3.04271 3.03648 1.10839
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Location ID AH-42 AH-45 AH-47 AH-49 AH-51 COREl-BOT COREl-TOP REFI-I
Sample Date 3127/2004 3126/2004 3126/2004 3125/2004 3/2712004 3/2712004 312712004 3/2412004

Chemical Name Unit Screening Level

Cadmium IlmoVg 1.2 0.00167 0.00576 < 0.00126 U < 0.00124 U 0.00337 0.0016 0.00287 <0.00129 U
Copper Ilmollg 34 0.31843 0.22972 0.13535 0.08715 0.04599 0.10369 < 0.01491 U 0.01674
Lead Ilmollg 46.7 0.09426 0.30733 0.09916 0.09205 0.39602 0.11935 0.12696 0.01296
Mercury IllmoVg 0.15 < 3e-005 U < 8e-005 U < 3e-005 U < 3e-005 U < 5e-005 U < 3e-005 U <4e-005 U < 3e-005 U
Nickel .• Ilmol/g 20.9 0.22183 < 0.05604 U 0.02251 0.03203 0.04906 0.03043 0.22077 <0.0198IU
Zinc Illmollg 150 0.88149 2.67061 0.70586 0.71369 1.54964 0.6127 1.12393 0.10508
Acid Volatile 6.17194 220.22201 10.87493 2.27189 19.25757 50.56655 70.47344 0.06698
Sulfide Ilmol/g
SEM Ratio 0.2459 0.01484 0.08866 0.40767 0.10615 0.01716 0.02109 2.19143
SumOfSEM Jlmol/g 1.51771 3.26817 0.96416 0.92619 2.04413 0.86779 1.48629 0.14678

Location ID REFI-2 REFI-4 REF2-1 REF2-3 REF2-5 REF3-1 REF3-2 REF3-4
Sample Date 3124/2004 312412004 3124/2004 3/2412004 312412004 3125/2004 312512004 3125/2004

Chemical Name Unit Screening Level

Cadmium "Ilmol/g 1.2 < 0.00122 U < 0.00135 U < 0.00233 U 0.00197 < 0.00124 U 0.00363 0.00252 <0.00177 U
Copper Ilmol/g 34 0.07635 0.07008 0.25133 0.15539 0.05348 0.22713 0.16948 0.17019
Lead Jlmol/g 46.7 0.03561 0.0867 0.21551 0.1409 0.04368 0.17086 0.16565 0.09782
Mercury IlmoVg 0.15 < 3e-005 U < 3e-005 U < 5e-005 U <4e-005 U < 3e-005 U < 5e-005 U < 5e-005 U <4e-005 U
Nickel Ilmol/g 20.9 < 0.01864 U 0.05015 0.08601 0.05016 0.02091 < 0.03443 U < 0.03635 U 0.09275
Zinc IlmoVg 150 0.17386 0.45563 1.23662 0.7618 0.32121 1.22686 0.97567 0.55813
Acid Volatile < 0.02424 U 28.32699 84.21788 40.54511 1.85226 13.0193 16.55394 3.19455
Sulfide IlmoVg
SEM Ratio 12.47252 0.02344 0.02128 0.02738 0.23784 0.12699 0.08079 0.28821
SumOfSEM JlmoVg 0.30235 0.66394 1.79185 1.11026 0.44055 1.65327 1.33743 0.92069

NCBC Davisville
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TABLE A-6 TOTAL ORGANIC CARBON AND GRAIN SIZE ANALYSIS OF SEDIMENT SAMPLES, MARCH 2004

Location lD AH-03 AH-06 DUP AH-06 AH-08 AH-ll DUP AH-ll AH-17 AH-23
Sample Date 3/23/04 3/23/04 3/23/04 3/22/04 3/22/04 3/22/04 3/23/04 3/24/04

Chemical Name Unit

rrotal Organic Carbon % 2.77 3.22 3.17 4.68 3.80 3.99 5.25 3.73
Silt & Clay % 27.9 98.5 98.2 72.9 97.9 10.9 95.8 79.2
Sand % 58 1.5 1.8 22.4 2.1 79.4 3.8 20.8
brave! % 14.1 <0 <0 4.8 <0 9.7 0.4 <0

Location lD AH-26 AH-28 AH-29 AH-32 AH-33 DUP AH-33 AH-35 AH-40
Sample Date 3/27/04 3/25/04 ' 3/26/04 3/26/04 3/26/04 3/26/04 3/26/04 3/27/04

Chemical Name Unit --

Irotal Organic Carbon % 3.10 2.10 5.01 - 4.29 3.73 4.05 4.55 0.78
Silt & Clay % 76.1 16.1 97.4 95.5 92.6 92.7 88.4 6.6
Sand % 23.2 78.7 2.6 4.4 7.4 7.3 10.3 92
bravel % 0.7 5.2 <0 <0 <0 <0 1.3 1.4

,.

Location lD AH-42 AH-45 AH-47' AH-49 AH-51 COREl-BOT COREl-TOP REFl~1

Sample Date 3/27/04 3/26/04 3/26/04 3/25/04 3/27/04 3/27/04 3/27/04 3/24/04
Chemical Name Unit

Irotal Organic Carbon -% 1.13 4.97 1.60 1.36 5.05 1.18 1.27 0.18
Silt & Clay % 8.1 75 10.1 1.4 44 19.6 14.6 1.6
Sand % 80.5 15.9 78 97.8 54.2 59.2 79.7 98.4
bravel % 11.3 9.1 11.9 0.8 1.8 21.2 5.7 <0

Location ill REF 1-2 REF1-4 REF2-1 REF2-3 REF2-5 REF3-1 REF3-2 REF3-4 SOURCE3-1
Sample Date 3/24/04 3/24/04 3/24/04 3/24/04 3/24/04 3/25/04 3/25/04 3/25/04 3/26/04

Chemical Name Unit

Total Organic Carbon % 0.31 1.97 2.85 2.51 1.03 2.86 1.89 0.80
Silt & Clay % 4.5 28.4 98.8 27.4 9.2 85.8 86.7 67.3
Sand % 95.5 57.3 1.2 62.1 87.7 12.7 13.3 32.7
Gravel % <0 14.3 <0 10.6 3.1 1.5 <0 <0

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16
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This report presents the results of an environmental forensic study in Allen Harbor located on the western
shore of Narragansett Bay in North Kingston, Rhode Island. The technical approach for this investigation
followed the Navy User's Guide for Determining the Sources of Contaminants in Sediment (Stout at a/.,
2003)~ This investigation was intended to assist the Navy Project team in identifying sources of PAH
contamination found in Allen Harbor sediments and to determine if identified PAH sources were related to
historical releases from· Site 16 activities. Advanced chemical analyses were performed on samples
collected from Allen Harbor, selected hydrocarbon source areas, reference areas in Narragansett Bay,
and forensic reference materials representative of fire fighter training fuels. These results generated the
following conclusions:

• A middle distillate petroleum signature in the former fire fighter training area generally matched
the low levels of diesel range hydrocarbons in a proximal sediment sample. It was not possible to
determine if these diesel range hydrocarbons originated from historical Navy or more
contemporary marina activities. However, the composition of this petroleum distillate indicated
that this material could not have caused the PAH distributions observed throughout Allen Harbor
sediments.

• The hydrocarbon signatures of creosote and heavy residual petroleum for Site 16 soils were not
observed in Allen Harbor sediments. The pyrogenic PAHs in Site 16 creosotes possessed a
characteristic PAH signature that was absent in the proximal Allen Harbor sediments. Likewise,
the heavy residual petroleum recovered from Site 16 differed from the sediments of Allen Harbor.

• The PAH concentrations in Allen Harbor sediments were consistent with coastal areas around the
United States. Relative to the Reference Areas, the Allen Harbor sediments contained elevated
levels of natural and anthropogenic organic material attributed to local land use activities (e.g.,
marina, vehicular, commercial activities).

• It was evident from the data in this investigation that storm water outfall draining from Allen's
Harbor Road and surrounding paved parking lots conveyed hydrocarbons observed in proximal
Allen harbor sediment samples. At a minimum, these hydrocarbons consisted of heavy residual
petroleum (e.g., abraded petroleum asphalt and motor oils). Lower levels of diesel range
hydrocarbons (e.g., marine, truck and home heating fuels) and slightly elevated PAHs (e.g.,
vehicular emissions and tar-based pavement) were observed in sediments that received storm
water directly from this roadway.

• Samples collected next to dock pilings in the Middle and Outer Harbor contained refined tar
consistent with creOsote. As demonstrated in the Elizabeth River Case Study, the relative
abundances of diagnostic PAHs demonstrated the direct impact of various types of creosote
(Stout et a/., 2003). As such, it can be concluded that creosote most likely leached from the
marina docks at these locations.

In summary, it was apparent from the data collected that the Allen Harbor sediment samples exhibited
localized PAH impacts from dock pilings and storm water runoff. No strong evidence was found
suggesting that the PAH impacts to Allen Harbor sediments were attributable to historic activities
represented by the Site 16 Source Areas included in this study.

ii
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1. OBJECTIVE
The Naval Construction Battalion Center (NCBC) Site 16 resides on the western shore of Narragansett
Bay in North Kingston, Rhode Island (Figure 1). Past· environmental studies identified PAH
concentrations in Allen Harbor sediments that exceeded the limits of a Phase I Screening Level
Ecological Risk Assessment (SLERA). The present source identification study complemented a more
comprehensive assessment of ecological risks in order to develop an appropriate risk managem nt
decision for the site. Specifically, this study compared the hydrocarbon composition of PAH and other
hydrocarbons in surficial sediment samples collected from Allen Harbor to those in upland soils from four
potential hydrocarbon source areas on the NCBC site, three reference (ambient background) areas from
other parts· in Narragansett Bay, and multiple types of middle distillate reference materials potentially
present at the NCBC's former fire fighter training areas. The primary objectives of the project were to
determine 1) the relationship between the hydrocarbon composition of Allen Harbor surficial sediments
and the reference areas and 2) the extent to which any data demonstrated that PAH in Allen Harbor
sediments could be attributed to impacts of hydrocarbons derived from the NCBC source areas selected
by the project team (EA 2004).

3
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2. TECHNICAL APPROACH
Past assessments demonstrated that concentrations of polycyclic aromatic hydrocarbons (PAHs) in
surficial sediments generally decreased from the southern to the northern reach of Allen Harbor. Two
seeps from the southern shoreline of Allen Harbor raised concern that elevated PAHs were associated
with the historical activities at NCBC (Figure 2). To address this concern a sampling strategy based upon
the known historic and current candidate sources was developed based on the Navy User's Guide for
Determining the Sources of Contaminants in Sediment (Stout et aI., 2003). The landside historical
activities credited to NCBC-derived PAHs included wood preservation using a creosote dipping tank
(Source Area 1), pole drying and storage (Source Area 2), and former fire fighting training (Source Area
3). Another potential source of PAHs included miscellaneous hydrocarbons not directly related to
historical site activities (local runoff) that were distributed through a storm water catch basin (Source Area
4). Source 4 samples likely contained modern asphalt (petroleum based), old asphalt (tar blended),
exhaust particulates, and vehicular lubricating oils. A final candidate source of PAHs included the use of
creosote treated piers and assorted marina building materials. The marina source was indirectly
represented by sediment samples collected near marina dock structures (AH-Q3, AH-17, and AH-29 in
Figures 3 and 4).

2.1 Allen Harbor

The project team divided the Allen Harbor study area into three sections in order to efficiently identify the
influence of one or more potential PAH source. At least five samples were collected throughout each of
the three Allen Harbor sampling zones (Table 1). The PAH sampling intensity generally increased in .
proportion to the suspected complexity of PAH sources; four samples were collected in the more
homogeneous Outer Harbor to the north, five samples were collected in the transitional Middle Harbor,
and ten samples were collected from the most complex Inner Harbor to the south. In particular, sampling
location AH-40 was intended to capture the hydrocarbon signatures of a seep (water with orange
flocculent) emanating from the shoreline adjacent to Site 16 and sampling location AH-49 was intended to
capture the signature of storm drain runoff from Allen's Harbor Road (Figures 2 and 3). This sampling
scheme generated a spatially representative set of sediments samples capable of recognizing the
potential changes in hydrocarbon composition throughout Allen Harbor.

2.2 'Reference Areas
Allen Harbor sediments were compared to three reference areas inte·nded by the project team to
represent ambient conditions in sediments from other locations along Narragansett Bay (Table 1).
Coggesshall Cove (Reference Area 1) was surrounded by two islands (Patience and Prudence) of the
undeveloped Narragansett Bay Reserve (Figures 1 and 5). Relative to Allen Harbor, Coggesshall Cove
was likely influenced to an equal or slightly greater degree by the Providence River. Jamestown Island
(Reference Area 2) was a largely residential landmass in the middle of Narragansett Bay (Figures 1 and
6). Situated south of both Allen Harbor and Coggesshall Cove, it likely bracketed the background
influences of the Providence River and outer reaches of Narragansett Bay. Finally, Fishing Cov
(Reference Area 3) was located several miles south of Allen Harbor along the western shore of the
Narragansett Bay (Figures 1 and 7). Although very shallow and surrounded by residential properties,
Fishing Cove was potentially influenced by the commercial and industrial facilities of Wickford, RI.

Three representative samples were selected from each reference area by the project team based on
screening data generated by the Navy. From these analyses, the variability in regional hydrocarbon
patterns was established for comparison to Allen Harbor samples.

2.3 Reference Materials

Finally, samples from a forensic reference material library were added to the analysis to help compare the
hydrocarbon patterns observed in Allen Harbor sediments with known sources of PAHs. These reference
materials included crude oil and urban sediment (NIST 1944). In addition, former fire fighter training
reference fuels composed of neat, combusted, and evaporated middle distillates (kerosene and diesel)
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were added to the analysis (Table 2). These reference samples were combusted and evaporated under
known conditions in the Battelle laboratory for use at fire fighter training sites all over the United States.
These samples helped identify hydrocarbon signatures representative of fire fighter training activities.

2.4 Sample Selection

As mentioned previously, the project team selected the field samples for this study based on several
criteria that generally included 1) rapid sediment screening of PAH concentrations by a Naval laboratory
(SSC San Diego). 2) spatially diverse locations. and 3) sampling locations of known or suspected
importance. The reader is referred to other project team documents for sample specific details. All
samples selected for definitive measurement of PAH concentrations were measured for EPA Priority
Pollutant PAHs (EPAPAHs) as regulated in the State of Rhode Island (Tables 3 and 4). The project team
selected a subset of these samples for forensic hydrocarbon analyses. The forensic methods included 1)
a general scan of the dominant extractable hydrocarbon types, 2) a detailed profile of apprOXimately 75
diagnostic PAHs (Tables 3 and 4), 3) a trace scan for residual petroleum hydrocarbons. and 4) a trace
scan of biomarkers. Collectively, these forensic methods revealed numerous source signatures useful in
the attribution of PAH origins.
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3. ANALYTICAL METHODS
The samples were prepared and analyzed in accordance with published methods (Emsbo-Mattingly at al.,
2003; Stout at al., 2003; Stout at al., 2002) as described in the Allen Harbor OAPP (EA, 2003). The
samples were analyzed by several methods in order to provide a detailed description of hydrocarbons
with a broad molecular weight range. In general, the high resolution hydrocarbons fingerprint painted a
broad-brush picture of the dominant extractable hydrocarbons types while the mass spectrophotometric
methods provided more detailed and pUrified profiles of the tar and petroleum (Emsbo-Mattingly at al.,
2003; Stout at al., 2002). We used these data collectively to characterize the types of hydrocarbon
materials in the study samples.

3.1 Sample Collection and Shipping
The field team collected approximately 85 split samples (Figures 2 to 7) between March 23, 2004 and
March 27, 2004. Surficial sediment grab samples were collected with a Van Veen sampler to an
approximate depth of 6 to 12 inches. The sediment core was collected with a 3 foot push core from which
the top sample was collected between 6 and 18 inches and the bottom sample was collected between 18
and 36 inches. Soil samples were collected with a split-barrel sampler from a depth ranging between
approximately 0 and 6 feet.

Samples were shipped via overnight courier and received below 6°C with one exception. One cooler
containing 15 samples (Source 1-2, Source 2-1, Source 2-2, Rinse 01, Rinse 02, DUP08, AH-25, AH-29,
AH-30, AH-32, AH-37, AH-38, AH-44, AH-46, and AH-47) was received at 10°C. Although the cooler
temperature was warmer than planned « 6°C), the integrity of these samples was not likely compromised
given the limited time at this temperature. the age of the potential releases, and the weathered condition
of hydrocarbons demonstrated in this report. In addition, several samples (Source 2-1, REF 1-1, REF 3
1, AH-15, AH-16, AH-45, and DUP03) were received with cracked caps. Secondary containment in
packing material prevented exposure of these samples to cross-contamination. These caps were
replaced upon receipt without compromising the sample integrity. Other information related to chain of
custody and sample receipt was provided in Attachment I.

Upon receipt, Battelle stored the split samples in a freezer while the Navy laboratory screened the PAH
concentrations. Based on the screening data, the project team selected a subset of 41 samples for the
definitive measurement of EPAPAH concentrations. Within this group of EPAPAH samples, the project
team selected a subset of 21 samples for forensic parameters. The field sample identifications, locations,
collection dates, and matrices for the field samples are summarized in Table 1. Additional forensic
reference materials were added the population of samples in this study for comparative purposes (Table
2). The sample ID's were abbreviated when necessary to simplify the tables and figures used for data
presentation (Tables 1 and 2).

3.2 Sample Preparation
An aliquot of each solid sample (30 g wet weight) was fortified with surrogates. dried with sodium sulfate
and serially shake extracted with dichloromethane (DCM). Less sample was used when high
concentrations of extractable organic matter was present. The sample extracts were concentrated by
Kuderna-Danish and nitrogen blow down techniques. Sulfur and polar interferences were removed with a
copper powder and alumina, respectively. The non-aqueous phase liquid (NAPL) forensic reference
materials (crude oil, kerosene, and diesel) were diluted to approximately 5 mg/ml in DCM. The sample
extracts and diluents were split prior to analysis. The extracts were fortified with internal standards and
submitted for GC/FID and GC/MS/SIM analyses (described below).

3.3 High Resolution Hydrocarbon Fingerprint and TPH
The sample extracts were analyzed using a high-resolution gas chromatograph equipped with a flame
ionization detector (GC/FID). High resolution GC/FID fingerprints were generated over a broad carbon
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range (approximately neGg to n-C40 ) that provided an overall assessment of the non-volatile hydrocarbons
present in each sample. These fingerprints provided information on the dominant extractable
hydrocarbons that might include pyrogenic PAHs, petroleum products, and detrital vegetation. The
GC/FID fingerprints for each field and ac sample were placed in Attachment C.

3.4 Polycyclic Aromatic Hydrocarbons (PAH)
The sample extracts were also analyzed using a high-resolution gas chromatograph equipped with a
mass spectrometer operated in the selected ion monitoring mode (GC/MS/SIM). The instrument was
calibrated to allow for quantification of a broad range of 2- through 6-ring PAH, selected alkylated PAH
homologues, selected sulfur-containing compounds (dibenzothiophenes), and other compounds useful for
the identification of hydrocarbon sources in the environment. Tables 3 and 4 presented an inventory of
the target compounds along with abbreviations used in selected figures of this report. The concentration
of EPAPAHs in the field samples were presented in Attachment 0 and the concentrations of forensic
PAHs were presented in Attachment E. The acronym EPAPAH is used in the discussion in reference to
the sum of the 17 individual EPAPAH compounds (Tables 3 and 4). Collectively, the concentrations of
these target compounds helped qualitatively and quantitatively compare the samples and reference
materials. The concentrations of PAHs (and hopane; see below) in soil and sediment samples were
reported in dry weight units. As part of the discussion, PAH histograms were constructed to summarize
the most significant compositional features.

3.5 Saturated Hydrocarbon Fingerprints and Triterpane Biomarkers
Environmental forensic investigators demonstrated that the presence and/or pattern of biomark rs
reveals information about the specific source(s) of petrogenic residues in the environment; e.g.,
petroleum or coal (Stout et a/., 2002). An aliquot of the GC/FID extract was solvent eXchanged and
fractionated on silica gel to remove the aromatic hydrocarbons that can interfere with the analyses of
saturated hydrocarbons and biomarkers. This purified extract was injected into a GC/MS/SIM instrument.
Saturated hydrocarbon fingerprints were generated from this analysis (Attachment F). These fingerprints
helped identify the types of petroleum products in the sample and possibly the feedstock from which the
tar was generated. In addition, the laboratory generated triterpane and sterane fingerprints (Attachment
G). The relative abundances diagnostic biomarkers (Table 5) helped identify different types of petroleum
and coal.

