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Executive Summary 

Introduction 
This report presents the results of the Remedial Investigation (RI), Baseline Human Health 
Risk Assessment (HHRA), and Baseline Ecological Risk Assessment (ERA) for SWMU 14 at 
Naval Station Norfolk (NSN) in Norfolk, Virginia. SWMU 14 consisted of a concrete storage 
pad surrounded by a grass-covered field. The pad served as a less than go-day hazardous 
waste accumulation area where wastes generated through various waste streams were 
processed (sampled, identified, labeled, and packaged) bef&re being shipped to eventual 
disposal. The original concrete pad for the accumulation area has since been removed. A 
new pad was installed west of the original location and is used for temporary storage of 
investigation-derived waste materials. 

In addition to the accumulation area, the peninsula at Sewell’s Point is a man-made 
landmass formed from two distinct periods of fill activities. The first landfill activities began 
in the early 195Os, when the channels were dredged to allow for construction of the 
northernmost series of piers at the site. The resulting dredge material was used to create 
much of the land at Sewell’s Point. The second period of filling occurred between 1974 and 

Q, 

1978, when the eastern portion of the site was formed from the disposal of construction 
debris. This landfill was later designated as Site 9, the Q-area Landfill, and reportedly used 
for the disposal of non-hazardous constructiondebris. Because Site 9 and SWMU 14 are co- 
Iocated, both are evaluated as part of this investigation. 

Site Physical Characteristics 
The material at SWMU 14/Site 9 is divided into two basic classifications: dredge fill and 
construction debris fill. The dredge fill consists mainly of fine- to medium-grained sand and 
shell hash that comprises the western half of the Sewell’s Point peninsula. Similar material is 
found beIow the construction debris fill at a depth of 6 to 14 feet in the eastern portion of the 
site. The construction debris fill generally consists of black to brown silts and sands with 
some gravel pockets. Large amounts of metal debris were observed during the test pit and 
drilling activities. In addition, coal and glass fragments were noted as well as what 
appeared to be buried wood pilings. 

The groundwater elevation data indicates that the water table is relatively Bat across the site 
with a fluctuation of approximately 0.6 ft. The groundwater is at its highest elevation 
proximal to the current concrete pad at the site. Groundwater flows in a radial pattern from 
the mound to the east and north towards Willoughby Bay and west towards the Elizabeth 
River. In addition, a hydraulic divide, located along the western edge of the site, separates 
the groundwater flow in the east and west. Using slug test data, the range of groundwater 
flow velocities across the site was calculated to be 56 feet per year to 209 feet per year. 
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Nature and Extent of Contamination 
Contaminants were detected in a11 media of concern including groundwater, surface soil, 
subsurface soil, sediment, and surface water. 

The groundwater analytical results showed that there were exceedances of the screening 
criteria (RBCs and MCLs) for VOCs, SVOCs, pesticides, and metals. The concentrations of 
inorganics exceeded the screening criteria in monitoring wells both within and outside of 
the filI area. 

The analytical results of the surface soil samples indicate exceedances of a VOC, SVOCs, 
pesticides, PCBs, metals, and dioxins/furans. X,2-Dichlorobenzene was the only VOC 
detected above the screening criteria, and only occurred in one sampling location. Dieldrin 
and methoxyclor, occurring in isolated areas, were the only pesticides detected in 
exceedance of the screening criteria. The analytical results were compared to the dredge fill 
background soil levels. Generally, the SVOCs and pesticides, PCBs detected within the 
landfill at concentrations exceeding the screening values also exceeded the background 
levels. There were no metals exceeding the screening criteria and the background UTL in 
surface soil samples collected outside of the landfill. Lead, mercury, thallium, and zinc were 
in general the most frequently detected analytes exceeding the screening criteria and the 
background within the site boundary. In addition, there were dioxin/furan exceedances at 
two of the five surface soil locations analyzed for these parameters. 

In subsurface soil samples, SVOCs, pesticide, PCBs, metals, and dioxin/furans were 
detected at concentrations exceeding the screening criteria. There were no VOC exceedances 
in subsurface soil. In addition, the concentrations of pesticide, PCB and SVOC exceedances 
were isolated to those samples collected within the fill area, and generaIly in the northern 
and central portions of the site. The site sample concentrations were compared to the dredge 
fill background soil levels. SVOCs and pesticides/PCBs were detected within the landfill at 
concentrations that exceeded the RBCs and background levels. Dioxin/furan exceedances 
concentration exceedances occurred in four sample locations in the eastern central portion of 
SWMU 14. There were no metals concentrations detected above the background UTL nor 
the screening criteria in subsurface soil samples collected outside of the fill area. However, 
there were several inorganic exceedances both north and south of the SWMU 14 boundary. 

Five sediment samples were collected in the lagoon south of SWMU 14. SVOC, pesticides, 
and PCB results did not exceed the RBCs. Arsenic and iron exceeded both human health 
and ecological screening values. The lagoon may serve as a depositional area for inputs 
from the two ouifalls to the west of SWMU 14 and the bay inlet to the east. As a result, 
several potential contaminant sources, other than SWMU 14, may be contributing to the 
lagoon. Results from SD04 and SD02 had the most SVOC, pesticide, and PCB exceedances of 
the screening values. There were no inorganic exceedances at SD02 and SDO3. 

Fate and Transport of Contamination 
Based on the chemical and physical data collected at SWMU 14, it appears likely that both 
SWMU 14 and Site 9 were potential sources of contamination. The general contaminant 
profile fits this contaminant distribution and consists of (1) surficial elevated concentrations ‘9 
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in the vicinity of SWMU 14; (2) laterally widespread surficial and subsurface soil elevated 
concentrations within the Site 9 fill area, and (3) groundwater concentrations at levels 
varying from relatively high to relatively low with no readily apparent single source 
pattern. 

Metals, PAHs, pesticides, PCBs, and dioxins/furans are likely to be sorbed with the surface 
soil particles. Metals can move from surface soil to subsurface soil to groundwater by 
precipitation-induced leaching. However, PAHs, PCBs, and dioxins/furans are not expected 
to leach to the subsurface from surface soil, and are expected to remain in close proximity to 
the reIease,point, sorbed to surface soil particles. Therefore, the only significant release 
mechanism is airborne or waterborne particles sorbed with PAHs, PCBs, or dioxin/furans. 
However, the site is vegetated and has Iittle potential for.overland flow, which minimizes 
the risk of transport of surface soil particles. 

Due to the shallow depth to groundwater and the site’s proximity to the Bay, groundwater 
flow represents the most significant potential offsite transport mechanism. Based on the 
conceptual groundwater flow and groundwater fIow velocities of 56 to 209 ft per year, it is 
likely that groundwater discharge occurs to the dredge-fill sediments to the west of the site 
as well as to Willoughby Bay located to north and east. Constituents that may be 
transported offsite via groundwater flow include those that are dissolved in groundwater. 
The concentrations of metals as well as trace levels of VOCs and SVOCs that were observed 
in the downgradient monitoring wells may indicate possible migration of these 
contaminants from the Site 9 fill area. 

Human Heatth Risk Assessment 
This baseline risk assessment was conducted to evaluate the potential human-health risks 
associated with the presence of site-related soil, groundwater, surface water, and sediment 
contamination at NSN SWMU 14. This risk assessment quantifies potential human-health 
risks at SWMU 14 under current conditions and under potential future use scenarios, if no 
additional remediation is implemented. 

There are no risks or target organ-specific hazards that exceed USEPA target levels for the 
site worker or trespasser under current site use. The following receptors had tota EME 
nuncarcinogenic hazards or carcinogenic risks that exceeded USEPA’s target levels: 

l Future site worker exposed to subsurface soil 
l Future adult resident exposed to subsurface soil and groundwater 
0 Future child resident exposed to surfaee soil, subsurface soil, and groundwater 
l Future lifetime resident exposed to subsurface soil and groundwater 
l Future construction worker exposed to surface soil, subsurface soil, and groundwater 
l Future recreational child exposed to surface soil and subsurface soil 

The metaIs detected in the soil are the main contributors to the noncarcinogenic hazard 
associated with exposure to surface soil (thallium and iron} and subsurface soil (antimony, 
arsenic, iron, manganese, thallium, and vanadium). The calculated risks are probably site 
related and not background related. Benzo(a)pyrene is the main contributor to the 
subsurface soil carcinogenic risk. 
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The main contributors to the groundwater noncarcinogenic hazard are 4methylpheno1, 
dibenzofuran, arsenic, iron, manganese, thallium, and vanadium and the main contributors 
to the carcinogenic risk are n-nitroso-d-n-propylamine, pentachlorophenol, and arsenic. 

Ecological Risk Assessment 
Six metals (antimony, copper, lead, nickel, thallium, and zinc} and PAHs in surface soi 
exceeded surface soil screening values or facilitywide background soil concentrations 
(where available) and were retained as COG. Copper, lead, and zinc were the inorganics 
that exceeded both screening values and background concentrations most frequently and at 
the highest magnitudes. The spatial distribution of the highest screening value exceedances 
was very similar for these three metals. There are possible risks to lower-trophic-level 
receptors utilizing some portions of the terrestrial habitats on SWMU 14. However, these 
risk estimates are likely to be conservative under both existing and projected future land 
uses because exposures are likely to be limited based upon the nature of the substrate (very 
coarse sand and gravel), the poor habitat quality (a weedy field that is periodically mowed), 
and the site’s isolated nature (i.e., surrounded by developed areas).. PotentiaI risks to upper- 
trophic-level terrestrial receptors are minimal as no chemical exceeded a LOAEL-based 
screening value for such receptors. Thus, given the current habitat conditions on the site and 
the likely future site uses, additiona ecological evaluation of the terrestrial portion of 
SWMU 14 is not currently warranted. 

Relatively few chemicals exceeded screening values in lagoon sediment. Arsenic was the 
only inorganic chemical with a mean HQ greater than or equal to one based upon a detected 
concentration. While arsenic is identified as a COC in lagoon sediment, arsenic did not 
exceed screening values in site surface soils or groundwater, suggesting that these 
low-magnitude sediment exceedances are not site related. Four pesticides (4$-DDE, 4,4’- 
DDT, alpha-chlordane, and gamma-cblordane) and one PCB (Aroclor-1260) exceeded 
screening values based upon mean detected concentrations. While the mean detected 
concentrations of five individual PAH compounds exceeded screening values, maximum 
HQs were less than two and the mean HQ for total PAHs was less than one. This suggests 
that potential risks related to PAHs are minimal in lagoon sediments. A comparison of 
sediment concentrations to equilibrium partitioning-based sediment values suggests that 
potential exposures and risks are very low for all these organic compounds. The lagoon may 
serve as a depositional area for inputs from the two outfalls to the west and the bay inlet to 
the east, therefore other contaminant sources may be contributing to the lagoon. 

The potential magnitude of contaminant transport via groundwater from SWMU 14 to 
Willoughby Bay was qualitatively evaluated through a comparison of groundwater 
concentrations with surface water screening values. Total cyanide, manganese, and 
4,4’-DDT had mean HQs exceeding one, based upon detected groundwater concentrations 
and a dilution factor of 10. Amenable cyanide was not detected in any of the five wells at the 
same reporting limit as total cyanide. Thus, the cyanide in groundwater is not likely to be 
present in bioavailable forms and would likely pose a minimal risk to aquatic receptors in 
Willoughby Bay following discharge. The maximum manganese concentration in 
groundwater was found in MWlSS, which is far removed from the source areas and main 
groundwater flow direction. This suggests that manganese is likely to be present at 
background levels in groundwater or is not site-related. Additionally, manganese was not 
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\ , identified as a potential contaminant of concern (PCOC) in site surface soils. 4,4’-DDT was 
detected in 4 of 24 groundwater samples from 3 different wells (h@‘VO5S, MW07S, and 
MwlSS). 

A Watershed Contaminated Source Document (WCSD} is currently being prepared for 
Willoughby Bay. Once the WCSD results are available, possible. future steps of the ERA 
process (Le., Steps 3B and 4) for the Bay and lagoon, as related to SW?&U 14, will be 
assessed, as warranted. 

Recommendations 
The RI sampling has provided adequate data for the characterization and delineation of the 
contaminants present in the surface soil, subsurface soil, and groundwater at the site. The RI 
has also provided groundwater-flow direction and velocity data as well as determined the 
full extent of the Site 9 landfill. 

/ 
, -_ 

‘i 

There are no unacceptable human health risks associated with the SWhJD 14/Site 9 
contaminants under the current land use; however, unacceptable risks associated with 
exposure to surface soil, subsurface soil, and groundwater are present under most the future 
scenarios. In addition, there were no unacceptable risks to ecological receptors at the site’s 
terrestrial portion; however, unacceptable ecological risks for sediment and groundwater 
discharging to surface water are present at the site. Therefore, it is recommended that the 
ERA process continue to the next phase. 

A Feasibility Study (FS) is recommended to address risks associated with potential 
contaminants of concern at SWMU 14. This study will assess the potential remedial 
alternatives to be considered in the event that there are changes from the current land use. 
Presumptive remedies will be considered by the NSN Tier I partnering team. 
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‘1 ,’ SECTION1 

Introduction 

This report presents the procedures and resuIts of the Remedial Investigation (RI) of Solid 
Waste Management Unit (SWMU) 14, the Q-50 Satellite Accumulation Area at Naval Station 
Norfolk (NSN), Norfolk, Virginia. 

I .I Purpose and Report Organization 
This report presents the results of the Remedial Investigation conducted by CH2M HILL at 
SWMU 14. It documents the contaminants detected in soil, groundwater, surface water, and 
sediment as well as present information on the site’s physical characteristics. This will 
facihtate a better understanding of the potential human and ecological exposure to 
contaminants associated with SWMU 14. It also documents the results of the baseline 
human health risk and ecological risk assessments for SWMU 14. The specific organization 
of the report is summarized below. 

/ . 
‘\ 

Section 1 outlines the purpose of the report, provides a site description, and sumxntizes the 
results of previous investigations at the site. Section 2 provides information on the 
approaches, methodology, and practices used during the investigation. Section 3 presents 
the RI results, includes a characterization of environmental media contamination, and 
provides information on the site’s physical characteristics. Section 4 provides information on 
contaminant data and physical features that can be used to estimate contaminant fate and 
transport. Section 5 summarizes the human health risk assessment (I-IHRA), and Section 6 
summarizes the ERA. Section 7 presents the conclusions and recommendations. 

1.2 Site Desbiption and History 
This subsection contains a brief description of the site-specific information on its 
environmental setting. The basewide features (physical/chemical information) can be found 
in the work plansand in the Site Mmagemenf Plan FY 2002 Naval Station Norfolk, Norfolk 
Virginia (CH2M HILL, February 2002). 

/ 
t’ 
‘\ / 

As shown in Figure l-1, SWMU 14 is located in the northeastern comer of Sewell’s Point at 
NSN. The site consisted of a concrete storage pad surrounded by a grass-covered field. The 
pad served as a less than go-day hazardous waste accumulation area, where materials 
generated through various streams were processed (sampIed, identified, labeled, and 
packaged} before being shipped to eventual disposal. SWMU 14 was initially identified 
from a 1982 Environmental Photographic Interpretation Center (EPIC) aerial photograph 
(USEPA, September 1994) that showed a drum storage area and scrap metal pile north and 
east of the concrete pad, respectively. Furthermore, historical plans of the area also showed 
the presence of stockpiled railroad ties and metal debris northeast of the pad. The site was 
aIso cited during the 1992 RCRA FaciIity Assessment (RFA) (A. T. Kearney, March 1992) site 
inspection, when areas of stained soil were observed. The original concrete pad for the 
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accumulation area has since been removed. A new pad was installed west of the originaI 
location and is used for temporary storage of investigation-derived waste materials, 

In addition to the accumulation area, the peninsula at Sewell’s Point is a manmade 
landmass formed from two distinct periods of fill activities. The first began in the early 
195Os, when the channels were dredged to allow for construction of the northernmost series 
of piers at the site. The resulting dredge material was used to create much of the land at 
Sewell’s Point. The second was between 1974 and 1978, when the site’s eastern portion was 
formed from the disposal of construction debris. This landfill was later designated as Site 9, 
the Q Area Landfill. Site 9 was initially identified in the Initial Assessment Study (IAS) 
(Environmental Science and Engineering, February 1983) and reportedly used for the 
disposal of non-hazardous construction debris. Site 9 was recommended for No Further 
Action (Baker Environmental, Inc., December 1997); however, because Site 9 and SWMU 14 
are co-located, both are evaluated as part of this investigation. Figure 1-2 shows SWMU 14 
and the estimated boundary between Site 9 and the dredge-fill area in detail, 

1.3 Previous Jnvestigations 
Baker Environmental, Inc. completed two Relative Risk Ranking (RRR) studies to-evaluate 
the presence of contamination and potential exposure pathways associated with the 
SWMUs at NSN. The first study’s results are documented in the Final Relative Risk Ranking 
System Data Coftecfion Sampling and Analysis Repport, Navat Base, Norfolk, Virginia (Baker 
EnvironmentaI, Inc., January 1996). Samples were collected at SWMUs 9, IOF and 14 during 
the Phase I RRR study. The second study’s results are documented in the Dr@ Phase II 
Relative Risk Ranking System Data Collection Sampling and Analysis Report, Naval Base, Norfolk, 
Virginia (Baker Environmental, Inc., December 1996). During the Phase II study, additional 
sampling was conducted at SWMUs 10 and 14. In addition, a Supplemental Investigation 
was completed at SWMUs 6,9,10, and 14; the results of which are presented in the Drqft 
Reporf for the Solid Waste Management Unit Supplemental Investigation Naval Base NorfoIk, 
Norfolk, Virginia (CH2M HILL, October 1998). 

,/- 

Nine surface soil samples were collected at SWMU 14 during the Phase I and II RRR study. 
The Phase I soil samples were analyzed for Volatile Organic Compounds (VOCs}, Semi 
Volatile Organic Compounds (SVOCs), metals, and cyanide. Phase II surface soil samples 
were analyzed for VOCs, SVOCs, pesticides/PolychIorinated Biphenols (PCBs), and metals. 
One surface water and two sediment samples were also collected in the Phase II RRR Study 
and analyzed for VOCs, SVOCs, and inorganics. In addition, five groundwater samples 
were collected and analyzed for VOCs, SVOCs, pesticides/PCBs, and inorganics during the 
Phase I and II RRR Study. 

Groundwater, surface soil, and subsurface soil samples were collected during the 
Supplemental Investigation activities at SWMU 14 (CH2M HILL, October 1998). Five 
groundwater sampIes were collected and analyzed for VOCs, SVOCs, pesticides, PCBs, and 
metals. Five co-located surface and subsurface soil samples were collected and analyzed for 
VOCs, SVOCs, pesticides, PCBs, and TAL metals. 
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1.3.1 Relative Risk Ranking (RRR) and Supplemental Investigation Results 
SampBng Locations are shown on Figure l-3. Appendix A provides a summary of detected 
compounds. The exceedances are summarized below. 

Eighteen constituents were detected at concentrations exceeding the tapwater RBCs in at 
least one groundwater sample collected atSWMU 14, These constituents included 
chlorobenzene, benzene, chloromethane, 1,4dichlorobenzene, viny1 chloride, methylene 
chloride, pentachlorophenol, benzo(a)anthracene, benzo(b)fhroranthene, bis(Z- 
ethylhexyljphthalate, carbazo1e, Aroc1or-l248, Am&or-1254, Arodor-1260, antimony, 
arsenic, barium, and iron. In addition, lead concentrations exceeded the Safe Drinking 
Water Act action levels. Ten constituents were detected at concentrations exceeding the’ 
drinking water MCLs in at least one groundwater samp1e collected at SWMU 14. These 
constituents included chlorobenzene, benzene, methylene chloride, pentachlorophenoh 
Aroclor-1248, Aroc1or-1254, Aroclor-3260, antimony, barium, and lead. No contaminants 
exceeded the RBCs or MCLs in upgradient location DW05, indicating that the contaminants 
may be site-related. 

l Nine constituents were detected at concentrations exceeding the residential RBCs and 
background levels in at least one surface soil sample collected at SWMU 14. These 
constituents inc1ude benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenz(a,h)anthracene, indeno(l,Z,3-c,d)pyrene, Aroclor-1248, AroclorZ54, antimony, 
and copper. In addition, lead concentrations exceeded the residential soil screening 
criteria at two locations. Three constituents were detected at concentrations exceeding 
the residentia1 RBCs in the subsurface soil sampIes. Benzo(a)pyrene, 
benzo(b)ffuoranthene, and Aroclor-1248 were detected at concentrations exceeding the 
residential RBCs and background concentrations in at least one location. 

o Two sediment samples were co1lected at SWMU 14 during the Phase II RRR Study field 
activities. Fifteen constituents were detected at concentrations exceeding the BTAG- 
Sediment screening values, including acenapthene, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, chrysene, fluoranthene, fluorene, indeno(l,2,3-c,d)pyrene, N- 
nitrosodiphenylamine, phenanthrene, pyrene, chromium, copper, lead, and zinc 
concentrations exceeded the BTAC sediment screening values in at Ieast one sediment 
sample. 

One surface water sample was collected in the SWh4U 14 1agoon during the Phase II RRR 
Study fie1d activities. The analytical resu1ts show that the cadmium concentration exceeded 
the MCL. 

The previous investigations identified the presence of PAWS, PCBs, and metals in soils at 
levels exceeding the RBCs. In addition, seven groundwater samples detected levels of 
VOCs, SVOCs, metals and PCBs exceeding the RBCs or MCLs. Potential sources of 
contamination include former locations of railroad ties, scrap metal, and drums as we11 as 
the satellite accumulation area. In summary, the initial investigations indicated that there 
were elevated Ievels of contaminants at the site; however the full nature and extent of the 
contamination had not been delineated. Therefore, the RI phase of investigations was 
initiated to further study the site and eva1uate potentia1 risks. 
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SECTXON 2 

Field Investigation Activities 

This section documents the field methods used for the SWMD 14 RI and documents the 
approaches used during the investigation to characterize such features as physiography 
(topography, drainage, and soil), site geolo%y, and hydrology (surface water and 
groundwater), 

2.1 InveStigation Methodology 
The following investigations were completed as part of the RI for SWMU 14 at NSN: 

l Additional Investigation - RI Phase I (1999) 
l Geophysieal Survey (2000) 
l Supplemental Investigation- RI Phase 11(2000) 
l Additional Remedial Investigation - RI Phase III (2001) 
l Additional Investigation - RI Phase IV (2002) 

2.1.1 Additional Investigation Summary (RI Phase I) 
The sampling associated with the RI Phase I was proposed based on the results of the RRR 
studies and the 1998 Supplemental Investigation. The RI Phase I objectives at SWlvlU 14 
were to: 

1. characterize the source(s) and downgradient extent of VOCs, SVOCs, PCBs, and metals 
previously detected in the soil and groundwater 

2. evaluate if constituents are potentially reaching ecological receptors in Willoughby Bay 

3. characterize the groundwater-fl ow conditions in the shallow aquifer 

The Additional Investigation sampling included: 

. 

. 

Surface and subsurface soil samples were collected at 18 locations (DSOl-DSl8) to 
characterize the source and downgradient extent of contaminants previously detected. 
Figure 2-l shows the soil boring locations are shown. The surface soil samples were 
collected between 0 and 6 in. deep and the subsurface samples were collected at 2 to 6 ft 
below grade. Soil samples were analyzed for Target Analyte List (TAL) metals, Target 
Compound List @‘CL) SVOCs, and TCL pesticides/PC%. The soil boring logs from the 
Phase I RI were not available at the time of this report. 

Eight monitoring wells (MWOl&fWO8) were installed to further characterize the 
downgradient extent of contaminants detected in the groundwater. The monitoring well 
data was also utilized to assess if there are potential impacts to ecological receptors in 
Willoughby Bay. The monitoring wells were installed about 15 ft below ground surface 
(bgs), using a hollow stem auger (HSA) drill rig with 4*&n. inner-diameter auger stems. 
Following well installation and development, groundwater samples were collected and 
analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals (total and 
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dissolved). Figure 2-2 shows the monitoring well locations are shown and Appendix B 
provides boring logs and well construction details. 

2.1.2 Geophysical Survey 
CH2M HILL conducted a surface geophysical survey at SWMU 14 in June 2000. Earth 
Resources Technology, Inc. (ERT) of College Park, Maryland, was contracted to perform the 
geophysical surveys. An electromagnetic survey was initially conducted to establish the 
extent of the disturbed area and identify buried objects. The survey covered the entire area 
of the grass field and concrete pad. The survey grid was laid out with a 1Oift interval 
between east-west survey lines and a 20-ft interval in the north-south direction. Following a 
review of the data, a ground-penetrating radar survey was performed to assess large 
anomalies identified in the electromagnetic survey. Appendix C provides the geophysical 
report. 

2.4.3 Suppiemental Investigation (RI Phase II) 
Based on a review of the availabIe analytical data collected during previous investigations, a 
supplemental investigation was conducted. The RI Phase.11 investigation objectives at the 
SWMU 14 were to: 

l further characterize the nature and extent of the contamination, 
l establish upgradient concentration values for grondwater, and 
l investigate several anomalies detected during the geophysical survey. 

---Y 
The RI Phase II samphng objectives are detailed below. 

i Twenty surface and 17 subsurface soiI samples @S19-DS38) were collected to 
characterize the source and downgradient extent of contamination. The soil-boring 
locations are shown in Figure 2-1. Each surface and subsurface soil sample was analyzed 
for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals. 

l Six monitoring wells were installed and constructed of 2-m polyvinyl chloride (PVC) 
well casings and screens. The monitoring well locations are shown on Figure 2-2 and 
include MWO9S and MWllS through MWl5S (well MWlOS could not be installed due 
to refusal in the fill material). The we& extended to approximately 15 ft bgs, depending 
on the depth of the water table. The monitoring wells were installed using a IISA drill 
rig with 4%-in. inner-diameter auger stems. Following well installation and 
development, groundwater samples were collected from seven monitoring wells (six 
new and one pre-existing) and analyzed for TCL VOCs, TCL SVOCs, TCL 
pesticides/PCBs, and TAL metals (total and dissolved). Appendix B provides the well- 
construction details, 

2.1.4 Additional Remedial investigation (RI Phase Ill) 
A supplemental investigation was conducted, based on a review of the available analytical 
data colIected during previous investigations. The RI Phase Ill investigation objectives at the 
SWMU 14 were to: 

l Further characterize the nature and extent of soil and groundwater contamination 
associated with SWMU 14, 

, ‘7, 
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e Determine, to the extent possible, the western and southern limits of waste/fill material 
associated with SWMU l4/Site 9 and establish background levels for soil outside of the 
fill area as well as groundwater upgradient of the material, and 

l Determine the nature of the anomaly encountered at boring location DS19. 

The RI Phase III activities are detailed below. 

l Eleven soil borings were completed to determine the landfill material’s boundary 
(DS39-DS43 and DS49-DS54). Figure 2-1 shows the soil-boring locations. Nine surface 
and eight subsurface soil samples were collected from these soil borings to further 
characterize the source and extent of contamination. Each of the soil samples was 
analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, and TAL metals. Appendix 
B provides detailed soi boring logs. 

l Four monitoring wells were installed (MW16S-MW19S) and constructed of 2-m. PVC 
well casings and screens. Figure 2-2 shows the monitoring well locations. The wells 
extended to approximately 15 ft bgs depending on the depth of the water table. The 
monitoring weIls were installed using a IISA drill rig with 4 %-in. inner-diameter auger 
stems. Following well installation and well development, groundwater samples were 
collected from all four monitoring wells and analyzed for TCL VOCs, TCL SVOCs, TCL 
pesticides/PC%, and TAL metals (total and dissolved). Appendix B provides well 
construction details. 

/ 

‘k 
l Five surface and subsurface soil samples were collected and analyzed for dioxin and 

pentachlorophenol. The sample locations (Figure 2-l) include DS44-DS48. These 
samples were collected near locations with historically high pesticides/PCBs levels. 

l An exploratory test pit was conducted at the location of soil boring DSI9 (Figure 2-l). 

2.1.5 Additional Investigation (2002) 
An additional investigation was conducted, based on previous investigations at the site, to 
evaluate potential impacts on ecological and human receptors. The investigation objectives 
at SWMU 14 were to: 

l Assess possible transport and deposition of material from SWMU 14 to the adjacent 
lagoon, 

l Evaluate a potential lead hotspot identified during the RI sampling, and 

0 Further evaluate the mobility of contaminants in groundwater and confirm the presence 
of chloroform. 

Sampling locations are shown on Figure 2-3, and the 2002 additional investigation activities 
are detailed below. 

_, 

‘\ ., 

0 Five sediment samples (SD01 through SD05) were collected in and near the lagoon. 
Three of these were collected from the lagoon’s interior to assess possible transport and 
deposition of materials from SWMU 14. The other two were collected at the outfalls to 
determine the potential impact on the lagoon from sources other than SWMU 14. One 
was collected adjacent to the southern-area drainage swale that flows into the lagoon. 
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2-4 

Another sample was collected at the stormdrain outfall in the lagoon’s northern area. 
The work plan origina!ly scoped the collection of a sediment sample from the 
stormdrain manhole from the first manhole that was not tidally influenced. However, 
this sample was not collected due to the absence of accumulated sediment in the 
manholes. Each sediment sample was analyzed for TCL SVOCs, TCL pesticides/PC%, 
TAL metals and cyanide, pl3, grain size analysis, and TOG. 

Four surface soil samples (SSO9 through SS12) were collected within the site to evaluate 
a potential lead hotspot identified during the RI sampling and were anaIyzed for lead 
only. 

Five groundwater sampIes were collected from selected monitoring wells (MM%, 
MWO7, MWO8, MW1.5, and MW19) and analyzed for TCL VOCs, TCL SVOCs, TCL 
pesticides/PCBs, and TAL metals (total and dissolved), total cyanide, free cyanide, and 
total dissolved solids (TSS). Groundwater sampling locations were determined based on 
previous analytical results. 
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\ ’ SECTION 3 

Remedial Investigation Results 

This section discusses the physical features of SWh4U 14 and the nature and extent of 
contamination found in groundwater, subsurface soil, and surface soil samples collected 
during the RI, The discussion is broken down by the site’s physical characteristics and 
sampling media. 

? 3.2 Physiographic Features 
The major physiographic features of NSN and surrounding area are described in the 
following subsections. 

3.1.1 Climate 
The Hampton Roads Area has a maritime climate characterized by long temperate summers 
and mild winters. The average annual temperature is 60.7 “F. July is the warmest month, 
with temperatures averaging 78.7 “F, while January is the coolest, with temperatures 
averaging 43.1 “F. Precipitation averages 43 inches annually and is evenly distributed 
throughout the year. A slight increase in precipitation occurs from June to August due to the 
prevalence of convective thunderstorms. The average annual snowfall is 8.8 inches. Winds 
are generally in an easterly direction and moderate, ranging from 6 to 8 knots (CH2M HILL, 
October 1997). 

3.12 Topography 
NSN’s topography is nearly level. Surface elevations at the base range from sea Ievel to 
about 15 ft above mean sea leve1 (msl) in the base’s central portion. 

3.1.3 Soils 
Soils at NSN generally consist of fine sands and silts 20 to 40 ft thick and having low to 
moderate permeability. Relatively impermeable sediments composed of silt, clay, and sandy 
clay typically underlie this upper layer of soils. Together, these strata are about 
approximately 60 ft thick. The average permeability of soils in Norfolk County is less than 
2.5 inches per hour (CH2M HILL, October 1997). 

,/ 

k. 

The soils- at NSN are a complicated distribution of naturally occurring material and 
dredge-fiII material. The native soils are composed of unconsolidated fine sands and silts of 
low to moderate permeability and are generally underlain by relatively impermeable 
sediments consisting of silt, clay, and sandy clay. The fill material primariIy consists of 
heterogeneous sediments removed during dredging operations. The composition of the 
dredge-fill sediments varies from site to site, but it is generally sand, silt, and gravel. Some 
concrete, stone, and miscelIaneous debris were also used as fill material. The complex 
distribution of the native soils and dredge-fill material and the variable composition of the 
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fill material must be taken into account when examining soil conditions on NSN 
(CH2M HILL, October 1997). 

3‘1.4 Surface Water Resources 
Four major surface water features surround the greater Norfolk area including the James 
and Elizabeth Rivers, Willoughby Bay, and Chesapeake Bay, all of which are tidal. Most 
surface water on the base flows either to Mason Creek or to the remnants of Bausch Creek. 
The northernmost channel of Mason Creek traverses the base and empties into Willoughby 
Bay via a subgrade aqueduct. The main channel of Bausch Creek was filled in and replaced 
by a network of drainage ditches during the base’s development. These narrow drainage 
channels are interspersed throughout the base’s central part. Both Mason Creek and these 
drainage ditches are tidal throughout the base. Both creeks discharge to Willoughby Bay 
and ultimately, to the Chesapeake Bay. Some surface water from the base discharges 
directly into the Elizabeth River (CH2M HILL, October 1997). 

3.15 Groundwater Resources 
NSN is in the outer Atlantic Coastal Plain Physiographic Province? which is characterized by 
low elevations and gently sloping relief. The base is underlain by more than 2,000 ft of 
gently dipping sandy sediments, ranging in age from Recent to Lower Cretaceous. 

3.1.5.1 Hydrogeology 
The uppermost geologic unit is the Columbia Group, composed of Holocene deposits and 
undifferentiated Pleistocene deposits. The Columbia Group is approximately 60 ft thick. The 
upper 20 to 40 ft consist of unconsolidated fine sands and silts. These sediments possess low 
to moderate permeabilities and comprise the unconfined CoIumbia aquifer. The lower 20 to 
40 ft consist of relatively impermeable silt, clay, and sandy clay (CH2M HILL, 1997). 

The Chesapeake Group underlies the Columbia Group. The uppermost unit in the 
Chesapeake Group is the Yorktown Formation. It is capped by the Yorktown confining unit, 
which separates the Columbia aquifer from underlying Yorktown aquifer. The Yorktown 
formation is approximately 90 to 100 ft thick in the vicinity of the Base and composed of 
marine silt and clay and moderately consolidated coarse sand and gravel with abundant 
shell fragments. The Chesapeake Group is composed of several additional older formations 
that comprise deeper aquifers and confining units. These overlie the Tertiary Pamunkey 
Group and Cretaceous stratigraphy. 

Two significant shallow aquifer systems in the area are the Columbia aquifer, in the upper 
20 to 40 ft of the Columbia Group, and the underlying Yorktown Aquifer. The Columbia 
aquifer includes the water-table aquifer, is reportedly thin, and consists of discontinuous 
heterogeneous sand and shell lenses. The water table is usually Iess than 8 ft deep. The 
Yorktown Aquifer is semi-confined beneath a clay layer in the upper Yorktown Formation. 
Water-bearing zones in the Yorktown Aquifer consist of fine to coarse sand, gravel, and 
shells (CH2M HILL, October 1997). 

--Y 
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3.1.5.2 Local Water Usage 
Groundwater is not currently used as a potable water supply in the vicinity of NSN, The 
City of Norfolk Health Department prohibits the use of groundwater for public or private 
potable water supplies under Iaw ordinance Chapter 46.1, Reference 46.13. 

3.2 Physical Feature Characterization Results 
Understanding of the physical characteristics of SWMU 14 was a primary data-quality 
objective for the RI. Site physical features of specific interest include the general geology and 
hydrogeologic characteristics of the site and surrounding areas as well as the areal extent of 
the Site 9 landfill. 

3.2.1 Site Geology and Aerial Extent of the Site 9 LandfilUSWMU 14 
The geology of Site 9 is describedin detail on the boring logs and well construction 
diagrams developed during the Phase I, II, and III soil borings and monitoring well 
installations, and are summarized in Appendix B. An objective of the Phase III RI was also 
used to determine the extent of the fill material at the site. The characterization of materials 
at the site is discussed below. 

The material at the !&well’s Point peninsula is divided into two basic classifications, dredge 
fill and construction-debris fill. Figure l-2 shows the estimated boundary between the two 
material types. The dredge fill consists mainly of fine- to medium-grained sand and shell 
hash that comprises the western half of the Sewell’s Point peninsula. Similar material is 
found below the construction debris fill at 6 to 14 ft deep in the site’s eastern portion. The 
eastern section of the peninsula (Site 9 fill area) consists of construction debris fill composed 
of black to brown silts and sands with some gravel pockets. Large amounts of metal debris 
were observed during the test pit and drilling activities. In addition, coal and glass 
fragments were noted as well as what appeared to be buried wood pilings. Figure 3-l 
illustrates the cross-sectional view of the borings at SWMU 14. Cross-section A-Al, trending 
roughly west to east, (Figure 3-2) indicates that the thickness of the landfill material 
increases significantly from the site’s western boundary to the shoreline. The cross-section 
B-Bl, trending south to north, (Figure 3-3) also shows that the landfill material becomes 
thicker from the site’s southern boundary towards the shoreline. 

3.2.2 Physical Characteristics of Site 9 Fill Material 
A Geometries Portable Cesium Magnetometer was used during the electromagnetic survey 
to further characterize the subsurface conditions and determine the presence of buried 
objects at the site. The electromagnetic data (Figure 3-4) indicate numerous high-intensity 
magnetic anomalies located throughout the survey area. Such anomalies are typical of 
buried metallic objects. The anomalies tend to terminate in the southeastern and 
southwestern corners of the survey area, indicating the possible boundary of the fill 
material. A Ground Penetrating Radar (GPR} profile was performed, using a Sensors & 
Software pulse EKKO lOOO@ radar, on the anomalies located on the eastern side of the 
concrete slab. However, no specific buried objects were identified, due to their possible 
oxidation or the close proximity of groundwater. Appendix C includes a copy of the 
geophysical report showing the locations and results of the surveys. 
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During the Phase II geophysical survey a large anomaly was detected approximately 50 ft 
northwest of the existing concrete pad at the site. Soil boring DS19 was completed at the 
location to determine the nature of the anomaly. During the drilling a metallic object was 
encountered 5 to 6 A bgs, and upon examination of the borehole, a petroleum sheen was 
observed in the groundwater. To further characterize the geophysical anomaly, a 15-ft 
trench was excavated at the approximate location of DS19 (Figure 2-1). The excavator 
encountered large metal plates and scrap at 4.5 to 5.5 ft bgs. Therefore, the petroleum sheen 
observed while drilling was Iikely derived from the fill material and not the result of a 
buried tank. Section 4.2.2 includes additional discussion of potential LNAPL in the 
groundwater. 

32.3 Hydrogeology 
Figure 3-5 shows the plot of the groundwater contours from October 2001. The 
groundwater-level data indicates that the water table is relatively flat across the site with a 
fluctuation of approximately 0.6 ft. The groundwater is at its highest elevation near the 
current concrete pad. Groundwater flows east and north towards Willoughby Bay and west 
towards the EIizabeth River. In addition, a slight hydraulic divide is located near wells 
MWO7S, h4WOlS, and MW13S. This divide, located aIong the site’s western edge, separates 
the groundwater flow to the east and west. 

Slug tests were conducted at several of the SWMU 14 monitoring wells in an effort to 
estimate the hydraulic conductivity of the site’s fill materials and calculate groundwater 
flow velocity across the site. Due to the limited area of influence, the slug test data provide a 
rough estimate of the water-table aquifer properties near the individual monitoring wells. 
Appendix D presents the slug test results. The results showed that the hydraulic 
conductivities at the site ranged from 28 to 106 ft per day. This variation in hydra&e 
conductivity is characteristic of a site composed of heterogeneous material (i.e., varying 
types of fill). The groundwater flow velocity at the site was estimated using Darcy’s Law 
divided by the effective porosity: 

V=Ki/ne 

Where: 

V = Groundwater velocity @t/day) 

K = average hydraulic conductivity (ft/day) 

i = average hydraulic gradient (dimensionless) 

ne = effective porosity (dimensionless) 

An average hydraulic gradient of 0.0019 was determined using the groundwater elevations. 
In addition, based upon the material types at the site an estimated effective porosity of 0.35 
was used in the calculation. The results show that the flow velocity across the site ranges 
from 56 to 209 ft per year. 
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3.3 Nature and Extent of Contamination 
This section discusses the nature and extent of contamination found in soil (surface and 
subsurface), sediment, and groundwater at SWMU 14 during the RI activities. The 
discussion is divided into two parts.. Section 3.3.1 summarizes the management and 
evaluation of laboratory analytical data for all media, including surface soil, subsurface soil, 
groundwater, and sediment. Section 3.3.2 presents the analytical results of the sampling 
activities. 

3.3.1 Data Management 
The data management and tracking from the time of field collection to receipt of validated 
electronic analytical results is of primary importance and reflects their overall quality. Field 
samples and their corresponding analytical tests were recorded on chain-of-custody forms, 
which were submitted with the samples to the laboratory. Chain-of-custody entries were 
checked against the SampIing and Analysis Plan to determine if all designated samples 
were collected and submitted for the appropriate analyses, On the laboratory’s receipt of the 
samples, a comparison to the field’information was made to determine if each sample was 
analyzed for the correct parameters. In addition, a check was made to ensure that the proper 
number and types of QA/QC samples were collected for each medium. QA/QC samples 
included field blanks, equipment blanks, trip blanks, duplicates, MS/MSD samples, and 
laboratory blanks. 

Hardcopies and electronic versions of the, analytical data reports for the RI were submitted 
to a third party for validation. CH2M HILL then formatted the files to automaticalIy 
download data into the CH2M HILL master Oracle database. Validation procedures 
estabIished by the Region III Modification to the National Functional Guidelines for Organic 
(USEPA, 1994) and Inorganic Analyses (USEPA, 1993) were adhered to during the 
validation process. These steps (third-party validation and electronic data handling) serve to 
reduce inherent uncertainties associated with data authenticity and usability. 

3.3.1.1 Data Comparison 
Analytical results for the samples colIected from various media during the RI were 
compared against background values as well as common regulatory, ecological, and 
human-health based standards or criteria. This comparison was conducted to evaluate the 
nature and extent of contamination and not to eliminate compounds from further 
consideration in this document. 

The regulatory comparison criteria used are: 

l Surface and subsurface soil results were screened against background values for dredge fill 
soil, Region III Risk Based Concentration (RBCs) for residential soil and the ecological 
screening criteria (surface soil only). 

0 Groundwater results were screened against Federal Maximum Contaminant Levels 
(MCL) and Region III USEPA RBCs for tap water. 
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l Sediment results were screened against Region III USEPA RBCs (multiplied by 10 for 
sediment per Region III direction) for residential soil and the ecological screening 
criteria for sediment. 

Brief explanations of the general classes of criteria are provided below. 

l Background UTL- Background soil constituent concentrations were addressed for Naval 
Station Norfolk as part of the Draf Sod Backgruund Inuestigution Rqorf (CH2M HILL, 
September 2000). The investigation’s objective was to establish background 
concentrations of metals, pesticides, and SVOCs in surface and subsurface soil for use in 
comparison tu Installation Restoration Program (IRP) site data to better identify release- 
related constituents of concern. The background soil samples were collected from 
dredge fill and native soil to allow for comparison of site data to the corresponding 
background soil type. Background levels may be attributed to either naturally occurring 
(those chemicals expected at a site in the absence of human influence) or anthropogenic 
(chemicals present in the environment due to manmade, non-site-related) sources. Soil 
data collected at SWMU 14 were compared to Basewide background dredge-fill soil 
type. Therefore, contaminants that exceeded the established screening criteria in site soil 
were compared to the dredge-fill background 95-percent upper tolerance limits (UTLs). 
Additionally, the analytical results for soil were compared to the regulatory screening 
criteria as discussed below. 

l MCLs for Groundwater -MCLs are enforceable standards promulgated under the Safe 
Drinking Water Act for public water supplies consumed by a minimum of 25 persons. --A 
The MCLs are designed for the protection of human health, based on laboratory or 
epidemiological studies. They are designed to prevent adverse human health effects 
associated with a 70-year lifetime exposure for an average adult (70 kg) consuming 
2 liters (L) of water per day. Contaminants exceeding MCLs must be treated/removed 
from the public water supply prior to its potable use. 

l Region III RBCs for residential soil and tap water (April 2003) -These criteria, used to 
evaluate human health are developed using protective default exposure scenarios 
recommended by USEPA (1991) and the best available reference doses and carcinogenic 
potency slopes. Exceeding these criteria may result in adverse effects in a human 
receptor, and might require remedia1 action by the USEPA or state regulatory agency. 
Because there are no enforceable regulatory standards for soil in the Commonwealth of 
Virginia, these criteria are commonly used as a basis of comparison for the nature and 
extent of soil contamination.. They also provide a solely health-based level of comparison 
for potable water at the point of use. The RBCs based on non-cancer effects were 
adjusted by using a hazard quotient of 0.1 to account for exposure to multiple 
constituents. 

* Ecological Screening Values - These screening values are based upon USEPA Region III 
BTAG screening values (USEPA 19951, ahernative screening values approved for use at 
Naval Station Norfolk and additional screening values available from &ientific 
literature. Ecological screening values represent conservative thresholds for adverse 
ecological effects. When more than one screening value is available for a specific 
medium and chemical, the lowest were selected. Exceeding these criteria may result in ,-_ \ 
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adverse effects in an ecological receptor and require remedial action by the USEPA or 
state regulatory agency. 

The enforceable regulatory standards are Federal MCLs (used for grormdwater 
comparison). The USEPA Region III RBCs were used in order to evaluate the human health 
risk associated with detected concentrations in each medium. 

The inorganic constituents cak&m, magnesium, potassium, and sod&n are not typical in 
waste streams characteristic of the activities conducted at SWMU 14. These common metals 
are not considered potential site-related compounds and therefore do not warrant detailed 
attention or discussion. Additionally, there are no human health or ecological screening 
criteria for these metals. 

3.3.2 Data Evaluation and Presentation 
Complete data tables, provided in Appendix A, list analyticaI rest&s for all constituents 
analyzed for in the samples from the various media (soil, groundwater, and sediment} 
collected from SWMU 14. 

Tables 3-1 through 3-4 show constituents detected in one or more samples for a given 
matrix. The tables also identify results that exceed selected regulatory, human-health-based 
criteria, ecologically based criteria, and background concentrations. Shaded eelIs indicate 
that the parameter is a possible site contaminant based on exceedance of one or more 
screening values. Bolded values indicate an exceedance of ecological screening criteria. For 
soil and groundwater tables, an outlined celf indicates that the parameter exceeded the 
assoeiated screening values and background 95-percent TJTL. This comparison is not done 
to screen out potential contaminants from further consideration; that step is performed in 
the human health and ecological risk assessments presented in Sections 7 and 8, 
respectiveIy. The purpose of the comparison is to focus the subsequent discussions 
concerning nature and extent on those compounds likely to be site related. 

Contaminants were detected in all media of concern including groundwater, surface so& 
subsurface soil, and sediment. Concentrations of these contaminants were compared to 
federal and state screening levels, reguIatory standards, guidance, and criteria. This 
subsection first summarizes the screening Ievels and regulatory standards, guidance, and 
criteria used for media evahration. Then the sampBng results for groundwater, surface soil, 
subsurface soil, and sediment are documented. The results detected from within and 
outside of the Site 9 boundary are compared to determine potential migration of site 
constituents. FinalIy, results of this investigation are compared with those from previous 
investigations. 

A surface water sample was collected during the RRR and is discussed in Section 1.3.1. The 
surface water data was included in the risk assessments. 

This section provides a summary of the distribution of constituents that exceeded screening 
levels or regulatory standards. This information is documented within the body of the text 
and summarized in tables for each type of screening IeveI or the regulatory standard for 
each medium. 
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3.3.2.1 Results of Groundwater Sampling 
Eighteen monitoring wells were sampled during various phases (I, II, BI, IV) of the remedial 
investigation field activities. Samples were analyzed for TCL VOCs, TCL SVOCs, TCL 
pesticides/PCBs, and TAL metals [total and dissolved). Samples collected during Phase IV 
were also analyzed for cyanide (total and free) and TSS. 

The groundwater analytical results were compared to the EPA Region III RBC screening 
levels for tapwater, EPA MCLs for groundwater, and,ecological screening values. Table 3-l 
lists detected constituents that exceed the screening criteria. Figures 3-6 through 3-9 show 
the constituents exceeding the screening values. 

3.3.2.2 WCS 
Figure 3-6 presents the groundwater VOC analytical results detected above the screetig 
criteria. The analytical results indicate that benzene was detected in exceedance of the RBC 
tapwater criteria in all but one of the wells (MWl2S) in the interior of the fil1 area, indicating 
that Site 9 is more likely the source of benzene rather than SWMU 14, The benzene 
concentrations in four samples also exceeded the MCLs. Vinyl chloride levels in the site’s 
northern half also exceeded the RBC tapwater criteria and MCLs. More sporadic RBC 
exceedances observed for acetone, TCE, ethylbenzene, I,$-dichlorobenzene, l/1,2- 
trichloroethane, 1,3-dichlorobenzene, 1,2-dichloropropanone, carbon disulfide, 
chlorobenzene, chloroethane, and chloromethane suggest that Site 9 was the primary source 
of contamination in groundwater. The chlorobenzene concentration, detected in MWO4, also 
exceeded the MCL. 

Low levels of chloroform detected in the groundwater results from MWlGS, MW17S, 
MWlSS, and MWl9S during Phase III investigation activities were considered to be 
Iaboratory contamination since chloroform was not identified as a contaminant in the 
groundwater samples from the site’s interior during any other sampling event. TCE was 
detected in MWl7S west of the Site 9 boundary at a very low estimated concentration of 
0.4 pg/L exceeding the tap water RBC during Phase III, but MWl7S was not sampled 
during Phase IV RI activities. 

3.3.2.3 svocs 
Figure 3-7 shows the groundwater SVOC analytical results detected above the screening 
criteria. With the exception of MWl2S, SVOCs exceedances were observed in all of the 
monitoring wells within the fill area, indicating Site 9 was the primary source of SVOCs. 
The following SVOCs exceeded only the RBCs: 2-methylnaphathalene, 2,4-dichlorophenol, 
l,l-biphenyl, acenaphthene, fluorene, and napthalene. Fluoranthene only exceeded the 
ecological screening value. 2,4-dimethylphenol, 2-methylphenol, 4-methylphenol, carbazole, 
dibenzofuran, n-nitroso-di-n-propylamine, and phenanthrene exceeded the RBC and 
ecological screening values. Pentachlorophenol was the only contaminant that exceeded the 
RBC, MCLs and ecological screening value. The SVOC exceedances demonstrated that the 
highest concentrations occurred in isolated pockets along the site’s northern boundary, 
southwest of SWMU 14, and adjacent to the lagoon. 

,- 1, 
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3.3.2.4 PpsticideslPCBs 
Figure 3-8 shows the groundwater pesticide/Pa analytical results detected above the 
screening criteria. No PCB exceedances were observed in the groundwater samples. In 
addition, onIy four locations sampled during various phases of the RI activities (MWO5S~ 
MWO7S, MWl2S, and MWl5S) demonstrated pesticide exceedances of the RBC or ecological 
screening value. Compounds that exceeded the ecological screening values inchrded: 4,4’- 
DDT, endrm, endrin aldehyde, endrin ketone, endosulfan 11, alpha-BHC, alpha-chlordane, 
and gamma-chlordane. Dieldrin, heptachlor epoxide, alpha-BIIC, beta-BHC, and gamma- 
BHC exceeded the RBC. Only heptachlor epoxide and beta-BHC exceeded both the RBC and 
ecological screening value. The pesticide exceedances occurred in isolated pockets north and 
south of SWMU I4 along the- site’s central axis. 

3.3.2.5 Me$als 

Figure 3-9 shows the groundwater metals detected above the screening criteria. At least one 
inorganic constituent was detected in each location in exceedance of the screening criteria. 

/ 

\ ’ 

l The analytical results show RBC exceedances for total and dissolved antimony, arsenic, 
barium, thallium, and vanadium. Lead, nickel, and copper exceeded ecological 
screening values. Total and dissolved cyanide, iron and manganese exceeded both the 
RBC and ecological screening values. 

Total antimony exceeded the screening criteria at MWO4S and MWOSS. The estimated 
concentration at both locations was 1.6 yg/L, just above the RBC threshold value of 1.5 
pg/L. Antimony was not detected in the Phase IV sampling at these Iocations. 

TotaI and dissolved iron was detected above the RBC and ecological screening criteria in 
several locations within the Site 9 boundary, but only exceeded the screening value in 
one location outside of the fill area (MWlgS), indicating Site 9 was a like1y source of iron 
contamination. 

Cyanide exceeded the ecological screening va1ue at six groundwater sampling locations. 
However, the detected cyanide concentrations at MWO7S in Phase 1,11, and IV were well 
above both the ecological screening vaIue and the RBC. Cyanide was not detected 
outside of the fill area, indicating Site 9 was a likely source of cyanide. 

Thallium was detected above the MCL for groundwater and RBC screening criteria in 
several samples collected in the site’s northern portion, and in one Iocation west of Site 9 
(MWOSS). 

Total and dissolved barium exceeded the RBC at five sampling locations within the fill 
area. There were no total or dissolved barium exceedances outside of SWMU 14. Barium 
in MWO3S located in the site’s northwestern portion also exceeded the MCL for 
groundwater. 

In generali, the highest groundwater metaIs concentrations were detected at MWO7S, 
located to the north of SWMU 14. 

The distribution of sodium concentrations across the site indicates that the eIevated 
levels are likely due to saltwater intrusion (Table 3-l). The highest sodium 
concentrations were detected at the monitoring wells near the bay and lagoon with a 
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range of 1,410,OOO pg/L to 4,880,OOO pg/L. The wells within the interior and west of the 
landfill demonstrated significantly lower sodium levels with a range of 67,400 pg/L to 
990,000 pg/L. 

3.3.2.6 Summary of Exceedances in Groundwater 

The groundwater analytical results indicated exceedances of the screening criteria for VOCs, 
SVOCs, pesticides, and metals. Based on the distribution of these constituents, it appears 
that Site 9, as well as SWMU 14, was a source of groundwater quality impacts. Although, 
the groundwater flows radially away from SWMU 14, the groundwater analytical data 
shows minimum contaminant migration to the west of the Site 9 fill area. However, several 
of the constituents have been detected in the easternmost wells, indicating the potential for 
discharge of constituents into Willoughby Bay. 

There were no PCB exceedances observed in the groundwater samples. In addition, only 
four monitoring well locations demonstrated pesticide exceedances of the RBC or ecological 
screening value. The pesticide exceedances- occurred in isolated pockets north and south of 
SWMU 14 along the site’s central axis. 

SVOC exceedances were isolated to the samples collected within the debris-fill boundary. 
SVOC exceedances were observed at almost all interior monitoring wells (with the exception 
of h&Q12S). In general, the highest SVOC concentrations occurred in isolated pockets along. 
the site’s northern boundary, southwest of SWMU 14, and adjacent to the lagoon. 

The concentrations of inorganics exceed the RBCs and ecological screening criteria in 
monitoring wells both within and outside the Site 9 boundary. The highest levels of 
inorganics were detected in MWO7S, located just north of SWMU 14. The analytical results 
indicate that there is no overall significant difference in the concentrations of inorganics 
between the filtered and unfiltered samples. Elevated sodium concentrations in 
groundwater samples collected along Willoughby Bay are likely attributed to salt water 
intrusion. 

Chloroform was the only exceedance observed in the wells outside the fill area. In addition, 
chloroform exceedances were not observed in the monitoring wells within the fill area and 
occurred only in the Phase III samples (in the Phase IV testing of MWl9S chloroform was 
not detected). Therefore, it is likely that chloroform is attributed to laboratory or field 
collection contamination and is not site related. I 

Levels of PCBs (SpecificaIly Aroclor-1248, Aroclor-1254, and Aroclor-1260) and certain 
SVOCs (methylene chloride and bis(2-ethy1hexyl)phthalate) are significantly lower in the 
analytical results collected during RI activities. In addition, the RI data show a greater 
number of metals constituents in exceedance of the screening criteria. These variations in the 
samphng results can likely be attributed to the Iimited number of samples collected during 
the previous investigations in comparison with the relatively larger scale of sampling 
conducted during the RI. 

3.3.3 Results of Surface Soil Sampling 
Surface soil samples were colIected in all four phases of the remedial investigation field 
activities. Samples collected during Phase I, Phase II, and Phase III of the remedial 
investigation were analyzed for SVOCs, pesticides, PCBs, and total metals. Phase II and 
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Phase III samples were also analyzed for VOCs. Five additional samp1es(DS44SD48) 
collected during the Phase III were analyzed only for dioxin/furans. Phase IV surface soil 
samples (SSO9SS12) were analyzed for total lead in order to identify a possible lead hotspot 
in the southern portion of SWMU 14. 

The surface soil analytica results were compared to the background UTL for dredge fill soil, 
EPA Region III residential RBCs, and ecological screening values, Table 3-2 lists the detected 
constituents. Figures 3-10 through 3-14 illustrate the sample locations and detected 
constituents exceeding the background UTL and at least one regulatory screening value. 

3.3.3.1 vocs 

Surface soil VOC exceedances are shown on Figure 3-10. The only VOC exceedancc 
observed was l,&dichIorobenzene in surface soil samp1e DS33 (270 pg/L) that was above 
the ecological screening value of 100 pg/L. This location is approximately 400 feet south of 
SWMU 14 and therefore is not likely attributed to SWMU 14 activities. There were no other 
VOC exceedances of the screening criteria in surface soil samples collected. 

3.3.3.2 svocs 
Surface soil samples were collected and analyzed for SVOCs in Phase I, 11, and III of the RI. 
Fifteen SVOCs were detected in surface soil samples above the background UTL as well as 
the regulatory screening criteria, a11 of which are PAHs. Constituents exceeding the 
background UTL and the screening criteria include: acenaphthylene, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(gh,i)perylene, 
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, dibenzofuran, fluoranthene, 
indeno(l,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene. Constituents exceeding 
the background UTL and the regulatory screening criteria are shown on Figure 3-11. 

SVOCs were not detected above the screening values in soil samples colIected outside the 
estimated~fill area and in isolated samples in the site’s southernmost section. In general, 
higher concentrations and more numerous constituent exceedances were observed in the 
site’s northern portion. SVOC exceedances were also observed in the site’s southwestern 
portion (DS17, DS18, DS24, DS34, DS36, and DS37). AdditionaBy, isolated exceedances of 
naphthalene and phenanthrene occurred in various locations throughout the site’s middle 
and northern sections. 

3.3.3.3 PesticideslPCBs 
In surface soils, two pesticides and four PCBs were detected above the screening values at 
various locations within the fill area (Figure 3-12). There were no pesticide/PCB 
exceedances observed in the soil samples collected outside of the estimated fill area and 
isolated PCB exceedances to the south of SWMU 14. Die&in was detected in DSOl (located 
in the northeastern portion of the landfill) and DS21 (located along the eastern boundary of 
SWMU 14) above the background UTL of 12.4 pg/kg and the RBC value of 40pg/kg. 
Methoxyclor was detected in DS04 (located in the northwestern portion of SWMU 14) above 
the ecological screening value. Aroclor-1242, Aroclor 1248, Aroclor-1254, and Aroclor-1260 
were detected above the screening criteria in various locations within the fill area. 
Generally, PCB exceedances occurred north of the Site 9 boundary with a few isolated PCB 
exceedances in the landfill’s southern portion. A background UTL for methoxychlor, 
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Aroelor, P242, Aroclor 1248, Aroclor 1254, and Aroclor-1260 has not been established for the 
soil at SWMU 14. 

3.3.3.4 Metals 
The surface soil metal exceedances are shown on Figure 3-23. Although metals were 
deteeted outside the fill area, there were no exceedances of background UTL,. 

In general, metal concentrations exceeding the background and regulatory screening 
criteria occurred in all of the sampling locations in the landfill’s northern portion. The 
exceedances were more isolated in the southern section; however, the highest 
concentrations of detected constituents, specifically iron and lead, were observed in four 
sample locations @X%3, DS33, DS34, and DS52) in the southwestern area. 

Elevated lead concentrations were observed in previous RI activities at SWMU 14 in the 
southern portion of the fill area. Additional surface soil samples were collected during 
Phase IV sampling activities in order to determine if a hotspot was present. The result 
from SSlO in the southern portion of SWMU 14 was also elevated, but there was specific 
trend or pattern correlating to other sampling locations that would suggest a defined hot 
spot. 

Copper concentrations were elevated in both the site’s southern and northern portions. 
DS07 (9,070 pg/kg) and DS40 (1,210 pg/kg}, located in the northern area were detected 
significantly above the background UTL, ecological screening value, and RBC. Four 
sampling locations in the landfill’s southern portion @St8 DS33, DS34, and DS52) also 
had copper results well above the background UTL, ecological screening value, the RBC 
for residential soil. 

.- --., 

Cadmium was detected above the background and regulatory screening values in 
several surface soil samples collected at the site. Detected constituents exceeding the 
screening criteria were located in both the landfill’s northern and southern portions. 
However, there were no specific trends associated with the exceedances, Specifically, the 
highest cadmium concentrations were located in DS33 (20.3 pg/kg), DS40 (13.7 pg/kg), 
and DS52 (22.6 pg/kg). 

Ahuninum, barium, selenium, and cyanide were detected above the screening criteria in 
isolated sampling locations. However, aluminum, barium, and selenium exceeded the 
background UTL, and regulatory screening criteria in only one location @X333}. Cyanide 
exceeded the ecological screening value at DSOl(57.5 pg/kg) collected during Phase I of 
the RI. A background UTL has not been established for cyanide. 

Vanadium was detected above the background and the regulatory screening criteria in 
six samples (DS13, DS14, DSW, DS33, DS40, and DS52) collected at SWMU 14. 
Concentrations ranged from 108 Hg/kg to 183 pg/kg with no specific trend. The highest. 
concentration (183pg/kg} was detected in DS52, in the landfill’s southwestern portion. 

Thallium was detected above the screening criteria in several surface soil samples 
collected in the southern portion of Site 9. The highest concentration (41.6 mg/kg) was 
detected at DS33r located approximately 450 ft south of the SWMU 14 boundary. 
Thallium exceeded the screening criteria at only one location north of the SWU 14 
boundary (1.2 mg/kg at DSlO), Thallium was not detected during background 
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investigations for the dredge fill soil, therefore a background screening value has not 
been established. 

o More isolated inorganic constituents including chromium, manganese, mercury, nickel, 
silver, and zinc were detected in a number of samples above the background and 
regulatory screening values. Concentrations generally were highest in DS33 and DS52 
located in SWMU 14’s southern portion as well as DS40 in the northwestern portion. 

3.3.3.5 Dioxins and Furans 
Five surface soil samples were collected and analyzed for dioxins and furans. Sampling 
locations and exceedances are shown on Figure 3-14. Background UTLs and ecological 
screening values were not established for dioxin and furans at SWMU 14. Therefore;. the 
analytical results have been evaluated against the RBC for residential soil-alone. 

The analytical results indicated dioxins and furans exceeded the RBCs at two surface soil 
locations (DS44 and DS47) which were collected adjacent to SWMU 14. The compounds that 
exceeded the RBCs included 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin, 1,2,3,7,8- 
pentachlorodibenzo-p-dioxin, and 2,3,4,7,&pentachlorodibenzofuran. 

3.3.3.6 Summary of Exceedances in Surface Soil 

The analytical results were compared to the dredge-fill background soil 1eveIs estabIished in 
the Draft Sod Background Investigation Report (CH2M HILL, September 2000) as well as the 
RBC residential soil criteria and ecological screening values. Several SVOCs and.pesticides/ 
PCBs detected within the landfill at concentrations exceeding the RBCs also exceeded the 
background levels. 12-Dichlorobenzene was the only VOC detected in surface soil sample 
DS33 above the ecological screening values. Dioxins/furans were detected above the 
screening criteria in two sampling locations (DS44 and DS47). 

A comparison of Phases I, II, 111, and IV of the RI data to the previous investigations 
indicates that, overall, the same groups of contaminants exceed the screening criteria at the 
site. However, the levels of pesticides/PCBs (specifically Aroclor-1260, and dieldrin) are 
significantly lower in analytical results col.lected from RI activities. In addition, the RI data 
shows that there is a greater number of metals (thallium and manganese) in exceedance of 
the screening criteria. However, similar SVOC exceedances are observed in both the 
previous investigations and the RI. These variations in the sampling results can likely be 
attributed to the limited number of samples collected during the previous investigations in 
comparison with the relatively larger scale of sampling conducted during the RI. 

3.3.4 Results of Subsurface Soif Sampling 
The Phase I, II, and III subsurface soil samples were analyzed for TCL VOCs (Phase I and II 
only), TCL SVOCs, TCL pesticides/PCBs, and TAL metals. In addition, four subsurface soil 
samples were collected during the Phase III event and anaIyzed for dioxins/furans. 0 

The subsurface soil analytical results were compared to the background UTL for dredge fill 
soil, EPA Region III residential RBCs, and ecological screening values. Table 3-3 lists the. 
detected constituents- Figures 3-15 through 3-19 illustrate the sample locations and detected 
constituents exceeding the background UTL and at least one regulatory screening value. 
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3.3.4.1 WCS 
There were no subsurface soil VOC exceedances of the residential RBCs. 

,‘--\ 
\ 

3.3.4.2 svocs 
Figure 3-15 shows the subsurface soil SVOC RBC exceedances. No SVOC exceedances were 
observed in the subsurface soil samples collected outside the estimated fill area. In addition, 
most of the samples from the landfill interior demonstrated no exceedances of the screening 
values. 

l The subsurface samples from the landfill interior indicate that benzo(a)pyrene levels 
exceed the RBCs at most sampling locations. However, the concentrations were 
generally below the background UTL with the exception of the northern and 
easternmost sampling locations. 

l There were isolated pockets of exceedances for benzo(a)anthracene, I~~~o(b@Iuoranthene, 
dibenz(a,h)anthracene, and indeno(l,2,3-cdlpyrene northeast, north, and south of the 
SWMU 14 pad. Sample location US29 demonstrated the highest concentrations (two 
orders of magnitude greater than observed throughout the rest of the site) and showed 
exceedances of benzo(k)fluoranthene, carbazolej and chrysene in addition to 
constituents that exceeded at the other sampling locations. 

3.3.4.3 PesticidedPCBs 
The subsurface soil pesticide/PCB RBC exceedances are shown on Figure 3-16. No 
pesticide/PCB exceedances were observed in the soil samples collected outside of the 
estimated fill area. In addition, only one sampling location @!538) from the landfill interior 
showed a pesticide exceedance for dieldrin. Furthermore, the samples from the landfill 
interior show that there were RBC exceedances of aroclor-1242, aroclor-1248, aroclor-1254, 
and aroclor-1260 observed throughout the site with the highest frequency in the northern 
portion of the landfill. 

,l_ 

3.3.4.4 Metals 
Fifteen inorganic constituents exceeded the background UTL and RBC in at least one 
sampling location. There were no inorganics detected above the background UTL outside of 
fill area. Figure 3-17 shows the subsurface soil metal RBC. 

* The analytical results show that arsenic was detected in exceedance of the RBC in every 
subsurface soil sample. However, the concentration of arsenic exceeded the background 
level at only one location (DSOl), located within the fill area. 

l Antimony, cadmium, chromium, copper, iron, lead, manganese, vanadium, and zinc 
were detected above the background UTL and RBC at several locations within the site. 
In general, concentrations were higher in the landfill interior’s northern and 
southwestern portions- 

* Additionally, aluminum, barium, beryllium, mercury, nickel, and silver were detected 
above the background and RBC. However, the exeeedances were much less frequent 
across the site and did not indicate a spatial trend. /--., 
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‘\ . r 
l Thallium exceeded the RBC in 21 samples collected at SWMU 14. Subsurface soil 

samples exceeding the screening criteria were located along the SWMU 14 boundary 
and in the southern portion of Site 9. Concentrations of thallium werehighest in DS33 
(45.4 mg/kg). Thallium was not detected in the background investigations, therefore a 
screening value was not established for dredge fill soil at NSN. 

3.3.4.5 Dioxins and Furans 
Figure 3-18 shows the subsurface soil dioxin and furan RBC exceedances. The analytical 
results showed indicated dioxin and furan exceedances at four of the five subsurface soil 
sampling locations. The following constituents slightly exceeded the adjusted residential soil 
RBCs: 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin, 1,2,3,4,7,&hexachlorodibenzofuran, 
1;2,3,6”7,8-hexachlorodibenzo-p-dioxin, 1,2,3,6,7,8-hexachlorodibenzofuran, 1,2,3,7,8- 
pentachlorodibenzo-p-dioxin 2,3,4,6,7,8-hexachlorodibenzofuran, 2,3,4,7,8- 
pentachlorodibenzofuran, 2,3,7,8-TCDD, 2,3,7,8-tetrachIorodibenzofuran. 

3.3.4.6 Summary of Exceedances in Subsurface Soil 
The analytical results of the subsurface soil samples indicate exceedances of the RBC 
residential soil criteria for SVOCs, pesticides, PCBs, metals, and dioxinsjfurans. There were 
no VOC exceedances of the RBCs for subsurface soil. In addition, the exceedances of both 
the screening values and the background levels were limited to the extent of the fill area. 
Based on the subsurface soil analytical results and the observations documented in the 
boring logs, the extent of the Site 9 fill area has been delineated, as illustrated in Figure 1-2. 

The analytical results were compared to the dredge-fill background soil levels. SVOCs, 
pesticides, PCBs, and metals were detected within the landfill at concentrations above the 
RBCs and background levels. 