3.6 Total Organic Carbon (TOC)
Total organic carbon was measured according to EPA Method 9060 (Attachment H). This method
entailed the removal of water and inorganic carbon prior to high temperature combustion at 900°C in a
stream of oxygen. Carbon was converted to C~ which was scrubbed of sulfur and nitrogen containing·
gases prior to coulombic detection.

3.7 Visual Presentation of Data
This investigation generated a substantial quantity of chemistry data, both chromatographic and
numerical. In order to present this data in a meaningful manner, we used a variety of visual and graphical
techniques to display and explain the most significant features. Largely, we relied upon four methods of
data visualization in this report. These include:

• Gas Chromatograms presented the raw output from analytical instruments used to characterize
the hydrocarbon distributions.

• Scatter Plots depicted the two dimensional relationship between two hydrocarbon parameters in a
format amenable to establishing qualitative trends or quantitative correlations.

• Principal Component Analysis Plots using multidimensional statistics to ascertain similarities or
differences in chemical composition among samples.

• Histograms for graphically comparing detailed PAH data.
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Whenever possible, color coding and symbols were used to illustrate the most relevant compositional
features. When appropriate, we added additional samples of crude oil (Crude), urban sediment (SRM),
and middle distillates (Kerosene and Diesel) to the figures for reference purposes.
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4. RESULTS AND DISCUSSION
We divided the results and discussion into method-specific sections for ease of presentation. It opens
with a discussion of the major hydrocarbon patterns evident in the GC/FID data. Thereafter, we present a
more detailed description of the tar and petroleum materials evident in the GC/MS/SIM data. These data
helped equate source identification features in the absence of compounds that might otherwise interfere
with the interpretation. Herein, the PAH data proved most useful for differentiating tar in the source
samples from tar in the sediment while the saturated hydrocarbons and biomarkers helped describe the
petroleum materials. Finally, we concluded this section with a spatial integration of the hydrocarbon
signatures discussed previously. In essence, the last section summarized the findings in horizontal,
vertical, and; to a limited extent, temporal dimensions. The high resolution hydrocarbon fingerprints,
EPAPAH results, forensic PAH results, saturated hydrocarbon fingerprints. biomarker fingerprints, and
TOC are presented in Attachments C to I.

4.1 Dominant Hydrocarbon Signatures
High resolution hydrocarbon fingerprints (GC/FID) revealed the dominant hydrocarbon patterns in the
environmental samples. The principal patterns of interest in the sediment samples included urban runoff
with localized influences of low level middle distillate and tar products (e.g., creosote. paving tar, and
others). This section describes the identification of these hydrocarbon materials based on characteristic
assemblages of saturated and aromatic hydrocarbons eluting between n-nonane (n-Gg) and n
tetratriacontane (n-C40) in the high resolution hydrocarbon fingerprints.

The samples collected from the candidate source areas served as points of comparison for the sediments
collected from Allen Harbor. The Source 1-1 and Source 1-2 soils contained a tar product (e.g., creosote)
as evident in the dominant presence of high molecular weight PAHs with 4- to 6-aromatic rings (Figures
8a and 8b). This signature is consistent with weathered tar products, like creosote (AWPA 2001: Emsbo
Mattingly at al.• 2001; Emsbo-Mattingly at al., 2003). The lighter 2- and 3-ring PAHs were heavily
weathered. By contrast, the dominant signatures in the Source 2-1 and Source 2-2 (Figure 8c) soils
consisted of an unresolved complex mixture (UCM) eluting in the middle distillate range. The normal
alkanes were biodegraded leaving numerous alkylated naphthalenes on top of the UCM. We also
observed low levels of a late eluting UCM consistent with heavy residual petroleum - likely asphaltandl
or lubricating oil (Figure 8c). The Source 3-1 (Figure 8d) and Source 3-2 soils also contained middle
distillate and heavy residual range petroleums as evident by the multiple UCM profiles. These patterns
were consistent with hydrocarbon products found at other fire fighter training areas (Emsbo-Mattingly,
2002). Little biodegradation of these hydrocarbons was evident in the high levels ofnormal alkanes. The
Source 4-1 soil contained multiple late eluting UCMs topped by low levels of heavy normal alkanes (n~4
to n-G40). We identified this material as heavy residual petroleum consistent with asphalt and/or
lubricating oil.

The sediments collected from the reference areas contained a mixture of natural and anthropogenic
hydrocarbons consistent with urban runoff. As widely observed in coastal sediments. the features of
urban runoff included a broad late eluting UCM possibly topped by plant waxes and low level PAHs (Stout
et al., 2004). Plant waxes were recognized by the characteristic pattern of normal alkanes eluting
between n-tricosane (n-~3) and n-pentatriacontane (n-~) with a pronounced enrichment of odd (n~,
n-~5. n-~7, n-~. n~l' n-~, and n-C35) over even (n-G22• n-C24• n-G26, n-C2lh n-~, n-Ca2. and n~)
numbered carbons per compound (see REF 1-4, REF 2-1, and REF 3-2 in Figures 8f, 8g, and 8h.
respectively). A group of oxygenated hydrocarbons obscured the f1uoranthene (FLO) and pyrene (PYO)
peaks. On a preliminary basis. we attributed these unknown oxygenated compounds to runoff or sewage
derived from anthropogenic or biogenic sources based on the tentatively identified compound datal

I The compound identity was not confinned definitively. The spectra clearly indicated the presence of hydrocarbons and oxygen
with a maximum molecular weight of 344 amu. The best match was a ketone (4-hydroxy-4-(4,lHlimethylcyclohex-3-enyl)butan-2
one). However, this compound lacked many distinctive high molecular weight ions as reflected in the poor quality of its mass
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(Attachment D). We also observed lighter oxygenated hydrocarbons2 localized to REF 3-2 (Figure 8h). A
standard reference material (NIST 1944) demonstrated a typical urban background pattern from a
waterway in the New York and New Jersey area (Figure 8i). Notice the presence of PAHs and the.
absence of n-alkanes derived from plant waxes. These differences emphasized the site specific nature of
urban background discussed in Stout et a/., 2004.

The general signature of urban background was observed in all of the sediment samples from Allen
Harbor. As observed in the Reference and SRM samples, we identified urban background as a broad
late eluting UCM, sometimes topped by plant waxes and containing low levels of higher molecular weight,
parent PAHs (see AH-Q3, AH·26, AH-29, AH-45, AH-49 in Figures 8j, 8k, 81, 8m, and 8n, respectively).
We distinguished urban background from tar products (e.g., creosote, paving tar, and others) based on
multiple lines of evidence. As a general rule among the high-resolution hydrocarbon fingerprinting data
for the Allen Harbor sediments, we recognized the possible presence of tar when the peak heights of
selected PAHs (e.g., FLO and PYO) exceeded the peak heights of the n-alkanes derived from plant waxes
(see AH-49 in Figure 8n). In addition, we conservatively recognized the presence of tar (likely creosote)
in the AH-Q3 sediment, where FLO and PYO were present at apprOXimately equivalent levels as n-alkanes
derived from plant' waxes (Figure 8j). Patterns of PAHs in AH-Q3 and AH-49 samples more clearly
indicated the presence of tar than the GC/FID fingerprints alone (see Section 4.3 below).

The unidentified oxygenated hydrocarbons eluting around FLO and PYO that were observed in the
Reference samples appeared at varying levels in most of the sediments from Allen Harbor (AH-Q3, AH
26, AH-29, and AH-45 in Figures 8j, 8k, 81, and 8m, respectively). These compounds appeared highest in
the Inner Allen Harbor (AH-45 Figure 8m). Consequently, we suspected that these compounds were'
released from numerous local point (e.g., marina) or non-point sources (e.g., runoff or wetland)
throughout Narragansett Bay as opposed to a regional distribution of material from a few points of
discharge (e.g., wastewater treatment plants). Definitive iden~ification of these compounds may better
reveal their likely source(s).

4.2 Organic Carbon and Hydrocarbon Concentrations
We determined the concentrations of organic compounds with varying levels of molecular detail in order
to better understand the origins of hydrocarbons within the study area. Organic carbon in coastal
sediments is often a location-specific mixture of organisms (e.g., bacteria, plants, and sewage), fugitive
petroleum (e.g., fuels, motor oil, and asphalt), and partially combusted organic matter (e.g., exhaust, soot,
and tar). In terms of the environmental chemistry method used for this study, total organic carbon (TOC)
was determined as the bulk organic content of particulates in the size range of sand, silt, and clay. Total
PAHs (TPAHs) was a subset of TOC that consisted of parent and alkylated PAHs and dibenzothiophenes
used by environmental forensic investigators to identify the presence of petroleum (petrogenic PAHs),
partially combusted organic matter (pyrogenic PAHs), and partially decayed vegetation (diagenetic
PAHs). EPAPAHs comprised a subset of TPAHs in sediment commonly derived from the partial
combustion of organic matter and, to a lesser extent, fugitive petroleum. These compounds served as
the benchmark of this study because 1) they were likely to drive much of the ecological risk and 2) they
were measured in many of the study samples (whereas TOC, TPAH, and other forensic analytes were
not). Finally, the biomarker hopane served as a conservative measure of petroleum-derived organic
matter. The relationships among these various carbon measurements revealed important information
about the general nature and extent of hydrocarbons in the study area.

At the outset, we recognized many differences between samples collected from Allen Harbor and the
Reference areas. For example, the maximum concentration of TOC in Allen Harbor sediments exceeded

Spectral match. ·If significant, we recommend revisiting these spectra with additional resources to be discussed later with the project
team.
2 Three of these peaks were positiVely identified as ketones (2-methyf-3-nonanone at 17.56 minutes), siloxanes
(decamethyfcycopentasiloxane at 17.86 minutes), and alcohols (decanol at 18.25 minutes). Others were likely unknown
hydrocarbons (19.61, 19.68. and 20.00 minutes), ketones (19.47 minutes), and alcohols (18.05,20.29, and 20.55 minutes)
(Attachment 0).
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sediments from the Reference areas by an approximate factor of two (Table 7). Indeed, the highest
concentration of TOC in the Reference area sediments was approximately equivalent to the lowest TOC
concentrations in Outer and Middle Allen Harbor sediments. In other words, Allen Harbor contained
greater concentrations of organic carbon possibly attributable to its commercial and industrial history,
surrounding vegetation, or hydrodynamic properties (e.g., water circulation, sediment flushing,· and
particulate residence time). Many of the highest concentrations of TOC were observed around the dock
structures (AH~8, AH-17, AH-29) or shoreline wetland (AH-51). The lowest levels ofTOC were proximal
to Seep 16~1 (AH-40) and Seep 16~2 (AH-47 and AH-49). In addition, the TOC concentrations of soils
in the Source Areas were lower than the Inner Allen Harbor levels; therefore, assuming the Source Area
soils were representative, they appeared to be an unlikely source for the bulk organic material in Allen
Harbor sediments. Finally, the correlation between TOC and EPAPAH concentrations was very poor
(R2=0.0794) indicating that higher loading of TOC did not consistently correspond to higher inputs from
sources of EPAPAHs (Figure 9a). These observations suggested that the bulk of the organic matter likely
originated from non-NCBC sources. We suspected that most of the TOC in Allen Harbor sediments was
associated with local inputs of vegetation runoff (and possibly marina operations) that were distinct or
elevated relative to the Reference areas. As aforementioned, the seemingly restricted circulation in Allen
Harbor, which may tend to concentrate vegetable debris, may be largely responsible for its mostly higher
TOC concentrations relative to the Reference sites.

Most sediment samples from Allen Harbor contained total EPAPAH concentrations near or below 20
mg/kg (Table 6). These levels were consistent with urban waterways (Stout at al., 2004). However, the
maximum concentration of EPAPAHs in the Reference area sediments was only 2.38 mg/kg (Table 7).
As discussed previously, the Reference areas did not appear comparable to Allen Harbor based on the
distinctly higher levels of organic carbon and PAHs observed in the Allen Harbor sediment samples3

•

This may be due to different proportions of organic and inorganic sedimentation, the latter being
somewhat higher in the Reference sites. Twelve samples (AH-03, AH~6, AH~7, AH~8, AH-11, AH-17,
AH-23, AH-26, AH-32, AH-33, AH-45, and AH-51) located throughout Allen Harbor contained EPAPAHs
between 5 mg/kg and 15 mg/kg and TOC between 25,000 mg/kg and 55,000 mg/kg (see Allen Harbor
sample grouping in upper left of Figure 9a). We considered these concentration ranges "nonnal" for Allen
Harbor due to the consistency in concentrations over a wide spatial area. Two samples (AH-29 and AH
35) contained high levels of both TOC and EPAPAHs (upper right of Figure 9a). These samples were
roughly comparable to the "normal" Allen Harbor sediments, because the increased TOC concentrations
roughly accounted for the increased EPAPAH concentrations. Such differences may simply be related to
the grain size of the sediments. However, seven samples (AH-28. AH-40•. AH-42. AH-47. AH-49, Core-1
Bottom, and Core 1 Top) contained high levels of EPAPAHs and low levels of TOC (bottom of Figure 9a)
relative to the "normal" values for Allen Harbor. These samples contained higher levels of EPAPAHs than
the typical Allen Harbor sediment samples and all of these samples were located in the Middle and Inner
Harbors. We considered these seven samples most likely to exhibit impacts of combustion and
creosoting at the NCBC site. This possibility is addressed further below.

The concentration of total EPAPAHs generally overlapped among sediment samples from the Inner,
Middle, and Outer Allen Harbor (Figure 9b). The difference between the Allen Harbor and Reference
Area sediments was statistically significant (no overlap in mean or standard deviation). However, the
difference in concentration from Inner to Outer Harbor locations was largely attributed to variance about
the mean. The highest total EPAPAH concentrations in sediment were observed around the stonn
sewer, north marina, and south marina. The declining EPAPAH concentration gradient from these
sources suggested that the stonn sewer and marinas were credible sources of elevated PAHs in Allen
Harbor. Selected Source Area soils contained relatively high levels of EPAPAHs were possible sources
of PAHs, but the contamination pathway was not direct. More detailed hydrocarbon fingerprinting results
were required to detennine the compositional relationships between the Source Area soils, stonn sewer
discharges. and marina leachate.

\

3 The comparability with the study area might have improved if the selection process for a reference location included the presence
of a similar marina and approximate level of organics.
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The concentration of EPAPAHs generally correlated with increases in TPAH (R2 = 0.61 in Figure 9c).
Although the absolute concentrations differed by sample, the basic ratio of EPAPAHslTPAHs was fairly
similar throughout Allen Harbor and the Reference areas with three exceptions. Samples Source 2-1,
Source 2-2, and the Crude oil reference material contained elevated levels of petroleum as indicated by
the high levels of TPAHs relative to EPAPAHs (see Figure 9c). These data suggested that differences in
the PAH composition of the remaining Allen Harbor sediment samples were subtle and unlikely
associated with elevated levels of petroleum. Instead, the PAH composition in most Allen Harbor
sediments likely reflected the minor components of mixtures dominated by the native organic
composition. This opinion was influenced by the discussion of PAH composition (see Section 4.3).

The relationship between EPApAHs and hopane demonstrated differences in the relative amounts of
residual petroleum (Source 2-2 and Source 4-1 in upper right of Figure 9d) and partially combusted
organic matter (Source 1-1, Source 1~2, and Source 2-1 in lower right of Figure 9d). Most sediments from
Allen Harbor contained higher levels of petroleum and EPAPAHs than the Reference Areas (see AH06,
AH40, AH-45, AH17, and AH29 in Figure 9d). This difference between the Reference Area and Allen
Harbor sediments may have simply reflected the higher levels of organics in Allen Harbor. Soil samples
from Source Area 3 fell in the general range of Reference Area and AH06 sediments. .The remaining
Source Area soils did not overlap with the Reference Area and Allen Harbor sediments. Despite the lack
of single-source distinction, we surmised that AH-29 contained slightly elevated levels of residual
petroleum while AH-03, AH-28, and AH-49 contained slightly elevated levels of partially combusted
organic material (Figure 9d).

4.3 Petrogenic and Pyrogenic PAH Patterns
The concentration and distribution of polycyclic aromatic hydrocarbons (PAHs) provided greater detail
and specificity about the type of petroleum, tar, and urban background in the field samples. At the outset,
some basic terminology must be clarified. Petroleum possesses a petrogenic PAH pattern consisting of
low parent PAH abundance relative to the alkylated PAHs; e.g., CO < C1 < C2. By contrast, pyrogenic
PAHs form during the partial combustion or pyrolysis of organic matter. A pyrogenic PAH pattern exhibits
high abundance of parent PAHs relative to the alkylated PAHs; e.g., CO> C1 > C2, before weathering.
Finally, diagenetic PAHs, like retene and perylene, form naturally in sediments containing specific types
of decayed vegetation. Forensic scientists study the distribution and relative abundances of diagnostic
PAH assemblages to help identify the presence of PAHs from these various sources (Stout at a/., 2004;
Emsbo-Mattingly et al., 2003; Stout et al., 2003; Emsbo~Mattingly et al., 2003; Stout et al., 2002). The
reader should bear in mind that that these quantitative PAH concentrations are more reliable source
indicators than the peak heights used in the simpler hydrocarbon fingerprinting due, in part, to the
potential presence of interferences (e.g., unknown oxygenated hydrocarbons,aC compounds,
phthalates, halogenated organics, and others) and subtle chromatographic changes (peak widening) that
can occur in the GC/FID fingerprints. Consequently, we used the more reliable PAH data for our
definitive source characterization.

As evident in the hydrocarbon fingerprinting data (Section 4.1), many field samples exhibited a pyrogenic
PAH pattern (Figure 10). We grouped the samples by their compositional similarity for ease of
discussion. Specifically, the relative abundances of FLO and PYO were used for this purpose, because
the FLO/PYO ratio maintains a reasonable degree of source specific character for lightly, moderately, and
heavily weathered pyrogenic PAHs (Emsbo-Mattingly at al., 2003).

Among the samples with relative abundances of FLO greater than PYO, clear differences arose between
pyrogenic signatures in .the Source Areas and Allen Harbor. Most significantly, Source 1-1 contained
elevated concentrations of anthracene (AO) relative to phenanthrene (PO) (Figure 10a). The high ratio of
AO/PO was particularly significant, because AO was normally less than PO in most pyrogenic substances.
Tar refining was required to alter this ratio (Rhodes, 1945). Consequently, a high ratio of AO/PO clearly
indicated the presence of specially refined tar products, like creosote. To be clear, the elevated level of
AO did not always occur during the manufacture of creosote; rather, it was simply an easily recognized
signature of some form of tar refining. Indeed, the use of the AO/PO ratio was also used for differentiating
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multiple sources of creosote in the Elizabeth River Case Study (Stout et al., 2003). In contrast to the
creosote used at Source Area 1, some creosote products contained lower abundances of AO relative to
PO. For the purposes of this study, low ratios of AO/PO indicated a different pyrogenic PAH origin than the .
creosote in the Source Area 1 (see Source 4-1, REF 3-2, AH40, and AH-49 in Figures 10b, 1Oc, 1Od.
10e, respectively). ' .

Other differences in the pyrogenic PAH patterns existed as well. For example, the soil from Source 4-1
contained higher levels of alkylated 3- and 4-ring PAHs (Figure 10b) and the sediment from REF 3-2
exhibited low levels of benzo{e)pyrene (BEP) relative to benzo{a)pyrene (BAP) (Figure 10c). The PAH
pattern for the sediment from AH-40 largely resembled REF 3-2 (Figures 10d and 1Oc, respectively)
whereas the PAH pattern for the sediment from AH-49 resembled REF 3-2 with slightly higher levels of
BEP relative to BAP (Figure 10e). In short, the PAH pattern in soils from the Source Area 1 was
compositionally distinct from those present in the Allen Harbor sediments. By contrast, the PAH pattern in
Allen Harbor sediments most closely resembled those of the Reference Area sediments.