The results show that arsenic was detected in exceedance of the RBC in every subsurface 
soil sample. However, only one result exceeded the background UTL @SO1 located within 
the fill area. Antimony, cadmium, chromium, copper, iron, lead, manganese, vanadium; and 
zinc were detected above the background UTL and RBC at several locations within the site. 
In general, concentrations were higher in the landfill interior’s northern and southwestern 
portions of. Aluminum, barium, beryllium, mercury, nickel, and silver were also detected 
above the background and RBC, however the exceedances were much less frequent across 
the site and indicated no specific trend. Thallium was detected above the RBC at several 
locations surrounding SWMU 14 and in the southern portion of Site 9. The analytical results 
indicated that there were slight exceedances of the adjusted residential soil RBCs for 
dioxins/furans at four of the five subsurface soil samples collected adjacent to SWMU 14. 

3.3.5 Results of Sediment Sampling 
Five additional sediment samples were collected during the Additional Investigation 
activities and analyzed for TCL SVOCs, Pesticide/PCBs, and TAL metals. Table 3-4 lists the 
detections and exceedances. Figure 3-19 shows the sediment exceedances of the screening 
criteria. 

,f . 
‘-__ , 

There were no organic exceedances of the RBCs. Eight PAHs exceeded the ecological 
screening values in samples SDOl, SD02, and SD04 (acenaphthene, acenaphthylene, 
anthracene, benzo(a)anthracene, dibenz(a,h)anth.racene, fluorene, phenanthrene, and 
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pyrene}. All PAH values were estimated below the detection limit (as indicated with the J 
flag) with the exception of pyrene at SD04 (710 pg/kg). Six pesticides/l?CBs were detected 
above the ecological screening value (4,4-DDE, 4,4’-DD’I’, arochlor-1260, aIpha-chlordane, 
beta-BHC, and gamma-chlordane). 

Inorganic constituents (arsenic, barium, cadmium, copper, cyanide, iron, Lead, mercury, 
nickel, selenium, vanadium, and zinc) exceeded the regulatory screening values. However, 
arsenic (detected in three of four sampling locations) was the only analyte detected above 
both the RBC (4.3 pg/kg) and ecological screening value (8 pg/kg). 

The analytical resuhs from the lagoon show that SD02 and SDO4, located within the interior 
of the lagoon, consistently demonstrated the highest concentrations of the detected 
constituents. The lagoon may serve as a depositional area for inputs from the two outfalls to 
the north and south, as well as, the bay inlet to the east; therefore, other contaminant 
sources may be contributing to the lagoon. 

3.3.6 References 
CH2M HILL. Final Master Work Plan Naval Base, Norfblk, Norfolk, Virginia. October 1997. 

CH2M HILL. Draft Soil Backgromd hvestigation Report, Naval Station Norfolk~ Norfblk, 
Virginia. September 2000. 

USEPA. Region III Modification to National Functional Guidelines@ Data Review. 1994. 

USEPA. Revised Region III BTAG Screening Levels. Memorandum from R.S. Davis to Users. 
August 1995. 

USEPA. Drinking Water Standards and Health Advisories. Summer 2000. 

USEPA, Region III Risk-Based Concentration (RBC) Table. Superfund Technical Support 
Section, Philadelphia, PA. April, 2003. 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk, Virginia 

Station ID 
Soil Residential 

NBWM-DSOI 1 NSW14-OS02 1 NBWM-DS03 1 NBWU-OS04 NBWl4-DSO5 NBWICDSOG NBW14-DS07 1 NBWl4-DSOE 1 NSWl4-DSO9 NBWl4-DSIO 1 NBWlCDS11 1 NBWl4LXl2 1 NBW14-DS13 1 NBWM-DS14 1 NBWl4DSt5 1 NBWlCDSl6 1 NBW*4-DSt7 

Sample ID Background NBW14-DSOl60 jNBWl4-DS02-90{ NBWl4-DS03-00 1 NBWlCDS@4OO 1 NSW14-DS0500 1 NBWl4-DSO& NBWldDS0750 1 NBW14-DSO&W 1 NBWM-DS09-00 1 NBW14-DS10-08 1 NBW14-DSl1-W i NBW14-DS12M) f NBWU-DSI3-00 NSW14DS14-00 1 NBWl4-DS15d0 1 NBW14-DSt6-80 I NEW%OS1760 
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NA NA NA NA NA NA NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 1 NA 1 NA NA NA NA NA 

NA NA 1 NA NA NA NA NA 1 NA 1 NA NA NA NA NA 

I NA 1 NA] NA 1 NA 1 NA NA 

I_._... NA 1 1 1 f 

1 

NA { 

NA 1 NA NA NA 1 NA NA 

NA NA NA NA NA NA 1 

1 

NA 1 NA i NA 1 

1 

NA 1 NA 1 WA -- -. 
NA NA NA NA NA NA 1 NA NA NA MA NA NA NA NA 

NA NA NA NA NA NA 1 NA NA NA NA NA NA NA NA 

NA NA NA NA NA NA 1 NA NA NA NA NA NA NA NA 

NA NA NA - NA NA NA I NA 1 NA NA NA NA NA NA NA 

otal heptachlomditipdioxin II -II I NA NA NA NA 1 NA NA NA NA NA i NA 1 NA NA NA 1 NA 1 NA 1 NA 

otal heptachlorcdibenzofmm -I 

-4 1 

1 

NA 1 

NA 1 1 

J 

1 

1 

NA NA NA NA NA NA NA NA NA 1 NA 1 NA 1 NA NA I NA 1 NA 1 NA 

I hexachtotiibenz@ixin % J -ll w I NAI NA NA NA 1 NA NA 1 NA NA NA 1 NA . 1 NA 1 NA NA 1 NA 1 NA 1 NA 

otal tetrachiorcdibenzcqdioxin II -II -I NA NA 1 NA 1 NA 1 NA f NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 WA 

NA 1 NA 1 NA f NA 1 NA 1 NA 1 NA 1 NA 1 MA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 

I I 1 I t 
.- 

n I 111 .“” , .- .“. .“” .,_.” .“. .“. “- . .” ““1 
t t t I t 1 t 1 I 1 I t 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial investigation Report 

Naval Statian Norfolk 
Norfolk, Virginia 

Soil Residential 
NBW14-DSOt 1 NBWICDSOZ NBW14DS03 NBW14-DSO4 NBWM-DSO5 NBWl4-DSOG NBW14-DS07 NBW14DSOB NBWM-DSO+ 1 NBWM-DSIO NBWICDSII NBW14-DS12 NBW140S13 NBW14-DS14 j NBWl+DSI5 NBW14-OS16 1 NBW14-DS17 

Background 
Adjusted RBC l 

NBW14-DSO1-00 NBW14-DS02-00 NBW14-DSOMO NBW14-DSO4-00 NBWM-DS06-00 NBW14-DSOMJII NBW14DS07-00 NBW14-DSO8-00 NBW14-DS09-00 NBWl&DSlO-Mt NBW14DS114iO NBWl+DS1200 NBW14-DS1500 NBWl4-DS14-OiI NBW14-DS15-60 NBW14-DS16-60 f NBW14-DS17-00 

09/3Oig9 09/30/99 09130199 09130199 10/01/99 10/01/e?l 1om1/99 10/01/99 I lO/Oli99 tomtm9 io/oi/99 io/ot/99 10/01/99 I 10101193 tomi/ i ~ 10/01199~~~ 

II -__ I 

I 

I I 

-I 11 92.1 89 68.3 92.4 90.4 89 90.6 1 91 1 89.3 1 87.3 1 90.2 I 90 91.9 86.2 91.9 1 92.3 1 91.2 
Notes: 

NA -Not analyzed 

- Not Available 

V - Not detected 

B - Blank contamination 

J - Estimated 

L-BiasedtOW 

UJ - Vnd&ded, estimated limit 

UL - Undetected, limit biased low 

VR - Undetected. unreliable result 

K-Bits& high 

R - VnreliaMe Result 

Bolded ted indicates exceedance of ecological screening criteria 

ND -Not detected 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk, Virginia 

Sample Date 

29.2 J 10.5 B I 3.15 B i 1o.7 B f 

11 
1 

If n f t f f I I I I 1 I I I I I I I I 
emtvot~s Drgantc Compounds (UGntG) 

47o.oooQ 25001 74otJl 77ouI 38.2 J i 36ot.t I 38ou I 

n -II 40,oOu 740 u ] 77ouI 36OU ] 36ou I 401 1 ~~ 36ou I 370 v I 35otJ I 360 u 

I II I I I I 1 I i I I I I I I I 

.4’-bDE 

,4*-DDT I! q 100 251 7--i u 1 15.l 1 

t I I 
" 9 L.( I"" L.., d , I3.3, a.- 0 , J.O " ( L., J 1 J., "J g 1.1 .I L.OJ , .%I) " 3.6 v 3.4 v 1 2.4 J ] 3.6 u 1 12 J 5.2 J 5.7 J 

( 1. 100 6JI 21 1 3.4 J 1 25 1 175 1 4.1 J 1 3.7 UJ 1 1.3 .I 2.2 J 1 6.2.J 1.4 J 4.3 1 52 1 1.3J 1 5.7 2.5 J 35 

7.5 1 3.8 u 1 6.8 J 1 5.6 J 27J 4.5 J 1 3.7 J 3.6 u 5 f 5.4 J 1 3.5 J 1 6.3 J 4.2 .J 3.6 v 

1.8 v 1.9u 1 2u 1.9 u *II,, I ,RII I ..-- ..I I ,011 I ..1- ,a*, I ..I I ,*,I ..I - ,111 ..1- 
36U I 380 ] 36u ] 37 VJ f 35u. 3ou 1 3av, 36U , 34U -l--E UA- 36U ~. ~~~ ~~ 1 3711 ] 36 U 1 36u ‘ 

pdrin II -II 100 I.9 lJi 3.9ul 1.9u ] l.BV 1 2.8 1 1.9-u 1 1.9 VJ 1 

pdmulfan I I -u 47.04 1.9 ul 3.9 u ] l.SV I t.6 u 1.9u 1 l.,SVJ~ 

35U 36t.t 

35 u 36 V 

36U 36U 

6 7.95 

I.8 v 1.9 J 

38u ] 36 V 34IJ f 36U 36U 1 37 u 36 U 36 V 

44J 1 36 V 34u L 36u 36U ] 37 u 36 U 36U 

36u ] 36 U 34v 1 36lJ 36 u 37 u 36 U 1505 

4 f 3.6 U 6.3 I 6.6 3.5 1 7.4 J 10 25 

2U ] 0.45 J > 1.6 U 1 1.8 u 1.9J 1 1.0 u 1.8 V i.a u 
Endosulfan II I 4 47.4 3.7 ul 7.7 u 1 3.6 u 1 3.6 U 1 38 J 1 3.6 u 1 3.7 UJ 1 3.5 u 1 3.6 U 1 3.8 u ] 3.6 U 1 3.4 J 1 3.6 U 1 3.6 V 1 3.7 u ] 3.6 U 1 3.6 U 

7, I lfill I ?R II I -1 47.ooog 3.7vl 7.7 u 1 1.3J ] 1.8J [ 145 1 25 i 3.7 UJ 1 3.5 v I .z.a J I 1.8J 1 3.6 U 1 1.2 J 1 2.4 J 1 1.4J I -- -.- - -.- - 

I -II 2,304 too 3.7 u 7.7 u 1 3.6U ] 3.6U ] 11J 1 3.6 J 1 3.7 UJ 1 3.5 u 1 4.95 1 3.8 u 1 3.6 V ] 1.2 J 4.1 J 1 3.2 J 3.7 2.2 32 J 

2.3 300 3.7 VI 7.7 u 1 1.9J 1 2.9 J 1 325 f 3-J 1 1.45 1 1.2J 1 l&J I 7.6 1 1.75 1 5.2 J 4.1 J 1 1.1 J 3.7 u 0.78 J 3.6 U 

I -II 2.304 104 3.7 u] 7.7 u 1 4.3 J 1 2.8 J 1 3.0 J ] 3.6 U 3.8 J 1 1.6 J 1 4.1 5 1 1.2J 1 3.6 U 1 2.1 J 3.7J 1 3.6 U 3.7 u 1.3 J 3.6 U 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Notfotk, Virginia 

Station ID NEW14-DSIE ] NBW16DS19 1 NBWlbDS20 ] NBWICDSZI ] NBW14DS22 1 NBW140S23 ] NBW14DS24 ! NBWl4-DS25 
Sample ID NBW+t-DSl&OO 1 NBWM-DSIEP-OO 

1 NEWldDS26 ] NBWM-DS27 f NBWl4-DS28 ] NBWl4-OS29 f NBWldDS30 

ample Date 
hen&al Name 

NBW14-DSl9-00 1 NBWl4-DS20-00 1 NBW14-DS21-00 1 NBWl4-fJS2-2*GU 1 NBWl4-DS23-00 1 NBW14-DS24-00 1 NBW%DS24-P-00 1 NBWl40S25-00 f NBWl4DS2frPM) 1 NBWl4DS2MK) 1 NBWM,,S26-P00 1 NBWM-DS27-00 1 NBWl4-DS2&00 

I I 

1 NBWl4-DS2400 [NBWl4-DSBMU) 

R - I 10101/99 I 1o/w99 I 09/18/00 09/19/00 09/11/00 I 09n1/00 I 09/11/00 I 09/11/00 1 os/ll/MJ I 69/15/00 1 69115100 I 09/11/00 I 09111100 I 09/12/043 I 09/12/00 I 09l11/00 t 09/12/00 
II II I I I I I I I I t I I I I 

1.8U 1 7Jf 0.67 B 1.9 VJ 1.6U 1 18B 1 2u 1 1.9 u J 1.4 0 f 1.8U 1 1.9 u J 1.4J 1 1.8V J i.au f 

49q IOOj 1.9 Uf 3.9 u 1 1.9u I I.611 J 1.9u J l.SU I 1.9 VJ 0.075 J l.SU 1 l.SU 1 1.8 If ] 2.lJ 1 1.9u J l.SU f 1.8l.J 1 1.8U f 

23.4.6.7.EHeplachlomdibenzohKan if 0.4% NA J NA I NA 1 NA t NA ] NA [ NA J NA ] NA 1 NA 1 NA J NA 1 NA 1 

0.043]1 NA 1 NA ] NA 1 NA t NA f NA 1 NA f NA t NA 1 NA 1 NA 1 NA I NA 1 NA 1 
1,2.3.4,7,~exachlomdibenzofuran 

1.2.3,6,7,8Hexachlo~ibenzo-pdioxin 

1~.3.6.7.SHexadrlo~~dibenzofuran 

1,2,3,7,8,4Hexachlo~b~z~dioxin 

1.2.3,7.8.SWexachlomdibenzofuran 

123J.&Pen(achloralibenzopdioxin 
1: 

fll 0.043y NA NA NA f NA NA Iv+ NA NA NA NA NA 1 NA 1 NA NA NA NA NA 

0.0431 NA NA NA ] NA NA NA NA NA NA NA NA 1 NA NA NA NA NA NA 

II 
--___ 

0.043 NA NA NA NA NA NA NA NA NA NA NA ] NA NA NA NA 
0.043d 

NA , NA 

B NA + NA NA NA NA NA NA ] NA 1 NA NA NA NA NA NA f NA 

0.04 NA NA NA NA 
0.0085j 

NA 1 

NA 1 

NA 1 NA 1 NA 1 

NA , 

NA 1 

NA 1 

NA NA ] NA NA NA NA NA 1 NA 

NA NA NA 1 NA 1 NA NA 1 NA 1 NA 1 NA NA 1 NA NA NA NA NA { NA 
2.3.7.8Pentachlcmdibenzofuran NA J NA 1 NA ] NA 1.e~ -....... NA..l- rJnl-NA 1 NA L-m--E -.... i -.-At NA 1 NA f NA i ---NAi NA-- i ..--- NA t NA ] 
,4*6*7.aHexC?chlorcdibenzofuran - NA 1 NA ] NA 1 NA { NA 1 NA } NA 1 NA 1 NA 1 NA ] NA 1 NA 1 NA 1 NA 1 NA ] NA 1 NA 

1 
o.oosq ! NA f NA J NA 1 NA 1 NA 1 NA I NA I NA ] NA J NA 1 NA 1 NA 1 NA 1 NA ] NA 1 NA 1 NA ] 

II -It 0.0043% I 
0.044 

NA 1 NA 1 NA ] 

NA 1 

NA 1 NA ] NA ] NA ] NA ] NA ] NA ] NA ] NA 1 NA 

NA ] NA 1 

NA f 

NA 1 

NA f NA 1 

NA NA 1 NA 1 NA ] NA 1 

NA 1 

NA 1 NA 1 NA ] NA ] NA 1 NA 1 NA _- 
heptachkmdibenw-pdiozo-pdiodo 

.- 
NA ] NA f NA ] NA ] NA ] NA 1 NA 1 NA ] NA f NA ] NA ] NA 

,” 
l!al hexachtomdibenzc-pdioxio-pdioxin NA t NA ] NA J NA f NA { NA 1 NA 1 NA J NA 1 NA J NA 1 

-ij -ij NA 1 NA f NA 1 NA J NA J NA ] NA 1 NA 1. NA ] NA ] 

If -ft -tt NA J NA 1 NA J 

I 
NA 1 NA 1 NA t NA 1 NA 1 NA ] NA ] NA 1 NA ] NA ] NA ] NA 1 NA 1 NA 

I I I I I n u I I I I I I I I I I 

0.4 L 
026 B 

9,250 J 
6.1 
2.6 J 

29.1 

0.051 L 

2.860 J 

ao.5 
0.08 L 

6.6 J 

6.660 J 

76.4 

0.099 L 

7.6 J 

458J 

1 UL 

0.13 UL 

422 J 

1.1 k 

0.12 vi ~- 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMlll4 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk, Virginia 

tation ID 
Sample ID 
Sample Date 
Chemical Name 

Ba*ground Soil Residential 
Ecotogicai NBWM-DS18 1 NBW144S19 1 NBW14-DSZO 1 NBW14DS21 1 NBW14-DS22 1 NBW14.DS23 NBWl+DS24 NBW14-DS25 NBW14-DS26 

Adjusted REX * 
Screening NBW14-DSt8-00 NBWM-DS18P-08 

criteria 
NBWlCDBlP-DO i NBW14-DS20-60 1 NBWM-DS21-00 f NBW14-DS22-08 

tO/OI/9S f IO~I/gS I 09/f8/00 f 
NBW14-DS23-00 1 NBW14-DS24-00 1 NBW14DS24-P-00 

I 1 NBW14DS27 1 NBWldDS28 1 NBW14-DS29 I NBW14fJF30 

09/19105 I 09/11/lm I 09/11/00 I 09/fl/oo I 09/11/Ofl I 09111100 

NBW14-DS26-00 1 NBW14DS25PM) 1 NBW14-DS%“O 1 NBW+,-DS26-P-00 1 NBW14DS2700 1 NBWlMS2Bd0 1 NBW14-DS2900 1 NBW14-DS30-00 

09mYoo I 09/15/00 I 09/11/w I 09/11/00 I G9/12/00 I 09/12/00 I 09/11/M) I 09/12/00 
II I 1 I I I t I I 1 f I I I I f t 

Notes: 

NA- Not analyzed 

-Not Avaifable 

11 -Not detected 

II 

UL - Undetected. limit biased low 

UR - Undetected, unreliable resuii 

K - Biased hish 

I 

-II 
t I I 1 1 

I I 
I ? 1 I I f I 

89.5 1 862 ] NA 1 NA 1 NA 1 NA 1 NA f 1 NA 1 NA 1 NA 1 NA } NA 1 NA 1 NA f NA 1 NA 1 NA 

B -Blank contamination 

J -Estimated 

L - Biased low 

UJ - Undetecled. estimated limit 

R-Unreliable Result 

Boldad text indicates exceedance of ecobgicai SCI 

ND - Not detected 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk, Virginia 

Soil Residential 
Ecological NBWl+DS31 1 NBW14-DS32 NBWf4-DS33 1 NBWl.f-DS34 NBWM-DS35 NBWI4-DS36 NBW14-DS37 NBW14-DS38 NBWM-DS40 NBWf4-OS41 1 NBWI4-DS42 1 NBWI&DSA4 NBW14-DS43 NBW14-DS45 NBW14-DS46 NBWlMX47 

t3ackgrtxmd 
Adjusted RBC ” 

Screening NBWM-DS31-OO]NBW14-DS32M) NBW14-DS3500 1 NBW14-DS34-00 NBW14-DS35-00 NBW14-DS36-68 NBWM-DS37-00 NBWM-DS38.00 NBWM-DS40-00 NBW14-DS41-00 NBWIdDS42-00 NBW14-DS43-00 NBW14-D644-00 NBWM-DS4500. NBW14-DSfMJO NBW14-DS47-00 NBWl4-DS47-P-00 
ClflF&i os/mw I 09/12/00 09/12M0 I 09/12/00 09/12/00 09/20/ou 09/12/00 09/19/00 08t21101 08121/01 t 08/21/01 i 08/7.1/01 08120101 08/20/01 08/20/01 08/20/01 i 06/20/01 

- hemical Name y I t I I I I I I 
I I I 1 1 I 1 

1 
I I I I 

dat8e Organic Compounds (w/KG) 

II -f 780.4 5,005 126 J II UJ 33 u 1.35 J If u ‘flu 

85.OOfjj 

I 11 u IIU 1 IlU I IIU 1 IIU 

1 

1 NA NA 1 NA ] NA NA 

300 13.4 B 3.08 B 20.6 J 235 B 1.68 B I.63 B 1 3.74 B 11 u 28 1 28 1 28 1 28 1 N.A NAI NA 1 NA NA 

II 12.00 300 II u 11 UJ 33 u II U 11 u IlU 1 IIU 1 II u IIU 1 flu 1 1IU I IIU I NA NA 1 NA NA NA 

“robmile 1 -II ~~~ 1.606,OO~ 100 5.7 J 3.43 J 17.3 J 3.49 J 1.42 J 11 u 1.4 J IIU I il u 11 u 11 u 11 U NA NA NA NA NA 

TtichlwofiuoromeVlane(Freon-ll) 2.300,00~ 11 u II UJ 33U II u 11 u fl u II u 11 u II u 11 u II u II u 1 NA NA NA NA 

xylene, total B -j 16,600,0Ocjj 

NA 1 

100 8.18 J 11 UJ 33 u 7.61 J 11 u IlU I II u 11 u 11 u 11 u 11 u II u NA NA 1 NA NA- NA 

” II Ii I I 

mivdafife Organic Compounds (UGIKG) II 
t 

II -II 
II I 

I 

I 
390.00 6,800 360 U 366u 430u 360u 350u 1 3txJu 57.0 J 1 370 u 36ou 36ou 360 u f 370 u NA 1 NA 1 NA NA 

Chazde 32.04 zoo0 360 UJ 350u 430 u 58.1 J 350 u 350 UJ 39.8 J 370 UJ IOOJ f 360 u 360 U 370 u NA NA NA NA NA 

chlysene 621 87.00 100 48.2 J 81.5 J 430 u 362 350 u 218 J 481 370 u 796 1 360u 5oJ 370u 1 NA NA NA NA NA 

Din-butykphtbalate h 780.00 40,000 36OU 350 u 43Ou 380 U 350 u 350 u 370 u 370 u 360u 1 360u 360 U 370 u 1 NA NA NA NA NA 

i+wckyfph!halate II -4 160,Owg I 360 U 1 350u 1 430 u 1 380U f 35ou 1 350u 1 370 u 379 u I- 360 u 360 U 379 u NAP 1~~ NA 1 NA 1 NA 1 NA 1 

ibenz(a,h)anthmcene 360u 1 35ou 1 430 u 1 702 J 350 u NA 1 NAl 

3aou 1 85ou 1 NA 1 NAf ii 31,oOq 14,0001 3sou 1 350 u 1 43ouI 

360u 35ou 430 u 380u 350U 350 u 370 u 1 370 u 360 U 36Ou 360u 370 u NA NA 

360u 84.9 J 430 u 773 350 u 253 J 54 370 u WJO 36ou 83 J 370 u NA NA 

360 U 350 u 430 u 380 u 350 u 35olJ 59.1 J 370 u 106J 360 u 360u 370 u NA NA 

39.7 J 47.6 J 436U ?33 J 350U l&J 188 J 370 u 680 366U 360u 370 u NA NA 

360u 350u 86.9 J 48.8 J 35ou 35ou 231 J 370 u 81 J 36OU 360u 370 u NA NA 

3600. 67.2 J 430u 389 i 36OU 149J 645 370 u 840 360 U 1 3SJ 370 u NA NA 

360 U 350tJ 224 J 380u 1 35oU 350u 370 u 370 u 3BOU 360u 360U 370 u NA NA 

61.1 J 64.1 J 430u 783 J 1 35oU 338 .I 471 J 376 u 1,400 3SOU 793 370 u NA NA 

36OU 42.1 J 530 1755 1 350u 75.9 J 1 181 J 370u 2908 1 IIOB 230 B 130 B NA NA 

NA 1 NA 1 

NA 1 NA 

NAI NA 

NA 1 NA 

-Nitrosodipbeny!amine II -II 13o,oOc+/ 1,080l 360 U 1 350 u 1 43ouI 360u 1 35ou 1 350u 1 370 u 1 370 u 1 36ou 1 38Ou 
II I I I I 

1 36Ou 1 379 u 1 NA 1 NA 1 
I I I I f I 

NA 1 
I I I I I I 

estidde/lWyctdodnated Biphenyls (UWKG) 1 

II 
II II I I 

1 
1 
1 

I I I 
100 2.2 J 3.5 u 4.3 u 45 3.5 u 23 3.7 u 3.7 u 3.6 U 3.6 u 3.6 U 3.7 u 1 NA 1 NA NA NA NA 

4,4*-DDE 4 100 8.5 J 1 25J 6.9 J 635 j 3.5 u 2J 1 2.1 J 3.7 u 3.6 u 3.8 U 3.6 u 3.7 u NA f NA NA NA NA 

4/i’-DDT 4 1,9ooj/ 100 2.3 J ] 3.5 u 2.2 u 3.6 J 1 3.5 u 6.6 J 1 5.75 I 3.7 u 3.6 U 3.6 U 3.6 U 3.7 u 1 NAj NA NA NA NA 

381 loo I.SU 1 I.8 U 2.2 u 19u 1 I.8 U 1.8U 1 1.9u f 1.9 u 0.95 J 1.9 u I.8 U 1.9u NA 1 NA NA 

-II 324 1 1 

1 NA , NA 

100 36u 35 u 43 u 38U 35 u 3E.u 1 37u 1 37 u 36 U 36 U 36 u 37u 1 NA 1 NA NA NAI NA 

or-1248 lj 

I 47.04 3.6 U 3.5 u 4.3 1 3.8 U 3.5 u 3.5 u 3.7 u 3.7 u 1 3.6 U 3.6 U 3.6 U 3.7 u NA 1 NAI NA 1 NA 1 

? 47.00~ 1.8J 1 3.5 u f 7.8 1 

pddn n -u 2,304 loo 3.6 U 1 3.5 u 1 4.3 u 1 

II -II 2.30# 100 4.7 1 1.7J 1 Ii 1 

2,304 100 3.6U 1 3.5 1 3.2 J 1 

3.1 J 3.5 u I.5 J I.9 J 3.7 u 3.6 U 3.6 U 3.6 U 3.7 u NA 1 NA NA NA 1 NA 

3.8 U 3.5 u 3.5 u 3.7 3.7 u 3.6 U 3.6 U 3.6 U 3.7 u NA ] NA f4A NAI NA 

3.8 U 3.5 u I.3 J 1.1 J 3.7 u 3.6 U 3.6 U 3.6 U 3.7 u NA 1 NA NA NA NA 

3.8 U 1 3.5 u 3.5 u 6.5 J 3.7 u 3.6 U 3.6 U 3.6 U 3.7 u NA 1 NA NA NA 1 NA 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk, Virginia / 

Background 
Sol Residential NBWl4-DS47 

1.9 u 1 70 1 loo +.a u 22u/ 1.9 u 1.9 v 1.9tJ I 1.9u 1 1.9u 1 1.9 u l.BU 1 1.9 v NA 1 NA 1 NA 1 

I tt t;“t- I 09/20m0 I 09/12mo I 09rl2ioo I 09/12/00 09/12m 09Lmoo 09/1m 09/19/00 I 08/21/01 06121101 08/21/01 O8Rl/Ol I 08f20/01 I 08120101 08/20/01 08/20/01 I 06/20/01 

I 
NA] NA 

NAI NA 

NA 1 NA 

NAI NA 

NAI NA 

+.a J *.a u 1.9u I 1.9u 1 1.9u 1 1.9 u 1.8V I 1.9u 1 NA 1 NA 1 NA 1 

100,600 1.9u 1 1.8 t 3.2 J 1.7 t 1.8U } t.7J 1 1.9v I 1.9v t 1.9v 1 4 t NA [ NA 1 NA [ NA 1 

Imma-Chtvrdane 1.8q 100 1.9 v 0.89 J 22tJl 1.9u 1 1.8U 1 0.89 J 1.9u 1 1.9v 1 1.9v 1 1.75 1 1.9u 1 NA 
q 

-- 1 NAl NA 1 NA 

0.4q NA t NA I NA 1 NA t NA f NA 1 NA t 0.0157 I 0.0219 1 0.0121 1 0.095 1 0.0745 1 

-tj 0.04% t NA t NA 1 NA t NA 1 NA 1 NA 1 Nh 1 NA 1 NA 1 9.6OEd4 J 1 6.22E-04 JI 4.72E-04 J 1 0.00464 1 0.00346 1 

-tj 0.0085# NA 1 NA t NA t NA 1 NA 1 NA t NA t NA 1 NA t NA 1 NA 1 

#?.I heptacbtomdibenzopdioxtn -I I NA t NA 1 NA I NA 1 NA 1 NA t NA t NA t ~0.C 0.355 1 0.362 1 2.1 1 1.77 1 

j 1 NA 1 NA 1 NA 1 NA 1 NA [ NA 1 NA 1 NA 1 NA 1 NA 1 0.039 1 0.0741 1 0.0362 1 0.229 1 0.183 

NA I NA I NA t NA t NA 1 NA 1 NA t NA 1 NA 1 0.0608 t 0.0494 f 0.0367 1 0.383 I 0.318 1 

0.072 0.0411 0.0275 0.292 0.201 

1.64 2.7 2.28 5.42 J 4.9 

0.0356 0.0843 0.0335 0.158 0.14 

0.0798 0.0215 0.0166 0231 0,213 

tat tetracblomditwzopdioxtn -jj +I ! NA 1 NA 1 WI NA Id NA NA 1 NA 1 NA 1 0.0122 1 0.0105 1 0.165 t 0.138 

f NA t NA 1 NA f NA NA NA NA NA NA NA NA 0.142 0.033 0.00849 0.256 0.22 
I 

1 I 1 1 1 t 1 1 1 1 I 1 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMtJ 14 Remedial Investigation Report 

NavaI Station Norfolk 
Norfolk, Virginia 

B - Btank contaminatton 
J-Estimated 

L-Biased tow 

VJ - Undetected. estimated limit 

R-Unreliable Result 

Bolded text indicates exceedance of ecological sa 
ND-Not detected 
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Table 3-2 
Surface Soil Detections and Exceedancas 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk, Virginia 

II I II I I I I I I I I t I I t I 
latite Organic Compounds (W/KG) 

12 u 12 u 1lUI 11 u NA NA NA NA 

12 u 12 u t1 u 11 u NA NA NA NA 

11u 1 
-- 

12 u 12 u 11 u NA NA NA ] NA -- 

11 u 

=Fk 11 tl 

11 u 
39 39 II B 39 1 29 t 39 1 NA NAf NA’ NA 1 NA 

11 u 11 u 12 u 12U 1 11 u IIU 1 NA NA NA NA 1 NA 

J _ 11 u 11 u 12 u 12u 1 11 u IIU 1 NA NA NA NAI NA 

II u 11 u 11 u 12 u 12u 1 11 u 11 u NA NA NA NA NA 

_il 4 

IJ 11 u Ii u 12 u 12u 

1 

11 u 11 u NA Ia NA NA NA 
II 

-II 

6,000 NA 11 u 11 u 11 u 12 u 12U 11 u 11 u NA NA NA NA NA , 

I 780.04 5,005 NA II u 11 u 11 u 12 u 12 u 11 u 11 u NA FM NA NA NA 

as.owll 399 NA 29 29 1 19 19 29 19 18 NA NA NA NA NA 
II II 

~00 NA 11 u IIU 1 11 u 12 u 12 u 11 u 11 IJ NA NA NA NA NA 

“” Nbr 1, If 9, II I 11 II 14 II 17 II 1, II 11 tt NA t.l* N* NA NA 
fl 12,ooLy 3’ 

1,600,000 IL, . - . . - - .- - .- - . - - 

-II 2,3w).oM) 
A 167mrlnrb 

I 
ml 

NA 1 IIU 1 IIU I 
NA I 11 II I ,,,I I 

IIU 1 12U 1 12u 1 IIU 1 11 u NA 1 NAI NA f t4Al NA 

11 II I ,711 I 171, I $1 If I 1, ,I I NA I NA 1 NA 1 NA 1 NA 

fl 1,600,ooall i NA 1 360 u 1 44J 1 36ou 1 380 IJ 1 3aou { 359u 1 36otJ 1 NA 1 NJ! NA 1 NAI NA 

32, 2,090( NA 380 U 1 370 u 1 36OU 1 38OU 1 380u f 3mu 1 36ou 1 NAI NA NA NA NA 
P WI”1 &lb I 1c I I e.41 I CYI f ,no, I 1*011 I ?u-ll, I bin,, t hlA I Nb I +.I,3 I MA I hf.% .,,. -” -” “” ” .““” ““” - _“” ” ..“” - .“. ._. . . . . . . . . . . 

NA 1 36OU 1 37ou 1 360u woo I 3aou 1 369u 1 35ou 1 NAl NAf NA 1 NA NA 

NA 1 38ot.l 1 370 u 1 360 U 1 36OU f 38olJ 1 35ou 1 35Ou 1 F4AI FVil NA 1 NA 1 NA DCiwctytphthalaIe 

Dibenz(a.h)&brxene 370 u 36IlU 380 U 38ou 355lJ 1 350u NA NA NA 1 NA NA 

NA 1 360 u 1 370 u 368t.t 380 u 380 U 350 u 35Ou NA NA NA 1 NA NA 

NA 1 36ou 1 379 u 360 u 7.QLw 380 U 38OtJ 3wll. NA NA NA 1 NA NA 

NAI 5OJ 1 TIJ 70 J 120 J 380u 350 u 350 u NA NA NA NA NA 

. . . --- - _._ _ 36flU 389tJ 380u 3tiu 35ou NA NA NA NA NA 

NAI 36ou I 44J 1 63 J 45 J 3WJU 35oIJ 350 u NA NA NA NAl NA 

370 u I 36OU 380 U 38ou 359t.t 359u NA NA NA NA 

.“” .“. 1.1 1 , .- -.-- -8 U 3.6 u 3.5 u NA NA NA NA NA 

47.4 NA f 1.9u 1 1.9 u 1.9 u 2u 2U 1.8 U 1.8 U NA hu- NA NA NA 

3.6 u 3.6 u 3.8 U 3.8 U 3.6 U 3.5 u NA Fw t&A NA NA 

3.6 U 3.6 u 3.8 U 3.8 U 3.6 U 3.5 u NA NA NA NA NA 

198 ii 3.6 u 3.6 u 1 3.6 u 3.8 U 3.8 U 3.6 u 3.5 u NA FM NA NA NA 

loo NA 3.6 U 3.6 U 1 l.iJ 1 3.8 U 1 3.8 u 3.6 U 1 3.5 u NA NA NA NA f NA 

4 100 NA 3.6 U 3.6U 1 3.5 u 1 3.8 U 1 3.8 u 3.6 U 1 3.5 u 1 NA NA NA NA 1 NA 

Page 10 of 12 



Tabls 3-2 
Surface Soil Detections and Exceedances 
SWMU $4 Remedial tnvestigation Report 

Navat Station Norfolk 
Norfolk, Vtrginia 

nsti., I “W .I I 6, I 079.1 I 71, I 18U I NA I NA I NA I NA I NA ,, 

NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 

.-. 

NA 

NA 

NA 1 NAJ NA 1 NA 
I I I 

I I I 
NA NAI N.41 NA 

NA NAI NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA 1 NA 

N4I NA NA 1 NA 

NA I NA I NAI NA 
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Table 3-2 
Surface Soil Detections and Exceedances 
SWMU 14 Remedial tnvestigatton Report 

Naval Station Norfolk 
Notfotk, Mrginia 

et Chemistry (&E/KG) 

NOteSI 

II II II I I I I I I I I I I I I I 
-II -Ii -I NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA f NA 1 NA 

NA - Not analyzed 

-Not Available 

U -Not detected 

8 -Blank contamination 

J -Estimated 

L-Biased tow 

UJ - Undetected. estimated limit 

UL- Undeteded. limit biased tow 

UR - Undetected, unreliibh result 

K-Biased biih 

R - Unreliable Result 

B&ted text ifidicates exceedance OF ecological CCI 

ND -Not detected 
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Table 33 
Subsvlface Soil Detections and Exceedances 

SWMlJ 34 Remedial hvestigation Report 

Naval Station Norfolk 

Norfolk Virginia 

II 76. NA 1 
I I 

NA NA NA NA N.4 NA NA NA NA 

N.4 1 

NA 1 N4 NA NA NA NA NC 

760, NA NA NA NA NA NA NA NA NA NA NA NA NA 

j 

NA NA NA NA NA 

NA 1 NA NA NA NA NA NA NA NA NA NA NA 1 NA NA NA NA NA NA NA 

NA 1 NA NA NA NA NA NA NA NA 

a 

Ja NA NA NA 1 NA NA NA NA NA NA 

NA 1 NA NA NA NA NA NA NA NA NA 1 NA NA NA 1 NA NA NA NA NA NA 

il il wo4 4 NA I NAI NAI NA 1 NA I NA 1 78O.d 1 1 NAI NA 1 NA j NA 1 NA NA NA NA NA NA NA NA I NA 1 f 1 1 1 NA 1 

NA NA NA NA 

NA 1 

NA 

NA 

II NA 1 NA 1 NA 1 NA 1 NA 1 

NAI NA 1 

NA 1 

NA 1 

NA 1 NA 1 NA NA I 

NA 1 

NA NA NA NA 

NA NA NA 1 NA 1 NA 1 NA 1 NA NA f 

NA 1 

NA NA NA NA 1 NA 
_^ “̂̂ ^^  ̂ . . . . . . . . . . . . . . . . . . . . . Mb I hl.3 I LB1 L,h I .I” L.. . . . . . . .*. 

NAI NA 1 NAI NAJ NA 1 NA 
1.6W.O NAI NA 1 NAl NA f NA 1 

NA 1 -I -!!A I 
NA 1 

NA 1 

I -q 70,“W”wg MA , Nn , w I FIR , lm.4 , NA , NA 1 N.4 , c&4 , NA , .“. .- I.r. , I”,, , *“I. , NH , N/i NJ3 

emivok6k Orrynk Cornpounds (“GIKG) 

II 
II II 

-11 390,owll 

I I I I I I I 
NA[ NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 

I I I I 
NA 1 

I 
NA 1 NA 1 

I 
NA I NA f 

I 
NA 1 

I 
NAI 

I 
NA NA NAI NA NA 

760” woouI 75ou 3M)U I -Ii tmoul r.cQou~ 73ouI 1,500”~ 740 u 1 1,800U 1 7mv 1 360 UL I 350 ” 1 360 v 1 350” 

1.200"l 73olJI mo u 1 

1 350" 
r,woul 1 

1 4651 760 v 1 

740 u 1,800 u 720u 360 UL 1 350 v 36ou 350” 1 350 u 
II 1,sooul 730Uf 1,woul 740 VR 1 1,8W UR ~~~ 1 

II -4 l,MM.Ooq l.woUl 73ovI 1,300 J 1 740u 1 180 J 360 VL 1 350 ” I 360” 1 350” , 350” 1 370 v 

-11 32, czOOu~ 1,wouI 73ovj 7M)Jl 

{ 

716J f l.dwJ 1 1.2-o 1 360 UL 35DU 360U 350” 350” 370 v 1 

73ou -- 
I-. I . _^  ̂

15u 1 1.8 v i.6 v 1.8” 1.8 u 9.7 u 9.7 v 9.4 v 3.9 u 3.9 u 1.9” 1.8 v 

49J 4.7 J 3.6 v 3.5 v 3.6 u 110 J 68 15J 16 16 3.7 J 2.4 J 

29 u 3.5 ” 3.6 v 3.5 v 3.5 u 1su $4 J 18 ” 8.SJ 7.7 u 2.1 J 3.6 U 

14 J 8.2 J 3.0 u 2J 35 17 J 130 J 12 J 2sJ 235 9.9 3.6 u 

77 7.7 3.0 v 3.6 ” 3.5 u 120 J 76 J 18J 21 J ‘123 35 2.4 J 

mu 3.5 ” 3.6 u 3.6 v 3.5 v WV %8 u 

I -II 1408 3uI 9.9 v I 3.8 v f 

7.6 u 3.8 ” 3.9 J 

9.7 u I 9.5 v 1 7.5 v 1 7.4 v 1 15 v 1.8 u 1.8U 1 ,.8” 1 1.8 u 9.7 u 9.7 lSU* u 1 8.4 v 3.9 u , 1 7.7ul 3.9 ” 1 1.9 v 3.8 u 



Table 3-3 

Subsurface Soil Detectiaas and Exceedances 

SWMU 14 Remedial lnvestiiation Report 

Naval Station Norfolk 

Norfolk Virginia 

NBWU-LSW-S2 NBW140612-02 

o9/3om!J 10/01199 1 rom?ss 1 iom~ms 1 ~0~01iss i iomim9 1 ~omwis t 7~001199 t 

t t I I I I t I I I I 

I I I I I 
NA 1 NA 1 1 

L 
N4 NA NA 1 NA NA 

NA 1 NA 1 NA NA 1 NA 1 NA 1 NA 

i 
NA 1 

I 
NA NA 

NA 1 --! NA I N4 I ._. 

0.43 NA NA NA NA NA NA NA NA NA NA NA 1 NA NA 1 NA NA NA 

NA NA NA NA NA NA NA NA NA NA NAI NA NA 1 NA NA NA 

1,2,3,4,7~~chlomdibenrofumn NA NA NA NA NA NA NA NA 1 NA 1 NA NA NA NA NA NA NA 1 NA NA NA 

1,2,3.6,7,~xachlomdibenz~io~n ,. g NA , NA NA NA , NA NA NA , NA 1 NA 1 NA NA , NA , NA NAI NA , NA 1 NA NA , NA 

1,2,3,6,7,SHe~chlomdibenzofumn II -II 0.043~ NA 1 NA 1 NA 1 NA 1 NA 1 NA I NA I NA NA 1 NA 1 NA 1 NA NA NA NA NA NA 

1,2,3.7,8,~xadllo~dibanzopdiodn 0.043jj NA 1 NAJ NA NA 1 NA 1 NA 1 NA 1 

1 

NA 1 1 1 

1 NAI 1 

NA NA NA 1 

1 1 NAJ 1 

NA 1 NA 1 NA 1 NA 1 NA 1 NA f NA 1 NA 

NA 1 -Et-- NA I NA NA NA NA [ NAI NA NA’ NA NA 1 NA 

NA NA NA NA 1 NAI NA NA NA NA NA 

NA MA NA NA 1 NAJ NA NA NA NA NA 

NA NA NA NA 1 NA 1 NA NA NA NA NA 

NA NA NA NA 1 NA NA 1 NA NA N4 NA , 

II -II 0.004~ NA 1 NA I NA 1 NA 1 NA 1 NA I NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 

3,7.&Wraohlorodihenzo~ran 0.043lj NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 NA 1 Ml --NA 1 NA NA NA 

II -R J NA 1 NA 1 NAl NA 1 NA 1 NA 1 NA 1 NA 1 NA f NA 1 NA 1 NA 1 

NAI 1 

NA 1 NA NA 1 NAI NA 1 NA] NA 

R -4 -II NA 1 NA 1 NA 1 NA 1 NA 

NA 1 NA NAI NA 1 NA 1 NA NA 

NA NA( NA NA 1 NA NA NA NA NA NA 1 NA NA 

NA Ml NA NA NA NA NA NA NA NA NA NA __ 

NA NA f NA NA 1 NA NA NA NA NA NA NA -__ NA 

NA NAj NA NA [ NA NA NA NA NA NA NA NA 

NA NA 1 NA NA NA NA NA NA NA NA NA NA 

kminum II 22.374 7,8Oc$ 
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Table 3-3 

Subsurface Soil Detections and Exceedances 

SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 
Norfolk Virginia 

Sample Date 

’ Chemical Name 
vc4awa *lgan,c Compounds (“GKG) 
,.2&Trkhlombenzene 

Soil 
R.%Skk”tial 

NBW14DS17 NBWM-DS18 NBWl40S19 NBWlCDSm NBW140S21 NBWWDB24 NBW14DS26 NBWli~~xE27 NBWldDS28 NBW140S29 NBW,&DS36 NBW14DS31 NBW14DS32 NBW14DS33 NBW,4-DS34 NBW14-DS35 NBWWDS36 NBW14-DS37 
Background 

NBW144JS38 

AdjustedRw NBWl443S1752 NBW14-DS18-02 1 NBW,4-DS19-96 NBW140SZOa3 NBW14-DS21-06 1 NBWM-D&ii NBWM-DS2S.06 NBWl4+S27&, NBWM-DS26-03 NBW14+S2$58 N8W140S30-03 NBWM-DS31-04 NBWM-DS38-03 
. 1onw9s 10/0”99 I 09/18/00 

NBW14DS32-04 f NBW14DS3303 NBW14DS34-05 NBW14-DS3505 NBWl4-DS36-M 1 NBWM-DS37-06 

09/19/00 09,12mo I 09,,1/oi I 09llmo 09,+2/00 OS/WOO 09,12/00 09/12/00 I 09,20/00 w112mo I mm?lca 09112100 I 091,?Jc4 09120100 I 09mmo I 09,woo 

w A I I 

1 
f I I I I 1 I I i 

4 76.ooo1 NA 1 
1 i I 

H UJI 11” 1 muI 12”/ 
I 

12” 1 12” L 
L 

IIU -1 
t 

1.46 J 1 
1 

N.4 f2 u 11 v 12 v 17. u 11 u 12 u 12 u 12uR( 12 ” 

II -11 7wxm NA NA 11 VJ 1.7 u 11 ” 12 ” 11 u 72-l J 12 u 11 ” 12” 12 u 12 u 2.02 J 1 12 u 1, u 13 UR 12URj 12 u 
4.700,OOa NA NA 11 “J 4.58 J 51.3 21.0 J 14.5 J 59.0 4.45 B 4.72 B 12 u 12 v 21.9 B 10.8 B 

1 

327 J 11 u 5.41 J 69.7 J 7.02 J 

II 630,OOC NA NA 11 “J 12 u 12.7 12 u 11 v 29U 12 VJ 11 v 12 v 12 u 12 u 12 u 12 v $1 u 13 VR 12 VR 12” 

760,oOc NA NA 31.4 J 40.5 J 210 J ,345 89.1 J 292 J 5.31 B 15.1 B 5.11 B 26.0 J 56.5 J 442 B I-~ 238 J 3.64 B 39.4 B -~~~~~ 2365 1 39.6 J ~, 
._- _ ..__ _ ._._ .-- 

79cl,wia NA NA f.57 J 12 v 8.76 J 2.96J 1.46 J 6.3 J 12 v 1.89 J 1.26 J 12 u 12 v 12” 2.15 J 1tu 1 2.84 J 126 J 12 u 

-II 49.690 NA NA 11 UJ 12 v rrul 12 v II v 2s v 12 u 11 VI 12 u 12 v 12 v 12 v 12 u 11 ” 13 v 12 “J 12 u 

-j 760.000 NA NA 12.9 J 12 u 11 ” 12 v 14.0 mu 12 v 11 v 12 u 12u 12 v 12” 12 u 11 u 13 UR 12 VI? 12 u 
4 

-----__ 

,---- 12 v ---- VI __ -__ p l NA * NA 11 UJ 12 u 11 v, 1.5, J ,I” , m v 11 1211 12u , 12u 12 u 12” , 11u 1 13 u 24.2 12 v 

II 4 76wmq NA 1 NA 1 3.39J 1 12” 1 rruf 12vI 3.57 J -II 1 1 1 IlUl 1 2svI 12w 1 11 VI 12”j 12” 1 1 rrul 1 12uj 12 u 12” 1 11” I ‘3 I UR t 6.05 J 1 12u ~~~~ 1 NA NA 14.1 12 u 12 u 7.41 J 2.92 J 12u 12 u 12” 12 u 12 u 12 v ,I v 

II 4 85. NA 1 NA 1 2.3 B 1 3.25 B 1 17.9 I 1.6 

. _ _. ._ .-- 

87 B 201 B 16.1 B 4.39 B 1.6 B 2.19 B 203 B 5.63 B 327 B 8.68 B 2.1’5 B 17.8 J 28.2 J 12 v 

1,600,0w: N4 1 NA 1 6.66 J 1.43 J 

j! 1 NA 1 

1 3.19 J 12 u 19.5 36.3 11.2 J 2.44 J 1.42 J 12 u 3.78 J 3.79 J 8.3, J 1tu 1 3.29 J 124J 12 u 

2,300.000 NA 11 UJ 12u I 11 u 12 u 11 u 29U 12 u ,I u 12 u 12 u 12 v 12 v 12 u II ” 13 u 4.38 UJ 12 u 

-/j 16,C@O.n... CHW NA 1 NAI 41.6 J 3.t J 1 11 u 12 ” 63.3 29” 12 UJ 11 u, 12 u 12 u 12”, 12 v 12 u IIU 1 4.65 J 61.4 UJ 12 u 

If I I I I I I 
II -11 390,OOq NA 1 NA 1 M).7 J 1 390” 1 370 u 1 8OOU1 66.55 1 380111 420 U 1 56,ooo”I 39Oul 410 u 1 39OvI 410 u 1 400” 1 360 V 1 420 U 1 135 J 410 u 

-4 

1 

78.00 370 ll I 36ovl NA 1 NA NA NA 1 NA f MI NA NA NA NA 1 NA I NA I NA 1 NA 1 NA 1 NA 1 NC. I ._. .-. 

I 700,wc 370 v 389” NA NA NA NA NA 1 NA NA Ml NA NA NA NA NA 1 NA NA NA NA 

160.060 370 v 380” SO” 396U 370 ” emu 380” 380 u 420 v 56.000 v 390 u 410 v 390” 419 v 406 v 36ou 63.7 J 160 J 410 u 

370 v 390 v 601 39Ou 2065 124 J NA NA 426 v 18.410 J 390 u 410 u NA 79.9 J NA j NA 420 u NA 410 v 

370 u 380”, 360 V 39ou ‘ 370 v 1 800”, 360” 380” 420 V 56.000 v 1 396U 410 u 39Ou, 410 v 400u 1 360 U 420 U 442J 410 u 

37otJl 1705 1 360 V 39ou 1 

L 

370 lJ 1 aooul 380” 175 J 420 v 56,000 ” 1 39ou/ 410 u 39ouI 410 u 400 u 1 360 u 420 V 516 410 v 

cenaphlbene !l 370 u 1 39ffuI 390 ” 1 329 J 1 436 J 1 ,,6 J 1. 10, J 1 429 U 1 41,940 J 1 1475 1 410” I 39Oul 45.3 J 400u 1 ---420” I 109 J 410 u 

I -4 32.w 370 u 42.1 J 410 “J 399U 410 ” 41.4 J 36ou 1 420 W 410 u 410 w 

6211 87. 3rnJl 30951 444 1 39Dv 110 J 276 J 360 v 88.8 J 402 J 2635 

I -j 760,OOOl 37O”l 38ouI 360” I 390” 1 370 u 1 Emul 380” 1 3MlVl 420” ] woov~ 390 u 1 410u 1 39Ovl 41ou 1 4wv 1 36xlu 1 420u 1 410 v 41ou 

16w4 37ou( 38OUI 360” 1 396” I 370 ul 800” 363” I 38oul 420 V 56,KHJV~ 3souj 410 u 1 39olJI 410 u 4wv 1 360 V 1 420 U 410u 1 410 u 

81 379 u 1 38ou/ 360” 1 390” 1 43.3 J 

II 37OVI 38OUl 262 J 3!lou f 4&a] 283 J 199J 1 I-,‘+ J 4mu 1 51,750 J 39oul 410u 1 39olJI 

I I f I I 1 
I 1 1 

f I I 
.4*-DDD 1 -4 2.7Oa( 10 1 fOJ[ 35 1 9.5 1 

1 I t 
835 7 12 3.8 v 1.9J 17 27JI m 1 4.9 1 16 J 2.4 J 3.6 u 8.5 34 5.5 J 

.4’-DE 1. 6.9 1 2, 1 8 1 

1 1 1 

7.7 1 12 1 145 1 1lJ 1 175 1 25 1 1251 2.6 J 1 I7 5.9 1 9.6 J 1 1.5J 1 3.6” 1 2.4 J 1 13 J 7.7 J 

II 4 1330~ 2851 3.6 ul 4.9 J 1 3.9” 1 4uI 3.6 u 1 2Jf 4.2 U 1 7aul 4.7 f 3.9 v 1 4., VL 1 4” 3.6 u 4.2 v 4.1 ” 6.8 J 

381 l.S.Ul 3.8 J 1 1.9 v 2” 1 

3.7 u1 

2ul 2uI 1 

3.svi 

2”I I 2vI 

1 1 1 1 

1.9 u 2” 22u 2.1 u 2.1 vi 2u 1.8U 22” 21 v 1.1 J 

I -II 554 37uI JsuI 150 39” 1 37uI 38u 4olJI I 3SVI 42U 1 

3.6 J 1 

74ul 39 v 41” 1 

1 

39 v 41 VL 1 

1 

40” 36lJ 1 42” 1 4,” 1 41 u 
39” 41 u 

39 u 4, v 

39 u 41 v 

IWJ 4t u 

# 

2.3 J a* ” 

2” 21 u 

3.9 v 4.1 v 

3.9 u 1.93 

3.3 J 4.1 v 

2u 1.8 v 22” 2.1 2.1 u 

4u 3.6 v 4.2 U 4.1 v 4.1 ” 

4u 3.6 U 4.2 V 45 4.1 u 
4” 3.6 U 4.2” 4.1 u 4.1 v 

ndrb, aldehyda -n 2. 2J1 3.8 u 1 2.65 1 3.9 it 3.7 ” 1 3.* v 42 v 1.9 J 1.2 J 

ndll” ketcna 2,awl 3.7 v 1 3.8 v 1 3.6 V 1 3.9 ” 1 3.7&J/ 3.6 U 42u 4.1 4.1 v u 

eptadw I -II 144 t.sul 2ul 1.9” f 2u 1 231 2”I 2u f 2 1 2.2 v 1OJf 2”] 2.1 u 2vj 2” mu 1 22v t 0.97 J 21 u 



Table 3-3 

Subsurface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Stat&n Norfolk 

Norfolk Virginia 

NBWl4-DS33-M 

II * 

-4 74 

t 
I I l.SU 2U 1.9 u 21) 1.9U 2” 2u zut 2.2” 3.6 J 2u 2.1 ” 

39,owr 2oul MU] 

2u1 I 0.93 J 1 
1 

2u 1.8 u 2.2 ” 2.1 u 

1 

2.1 u 

19 u 20 u 19 u 2oU 10 u 20 u 22 u 184 20 u 21 u 20 u 21 ULJ MU mu 1 22 ” 2lU 4 J 21 u 104 1.9 u PU 12 u 2u 023 J 2uI 25 251 22U 3.3W 2u 2.1 u 

2uj 0.74 J [ 2u . 1.6U J 2.2” * 2.3 u J 2.1 u 

1.8 tJ 

NA 

~ 

NA 
2!- 

NA 

NA NA -_ 
NA NA 

HA NA 

NA NA 

NA J NA J NA NA NA NA NA NA NA NA NA J NA J NA 1 NA NA 1 NA 1 NA NA NA 

0.043 NA 1 NA NA NA NA NA NA NA ] NA NA NA J NA 1 NAJ NA NA 1 NA 1 NA NA NA 

0.043 NA 1 NA J NA NA NA NA N4 NA 1 NA NA NA NA 1 NA 1 NA NA f NA J NA NA NA 

0.04q NA 1 NA t NA 1 NA NA NA NA NA 1 NA NA NA t NA I NA 1 NA NA 1 NA J NA NA NA 

,2,3,7,8.sHexachlwodibenmfuran I -4 0.043j NA 1 NA 1 NA I NA 1 NA 1 NA 

0.008~ 1 1 1 J 1 

1 
NA 1 

NA J NA ] NA 1 NA 1 NA 

I 

NA 1 1 NA 1 NA NA NA NA NA 

1 1 J NAJ 1 

NAI 1 

J 

1 1 1 

.2.3.7.ePen~hmdibnz~ioxin NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

.2,3,7,&Fmtachlwodibenzofuran It -II 0.884 

1 1 

NA NA 1 NA 1 NA 1 NA J NA 1 NA 1 NA 1 NA 1 NA 1 NA NA 1 NA 1 NA 1 NA J NA J NA 

x---l 
NA NA 

4 0.043 NA NA 1 NA NA J NA NA NA NA NA ] NA NA NA NA NA NA NA 

NA J 

NA 1 NA NA 

0.0085 NA NA NA NA NA NA NA NA ] NA NA NA NA NA NA NA NA NA 
3.7.ETCDD (&tin) 4 om43 NA NAJ NA NA NA NA NA NA NA J 

NA 1 

NA NA NA NA NA NA NA NA 1 NA NA 

0.043 NA NA 1 NA NA NA NA NA NA NA I NA NA NA NA NA NA NA NA J NA 

-(I 

NA 

2 NA NA 1 NA J NA NA NA NA NA NA 1 NA NA NA NA NA NA NA NA f NA NA 

I 4l -1 NA J 

NAI 

NA 1 

NA J 

NA 1 

t&4 1 

NA 1 

NA J 

MA 1 NA f NA 1 NA 1 NA J NA 1 NA J 

MA] 

NA f ta 1 NA 

NA NA 

II 4 4 1 JNAJNAJ 1 J 1 
NA ] NA 1 NA ] NAJ 

NA 1 NA J 

?a4 J NA ] NA J 
NA J NA I 

NA NA J NA 
NA NA NA NA NA NA 1 NA 1 NA NA J NA 1 NA J NA 1 t&4 J 

Lib I 

NA t NA I 
NA NA NA NA 

NA I NA NA NA NA NA NA NA 

NA{ 

NA 1 NA’ NA NA NA NA NA NA NA NA tic+ 

NA NA NA NA NA NA NA NA 1 NA NA NA NA NA NA NA NA NA NA 

NAl NA Iv+ NA NA NA NA NA NA J NA NA NA NA NA NAI NA, NA 

UA f NA NA MA NA NA NA NA NA 1 NA NA NA NA NA NA 1 NA NA J NA NA 

NA f NA NA NA NA NA NA NA NA 1 NA NA J NA NA NA NA J NA NA J NA 1 NA 

NA I -u -I NA } NA 1 NA 1 NA f NA 1 NA 1 NA 1 NA I 
I I I I I 

NA 1 NA J NA 1 
I I I 

NA J 
I I I 

NA J’ 
I I 

NA ] 
I 

NA I NA 1 NA J 
8 

NA J 
I I 1 

II -II 7635 1 4355 1 7325 1 1.22tI J 9085 f 552 J 1,170 1 1 94851 1 539 J 1,190 J 7345 1 

Notes: 

NA -Natanalyzed 

-NOtAtik& 

U-N&d&&d K-Biased high 

B-Blank mMminaUon R _ Um!iable Result 

J -Estimated ND-Not detects 

L-Biased law 



Table 3-3 

Subsurface Soil Detections and Exceedances 
SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 

Norfolk Virginia 

I 4 12,OOq 11” 1 ,lU { IIU f NAI NA 1 NA 1 IlU # 

4 7fm.oooi I, u 1, u ttu 1 ,I u NAI NAJ NA J NA 1 NAI ~ 1tu 1lU J 

sthykydohexana 

ethylene *Itide 
I -i -I 1iu t IIU 1 ,,u 1 HU 1 NA 1 NAt NAI 12” 1 11 u 

85.ooo1 56 I 26 1 28 1 ,a NA NAJ NA J Ml NAJ ,a 18 1 ZB I 28 
t I I 

I q 1.600.00q 26 II ” II u 11 ” NA NA I NA 1 NA NA ‘It ” 11” f 1z” 1 11 u 

1K 11 u 11 u 11 u NA NAl NA J NA NA 11 ” 11u 1 12 u 1, u 

11 UL 11 u ,I u 11 u NA NAi NA 1 NA NA 1, u II u 12u I 1, u 
I I 

no u NA NA NA NA NA 360 ” 360 u 33OU 360” 

1 4% 170 8 320 B 1405 [ 450 1 NA NA NA NA NA ,4OB 1 996 4M 

I 1 I I 
00 1.7 L 3.7 u 36U 1 3.7 u 1 NA NA NA NA NA 3.6 u 3.6 u 3.8 u J 3.6 u 

IM 38uL 37 ” 11 I 3.7 u I NA NA NA NA NA 3.6 0 J 3.6 u 3.8 ” 1 3.6 U 

. -  _“ .  .  .,___ _._ _- _ . .  -  3.7 u 1 NAf x4 1 NA 1 NAJ NAJ 3.6 u 1 36U 1 3.6 u 3.6 U 

d ,*111 I ,911 I NAI ,9u I IRU I PII I I I11 1.9u f 1.9u 1 NA( NA 1 NA 1 NA I . .._ - 

.“” -I “.. “. I 36U I 37u I NAJ NA 1 NA 1 NA( NAI 36 u 36U I- 36U MU 

12 36UL( 37” 1 36u J 37u 1 NA 1 tL4J NA J NA 1 NAJ 38U J 36U 38U 1 36U 

36u 4 36ULl 37u 1 36U 1 37u f NAI NA 1 NA 1 NA 1 NAl 36U 1 38U 1 38U f 

6 36ULI 37tJ 1 360 1 37U 1 NAl NA J NA ] NAJ NAI 36u 1 36U 1 38U J 36 u 

r&in I d 2,3L, 
tin a,dehy,,e 2.3001 3.6 UL 3.7 u 

nddn ketone I -4 3.6 UL 1 3.7 u 1 

3.6 U 3.7 u NA NA NA NAI NA 3.6 u 1 3.6 U 3.8 u 3.6 U 

3.6 U 3.7 u NA NA NA NA[ NA 3.6 U ] 3.6 U 3.6 u 3.6 u 

3.6 U 3.7 u NA NA NA NAI NA’ 3.6 U 1 3.6 U 3.8 u 3.6 u 

U 1.9u 1.9 u NA NA NA NAl NA I l.OU J 1.8 u 2u 1.8 u 



Table 33 

Subsurface Soil Detections and Exceedances 

SWMU 14 Remedial Investigation Report 

Naval Station Norfolk 

Norfolk Virginia 

so9 
R4*i%tbd 

NBW14Dsm fww14-Ds41 NBW14DS42 NBwwDS43 NBWmDs44 NBW14-DS45 NBW14-DS46 NBw14aS47 NBWN-DS48 NBW14-Dsd9 NBW140S51 NBW,4DS53 NBWM-D654 
BaCk$,O”tld 

Adjusted RBC NBW’4~40+7 NBW14DS4105 NBWlMJS4206 NBW140S43-07 NBW14@344d9 NBW14-DS45-05 NBW14-DS46~6 NBW140S47-M 1 NBW16DS48-98 NBWl4-DS49&6 NSW140S6,-07 NBW14-DS53-07 NBW144lS5405 
. OaI21M1 rJemm, 88/21,01 98iz1m, I 08izo/81 t 0812010, 08128m, 08120101 I o8,*cm, 08/21ml 08i2~101 0812110, 0*,21!m 

1 I I I fl 

NA NA 1.9” 1.8 ” 2” J 1.8” 

1.9” t NA 1 NA 1 NA NA 1.9 ” 1.8 ” 2u I 1.8 ” 

..- -- ..-- 1.9 u -m I NA{ NA 1 NA NA 1.9 ” 1.8 Lt 2tJ 

494 l.BuL( 1 f t NAI NAI 

1 1.8 ” 

1.9tJ 1.9tJ 1.9” NA NA NA 1.9 ” I.8 u 2tJ 1 1.8 ” 

l.2,3,4,7,B+texadlkHcdibenzofuran 0.8431 NA 1 NA t NA NA 6.08184 J 1 cm,57 

1,2,3,6,7,BHexacMomdibenz~ioxin no43 NA 1 NA 1 NA NA 8.012 

1,2.3,6.7,8-Heuachlwodibenmfuran -II 

0.09346 ] 

0.043 NA 1 NA f NA NA 0.rm186 J t 0.0158 

12,3,7,8,4Hexa*forib~~~~~~” n.043 NA 1 NA 1 N4 NA 0.0923, JL 0.06884 0.0328 I NA 

I -II 0.84 NA J NA NA 1 NA 

0.0085 NA 1 NA I NA I NA 

I -ff 0.08 NA 1 NA 1 NA 1 NA 

;TlT nmw.tt NA 1 NA 1 

NA I NA I- 

08197 ] 0.00728 1 NA 1 NA { NA 1 NA 

0.0276 1 cl.cm951 NA I NA 1 NA 1 NA 

NA 1 NA 1 NA NA 

3.4.6.78-Hexachlwodibenzofilran I il 0.04q NA 1 NA 1 NA 1 NA [ 0.00219 J 1 

,3.4,7,8-Pe”ta~~~ihlarodibenzofuran 0.6085l NA 1 NA 1 NA 1 NA t 0.00318 E 

ELI NA A--.- NA t NA 0.00186 1 NA 1 NA 1 NA NA 

k t NA 1 NA t NB 

! -tj NA f NA 1 0.33 1 0.435 1 1.4 t 1.02 f NA 1 NA 1 NA t NA 

0.173 1 m9o7 1 NA NA 1 NA t NA 
n7117 I ll,M I MI I *Jb 1 Mb I u* 

3tat heptadloradibemofuran -tl NA NA NA NA 0.0217 0.0799 1 0.50, 1 

NA NA NA NA 0.0514 0.193 0.69, l.~l. _. .“_ . . . I .- *- ..,. 

-tl NA NA NA NA 0.0233 0.153 0.713 0.261 0.0982 NA 1 NA 1 it4 1 NA 

NA NA NA NA 1.55 1.92 3.24 3.39 5.8, J NA NA -1 NA f NA 

4 NA 1 NA NA NA 0.0167 0.0313 0.228 0.0904 0.9513 NA NA NA 

NA I 

1 NA t 

NA NA NA 0.027 0.213 0.782 0.394 0.126 NA 1 NA f NA 1 NA 
Y 

NA I NA 1 NA t NA f 0.6393 1 0.322 t 1.04 1 

I 0.2j 3.9 0.42 B f 0.18 B 1 0.65 K 1 0.09 B 1 NA 1 NAI NAJ 0.11 B f 8.985 ” 1 0.18 B 1 cl., 8 

NA NA NA 

NA 

NA 

NA 

NA 

NA 

ti4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

N4 

NA .- 
NA 

NA 

__ 
NA 

NA 

NA 

NA - 
NA 

NA 

NA 

--iic 

NA 

NA 
- 

NA 

NA 

NA N4 NA 

-AK 
NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 
NA 

f&4 

NA 

NA 

enium I -i 3q 0.817 “L 1 0.756 UL 1 

N&S 

NA-Nc4aoalyred 

-Not Aveibble 

U-Not deteded 

J-E&mat& ND-Notdetecte 

L-Biasedlaw 

K-Biisad hiah 



Table 3-4 
Sediment Detections and Exceedances 

SWMU 14 Remedial investigation Report 
Naval Station Norfolk 

Station ID 

SampleID 

Norfolk, Virginia 

mmn C-II LI--La--.:_, Ecological NBW14-SD01 1 NEW14.SD02 1 NB' 

Sample Date 

Chemical Name 

Semivolatile Organic Compounds (UGIKG) 

cenaphthene 

Benzo(a)anthracene 

Benzo(a)pyrene 
97 J 15 J 220 J 91 J 28 II 8701 140 J 20 J 200 J 85 J 330J 1 450 u 1 

200 J 34 J 290 J 130 J 54OJI 450 u 

160 J 430 u 110 J 51 J I 200 J 1 450 u 

30J 1 IQOJ 1 130J 1 350 J 1 4.50 u 

450 u 

380 J 1 

460 Uj 390 Uj seal 

14 J 

430 Ul 450u 

l,sooll 41 J 430 ul 3.5 J 1 21 J 

130J 1 30J 1 
1 

1 
gT--- 

280 J 120J 1 

50 J 1 430 ul 48J 

1 u 1 
1 22 J 1 79 
1 

J’r 450 ul 

420 U 430 14J 390 u 1 

SooIl 170J 1 19JI 120J 1 56JI -- 24Or 

38J 1 

430 u 1 

430 ul 

19J 1 

21 J 

470 1 230 J 1 540 J 

25 .I 1 390 Ul 24 J 

460 u 1 390 ul 1 15J 

270 J 1 IIOJ 1 1 240 J 

I 550 J 1 
I 

-- -- 190 J 41 J 500 210 J 1 710 1 

240 J 82 8 120 B 42 B 

450 u 

18 J 

450 IJ 

450 u 

450 u 

450 u 

21 J 

60 B 

PesticidelPolychlorinated Blphenyls (UGIKG) 

4,4'-DDD ,-!I 'S4Jl 3.9J) 3.6J 3.9U 11 4.5U 
1.3 J 2.6 J 7.2 J 4.5 u 4,4'-DDE 

4,4'-DOT 

Aroclor-1260 

tbptachlor 

alphaGhlordane 

4,9001[ 1 311 2.2 u 1 2.2 u 1 

18,000~ 711 13 I 

b.2 J 2u 3.4 u 2.3 U 

!.4 u 2u 3.4 u 1.2 J 

9.3 1 8.9 J 2u 50 2.3 U 
I 

otal Metals (MD/KG) 

luminum 78,000 18,000 1,290 1,100 2,250 1,170 13,806 1,660 
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Table 3-4 
Sediment Detections and Exceedances 

SWMU 14 Remedial Investigation Report 
Naval Station Norfolk 

Station ID 
Snmnln ID 

Norfolk, Virg 
NSW14-SD02 1 

__~ 
Ecological NBW14.SD01 NBWl4.SD03 1 NBW14-SD04 1 NSWf4-SD05 

RBCSoil Residential 
Screening NSWl4-SDt 11 I- NBWl4-SDOI-P I NBW14.SD02 NBWl4-sROi NBW14-SD04 1 NBW14-SD05 

Notes: 

NA - Not analyzed 

--Not Available 

U -Not detected 

UJ - Undatedted, estimated limit 

UL - Undetected, limit biased low 

K - Biased high 

B - Blank contamination 

J - Estimated 

L - Biased low 

R - Unreliable Result 

ceedance of human health screening criteria 

Bolded text indicates exceedance of ecological screening criteria 
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SECTION 4 

Contaminant Fate and Transport 

Environmental fate and transport of constituents that significantly contribute to overall 
human health and ecological risk were determined based on the screening discussed in 
Section 3. Section 4.1 and Appendix E present the constituent-specific fate and transport 
data for these constituents as available from Hazardous Substances Database (National 
Institutes of Health, 2002) and the specific scientific soumes cited therein. Section 4.2 
presents a conceptual fate and transport model for SWMU 14 based on this constituent- 
specific data and the site-specific physical characteristics. Section 4.3 summarizes the 
potentiaI for offsite migration of site-related constituents. 