Samples with relative abundances of FLO less than or to equal to PYO yielded similar results. The PAH
pattern in soil from Source 1-2 clearly differed from the Allen Harbor sediment samples based on the high
ratio of AO/PO (Figure 1Of). Sediment from AH-Q3 contained a slightly elevated ratio of AO/PO (Figure
10g). This sampling locaticm was separated from Source Area 1 by many samples with low AO/PO ratios
over a wide area; thus, we attributed this signature to creosote leaching from marina structures in the
Outer Allen Harbor (rather than from Source Area 1). By contrast, AH-26 and AH-28 exhibited a
weathered pyrogenic PAH pattern with a low ratio of AO/PO equal to approximately 0.2 to 0.3 (Figures 10h
and 10i, respectively). Using the EPAPAH data, these samples matched REF 1-2, 2-3, and 2-5 fairly well.
In summary, the PAH composition of Allen Harbor sediments most closely resembled sediments from the
Reference Areas as opposed to soils from the Source Areas.

We used Principal Components Analysis4 (PCA) to further demonstrate these compositional features
more quantitatively. As a rule of thumb, samples that plot closely together on the PCA scores plots
(Figures 11 a and 11 b) were compositionally similar and the degree of separation among samples was
proportional to the compositional differences. These PCA results illustrated large compositional
differences among the Source Area soil samples. Source 1-1 and 1-2 plotted in the lower right of the
scores plot (Figure 11a). This location corresponded to higher levels of 4- to 6-ring PAHs plus AO, as
revealed by the corresponding PCA loading plot (Figure 11c). Likewise, Source 2-1 and 2-2 plotted in th
middle left of the scores plot (Figure 11a) which corresponded to higher levels of alkylated naphthalenes
and fluorenes (Figure 11c). Adding the Reference Materials to the PCA model demonstrated that the
enrichment of these 2- and 3-Ring PAHs closely resembled moderately combusted or highly evaporated
kerosene (Figure 11b). Finally, Source 3-1,3-2, and 4-1 plotted in the upper right (Figure 11a) which
corresponded to elevated levels of alkylated 3- and 4-ring PAHs plus pyrogenic 5- and 6-ong PAHs
(Figure 11 c). Most of the Allen Harbor sediment samples, however, plotted to the middle left of the PCA
scores plot (Figure 11a) which indicated a dominant 4- to 6-ring pyrogenic PAH pattern that was low in AO
(Figure 11c). The PAH composition of these sediment samples was consistent and well within the
expected range of the Reference Area samples, which plotted in the same area (Figure 11 a). One of the
benefits of PCA was its ability to minimize the influence of concentration when exploring compositional
features. Samples with higher PAH concentrations, like AH-49 (EPAPAH = 28 mg/kg) plotted next to AH
40 (EPAPAH = 6 mg/kg); thus, despite concentration differences little compositional differences existed
among the study area sediments with two exceptions. Interestingly, the PAH compositions in the two

4 Principal Component Analysis (PCA; Pirouette, Version 3.02, Infometrix, Seattle, WA) is a factor analysis method that generates
new independent variables (Le. factors) that are linear combinations of the original input variables (e.g., PAH concentrations). This
method reduces the dimensionality of the data to a few important 'principal components' (axes) that best describe variations in the
data. The first axis (1st PC) demonstrates the most prominent trend and successive axes (2nd PC, 3rd PC, etc.) demonstrate
additional trends in decreasing order of importance. Prior to PCA, the PAH concentration input data are log-transformed to reduce
the effect of widely varying concentrations between samples and between individual analytes. The primary objective of the PCA
conducted for this study was to aid in the classification of field samples based on their chemical similarities or differences, without
any pre-classification as to their naturelsource(s). In this report, the results of a PCA are presented using 2-dimensional factor
score and loading plots.
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samples located immediately next to marina structures (AH-Q3 and AH-29) most closely resembled the
compositions in soils from Source 1-1 and Source 1-2, which were shown to be consistent with weathered
creosote (Figures 8a, 8b, 10a, and 10f). We concluded that the PAH in the AH-Q3 and AH-29 sediments
were impacted by creosote. Given their distance from Source Area 1, and proximity to the marina, the
source of the creosote in these sediments was most likely from the marina structures.

4.4 Fugitive Petroleum and Plant Waxes
. The saturated hydrocarbon fingerprints revealed the purified profile of fossil fuels (e.g., petroleum and

coal) and plant waxes in the absence of aromatic interferences (e.g., PAHs). As described previously,
most of the sediment samples contained varying proportions of heavy residual petroleum and plant
waxes. However, the saturated hydrocarbons comprised a very small fraction of the hydrocarbons in tar
dominated samples (e.g., Source 1-1 and Source 1-2). These saturated hydrocarbons helped identify the
hydrocarbon feedstock used to generate the tar material. In order to equitably compare the saturated
fraction of the petroleum- and tar-dominated samples, respectively, the saturated fraction of each sample
required careful isolation in the laboratory.

The pattern of saturated hydrocarbons in the soils containing tar from Source Area 1 contained late
eluting normal alkanes consistent with coal feedstock (Figure 12a). The low level of tar~derived saturated
.hydrocarbons with this pattern was not observed in the sediment samples. The soil from Source 1-2 also
contained normal alkanes with enriched odd-numbered carbons relative to even-numbered carbons
eluting between n-tricosane (n-C23) and n-pentatriacontane (n-~), a feature consistent with plant waxes.
These hydrocarbons likely originated from leaf detritus derived from local plants and were widely
observed throughout the study area. By contrast, the soil from Source 2-1 contained saturated
hydrocarbons consistent with a light middle distillate with elevated levels of isoprenoids that indicated
biodegradation (Figure 12b). High levels of early relative to later eluting isoprenoids were consistent with
GC/FID and PAH data that matched this/material with the weathered kerosene reference material. The
saturated hydrocarbons· in the soil from Source 3-1 contained a heavier middle. distillate with a
pronounced loss of lighter alkanes, a feature consistent with combustion (compare Figures 12c and 12d).
This sample also contained heavier normal alkanes identified as a mixture of plant waxes and residual
petroleum. The saturated hydrocarbons in the soil from Source 4-1 contained heavy residual petroleum
indicated by a later eluting UCM and normal alkanes plus some plant waxes (Figure 12e).

As was evident in the total extractable hydrocarbons described previously, the saturated hydrocarbons in
the Allen Harbor and Reference Site sediment samples were dominated by heavy residual petroleum and
plant waxes. The heavy residual petroleum was identified as a late eluting UCM and plant waxes were
recognized by the characteristic pattern of heavy alkanes (see REF 1-4, REF 3-2, AH-Q3, AH-40, and AH
49 in Figures 12f, 12g, 12h, 12i, and 12j, respectively). The dominant signatures in all of these samples
were similar and consistent with urban runoff (e.g., asphalt and lubricating oil) mixed with vegetation
debris.

A few sediment samples from Allen Harbor exhibited evidence for the presence of a middle distillate
petroleum. The sediment from AH-40 contained the most clear middle distillate pattern comprised of .
normal alkanes eluting between n-undecane (n-C11 ) and approximately pentacosane (n-C25) (Figure 12i).
The moderately lower abundances of isoprenoids relative to normal alkanes suggested only a moderate
degree of biodegradation. AH-28 and AH-49 (Figure 12e) contained lower levels of a similar petroleum
material. This material was heavier than the middle distillate observed in soils from Source 2-1 and
Source 2-2 (Figure 12b). It was also lighter than the middle distillate present in soil from Source 3-1,

. . which exhibited.a.slightly heavier. normal alkane profile likely due to combustion dUring fire fighter. training
exercises (Figure 12c). While the possible presence of a middle distillate derived from Source Area 3 in
the AH-40 sediment cannot be completely ruled out, the presence of low levels of a middle distillate in
AH-49 and AH-28 also could be attributed to urban runoff of truck diesel or heating fuel from activities
around Allen's Harbor Road and adjacent parking lots (Figure 2).
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4.5 Genetic Origins of Heavy Hydrocarbons
Triterpane biomarkers reside in the heavy molecular weight fraction of crude oil and coal. The relative
abundances of specific biomarkers help identify the conditions and region where the crude oil and coal
were formed (Peters and Moldowan,1993). The term, genetic signature, refers to the relationship
between the molecular architecture of preserved organic matter to the organisms and geochemical
processes controlling or influencing the formation of fossil fuel. Having survived millennia under heated
and pressurized conditions, selected biomarkers (e.g., triterpanes and steranes) resist the degradation
processes that occur in most coastal sediment environments. These biomarkers are capable of
differentiating the origins of heavy hydrocarbons even when most of the more labile compounds degrade. .

Triterpane biomarkers were detected in the field samples. As expected, samples with late eluting UCMs,
indicating the presence of residual petroleum (Sections 4.1 and 4.4), contained higher levels of triterpane
biomarkers. Importantly, most of the sediment samples exhibited a common triterpane fingerprint and
suggested a possible common origin. This fingerprint (Pattern A) consisted of approximately equal levels
of Ts and Tm plus low levels of NH relative to hopane H and low levels of triterpanes relative to Tm (see
REF 3-2, AH-Q3, and AH-45 in Figures 13a, 13b, and 13c, respectively). Pattern A was observed in
sediments throughout all areas of Allen Harbor and the Reference Area 3. We considered Pattern A the
predominant shoreline signature of runoff from the roadways in the North Kingstown-Wickford area. By
contrast, the triterpane fingerprint in sediments from Reference Areas 1 and 2 (Pattern B) differed slightly
in the lower abundance of Ts relative to Tm (e.g., Figure 13d). As such, we considered Pattern B the
regional pattern of central Narragansett Bay. Pattern B was also observed in soils from Source Areas 1
and 3 which indicated that products from this type of crude oil enjoyed widespread applications in the
Narragansett Bay area (Figures 13e and 13f, respectively).

Three sediment samples in Allen Harbor exhibited triterpane fingerprints that differed from the shoreline
(Pattern A) and regional (Pattern B) fingerprints. The sediment from AH-40 was the only sample with high
levels of Ts relative to Tm plus low levels of triterpanes relative to Tm (Pattern D) (Figure 13g). Thi~

pattern reflected a unique residual petroleum release. AH-49 contained high levels of NH relative to H
and a slightly greater abundance of C35-homohopanes, which are features consistent with particular
crude oils or coals. (Pattern E) (Figure 13i). Pattern E also existed in Source 4-1 and helped connect the
hydrocarbon patterns in AH-49 with the proximal storm sewer (Figure 13h). AH-28 exhibited a mixed
signature of Patterns A and E (Figure 13j). This mixed pattern suggested that either 1) effluent from th
storm drain preferentially circulated along the eastern shoreline of Allen Harbor or 2) drainage from
Allen's Harbor Road entered the Harbor at multiple locations. Interestingly, the unique features of Pattern
E failed to extend further into the Harbor. We speculated that Pattern E represented recent paving
maintenance, .new roadway construction, or seasonal change in the use of industrial heating oil.

The triterpane patterns in soils from Source Areas 1 to 3 largely differed from those in the Allen Harbor
sediments. Soils from Source 1-1, Source 1-2, Source 3-1, and Source 3-2 contained triterpanes that
exhibited Pattern B (Figure 13e and 13f). Although Pattern B was also present in REF 1-4 and 2-1, thes
locations were spatially distinct and separated by numerous samples containing triterpanes exhibiting
Pattern A. Therefore, we concluded that the petroleum in these Source and Reference Areas constituted
independent releases of heavy residual petroleum with little or no signifICant relation to sediment impacts
in Allen Harbor. Likewise, soil from Source 2-1 contained a unique triterpane fingerprint with high levels
of Ts and triterpanes relative to Tm (Pattern C). The absence of Patterns Band C in Allen Harbor
sediments indicated that heavy hydrocarbons from these Source areas did not migrate to the proximal
surficial sediments.

4.6 Horizontal and Vertical Hydrocarbon Distribution
The previous discussion laid the groundwork for understanding the chemical compositions of the
hydrocarbons occurring in samples collected throughout the study area. In this section, we evaluated the
spatial relationships among soil and sediment samples in simplified horizontal and vertical terms. Herein,
we drew together the most significant hydrocarbon features in spatial terms.
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The general concentrations (-20 mglkg) and pattems (pyrogenic 4- to 6-ring) of EPAPAHs in Allen
Harbor were consistent with the background sediments collected in many coastal locations throughout the
United States. In a recent sediment background study, the total EPAPAH concentration at the upper 96th

percentile limit was approximately 20 mg/kg (Stout et al., 2004). Clearly, the PAH concentration in Allen
Harbor (20 mg/kg) compared well with literature values for background sediments (20 mglkg). This
statistic is relevant because, unlike the Reference Area samples, the sediment samples in Allen Harbor
and the Stout et al. (2004) publication were likely exposed to a wide diversity of background inputs
including truck emissions, industry, and large marinas. In addition, this background study included 41
samples from Rhode Island Sound.

The concentrations of PAHs in Allen Harbor sediments (2.80 mglkg to 28.1 mglkg) were elevated relative
to the Reference Areas (0.03 mg/kg to 2.38 mglkg) (Table 7). Interestingly, the PAH p~ttem of Allen
Harbor and Reference Area sediments matched closely (Figures 10 and 11). Therefore, the difference
between PAH concentrations in Allen Harbor and the Reference Area locations was attributed to the
degree of impact by a similar type of partially combusted organic material. The NCBC source soils
exhibited many differences in PAH composition relative to the study area sediments. Consequently, we
largely attributed the PAHs in Allen Harbor sediments to an unspecific pyrogenic source consistent with
urban areas (e.g., exhaust from automobiles, trucks, and furnaces plus tar-based paving or building
materials). The higher concentration of PAH in Allen Harbor sediments, compared to the Reference Area

.. "sedlrTleiits,' may simply" reflect" 1)tl1e higher density of commercial and industrial activities, 2) higher
density of paved areas, and 3) differences in the sedimentation and circulation properties. Collectively,
one or more of these factors likely led to greater accumulation of urban background-derived PAH in Allen
Harbor sediments.

The general patterns of TOC, plant waxes, and heavy residual petroleum supported the attribution of
PAHs to regional urban and natural bac~ground sources. Like the PAH concentrations, the loading of
TOC (natural and anthropogenic organic material) and hopane (heavy residual petroleum) was greater in
Allen Harbor than in the Reference Areas (Figure 9). Like the PAH fingerprints, the signatures of plant
waxes and triterpane biomarkers varied little among the Allen Harbor and Reference Areas (Figures 8,
12, and 13). We noted that the Core 1 samples contained approximately equal levels of TOC, but more
than double the level of EPAPAHs in the surficial sediments (see C1 Band C2B in Figure 9a). Assuming
the deeper sediments were deposited before the surficial sediments, this observation implied that recent
loading of PAHs were more significant on a concentration basis than historical loadings. In short, as
stated above, Allen Harbor sediments simply contained higher levels of runoff than the Reference Areas.
The cause of this higher loading was likely caused by a greater degree of local industrial, vehicular, and
roadway activities possibly in combination with Allen Harbor's apparently more restricted water circulation,
which tends to reduce flushing of all forms of organic matter (natural and anthropogenic) entering the
harbor.

We observed several local hydrocarbon impacts that appeared to varying degrees with the regional
hydrocarbon patterns. The sediment from sampling location AH-40 contained low-levels of diesel range
hydrocarbons (Figure 12i) and distinct heavy residual petroleum (Figure 13g). However, the PAH
concentration at this location was not particularly high (EPAPAH =6.1 mg/kg) and the PAH pattern
matched none of the soil samples from Source Areas 1, 2, or 3 (Figures 10 and 11).

We also observed low levels of middle distillate (Figure 12j) and distinct heavy residual petroleum in AH
28 and AH-49 (Figures 13j and 13i, respectively). The PAH concentrations at these locations (EPAPAH =
25.0 mglkg and 28.1 mg/kg, respectively) were the highest of all the sediment samples (Table 6).

'-'However;"the PAHpattems-afAH~28and AH~9'matched none of the soil "samples collected from"Source
Areas 1, 2, and 3 (Figures 10 and 11). Like AH-40, the PAH pattem in AH-28 and AH-49 most closely
matched that of the Reference Area samples. Unlike AH-40, the heavy residual petroleum in AH-28 and
AH-49 clearly originated from the sources found in the storm sewer (Source 4-1) (Table 6 and Figures 13j
and 13i, respectively) where it mixed with Allen Harbor sediment (see enrichment of plant waxes from
Figure 12e to 12j). We concluded that the heavy residual petroleum and elevated PAHs in the AH-28 and
AH-49 sediments wer most closely associated with runoff from the Allen's Harbor Road area along the
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eastern shoreline. It was also possible that the middle distillate observed in AH-28 and AH-49 originated
from marine fuels associated with the marina. Regardless, these sediments were not impacted by Source
Areas 1, 2, and 3.

Relative to the Reference Areas, the remaining samples collected in Middle and Outer Allen Harbor that
exhibited slightly elevated concentrations of PAHs were attributed to creosote treated docking materials.
AH-03 (EPAPAH = 11.6 mg/kg) was collected proximal to a dock structure in the Outer Harbor (Figure 4).
This dilute tar product was clearly refined as evidenced by the elevated levels of anthracene (AO) (Figures
10g and 11a). AH-29 (EPAPAH =24 mg/kg) was collected proximal to a dock structure in the Middle
Harbor (Figure 3). This dilute tar also contained slightly elevated AO (Figure 11a). Other samples in this
region that were not analyzed for forensic parameters, like AH-35 (EPAPAH = 22.3 mg/kg), were located
near dock structures and marina facilities (Figure 3). We suspected that the cause for elevated PAHs at
these locations was, at least in part, attributable to some type of creosote sourced from the marina
structures. .

Samples collected in the NCBC Source Areas contained a wide range of hydrocarbon materials. In
summarizing these hydrocarbon patterns, we recapitulated the extent of these signatures in the Allen
Harbor study area. Source 1-1 and Source 1-2 (EPAPAH from 11.1 to 50.7. mg/kg) contained two
different types of refined tar as indicated by the ratios of FLO/PYO and AO/PO (Figure 10a and 11 a). We
observed low levels of heav},tiydroearbons" carls1Sferitwlth-·coal 'and residual range petroleum in these
samples (Figure 12a) with a triterpane fingerprint (Figure 13e) that was absent in the Allen Harbor
sediment samples. Soils from Source 2-1 and Source 2-2 (EPAPAH from 19.1 to 30.7 mg/kg) contained
predominantly weathered kerosene (Figures 8c, 11 b, and 12b) that was also not observed in Allen Harbor
sediments.

Soils from Source 3-1 and Source 3-2 (EPAPAH from 0.80 to 2.75 mg/kg) contained partially combusted
diesel and heavy residual petroleum (Figures 8d, 11a, and 12c). Low levels of diesel range hydrocarbons
were detected proximal to SEEP 16-01 at location AH-40. However, the heavy residual petroleum at AH
40 differed from that in the soil from Source 3-2 based on the triterpane fingerprints (Figures 13g and 13f,
respectively). Consequently, we concluded that while the middle distillate may have migrated from
Source Area 3, the heavy residual petroleum did not. With levels of EPAPAHs equivalent to the
Reference Area samples and lower than occur in Allen Harbor sediments, the potential for Source 3
samples to cause PAH contamination greater than background y.'as highly unlikely.

Finally, the soil from Source 4-1 contained a mixture of petrogenic and pyrogenic PAHs (Figure 11a).
The low levels of PAHs in the storm sewer sample (Source 4-1 EPAPAH =0.65 mg/kg) compared poorly
with sediments collected at the outfall (AH-49 EPAPAH = 28.1 mg/kg). This discrepancy suggested that
the PAH enriched particles in the storm sewer may have been washed into the Harbor. Indeed, the
planned proximal sampling location at Core 2 was cancelled because the fine sediments were scoured
from this location. Nevertheless, the heavy residual petroleum in Source 4-1 (Figures 12e and 13h)
matched the sampling locations proximal to outfalls (see AH-49 and AH-28 in Figures 12j, 131 and 13j)
that drained Allen's Harbor Road. Drainage from this road, surrounding paved parking area, and possibly
marina fuels likely explained the low levels of diesel that also appeared in AH-28 and AH-49.
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5. SUMMARY
A limited environmental forensic study was conducted at the Naval Construction Battalion Center (NCBC)
Site 16 located on the western shore of Narragansett Bay in North Kingston, Rhode Island. The technical
approach for this investigation followed the Navy User's Guide for· Determining the Sources of
Contaminants in Sediment (Stout et a/., 2003). This investigation was intended to assist the Navy Project
team in identifying sources of PAH contamination found in Allen Harbor sediments and to determine if
identified PAH sources were related to historical releases from Site 16 activities. In order to address the
project objectives, advanced chemical analyses were performed on seven Source Area soils, three
Reference Area sediments from other areas in Narragansett Bay, and eleven Allen Harbor sediments.
Additional samples were analyzed for EPA Priority Pollutant PAHs and TOC in order to determine the

.. representativeness of any conclusions derived from the advanced chemical analyses. The results of .
these analyses generated the following conclusions:

• A middle distillate petroleum signature in the former fire fighter training area (Source 3-2) was
observed that generally matched the low levels of diesel range hydrocarbons in proximal
sediment from sampling location AH-40. It was not possible to determine if these diesel range
hydrocarbons originated from historical Navy or more contemporary marina activities.
Considering the type of hydrocarbons (middle distillates contain primarily petrogenic 2- and 3-ring
PAHs), soils or activities from this area could not have caused direct PAH impacts to Allen Harbor
sediments (pyrogenic 4- to 6-ring PAHs).

• The hydrocarbon signatures of creosote and heavy residual petroleum in soils from the former.
creosote dipping tank and pole drying/storage areas at Site 16 were not observed in Allen Harbor
sediments. The pyrogenic PAHs in Source Area 1 creosotes shared a distinctive enrichment of
anthracene that was absent in. the proximal Allen Harbor sediments. Likewise, the g netic
signature of triterpanes in the heavy residual petroleum differed from the sediments of Allen
Harbor.

• Although the Priority Pollutant PAH concentrations in Allen Harbor sediments (EPAPAH averaged
12 mg/kg and ranged from 2.51 mg/kg to 28.1 mg/kg) matched many other coastal areas around
the United States (EPAPAH - 20 mg/kg at the upper 96th percentile), they were elevated relative
to sediments from the three Reference Areas (EPAPAH averaged 0.8 mg/kg and range from 0.03
mg/kg to 2.38 mg/kg). However, the concentrations of TOC (included natural and anthropogenic
organic matter) and hopane (a marker for heavy petroleum) indicated that the loading of all
organic material in Allen Harbor was elevated. Consequently, the high level of PAHs in Allen
Harbor relative to the Reference Areas was likely explained by one or more of the following
factors: 1) the higher density of commercial and industrial activities, 2) higher density of paved
areas, and 3) potential flushing restrictions at the mouth of Allen Harbor.

• Some hydrocarbon impacts to sediments arising from the drainage of Allen's Harbor Road have
been demonstrated. Specifically, sediment samples collected proximate to drains from this road
(AH-49 and AH-28) exhibited elevated PAHs (EPAPAHs from 25.0 mg/kg to 28.1 mglkg). The
heavy residual petroleum in sediments from the storm drain associated with Allen's Harbor Road
(Source 4-1) matched that found in the outfall (AH-49) and neighboring (AH-28) sedimentS. The
source of this heavy residual petroleum was attributed to typical components of urban runoff (e.g.,
abraded petroleum asphalt and motor oils). Although not observed in the storm drain sample,low
levels of diesel range hydrocarbons in AH-28 and AH-49 were consistent with runoff from streets
and parking lots.

• Two Allen Harbor sediment samples (EPAPAH =11.6 mg/kg in AH~3 and EPAPAH =24.0
mg/kg in AH-29) collected adjacent to marina dock pilings throughout Allen Harbor contained
refined tar consistent with creosote. As demonstrated in the Elizabeth River Case Study, the
relative abundances of diagnostic PAHs demonstrated the direct impact of various types of
creosote (Stout et a/., 2003). As such, it can be concluded that creosote likely leached from the
marina docks at these locations. Although not selected for advanced chemical analyses, sample
AH-35 (EPAPAH =22.3 mglkg) was located next to a dock piling and may have also experienced
localized creosote leaching.
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In summary, the Allen Harbor sediment samples exhibited localized PAH impacts from dock pilings and
roadway runoff. There was no evidence suggesting that the PAH impacts to Allen Harbor sediments
were attributable to historic activities represented by the Site 16 Source Areas studied.
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Table 3. Primary PAH Analytes

November 2004

Aromatic EPA Priority
Ring Total PAH Pollutant PAH

Analyte Abbreviation Number (TPAH) (EPAPAH)
Naphthalene NO 2 X X
C1-Naphthalenes N1 2 X
C2-Naphthalenes N2 2 X
~Naphthalenes N3 2 X
C4-Naphthalenes N4 2 X
Biphenyl B 2 X
Acenaphthylene AY 3 X X
Acenaphthene AE 3 X X
Dibenzofuran OF 3 X
Fluorene FO 3 X X
C1-Fluorenes F1 3 X
C2-Fluorenes F2 3 X
~Fluorenes F3 3 X
Anthracene AO 3 X X
Phenanthrene PO 3 X X
C1-PhenanthreneslAnthracenes PA1 3 X
C2-PhenanthrEmeslAnthracenes PA2 3 X
~PhenanthreneslAnthracenes PA3 3 X
C4-PhenanthreneslAnthracenes PA4 3 X
Dibenzothiophene 0810 3 X
C1 ~Dibenzothiophenes DBT1 3 X
C2-Dibenzothiophenes DBT2 3 X
C3-Dibenzothiophenes DBT3 3 X
C4-Dibenzothiophenes DBT4 3 X
Benzo(b)fluorene BF 4 X
Fluoranthene FLO 4 X X
Pyrene PYO 4 ·X X
C1-FluorantheneslPyrenes FP1 4 X
C2-Fluoranthenes/Pyrenes FP2 4 X
C3-FluorantheneslPyrenes FP3 4 X
Benzo(a)anthracene BAO 4 X X
Chrysene CO 4 X X
C1-Chrysenes BC1 4 X
C2-Chrysenes BC2 4 X
C3-Chrysenes BC3 4 X
C4-Chrysenes BC4 4 X
Benzo(b)fIuoranthene BB 5 X X
Benzo(j/k)fIuoranthene BJK 5 X X
Benzo(a)fluoranthene BB 5 X
Benzo(e)pyrene BEP 5 X
Benzo(a)pyrene BAP 5 X X
Perylene PER 5 X
Indeno(1,2,3-c,d)pyrene IND 6 X X
Dibenz(a,h)anthracene DA 5 X X
Benzo(g,h, i)perylene GHI 6 X X
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Table 4. Selected PAH Isomer Analytes

November 2004

Aromatic EPA Priority
Ring Total PAH Pollutant PAH

Analyte Abbreviation Number (TPAH) (EPAPAH)
2-Methylnaphthalene 2MN 2 X X
1-Methynaphthalene 1MN 2 X
2-Ethylnaphthalene 2EN 2 X
1-Ethylnaphthalene 1EN 2 X
2.6-dimethylnaphthalene 26DMN 2 X
1,5-Dimethylnaphthalene 15DMN 2 X
2-Methylfluorene 2MF " 3 X
1-Methylfluorene 1MF 3 X
4-Methyldibenzothiophene 4MDBT 3 X
2/3-Methyldibenzothiophene 213MDBT 3 X
1-Methyldibenzothiophene 1MDBT 3 X
3-Methylphenanthrene . 3MP 3 X
2/4-Methylphenanthrene 214MP 3 X
2-Methylanthracene 2MA 3 X
9-Methylphenanthrene 9MP 3 X
1-Methylphenanthrene 1MP 3 X
2,7-Dimethylphenanthrene 27DMP 3 X
1,7-Dimethylphenanthrene 17DMP 3 X
Cadalene CAD 2 X
Dehydroabietin(e) DHA 1 X
Retene RET 3 X
C1-Benzo(b)naphthothiophenes BNTO 4 X

. C1-Benzo b)naphthothiophenes BNT1 4 X
C2-Benzo b)naphthothiophenes BNT2 4 X
C3-Benzo b)naphthothiophenes BNT3 4 X
C4-Benzo b)naphthothiophenes BNT4 4 X
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Table 5. Biomarker Analytes

November 2004

Saturated
Ring

Observed Analvte Abbreviation Number
17a(H),2113(H)-Hopane (Hopane) H 5
18a(H)-28,29,3D-Trisnorhopane Ts 5
17a(H)-28,29 3D-Trisnorhopane Tm 5
17a(H),21 B(H)-30-Norhopane NH 5
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Table 6. Summary of Hydrocarbon Chemistry.

S8turBtes&
EPAPAH TPAH Hopane TOC Blomarlltn Dominant Anthropogenic

Client 10 TYDe (malkal (malkal (malkal (malkal KR ORIRRlpwl TT HYdrocarbon Pattern
Scuce 1-1 Source 11.1 16.1 0.01 XIX B Heavily Weathered Creosote
SooIce 1-2 Source 50.7 n.l 0.07 X B Heavily Weathered Creosote

SooIce 2-1 Source 19.1 106 0.04 X C
Weathered Middle DistiIalll
K~bvPAHsI

SooIce 2-2 Source 30.7 167 0.89 X X A
Weathered Middle DisIi8al8
Kerosene by PAHsI

Scuce3-1 Source 0.80 1.32 0.06 8,000 X X B
Low Diesel Range and
Residual Pelroleum

SooIce 3-2 Source 2.75 5.00 0.14 X X B Residual PelraIeum
SooIce 4-1 Source 6.80 12.1 1.05 X E lube and Resi<lJaI Petrolam
REF 1-1 Reference 0.03 1,800 I
REF 1-2 Reference 0.05 3100

REF 1-4 Reference 0.65 1.16 0.09 19,700 xix B Weathered Heavy Resi<lJaI PelroIelIn

REF 2-1 Reference 0.87 1.59 0.11 28,500 X X B Weathered Heavy ResIWaI PelroIelIn

REF 2-3 Reference 0.56 25,100
REF 2-5 Reference 0.11 10,300
REF 3-1 Reference 1.30 28,600

REF 3-2 Reference 2.38 3.57 0.10 X X A
Weathered Heavy ResWaI P9lrollLm
with low PArIs

REF 3-4 Reference 1.01 18,900 I
AH-<l3 Outer Harbor 11.6 17.6 0.10 27,700 X X A

Weathered Heavy Residual PelroIelIn
with HeavilY Weathered CnIosale

AH.oo Outer Herbor 2.81 4.56 0.21 31,700 X X A Weathered Heavy Residual PelroIeIm

AH-08 Outer Harbor 5.64 46800
AH-ll Outer Harbor 5.36 39900

AH-17 Middle Harbor 6.88 11.2 0.41 52,500 X XIA Weathered Heavy Residual PelroIet.rn

AH-23 Middle Harbor 11.9 37,300 I

AH-26 Middle Harbor 9.79 16.2 0.21 31,000 X X A
Wea1hered Heavy ResidulIl PelroIel.m
and low PAHs

AH-26D Middle Hatlor 8.88 14.7 0.20 I X X A
Weathered Heavy Residual Petroleum
and LowPAHs

AH-28 Middle Harbor 25.0 42.0 0.18 21,000 X X X AlE
Wealhered Heavy Residual PlIlroIeum
with Tar

AH-29 Middle Harbor 24.0 38.9 0.62 50,100 X X A
Weathered Heavy Residual PelroIeum
with Heavily Weathered Cnlosote

AH-32 Inner Harbor 9.89 42,900
AH-33 Inner Harbor 12.1 40,500 I

AH-35
Inner Harbor

22.3 45,500

AH-40 Inner Harbor 6.09 8.94 0.25 7,800 X X XID
Weathered Heavy ResiQJal PlIlroIeum '
and LowPAHs

AH-42 Inner Harbor 11.6 11,300 I
AH-45 Inner Harbor 6.35 10.2 0.33 49,700 X X A W_ Heavy Resldual PelroIetm

AH-47 Inner Harbor 8.30 16,000

AH-49 Inner Harbor 28.1 46.9 0.20 13,600 X X X E
Weathered Heavy Resl~ PelroIeum
with Tar

AH-51 Outer Herbor 112 50,500 I
Core l-Too Inner Harbor 10.4 11,800
Core 1-801 Inner Herbor 2.80 12,700 I I
Core l-BolD Inner Herbor 12.5
DUP.Ql Outer Harbor 5.92 38,000 I

DUP.Q3 Outer Harbor 2.51 4.08 0.20 32,200 I X X A Weathered Heavy Residual PetroIllInl

DUP.Q7 Inner Herbor 8.44 37,300
RIns.Ql ac 0.08
Rins.Q2 ac 0.01 I
Crude ac 1.90
Crude ac 1.98 12.1 0.15 X X X Unweathered Crude PetroIelm
SRM ac 50.6

SRM ac 50.7 108 Ix Weathered Heavy Resldual PelroIeum
and LowPAHs

Key:
AH Allen Harbor
Saturated Hydrocarbon Fingerprint Categories: KR kerosene range, MR '!'iddle distillate range, P'W plant wax and RR residual range
Triterpane (TI) Biomarker Pattems: A Ts - Tm, B Ts < Tm, C Ts > Tm with high triterpanes, D Ts > Tm. E NH > H (Section 4.5)
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Table 7. Ranges of Hydrocarbons by Sampling Location.

TOC (mg/kg) EPAPAHs (mg/kg) TPAHs (mglkg) Hopane (mglkg)
Sampling Location Min· Max Min· Max Min· Max Min· Max
Source Areas 8,000 - 8,000 0.80 - 50.7 1.32 • 167 0.01 - 1.05
Reference Areas 1,800 - 28,600 0.03 - 2.38 1.16 • 3.57 0.09 - 0.11
Outer Allen Harbor 27,700 - 50,500 2.81 - 11.6 4.08 • 17.6 0.10 -0.21
Middle Allen Harbor 21,000 - 52,500 6.88 - 25.0 11.2 - 42.0 0.18 - 0.62
Inner Allen Harbor 7,800 - 49,700 2.80 - 28.1 8.94 - 46.9 0.20 • 0.33
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Attachment B
Figures

November 2004
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Figure 1. Site and Reference Areas in Narragansett Bay, Rhode Island

Figure 2-1. Allen Harbor and Reference Locations in Narragansett Bay.
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Figure 2. Source Sampling Area

November 2004
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Figure 3. Southern Allen Harbor Sampling Locations.

November 2004
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Figure 4. Northern Allen Harbor Sampling Locations.

November 2004
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November 2004

FigureS. Reference Sampling Location 1: Coggeshall Cove.
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Figure 6. Reference Sampling Location 2: Jamestown Island.
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Figure 7. Reference Sampling Location 3: Fishing Cove.
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. Figure 8. Selected High Resolution Hydrocarbon Fingerprints (GC/FID)

a. Source 1-1
Weathered tar is indicated by the
dominant pattern of parent PAHs.
Weathering likely caused the loss of .
2- and 3-Ring PAHs. This material
could also be pitch. .

b. Source 1-2
Weathered tar is indicated by the
dominant pattern of parent PAHs.
Weathering likely caused the loss of
2- and 3-Ring PAHs. The lower
abundance of FLO relative to pya
may be due to weathering or different
type of source tar. This material
could also be pitch.

c. Source 2-2
Middle distillate UCM topped by
alkylated naphthalenes. Low levels of
heavy residual petroleum also evident
as a late eluting UCM.

d. Source 3-1
Heavy middle distillate range UCM
and normal alkanes show little
evidence of biodegradation. Heavy
residual range petroleum indicated by
normal alkanes plus late eluting UCM
may indicate the presence of
lubricating oil andl or asphalt.

e. Source 4-1
Two late eluting UCMs topped by
heavy normal alkanes may indicate
the presence of lubricating oil and! or
asphalt.

Weathered
2- and 3-RingPAH~

Weathered
2- and 3-RingPA~

Middle
Distillate

FLO
KYO

CO

~HI

Heavy
Residual

Heavy
Residual

Heavy
Residuals

Weathered
Tar

Weathered
Tar

Weathered
Petroleums

Weathered
Petroleums

Weathered
Petroleums

PO phenanthrene. FlO fluoran1hene. PYllP~. co cIuysene. BB benzo(b)lluoran1hene. and GHI benzo(s;;.I)perytene (Table 2)
Q Quaily control compounds include swrogates and inlllm8l standanls
UCM unl8SCAv8d canplex mixlure
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Figure 8. Selected High Resolution Hydrocarbon Fingerprints (GefFID) (cant.)

f. Reference 1-4
Late eluting UCM indicates residual
range petroleum. Odd-carbon
numbered normal alkanes (n-C25 to n
~ identified with jagged line)
indicate plant waxes. Unknown
oxygenated hydrocarbons from
unknown origin.

g. Reference 2-1
Very similar to Reference 1-4.

h. Reference 3-2
Residual range petroleum topped by'
plant waxes (odd-carbon numbered
normal alkanes) of a different type
than in Reference 1-4. Early eluting
unknown alcohols from unknown
origin.

i. SRM
NIST standard reference material of
sediment from an urban waterway.
Late eluting UCMs indicate residual
range petroleum. PAHs likely from
runoff and atmospheric particles.

Unknown
Oxygenated

Hydrocarbons

Q Q Plant Background

Background

Background

Background .

PO phenanlhrene. FlO fluoran1hene. PYO pyrene. co c:hrysene. BB benZD(b)lluoranlh_. and GHI benZD(~)pelyIene (Tabkl2)
a quaily control compounds include surrogates and inlllmal slandarlls
UCM unresolved ccrnpIex mixture
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Figure 8. Selected High Resolution Hydrocarbon Fingerprints (GC/FID) (cont)

j. AH~3
Late eluting UCM indicates residual
range petroleum. Odd-carbon
numbered normal alkanes (n~5 to n
~ identified with jagged line)
indicate plant waxes like Reference 1
4. Low level PAHs possibly from
treated wood docking structures or
background.

k. AH-26
Residual range petroleum (UCM) and
PAHs were similar to AH-03. Plant
wax pattern (odd-carbon numbered
normal alkanes) slightly different
possibly due to different combination
of detrital vegetation.

I. AH-29
Very similar to AH-26. The higher
abundance of FLO relative to PYO
may indicate a different type of urban
runoff or trace level creosote.

m. AH-45
Residual range petroleum (UCM) and
plant waxes (odd-carbon numbered
normal alkanes) similar to AH-26 and
AH-29. Unknown oxygenated
hydrocarbons consistent with
background (see Reference Samples
1-4 and·2-1).

FLO
PYO·

Unknown
Oxygenated

Hydrocarbons

..,..,
u,
c:

Outer
Allen

Harbor

Middle
Allen

Harbor

Middle
Allen

Harbor

Inner
Allen

Harbor

n. AH-49
Heavily weathered tar plus residual
range petroleum (UCM). The higher
abundance of FLO relative to PYO
may indicate a coal tar product, like
creosote or paving tar.

PO "

CO

Inner
Allen

Harbor

PO Ilhenan1hrene, FlO fIuoran1hene. PVC P)r8ll9. co chrysene. BB benzo(b)ftuoranthene, and GHI benzo(S;OJpetytene (Table 2)
a quaity control compounds include SIrnlg8teS and in1llma1 slandartls
UCM unl8SOlved canplex mixlure
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Figure 9. Relationships among Bulk Hydrocarbon Measuremen.ts.

a. EPAPAH v Toe.
The quantities of TOe and total EPAPAHs were basically independent in the study area. Therefore, TOC
was not a leading indicator of tar or pyrogenic PAHs. Additionally, the levels of TOe and EPAPAHs in
Allen Harbor were frequently higher than the Reference Areas. Therefore, the organic loading in Allen
Harbor is greater than in the Reference Areas. Samples with low levels of TOC and high levels of
EPAPAHs were leading candidates for detecting residues of combustion.
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Figure 9. Relationships among Bulk Hydrocarbon Measurements (cont).

b. EPAPAH by Study Area Location.
The total EPAPAH concentrations in the Inner, Middle, and Outer Allen Harbor overlapped (error bars
represent +/- 1 standard deviation around the mean). The highest PAH concentrations in sediment
samples were observed near the storm sewer outfall and marina structures.
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Figure 9. Relationships among Bulk Hydrocarbon Measurements (cont).

c. EPAPAH v TPAH.
TPAHs include EPAPAHs plus numerous alkylated PAHs and dibenzothiophenes. Samples with
elevated higher levels of TPAH relative to EPAPAH often contain elevated petroleum and samples with
lower levels of TPAH contained combustion byproducts. A fair correlation existed between the
concentrations of EPAPAH and TPAH. Using this general rule, samples S21 and S22likely oontained
petroleum. The remaining samples were reasonably consistent with the variable loading of background
PAHs.
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Figure 9. Relationships among Bulk Hydrocarbon Measurements (cont).

d. EPAPAH v Hopane. '
Hopane is a conservative marker for heavy petroleum range material - high levels of hopane indicate
high levels of residual range petroleum. Although a very poor correlation existed between EPAPAH and
hopane, we observed relatively high levels of hopane in 541. Low relative concentrations of hopane were
consistent with combustion byproducts and tar. Samples with low levels of hopane relative to EPAPAHs
induded S11. S12, and S21.
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Figure 10. Selected PAH Histograms.