4.1 Constituent-Specific Fate and Transport 
The fate of SWMU 14 constituents is determined by their physical, chemical, and bioIogical 
interaction with the environment. The mobility and persistence of chemicals in the environ- 
ment are two key fate and transport characteristics. Mobility is the potential for a chemical 
to migrate from a site, and persistence is a measure of how long a chemical will remain in 
the environment. Environmentaf factors that affect the behavior of the contaminants are pH, 
concentrations of other contaminants in the media, soi moisture, oxidation-reduction 
potential (ORP), soil and water chemistry, soiLgram size, organic matter content, and the 
presence of microorganisms. Constituent-specific fate and transport data for COPCs 
identified in surface soil, subsurface soil, sediment, and groundwater at SW’MU 14 are 
provided in Appendix E. 

4.2 Conceptual Fate and Transport Model for SWMU 14 
SWMU 14 consisted of a concrete pad surrounded by a grass-covered field. The pad served 
as a go-day hazardous waste accumulation area. In addition, SWMU 14 is located on the 
Site 9 landfill, a manmade Iandmass formed from a construction debris landfill (as described 
in Section 1) Therefore, contaminants couId have been introduced to the site via both 
surficial releases potentiahy associated with the site’s use as an accumulation area, and 
subsurface deposition of landfilled materials throughout the Site 9 landfill. 

The general contaminant profiIe consisting of I) surficial contamination in the vicinity of 
SWMU 14; 2) laterally widespread surface and subsurface soil contamination within the 
Site 9 fill area; and 3) groundwater contamination at levels varying from reIatively high to 
relatively low with no readily apparent single source pattern, indicates that the contaminant 
distribution is from several sources. 

WDC042110014ZlP 
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The fate and transport mechanisms active at the site will, therefore, fall into two general 
groups: 

l Processes active at the surface-including volatilization to the atmosphere, uptake by 
plants, natural erosion of soil and plant material by wind and water, wet and dry 
deposition, and photolysis. 

o Processes active within the subsurface- including volatilization to soil gas, percolation 
through the vadose zone, dissolution/precipitation, sorption/desorption, aqueous 
geochemical reactions, and groundwater flow. 

4.2.1 Contaminant Source Areas 
Based on the chemical and physical data collected for SWMU 14, it appears likely that both 
SWMU 14 and Site 9 were sources of contamination. This assessment is supported by the 
laterally widespread presence of metals and PAHs in both the surface and subsurface soil 
samples that does not exhibit a clear pattern of a single source of contaminants originating 
from either site. In addition, the pattern of sporadically high PAH concentrations within the 
surface and subsurface soils northwest, northeast, and south of SWMU 14 are more 
indicative to fill material as opposed to surface releases at SWMU 14. Further, PCBs occur 
more frequently and at higher concentrations in subsurface soil than in surface soil, which 
may indieate that PCB-contaminated material was placed at depth during disposal of fill at 
the site. As discussed in Appendix E, PCBs are not expected to leach from the surface to the 
subsurface. 

4.2.2 Releases from Soil to Groundwater 
Metals can move from surface soil to subsurface soil and/or groundwater by precipitation- 
induced leaching (especially if precipitation is acidic). However, PAHs, PCBs, and dioxins/ 
furans are not expected to readily leach to the subsurface from surface soil, and are expected 
to remain near their point of release. 

Metals in subsurface soil have the potential to leach to groundwater. PAHs, dioxins, and 
furans in subsurface soil are not expected to leach to groundwater or volatilize to soil gas 
because of their low mobility. However, naphthalene, which is slightly more mobile in the 
subsurface than other PAHs at the site, may be leachable. Naphthalene is detected at 
elevated levels in groundwater samples at the site’s southern border near the lagoon. 
Certain PAHs, including naphthalene, may biodegrade at the site. 

As described in Section 3, a petroleum sheen was observed in borehole DS19. However, no 
measurable amount of LNAPL was observed in monitoring well MWO9 (located 
approximately 5 ft from borehole DSW). In addition, the constituents detected in well 
MVVO9 and borehole DSW do not reflect the presence of free product, indicating that it does 
not have a significant impact on site contamination. 

4.23 Releases from Soil to Atmosphere, Surface Water, and Sediment 
Metals, PAHs, PCBs, and dioxins/furans are likely to be sorbed with the surface soil 
particles. Therefore, the only release mechanism to the atmosphere that could be significant 
is the entrainment of dust in wind. In addition, surface soil particles sorbed with contam- 
inants could be transported offsite by surface runoff or erosion to impact adjacent surface 
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waters and sediments in the lagoon and Willoughby Bay. However, the site is vegetated and 
has little relief, minimizing the risk of runoff transport of surface soil particles. The sediment 
samples collected in the adjacent lagoon detected PAHs, pesticides/PCBs, and metals in 
exceedance of the screening criteria. In addition, a surface water sample showed an 
exceedance for cadmium. However, the storm sewer that discharges into the lagoon drains 
much of the northwestern portion of Naval Station Norfolk. Therefore, it is difficult to 
determine the sources of the contaminants detected in the sediment and surface water 
within the lagoon. 

4.2.4 Migration of Contaminants in Groundwater 
The uppermost aquifer at the site is unconfined with a depth to water of about 6.5 to 9.5 ft 
bgs. The shallow depth to water and lack of an upper confining unit increase the importance 
of the groundwater pathway as a transport mechanism. Leaching will be more significant 
because percolating fluids have decreased downward travel distances, which decreases the 
ability of the intervening soil to attenuate potential contaminants leached from above. 

4.2.4.1 Discussion of Groundwater Field Parameters 

Groundwater at the site has a pH range of 7.3 to 9.8 (slightly alkaline to alkaline), which wiE 
generally inhibit the leaching of met& that are more soluble in acidic conditions. 

Groundwater at the site has an oxidation reduction potential (ORP) range of -119 to 32 
millivdts, which indicates reducing to slightly oxidizing conditions (only one groundwater 
sample had a positive ORP value -MWIGS). Other groundwater samples had negative ORP 
values, indicating that the site’s groundwater conditions are largely reducing. Under 
reducing conditions, certain metal cations (e.g. chromium, iron and zinc) may precipitate 
from solution to form immobile sulfide deposits, while others (such as arsenic and 
manganese) will be more mobile due to increased solubility of the reduced oxidation state. 
This may, in part, explain the relatively high concentrations and frequency of detection of 
manganese and arsenic (respectively) in certain areas of the site. 

The dissolved oxygen range is 0.04 to 9.57 milligrams per liter @g/L), indicative of reducing 
conditions to oxidizing conditions. These results do not correspond with the ORP 
measurements that characterize the site as reducing with only slightly oxidizing conditions. 
The elevated dissolved oxygen in certain samples may be the result of inaccuracy of the 
field measurement instruments. 

Specific conductance range for groundwater at the site is 1.7 to 20.4 microseimens per 
centimeter (@/cm) and shows a very strong correlation (R=O.PP) with salinity; conditions 
that reflect the site’s proximity to the saline environment of the bay. 

Turbidity range is 0 to 74 Nephelometric Turbidity Units (NTU), which indicates low to 
moderate potential for coIloidaI transport. Colloidal transport would increase the mobility 
of relatively insoluble constituents such as PAHs or PCP. 

4.2.4.2 Conceptual Mudef of Contaminant Transport 
As described in Section 3, the groundwater level data indicates that the water table is at its 
highest elevation at a location just west of SWMU 14. Groundwater from this Location flows 
east, north, and west in a radial pattern. 
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The most significant pattern of contamination in the groundwater is the prevalence of VOCs 
and SVOCs across the site, VOC exceedances were not observed in the surface or subsurface 
soil samples. Benzene exceedances occurred at the majority of the monitoring wells within 
the fill area, and vinyl chloride exceedances are observed in the site’s northern half. Other 
VOC contaminants at the site tend to be scattered with no apparent pattern. In addition, the 
concentrations of metals as well as trace levels of VOCs and SVOCs observed in the 
downgradient monitoring wells may indicate possible migration of these contaminants from 
the site. 

Based on the conceptual groundwater flow and groundwater flow velocities ranging from 
56 to 209 ft per year, it is likely that groundwater discharge occurs to the dredge fill material 
to the west as well as north and east towards Willoughby Bay. Due to the site’s dose 
proximity to the bay, the groundwater flow is likely within a groundwater discharge area. 
As a result, the contaminant migration is likely either lateral to the Bay or upward from the 
deep groundwater. 

4.3 Potential for Migration Offsite 
Due to the shallow depth to water and the site’s proximity to the Bay, groundwater flow 
represents the most significant potential offsite transport mechanism. Constituents that 
could be transported offsite via groundwater flow include those constituents dissolved in 
groundwater. Dissolved contaminants of concern (COG) include iron, manganese, arsenic, 
barium, thallium, naphthalene, 2-methylnaphthalene, 4-methylphenol, pentachlorophenol, 
and dibenzofuran. However, colloidal transport is expected to be insignificant due to low 
turbidity values. 

Airborne or waterborne surface soil particles with sorbed metals, PAHs, PCBs or dioxins/ 
furans may represent a secondary, less significant offsite transport mechanism for certain 
site constituents. 

4.4 References 
National Institutes of Health. Hazardous Substances Database, 
http:/ /toxnet.nIm.nih.gov/cgi-bin/sis/htmlgen?HSDB. 2002. 
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SECTION 5 

Human Health Risk Assessment 

This section presents the results of an assessment of potential human-health risks associated 
with the presence of potentially site-impacted soi1, groundwater, surface water, and 
sediment at SWMU 14. Analytical results from surface soil, subsurface soil‘ groundwater, 
surface water, and sediment were used to examine the potential risks to human health. This 
baseline human health risk assessment (HHRA), which characterizes the current and 
potentia1 future human health risks at the SWMU if no additional remediation is 
implemented, was conducted to assess the potential human health impacts from the site 
under current conditions, as well as to determine if any further actions are needed to 
sufficiently protect human health. This risk assessment has been prepared utilizing 
conservative assumptions, and all feasible exposure pathways have been considered based 
on current site conditions and current and potential future site usage. The risk assessment 
incorporates the general methodology described in Risk Assessment Guidance for 
Super-fund, Volume 1, Human Health Evaluation Manual, Part A (USEPA, December 1989) 
and Part D (USEPA, December 2001), USEPA Region III Technical Guidance Manuals for 
Risk Assessment and Naval Station NorfoIk Consensus Agreements (Naval Base Norfolk 
Partnering Team, 199B). 

5.1 Overview of SWMU 
SWMU 14 is located in the northeastern corner of Sewell’s Point at NSN. The site consisted 
of a concrete storage pad surrounded by a grass-covered field. The pad served as a 90-day 
hazardous waste accumulation area where wastes generated through various streams, were 
processed (sampled, identified, labeled, and packaged} before being shipped to storage and 
eventual disposal sites. In addition, the peninsula at Sewell’s Point is a man-made landmass 
formed from two distinct periods of fill activities. The first began in the early 195Os, when 
the channels were dredged to allow for construction of the northernmost series of piers at the 
site. The resulting dredge material was used to create much of the land at Sewell’s Point. The 
second occurred between 1974 and 1978, when the site’s eastern portion was formed from 
the disposal of construction debris. This landfill was later designated as Site 9, Q-Area 
Landfill. Site 9 was recommended for No Further Action (Baker Environmental, Inc., 
December 1997); however, because Site 9 and SWMU 24 are co-located, both sites were 
evaluated as part of this investigation. 

5.2 Scope of Human Health Risk Assessment 
The HHRA for SWMU 14 includes the following components: 

l Identification of Chemicals of Potential Concern (COPCs) -identifies and 
characterizes the distribution of COPCs found onsite. Chemicals identified in this 
screening are the focus of the subsequent evaluation in the risk assessment. 
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l Exposure Assessment-identifies potent&I pathways by which exposure could occur, 
characterizes the potentially exposed populations (e.g., workers, residents, and 
trespassers) and estimates exposure magnitude, frequency, and duration. 

l Toxicity Assessment-identifies the types of adverse health effects associated with 
exposure to COPCs along with available toxicity factors {e.g., cancer slope factors and 
reference dose values), and summarizes the relationship between magnitude of 
exposure and occurrence of adverse health effects. It also identifies related uncertainties 
(such as the weight-of-evidence of a particular chemical carcinogenicity in humans) 
associated with these values. 

* Risk Characterization- integrates the exposure and toxicity assessments results to 
estimate the potential risks to human health. Both cancer and non-cancer human-health 
effects are evaluated. Pathways that pose an unacceptable risk based on quantitative risk 
characterization are identified. 

l Uncertainty Assessment- identifies sources of uncertainty associated with the data, 
methodology, and the values used in the risk assessment estimation. 

All of the above components were evaluated following Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) regulations, using USEPA risk 
assessment guidance (USEPA, December 1989). 

5.3 Data Summary 
CH2M HILL collected data during three RI phases as described in Section 2. During the 
investigations, 18 monitoring wells were installed and the samples were analyzed for TCL 
VOCs, TCL SVOCs, TCL pesticides/PCBs and TAL metals (total and dissolved). Fifty-six 
surface soil, 48 subsurface soil, five sediment, and one surface water sample were collected. 
Table 5-1 summarizes the samples collected and the corresponding parameters analyzed for 
each. Sampling efforts were conducted to characterize the source(s) and downgradient 
extent of contamination. 

Figures 2-l through 2-3 identity the locations of the samples collected at SWMU 14. 

5.4 Identification of Chemicals of Potential Concern 
The identification of COPCs includes data collection, evaluation, and screening steps. The 
data coIfection and evaIuation steps involve gathering and reviewing the available site data 
and identifying a set that is of acceptable quality for use in the.risk assessment. This data set 
is then further screened against concentrations protective of human health to reduce the 
data set to those chemicals and media of potential concern. The data used for the 
quantitative risk analysis were all validated prior to use in the risk assessment. 

Subsection 5.4.1 discusses the selection of data used for the quantitative risk assessment. The 
data were selected from the set of validated data determined usabIe for risk assessment. 
Subsection 5.4.2 discusses the methodology used to further reduce the risk assessment data 
set to the constituents and media of primary concern to human health and also identifies the 
COPCs that were quantitatively assessed in the risk assessment. 
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5.4.-l Data Evaluation and Selection 
Data were collected during the three phases of the RI. Data are available for contaminant 
levels in soif, groundwater, surface water, and sediment. Detailed results of the sampling 
and monitoring programs for the sites are presented in Section 3 of this RI Report. 

Available data were reviewed to determine their reliability for the quantitative risk 
assessment. A review of the data identified the following items for data usability and data 
handling: 

l Estimated values ff agged with a J qualifier were treated as detected concentrations. 

l Data qualified with an R (rejected} were not used in the risk assessment or included in 
the total count of samples anaIyzed for a constituent. 

l Data qualified with a B @lank contamination) were used in the risk assessment as if they 
were non-detected, with the blank-related concentrations of each constituent used as the 
sample quantitation limit (SQL). One-half of the blank-related concentrations were used 
to cakulate exposure point concentrations in the risk assessment. 

l For duplicate samples, the higher of the two concentrations was used as the sample 
concentration. 

l One-half the SQL was used as the sample concentration for samples with no detectable 
contaminant quantities if the contaminant was detected in other samples from that 
medium. Constituents that were not detected in any samples in a given medium were 
eliminated from consideration. 

54.2 Selection of Chemicafs of Potential Concern 
All of the constituents detected in soil and groundwater were screened following the 
general approach presented in the Naval Station Norfolk Consensus Agreements (Naval 
Base Norfolk Partnering Team, 1998) supplemented by the current risk assessment 
guidance. Surface water and sediment data were screened following standard USEPA 
Region III procedures, as discussed below. The COPC selection process was conservative to 
ensure the sefection of all appropriate constituents. The maximum-detected concentration of 
each constituent in each medium was compared to a screening value to select the COPCs. If 
the maximum concentration of a constituent exceeded the screening value, the constituent 
was selected as a COPC and retained for the risk evaluation. The COPC screening is 
presented in Appendix F, Table 2’s. 

Constituents detected in each media were screened to select the COPCs based on the 
following procedures: 

l Comparison with Risk-Based Concentrations: The maximum detected chemical 
concentrations in groundwater, soil, surface water, and sediment were compared with 
the risk-based concentrations (RBCs) in USEPA’s Region III Updated Risk-Based 
Concentration Table (USEPA, April 2004). The screening-level RBCs for noncarcinogens 
were adjusted to reflect a target hazard quotient of 0.1. The screening-level RBCs for 
carcinogens are based on a target cancer risk of 1x10-6 and were not adjusted from the 
values presented in the RBC table. 
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l Groundwater data were screened using the tap water RBCs. Surface and subsurface soil 
data were screened against the residential soil ingestion RBCs. Constituents identified as 
COPCs in soil were also selected as COPCs for the soil-to-air pathway (Appendix G, 
Table 2.2). Sediment data were screened using a value of 10 times the adjusted 
residential soil ingestion RBCs, an approach generally accepted by USEPA Region III. 
Surface water data were screened against a value of 10 times the adjusted tap water 
RBCs, an approach also generally accepted by USEPA Region III. 

There are no published dose-response values for assessing the risks associated with 
exposure to lead. USEPA has presented guidance on evaluating lead concentrations in 
both soil and water. Lead concentrations of less than 0.015 &L (15 ppb) in groundwater 
(the Safe Drinking Water Act action level for lead in potable water) and less than 
400 pg/kg in soil are considered adequately protective of human heahh under 
residential land-use conditions. Exceedance of these values prompts further evaluation 
to assess the potential for human-health impacts. The lead soil-screening level was used 
to screen the soil and sediment data. The lead groundwater-screening leve1 was used to 
screen the groundwater and surface water data. 

l Comparison with Soil Screening Levels based on Soil to Groundwater Transport for 
Subsurface Soil: The maximum detected soil concentrations (subsurface soil) were 
compared to the current USEPA Region III Soil Screening Levels (SSLs), based on a 
Dilution and Attenuation Factor (DAF) of 20, to determine if soil is a potential concern 
based on the transport of constituents from soil to groundwater (USEPA, September 
2001). SSLs that are based on noncarcinogenic effects were divided by IO to account for 
exposure to multiple constituents. SSLs for carcinogens are based on a target cancer risk 
of 1x10-6 and were not adjusted from the values presented in the RBC table. Constituents 
with a maximum detected concentrations greater than their respective SSL were 
identified as COPCs for the transport from soil to groundwater pathway, but not for the 
direct contact with soil pathway. 

l Comparison with Recommended Dietary Allowances: Constituents that are human 
nutrients when present at low concentrations (i.e., only slightly elevated above naturally 
occurring levels), and toxic only at very high doses, were eliminated from the quantitative 
risk analysis. These constituents are calcium, magnesium, potassium, and sodium. 
Although iron is also considered an essentiaI nutrient and is toxic at high doses (NAS, 
1989), iron was handled the same way as other detected constituents in the HHRA 
because provisional human health-based screening levels are available for iron. 
However, the use of provisional toxicity factors increases the uncertainty associated with 
the quantitative risk evaluation. 

The COPCs identified for each medium are shown on Table 5-2 and Appendix F, Table 3s. 

5.5 Exposure Assessment 
Exposure refers to the potential.contact between an individual and a chemical. Exposure 
assessment has three components: 

l Characterization of the exposure setting 
* Identification of exposure pathways 
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0 Quantification of exposure 

The exposure assessment identifies pathways and routes by which an individual may be 
exposed to the COPCs and estimates the magnitude, frequency, and duration of potential 
exposure. The magnitude of exposure is determined by estimating the amount of a 
constituent available at the exchange boundaries (i.e., the hmgs, gastrointestinal tract, and 
skin). Chemical intakes and associated health risks are oriIy quantified for compIete 
exposure pathways. 

5.51 Characterization of Exposure Setting 
Characterizing an exposure setting consists of two parts: (1) presenting the site’s physical 
characteristics as they relate to exposure, and (2) characterizing human populations on or 
near the site. 

551.1 Physical Characteristics 
Basic site characteristics such as physical setting, climate, groundwater hydrology, and the 
presence and location of surface water are summarized in Section 3. 

551.2 Potentially Exposed Populations 

Potentially exposed populations are identified based on their locations relative to the site, 
their activity patterns, and the presence of potential sensitive sub-populations. 

SWMU 14 is a vacant grass covered lot sometimes used as a temporary parking lot when the 
adjacent lots are full. The original concrete pad designated as SWMU 14 has been removed; 
however the existing concrete pad at the site occasionally serves as a temporary (<90 days) 
storage area for IDW from various site investigations. The only projected future use is to 
either develop the property for ball fields or pave over the grass field and convert the area 
‘into a parking lot. It is highly unlikely that the site will ever be converted to residential land 
use. For purposes of performing the risk characterization, exposure to the site soil was 
evaluated for potential residential, recreational, industrial, and commercial site use. 
Receptors evaluated included child and adult residents, adult industrial workers, adult 
construction workers, youth and adult trespassers, and child and adult recreational users. 
Assuming no action is taken at the site prior to development, exposure to affected surface 
soil could occur as a result of incidental ingestion, dermal contact, or inhalation of fugitive 
dust. The receptors could also be exposed to the subsurface soil if future construction work 
resuhs in disturbance of the soil column. 

Additionally, future child and adult recreational users may contact the surface water and 
sediment in the constructed wetland lagoon south of SWMU 14. Exposure to surface water 
and sediment could occur through incidental ingestion and dermal contact. . 

Groundwater is not currently used (and will not be used) as a potable water supply in the 
foreseeable future. The City of Norfolk Health Department prohibits the use of groundwater 
for public or private potable water supplies under law ordinance Chapter 46.1, Reference 
46.1-5. The City of Norfolk supplies all potable water used in the city limits. Therefore, there 
is no potentiat. direct exposure to groundwater. However, to provide a conservative 
assessment of the site’s groundwater quality at the site and for the purposes of risk 
characterization, the groundwater was evaluated for future residential potable use. 
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Exposure to groundwater for residents was evaluated through ingestion of potable water, 
dermal contact while bathing, and inhalation of VOCs while showering. It is also possible 
that construction workers may come in contact with the groundwater during construction 
or excavation activities. Exposure to construction workers could occur as a result of 
inhalation of volatiles and dermal contact with the groundwater. 

55.2 Identification of Exposure Pathways 
An exposure pathway can be described as a mechanism that moves a COPC from its source 
to receptors, which may mean an exposed population or an individual. An exposure 
pathway must be complete or exposure cannot occur. A complete exposure pathway has 
five elements: 

l A source (e.g., chemical residues in soil) 
l A mechanism for release and migration of chemical (e-g., leaching) c 

l An environmental transport medium (e.g., surface water) 
l A point or site of potential human contact (exposure point, e.g., drinking water) 
l A route of intake (e.g., ingestion of surface water used as a drinking water source) 

All five must be present for a pathway to be considered complete. 

Contaminant Sources. Contaminant sources at SWMU 14 include potentially contaminated 
soil due to the use of the site as a 90-day hazardous waste-accumulation area and 
contaminated fill from disposal activities at the Site 9 landfill. Other sources of contaminants 
include groundwater, surface water, and sediment that may have been contaminated 
through leaching from the soil or from historic releases of waste into these media. 

Release and Transport Mechanisms. The fate and transport of chemicals in soil and 
groundwater were qualitatively evaluated for their potential release to the subsurface soil, 
groundwater, runoff to the surface water bodies, or groundwater release to the surface 
water. Section 4 includes a detailed description of the fate and transport analysis of the site 
contamination. 

The primary transport mechanism from sources at SWMU 14 is the leaching of 
contaminants through soil to groundwater, followed by downward-gradient transport in 
groundwater. COPCs in groundwater were evaluated directly from concentrations detected 
in the monitoring wells at the site. A mathematical model was used to estimate the 
concentrations of chemicals volatilizing from groundwater used in showers (hypothetical 
future land use) and volatilization from groundwater in open excavations. 

Fate-and-transport modeling was conducted to determine contaminant concentrations in 
fugitive dust emissions from soil. Transport modeling for chemical volatilization from soil 
was not conducted because there were no volatile constituents selected as COPCs for soil. 

Direct contact with COPCs in soil, groundwater, surface water, or sediment (i.e., ingestion 
or dermal contact) does not require fate-and-transport modeling. ln these pathways, the 
receptor is assumed to be exposed at the location of the source of the COPC. 

Potential Exposure Points and Exposure Routes. Exposure points are locations where 
humans could come in contact with contamination They include the inhalation of fugitive 
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dust at the site, incidental ingestion of (and dermal contact with) soil, groundwater, surface 
water, and sediment, and inhalation of volatiles from groundwater at SWMU 14. 

Potential exposure routes are evaluated for both current and potential future site use. 
Exposure scenarios and potentially complete pathways of exposure quantitatively evaluated 
in this risk assessment are presented in Table 5-3. Figure 5-1 summarizes the conceptual site 
model for SWMU 14. 

Current Site Use. As mentioned earlier, SWMU 14 is currently a vacant grass-covered lot 
sometimes used as a temporary parking lot when the adjacent fats are full. The original 
concrete pad designated as SINMU 14 has been removed; however the existing pad at the 
site occasionally serves as a temporary (c90 days) storage area for IDW from various site 
investigations. Access to the site is not restricted to base personnel. Therefore, the potential 
current receptors include adolescent and adult trespassers as well as site industrial workers 
who may contact the surface soil. 

e Industrial Workers: inhaIation of fugitive dust from surface soil; incidental ingestion of, 
and dermal contact with surface soil. 

0 Trespassers (adolescent and adult): incidental ingestion of and dermal contact with 
surface soil. 

Inhalation of fugitive emissions from surface soil is not expected to result in significant 
exposure to the trespasser due to the short exposure duration at the site, and therefore was 
not quantitatively evaluated in the risk assessment. 

Futz~e Site Use. The projected future use of SWMU 14 is to either develop the property for 
ball fields or pave over the grass field and convert the area into a parking lot. In addition to 
the recreational users, industrial workers visitors/trespassers, and construction workers 
may be exposed to the surface and subsurface soil. These receptors may be exposed to the 
soil (both surface and subsurface soil) through incidental ingestion, dermal contact, and 
inhalation of fugitive emissions. As mentioned above, inhalation of fugitive emissions from 
soil is not expected to result in significant exposure to the trespasser due to the short 
exposure duration at the site, and was therefore not quantitatively evaluated. 

\ 
It is highly unlikely that the site wilI be used for residential purposes in the future; however, 
the residential receptor was conservatively evaluated in this assessment. Residents could be 
exposed to contaminants in soil through incidental ingestion, dermal contact, and inhalation 
of fugitive emissions. 

The groundwater beneath the site is not currentIy used as a potable source. However, 
exposure to groundwater was hypothetically considered as a complete pathway. The 
residents could be exposed to groundwater by inhaling VOCs while showering (ad&s 
only), ingesting groundwater, and having dermal contact with the groundwater while 
bathing (child only). The shower-exposure pathway was evaluated for adults, the bath 
scenario for children- 

Exposure to groundwater was also evaluated for an adult construction worker exposed to 
the shallow groundwater during construction activities. Exposure to the construction 
worker could occur by dermal contact with groundwater, and inhalation of VOCs during 
excavation activities. 
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Potential future recreational site users may contact the surface water and sediment in the 
lagoon and the surface soil on the site. Exposure to the surface water and sediment could 
occur through incidental ingestion and dermal contact and exposure to the soil could occur 
through incidental ingestion and dermal contact. 

In summary, the future land use exposure routes include: 

l Resident (adult and child): inhalation of fugitive dust from surface and subsurface soil; 
incidental ingestion of, and dermal contact with the surface and subsurface soil; 
inhalation of VOCs from groundwater while showering (adults); ingestion of the 
groundwater; and dermal contact with the groundwater while bathing (child). 

l Recreational user (adult and child): incidental ingestion of, and dermal contact with, the 
surface and subsurface soil; incidental ingestion of, and dermal contact with the surface 
water and sediment. 

l Industrial Worker: inhalation of fugitive dust from surface and subsurface soil; 
incidental ingestion of, and dermal contact with surface and subsurface soil. 

l Trespasser (adolescent and adult): incidental ingestion of, and dermal contact with 
surface and subsurface soil. 

e Construction Worker: inhalation of fugitive dust from surface and subsurface soil; 
incidental ingestion of, and dermal contact with surface and subsurface soil; inhalation 
of VOCs from the shallow groundwater; and dermal contact with shallow groundwater. 

5.5.3 Quantification of Exposure 
Exposure is quantified by estimating the exposure point concentrations and chemical 
intakes by the receptor. Quantitative dose (intake) estimations were performed for the 
complete exposure pathways identified for the current and future exposure scenarios and 
routes. The intake estimates are based on exposure factors presented in Appendix F, Table 4. 

5.5.3.1 Exposure Point Concentrations 

Exposure point concentrations (EPCs) are estimated chemical concentrations with which a 
receptor may have contact that are specific to each exposure medium. Exposure point 
concentrations may be directly monitored (i.e., soil concentration) or estimated using 
environmental fate and transport models. For this assessment, fate-and-transport modeling 
was used to estimate constituent concentrations in fugitive dust emissions from soil, in 
vapors volatilized from groundwater used for showering, and in vapors volatilized from 
groundwater in an open excavation. Particulate emission from soil was modeled as 
discussed in USEPA’s Soil Screening Guidance (USEPA, April 1996). Volatilization from 
groundwater while showering was modeled using the Foster and Chrostowski shower 
model. Volatilization from groundwater in an open excavation was modeled using a two- 
film volatilization model and USEPA’s Screen 3 model, as shown in Table 7.33a.RME 
Supplement in Appendix F. 

The reasonable maximum exposure (RME) EPCs were calculated as the 95 percent upper 
confidence limit (95% UCL), the 97.5% UCL, or the 99% UCL of the arithmetic mean 
concentration. The maximum detected concentration was used in place of the appropriate 
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UCL as the EPC when the calculated UCL was greater than the maximum detected value 
and when less than five samples were available for the data grouping. 

ProUCL, Version 2.1 (USEPA, February 20031, was used to calculate the UCLs and 
determine the distribution the data fit. The ProUCL model uses the Shapiro-Wilk W-test to 
determine if the data fit a lognormal or normal distribution for datasets with less than 50 
samples. The distribution that the data fit is then used to chose the method that ProUCL 
uses to calculate the UCL. The recommendations outlined in the ProUCL model 
documentation were used to select the appropriate UCL. For data that were determined to 
fit a normal distribution, the student’s t-statistic was used to calculate the 95% UCL. For 
data determined to fit a lognormal distribution, either Land’s H-statistic was used to 
calculate the 95% UCL, or the Chebyshev Theorem using the MVUE of the parameters was 
used to calculate the 95% UCL or 99% UCL, depending on the standard deviation of the 
population. For data that fit neither a lognormal or normal diibution, the Chebyshev 
Theorem using the arithmetic mean and standard deviation was used to calculate the 95% 
UCL, 97.5% UCL, or 99% UCL, depending on the population standard deviation. For data 
sets that fit both a lognormal and normal distribution, the methods described above for the 
distribution with the higher W-value was used to calculate the UCL. 

The average concen-tration was used as the central tendency (CT) EPC. For data that fit a 
lognormal distribution (based on the discussion above), the average of the log-transformed 
data was used as the CT EPC. For data that fit a normal distribution, the average of the non- 
transformed data was used as the CT EPC. For data sets that either fit both a lognormal and 
normal distribution, or fit neither a lognormal or normal distribution, the distribution with 
the higher W-value was used to calculate the UCL. 

The calculated EPCs are included in Appendix F, Table 3s. 

Both unfiltered and filtered analytical results from the metals analysis of the groundwater 
samples were collected. The unfiltered groundwater data were used in the evaluation for 
the residential scenario because the concentrations of ahmtinum, iron, and manganese in the 
unfiltered samples were not considered to be different from those in the filtered samples 
(USEPA, August 1992). The unfiltered groundwater results were also used for evaluating 
potential exposures to the construction worker. 

5.5.3.2 Estimation of Chemicaf intakes for Individual Pathways 

Chemical intake is the amount of the constituent entering the receptor’s body. Intakes are 
generally expressed as follows: 

Where: 
I= intake (mg/kg-day) 

C= chemical concentration at exposure point @g/L, pg/kg, ug/m3) 

CR= contact rate, or amount of contaminated medium contacted per unit 
time or event (L/day, pg/event, ms/day) 

EF= exposure frequency (days/year) 
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ED= exposure duration (years) 

BW= body weight of exposed individual (kg) 

AT= averaging time, or period over which exposure is averaged (days) 

The intake equation requires specific exposure parameters for each exposure pathway. 
Exposure parameters are often assumed values, and their magnitude influences the 
estimates of potential exposure (and risk). The reliability of the values chosen can aIso 
contribute substantially to the uncertainty of the resulting risk estimates. Many of the 
exposure parameters have default values, which were used for this assessment. These 
assumptions, based on estimates of body weights, media intake levels, and exposure 
frequencies and duration are provided by USEPA guidance and detailed in the consensus 
agreements. other assumptions (e.g., for the sediment scenario) required consideration of 
location-specific information and were determined using professional judgment. 
Appendix F, Table 4s present the exposure factors used for each exposure scenario 
evaluated for SWMU 14. 