November 2004 (

a. Source 1-1
Pyrogenic 3- to 6 Ring PAHs
illustrated by downwardly sloping
homologue pattern. This creosote
was distinctive in its high AO relative
to PO. Heavy tar weathering was
evident in the low levels of 2- to 3
Ring PAHs.

b. Source 3-2
The 4- to 6-Ring pyrogenic PAHs
exhibited low levels of AO relative to
PO. Petrogenic naphthalenes, OBTs
and NBTs identify middle and heavy
petroleum.

c. REF 3-2
Pyrogenic 3- to 6-Ring PAHs differed
from Source 1-1 in the low levels of
AO relative to PO. Other diagnostic
ratios (BB/BJK and BEP/BAP) were
also lower. Heavy weathering was
evident in the low levels of PO relative
to PYO.

d. AH-40
Heavily weathered PAH pattern
resembled REF 3-2.

e. AH-49
Heavily weathered PAH pattern
similar to AH-40 an REF 3-2 with two
slight differences. The levels of FLO
relative PYO and BB relative to BJK
were slightly lower.

PAH abbreviations on Table 3.

~ +- FLOIPYO

BB/BJK BEPIBAP

}!
~
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Figure 10. Selected PAH Histograms.

November 2004

f. Source 1-2
Dominant pattern of 4- to 6-Ring
parent PAHs likely caused heavy
weathering of the 2- and 3-Ring
PAHs. Like Source 1-1 (Figure 9a)
the high levels of AO relative to PO,
were distinctive.

g. AH-03
Heavily weathered pyrogenic 3- to B
Ring PAHs differed from Source 1-2
in the low levels of AO relative to PO.
Other diagnostic ratios (FLO/PYO,
BB/BJK and BEP/BAP) exhibited
other minor differences.

h. AH-26
Heavily weathered pyrogenic 3- to 6
Ring PAHs differed from AH-03 in the
low levels of AO relative to PO and
BEP relative to BAP. It also
contained slightly higher levels of
FLO/PYO.

i. AH-28
Resembled AH-26 with slightly lower
levels of BEP relative to SAP.

j. SRM
Higher levels of alkylated PAHs
indicated higher levels of petroleum.

PAH allbl1llliations on Table 3.

Intermediate
AO/PO--. .....~

~FLOIPYO ¥BBIBJK

~ BEPIBAP
" ~
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Figure 11. Principal Components Analysis of PAH Analytes
in Field and Reference Samples.

a. Sample Groupings (PCA Scores Plot).
Middle distillates consistent with fire training activities plotted on the left. Heavier molecular weight

.petroleum materials (like asphalt and heavy petroleum) plotted in the upper right. Pyrogenic materials
(like soot, weathered tar/creosote, and pitch) plotted in the lower right. Allen Harbor samples plotted in
between the source samples representative of heavy petroleum and pyrogenic derived PAHs. Most Allen
Harbor plotted near samples from Reference locations R3-2 and R4-1. One sample from the Outer
Harbor (AH-Q3) plotted very close to the samples from the creosote impacted source area.
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Figure 11. Principal Components Analysis of PAH Analytes
in Field and Reference Samples (cant).

b. Sample Groupings (peA Scores Plot Modified).
Plot 10a redrawn with reference samples of kerosene. diesel. crude oil. and urban sediment. These
samples helped identify the origin of hydrocarbons in Source 2-1 and 2-2 as weathered kerosene. While
Source 3-1 and 3-2 contained some diesel, the PAH composition of these samples was dearly influenced
by the presence of pyrogenic PAHs. The middle distillates (kerosene and diesel) were not a dominant
feature of the Allen Harbor samples.
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Figure 11. Principal Components Analysis of PAH Analytes
in Field and Reference Samples (cont).

c. Analyte Groupings (PCA Loading Plot).
Principal components 1 (x-axis) and 2 (y-axis) contained 47% and 20% of the variability, respectively.
The PAH concentration data illustrate the primary compositional features that differentiated the samples:

.light distillates enriched in 2-Ring petrogenic PAHs, heavy petroleum residuals enriched in 4-Ring
petrogenic PAHs, and 3- to 6-Ring pyrogenic PAHs.
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Figure 12. Saturated Hydrocarbon Fingerprints (GC/MS/SIM).

Combusted
Diesel Range

Petroleum

Heavy Rang
Petroleum

Middle Range
Biodegraded

Petrol um

Residual Range
Petroleum

Middle and Heavy
Range Petroleums

.- Isoprenoids
From Petroleum

n-Alkanes -...

Uncombusted/

~,I
/

e. Source 4-1
Late eluting UCM and normal·
alkanes (~1 to n-~7) were
consistent with asphalt generated
from distillation residuals. Low
levels of plant material observed in
the slight enrichment of n~3 to n
~1 odd-carbon ,"!umbered normal
alkanes.

a. Source 1-2
Late eluting UCM topped by normal
alkanes indicated heavy petroleum
hydrocarbons. Enriched odd
numbered normal alkanes (n~ to
n~) compared to adjacent even
numbered normal alkanes
indicated plant waxes..

c. Source 3-1
Altered middle distillate evident in
the UCM and normal alkanes
eluting between n-C13 to n-~5'

This pattern compared well with
combusted diesel (Fig 12d). Later
eluting hydrocarbons were
associated with residual range
petroleum and plant waxes.

b. Source 2-1
Light middle distillate with high
levels of isoprenoids relative to
normal alkanes that indicated
biodegradation. Normal alkanes
eluting after n-~ were consistent
with the heavy petroleum in Source
1-2.

d. Combusted Diesel
During combustion. the lighter
hydrocarbons oxidize leaving a
steeply sloped front end.

UCM unresolved complex mixture
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Figure 12. Saturated Hydrocarbon Fingerprints (GC/MS/SIM) (continued).

f. REF 1-4
Late eluting hydrocarbons (n...c19 to n
~7) consistent with degraded
petroleum or asphalt. Enriched odd
numbered normal alkanes (n-C29 to n
C:!s) indicated plant waxes.

g. REF 3-2
Very similar to REF 1-4. REF 2-1
(not shown) is the same.

h. AH-Q3
Very similar to REF samples.

i. AH-40
Middle distillate range hydrocarbons
eluting from (n...cll to n-C:1s). This
material was consistent middle
distillates, like Source 3-1 or marine
fuels. Residual hydrocarbon range
similar to REF samples.

j. AH-49
Trace levels of middle distillate
consistent with diesel range
hydrocarbons. Residual hydrocarbon
range similar to REF samples.

UCM unresolved complex mixture

Residual Range
Petroleum

Residual Range
Petroleum

Residual Range
Petroleum

Residual and Middle
Range Petroleum

Residual Range
Petroleum
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Figure 13. Triterpane Biomarker Patterns (GC/MS/SIM).

a. REF 3-2
This pattern was observed in all but
two Allen Harbor Samples. These
samples exhibited Ts - Tm. NH < H,
and Triterpanes < Tm.

b. AH-03
As described above, Patten A
appeared in most of the Allen Harbor
samples.

NH
H

Homohopanes

Pattern A

Pattern A

c. AH-45
As described above, Patten A
appeared in most of the Allen Harbor
samples.

d. REF 1-4
This pattern was observed in
reference areas 1 and 2 plus source
areas 1.3. and 4. These samples had
Ts < Tm and NH < H.

e. Source 1-2
Similar origin to petroleum in
REF 1-4.

Ts 18a(H}-22,29,3Q-Trisnomeohopane
Tm 17a(H}-22,29,3Q-Trisnorhopane
NH 3Q-Norhopane
H Hopane

Pattern A

Pattern B

PatternB
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Figure 13. Triterpane Biomarker Patterns (GC/MS/SIM) (continued).

f. Source 3-2
Similar origin to petroleum in
REF 1-4.

g. AH-40
This pattern was unique and
characterized by the following relative
abundances: Ts < Tm and NH < H.

Triterpanes

NH~
Homohopanes

Pattern B

Pattern 0

h. Source 4-1
This pattern was characterized by the
following relative abundances: Ts <
Tm and NH > H.

Pattern E

Pattern E

Pattern E:
NH>H

i. AH-49
This pattern was localized to the
eastern shore of Allen Harbor
proximal to Allen's Harbor Road.
Pattern E was characterized by the
following relative abundances: Ts <
Tm and NH > H.

j. AH-28
This fingerprint exhibited mixed
features of Patterns A and E with
approximately equal abundances of
Ts and Tm plus intermediate relative
abundances of NH and H.

Ts 18a(H)-22,29,30-Trisnomeohopane
Tm 17a(H)-22.29,30-Trisnorhopane
NH 3<»lorhopane
H Hopane

Pattern A:
Ts:: Tm

\
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EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table D-I Page 1 of 1
November 2004

TABLE D-1 VOLATILE ORGANIC COMPOUNDS IN SEDIMENT,
MARCH 2001

Location ID OPSEDI6-01 SED16-01 SEDl6-02

Sample Date 312212001 3/21/2001 3126/2001

Chemical Name Unit Screening Level

1,1,1-TRICHLOROETHANE mg/kg 0.33 0.003 UJ 0.00425 U 0.01 U
1,1,2,2-TETRACHLOROETHANE mg/kg 8.3 0.003 UJ 0.00425 U om U
I, I ,2-TRICHLOROETHANE mg/kg 6.0 0.003 UJ 0.00425 U 0.01 U

I,I-DICHLOROETHANE mg/kg 4.8 0.003 UJ 0.00425 U 0.01 U
I,I-DICHLOROETHENE mg/kg 0.003 UJ 0.00425 U 0.01 U

1,2-DICHLOROETHANE mg/kg 4.8 0.003 UJ 0.00425 U om U

1,2-DICHLOROPROPANE mg/kg 0.003 UJ 0.00425 U 0.01 U

~-BUTANONE mg/kg 2.9 0.0065 UJ 0.0085 UJ 0.0205 UJ

~-HEXANONE mg/kg 4.8 0.0065 UJ 0.0085 U 0.0205 U

~-METHYL-2-PENTANONE mg/kg 4.8 0.0065 UJ 0.0085 U 0.0205 U

[ACETONE mg/kg 2.3 0.089 J 0.057 J 0.12 J
IBENZENE mg/kg 0.29 0.003 UJ . 0.00425 U om U
BROMODICHLOROMETHANE mg/kg 10 0.003 UJ 0.00425 U om U
BROMOFORM mg/kg 12 0.003 UJ 0.00425 U om U
BROMOMETHANE mg/kg 0.003 UJ 0.00425 U om U
CARBON DISULFIDE mg/kg 0.22 0.003 UJ 0.0275 J 0.012
CARBON TETRACHLORIDE mg/kg 7.8 0.003 UJ 0.00425 U 0.01 U
CHLOROBENZENE mg/kg 7.2 0.003 UJ 0;00425 U om U
k":HLOROETHANE mg/kg 2.9 0.003 UJ 0.00425 U 0.01 U
k":HLOROFORM mg/kg 5.7 0.003 UJ 0.00425 U om U
k":HLOROMETHANE mg/kg 2.1 0.003 UJ 0.00425 U 0.01 U
k":IS-I,2-DICHLOROETHENE mg/kg 3.7 0.003 UJ 0.00425 U om U
k":IS-I,3-DICHLOROPROPENE mg/kg 0.003 UJ 0.00425 U 0.01 U
!DIBROMOCHLOROMETHANE mg/kg 0.003 UJ 0.00425 U 0.01 U
IETHYLBENZENE mg/kg 9.7 0.003 UJ 0.00425 U 0.01 U
IM,P-XYLENES mg/kg 2.6 0.003 UJ 0.00425 U om U
METHYLENE CHLORIDE mg/kg 9.1 0.003 UJ 0.00425 UJ / U om U
O-XYLENE mg/kg 9.2 0.003 UJ 0.00425 U 0.01 U
STYRENE mg/kg 8.2 0.003 UJ 0.00425 U 0.01 U
TETRACHLOROETHENE mg/kg .. 4.8 0.003 UI 0.00425 U 0.01 U
TOLUENE mg/kg 4.8 0.003 UJ 0.00425 U 0.01 U
rrOTAL 1,2-DICHLOROETHENE mg/kg 0.003 UJ 0.00425 U 0.01 U
TRANS-l,2-DICHLOROETHENE mg/kg 6.5 0.003 UI 0.00425 U 0.01 U
TRANS-I,3-DICHLOROPROPENE mg/kg 0.003 UI . 0.00425 U 0.01 U

Note: mg/kg = milligrams per kilogram
J = Estimated
U = Undetected

NCBC Davisville
Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment ofIR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table D-2 Page I of I
November 2004

TABLE D-2 POLYCYCLIC AROMATIC HYDROCARBONS IN SEDIMENT, MARCH 2001

Location ill OPSEDI6-01 SED16-01 SED16-02

Sample Date 3/22/2001 3/21/2001 3/26/2001

Screening
Chemical Name Unit Level

~-METHYLNAPHTHALENE mg/kg 0.07 0.24 Ul 0.31 UJ /U 0.039 U

~CENAPHTHENE mg/kg 0.16 0.24 U 0.9051/ 0.039U

~CENAPHTHYLENE mg/kg 0.044 0.11 1 0.31 Ul/U 0.039 U

~NTHRACENE mg/kg 0.085 0.24 UJ 0.26 Ul / 0.039 U
~ENZO(A)ANTHRACENE mg/kg 0.260 0.2 0.13 /1 0.02
~ENZO(A)PYRENE mg/kg 0.430 0.3 0.31 U 0.039U
~ENZO(B)FLUORANTHENE mg/kg 0.240 0.481 0.25 U / 1 0.041
BENZO(K)FLUORANTHENE mg/kg 0.240 0.34 0.31 U 0.039 U
BENZOrG,H,IlPERYLENE mg/kg 0.290 0.38 0.31 U 0.023
CHRYSENE mg/kg 0.380 0.45 0.16 /1 0.034
DIBENZO(A,H)ANTHRACENE mg/kg 0.063 0.24 U 0.31 U 0.039 Ul
FLUORANTHENE mg/kg 0.6 1.71* 1.8 /1* 0.064*
FLUORENE mg/kg 0.019 0.24 UJ 0.581* 0.039 U
INDENO(l,2,3-CD)PYRENE mg/kg 0.078 0.25* 0.31 U 0.039 Ul
NAPHTHALENE mg/kg O~ 160 0.24 Ul 0.31 Ul / U 0.039U

!PHENANTHRENE mg/kg 0.240 0.791* 0.371/ * b.044*

!PYRENE mg/kg 0.670 0.34 0.855 /1* 0.068*

Note: mg/kg = milligrams per kilogram
J = Estimated
U = Undetected
* = Exceeds screening level

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment of IR Program Site 16



EA Engineering, Science, and Technology

EAProjectNo.: 29600.97.3391
Version: FINAL

Table D-3, Page I of I
November 2004

TABLE D-3 PESTICIDES AND PCB IN SEDIMENT, MARCH 2001

Location ID OPSEDI6-01 SED16-01 SED16-02
Sample Date 3/22/2001 3/21/2001 3/26/2001

Chemical Name Vnit Screening Level
4,4'-DDD mglkg 0.001 0.002 V 0.00345 J 0.002 J
4,4'-DDE mglkg 0.001 0.0017* 0.002025 V 0.0015 J*
4,4'-DDT mglkg 0.001 0.0014 J* 0.002025 V 0.0018 J*
ALDRIN mglkg 0.0095 0.001 V 0.00105 V 0.00165 V
ALPHABHC mglkg 0.003 0.001 V 0.00105 V 0.00165 V
ALPHA-CHLORDANE mglkg 0.001 V 0.00105 V 0.00165 V
BETABHC mglkg 0.0032 0.001 V 0.00105 V 0.00165 V
DELTABHC mglkg 0.0032 0.0015 0.00105 V 0.00165 V
DIELDRIN mglkg 0.00002 0.002 V 0.002025 V 0.0017 J*
ENDOSVLFAN I mglkg 0.001 V 0.00105 V 0.00165 V
ENDOSVLFAN II mglkg 0.002 V 0.002025 V 0.00325 V
ENDOSVLFAN SVLFATE mglkg 0.002 V 0.0021 J / V 0.00325 V
ENDRIN mglkg 0.00002 0.002 V 0.002025 V 0.00325 V
ENDRIN ALDEHYDE mglkg 0.00002 0.002 V 0.002025 V 0.00325 V
ENDRIN KETONE mglkg 0.00002 0.0016 * 0.00138 J /V 0.00064 J*
GAMMABHC mglkg 0.0024 0.001 V 0.00105 V 0.00165 V
GAMMA-CHLORDANE mglkg 0.0017 0.00105 V 0.00165 V
HEPTACHLOR mglkg 0.0003 0.001 V 0.000625 J / * 0.00071
HEPTACHLOR EPOXIDE mglkg 0.00247 0.0012 J 0.00105 V 0.00165 V
METHOXYCHLOR mglkg 0.01 V Om05 V 0.0165 VJ
Total DDT metabolites mglkg 0.0003 0.0014 * 0.00345* 0.0053*
TOXAPHENE mglkg 0.02 V 0.02025 V 0.0325 V
PCB-I016 mglkg 0.01 V 0.0105 V 0.0165 V
PCB-1221 mglkg 0.01 V 0.0105 V 0.0165 V
PCB-1232 mglkg 0.01 V 0.0105 V 0.0165 V
PCB-1242 mglkg 0.01 V Om05 V 0.0165 V
PCB-1248 mglkg 0.01 V Om05 V 0.0165 V
PCB-1254 mglkg 0.01 V Om05 V 0.0165 V
PCB-1260 mg/kg 0.01 U 0.036 0.0165 U

Note: mg/kg = milligrams per kilogram
J = Estimated
U = Undetected
* = Exceeds screening level

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment ofIR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Version: FINAL

Table D-4, Page 1 of 1
November 2004

TABLE D-4 INORGANIC COMPOUNDS IN SEDIMENT SAMPLES, MARCH 2001

Location ill OPSEDI6-01 SED16-01 SED16-02

Sample Date 3/22/2001 3/21/2001 3/26/2001

Chemical Name Vnit Screening Level

ALUMINUM mg/kg 26000 2370 5530 5670

ANTIMONY mg/kg 9.3 0.5 J 1.35 VJ / J 1.2 J

ARSENIC mg/kg 8.2 0.97 5.25 36.6*

BARIUM mg/kg 48 23.5 110.1 * 29.9

BERYLLIUM mg/kg 0.33 0.905 0.32

CADMIUM mg/kg 1.2 0.475 V 1.325 V 0.19

CALCIUM mg/kg 1380 1815 1660 J

!cHROMIUM mg/kg 81 33.5 22.75 11.7

!cOBALT mg/kg 10 2.4 6.05 37.9*

ICOPPER mg/kg 34 35.2 J 127 J* 13.4J

RON mg/kg 6400 63350 40900

~EAD mg/kg 46.7 154 J* 106.8 J* 11.4

MAGNESIUM mg/kg 994 J 1575 J 2020 J

MANGANESE mg/kg 260 89 J 204.5 J 788*

NICKEL mg/kg 20.9 11.5 53.8* 19.3

POTASSIUM mg/kg 599 652.5 916

SELENIUM mg/kg 1 0.475 V 1.3 V / 0.95 V

ISILVER mg/kg 1 0.7V 0.8V 1.4 V

ISODIUM mg/kg 47.5 V 239.5. 95V

[THALLIUM mg/kg 0.7V 1.975 V 1.4 V

IVANADIUM mg/kg 57 15.8 15.45 22.9

~INC mg/kg 150 163* 346 50.5

MERCVRY mg/kg 0.02 V 0.055 0.027 VJ

Note: mg/kg = milligrams per kilogram
J = Estimated
U = Undetected
* = Exceeds screening level

NCBC Davisville
North Kingstown, Rhode Island

Phase II Screening Level Ecological Risk Assessment ofIR Program Site 16



EA Engineering, Science, and Technology: ,','

EA Project No.: 29600.97.3391
Version: FINAL

Table D-5, Page 1 of 1
November 2004

TABLE D-5 SEMIVOLATILE ORGANIC COMPOUNDS IN SEDIMENT, MARCH 2001

Location ill OPSED16-0l SED16-0l SED16-02

Sample Date 3/22/2001 3/21/2001 3/26/2001

Chemical Name Unit
1,2,4-TRICHLOROBENZENE mg/kg 0.8V 0.5 V 0.65 VJ
1,2-DICHLOROBENZENE mg/kg 0.8V 0.5V 0.65 VJ
1,3-DICHLOROBENZENE mg/kg 0.8V 0.5V 0.65 VJ
l,4-DICHLOROBENZENE mg/kg 0.8V 0.5 V 0.65 VJ
2,2'-OXYBIS( l-CHLOROPROPANE) mg/kg 0.8V 0.5 V 0.65 UJ·
2,4,5-TRICHLOROPHENOL mg/kg 1.95 V 1.27 V 1.6 VJ
2,4,6-TRICHLOROPHENOL mg/kg 0.8V 0.5 V 0.65 UJ
2,4-DICHLOROPHENOL mg/kg 0.8V 0.5V 0.65 VJ
2,4-DIMETHYLPHENOL mg/kg 0.8V 0.5V 0.65 VJ
2,4-DINITROPHENOL mg/kg 1.95 VJ 1.27 VJ 1.6 VJ
2,4-DINITROTOLVENE mg/kg 0.8V 0.5 U 0.65 UJ
2,6-DINITROTOLUENE mg/kg 0.8U 0.5 V 0.65 VJ
2-CHLORONAPHTHALENE mg/kg 0.8V 0.5 V 0.65 VJ
2-CHLOROPHENOL mg/kg 0.8U 0.5V 0.65 VJ
2-METHYLPHENOL mg/kg 0.8V 0.5 U 0.65 UJ
2-NITROANILINE mg/kg 1.95 V 1.27 U 1.6 VJ
2-NITROPHENOL mg/kg 0.8V 0.5 V 0.65 UJ
3,3'-DICHLOROBENZIDINE mg/kg 0.8 VJ 0.5 VJ 0.65 VJ
3-NITROANILINE mg/kg 1.95 V 1.27 V 1.6 VJ
4,6-DINITRO-2-METHYLPHENOL mg/kg 1.95 V 1.27V 1.6 VJ
4-BROMOPHENYL PHENYL ETHER mg/kg 0.8 U 0.5V 0.65 UJ
4-CHLORO-3-METHYLPHENOL mg/kg 0.8V 0.5V 0.65 VJ
4-CHLOROANILINE mg/kg 0.8 UJ 0.5 VJ 0.65 UJ
4-CHLOROPHENYL PHENYL ETHER mg/kg 0.8V 0.5 U 0.65 UJ
4-METHYLPHENOL mg/kg 0.8V 0.5 V 0.65 UJ
4-NITROANILINE mg/kg 1.95 V 1.27 V 1.6 VJ
4-NITROPHENOL mg/kg 1.95 U 1.27 V 1.6 VJ
BIS 2-CHLOROETHOXY) METHANE mg/kg 0.8 U 0.5 U 0.65 VJ
BIS 2-CHLOROETHYL) ETHER mg/kg 0.8U 0.5 U 0.65 VJ
BIS 2-ETHYLHEXYL) PHTHALATE mg/kg 3.6 0.32 0.6 J
BUTYL BENZYL PHTHALATE mg/kg 0.8V 0.5 U 0.65 VJ
CARBAZOLE mg/kg 0.8V 0.5V 0.65 UJ
DIBENZOFURAN mg/kg 0.8V 0.255 0.65 UJ
DIETHYL PHTHALATE mg/kg 0.8V 0.5 V 0.65 UJ
DIMETHYL PHTHALATE mg/kg 0.8U 0.5 V 0.65 VJ
DI-N-BVTYL PHTHALATE mg/kg 0.8U 0.5V 0.65 UJ
DI-N-OCTYLPHTHALATE mg/kg 0.55 0.5V 0.65 UJ
HEXACHLOROBENZENE mg/kg 0.8V 0.5 V 0.65 UJ
HEXACHLOROBVTADIENE mg/kg 0.8V 0.5V 0.65 UJ
HEXACHLOROCYCLOPENTADIENE mg/kg 0.8V 0.5V 0.65 UJ
HEXACHLOROETHANE mg/kg 0.8V 0.5V 0.65 VJ
ISOPHORONE mg/kg 0.8V 0.5 V 0.65 VJ
NITROBENZENE mg/kg 0.8V 0.5U 0.65 VJ
N-NITROSO-DI-N-PROPYLAMINE mg/kg 0.8V 0.5V 0.65 VJ
N-NITROSODIPHENYLAMINE mg/kg 0.8V 0.5V 0.65 UJ
PENTACHLOROPHENOL mg/kg 1.95 U 1.27 V 1.6 UJ
PHENOL mg/kg 0.8V 0.5V 0.65 UJ

NCBC DaVISVIlle
North Kingstown, Rhode Island

Phase II Screemng Level EcologIcal Risk Assessment of IR Program SIte 16



Appendix E

Comment Responses to the Draft August 2004 SLERA
from USEPA Region 1, RIDEM, and NOAA



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Page 1 of 15

November 2004

RESPONSES TO EPA COMMENTS DATED SEPTEMBER 24,2004 ON THE
DRAFT PHASE II SLERA OF IRPROGRAM SITE 16 DATED AUGUST 2004

NCBC DAVISVILLE, NORTH KINGSTOWN, RHODE ISLAND

GENERAL COMMENTS

Comment 1: The Navy's interpretation that there is no apparent forensic correlation with the
PAH compounds detected in the harbor and those in the soil at Site 16 in the
area of the former creosote dipping tanks and therefore, the PAH compounds
detected in the harbor are not related to past Site 16 operations is problematic.
EPA does not concur with that assessment.

RespolIse- The Navy believes that many lines of evidence support its conclusions as
discussed below.

Comment la Although no detailed analysis was made by EPA it is not clear that a lack of
forensic correlation ofPAH compounds in Site 16 soils and Allen Harbor
sediment implies no correlation of PAH compounds in Allen Harbor with past or
present contribution from Site 16. The first concern is the limited number of Site
16 soil samples.

RespolIse- The Navy collected samples that adequately represented the hydrocarbon
signatures of the historical wood treating and fire training activities within the
Site 16 Source Area. Interviews with former Navy personnel revealed the
primary locations of the creosote dipping tank (Source Area 1), pole drying and
storage (Source Area 2), and former fire fighter training (Source Area 3).
Multiple samples from each of these areas were collected to ensure that
signatures from these activities were represented in the forensic analysis. The
elevated concentrations of hydrocarbons plus the compositional fingerprints
confirmed that residues from these activities were recovered by the sampling
team. For example, creosote was observed in Source Area 1, middle distillates
were observed in Source Areas 2 and 3, and heavy residual petroleum was
observed in Source Area 3. The Navy does not share the assessment that too few
samples were collected because the sampling plan clearly achieved the objectives
of the forensic investigation and demonstrated signatures of historical site
activities associated with suspected PAH contamination from Site 16. In short,
PAH residues were observed in Site 16 soils; however, these Site 16 soils were
not a significant source of PAHs in Allen Harbor as evident in the forensic
analysis.

Comment 1b Second, the Site 16 area clearly had a major creosote dipping operation that
would potentially exceed PAH contribution t9 Allen Harbor compared to loss
from creosote preserved wood pilings in the marina area as interpreted by the
Navy.

NCBC Davisville
North Kingstown, Rhode Island

Responses to EPA Comments on the Draft Phase II SLERA
ofIR Program Site I6



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Page 2 of 15

November 2004

Response- The Navy is unaware of any evidence that revealed the dimensions of the
creosote dipping operation such that these activities could be described as
"major." Most large operations are readily observed in fly over maps for many
decades. The Navy does not posses any maps that reveal the creosote dipping
equipment. Rather, it has aerial photographs from 1952, 1962, and 1972 that all
fail to characterize the creosote dipping operation. The identification of the
creosote and fire training areas was based on interviews with former Navy
personnel. Consequently, it can be concluded that the creosote operation was
relatively small or de minimus compared to commercial wood preservers.

In addition, i~ is important to note that the concentration of total EPA Priority
Pollutant PAHs in sediments proximal to major creosoting operations can exceed
2,500 mg/kg (Stout, S.A., Leather, J.M, and Corl, W.E., III (March 2004)
Characterization of PAH in sediments using rapid sediment screening and
chemical fingerprinting - Elizabeth River, Virginia. Int. Conf. Contaminated
Soils, Sediments and Water, 14th Annual Mtg., San Diego, CA. and McCormick
and Baxter. 2004. http://yosemite.epa.gov/rlO/
cleanup.nsf/O/5b51 fb 13cffbfb008825651a005eOc66?OpenDocument). By
contrast, the Allen Harbor sediments proximal to Site 16 vary between
approximately 2.5 mg/kg and 25 mg/kg. In short, Allen Harbor sediments are 2
to 3 orders of magnitude less than observed concentrations near large wood
treating operations. Indeed, the low level ofPAHs in Allen Harbor sediments
was hardly consistent with a major dipping operation at all.

Comment Ie Third, it should be noted that while a chemical or finger print correlation was not
made, the Site 16 samples (relatively few in number) were indicative ofPAH
compounds exposed and weathered in a relatively dry, aerobic soil environment.
The harbor sediment samples were collected from a wet, likely anaerobic, marine
environment. Therefore, any PAH compounds at those two locations may have
undergone different physical, chemical, biological transformations with
potentially significant alterations oftheir chemical structure.

Respollse- This comment is similar to RIDEM's Comment 15. The forensic analysis
considered all of the available hydrocarbon data. Some of the hydrocarbon
patterns were affected by weathering (primarily biodegradation, evaporation and
dissolution) on environmental time scales (see biodegradation ofnormal alkanes
v. isoprenoids in Source 2-1 of Figure 12b found in the Environmental Forensics
Report, Appendix B). However,the overwhelming majority of samples
exhibited weathering that was limited to normal alkanes in the n-decane (n-C IO)

to n-eicosane (n-C2o) range. Many published weathering indices demonstrate
that the partial loss of normal alkanes constitutes "moderate" (Figures 1 and 2) to·
"light" (Figure 3) weathering depending on the scale used. For both scales, this
degree ofweathering leaves much of the chemical fingerprint intact.
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The maximum degree ofweathering exhibited by samples from the study area
failed to alter the primary source signatures ofcreosote related material; i.e., 4- to
6-ring PAHs, thiophenes, heavy normal alkanes, alkylcyclohexanes, isoprenoids,
triterpanes, and others. The tar presented in Figure 1 is directly analogous to tar
derived creosote (American Wood Preservers Association, Standard Methodsfor
Analysis ofCreosote and Oil-Type Preservatives, 2001; and Emsbo-Mattingly,
S.D., A.D. Uhler, S.A. Stout, K.J. McCarthy. Identifying Creosote at
Contaminated Sites: An Environmental Forensics Overview, Contaminated Soil
Sediment and Water, Feb 2001). In short, weathering presented little difficulty
for this forensic investigation regardless of the biogeochemical origin because
many recalcitrant source patterns were clearly observed in the study area
samples. There is no basis for concluding that weathering effects could change
the conclusions about the origin of the PAHs in Allen Harbor.
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Figure 1. Examples of Tar Weathering and Progressive Loss of Reactive Constituents
(Emsbo-Mattingly, S.D., Boehm, P.D., Coleman, A. 2003 Identifying PAHsfrom Manufactured

Gas Plant Sites. EPRl Technical Report 1005289, Palo Alto, CA.).
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Figure 2. Examples of MGP Feedstocks and Progressive Loss of Reactive Constitutents
(Emsbo-Mattingly, S.D., Boehm, P.D., Coleman, A. 2003 Identifying PAHsfrom Manufactured

Gas Plant Sites. EPRI Technical Report 1005289, Palo Alto, CA.).
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Figure 3. Effects of Various Levels of Biodegradation on Typical Mature Oil
(peters, K.E. and J.M. Moldowan. 1993. The Biomarker Guide. Prentice Hall, EnglewoodCliffs,

New Jersey, 363 p.).
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Comment Id Nonetheless, review ofFigure 4-4, even with the reduced PAH concentrations
(i.e. the "predicted" concentrations) the distribution of PAH concentrations does
not follow a pattern that would suggest contribution primarily by any creosote
preserved wood pilings in the Marina Area. The concentrations ofPAH are
clearly highest nearest the shore line and in particular, Site 16. Inspection of
sediment sample PAH concentrations for locations immediately adjacent to the
Marina Area also shows that while there may be locations with elevated PAH
compounds there are also many locations with significantly lower PAH
compounds. If creosote preserved wood pilings were the predominant
contributor of PAH compounds to Allen Harbor, it would be expected that the
concentrations of PAH would be greatest around all of the Marina Area docks.
Figure 4-4 shows that sediment around the dock to the north is markedly lower
in PAH concentrations than the sediment for the south dock, which is adjacent
to the Site 16 shoreline.

RespoIIse- See the response to RIDEM comment 3. It is assumed that the figure referred to
in this comment is Figure 4-8, Predicted Total-PAH Concentration Contours,
instead of Figure 4-4. Please note that the text associated with this figure notes
the association of higher PAH concentrations with vicinity to the shoreline "Total
PAH concentration contours are higher the closer one is to the shoreline (Figure
4-8). This would indicate that there were.Jand-based PAH sources, including
Site 16, for this contaminant. It is known that there were historical sources (and
there are current sources) ofPAH into this end ofAllen Harbor; consequently,
the pattern of contamination for total PAH shown in Figure 4-8 is expected. As
can be seen in these figures, there is no apparent trend for any of these potential
contaminants relative to the vicinity to Site 16. Since no evident concentration
gradient exists, this suggests that Site 16 is not a significant source ofmetals
(lead, copper, and zinc) or total PAH to Allen Harbor." This figure shows higher
concentrations near the shoreline, but there is no evidence that it is higher
adjacent to Site 16, particularly when compared to concentrations both
immediately east (towards the storm drain) and west (towards the marina) of Site
16. For example, shoreline concentrations adjacent the the marina (14-18 mg/kg)
are slightly higher than those found adjacent to Site 16 (4-16 mg/kg), at the most
southernmost part of Allen Harbor in Figure 4-8. That being stated, there is no
significant difference in these concentrations. It is agreed that concentrations in
the marina area do decrease as the distance from shoreline increases. However,
the apparent decrease in concentrations is not surprising given that direct loading
ofPAHs to Allen Harbor likely diminishes with physical difference from
shoreline (e.g., stormwater) and marina sources. As supported by the total
EPAPAH results shown in Figure 4 (See response to Comment 1e), the
variability within one standard deviation of the mean EPAPAH concentration in
the inner and middle harbor sediment overlapped with the outer harbor sediment.
Consequently, much of the perceived concentration gradient is not statistically
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significant. However, outer harbor could be explained by the marina pilings and
stonn water distribution ofPAH fingerprints.

Comment Ie The document also states that while the PAH concentrations at Allen Harbor are
higher than the background Reference Site locations this is due to lack of
circulation of the inner harbor. This statement is subjective and not supported.
Nonetheless, review of the background locations shows that this does not appear
to be the case. In particular, Reference Site #3, which has the highest
background PAH concentrations of all three reference areas, appears to be
relatively sheltered thereby subject to potentially "limiting circulation."
Additionally, this site (Fishing Cove) is in an area that is relatively highly
developed with roads and housing adjacent that would potentially contribute
PAH compounds. Yet, the average concentrations ofPAH in the five reference
samples is approximately 5.5 milligrams per kilogram (mg/Kg) (unadjusted
screening concentrations) while the Allen Harbor sediment have PAH
concentrations that generally range from approximately 30 to 45 mg/Kg
(unadjusted screening concentrations) in the Inner Area adjacent to Site 16. The
Marina area PAH concentrations ranged from near 40 mg/Kg for the south docks
immediately adjacent to the Site 16 shoreline to approximatelyl0 to 20 mg/Kg
for the northern docks further away from the Site 16 shoreline. In the Outer Area
of the Harbor, the unadjusted PAH concentrations are approximately 10 mg/Kg.

RespolIse- Fishing Cove, chosen as Reference Site #3, is very dissimilar from Allen Harbor.
Fishing Cove and is shown in Figure 2-6. The cove is considerably smaller than
Allen Harbor, and has over a quarter mile of open access to Wickford Cove.
Alternatively Allen Harbor is much larger than Fishing Cove and has an entrance
that is approximately 250 feet wide. A further difference is that the discharge
from Fishing Cove runs along one whole side of the cove (see Figure 2-6) while
the exit from Allen Harbor is approximately a third of a mile from Site 16. As
shown in Figure 2-6, there are some roads and houses located on Sauga Point and
Calf Neck adjacent to Fishing Cove. There are no marinas in Fishing Cove,
primarily as it is too shallow. Much of the cove is exposed a low tide, and it was
necessary to obtain these samples by running in at high tide and chasing the tide
out. While it is expected that there are stonn drains that discharge into Fishing
Cove, there are none that rival the stonn drain found in Allen Harbor that drains
over ten acres of the large parking area to the west of Site 16 and Allen Harbor.

It is agreed that concentrations ofPAH in Allen Harbor were significantly higher
than those found in the reference areas. The definitive measurement of
EPAPAHs (sum of 16 EPA Priority Pollutant PAHs plus 2-methylnaphthalene)
indicates that sediments proximal to the northern boundary of Site 16 were
consistent with sediments collected from the Inner, Middle, and Outer Allen
Harbor sampling areas (Figure 4). In short, there is no gradient of declining
EPAPAH concentration from Site 16 through the Middle ofAllen Harbor once
the variability of these concentrations are taken into account. Rather, the
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background EPAPAH concentrations ranged from about 2.5 mglkg to 13 mglkg
based on one standard deviation around the mean for sediments in these areas.
More importantly, notice how the higher levels of EPAPAHs in sediments
collected within 25 feet of the Southern Marina compare with lower levels of
EPAPAHs in the Middle Harbor. This trend is repeated in the higher levels of
EPAPAHs around the Northern Marina relative to the Outer Harbor sediments.
This trend suggests that sediments around creosote preserved marina pilings
consistently exhibited a higher range ofEPAPAH concentrations than more
distal sediment samples. Figure 4 will be incorporated into the final report to
clarify this point.

Figure 4. Total PAH Concentration by Study Area Location. Error bars represent +/- 1
standard deviation around the mean. (See Table 1 for specific sample grouping)
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Table 1. Samples associated with each Study Location

Client 10
Source 1-1
Source 1-2
Source 2-1
Source 2-2
Source 3-1
Source 3-2
Source 4-1
AH-40
Core 1-80t
Core 1-80t
Core 1-Top
AH-28
AH-49

Location
Source
Source
Source
Source
Source
Source
Source
South Shoreline
South Shoreline
South Shoreline
South Shoreline
East Shoreline
East Shoreline

Client 10
AH-32
AH-33 .

AH-33 (OUP-07)
AH-42
AH-45
AH-47
AH-26
AH-26
AH-06
AH-06 (OUP-Q3)
AH-11
AH-11 (OUP-01)
AH-51

Location
Inner Allen Harbor
Inner Allen Harbor
Inner Allen Harbor
Inner Allen Harbor
Inner Allen Harbor
Inner Allen Harbor
Middle Allen Harbor
Middle Allen Harbor
Outer Harbor
Outer Harbor
Outer Harbor
Outer Harbor
Outer Harbor

Client 10
AH-17
AH-23
AH-29
AH-35
AH-Q3
AH-Q8
REF 1-1
REF 1-2
REF 1-4
REF 2-1
REF 2-3
REF 2-5
REF 3-1
REF 3-2
REF 3-4

Location
South Marina
South Marina
South Marina
South Marina
North Marina
North Marina
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference

The concentrations measured in these near shore areas were consistent with those
found in urban waterways (Stout, S.A., A.D. Uhler, and S.D. Emsbo-Mattingly.
2004. Comparative Evaluation of Background Anthropogenic Hydrocarbons in
Surficial Sediments from Nine Urban Waterways. Environ. Sci. Technol.
38:2987-2994.). The urban sediments described in this citation were largely
derived from storm water runoff. The similarity between Allen Harbor samples
to other urban sediments suggests that the concentrations Allen Harbor were
within the range of expected concentrations for localized urban runoff.