For dermal exposure to groundwater, the non-steady state model or pseudo steady-state 
model was used to estimate the dermally absorbed dose per event for organic constituents 
(USEPA, September 2001). If the exposure time (or event time, t event) was shorter than the 
time to reach steady-state (t*), the non-steady state model was used. If t eVent was greater 
than t*, the pseudo-steady state model was used. For inorganics, the absorbed dose was 
calculated using a steady-state approach. For the dermal-contact-with-soil scenario, an 
absorption factor is required. For the dermal-contact-with-water scenario, skin permeability 
rates are required. Both the absorption factors and permeability rates used for this 
evaluation are based on the USEPA’s Risk Assessment Guidancefir Superfhd, Part E, 
SuplemerztczE Guidume:efor Dernml Risk Assessment (USEF’A, September 2001). 

For residential exposure to groundwater and soil, lifetime age-adjusted intakes were 
calculated for carcinogenic constituents. This involved determining age-adjusted factors for 
ingestion, and dermal contact. These factors were calculated using the equations presented 
in USEPA Region III table (USEPA, April 2004) for calcuIating age-adjusted factors and are 
shown in Appendix F, TabIe 4s. 

5.6 Toxicity Assessment 
Toxicity assessment defines the reIationship between the magnitude of exposure and 
possible severity of adverse effects, and weighs the quality of available toxicological 
evidence. Toxicity assessment generaBy consists of two steps: hazard identification and 
dose-response assessment. Hazard identification is the process of determining the potential 
adverse effects from exposure to the chemical along with the type of health effect involved. 
Dose-response assessment is the process of quantitatively evaluating the toxicity . 
information and characterizing the relationship between the dose of the contaminant 
administered or received and the incidence of adverse health effects in the exposed 
population. Toxicity criteria (e.g., reference doses and slope factors) are derived from the 
dose-response relationship. USEPA has performed the toxicity assessment step for many 
chemicals and published the results in the Integrated Risk Information System (IRIS) and 
HeaIth Effects Assessment Summary Tables (HEAST) databases. Toxicity profiles and 
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values are also available from the National Center for Environmental Assessment (NCEA). 
Toxicity &ues from NCEA were used when information was not available from IRIS and 
HEAST. 

Health effects are divided into two broad groups: noncarcinogenic and carcinogenic. This 
division is based on the different mechanisms of action currently associated with each 
category. Chemicals causing noncarcinogenic health effects are evaluated independently 
from those having carcinogenic effects. Some chemicals may produce both noncarcinogenic 
and carcinogenic effects, and are therefore evaluated in both groups. This section discusses 
noncarcinogenic and carcinogenic effects separately, and concludes with a brief discussion 
of the toxicological properties of selected COPC. 

The primary source of toxicity values is the USEPA’s Integrated Risk Information System 
(IRIS) database, which contains up-to-date information on the potential adverse effects of 
chemicals on humans as well as dose-response relationships of these effects which are 
expressed in terms of reference doses (RfDs) and cancer slope factors (CSFs}. The IRIS 
database is the USEPA’s preferred source of toxicity information (USEPA, December 2003). 
In cases where toxicity data was unavailable from IRIS, provisional toxicity data known as 
the Provisiona Peer Reviewed Toxicity Value (PPRTV) deveIoped by the Superfund 
Technical Support Center (STSC) of the National Center for Environmental Assessment 
(NCEA), were used. The PPRTV are developed by the STSC only when specific requests for 
such values are placed with the regional EPA Toxicologist. The third tier of toxicity values, 
after IRlS and PPRTV was the Health Effects Assessment Summary Tables (HEAST), 
provisional toxicity values from NCEA, or other USEPA sources (e.g., thallium RfD). 

5.6.1 Toxicity information for Noncarcinogenic Effects 
Noncarcinogenic health effects include a variety of toxic effects on body systems, such as 
renal toxicity (toxicity to the kidneys) to central-nervous-system disorders. Noncarcinogenic 
health effects can be grouped into two basic toxicity categories: acute and chronic. Acute 
toxicity can occur after a single exposure (usually at high doses), and the effect is most often 
seen immediately. Chronic toxicity generally occurs after repeated exposure (usually at low 
doses) and is seen months or years after the initial exposure. The toxicity of a chemical is 
assessed through a review of toxic effects noted in short-term (acute) animal studies, long- 
term (chronic) animal studies, and epidemiological investigations of exposed human 
populations, typically in the workplace. 

USEPA (December 1989) defines the chronic RfD as an estimate of daiIy exposure that is 
likely to be without appreciable risk of deleterious effects during a lifetime of exposure for 
sensitive subpopulations. Chronic RfDs are specifically developed to be protective for long- 
term exposure to a compound (for example, 7 years to a lifetime), and consider uncertainty 
in the toxicological database and sensitive receptors. Chronic RfDs may be overly protective 
if used to evaluate the potential for adverse health effects resulting from short-term 
exposure. USEPA’s NCEA develops sub-chronic RfDs for short-term exposure (2 weeks to 
7 years). Chronic and sub-chronic RfDs are developed for both the inhalation and oral 
exposures. Sub-chronic RfDs were used for the construction worker scenario because the 
exposure duration is 1 year. 
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In the development of RfDs, all available studies examining the toxicity of a chemical 
foIlowing exposure are considered based on their scientific merit. The lowest dose level at 
which an observed toxic effect is occurring is identified as the “lowest-observed-adverse- 
effect-level” (LOAEL) and that at which no effect is observed is identified as the “no- 
observed-adverse-effect-level” (NOAEL). Several uncertainty factors (UFs) may be applied 
to account for uncertainty. UFs account for uncertain data quality, extrapolation of data 
from animal studies to human exposures, or the use of sub-chronic studies to develop 
chronic criteria. These UFs range between 10 and 10,000, and reff ect the varying degrees of 
uncertainty in the toxicity criteria. 

USEPA-derived oral and inhalation chronic FfDs, and associated UF and modifying factors 
(MF) vaIues, available for the COPCs at the SWMU 14 are listed in Tables 5.1 and 5.2 in 
Appendix F. 

Per USEPA guidance, oral toxicity values (FfDs and SFs) were adjusted from administered 
dose to absorbed dose for evaluating dermal toxicity. The RfD and SF were adjusted using 
oral absorption factors from USEPA (USEPA, September 2001). The adjusted dermal RfDs 
and SFs are summarized in Table 5.1 and Table 6.1 in Appendix F, respectively. 

5.6.2 Toxicity Information for Carcinogenic Effects 
Potential carcinogenic effects quantified as oral cancer-slope factors, inhalation-slope 
factors, or unit-risk factors that convert estimated exposures directly to incremental lifetime 
cancer risks. Cancer slope factors (CSFs) are expressed in units of risk per milligram per 
kilogram (kg) of body weight per day @g/kg-day)-*, and unit risk factors are expressed in 
units of risk per micrograms per cubic meter (pg/m3)-1. 

CSFs may be derived from the results of chronic animal bioassays, human epidemiological 
studies, or both. Animal bioassays are usually conducted at dose levels much higher than 
likely to be encountered in the environment. This design detects possible adverse effects in 
the relatively small test populations used in the studies. A number of mathematical models 
and procedures have been developed to extrapolate from the high doses used in the studies 
to the low doses typically associated with environmental exposures. 

The USEPA-preferred linearized multistage (LMS) model is usually used to estimate the 
largest linear slope (within the upper 95-percent UCL) at low extrapolated doses consistent 
with the data. The 95-percent UCL slope of the dose-response curve is subjected to various 
adjustments, and an inter-species scaling factor is usually applied to derive a cancer-slope 
factor or inhalation unit-risk factor for humans. It is assumed that if a cancer response 
occurs at the dose level in the study, there is some probability that a response will occur at 
all lower exposure levels (i.e., a dose-response relationship with no threshold is assumed). 
Dose-response data derived from human epidemiological studies are fitted to dose-time- 
response curves on an ad hoc basis. In both types of analyses, conservative (e.g., health 
protective) assumptions are applied and the models are believed to provide rough estimates 
of the upper limits on potential lifetime risk 

Exposure is averaged over the average adult Iifetime of 70 years. The actual risks from 
exposure to a potential carcinogen are not likely to exceed the estimated risks, and are 
probably much lower or even zero. USEPA-derived oral and inhalation cancer-slope factors 
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are listed in Appendix F, Tables 6.1 and 6.2, respectively. The adjusted dermal SFs are 
summarized in Appendix F, Table 6.1. 

In addition to deriving a quantitative estimate of cancer potency, USEPA also assigns 
weight-of-evidence classifications to potential carcinogens. Chemicals are classified as 
Group A, Group Bl, Group B2, Group C, Group D, or Group E carcinogens. 

o Group A chemicals (known human carcinogens) are agents for which there is sufficient 
evidence to support the causal association between exposure to the agents in humans 
and cancer. 

l Group B2 chemicals (probable human carcinogens) are agents for which there is limited 
evidence of possible carcinogenicity in humans with sufficient evidence of carcinogenicity 
in laboratory animals. 

l Group B2 chemicals (probable human carcinogens) are agents for which there is 
sufficient evidence of carcinogenicity in animals but inadequate evidence in humans. 

l Group C chemicals (possible human carcinogens) are agents for which there is limited 
evidence of carcinogenicity in animals and inadequate or a lack of human data. 

l Group I? chemicals (not classifiable as to human careinogenicity) are agents with 
inadequate human and animal evidence of carcinogenicity or for which no data are 
available. 

l Group E chemicals (evidence of noncarcinogenicity in humans) are agents for which 
there is no evidence of carcinogenicity from human or animal studies, or both. 

5.6.3 Chemicals for Which No USEPA Toxicity Values are Available 
Most chemicals detected at the site have toxicity factors or appropriate surrogates. In this 
assessment, lead is the only COPC without available published toxicity factors. Lead is 
regulated by USEPA based on blood-lead uptake using a physiologically based pharma- 
kokinetic model referred to as the IEUBK model, in the event of excess lead presence at the 
site, As a screening tool, lead is screened at 400 mg/kg in soil and sediment, and at 15 pg/L 
in groundwater and surface water. 

Residential child exposure to lead was evaluated based on the USEPA’s Integrated 
Exposure/Uptake Biokinetic (IEUBK) model. Lead was detected in surface soil and 
subsurface soil at concentrations that exceed the screening value. Therefore, lead was 
retained as a COPC in both the surface and the subsurface soil and risks associated with 
lead in surface soil and subsurface soil were evaluated using the IEUBK Model for 
residential scenario. 

The average concentration of lead in surface soil was 522 mg/kg and the average 
concentration of lead in subsurface soil was 672 mg/kg. These concentrations are the 
average for each data set, respectively, and are the values that were used in the IEUBK 
model. 

Although blood-lead concentrations are not expected to be above 10 pg/dl, exposure to lead 
in surface soil and subsurface soil could result in more than 5 percent of the population of 
residential children with blood-lead levels above USEPA’s recommended level. 
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5.7 Risk Characterization 
Risk characterization is the process of integrating the previous elements of the risk 
assessment into quantitative and semi-quantitative expressions of risk. The quantification of 
risk is then used as an integral component in remedial decision-making and sefection of 
potential remedies or actions. 

57.1 Noncarcinogenic and Carcinogenic Risk Estimation Methods 
Potential human-health risks are discussed independently for carcinogenic and 
noncarcinogenic contaminants because of the different toxicological endpoints, relevant 
exposure duration, and methods used to characterize risk. The noncarcinogenic health 
impacts from carcinogens are also assessed. 

5.7.1.1 Noncarcinogenic Risk Estimation 

Noncarcinogenic health risks are estimated by comparing actual or expected exposure levels 
to threshold concentrations (or RfDs). The expected intake divided by the RfD is equal to the 
hazard quotient &IQ): 

Hazard Quotient (HQ) = Intake/RfD 

The intake and RfD are expressed in the same units and represent the same exposure period 
(i.e., chronic or sub-chronic). The intake and RfD also represent the same exposure route, 
(i.e., inhalation intakes are divided by the inhalation RfD, oral intakes are divided by the 
oral RfD, and dermal in takes are divided by an adjusted oral RfD). When HQ exceeds unity 
(i.e., exposure exceeds the RfD}, a certain degree of health risk is indicated. To assess the 
potential for noncarcinogenic health effects posed by exposure to multiple chemicals a 
“hazard index” approach is used (USEPA, December 1989) This approach assumes that 
noncarcinogenic hazards associated with exposure to more than one chemical are additive. 
Synergistic or antagonistic interactions between chemicals are not accounted for. The hazard 
index (HI) may exceed unity even if al1 of the individual HQs are less than one. The 
chemicals may then be segregated by similar mechanisms of toxicity and toxicological 
effects, and separate HIS derived based on mechanism and target organs affected. 

5.7.1.2 Carcinogenic Risk Estimation 

The potential carcinogenic effects due to exposure to site-related contamination is evaluated 
by estimating excess lifetime cancer risk. Excess lifetime carcinogenic risk is the incremental 
increase in the probability of developing cancer during one’s lifetime in addition to the 
background probability. For example, the background incidence of cancer in the U.S. 
population is approximately 30 percent (including both lethal and non-lethal forms). 
Therefore, a 2x106 excess lifetime carcinogenic risk means that an individual‘s probability of 
developing cancer in his or her lifetime changes from approximately 0.3OOOOO to 0.300002. 
Or, expressed another way, the incidence of cancer may increase by two cases for every 1 
million people exposed to the carcinogen throughout their lifetimes. 

Potential carcinogenic risks associated with exposure to individual carcinogens were 
calculated using the CSFs from IRIS, PPRTV, NCEA, and HEAST presented in the Toxicity 
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Assessment section and the intakes calculated in the Exposure Assessment section. Risk is 
calculated by multiplying the intake by the C!SF. 

Risk = Intake * CSF 

Potential carcinogenic risks associated with residential exposure to vinyl chloride (a COPC 
for groundwater at SWMU 14) are handled in a different manner than indicated above due 
to the separate CSFs for vinyl chloride for adult exposure and exposure in&ding early life. 
The following equation was used to calculate the carcinogenic risks associated with 
exposure to vinyl chloride for the age-adjusted resident exposed to groundwater. 

Risk= CxlRcxEFxEDcxCSF -t CxfRcxCSF f CxIRaxEFxEDaxCSF 
BPcxAT BWG BFKaxAT 

Where: 
C= chemical concentration in groundwater @g/L.) 

IR= intake rate, c-child, a-adult (L/day) 

CSF = cancer slope factor (0.72 @g/kg-day)-1) 

EF= exposure frequency (days/year) 

ED= exposure duration, c-child, a-adult (years) 

BW= body weight of exposed individual, c-child, a-adult (kg) 

AT= averaging time, or period over which exposure is averaged (70 years x 
365 days/year) 

The combined risk from exposure to multiple chemicals at a site was evaluated by adding 
the risks from individual chemicals. Risks were also added across the pathways, if an 
individual would be exposed through multiple pathways. For example, both the oral and 
dermal pathways could expose a person contacting the soil onsite. 

When a cumulative carcinogenic risk to an individual receptor under the assumed RME 
exposure conditions at the site exceeds 100 in a million (loll excess cancer risk}, CERCLA 
generally requires remedial action to reduce risks at the site (USEPA, March 1991). If the 
cumulative risk is less than 10-4, action generally is not required, but may be warranted if a 
risk-based, chemical-specific standard for example, maximum contaminant level (MCJ-.) is 
exceeded. A risk-based remedial decision could be superseded by the presence of 
noncarcinogenic impact or environmental impact requiring action at the site. 

5,?.2 Risk Assessment Results 
The results of the risk characterization are presented below. Total risks are summarized by 
receptor following the media specific discussions. The risk calculation tables are presented 
in Appendix F, Tables 7s and 8s. A summary of the results by media is shown in Table 5-4 
for the RMEs and Table 5-5 for the CTs. CT risks were calculated only when the RME 
hazards exceeded 1 or the cancer risks exceeded 10-4. 
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5.7.2.$ Surface Soil Exposure 
RME risks estimates for exposure to surface soil were calculated for adult industrial workers 
and adult and adolescent trespassers under current/future site use and for adult and child 
residents, construction workers, and adult and child recreational users under future site use. 
Exposure to surface soil via incidental ingestion, dermal contact, and inhalation of fugitive 
dust was evaluated. Inhalation of fugitive dust was not evaluated for the trespassers, since 
they are assumed to spend n&ma1 time at the site. 

l Current Site Worker (Appendix F, Table 9.1.RME): Based on the hazard and risk 
calculations, exposure to surface soil at SWMU 14 would result in carcinogenic risk 
(3x10-5) that is within the USEPA target carcinogenic risk (10-6 to 10-4) range and total 
noncarcinogenic hazard that is above USEPA’s target HI of one (1.5)‘ although none of 
the individual constituents contribute an HQ above one. The target organ-specific HIS 
are below the USEPA’s target HI of one. 

l Current Trespasser, Adult (Appendix F, Table 9.2.RME): Based on the hazard and risk 
calculations, exposure to surface soil (5x10-6) at SWMU 14 would result in carcinogenic 
risk that is within the USEPA target carcinogenic risk (10-6 to lo*) range and 
noncareinogenic hazard (0.21) below USEPA’s target HI of one. 

l Current Trespasser, Adolescent (Appendix F, Table 9.3.RME): Based on the hazard and 
risk calculations, exposure to surface soil at SWMU 14 would result in a carcinogenic 
risk (3x10-6) that is within the USEPA target carcinogenic risk (lo-6 to 10-4) range and a 
noncarcinogenic hazard (0.29) below USEPA’s target HI of one. 

l Future Resident, Adult (Appendix F, Table 9.4.RME): Based on the hazard calculations, 
exposure to surface soil at SWMU 14 would result in a and noncarcinogenic hazard (1.6) 
above USEPA’s target HI of one, although none of the individual constituents contribute 
an HQ above one. Similarly, the target organ-specific HIS are all below the USEPA target 
HI of one. 

l Future Resident, Child (Appendix F, Table 9.5.RME): Based on the hazard calcuIations, 
exposure to surface soil at SWMU 14 would result in a noncarcinogenic hazard (S.5) 
above the USEPA target HI of one. Iron, thallium, and vanadium are the only 
constituents that contribute individual HQs greater than one. Because the cumulative 
RME hazard exceeded one, a CT hazard was calculated (Appendix F, Table 9.16.CT). 
The CT noncarcinogenic hazard for the child resident (1.5) is greater than USEPA’s 
target hazard index. None of the individual COPCs contribute HQs greater than one. 
The target organ-specific HIS are all below the USEPA target HI of one. 

The principal assumption associated with the use of the IEUBK model is that a child 
from age 0 to 6 years is the receptor for potential exposure to lead in surface soil. 
Appendix F presents the IEUBK resuhs. The IEUBK evaIuation resulted in a geometric 
mean blood concentration of 6.1 micrograms per deciliter @g/dl) for children 0 to 
84 months old as a result of exposure to surface soil, which is below USEPA’s recom- 
mended level of 10 pg/dl. The IEUBK also estimates the percentage of receptors 
estimated to have mean blood-lead Ievels above the acceptable level of 10 pg/dl. 
Approximately 14.8 percent of this population had a blood-lead level above USEPA’s 
recommended level of 10 yg/dl. These results are above USEPA’s threshold level of 
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5 percent or less of the population with blood-lead concentrations above USEPA’s 
recommended level of 10 pg/dl. 

* Future Lifetime Resident (Appendix F, Table 9.6.RME): Based on the risk calculations, 
exposure to surface soil at SWMU 14 would result in carcinogenic risk (5x10-s) within the 
USEPA target carcinogenic risk (lo-6 to 104) range. 

* Future Construction Worker (Appendix F, TabIe 9.7.RME): Based on the risk 
CalcuIations, exposure to surface soil at SWMU 14 would result in carcinogenic risk 
(4x10-6)within the USEPA target carcinogenic risk (106 to 10-4) range. However, the 
noncarcinogenic hazard (3.7) exceeds USEPA’s target HI. None of the individual COPCs 
contribute HQS greater than one nor do the cumulative hazards when summed by target 
organ. Because the cumulative RME hazard exceeded one, a CT hazard was calculated 
(Appendix, F, Table 9.18.CT). The CT noncarcinogenic hazard for the construction 
worker (1.3) is greater than USEPA’s target HI. None of the individual COPCs 
contribute HQs greater than one. 

0 Future Recreational, Adult (Appendix F, Table 9.8.RME): Based on the hazard and risk 
calculations, exposure to surface soil at SWMU 14 would result in carcinogenic risk 
(1x10-5) within the USEPA target (lOa to 10-4) range and noncarcinogenic hazards (0.40) 
below USEPA’s target HI of one. 

l Future Recreational, Child (Appendix F, Table 9-9.RME): Based on the risk calculations, 
exposure to surface soil at SWMU 14 would result in carcinogenic risk (2x10-5) within the 
USEPA target carcinogenic risk (lo-6 to 10-1) range. However, the noncarcinogenic 
hazard (2.7) exceeds USEPA’s target HI. None of the individual COPCs contribute HQs 
greater than one. Similarly, the target organ-specific HIS are below one. Because the 
cumulative RME hazard exceeded one, a CT hazard was calculated (Appendix F, Table 
9.13.CT). The CT noncarcinogenic HI (0.65) for the recreational child is beIow the 
USEPA’s target HI. 

5.7.2.2 Subsurface Soil Exposure 
RME risk estimates for exposure to subsurface soil were calculated for adult industrial 
workers, adult and adolescent trespassers, adult and child residents, adult and child 
recreational users, and construction workers under future site use. It was assumed these 
receptors would be exposed to soil through incidental ingestion, dermal contact, and 
inhalation of fugitive emissions from soil, the last of which was not evaluated for trespassers 
since they are assumed to spend minimal time at the site. Fourteen constituents were 
selected as COPCs based on potential leachability from subsurface soil to groundwater. 
Nine of the f&teen were also detected in groundwater however, there were no 
unacceptable risks. 

l Future Site Worker (Appendix F, Table 9.1O.RME) Based on the risk calculations, 
exposure to subsurface soil at SWMU 14 would result in carcinogenic risk above (3x103 
the USEPA target carcinogenic risk (lo-6 to 10”) range. The carcinogenic risk is mainly 
associated with dermal absorption of benzo(a)pyrene. The noncarcinogenic HI (5.3) 
exceeds USEPA’s target HI. Vanadium is the main contributor and is the only 
constituent that contributes an HI greater than one. Because the cumulative RME hazard 
exceeded one, a ST hazard was calculated (Appendix F, Table 9.14CT). The CT 
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carcinogenic risk (1x10-5) is within the USEPA target (10-6 to 10-4) range. The CT 
noncarcinogenic hazard for the site worker (0.46) is below the USEPA’s target HI of one. 

l Future Trespasser, Adult (Appendix F, Table 9.11.RME): Based on the hazard and risk 
calculations, exposure to subsurface soil at SWMU 14 would result in carcinogenic risk 
(4x10-s) within the USEPA target carcinogenic risk (1W to 10-4) range and noncarcinogenic 
HI (0.68) below USEPA’s target HI of one. 

l Future Trespasser, Adolescent (Appendix F, Table 9.12.RME): Based on the hazard and 
risk calculations, exposure to subsurface soil at SWMU 14 would result in carcinogenic 
risk (2x10-5) within the USEPA target carcinogenic risk (lo-6 to 104) range and 
noncarcinogenic HI (0.85) below USEPA’s target HI of one. 

l Future Resident, Adult (Appendix F, Table 9.4.RME): Based on the hazard calculations, 
exposure to subsurface soil at SWMU 14 would result in noncarcinogenic hazard (5.4) 
that is above USEPA’s target HI of one. No individual COPCs contribute an HQ above 
one to the total HI. Because the cumulative RME hazard exceeded one, a CT hazard was 
calculated (Appendix F, Table 9.15X3’). The CT noncarcinogenic hazard for the adult 
resident (0.94) is below USEPA‘s target HI. 

l Future Resident, Child (Appendix F, Table 9.5.RME): Based on the hazard calculations, 
exposure to subsurface soil at SWMU 14 would result in a noncarcinogenic hazard (22) 
above the USEPA target HI of one. The noncarcinogenic hazard is mainly associated 
with ingestion of antimony, iron, thallium, and vanadium in the subsurface soil. Because 
the cumulative RME hazard exceeded one, a CT hazard was calculated. The CT 
noncarcinogenic hazard for the child resident (2.9) is greater than USEPA’s target HI. 
The target organ-specific HIS are below the USEPA target HI of one. 

The IEUBK evaluation resulted in a geometric mean blood concentration of 7.2 
micrograms per deciliter of blood (pg/dI) f or children 0 to 84 months old as a result of 
exposure to subsurface soil, which is below USEPA’s recommended level of 10 pg/ dl. 
Approximately 24.1 percent of this population is estimated to have a blood-Iead level 
above 10 pg/ dl, which is above USEPA’s recommended level of less than 5 percent of 
the population to exceed 10 pg/dl. 

l Future Lifetime Resident (Appendix F, Table 9.6.RME): Based on the risk calculations, 
exposure to subsurface soil at SWMU 14 would result in carcinogenic risk (6x10-4) above 
the USEPA target carcinogenic risk (104 to 10-1) range. The carcinogenic risk is mainly 
associated with ingestion and dermal contact with benzo(a)pyrene. Because the 
cumuIative RME risk exceeded 10-4, a CT risk was calculated (Appendix F, Table 
9.17.0). The CT risk for the lifetime resident (2x10-s) is within USEPA’s risk range. 

l Future Construction Worker (Appendix F, Table 9.7.RME}: Based on the risk 
calculations, exposure to subsurface soil at SWMU 14 would result in carcinogenic risk 
(2x10-s) within the USEPA target carcinogenic risk (lo-6 to 10-4) range. The noncarcinogenic 
hazard (11) exceeds USEPA’s target HI. Ingestion of antimony, thallium, and vanadium 
and dermal contact with vanadium contribute HQs greater than one to the tota hazard. 
Because the cumulative RME hazard exceeded one, a CT hazard was calculated 
(Appendix F, Table 9.18.CT). The CT noncarcinogenic hazard for the construction worker 
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(2.4) is greater than USEPA’s target HI. None of the individual COPCs contribute HQs 
greater than one. 

0 Future Recreational, Adult (Appendix F, Table 9.8.RME): Based on the hazard and risk 
calculations, exposure to subsurface soil at SWMU 14 would result in carcinogenic risk 
(8x10+) within the USEPA target carcinogenic risk (1W to 10-4) range and noncarcinogenic 
hazards that is above USEPA’s target HI of one (1.3), although none of the individual 
constituents contribute an HQ above one. 

0 Future Recreational, Child (Appendix F, Table 9.V.RlvfE): Based on the risk calculations, 
exposure to subsurface soil at SWMU 14 would result in a carcinogenic risk above 
(1x10-4). the USEPA target carcinogenic risk (LO-6 to 104) range. The carcinogenic risk is 
mainly associated with the ingestion and dermal absorption of benzo(a)pyrene. The 
noncarcinogenic hazard (7.6) exceeds USEPA’s target HI. Thallium and vanadium are 
the only constituents that contribute HQs above one. Because the cumulative RME 
hazard exceeded one, a CT hazard was calculated (Appendix F, Table 9.13.q. The CT 
carcinogenic risk (8.6xlW) is within the USEPA’s target range. The CT noncarcinogenic 
hazard (1.4) for the recreational child exceeds USEPA’s target HI of one. 

5.7.2.3 Groundwater Exposure 

Groundwater beneath the site is not currently used as a potabIe water supply and is not 
anticipated to be used as such in the future. However, the shallow aquifer groundwater data 
was evaluated as a worst-case risk estimate for potable groundwater use at the site in a 
future-residential-exposure scenario. 

Risk estimates for exposure to shallow aquifer groundwater were calculated for the 
hypothetical future child and adult residents. Exposure to the shallow aquifer groundwater 
by a construction worker during excavation was also evaluated as a potential future 
exposure scenario. It was assumed that a residential user would ingest the water, have 
dermal contact while bathing (child only}, and inhale volatile constituents while showering 
(adult only). Future construction workers were evaluated based on exposure via inhalation 
and the dermal contact. The unfiltered groundwater data was used for evaluating potential 
exposures to the construction workers and residents. 

. Future Resident, Adult (Appendix F, Table 9.4.RME): Based on the hazard calculations, 
exposure to groundwater%at SWMU 14 would result in a noncarcinogenic hazard (22) 
above USEPA’s target HI of one. The noncarcinogenic hazard is mainly associated with 
ingestion of I-methylphenol, arsenic, iron, manganese, thallium, and vanadium. Because 
the cumulative RME hazard exceeded one, a CT hazard was calculated (Appendix F, 
Table 9.15CT). The CT noncarcinogenic hazard for the adult resident (5.4) is greater 
than USEPA’s target HI. The target organ-specific HIS for effects to skin, liver, central 
nervous system, and vascular system exceed the USEPA target of one. 

e Future Resident, Child (Appendix F, Table 9.5.lWE): Based on the hazard calculations, 
exposure to groundwater at SWMU 14 would result in a noncarcinogenic hazard (54) 
above USEPA’s target HI of one. The noncarcinogenic hazard is mainly associated with 
ingestion of or dermal contact with 4-methylphenol, dibenzofuran, arsenic, iron, 
manganese, thallium, and vanadium. Because the cumulative RME hazard exceeded one, 
a CT hazard was calculated (Appendix F, Table 9.16). The CT noncarcinogenic hazard for 

WDcO42110014.21P/KTM 5-19 



SWMtlt4 REMEDIAL INYESTIGATION REPORT 

the child resident (15) is greater than USEPA% target HI. Several target organ-specific 
HIS exceed the USEPA target of one (effects to skin;kidney, blood, hair, gastrointestinal, 
liver, central nervous system, immune system, respiratory system, vascular system, and 
whole body effects). 

0 Future Lifetime Resident (Appendix F, Table 9.6.RME): Based on the. risk calculations, 
exposure to groundwater at SWMU 14 would result in carcinogenic risk (7x10-3) above 
the USEPA target carcinogenic risk (104 to 10-4) range. This risk is primarily associated 
with ingestion of and dermal contact with n-nitroso-d-n-propylamine, 
pentachlorophenol, and arsenic in groundwater. Because the cumulative RME risk 
exceeded 10-4, a CT risk was calculated (Appendix F, Table 9.17.CT). The CT risk for the 
lifetime resident (2x103) is also above USEPA’s risk range. 

l Future Construction Worker (Appendix F, Table 9.7.RME): Based on the risk 
calculations, exposure to groundwater at SWMU 14 would result in carcinogenic risk 
(2x10-s) within the USEPA target carcinogenic risk (106 to lW] range. The noncarcinogenic 
hazard (3.1) exceeds USEPA’s target HI. This hazard is mainly associated with dermal 
contact with dibenzofuran, 4-methylphenol, pentachlorophenol, and vanadium 
although none of the individual constituents contribute an HI greater than one. Because 
the cumulative RME hazard exceeded one, a CT hazard was calculated (Appendix F, Table 
9.18.CT). The CT noncarcinogenic hazard for the construction worker (2.9) is greater than 
USEPA’s target HI. The target organ-specific HIS are below the USEPA target HI of one. 

5.7.2.4 Sediment Exposure 

RME risk estimates for exposure to sediment were calculated for adult and child 
recreational users. It was assumed these receptors would be exposed to sediment through 
incidental ingestion and dermal contact. 

0 Future Recreational, Adult (Appendix F, Table 9.8.RME): Based on the hazard and risk 
calculations, exposure to sediment at SWMU 14 would result in carcinogenic risk (3xlW) 
within the USEPA target carcinogenic risk (106 to loll) range and noncarcinogenic hazard 
(0.19) that is below USEPA’s target HI of one. 

l Future Recreational, Child (Appendix F, Table 9.9.RME): Based on the hazard and risk 
calculations, exposure to sediment at SWMU 14 would result in carcinogenic risk (3x10-6) 
within the USEPA target carcinogenic risk (10-6 to 104) range and noncarcinogenic hazard 
(0.44) that is below USEPA’s target HI of one. 

57.3 Background Considerations 
Background concentrations are important considerations when performing a risk 
assessment. The Navy investigated basewide background soil concentrations in 2000, and 
presented the results in Drap Soil Background Investigation Report, Naval Station Norfolk, 
Norfolk, Virginia (CH2MHILL, September, 2000). Non-impacted areas that represent the 
underlying geologic and hydrogeologic conditions were identified for background sampling 
locations. Additionally, areas indicative of anthropogenic background conditions were 
identified, including fill areas composed of dredged sediments and past land use areas 
where pesticides or PAHs may have been used. Forty-five samples each of surface and 
subsurface soil were collected as part of the background study. 
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Statistical analysis using boxplots and the Kruskal-Wallis test showed that metal 
concentrations in native soils were statistically different from soils within the Golf Course 
area. Therefore, 95-percent TJTLs were calculated for each distinct soil type. The 95-percent 
UTLs are presented in Appendix F. The 95-percent UTLs can be compared with 
maximum-detected site concentrations to assess if constituents may be present from 
background or site-related sources. Table F-6-I in Appendix F summarizes the background 
UTLs for each soil type. 

The maximum detected concentrations of all of the risk drivers for surface soil exceed the 
background concentrations. The maximum detected concentrations of all of the risk drivers 
for subsurface soil exceed the background concentrations. 

Background data are not available for the groundwater, surface water, or sediment. 

5.8 Uncertainty Associated with Human Health Assessment 
The risk measures used in site risk assessments are not fully probabilistic estimates of risk 
but are conditional estimates given that a set of assumptions about exposure and toxicity are 
realized. Thus it is important to specify fully the assumptions and uncertainties inherent in 
the risk assessment to place the risk estimates in proper perspective. 

A discussion of the uncertainties associated with the individual components of the risk 
assessment is presented in the following sections. 

58.1 General Uncertainty in COPC Selection 
The uncertainty in sampling and possibility of missing a contaminated location is expected 
tu be minimal at this site because of the amount of sampling data available for the site. The 
quantitative uncertainty associated with the other factors is also minimal, as the data have 
been fully validated prior to use in the risk assessment. 

Comparison of the site data to background data was not used as criterion in selecting the 
COPCs. Therefore, some constituents that have been retained as COPCs and carried 
through the risk assessment may be present at concentrations consistent with background 
conditions at NSN. Section 5.7.4 includes a semi-quantitative comparison of the site soil data 
to background soil data. 

58.2 Uncertainty Associated with Exposure Assessment 
Most exposure pathways analyzed are assumed, and exposure factors used for quantitation 
of exposure are conservative and reff ect worst-case or upper bound assumptions. 