Finally, the concentrations were sufficiently low as to represent a low level of
risk for all receptors.

Comment 2: Based upon the data presented in this report, EPA does not concur that it has
been demonstrated that Site 16 has not contributed significantly to PAH
concentrations in Allen Harbor. Also, the presence ofPAH compounds in the
harbor does not appear to be primarily due to the Marina Area pilings. Further,
while storm water runoff would contribute PAH to the harbor, the highest
concentrations ofPAH in sediment are along the Site 16 shoreline away from the
expected flow path for discharging storm water through the storm water system.

Response- The report acknowledges a slight elevation in PAH concentration in the Inner and
Middle harbor. Examination ofFigure 4-8 shows fairly uniform PAHs in these
areas with slight elevations in the stormwater discharge locations, the marina
area, and Site 16 area in the near shore environment. It is noted that some of the
PAH found in Allen Harbor may have originated from Site 16, but no evidence
was found that the operations at Site 16 significantly contributed to PAHs in the
harbor. Indeed, the most likely sources of elevated PAHs in Allen Harbor were
the Marinas and the storm sewers (See Comment 1e for additional discussion).
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Comment 3: The SLERA fonnat generally followed that of the QAPP and adhered to EPA
guidance. The selection of receptors, assessment and measurement endpoints,
COPC screening, exposure estimation, and risk characterization were all
conducted appropriately except as noted in the following comments. The
sediment ecological benchmarks, exposure assumptions, toxicity values, etc. are
acceptable except as noted in the following comments. The HQ calculations
were conducted accurately, although some of the input parameters need to be
reviewed or more fully explained. The SLERA concludes that risk to mammals
and birds represented by the raccoon and risk to benthic invertebrates is
minimal. Based on the calculated HQs, this conclusion is probably valid. Full
acceptance of this conclusion is contingent on acceptable resolution of the
following comments.

Response- .Comment noted.

Comment 4: The high HQs for benthic invertebrates for gamma-chlordane (12), endrin ketone
(48), and dieldrin (222) should be discussed. While the SLERA concludes that
risk to ecological receptors in Allen Harbor is not significant, these significant
HQs remain un'explained. Without providing rationale for why the HQ for
dieldrin especially does not equate to site risk, the conclusion ofno significant
risk is not supported. Please also provide a table showing the comparison
between site data and NOAA ER-M benchmarks.

Response- High HQs for these pesticides when compared to NOAA ER-Ls are briefly
mentioned in Section 5.5.2 and are shown in Table 5-18. In the uncertainty
section (Section 5.6) a bullet is included that addresses the issue of comparison
to NOAA ER-Ms, and the interpretation of the results based on Long and
MacDonald's paper on recommended uses for these 'comparisons. For example,
while the HQ for dieldrin when compared to the ER-L is 222, when compared to
the ER-M (8 ppb), the HQ is less than 1.0 at 0.55. As discussed in this bullet
from the uncertainty section, only two chemicals showed exceedance of ER-M
values, specifically phenanthrene (HQ = 1.22) and gamma-chlordane (HQ =

1.02). Based on Long and MacDonald's criteria, these sediments are in a range
they tenn "medium-low priority", indicating that there may be impacts to benthic
organisms, but they are likely to be marginal. Table 5-18 will be modified to
show ER-M values, and the resultant hazard for median effects to benthic
orgarusms.

Comment 5: The Step 2 risk calculations assumed bioaccumulation factors (BAP) of 1.0 for
all COPe. While this is a conservative approach for most chemicals, it is not the
most conservative approach for chemicals with BAP greater than one (e.g., zinc,
PCBs, most pesticides). To be adequately protective and to ensure that all
COPC are carried through as needed to the Step 3a evaluation, the Step 2 risk
calculations should be conducted with the actual BAP or a value of 1.0,
whichever is higher.
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Response- The Step 2 risk calculations will be changed to reflect BAFs as requested,
however, it is important to note that Step 2 results were not used to determine
which chemicals were characterized in the Step 3a risk calculations. All
chemicals identified as COPC were carried through the entire risk assessment.
Consequently this change will have no effect on what COPC are assessed in the
Step 3a risk assessment as all COPC have been assessed.

Comment 6: The Rapid Sediment Characterization (RSC) data presented in Table 2-1 are for
copper and zinc only, with a small number of results for nickel. While the RSC
discussions in Section 2.3 and Section 4.1 indicate that lead was included in the
screening evaluation, no lead data are evident in Table 2-1. Please clarify why
the data were not included in the table. Without the lead data, the use ofthe
RSC results to choose the locations for full analytical analyses relies entirely on
copper and zinc RSC data. Using data from only these two metals lessens the
certainty that inorganics in general have been adequately covered. Please
discuss the confidence, or lack thereof, in the likelihood that areas with the most
elevated concentrations of arsenic, copper, mercury, etc. have been evaluated.
This comment does not necessarily preclude acceptance of sample coverage,
particularly in the inner harbor, where it is noted that the coverage of sediment
samples for full analysis is probably adequate. A discussion of the limitations of
the RSC program can be included in the Uncertainties.

Response- There was an error in the column titles of Table 2-1. The third from last column
labeled "Q" is actually lead concentrations in ppm. This column title will be
corrected. This study was designed to focus on those areas immediately adjacent
to Site 16, and in the vicinity of the marina. Consequently the number of
quantitative samples was increased in these areas when compared to what is
termed the "Outer Harbor" in the document. A bullet discussing the uncertainty
associated with using RSC to select quantitative samples will be added to the
uncertainty section (Section 5.6).

SPECIFIC COMMENTS

Comment 7: Table 2-1: It appears that the header for "lead results" has been misidentified.
The third column from the right is listed as "Q", but I believe that this column is
actually the lead results. Please clarify.

Response- The commenter is correct (See General Comment 6 above). The table will be
corrected.

Comment 8: Table 5-3: It is noted that the sediment concentration of cis-I,2-DCE is 880 ppb
at location AH;..47. This concentration is more than an order ofmagnitude
higher than the highest sediment concentration found for this particular chemical
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at the NCBC NPL Calf Pasture Point (OU-8) site 7 area ofconcern (31 ppb).
Currently the discharge location ofthe plume is being detennined at OU-8 due
to a possible risk to swimmers and waders. What is the Navy's plan for
detennining the discharge location of the OU-9, (Creosote Dip Tank and Fire
Fighting Training Area-site 16) TCE plume and it's associated risk to human
health and the environment?

Response- There were three measurements of cis-l ,2-DCE in Allen Harbor sediment
adjacent to Site 16,880 ppb at AH-47, 6 ppb at AH-33, and 5 ppb at AH-32. All
other samples were below the detection limit. Further, the next highest
concentration chlorinated volatile organic chemical was the cis-l,2-DCE at
AH-33 of 6 ppb.. There is the potential that there has been a discharge of volatile
organics from Site 16 groundwater; however, in all samples that surround AH-47
(AH-32, AH-42, and AH-49) all volatile organics were below the detection limit.
Further, outside of the 880 ppb of cis-l ,2-dicloroethene, the only other
chlorinated organics measured in that sample were trans-l ,2-dichloroethene (3J),
and trichloroethene (2J). The 880 ppb measurement of cis-l,2-DCE at AH-47
appears to be an aberration, and if it represents a release into Allen Harbor, is not
representative of a wide discharge.

Comment 9: Table 5-9: Please clarify how the invertebrate and vegetation concentrations
were calculated. Apparently, the mean dry weight sediment concentrations were
multiplied by the BAFs and a dry weight to wet weight conversion factor. Using
this method, some of the values could not be replicated by the reviewer. Please
clarify the % solids used for both invertebrates and plants. For BAFs which
were based on a regression, were the values for mean sediment concentrations
different than those presented in Table 5-6 and 5-7? Please provide the extra
infonnation to this table to more clearly explain how the concentrations were
derived.

Response- The methods used for the calculation of COPC concentrations is discussed on
page 19 of the document in Section 5.3.2. There is one typographical error on
this page, specifically that the text states that the fraction solids for
macroinvertebrates was 0.13, when the value used was 0.16. Example
calculations were not provided in the draft, but will be provided in the revised
document. The following are example calculations:

MetalsJor Macroinvertebrates (arsenic as example)
BAF = 0.48 (Table 5-6)
Dry wt concentration in sediment 10.8 mg/kg (Table 5-9)
Fraction Solids = 0.16 (see text above)

Cf dry WI. =Cs dry WI. x BAF

Cjdrywt. =10.8 mg / kg. x 0.48 =5.184 mg / kg dry
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This dry weight concentration is then converted to a wet weight basis as follows:

Cj weI WI. = Cj dry WI. x fx dry

Cjwelwl. =5.184 mg / kg dry. x 0.16 =0.83 mg / kg wet

This concentration for benthic macroinvertebrates is shown in Table 5-9.

Organics for Macroinvertebrates (Heptachlor as example)
BSAF = 2.66 (Table 5-6) .
Dry wt concentration in sediment 0.00045 mg/kg (Table 5-9)
Fraction Solids = 0.16 (see text above)
Fraction lipids in organism = 0.02 (see text, page 20)
Fraction organic carbon in sediment = 0.02 (see text, page 20)

Cs dry wI.
Cj dry WI. = fi x BSAF x ---

foe
0.00045 mg / kg dry.

C/ dry WI. =0.02 x 2.66 X =0.00133 mg / kg wet
0.02

This dry weight concentration is then converted to a wet weight basis as follows:

C/ weI WI. =C/ dry WI. x Ix dry

C/ weI WI. = 0.00133 mg / kg dry. X 0.16 = 0.00021 mg / kg wet

This concentration for benthic macroinvertebrates is shown in Table 5-9.

The calculation of COPC concentrations in plants are similar to the BAF
calculations show above for metals, with the only difference being that BAFs are
found in Table 5-7 of the document, and the fraction dry for plants is assumed to
be 0.15 (Exposure Factors, EPA 1993).

The text will be changed to include these sample calculations.

The calculation of food concentrations when regressions were applied is shown in
Table 5-8. This table complete and shows the entire derivation, including the
average concentration (dry weight) applied to the regression equation. We believe
that the extra information you are looking for is found in this table. Table 5-9 is
designed to be a summary table showing the resulting concentrations for all food
items as well as soil concentrations.
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Comment 10: Table 5-12 and 5-13: The NOAEL and LOAEL TRVs for mercury do not
match those listed in Tables 5-10 and 5-11. Please review and clarify as
needed. If the TRVs for methylmercury were used, please indicate this.

Response- The NOAEL and LOAEL TRVs shown for mercury on Tables 5-10 and 5-11 are
for inorganic mercury respectively, while the TRVs shown in Tables 5-12 and 5
13 are for methyl mercury. TRVs shown in Tables 5-10 and 5-11 will e changed
to reflect methyl mercury TRVs.

Comment 11: Table 5-15 and 5-16: The "Dose" column presents results in mg/kg/day (ww).
As the dose is not presented on a wet or dry weight basis, but on a body weight
basis, the "ww" designation is confusing and should be deleted.

Response- Comment noted. The "ww" designation will be removed from Tables 5-15 and
5-16.

Comment 12: Table 5-18: Please add the units for the UCLM95 and the benchmarks.

Response- Units (mg/kg) will be added to Table 5-18.

NCBC Davisville
North Kingstown, Rhode Island

Responses to EPA Comments on the Draft Phase II SLERA
ofIR Program Site 16



EA Engineering, Science, imd Technology

EA Project No.: 29600.97.3391
Page 1 of3

November 2004

RESPONSES TO NOAA COMMENTS DATED 14 SEPTEMBER 2004 ON THE
DRAFT PHASE II SLERA OF IR PROGRAM SITE 16 DATED AUGUST 2004

NCBC DAVISVILLE, NORTH KINGSTOWN, RHODE ISLAND

Thank you for the Phase IT Screening Level Risk Assessment of IR Program Site 16, NCBC
Davisville, RI dated August 2004. NOAA's interest at this site pertains to the marine/estuarine
environment of Allen Harbor. We did not examine the risk calculations for the raccoon and
herring gull. NOAA was pleasantly surprised to learn ofthe lower than expected sediment
concentrations found in the lab-analyzed samples, particularly for total PAH. From our
examination of the Risk Assessment Pilot Study (RAPS) and the RSC PAH results received
earlier this year, we had expected greater PAH concentrations given the three potential sources 
the Fire Fighting Training Area, the former creosote tanks used for dipping wood pilings, and the
storm drain that connects to a large parking lot. NOAA agrees that the results of the benthic
invertebrate risk assessment indicate a low potential effect. Nevertheless we have three
comments.

Comment 1: Despite the Fixed Lab and RSC concentrations mostly falling between the
confidence limits (Figures 4-1 to 4-4), NOAA was disappointed with the results
of the RSC. We believe that the PAH concentrations approximately 250%
greater than their actual (laboratory) concentration results in considerable doubt
for future use. Similarly, the metal data, 35-41 % under-predicting the metals
are also too great. We urge further discussion and experimentation.

Response- We appreciate your interest in further discussion of screening methodology, as
the sampling design and interpretations in these types of studies are constantly
being optimized. We disagree, however, with your comment that these study
results should be cause for "considerable doubt for future use". As stated in
Section 4.1, any over- or under-prediction by the screening techniques was
expected and "does not impact the ability of these RSC results to be used for the
sample selection process because of the significant relationship between RSC
and fixed laboratory results". The good relationship between screening and lab
data allows all the screening values to be transformed onto the lab scale to
derive the contouring maps (Figures 4-5 through 4-8). Screening data always
requires some amount (10-25%) oflab confirmation to do this transformation
and put all the data on the same lab scale. The raw screening values can be
compared in a relative sense, but they should not be used as an absolute
magnitude without lab confirmation. The PAH immunoassay was only run with
a pure phenanthrene standard, and the mixture ofPAHs at the site was a
complex mixture of parent and alkylated forms that each show varying response
to the immunoassay. The metals XRF data are from wet samples where some
attenuation of the fluorescence signal was expected. Again, these differences
from lab scale values were expected and do not negatively impact the manner in
which the data were used for this report, but the screening values should not be
considered absolute without transformation onto a lab scale. The EPA method
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for XRF analysis ofmetals (USEPA. 1998. Method 6200 Field portable X-ray
fluorescence spectrometry for the determination of elemental concentrations in
soil and sediment) notes that correlations greater than 70% are adequate as
screening data, and that when correlations greater than 90% are achieved and
that inferential statistics can be applied, these data can potentially meet
definitive level data criteria. Correlation coefficients for these samples ranged
from 0.76 to 0.88 (Figures 4-1 through 4-4), qualifying these results as
screening level quality. This is exactly how these data were used, first to assist
in the selection process for both quantitative samples and forensic samples, and
secondly to produce regression equations relating quantitative results to
screening results thereby allowing production of concentration isopleths
(Figures 4-5 through 4-8). While there is greater uncertainty associated with the
figures because they are generated based on screening results relative to having
quantitative results for all these samples, they do provide a reasonable
representation of sediment concentrations for these elements and chemicals.
Significant cost savings and reduction in spatial uncertainty have been realized
through effective planning and utilization of, rapid sediment screening
techniques.

Comment 2: Section 4.3 compares sediment data from this study to that collected previously.
I am unclear if the two stations from the RAPS are from Phase 1 (AH-7 and
AH-8) or Phase 2 (AH-7 and SN). The text is unclear but I assume the high
total PAH concentration of 150-200 mg/kg is from the SN sample that is in the
vicinity of AH-49. NOAA recommends that the Navy clarify the text and
provide a better comparison of the samples collected during Phase 1 and Phase 2
of the RAPS with the current sampling results.

Response- It is stated in Section 4.3 that a sample taken as part of the RAPS report was
" .. .located close to the outfall in the vicinity of2004 sample AH-49." It was not
clearly noted in the text that this was Sample SN discussed in your comment.
The text will be modified to reflect that the sample discussed was specifically
sample SN from the RAPS report. Section 4.3 will be modified to clarify the
text.

Comment 3: At least twice, the Navy states that the PAH concentrations are consistent with
coastal areas of the United States. But they do not provide data supporting this
assertion. It appears as a very defensive comment. More importantly, the
sediment data shows concentrations that indicate a low potential for benthic
community disruption. And the data points to several minor source areas apart
from Site 16. These two results point to a very limited ecological risk.

Response- The comment is noted. The source for consistency ofPAH concentrations with
coastal areas of the Untied States is found in Stout, S.A., A.D. Uhler, and S.D.
Emsbo-Mattingly. 2004. Comparative Evaluation ofBackground
Anthropogenic Hydrocarbons in Surficial Sediments from Nine Urban
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Waterways. Environ. Sci. Techno/. 38:2987-2994. This discussion will be
expanded in the document. A comparison to other coastal waterways was
introduced to demonstrate that the concentrations in Allen Harbor are well within
the range of other sediments impacted by stormwater runoff near shorelines with
more intense vehicular traffic. This purpose will be clarified in the final report.

Comment 4 Lastly, because sediment concentrations do exceed the ER-L, some may insist
that the Navy move forward with a BERA. NOAA is ambivalent on this
potential request. Rather, we believe that given the nature and extent of the PAR
contamination and the mostly low metal concentrations and high AVS, the public
would be better served if the Navy puts their environmental clean-up efforts
elsewhere.

Respollse- The comment is noted.
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RESPONSES TO RIDEM COMMENTS DATED 6 OCTOBER 2004 ON THE
DRAFT PHASE II SLERA OF IR PROGRAM SITE 16 DATED AUGUST 2004

NCBC DAVISVILLE, NORTH KINGSTOWN, RHODE ISLAND

Comment 1: Executive Summary; Page ES-l, Second Paragraph.

Based on the Step 3a food web, risks to surrogate mammal (raccoon) and
the surrogate avian species (herring gull) werefound to be acceptable.

Risks are based on the raccoon and herring gull. In previous analyses the mink
was used even though they were not found on the site. Please state how it was
determined that these were the most sensitive species for this type of analysis.

Response- The receptors ofconcern chosen for the risk assessment were presented in
Appendix D of the study QAPP (EA. 2004. Quality Assurance Project Plan
Addendum for Additional Sediment Sampling and Characterization, Phase II
Remedial Investigation IR Program Site 16. February), in which the raccoon and
herring gull were proposed as receptors of concern. At the time of
comment/response for the QAPP, no discussion was made about including a mink
as a receptor. The SLERA followed the approved final QAPP with minor
modifications as discussed in Section 2.1 of the SLERA none ofwhich included
changes in receptors ofconcern. The risk assessment followed the presentation
found in Appendix D of the QAPP with no exceptions. Regardless of following
the approved SLERA format presented in the QAPP, the use of the raccoon as a
surrogate mammal is conservative. The raccoon consumes food at a higher rate
compared to a mink (0.25 glgIday for the raccoon, 0.14 glgIday for the mink,
USEPA. 1993. Wildlife Exposure Factors Handbook. Volume Iofll U.S. EPA,
Office ofResearch and Development, Washington, D.C. Report No. EPAl600/R
93/187a. December.). In addition the mink range is larger (700 ha, USEPA 193)
than the range ofthe raccoon (108 ha, USEPA 1993). Finally, the raccoon, while
it still consumes fish, consumes fish at a much smaller proportion than the mink.
For these reasons, the raccoon represents a more conservative receptor than the
mink.

Comment 2: Executive Summary; Page ES-l, Third Paragraph.

Concentrations ofall classes ofchemical were found to be higher in Allen
Harbor compared to reference areas; however, Allen Harbor has
restrictedflow with Narragansett Bay, as well as intensive use compared
to any ofthe reference areas.

This sentence notes that the use of Allen Harbor is more intense than at any of the
other reference locations. Please explain what is meant by intense, i.e.
commercial/industrial activity, marine traffic, time of use, etc. and what
information would lead that conclusion.
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Response- This sentence will be changed to:

"Concentrations of all classes ofchemical were found to be higher in
Allen Harbor compared to reference areas; however, Allen Harbor has
restricted flow with Narragansett Bay, as well as intensive use (marine
traffic and commercial/industrial activity) compared to any of the
reference areas."

Comment 3: Executive Summary; Page ES-l, Fourth Paragraph.