The future soil exposure scenario adds additional conservatism by assuming that the 
subsurface soil will become surface soil during any future construction activities and that 
future receptors may contact what is the current surface and current subsurface soil. During 
many construction projects, clean fill material, such as topsoil, is placed over the soil 
disturbed during excavation projects. The topsoil material is generally needed to support 
growth of grass and other landscape plants. This would decrease the possibility of future 
exposure to both the current surface and subsurface soil after any construction activities. 
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Elevated lead concentrations were randomly detected at locations across the site in surface 
and subsurface soil. However, in many cases the elevated concentrations in surface soil are 
not present in similar concentrations at depth in subsurface soil. Although lead was 
detected at elevated concentrations, it is uncertain if the use of the average concentrations as 
the exposure point concentration to represent lead concentrations in soil across the site, 
since the maximum lead concentration biased the average concentration higher and it is 
known that concentrations are lower at other locations. The use of the average concentration 
overstates potential exposures and associated health risks. 

Inhalation exposure point concentrations are estimated using the models suggested by 
USEPA, which assume a continued source of contaminants in the emitting medium and do 
nut account for the depreciation due to volatilization or air-borne dust emission. The 
inhalation intake estimates a1so assume that a receptor is always in the downwind direction 
of the site, while in reality the wind direction changes seasonally. 

The percentage of a chemical absorbed through the skin is 1ikeIy to be affected by many 
parameters. Some of these include soil loading, soil moisture content, organic content, pH, 
and presence of other constituents. The availability of a chemical depends on site-specific 
fate and transport properties of the chemical species available for eventual absorption of 
skin. Chemical concentrations, specific properties of the chemical, and soil release kinetics 
all impact the amount of a chemical absorbed. These factors contribute to the uncertainty 
associated with these estimates and make quantitation of the amount of certain chemica1s 
absorbed from soil difficult. 

5.8.3 Uncertainty Associated with Toxicity Assessment 
Uncertainty associated with the noncarcinogenic toxicity factors (RfDs) are included in 
Appendix F and Tables 5.1 and 5.2. The uncertainty associated with CSFs is mostly 
associated with the low dose extrapolation where carcinogenic@ at low doses is assumed to 
be straight-line responses. This is a conservative assumption, which introduces a high 
uncertainty into slope factors from this extrapo1ated area of the dose-response curve. 
However, most of the experimental studies indicate existence of a threshold for 
carcinogenicity . 

Carcinogenic slope factors developed by the USEPA represent upper bound estimates. Any 
carcinogenic risks generated in this assessment should be regarded as an upper bound 
estimate, rather than an accurate representation, of the potential carcinogenic risks. The true 
carcinogenic risk is likely to be less than the predicted value. 

There is uncertainty associated with the derivation of the total dioxin equivalents and the 
method used to estimate both EPCs and toxicity. The TEF method used to estimate total 
dioxin equivalents from the seventeen congeners analyzed for in groundwater is based on 
one biological response (the Ah-receptor) that results in certain toxic effects from exposure 
to dioxins. While this approach is widely adapted by scientific agencies worldwide, it does 
limit the basis for toxicity to one set of toxicological responses. While this approach has been 
described as a “conservative, order of magnitude.estimate” of ‘the TCDD dose, recent 
experimental studies examining both environmental mixtures and laboratory-defined 
mixtures suggest the TEF method is accurate and may not be as conservative as described 
(EPA, September 2000). Therefore, the quantitative estimates of dose and risk associated 
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with exposure to total dioxins should be interpreted carefully and with consideration of the 
uncertainty and limitations of this method. 

Provisional toxicity values were applied in the HHRA for several constituents including 
aluminum, iron, and others as indicated in Appendix F, Tables 5s and 6s. These values are 
provisional because the EPA has not agreed upon the exact dose-response information fhaf 
should be used to estimate toxicity or carcinogenicity to exposed humans. Therefore, 
additional uncertainty is associated with the quantitative risk estimates for these 
constituents. 

Additional uncertainty is in the prediction of relative sensitivities of different species of 
animals and the applicability of animal data to humans. 

58.4 Uncertainty in Risk Characterization 
The uncertainties identified in each component of risk assessment ultimately contribute to 
uncertainty in risk characterization. The addition of risks and HIS across pathways and 
chemicals contributes to uncertainty based on the interaction of chemicals such as 
additivity, synergism, potentiation, susceptibility of exposed receptors, etc. 

5.9 Human Health Risk Assessment Summary 
This baseline risk assessment was conducted to evaluate the potential human-health risks 
associated with the presence of site-related soil, groundwater, surface water, and sediment 
contamination at NSN SWMU 14. This risk assessment quantifies potential human-health 
risks at SWMU 14 under current conditions and under potential future use scenarios, if no 
additional remediation is implemented. 

Appendix F, Tables 9.1.RME through 9.12.RME summarize the RME total potential risks to 
each receptor. Appendix F, Tables 9.13.CT through 9.18.CT summarize the CT total potential 
risks to eaeh receptor that had risks that exceeded an HI of one or a carcinogenic risk of 
1x10-4. 

There are no risks or target organ-specific hazards that exceed USEPA target levels for the 
site worker or trespasser under current site use. The following receptors had total RME 
noncarcinogenic hazards or carcinogenic risks that exceeded USEPA’s target levels: 

l Future site worker exposed to subsurface soil 
l Future adult resident exposed to subsurface soil and groundwater 
l Future child resident exposed to surface soil, subsurface soil, and groundwater 
Q Future lifetime resident exposed to subsurface soil and groundwater 
0 Future construction worker exposed to surface soil, subsurface soil, and groundwater 
* Future recreational child exposed to surface soil and subsurface soil 

Metals detected in the soil are the main contributors to the noncarcinogenic hazard 
associated with exposure to surface soil (thallium and iron) and subsurface soil (antimony, 
arsenic, iron, manganese, thallium, and vanadium). There are no carcinogenic risks that 
exceed USEPA target levels in the surface soil. The main contributor to the carcinogenic risk 
in subsurface soil is benzo(a)pyrene. A comparison of the maximum detected concentrations 
and 95-percent UCLs of the metals to the background UTLs does not indicate that the site 

WDC0421100t4..aPKTM S-23 



SWMU 14 REMEDtAl INVESTlGhTK)N REPORT 

metals concentrations are similar to those of background metals. Therefore, based on this 
comparison, the cakulated risks are probably site- and not background related. The main 
contributor to the subsurface soil carcinogenic risk is benzo(a)pyrene. 

The main contributors to the groundwater noncarcinogenic hazard are 4methylpheno1, 
dibenzofuran, arsenic, iron, manganese, thallium, and vanadium; and the main contributors 
to the carcinogenic risk are n-nitroso-di-n-propylamine, pentachlorophenol, and arsenic. 

Since elevated lead concentrations in soil are randomly distributed across the site 
independent of depth, EPCs used to evaluate risks are biased high by specific locations that 
are not indicative of site-wide concentrations. Therefore, risks estimated for residential 
children from exposure to lead in soil are overstated in this risk assessment. 
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Table 5-l 
Summary of Data used in Baseline Risk Assessment 

SWMIJ 14 
NSN. Norfolk, VA 

Date of Sample 
Medium Sampling Locatiins I Parameters 

roundwater 

I 1/5/2oW 
1~l2ocl0 
112M10 
ll7l2000 
1/7/2000 
1/5/2000 
li512cuJo 
l/5/2000 

9/Z/2000 
1 W612002 

1/4/2w0 
KZ/16/2002 
S/26/2000 
62H612002 
9127l2ooo 
9/27/2UC@ 
9/26/2OOg 
912612000 
9/27/2000 
9127KXtOg 
22i1612002 
B/24/2001 

8/24/2001 
8/24/2OfJl 
B/2412001 
8/.24/2oa1 
1211612OCI2 
12/16/2002 

T 
NBW14-MWOlS-ROl 
NBWIBMWO2S-ROI 
NBW%MW03S-R01 
NBW14-MWO4S-ROl 
NBWldMWO5S-RO1 
NSW14MW06S-ROI 
NBW14-MWO?S-ROl 

NBW14-MWO7S-P-ROl= 
NBWl4-MW07S-RD2 
NBW14-MW07S-RO3 
NBW14-MWOBS-ROt 
NBWl4-MW08S-R03 
NBW14-MWOSS-ROI 
NBWl4-MW06S-R03 
NBWU-MWI IS-R01 
NBW14-MW12SROI 
NBWGI-MW13S-ROl 

NBWI4-MW13S-PROlb 
NBW14-MWl4S-ROl 
NBWldMWl5S-RO’t 
NBW14-MW15SR03 
NBW14-MWIGS-ROI 

NBWI4-MWIGS-P-ROIC 
NBW14-MWl7SROl 
NBW14-MWl8S-ROl 
NBWICMWlSS-ROI 
NBW14-MW19S-R03 

NBW14-MW1SSP-R03d 

VOC, SVOC, PestlPCBs, inorg, Fmetats 
VOC, SVOC, PesUPCBs, berg, Fmetais 
VOC, SVOC, Pest/PCBs, inorg, Fmetafs 
VOC, SVOC. PesvPCSs, inorg, Fmetals 
VOC, SVOC, PesUPCBs, inorg, Fmetals 
VOC, SVOC, PestIPCBs. inorg, Fmetals 
VOC, SVOC, PesUPCBs, inorg, Fmetals 
VOC, SVOC, PesUPCBs, inorg, Fmetals 
VOC, SVOC, PesUPCBs, inorg, Fmetals 
VOC, SVOC, PesVPCBs, inorg, Fmetals 
VOC, SVOC, PesVPCBs, inorg, Fmetals 
VOC, SVOC, PesVPCBs, tnorg. Fmetals 
VOC, SVOC, Pest/PCBs, inorg. Fmetats 
VOC, SVOC, PesffPCBs, inorg, Fmetafs 
VOC, SVOC, PesVPCBs. inorg, Fmetals 
VOC, SVOC, PestiPCBs, inorg, Fmetals 
VOC, SVOC, PesVPCBs, inorg, Fmetats 
VOC. SVOC, PesVPCBs, inorg, Fmetalr 
VOC, SVOC, Pest/PCBs, inorg, Fmetais 
VOC, SVOC, PesVPCSs, tnorg, Fmetals 
VOC, SVOC, PesVPCBs, inorg, Fmetals 
VOC, SVOC, Pest(PCBs, inorg. Fmetais 

VOC, SVOC, PesUPCBs, inorg, Fmetals 
VOC, SVOC, Pest/PC&, inorg, Fmetals 
VOC, SVOC, PesffPCBs, inorg, Fmetals 
VOC. SVOC, PestK’CBs, fnorg, Fmetafs 
VOC. SVOC, PesVPCBs, inorg, Fmetals 
VOC, SVOC, PestIPCBs, inorg. Fmetals 

Oil 
urface Sol 

I 

9/30/1939 
9/3a11999 
9/30/1999 
9/30/1339 
9130/1999 
10/111999 
101111999 
101111993 
9owt999 
10/1/l933 
10/1/1999 
80/l/1993 
60/l/1999 
101111939 
10/1/1999 
1011/1999 
101111999 
101111933 

10/1/1999 

10/1/1999 
9/l g/2000 
~fllf2009 
911112000 
9/11M000 
9/1112000 
S/I l/2000 
9/15/2000 
Sf~5/2000 
Sf 1 l/2000 
9fl l/2000 
9/12/2000 

NBWl4-DSOI-OD 
NBW14-DSO2-00 
NBWl4-DS03-00 
NBW14-DSO4-00 
NBWT4-DSCG00 
NBWl4-DS06-00 
NSW14-DSO7-00 
NBW14-DS06-00 
NSWl4-DS09-00 
NBWl4DSlO-00 
NBW14DSll-00 
NBWl4-DS12-00 
NBW14-DS13-00 
NBWl4-DS14-00 
NSWl4-DS15-00 
NBW14-DS16-00 
NBW14-DS17-00 
NBW14-DSIB-00 

NBW14-DS16P-OOe 

NBW14-DS19-00 
NBW14-DS20-00 
NBW14DS21-tXI 
NBW14-DS22-00 
NBW14-DS23-06 
NBW14-DS24-00 

NBW14-DS24-P-00’ 
NBW14-DS25-00 

NBW14-DS25P-OOg 
NBW14-DS26-00 

NBW14-DS26-P-O@ 
NBW14-DS27-00 

SVOC, PesUPCBs, inorg 
SVOC, PesVPCBs, inorg 
SVOC, PestlPCBs, inorg 
SVOC, PestlPCBs, inorg 
SVOC, PestlpCBs, inorg 
SVOC, PesUPCBs, inorg 
SVOC, PesUPCBs, inorg 
SVOC, PestIPCBs, inorg 
SVOC, PestlPCBs. inorg 
SVOC, PesUPCBs, inorg 
SVOC, Pest/PCBs, inorg 
SVOC, PesVPCBs, inorg 
SVOC, PesVPCBs, inorg 
SVOC, Pest/PCBs, inorg 
SVOC, PesVPCBs, inorg 
SVOC, PesUPCBs, inorg 
SVOC, PestlpCBs, inorg 
SVOC, PestiFCBs, inorg 

SVOC, PesVPCBs. inorg 

VOC, SVOC, PssUPCSs, inorg 
VOC. SVOC. PestIPCBs, inorg 
VOC, SVOC, Pest/PCBs, inorg 
voc, svoc, PestiPCBs, tnorg 
VOC, SVOC, PesUpCBs, inorg 
VOC, SVOC, PesUPCBs, inorg 
VOC, SVOC, PesVPCBs. inorg 
VOC, SVOC, PesUPCSs, inorg 
VOC, SVOC, PssWPCBs, inorg 
VOC, SVOC, Pe@PCBs, inorg 
VOC, SVOC, PestiPCBs, inorg 
VOC. SVOC, PesUPCBs, inorg 

- 
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swMlll4 
NSN, Norfolk, VA 

Sample 

Table 5-I 
Summary of D&a used in &?line Rtsk Assessment 

Medium 
aface Soil 
Co&d) 

Date of 
Sampling 
sml2ooo 
9111/2000 
9m!l2000 
912012000 
9/l2/2000 
9/12l2000 
Q/1212000 
9ilZ2OOO 
9/20/2000 
9mQ.ooo 
9/19mo 
812112001 
8/21/2001 
8/21/2001 
8/22/2001 
8/21/2001 
8/21/2OUl 
8/21/2001 
812112001 
8121QOOl 
8/21/2001 
8/21/2001 
8/21/2c-O1 
8/21/2001 
8/21/2001 
812112001 
8/2112001 
8/21/2001 

12/17/2002 
12l17l2002 
12ll7t2002 
12/17/2002 
12117/2002 

ubsurface Soil 1 9130/1999 

9/30/1999 
9/30/1999 
9/30/1399 
913011999 
9/30/1999 
10/111999 
101111999 
10/f/1999 
10/1/1999 
10/2/1999 
10/1/?999 
10/1/1999 
101111999 
10l1MQ99 
101111999 
10/111999 
10/1/1999 
10~111999 
lo/v1999 
10/1~1999 
Ql?8/2000 
S/19/2000 
S/12/2000 
911 l/2000 
9/l 1/2000 
S/12/2000 
9ml2ooo 
9~~2/2000 
S/12/2000 
S/20/2000 
S/12/2000 

Locatiom 
NBW14-DS2850 
NBW14-DS2950 
NBW14-DS3050 
NBW14-DS31-00 
NBWt#S32-00 
NBW14-DS33-00 
NBW14-DS34-00 
NBWl4-DS3550 
NBW14-DS36-00 
NBWM-DS3750 
NBW14-DS3850 
NBW14-DS4CMIO 
NBWl4-DS4150 
NBW14-DS42-00 
NBW14-DS4350 
NBW14-DS4450 
NBW14-DS4550 
NBWM-DS46-00 
NBWM-DS47-00 

NBW14-DS47-P-00’ 
NBWM-DS48-00 
NBW14DS49-00 

NBW14-DS4!J-P-O0i 
NBWl4-DS51-00 
NBW145S52-00 
NBW145S53-00 
NBW14-DS64-M) 

NBW14-DS54-P-00’ 
NBWl4-SSOS 

NBW14-SSOS-P 
NBWIIESSIO’ 
NBW14-SSI I 
NBWM-SS12 

NBWM-DSOIM 
NBWMUSO2-02 
NBW?COS0352 
NBW$4-DSO4-02 
NBW14DS06-02 

NBW14-DS05P-02’ 
NBW14-DSO8-02 
NBW14DS07-02 
NBW14-DSO8-02 
NBW14-DSOQ-02 
NBWG&DS?O52 

NBW14-DSlOP-02” 
NBW14-DSI I-02 
NBW14-DS12-02 
NBW14DSl3-02 
NBWM-LX1452 

NBWl4-DS?4P-02” 
NBW14-DSIC02 
NBW24-DS1602 
NBW14-E&17-02 
NBW145S18-02 
NBWM-DSIS-06 
NBW14-DS2Q53 
NBW14-DS21-05 
NBWl4-DS24-05 
NBWl4-DS2608 
NBWl45S2F04 
NBWl45S28-03 
NBW14-DS29-08 
NBWldDS30-03 
NBW’i4-DS31-04 
NBW?4-DS32-04 
NBWl4-DS3353 

P-ters 
VOC, SVDC, PesUPCBs, inofg 
VOC, SVOC. PesUPCBs, inorg 
VOC, SVOC, PesflPCBs, inai 
VOC, SVW, PesWCSs, inorg 
VOC, SVOC, PeetIPCBs, inorg 
WC, SVOC.. PestFCt3s, inorg 
VOC, SVOC, PesfIPCBs. inorg 
VOC, SVOC, PestiPCBs, inorg 
VOC, SVOC, PesWPCBs, inorg 
VOC, SVOC. PffiffPCBs, inorg 
VOC, SVOC, PesttPCBs, inorg 
VOC, SVOC. PesUPCBs. inorg 
VOC. SVOC. Pest/PCBs, inorg 
VOC, SVOC, PesUPCBs, inorg 
VOC, SVOC, PestiFCBs, inorg 

Dioxins,futans 
Diixins,furans 
Diixins,fllrans 
Diixins,furans 
Diixins,furans 
Diixins,furans 

VOC, SVOC, PestAXBs, inorg 
VOC, SVDC, PesffPCBs, inorg 
VOC, SVOC, Pe.st/PCBs, inarg 
VOC, SVOC, PesVPCBs, inorg 
VOC, SVOC, PesVPCBs, inorg 
VOC, SVOC, PesVPCBs, inorg 
VOC, SVOC, PesffPCBs, inorg 

Lead 
Lead 
Lead 
Lead 
Lead 

SVOC, PestRCBs, inorg 
SVOC, PesUPCBs, inorg 
SVOC, PastIPCBs, inorg 
SVOC, FesVPCBs, inorg 
SVOC, PestlPCBs, inorg 
SVOC, PestlPCBs, inorg 
SVOC. PesttPCBs, inorg 
SVOC. PestiPCBs, inorg 
SVOC. PesvPCBs, inorg 
SVOC, PesfiPCBs, inorg 
SVOC. PestlpCBs, inorg 
SVOC, P&/PCBs, inorg 
svoc, PesmCBs, ino&! 
SVOC, Pest/F’CBs, inorg 
SVOC, PesVPCBs, inorg 
SVOC. PesJKXBs, inorg 
SVOC, PesVPCBs, inorg 
SVOC, PestlPCBs, inorg 
SVOC, PestmCBs, inorg 
SVOC, PesUPCBs, inorg 
SVOC, PesVPCBs, inorg 

VOC, SVDC, Pest/PCBs, inorg 
VOC, SVDC, Pest/PCBs, inorg 
VOC, SVOC, PesvPCBs, inorg 
VOC, SVOC, PestlPCBs, inorg 
VOC, SVOC, Pest/PCBs, inorg 
VOC. SVOC. PesvpCBs, inorg 
VOC, SVOC, PesVPCBs, irtorg 
VDC, SVOC, PesUPCBs. inorg 
VOC, SVOC, PastiPCBs, inorg 
VOC. SVOC. PestlPCBs, inom 
VOC; SVOC; PesVPCBs, ino 
VOC, SVOC, PestlPCBs, inorg 
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Medium 

Table 5-1 
Summary of Data used in Baseline Risk Assessment 

SWMU 14 
NSN, Norfolk, VA 

Dateof 1 Sample 
Samrding I 
9/12/2000 I 

Locations 
NBW14-DS34-05 

9/12/2000 
9/1912000 
8/21/2001 
812112001 
8121~2001 
8/21/2001 
8/20/2001 
8~2012001 
8/20/2001 
8/20/2001 
812012002 
8/2112001 
8/21/2OOi 
8l21l2001 

NSWM-DS3505 
NBWM-DS36-09 
NBWldDS37-06 
NBW14-DS38-03 
NBWM-Ds40-07 
NBW14DS41-05 
NBW14-DS42-66 
NBW14-DS43-07 
NBW14DS44-08 
NBW14-DS46-05 
NBW14-DS46-06 
NBW14-DS47-04 
NBWl4DS48-06 
NBWl4-DS49-0% 
NBWl4.DS51-07 
NBW14-DS53-07 
NBW14-DS54-05 

Parameters 
VOC. SVOC, PesVPCBs, inom 
VOC, SVOC, Pest/PCBs, hoti 
voc, svoc, PestiPcSs, inarg 
VoC, SVOC, Pest&‘CBs, inorg 
VOC, SVOC, Pest/PCBs, inorg 
voc, svoc, PeswCl3s. inorg 
VOC, SVOC. PestFCBs, incrg 
voc, svoc, Pest/PCS% iflorg 
VOC, SVOC, PesVPCBs, inorg 

Dioxins,furam 
Diixins,furans 
Dioxinslrans 
Dioxinqfurans 
DiiinsLrans 

VOC, SVOC, PesUPCBs, inorg 
WC, SVOC. Pest/PCBs. inorg 
VOC, SVQC, PestIPCBs, inorg 

Notes: 
VOC - volatile organic constituents 
SVOC - semivoktik organic constituents 
PestlpCBs - PeSicideslPolychtortinated Biphenyk 
inorg - inorganic constituents including cyanide 
Fmekk -dissolved inorganic constih~erd (groundwafer) 
a. Duplicate of NSWl4-MWO7S-ROI 
b. Duplicate of NBW14-MWlBS-ROI 
c. Duplicate of NBWGI-MWIGS-ROI 
d. Duplicate of NBW14-MWISS-R03 
e. Duplicate of NBW14-DS18-00 
f. Duplicate of NBW14DS24-00 
g. Duplicate of NBW14-DS25-00 
h. Duplicate of NBW24-DS26-00 
i. Duplicate of NBW14-DS47-00 
j. Duplkde of NBW14-DS49-00 
k. Duplicate of NBW14-DS64-00 
1. Duplicate of NBW14-OS0502 
m. Duplicate of NBW14DSlO-02 
n. Duplicate of NBW14-DSl4-02 
o. Duplicate of NBW14-SD01 
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Tabfe 5-2 

Summary of Chemicafs of Potential Concern for the HHRA 
SWfwJ 14 

NSN, Norfolk, VA 

Groundwater Surface Soil I Subsurface Soil Sediment 

1,1,2-Trichloroethane Benzo(a)anthracene Benzene Arsenic 

1,2Dichlofopropane Benzo(a)pyrene Methyfene Chloride Iron 

Benzene Benzo(b)ttuoranthene 1,2+Tdchlombenzene Vanadium 

Chlorobenzene Dibenz(a,h)anthfacene 2-Methylnapthalene 

Chloroethane lndeno(l,2,3-@pyrene Acenapthene 

Chloroform Aroclor-1264 Acenapthylene 

Vinyl chloride Aroclor-1260 Anthracene 

Xylene, total Dteldrin Benzo(a)anthracene 

l,l-Biphenyl 2,3,7,8-TCDR (dioxin equivalent) Benzo(a)pyrene 

1,4-Dichlorobenzene Aluminum Benzo(b)guoranthene 

2&Dichlorophenol Antimony Benzo(k)tluoranthene 

2,CDimethylphenol Arsenic Carbazole 

2-Methylnaphthalene Barium Chrysene 

2-Methyfphend Cadmium Dibenz(a,h)anthracene I 

4-Methylphenol Chromium Dibenzofuran 

Acenaphfhene Copper Fluorene 

Acenaphthylene Iron lndeno(l,2,3-cd)pyrene 

Carbazole Lead Napthalene 

Dibenzofuran Manganese Phenanthrene 

Fluorene Mercury Pyrene 

Naphthalene Nickel Aroclor-$242 

Pentachlorophenol Thallium Aroclor-1248 

Phenanthrene Vanadium Aroclor-1264 

n-Nitroso-di-n-propylamine Zinc Aroclor-2260 

Aldrin Aklrin 

Dieldrtn Diefdrin 

Heptachlor epoxide Endrin Ketone 

atpha-BHC alpha-BHC 

b&&HC beta-BHC 

delta-BHC 2,3,7,8-TCDD (dioxin equivalent) 

gamma-BHC (Lindane) Aluminum 

Antimony Antimony 

Arsenic Arsenic 

Barium BariUm 

Cyanide Cadmium 

Iron Chromium 

Manganese Copper 

Thallium Iron 

Vanadium Lead 
Manganese 

Mercury 
Nickel 

Selenium 
Silver 

Thallium 
Vanadium 

Zinc 



Table 5-3 
Potentially Complete Human Health Exposure Pathways 

Conceptual Site Model 
SWMU 14 

NSN. Norfolk, VA c 
Pathway 

Contaminated Potentially Exposed Exposure Route Selected for 
Land Use Media Populations (Human Health) Evaluation Rationale 

:urrent 

TrepassersMsitors - 
Ingestion, dermai 

Industrial Surface Soil 
Adolescents and Adults 

contact, and Yes People trespassing on site may incidentally ingest surface soil and 
inhalation have exposed skin surfaces come into contact with surface soil. 

Ingestion, dermal Industrial site workers on site may incidentally ingest surface soil, ha\, 
Surface Soil Adult Worker Yes contact, and exposed skin surfaces come into contact with surface soil, and inhair 

inhalation particulate emissions from surface soil while working. 

uture 

Surface and 
Ingestion, dermal Residents could incidentally ingest soil, have exposed skin surface 

Subsurface Soil 
contact, and Yes 

Residential 
areas come into contact with soil, and inhale particulate emissions 

Residents - Adults and inhalation from the site. 
Children ingestion, dermal 

Groundwater contact, and Yes Although unlikely, groundwater could be used as a future potable 

inhalation water supply. 

Surface and 
Ingestion, dermal Industrial site workers on site may incidentally ingest soil, have 

industrial 
Subsurface Soil Adult Worker contact, and Yes exposed skin surfaces come into contact with soil, and inhale 

inhalation particulate emissions from soil while working. 

Surface and Ingestion, dermal 
Yes Construction workers could tncidentaliy ingest soil, exposed skin 

Subsurface Soil contact, and surface areas could come into contact with soil, and they may inhale 
Construction Worker inhalation the particulate emissions from the site during excavation activities. 

Construction workers could have exposed skin surfaces come into 
Groundwater Dermai contact Yes contact with groundwater and inhale voiatiies from groundwater durin! 

and inhalation construction or excavation activities. 
Surface and TrepassersNisitors - ingestion and 

Yes 
People trespassing on site may incidentally ingest soil and have 

Subsurface Soil Adolescents and Adults dermal contact exposed skin surfaces come into contact with soil. 
Surface and ingestion and 

Yes 
People recreating on site may incidentally ingest soil and have 

Subsurface Soii ~- Recreational - Adults and dermai contact 
Recreational 

exposed skin surfaces come Into contact with soil, 

Surface Water and Children People recreating on site may incidentally ingest surface water and 

Sediment 
Ingestion and Yes 

dermal contact 
sediment and have exposed skin surfaces come into contact with 

surface water and sediment. 



Table 5-4 
Summary of Media-Specific Risks and Hazards 

SWMU 14 
Naval Station Norfolk _.... - ._ _ 

anlhracene, Dioxin 

Groundwater Ingestion 
Dennal Contact 
Inhalation 

NA 
NA 
NA 

Arsenic, iron, Manganese, 
20 Vanadium 

0.97 
0.39 rl 

II ITotal 1 NA 1 I I I 22 1 
I I I I I II 

Future 
Resident-Child 

I 

All Media Total NA 29 
Surface Soil Ingestion NA 7.7 lron,Thallium 

Dennal Contact NA 0.81 
Inhalation NA 0.030 
Total NA I 8.5 

I I I I I tAntimonv. Iron. Thallium. 11 
Subsurface 
SOil 

Ingestion 
Derrnal Contact 
Inhalation 
Total 

NA 19 
NA 3.6 
NA 0.044 

NA 23 

Vanadium 
Vanadbm 

Dibenzofuran, 4-Methylphenol, 
Arsenic, Iron, Manganese, 

Groundwater Ingestion NA 47 Thallium,Vanadium 

Dennal Contact NA 6.3 I-Methylphenol, Dibenzofuran 
Inhalation NA NA 

Total NA 

I. I I I’ I I I ~~~ II 

Page 1 Of 4 



Table 5-4 
Summary of Media-Specific Risks and Hazards 

SWMU 14 
Naval Station Norfolk 

urs 

sident - Lifetime 

Surface Soil inaestion 

Dermai Contact 
inhalation 
Total 

Subsurface ingestion 

Soil Denal Contact 
Inhalation 
Total 

Groundwater ingestion 

Dermai Contact 

inhalation 

Total 

2.1E-05 Arsenic 

3.2E.05 Arsenic 
64E-06 
.%QE-05 

Benzo(a)anthracene, 
Benzo(b)ftuoranthene, 
Dibenz(a,h)anlhracene, Dioxin 
equivalent, lndsno(l,2,3- 

4.1E.04 Benzo(a)pyrene cd)pyrene, Arsenic 
Benzo(a)anthracene, 
Benzo(b)fluoranthene, 

1.8E-04 Benzo(a)pyrene Dibenz(a,h)anthraoene 
9.2E.06 
6.OE.04 

Pentachlorophenoi. n- 
Nitroso-di-n-propylamine, 

z.oE-03 Arsenic Vinyl chloride, Carbazole 

n-Nitroso-di-n-propyiamine, 
S.OE-03 Pentachtorophenoi 

__ 

7.1E-03 

Dibenz~a,h)anthracene, Dioxin 
equivalents NA 
Benzo(a)pyrane, 
Dibenz(a,h)anthracene. Dioxin 
equivalents NA 
Chromium NA 

NA 

Benzo(k)fluoranthene, Arclor 1260 NA 

Indeno(l,Z,Scd)pyrene, Arcior 1260, 
Dioxin equivalent, Arsenic NA 
Chromium NA 

NA 
1,4-Plohiprobenzne; Disldrtn: 

Heptachior spoxide: Benzene: aipha- 
BHC, Aidrtn, beta-BHC NA 
Vinyl chloride, 1.4-Dichiorobenzene. 
carbozole, Dleidrtn. Heptachlor 
apoxide, alpha-BHC NA 

Chloroform, Vinyl chloride. 1,4- 
Dtohiorobenzene, Benzene NA 

NA 

d 

mstruction Worker 

Benzo(a)anthraoene, Banzo(a)pyrene, 
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Table 5-4 
Summary of Media-Specific Risks and Hazards 

SWMU 14 
Naval Station Norfolk 

)anthracene, Dioxin 
e, Afeenic, Indeno(l,2,3- 

- 
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Table 5-4 
Summary of MediaqSpecific Risks and Hazards 

SWMU 14 
Naval Station Norfolk 

I Indeno(l,2,3-cd)pyrene, 

NA - Nat applicable, pathway incomplete. 



Table 5-5 
Summary of Media-Specific Risks and Hazards -Central Tendency 

SWMU 14 
Naval Station Norfolk, Norfolk, VA 

Tota. , ,.,, , I 
Subsurface in estion 

~D~mair--~-.. ! 
MA 1 

Soil . . . ! 
, n*n , 
1 0.25 1 . __- . 

inhalation 1 NH I I I 
1 NA 1 

1 NA t 
Total 

Groundwater I . . . I 
I 0.94 1 . .- . . 

Dermai 1 
inhaiatio.. 

Total 

I (4.metnyipnenol 
1 CT& 1 
I NA I . . . 

NA 5.4 

Future 
Resident - Child 

Ail Media 
Surface Soil 

Subsurface 
Soil 

Groundwater 

Total 
ingestion 
Dennai Contact 
inhalation 
Total 
Itrgestlc” 
DeFmai 

I. 

Contact 
inhalation 
Total 

ingestion 
Dermai Contact 
inhalation 

NA 6.3 
NA 1.2 
NA 0.26 
NA NA 1 
NA I 1.5 1 
MA “3 I’ 
I”,7 

NA 
NA 
NA 

NA 
NA 
NA 

ofi 
NA 
2.9 

11 
4.2 
NA 

4.Memylphenol, Arsenic, 
Thallium, Iron, Manganese 
Dibenzofuran 

II t ITotal 1 NA I I I 
I 

1 15 1 
I I I I 

I I 1 20 1 
I ‘NA t 

t 

Benzo(a)pyrene, Arsenic, Dioxin 
equivalents 
Benzo(a)pyrene 

, ,... , 
NA 
NA 
NA 

NA 
NA 
NA 

Future 
Resident - Lifetime 

Ail Me 
Surfat t - 

Dermal Contact 
inhalation 
Total 

I In-Nitroso-di-n-uropylamine,I IHeotachior eooxide: Benzene: aloha- I ----- 
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Table 5-S 
Summary of Media-Specific Risks and Hazards -Central Tendency 

SWMU 14 
Naval Station Norfolk, Norfolk, VA 

Pw- ’ Of 2 



Table 5-6 
Summary Table for Risks and Hazards Across Media for AH RMEs 

SWMU I4 
NSN, Norfolk, VA 

Exposure Scenarios 

I I I 
Exposure Scenarios 

I’ I I 

Page 1 of 1 



Table 5-7 
Summary Table for Risks and Hazards Across Media for All CTs 

SWMU 14 
NSN, Norfolk, VA 

Exposure Scenarios Exposure Scenarios 

Total Risk Total HI for 
Surface Soil Subsurface Soil Groundwater for Pathwavs Pathwavs Surface Soil Subsurface Soil GmmwiwstDr 

Future Site Worker 
Future Resident Adult 
Future Resident Child 

Risk Hi Risk HI Risk HI 
NA -- 1.4~.05 -- -- -- 
*- -- NA 9.4E-01 NA 5*4E+oo 

NA 1.5E+OO NA 2.9E* 

% Risk 1 % HI 
1.4E-05 . - 1 -- 

NA 6.3E 

-...........I.-. 
% Risk % HI % Risk 1 % HI 

NA 1 NA -- 1 -- 

Future Age-Adjusted Resident 
Future Construction Worker Future Recreational Child 

boo *- I. NA 15% NA 85% 
00 1 NA 1 1.5E*Ol 1 NA 1 2.OE+Ol NA 7% NA 15% NA 78% 

I 1 NA 1 2.3Ew03 1 NA -- -- NA NA 99% NA .I -- 2.OE-05 NA 2.3E-0: 
NA 1.3E+OO NA 2.6E+OO NA 1 2.9E+OO ) NA 1 6.8E+00 NA 20% NA 39% I] 1 1 1 1 1 1 1 NA 1 42% 
NA 6.5E-01 NA 1.4E+OO -- -- NA Z.OE+OO 11 NA 1 32% 1 NA 1 68% 1 -- 1 -- 
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Inhalation 
and Dermal 
Absorption 

Future Construotlon Workers 

--t Surface Water + Darmal 
Mason Absorption 

t Creak - 
Ingestion and 

c---C Sediment DenlIal 
- Absorption 

Future Recreators 

4 Wind 

Currant 81 Future Industrial Workers 

Emissions 

+ and TrsspasserwVisitors: 
Future Residents and 
Construction Workers 

Currant&Future Industrial Workers 

b, and TraspassersiVlsitora: 
Future Residents and 

b Onslte 

Ingestian, Currant & Future Industrial Workers 

I--+ Darmal -I Absorptlon 

Notes: 
” Exposure to surface soi1 for current industrial worker and tresPasserhisitOr; exposure tQ combined surface and subsurface sail for future trespasser/visitor, industrial worker, resident, and construction worker, 

Figure 5-I 
Conceptual Site Model for Potential Human Exposures at SWMU 14, Naval Station Norfolk 



SECTION 6 

Ecological Risk Assessment 

This section contains a screening ecological risk assessment (SEW), Steps 1 and 2 of the 
ecological risk assessment process, and the first step (Step 3) of a baseline ecological risk 
assessment (BERA) for SWMU 14 (Q50 Satellite Accumulation Area) on NSN, Norfolk, 
Virginia. Figure 1-I shows the location of SWMU 14. 