There was evidence that shoreline areas, including Site 16, had higher
PAH concentrations than those areas outside ofthe shoreline areas;
however this may represent PAHsources such as vehicular emissions and
storm drain runoff.

Please explain how this was determined. It is possible the non-shoreline areas are
lower in concentration due to dilution from deeper water, yet this was not
mentioned. Please expound.

Response- Please see the response to EPA Comment 1d. PAHs are hydrophobic, and are
typically associated with particles carried out into the water column ofAllen
harbor. Sources ofPAH to Allen Harbor include storm drain runoff and overland
flow. The further one is from a shoreline the less these sources impact sediment.
In the middle of Allen Harbor primary sources would be atmospheric deposition
ofPAHs, a process that would also impact shore locations. Because there are
more sources close to the shoreline, it would be expected that PAH concentrations
would be higher in this area relative to areas further from shorelines. Dilution
from deeper water is not expected to be a significant influence on deeper sediment
concentrations ofPAH, rather, the decrease in sources in sediment farther from
the shoreline is considered to be the primary mechanism for these observations.

The sentence noted in the comment will be modified to:
"There was evidence that shoreline areas, including Site 16, had higher PAH
concentrations than those areas outside of the shoreline areas; however this may
represent PAH sources associated with adjacent land such as storm drain runoff
and overland flow."

Comment 4: Executive Summary; Page ES-2, First Bullet.

A middle distillate petroleum signature in the former fire fighting training
area generally matched the low levels ofdiesel range hydrocarbons in a
proximal sediment sample. It was not possible to determine ifthese diesel
range hydrocarbons originatedfrom historical Navy or more
contemporary marina activities. However, the composition ofthis
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Response--

petroleum distillate indicated that this material could not have caused the
PAH distributions observed throughout Allen Harbor sediments.

Paragraph 4 on Page ES-l notes that concentrations ofchemicals found in Allen
Harbor are homogeneous. Please state whether this petroleum signature is in the
harbor or not.

In general the hydrocarbon patterns within the study area were fairly similar.
While higher concentrations ofPAHs were measured in Allen Harbor relative to
the reference areas, the composition was similar. Subtle differences in the
hydrocarbon chemistry suggested that PAHs from storm water and marina pilings
were very likely sources of elevated PAHs. Inputs from these sources appeared
to build up over time due to restricted exchange with Narragansett Bay. Inputs
from Site 16 were possible, but minimal relative to the PAH contributions that we
demonstrated.

The petroleum distillate we observed in the Allen Harbor sediments was limited
to sample AH-40 and its origin was not clear. In terms ofPAHs, this material
largely contained 2- to 4-ring petrogenic PAHs (Figure la and 1b). By contrast,
the pervasive PAH pattern in the remaining sediment samples was composed of
4- to 6 ring pyrogenic PAHs (Figure lc and Id). Indeed, 2- to 4-ring petrogenic
PAHs were not evident in any sediment samples. In addition, the concentration
ofPAHs at sampling location AH-40 fell below the applicable ecological risk
benchmark (e.g., Total PAHs less than 25 % ofthe ERM). In other words, this
sample shows a low potential to cause significant benthic community effects.
Consequently, this distillate could not possibly have caused the PAH impacts
observed in the remaining Allen Harbor samples.

NCBC Davisville
North Kingstown, Rhode Island

Responses to RIDEM Comments on the Draft Phase II SLERA
, of IR Program Site 16



EA Engineering, Science, and Technology

EA Project No.: 29600.97.3391
Page 4 of12

November 2004

Figure 1. PAH Composition ofMiddle Distillate Compared to Selected Sediment Samples.
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Full analyte identities in Table 3 ofForensics Report.
More detailed discussion ofpetrogenic and pyrogenic PAHs in Section 4.3 ofForensics Report.
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Please r~move this bullet as we are studying Site 16 and not the coastal areas of
the United States. The issue here is whether Site 16 has caused contamination in
Allen Harbor. This has no bearing on other coastal areas, including those in
Rhode Island.

Response- This statement is relevant for the investigation for two reasons. First, the land use
proximal to Allen Harbor differs from the reference areas. The land use proximal
to Reference Area 1 is limited to a nature preserve. The land use proximal to
Reference Areas 2 and 3 is largely residential. The land use proximal to Allen
Harbor is industrial with high vehicular activity (dripping vehicles, exhaust,
roadway particulates). In addition, the water use in Allen Harbor differed from
the reference areas due to the presence ofmultiple marinas that experienced
seasonal spikes during the summer in fuel combustion and mooring activity.
Consequently, the land use near Allen Harbor is best understood within the
spectrum ofbackground sediment environments with a range ofinputs from
natural, residential, and urban environments. The literature citation (Stout, S.A.,
A.D. Uhler, and S.D. Emsbo-Mattingly. 2004. Comparative Evaluation of
Background Anthropogenic Hydrocarbons in Surficial Sediments from Nine
Urban Waterways. Environ. Sci. Techno/. 38:2987-2994.) provides a more
objective representation of the complex local background conditions present in
many coastal systems, like those around Narragansett Bay. Sediments in this
study were very likely exposed to vehicular exhaust byproducts, industry, and
large marinas. In addition, the literature citation included 41 samples from RI
Sound. In short, the literature values help better represent the spectrum of
background conditions present in complex coastal waterways like Allen Harbor.

Comment 6: Section 2.2: Field Investigation; Page 3 of 26, Fifth paragraph.

For this reason, Wickford Cove, located south ofAllen harbor (see Figure
2-1), was originally proposed as a reference location because ofits
marina and industrial activity.

It is not that RIDEM objected to the use ofWickford Cove, rather the Navy stated
they wanted a reference location that was similar to Allen Harbor. RIDEM
pointed out that Wickford Cove had industrial activity, which was not present in
Allen Harbor. Instead, RIDEM suggested the use ofFishing Cove which has
similar characteristics as Allen Harbor and is adjacent to Wickford Cove. Please
revise this sentence to reflect this.

Response-- Based on RIDEM's comment noA dated February 2004 on the Third set of
comments on the SLERA QAPP the Navy agreed to relocate the reference area to
Fishing Cove.
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The purpose of the paragraph in question was to note that, based on observations
during the sampling effort, it was found that Fishing Cove was quite dissimilar
from Allen Harbor. The cove is considerably smaller than Allen Harbor, and has
over a quarter mile ofopen access to Wickford Cove. Alternatively Allen Harbor
is much larger than Fishing Cove and has an entrance that is approximately 250
feet wide. A further difference is that the discharge from Fishing Cove runs along
one whole side of the cove (see Figure 2-6) while the exit from Allen Harbor is
approximately a third of a mile from Site 16. As shown in Figure 2-6, there are
some roads and houses located on Sauga Point and CalfNeck adjacent to Fishing
Cove. There are no marinas in Fishing Cove, primarily because it is too shallow.
Much of the cove is exposed a low tide, and it was necessary to obtain these
samples by running in at high tide and chasing the tide out. While it is expected
that there are storm drains that discharge into FishingCove, there are none that
rival the storm drain found in Allen Harbor that drains the large parking area.

Based on RIDEM's current comment, the paragraph will be revised to:

"One of the purposes of the selection of reference locations was to determine PAH
chemical signatures appropriate for sources similar to, but not associated with,
Navy activities. It was hoped that Fishing Cove, located adjacent to Wickford
Harbor (Figure 2-6), would serve as a good reference. While it was found that the
PAH forensic signature at Fishing Cove was similar to that found in Allen Harbor,
PAH concentrations were significantly smaller in the cove relative to Allen
Harbor. Physically Fishing Cove proved very shallow and exposed during low
tide. The site was accessible only during high tide, and samples were taken at the
most inland site at high tide, and further out as the tide receded. Alternatively
Allen Harbor is considerably deeper, and has a restricted hydrodynamic flux.
While the original design for this reference area was to capture non-Navy marina
influences, Fishing Cove failed to satisfy this objective due to the shallowness of
the cove.

Comment 7: Section 2.2: Field Investigation; Page 3 of 26, Fifth Paragraph, Sentences 6
and 7.

While the original design for this reference area was to capture marina
influences, Fishing Cove failed to satisfy this objective.

Please state why Fishing Cove failed to satisfy this objective since it and Allen
Harbor both have boat moorings with no upland activity (e.g. boat repair and
maintenance facilities).

Response- There are some small docks located in Fishing Cove, however they are not usable
for boats of any size. As discussed in the response to Comment 6, the cove is very
shallow, and is largely exposed during low tide, providing residents the
opportunity to clam in the flats. Hydrodyamically Fishing Cove is dissimilar to
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Allen Harbor due to the restricted flow into and out ofAllen Harbor compared to
the almost complete flux ofwater into and out ofFishing Cove. There are no
marinas located in Fishing Cove, and Allen Harbor contains several. These
factors may account for the smaller concentrations ofPAHs found in Fishing
Cove as compared to Allen Harbor. Please see the modification to this paragraph
in Comment 6.

Comment 8: Table 2-1: Screening Metals RSC Results, General Comment

Please include the lead results within this data table.

Response- The headers were transposed in Table 2-1, and will be corrected.

Comment 9: Section 3: Physical Characteristics of the Study Area, Page 6 of 26, Second
Paragraph, General Comment.

This paragraph makes statements regarding scour and depositional areas within
Allen Harbor. These statements should be removed or fortified by referencing
applicable study data. Please revise.

Response- No formal scour and depositional area study has been performed for this study.
The discussion related to deposition and scouring referred to the large variability
of sediment characteristics found adjacent to Site 16 (Gravel 4.2±5.5%, Sand
49±39%, and silt/clay 47±41%; Table 3-2). This variability is larger than that
found in most ofthe other areas. It was an attempt at explaining why there may
have been a greater variability in the area adjacent to Site 16. The large flux of
water out ofthe storm drain during rain events clearly has an impact on
suspension, deposition, and re-suspension of sediment particles, as evidenced by
the absence of sediment at the attempted core position. It was not possible to
collect a sediment core in the vicinity ofthe storm outfall because the samples
consisted of sand, gravel, and detritus characteristic of a nearshore erosional area.
There is no reason to remove this text as it was supported by the inability to obtain
the core, and the variability of gravel, sand, and silt/clay.

Comment 10: Section 4.1: Comparison ofRSC Results with Quantitative Results; Page 7
of 26, Second Paragraph.

As can be seen, R2 values for all three regressions are acceptable at 0.88,
0.81, and O. 76, respectively.

R2 values of 0.9 or higher are strived for when performing a regression analysis,
though 0.85 would be considered the lower end of acceptability. Please revise this
paragraph accordingly.
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Response-- Please refer to the response to NOAA Comment 1 regarding the acceptability of
RSC data for screening purposes. SW:-846 Method 6200, titled "Field Portable
X-Ray Fluorescence Spectrometry for the Determination ofElemental
Concentrations in Soil and Sediment" which is the method used to determine
concentrations of copper, lead and zinc, states on page 13 "The results of the
confirmatory analysis and FPXRF analyses should be evaluated with a least
squares linear regression analysis. If the measured concentrations span more than
one order ofmagnitude, the data should be log transformed to standardize
variance which is proportional to the magnitude of the measurement. The
correlation coefficient (~) for the results should be 0.7 or greater for the FPSRF
data to be considered screening level data. Ifthe ~ is 0.9 or greater arid
inferential statistics indicated the FPXRF data and the confirmatory data are
statistically equivalent at a 99 percent confidence level, the data could potentially
meet defInitive level data criteria." These data were used as screening data for the
selection of samples for quantitative and forensics analysis, consequently the data
meet acceptable criteria for that purpose.

Comment 11: Figure 4.3: Comparison ofICP and XRF Zinc Concentration Data.

Figure 4.3 data points clearly show that a power function (y = abX, where a and b
are constants) would most likely be the best fIt for the data. Please explain why a
power function was not considered.

Response-- There is one zinc observed data point at approximately 400 mglkg (on both ICP
and XRF scales, Figure 4-3) that is driving the linear regression, and ifthis
potential outlier is removed a better linear fit is possible. However, no outlier tests
were run to justify outlier removal, and all data are presented in the report for this
initial interpretation of the confirmatory regression relationship. Previous
comparisons between lab confirmatory and screening data occasionally show
some outliers that can be attributed to sample heterogeneity since lab and
screening samples come from different sample jars. A better fIt (higher r-squared
values) for the confirmatory regression relationship is possible if the same exact
sample is first run for screening and then sent onto the lab for confIrmatory
analysis, but that was not done here due to the time constraints of the project.
There is no reason to expect that this regression would follow a power function,
especially considering the linear fits ofprevious datasets we have produced as
well as those produced by the EPA SITE program that originally validated the
XRF screening method. Further, as noted in the response to Comment 10, two
potential regressions are recommended in Method 6200, a standard linear
regression as was shown for zinc in Figure 4-3, or "If the measured concentrations
span more than one order of magnitude, the data should be log transformed to
standardize variance which is proportional to the magnitude of the measurement."
There is a observed data point at approximately 400 mglkg that is driving the
linear regression. There is no reason to expect that this regression would follow a
power function. Further, as stated earlier, the RSC data were used as a screening
tool for the selection of appropriate samples for quantitative and forensics
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analysis, and as a predictive tool for deriving concentration isopleths in Figures 4
5 through 4-8. Expansion ofadditional possible functions to explain the
regression should not be required for these uses.

Comment 12: Section 4.1: Comparison of RSC Results with Quantitative Results; Page 7
of 26, Fourth Paragraph.

However, the under-prediction does not impact the ability ofthese RSC
results to be usedfor the sample selection process because ofthe
significant relationship between RSC andfzxed laboratory results.

Please explain what statistical analyses were performed, besides regression, to
demonstrate the "significant relationship" between the RSC and fixed laboratory
results.

Response- As discussed in the response to Comment 10, a linear regression is the best
method for evaluation of RSC performance for predicting fixed laboratory results.
Therefore, additional testing was not necessary.

Comment 13: Section 4.2: Nature, Extent, Fate, and Transport of Contaminants in Allen
Harbor; Page 8 of 26, Second Paragraph 2, General Comment

For lead, zinc, and PAH the statement is made that there is no evidence that Site
16 was responsible for the patterns ofconstituent shown. Surface soils have not
been fully investigated for this site, therefore it may be possible that soil erosion
and/or sediments from the drainage system could partially account for the
contamination currently being seen in Allen Harbor. Until all media of this site
are fully evaluated it is premature to eliminate an area as not being "responsible"
for the contamination. Please revise this paragraph to reflect this.

Response- It is certainly possible that soil erosion from Site 16 could partially account for
the chemicals found in Allen Harbor. Historically the site has had less vegetation
than it presently has. Currently vegetation on the site would be expected to curtail
most of the overland flow. It is stated in this paragraph "Total PAH concentration
contours are higher the closer one is to the shoreline (Figure 4-8). This would
indicate that there were land-based PAH sources, including Site 16, for this
contaminant. It is known that there were historical sources (and there are current
sources) ofPAH into this end ofAllen Harbor; consequently, the pattern of
contamination for total PAH shown in Figure 4-8 is expected." The sentences in
question reads "As can be seen in these figures, there is no apparent trend for any
ofthese potential contaminants relative to the vicinity to Site 16. Since no evident
concentration gradient exists, this suggests that Site 16 is not a potential source of
metals (lead, copper, and zinc) or total PAH to Allen Harbor." This last statement
is supported by the absence ofobvious higher concentrations ofmetals adjacent to
Site 16 as shown in Figures 4-5, 4-6, and 4-7 for lead, copper, and zinc
respectively. There was evidence ofhigher copper concentrations in the vicinity
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of the marina, possibly indicative ofcopper-based antifouling paint used on
recreational vessels. There is a relatively high lead concentration shown at the
discharge location of the storm outfall, but that is likely attributed to storm
discharge rather than Site 16. However, there is an inconsistency regarding Site
16 as a potential source ofPAH to Allen Harbor in these two exerts from Section
4.2. It is not possible to clearly rule out Site 16 as a historical source of total PAH
to Allen Harbor adjacent to Site 16. Consequently the last two sentences will be
changed to: "As can be seen in Figures 4-5, 4-6, and 4-7, there is no apparent
trend for lead, copper or zinc relative to the vicinity to Site 16. Since no evident
concentration gradient exists, this suggests that Site 16 is not a potential source of
these metals. Total PAH concentrations tend to exhibit higher concentrations
close to the shoreline, including the shoreline adjacent to Site 16. This would
indicate that there is a potential for Site 16 having been a source of total PAH to
Allen Harbor, either historically or currently. However this tendency is not
limited to just the shoreline adjacent to Site 16 but rather all shoreline areas,
suggesting that the higher PAH concentrations found in shoreline areas are
associated with ubiquitous PAH sources such as storm runoff."

Comment 14: Section 5.1.2: Assessment and Measurement Endpoints; Page 14 of 26, Three
ROC Bullets, General Comment

Please state if the herring gull and raccoon represent the most sensitive receptors
of concern. If they are not we may be underestimating the ecological risk at this
site. In previous studies at NCBC, for example, the mink was chosen as a receptor
ofconcern.

Respollse- Please see the response to Comment 1. Exposure parameters for the mink are less
conservative than those for the raccoon. These receptors appear to be appropriate.

Comment 15: Appendix B: Environmental Forensics Report, General Comment

Much explanation is provided on the equipment used to determine the makeup of
the samples. Please explain how the samples were "aged" to represent the up to
60 years ofbeing at the site. Please provide a comparison to new and weathered
oils delineating their differences.

Respollse- For the record, the forensic report does not discuss age. It discusses weathering.
This comment is the same as that from USEPA in their Comment 1. Please see the
response to Comment 1c from USEPA.

Comment 16: Appendix B, Environmental Forensics Report, Section 2.3: Reference
Materials, Page 4-5, First Paragraph.

In addition, the former fire fighter training reference fuels composed of
neat, compusted, and evaporated middle distillates (kerosene and diesel)
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Response--

were added to the analysis from a similar study conductedfor the Navy at
the former fire training area in Cutler, Maine.

It is not stated what fuels were used at the fire fighter training area in Cutler,
Maine and whether they aged in the same manner as at Site 16. Therefore,
RIDEM does not agree with the use of the Cutler, Maine site as an acceptable
reference area.

As mentioned in the response to EPA Comment 1c, the forensic report did not
attempt to determine the age of the release. Rather, it relied on recalcitrant.
hydrocarbons to determine the origin ofPAHs in various stages ofweathering.

It is acknowledged that the reference to the Cutler, ME project should be
reworded in the report. The reference samples were not collected in Maine at all.
These freshly dispensed kerosene and diesel materials were collected at fueling
facilities near the Battelle Laboratory in Duxbury, MA. These reference samples
were combusted and evaporated under known conditions in the laboratory for use
at fire fighter training sites all over the United States. These reference samples
were simply reported for the first time in the Cutler, ME report. Consequently,
this report was referenced without adequate clarification. Since all of the
reference sample data are included, the Allen Harbor forensic study will have all
references to the Cutler report removed from the final version of the report.

For the record, the prirriary fuels used at Navy fire fighter trainmg facilities were
kerosene and diesel. These middle distillates were generated by refineries
throughout the United States in strict accordance with ASTM standards. These
middle distillates can be recognized with the forensic hydrocarbon methods
employed by this study. NewFields is very familiar and widely published on the
forensic signatures that help identify these materials· in the environment. In
addition, NewFields used the evaporated and combusted reference materials to
quantitatively demonstrate the changes in kerosene and diesel composition when
used to fuel open fires. _In the absence of these reference samples, the
identification ofpartially combusted fuels would be qualitative, less rigorous, and
potentially confused with refinery in~ermediates. Contrary to the opinion in
Comment 16, the kerosene and diesel reference materials used at Cutler, ME were
relevant and applicable for the identification ofpetroleum distillates used in North
Kingston, RI.

Comment 17: General Comment.

In future revisions of this document, please show constituent concentrations on
the maps/figures. This would be helpful in interpreting and analyzing the data.

Response-- During document production it was considered to present Figures 4-5 through 4-8
(predicted concentration isopleths for lead, copper, zinc, and total PAH) showing
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the concentrations as ''tags'' adjacent to the samples rather then using
concentration contours. These figures were so "busy" as to be unusable for the
purpose for which they are presented, to detennine if there are concentration
trends of these chemicals in Allen Harbor. The figures as presented allow for a
better method to interpret and analyze these trends.
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Laboratory Data Reports, Validation Report, and
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