6.1 fntroduction 
This ERA was conducted in accordance with the Navy Pdicyfor Conducting Ecologica Risk 
Assessments &NO, X999), the Navy guidance for implementing the Chief of Naval 
Operations (CNO) ERA policy (NAVFAC, 2001), and the Navy/Tier If ERA approach 
developed for USEPA Region III. The CNO ERA policy and guidance, which describe a 
process consisting of eight steps organized into three tiers, are conceptually similar to the 
eight-step ERA process outlined in USEPA ERA guidance for the Super-fund program 
(USEPA, 1997a). The major differences between the Navy ERA poIicy/guidance and the 
USEPA ERA guidance are: (1) the Navy policy and guidance provide clearly defined criteria 
for exiting the ERA process at specific points, (2) the Navy policy and guidance divide Step 
3 (the first step of the baseline ERA) into two distinct sub-steps (Steps 3A and 3B), with a 
potential exit point after Step 3A, and (3) the Navy policy and guidance incorporate risk 
management considerations throughout all tiers of the ERA process. 

Steps 1 and 2 of the ERA process constitute the SERA, which is conducted using 
intentionally conservative assumptions. If complete exposure pathways exist at a site and 
the results of the SERA indicate that risks are possible, the site normally continues on to 
Step 3, the first step of the BERA. As indicated above, Step 3 is divided into two distinct sub- 
steps in Navy ERA guidance. 

Step 3 of the USEPA ERA guidance consists of the following activities (USEPA, 1997a): 

1. Refinement of the preliminary Chemicals of Potential Concern (COPCs) from the SERA 

2. Further characterizing the potential ecological effects of contaminants 

3, Refining information on contaminant fate and transport, complete exposure pathways, 
and receptors potentially at risk 

4. Selecting assessment endpoints 

5. Refining the conceptual model and risk hypotheses from the SERA 

Step 3A of the Navy policy/guidance (refinement of conservative exposure assumptions) 
corresponds to the first activity listed above for the U§EPA ERA guidance. In Step 3A, a 
refined evaluation of exposure estimates is conducted using more realistic assumptions and 
additional methodologies relative to those used in the SERA, which is intended to be a very 
conservative assessment. Examples of more realistic exposure assumptions include using 
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central tendency (e.g., arithmetic mean) estimates (rather than maximums) for media 
concentrations, bioaccumulation factors, and exposure parameters. ExampIes of additional 
methodologies incIude consideration of background concentrations, detection frequency, 
and bioavailability (C&for 1999; NAVFAC, 2001). 

If risk estimates (and their associated uncertainty) are acceptable following Step 3A, the site 
will meet the conditions of the exit criterion specified in the Navy guidance. If the Step 3A 
evaluation does not support an acceptable risk determination, the site continues to Step 3B. 

Step 3B of the Navy policy/ guidance (problem formulation) corresponds conceptually to 
the last four activities listed above for the USEPA ERA guidance. In Step 3B, the preliminary 
conceptual model developed during the SERA is refined based upon the Step 3A evaluation 
results to develop a revised Iist of key receptors, complete and significant exposure pathways, 
chemicals of concern, assessment endpoints, measurement endpoints, and risk hypotheses. 
Based upon the revised conceptual model, the lines of evidence to be used in characterizing 
risk are determined. Agreement on the revised conceptual model, chemicals of concern, 
exposure pathways, endpoints, and risk hypotheses constitutes the Scientific Management 
Decision Point (SMDP) at the end of Step 3 in both Navy and USEPA ERA guidance. 

6.1.1 Objectives 
The SERA objectives are to: 

l Determine if potential risks to ecofogical receptors warrant either: (1) additional 
assessment beyond the conservative screening steps of the ERA process (unacceptable 
ecological risks are possible), or (2) the removal of the site from further ecological 
consideration (no unacceptable ecological risks likely) 

l Focus subsequent steps of the ERA process on the specific chemicals, pathways, and 
receptors of potentiaI concern if unacceptable ecoIogica1 risks are possible 

l Identify any data gaps or areas of unacceptable uncertainty that may require the 
cdlection of additional data to support ERA evaluations beyond the screening level 

If the site is not screened out in the SERA, the evaluation continues to Step 3. The general 
objectives of the Step 3 ERA are to: 

l Refine the risk estimates from the SERA to determine if risks to ecological receptors from 
site-related chemicals are likely to occur based upon realistic exposure scenarios 

l Focus subsequent data collection activities if potential risks are indicated, uncertainties 
are unacceptably high, and/or data gaps are identified 

At the conclusion of Step 3A, there are three possible decision points: 

l No further action is warranted- appropriate if the evaluation indicates that sufficient 
data are available on which to base a conclusion of no unacceptabIe risk within 
acceptable uncertainty. 

l Further data are required- appropriate if the evaluation indicates that the potential for 
unacceptable risk exists and additional data to refine these estimates (e.g., additional 
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analytical data, measures of bioavailability) are needed. In this case, the site continues to 
Steps 3B and 4 of the ERA process. 

* Take remediaI action-appropriate for circumstances where the potential for 
unacceptable risks was identified but risks could best be addressed through remedial 
action (e.g., presumptive remedy} rather than additional study. 

6.2 Environmental Setting 
This section describes the general environmental setting (habitats and biota) of NSN. The 
description of the environmenta setting was extracted largely from the latest Integrated 
Natural Resources Management Plan (INRMP, 1997) for NSN. The description of the 
environmental setting at SWMU 14 is included in Section 6.3.1 as part of the screening 
problem formulation. Sections 1 and 3 contain additional characterization of SWMU 14, 
including the site’s history, is contained in. 

6.2.1 Physiographic Features 
Section 3 describes major physiographic features of NSN and surrounding area, while those 
specific to SWMU 14 are described in 3.1 and 6.3.1. 

6.2.2 Habitats and Biota 
This section briefly describes the habitats and biota at NSN, while Section 6.3.1 describes the 
likely biota at SWMU 14. 

6.2.2.1 Surface Water Bodies 
Four major surface water bodies occur on, or directly adjacent to, NSN-the Ehzabeth River, 
which borders the facility on the west; Wilfoughby Bay, which borders the facility on the 
north; the remnants of Bausch Creek, located in the facility’s center and connect to 
Willoughby Bay; and Mason Creek, in the facility’s eastern portion of the facility and also 
connects to Willoughby Bay. The River and Bay are both tidal estuaries connected to the 
Chesapeake Bay, while portions of both creeks are also tidally influenced. 

Although some surface water runoff from the NSN’s western portion directly to the 
Elizabeth River, most of the facility lies within the Willoughby Bay watershed. Most surface 
water runoff on NSN flows either to Mason Creek or to the remnants of Bausch Creek, both 
of which connect to WilIoughby Bay via a system of subsurface pipes and open ditches. 
One-hundred-and seventy-two outfalls on NSN drain directly (59) or indirectly (113) to 
Willoughby Bay. Most of these outfalls discharge stormwater runoff not associated with a 
regulated industrial activity. Some of these outfalls carry stormwater runoff from airfield 
and vehicle maintenance activities. 

The northernmost channel of Mason Creek traverses NSN and empties into Willoughby Bay 
via a sub-grade aqueduct. The main channel of Bausch Creek, along with most of its 
bordering vegetated wetlands, was filled in and replaced by a network of drainage ditches 
and sub-grade pipes during NSN’s development. This system of narrow ditches and pipes, 
which is stiI1 caBed Bausch Creek, is interspersed throughout the central portion of NSN. 
Bausch Creek empties into Willoughby Bay via a 3,900-ft sub-grade aqueduct. Most of 
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Mason Creek and the Bausch Creek system on NSN are tidally influenced. The salinity 
varies by area, point in the tidal cycle, and inputs from surface flow (runoff). 

The reported lOO-year, static-water flood elevation throughout NSN is +8.5 ft msl. 
Therefore, portions of NSN adjacent to Willoughby Bay and the Elizabeth River are within 
the loo-year floodplain. Section 3 describes the regional and site-specific groundwater 
resources. 

63.25 Habitat Types 

During the development of the Sewell’s Point Navy Complex, piers and bulkheads engulfed 
a large portion of the shoreline, hardwood forests and wetlands were developed for the 
NSN missions, and stands of loblolly pine were planted throughout NSN. There are eight 
general habitat types currently found on NSN (INRMP, 1997): 

* Hardwood forest (approximately 10 acres) consists of live oak, willow oak, and southern 
red oak and scattered throughout the facility’s urban area in small (less than 1 acre) 
stands. 

l Pine forest (157 acres) consists largely of planted loblolly pine stands. 

l Mixed forest (143 acres) occurs in stands that range from 0.2 to 56 acres. Age and species 
composition varies by area. Tree species include sweetgum, black cherry, American 
hoIly, willow, willow oak, live oak, white oak, red oak, mulberry, sassafras, black locust, 
red cedar, and loblolly pine. 

l Improved fields (504 acres) are areas of herbaceous vegetation that receive intensive 
maintenance and include mowed fields, landscaped areas, drill fields, athletic fields, and 
parade grounds. 

* Semi-improved fields (21 acres) are areas that receive periodic recurring maintenance, 
but not at the rate or intensity applied to improved fields. These fields presently contain 
many early successional species of introduced herbaceous plants and young red cedar. 
Fields are mowed at irregular intervals. 

o Unimproved fields (187 acres) are defined as those that do not currently receive any 
recurring maintenance and are dominated by a variety of herbaceous plants and small 
woody shrubs. 

l Wetland areas (316 acres)currently found on NSN include Estuarine Subtidal 
Unconsolidated Bottom (14.8 acres), Estuarine Intertidal Emergent (2.5 acres), Estuarine 
Intertidal Unconsolidated Shoreline (0.49 acres), Palustrine Emergent (197.9 acres), 
Palustrine Forested (0.24 acres), Palustrine Scrub-Shrub/ Emergent (45.8 acres), 
Palustrine Scrub-Shrub (51.4 acres), and PaIustrine Unconsolidated Bottom (borrow pit; 
3.0 acres). 

e Urban land (3,292 acres} constitutes most of NSN. The degree of urbanization varies 
from heavily urbanized areas, such as operations areas, to moderately urbanized areas, 
such as residential and administrative areas. Heavily urbanized areas contain little or no 
vegetation. Moderately urbanized areas contain maintained lawns aIong with native and 
ornamental shrubs and trees. 
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6.2.2.3 Flora 
A detailed inventory of the flora on NSN has not been conducted. However, a list of the 
plant species that may be found has been compiled as part of the 1997 INRMP. This list is 
contained in Tables G-l (general) and G-2 (wetland areas} of Appendix G (all other 
supporting tables for this ERA are also provided in Appendix G). 

6.2.2.4 Fauna 

A detailed inventory of fish and wildlife resources at NSN has not been conducted. The US. 
Fish and Wildlife Service (USFWS} developed a list of avian species occurring at NSN as 
part of their Fish and Wildlife Plan (Audet [1988], as cited in INRMP [1997J). The list 
includes 317 species of birds, which represent 78 percent of all such species known to occur 
in Virginia. This list includes resident, wintering, spring and fall migrant, accidental, and 
hypothetical species that may occur at NSN or its immediate vicinity. Birds expected to be 
found at NSN are listed in Appendix G, Table G-3. As identified in the 1988 Fish and 
Wildlife Plan 36 terrestrial mammal species may be found on NSN (Table G-4, 
Appendix G). Five marine mammal species may be seen on rare occasions in the waters of 
the Lower Chesapeake Bay-Hampton Roads vicinity (Table G-4 in Appendix G). 

A comprehensive survey of reptiles and amphibians has not been conducted at NSN. The 
reptilian and amphibian species likely to be found at or adjacent to NSN, as identified in 
INRMP (1997) include 1 siren, 12 salamanders, 19 toads and frogs, 10 turtles, 4 sea turtles, 
and 32 lizards and snakes (Table G-5 in Appendix G). 

A list of 62 fish species that may use the waters at or surrounding NSN was developed for 
the 1988 Fish and Wildlife Plan (INRMP, 1997; Table G-6 in Appendix G). Sixteen species of 
crustaceans and 12 of mollusks have been reported from the lower Ehzabeth River. 
Hampton Roads and the Iower James River support large populations of oysters, hard 
clams, soft-shelled cIams, and blue crabs. During the summer, blue crabs are also abundant 
in Willoughby Bay and Mason Creek (INRMP, 1997’). 

6.2.2.5 Rare, Threatened, and Endangered Species 

There are no legally protected rare, threatened, or endangered plant species confirmed on 
NSN. However, a small stand of Virginia pinweed (Lecher muritima var. virginicu}, a Virginia 
threatened plant species, was identified on the narrow strip of land immediatefy north of 
I-64 (INRMP, 1997). The Willoughby Oak (a single tree) has specia1 historic significance, but 
the species is not listed as rare, threatened, or endangered. 

At the time the INRMP for NSN was prepared (X997), there were six federally endangered, 
three federally threatened, and three federal candidates for listing that may have been found 
in NSN’s general vicinity. Most of these represent transient birds or marine mammals. Some 
represent historical records from the Norfolk area. The only threatened or endangered 
species sighted at or near NSN in recent times are the American peregrine falcon (Fulco 
peregrinus) and the West Indian manatee (Trichechtrs mlmcrhrs}. Although confirmed sightings 
of peregrine falcons have been made at NSN, this species was removed from the federal list 
on August 25,1999. In fate September 1995, a lone manatee was sighted in the Mason Creek 
Bridge Road area of Willoughby Bay. This manatee had been observed during the summer 
as far north as Boston and was evidently heading south at the time of its visit to NSN 
(INRMP, 1997). 
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6.3 Screening Ecological Risk Assessment 
As discussed in Section 6.1, Steps 1 and 2 of the EEA process constitute the SEEA, which is 
conducted using intentionally conservative assumptions. The principal components of the 
SERA are problem formulation, exposure estimation, effects evaluation, and risk cakulation. 

6.3.1 Screening Problem Formulation 
Problem formulation establishes the ERA’s goals, scope, and focus. As part of problem 
formulation, the environmental setting of SWMU 14 is characterized in terms of the habitats 
and biota known or likely to be present. The types and concentrations of chemicals present 
in ecologically relevant media are also described. A preliminary conceptual model is 
developed for SWMU 24 that describes potential source areas, potential transport pathways 
and exposure media, potential exposure pathways and routes, and potential receptors. 
Assessment endpoints, measurement endpoints, and risk hypotheses are then selected to 
evaluate those receptors for which complete and potentially significant exposure pathways 
are. likely to exist. The fate, transport, and toxicoIogica1 properties of the chemicals present 
at SWMU 14, particularly the potential to bioaCcumulate, are also considered during this 
process. 

6.3.1 .I Environmental Setting 
SWMJJ 14 is in the northeastern corner of Sewell’s Point (Figure 1-l). The SWMU originally 
consisted of a concrete storage pad surrounded by a grass-covered field. The pad served as 
a 9O-day hazardous waste accumulation area where wastes generated through various 
waste streams were processed (sampled, identified, labeled, and packaged) before being 
shipped offsite for eventual disposal. The original concrete pad has been removed and is not 
associated with the concrete pad currently at the site. A more detailed description of the 
site’s history can be found in Section 1.2. 

The peninsula at SeweB’s Point (or the Q-Area) is a manmade landmass formed from two 
distinct periods of fill activities. The first began in the early 195Os, when channels were 
dredged to allow for construction of the northernmost series of piers (located along the 
western side of SeweIl’s Point). The resulting dredge materia1 was used to create much of 
the land at the Q-Area. The second occurred between 1974 and 1978, when construction 
debris was used as fill in the eastern portion of Sewell’s Point (Site 9 Landfill), which 
includes the site (see Figure l-2). Soils at the site reflect the nature of the fill materials used 
to create SeweB’s Point and are generally very coarse, composed of sand, silt, and gravel. 
Some concrete, stone, and miscellaneous debris was also used as fill material (see Section 3). 

Currently, SWMU l4 consists of a vacant grass-covered lot that is periodically mowed. The 
grassy area is sometimes used as a temporary parking lot when the adjacent paved lots are 
f&J. The concrete pad currently at the site occasionally serves as a temporary (less than 90 
days) storage area for IDW from various site investigations. The portion of the site adjacent 
to WilIoughby Bay is used for recreation (jogging t&Is). A fishing pier is Iocated off the 
site’s northeastern corner. A small picnic area and a volleyball court are located in the Q- 
Area’s extreme southeastern portion. Tentative future uses may include paving over all or 
part of the field to convert the area into an additional parking lot or constructing ball fields. 
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South of the grassy field is a small lagoon hydrologically connected to Willoughby Bay by a 
small inlet/outlet. The approximately Z-acre lagoon consists of a combination of open water 
areas (in the center of the basin) and vegetated areas (along the shorelines and the southern 
third of the basin) containing mostIy cordgrass (Spartina alferrziflora). Historically, surface 
drainage from the site’s southernmost portion may have entered the lagoon through sheet 
flow. Currently, surface water runoff to the lagoon includes stormwater drainage from 
paved parking areas on Sewell’s Point, which enters the lagoon through a regulated outfall 
located in the basin’s northwestern corner of the basin and drainage from ball fields 
southwest of the lagoon, which enters the basin via a small ditch located in the lagoon’s 
southwestern corner (Figure 6-l). The lagoon is being developed as a wildlife viewing area 
through the construction of a viewing platform and interpretive signs. 

Two tidal major surface water bodies, Willoughby Bay and the Elizabeth River, are in the 
immediate site vicinity. Precipitation fa.lling on the site is ultimately transported to 
Willoughby Bay (mostly via groundwater flow), which borders the site on the north and 
east. West of the site, surface and groundwater flow is west towards the Elizabeth River. 
Both Willoughby Bay and the Elizabeth River ultimately discharge to the Chesapeake Bay. 

Willoughby Bay, a tidal estuary of Chesapeake Bay, abuts the site’s northern and eastern 
site. The shorelines consist of large-diameter riprap. The site, which is very ff at, is about 15 
to 20 ft above the level of the bay. There are no channelized drainage features connecting the 
site to the bay. Due to the flat topography, sheet flow from the site to the Bay is likely to be 
minimal. Groundwater flow is north and east towards the bay. 

6.3.1.2 Summary of Analytical Data 

The analytical chemistry data used in this ERA for ecologically-relevant media were 
obtained from several major studies completed to date at NSN - the Relative Risk Ranking 
System Phase I (1995) and Phase II (1996) studies, the Supplemental Investigation (1998), the 
RI Phase I (1999), Phase II (2000), and Phase III (2001) studies, and the Additional 
Investigation (2002). These investigations are described in Sections 1.3 and 2.1. 

Table G-7 in Appendix G summarizes the available data (in terms of sources and number of 
samples), by medium and chemical group, and also identifies the data that were used in the 
ERA. The rationale for selecting the data to use in the ERA is provided in Section 6.3.2.1. 
Table G-S in Appendix G provides a list of the medium-specific samples (station ID, 
samples ID, and collection date) incorporated into this ERA. 

The analytical data used in the ERA are summarized in Appendix G Tables G-9 (lagoon 
sediment), G-10 (groundwater), and G-11 (surface soil). Sampling locations are shown on 
Figures 6-l and 6-2. Appendix A provides the raw analytical data. 

6.3.1.3 Preliminary Conceptual Model 

Figure 6-3 illustrates a preliminary diagrammatic conceptual model for SWMU 14. Key 
components of the preliminary conceptual model include the identification of potential 
source areas, transport pathways, exposure media, exposure routes, and receptors. 

Source Areas 
Potential source areas at SWMU 14 include the satellite accumulation area (concrete pad} 
and the area (Site 9 Landfill) where materials (thought to consist mostly of construction 
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debris) were historically landfilled (Figure 6-l). Potential contamination may be attributable 
to the hazardous materials that were stored on the pad in the past, from the former drum 
storage area north of the pad, from the former scrap metal pile north and east of it pad, and 
from its northeast, where stockpiled railroad ties and metal debris were historically stored 
(see Section 1.2). 

Transport Pathways and Exposure Media 
A transport pathway describes the mechanisms whereby chemicals may be transported 
from a source of contamination to ecologicaBy relevant media. Figure 6-3 shows these 
transport pathways. Site-related chemicals in surface and subsurface soils may leach to 
groundwater and then discharge to downgradient water bodies (Willoughby Bay). 
Historically, when the site was actively used, site-related chemicals in soils may have been 
transported via surface runoff to adjacent surface water bodies such as the lagoon and 
Willoughby Bay. Current surface runoff to these water bodies is likely to be minimal, based 
upon the current site configuration (flat topography and lack of surface drainage structures). 
Site-related chemicals in surface soil, sediment, and surface water may be taken up and 
accumulated in the tissues of biota and thus transported to upper-trophic-level receptors via 
food webs. 

Exposure Pathways and Routes 
An exposure pathway links a source of contamination with one or more receptors through 
exposure via one or more media and exposure routes. Exposure, and thus potential risk, can 
only occur if complete exposure pathways exist. Figure 6-3 shows the potentially complete 
exposure pathways to ecological receptors at SWMU 14. 

Potentially complete exposure pathways to terrestrial receptors utilizing SWMU 14 (grassy 
field) do exist but are 1ikeIy to be limited. The coarse nature of the substrate likely limits the 
presence of soil invertebrates at the site, The site has low habitat quality and diversity, 
consisting entirely of periodically mowed grass and other herbaceous plants. The site is also 
isolated from other non-developed areas of NSN; the western portion of Sewell’s Point is 
developed as boat piers and parking areas, and the area south of the site is also completely 
developed (parking areas and buildings). Thus, terrestrial vertebrates utilizing the site are 
likely to be limited to birds, such as geese and gulls, which may use the grass field as a 
resting area. 

Potentially complete exposure pathways to aquatic (e.g., benthic invertebrates and fish) and 
semi-aquatic (e.g., gulls and herons) receptors utilizing adjacent water bodies (lagoon and 
bay} also exist. Although surface runoff pathways to these water bodies are not likely to be 
significant at the present time, historical runoff from the site may have entered these water 
bodies. Groundwater ff ows north and east from the site towards the Bay (Figure 3-5). 

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a 
chemical present in an environmental medium. Terrestrial plants may be exposed through 
their root surfaces during water and nutrient uptake to chemicals present in surface soils. 
&rooted, floating aquatic plants, and rooted submerged vaseular aquatic plants and algae, 
may be exposed to chemicals directly from the water or (for rooted plants) from sediments. 

Animals may be exposed to chemicals through: (1) direct inhalation of gaseous chemicals or 
of chemicals adhered to airborne particulate matter, (2) incidental ingestion of contaminated 
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abiotic media (soil or sediment) during feeding activities, (3) the ingestion of contaminated 
water, (4) the ingestion of contaminated plant and/or animal tissues for chemicals that have 
entered food webs, and/or (5) dermal contact with contaminated abiotic media. These 
routes, where applicable, are depicted on Figure 63. 

Based upon the general fate properties (e.g., relatively high adsorption to solids) of the 
chemicals commonly present on SWMU 14 (metals, pesticidesJPCBs, and PAHs) and the 
protection offered by hair or feathers, dermal and inhalation exposures for 
upper-trophic-level receptor species are not considered significant relative to ingestion and 
are therefore not evaluated in this ERA. Upper-trophic-level receptors considered in this 
ERA would not likely be exposed to significant airborne sources of chemicals by inhalation 
because the site is vegetated and little wind erosion of the coarse soils would be expected. 
Furthermore, the primary chemicals present on the site typically adsorb to soil suggesting 
that the potential for volatiIization and thus exposure via inhalation is limited. Incidental 
ingestion of soil or sediment during feeding, preening, or grooming activities is, however, 
considered in the risk estimates. Diict contact is considered for lower-trophic-level 
receptors (e.g., invertebrates). 

Direct ingestion of drinking water is only considered when the salinity is below 15 parts per 
thousand, the approximate toxic threshold for wildlife receptors (Humphreys, 1988). Since 
the adjacent lagoon and bay are saline, drinking water exposures are not included in this ERA. 

Receptors 
Because of the complexity of natural systems, it is generally not possible to directly assess 
the potential impacts to all ecological receptors at a site. Therefore, specific receptor species 
or species groups (e.g., great blue heron) are often selected as surrogates to evaluate 
potential risks to larger portions of the ecological community (guilds; e.g., piscivorous birds) 
used to represent the assessment endpoints (e.g., survival and reproduction of piscivorous 
birds). Selection criteria typically include those species that: 

l Are known (or are likely) to be found at the site 

0 Have a particular ecological, economic, or aesthetic value 

. Are representative of taxonomic groups, life history traits, and/or trophic levels in the 
habitats present at the site for which complete exposure pathways are likely to exist 

c Can, because of toxicological sensitivity or potential exposure magnitude, be expected to 
represent potentially sensitive populations at the site 

The following upper-trophic-level receptor species have been chosen for exposure modeling 
based upon the criteria listed above: 

l American robin (Tur&s migva~~tius) -terrestrial avian invertivore/ omnivore 
0 Canada goose (Bvunfa canadazsz2) -terrestrial avian herbivore 
Q Mallard (Anas pZatyrhynchos) -wetland/aquatic avian omnivore 
o Great blue heron (Ardea herodias) -wetland/aquatic avian piscivore 
o Herring gull (Larus argenfahrs) -wetland/aquatic avian piscivore 

Upper-trophic-level receptor species quantitatively evaluated in the ERA were limited to 
birds, which are among the taxonomic groups with the most available data regarding 
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exposure and toxicological effects. Mammals are not expected to regularly inhabit the area 
at and surrounding SWMU 14 due to limited access (lack of travel corridors from offsite 
undeveloped areas) and lack of habitat. Amphibians are typically selected as receptors only 
when freshwater aquatic or wetland habitats are present on, or in the contaminant transport 
pathways (as defined in the conceptual model} of a site. Freshwater is defined as surface 
water salinity less than or equal to 1.0 part per thousand (USEPA, 1996b). These freshwater 
habitats are not present on or adjacent to !SWMU 14. Because of the limited amount of 
toxicological data available for reptiles, exposures via the food web for this taxonomic. group 
were evaluated using bird receptor species as surrogates. 

Lower-trophic-level receptors were evaluated in the ERA based upon those taxonomic 
groupings for which screening values have been developed; these groupings and screening 
values are typically used in most ERAS. As such, specific species of aquatic biota (e+ fish 
and benthic invertebrates) were not chosen as receptors because of the limited information 
available for specific species and because aquatic biota were dealt with on a community 
level via a comparison of surface water and sediment concentrations with medium-specific 
screening values. Similarly, terrestrial plants and soil invertebrates (earthworms are the 
standard surrogate although the coarse nature of the soils at the site are likely to limit their 
presence or abundance) were evaluated using soil screening values developed specifically 
for these groups. 

Endpoints and Risk Hypotheses 
The conclusion of the screening problem formulation includes the selection of ecological 
endpoints and risk hypotheses, which are based upon the preliminary conceptual model. 
Two types of endpoints, assessment endpoints and measurement endpoints, are defined as 
part of the EEA process (USEPA, 1997a). An assessment endpoint is an explicit expression of 
the environmental component or value that is to be protected. A measurement endpoint is a 
measurable ecological characteristic related to the component or value chosen as the 
assessment endpoint. The considerations for selecting assessment and measurement 
endpoints are summarized in USEPA (1997a) and discussed in detail in Suter (1989,1990, 
and 1993). Risk hypotheses are testable hypotheses about the relationship among the 
assessment endpoints and their predicted responses when exposed to contaminants. 

Endpoints define ecological attributes to be protected (assessment endpoints) and their 
measurable characteristics (measurement endpoints) that can be used to gauge the degree of 
impact that has or may occur. Assessment endpoints most often relate to attributes of 
biological populations or communities and are intended to focus the risk assessment on 
particular ecosystem components that could be adversely affected by chemicals attributable 
to the site (USEPA, 1997a). Assessment endpoints contain an entity (e.g., goose population) 
and an attribute of that entity (e.g., survival rate). Individual assessment endpoints usually 
encompass a group of species or populations (the receptor) with some common 
characteristic, such as specific exposure route or cant aminant sensitivity, with the receptor 
then used to represent the assessment endpoint in the risk evaluation. 

Assessment and measurement endpoints may involve ecological components from any level 
of biological organization, from individual organisms to the ecosystem itself. Effects on 
individual organisms are important for some receptors, such as rare and endangered 
species; population- and community-level effects are typically more relevant to ecosystems. 

6-10 WDC04211001421PKTM 



6-ECoLOGICAL RISK ASSESSMENT 

Population- and community-level effects are usually difficult to evaluate directly without 
long-term and extensive study. However, measurement endpoint evaluations at the 
individual level, such as an evaluation of the effects of chemical exposure on reproduction, 
can be used to predict effects on an assessment endpoint at the population or community 
level. In addition, use of criteria values designed to protect most (e.g., 95 percent) of the 
components of a community (e.g., Ambient Water Quality Criteria for the Protection of 
Aquatic Life) can be useful in evaluating potential community- and/or population-level 
effects. 

Table G-12 in Appendix G shows the preliminary assessment endpoints, risk hypotheses, and 
measurement endpoints used in the screening portion (Steps 1 and 2) of the EEA,.Table G-12 
also shows the receptors associated with each endpoint. 

6.32 Screening Exposure Estimation 
Maximum concentrations in lagoon sediment, groundwater, and surface soil were used in 
the screening portion of the EEA to conservatively estimate potential chemical exposures for 
the ecoIogical receptors selected to represent the assessment endpoints at SWMU 14. Food 
web exposures for upper-trophic-level receptor species were determined by estimating the 
chemical-specific concentrations in each dietary component using uptake and food web 
models. Incidental ingestion of soil or sediment was also included when calculating the total. 
level of exposure. Maximum sediment or surface soil concentrations were used in all 
screening food web cakulations to provide a conservative assessment. 

For conservatism, the maximum reporting limit for chemicals analyzed for but not detected 
was also compared to medium-specific screening values and (where applicable) used for 
food web exposure modeling. This was done to determine if reporting limits were less than 
or equal to chemical concentrations at which potent% adverse effects to ecological receptors 
could occur. 

Dioxins and furans detected in surface soil were evaIuated as a single group using the 
toxicity equivalency quotient (TEQ) approach (Van der Berg et al., 1998). The congener- 
specific avian toxicity equivalency factors (TEFs} used to calculate TEQs are listed in 
Appendix G, Table G-13. 

6.3.2.1 Selection Criteria for Analytical Data 
Available analytical data were selected for use in the ERA based upon the following: 

0 Data must have been validated by a qualified data validator using acceptable data 
validation methods. Rejected (R) values were not used in the EEA. Unqualified data and 
data qualified as I, L, or K were treated as detected. Data qualified as U or B were 
treated as non-detected. 

0 For samples with duplicate analyses, the higher of the two concentrations was used 
when both values were deteets or when both values were non-detects. In cases where 
one result was a detection and the other a non-detect, the detected value was used. 

0 Surface soil or sediment data colIected prior to any major physical disturbance (such as 
capping or paving} that would result in the elimination of realistic exposure pathways 
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were not used in the ERA nor were surface soil samples that were collected under paved 
surfaces. 

l For surface soil, only samples collected between 0 and 6 in. were used, since this depth 
range represents the most realistic potential exposures for most of the ecological 
receptors evaluated in terrestrial habitats. For this reason, the surface soil data from the 
1995 and 1996 RRR studies (collected from depths of 0 to 24 inches) were not used in the 
ERA (Table G-7 in Appendix G). 

l For sediment, samples from 0 to 6 inches were used preferentiaIly since this depth range 
represents the most realistic exposures for sediment-dwelling species. Data from the 
1996 RRRS study were not used in the ERA because the complete data set was not 
available (just detects), the validation status of these data was uncertain, and more 
recent data from the lagoon were available (Appendix G, Table G-7). 

l For groundwater, data from GeoprobeB sampling and from temporary groundwater 
wells were not considered. Only the more recent data collected as part of the RI and 
follow-on studies were used in the ERA (Appendix G, Table G-7) 

l For grortndwater, total (unfiltered) chemical concentrations were used in the screening 
portion of the ERA for conservatism. Dissolved (filtered) metaIs data were considered in 
the refined (Step 3A) evaluation. 

l The single lagoon surface water sampIe collected during the 1996 RRR study was not 
used in the ERA because it was not likely to be representative of current exposures (due 
to its age), the complete data set was not available (just detects), and the validation 
status of this sample was uncertain. 

6.3.2.2 Exposure Estimation 

Upper-trophic-level receptor exposures (via the food web) to chemicals present in surface 
soil and sediment were determined by estimating the concentration of each bioaccumulating 
chemical in each relevant dietary component. Incidental ingestion of soil or sediment was 
included when calculating the total exposure. Exposure via drinking water was not 
included since SWMU 14 lacked a potential freshwater drinking source. Since receptors (and 
their prey) are not exposed directly to groundwater, food web exposures were not 
calculated based upon groundwater concentrations. 

Chemicals with the potential to bioaceumuIate were evaluated for exposures via food webs. 
This list of bioaccumulating chemicals is provided in Appendix G Table G-14 for relevant 
constituents and is based upon the list provided in Table 4-2 of USEPA (2000). 

Dietary items for which tissue concentrations were modeled included terrestrial plants, soil 
invertebrates, wetland plants, benthic invertebrates, and fish. The tissue calculation 
methodologies are outlined below. For the screening portion of the ERA, the uptake of 
chemicals from the abiotic media into these food items was based upon conservative (e.g., 
maximum or 90th percentile) bioconcentration factors (BCFs) or bioaecumulation factors 
(BAFs) from the literature. Default factors of 1.0 were used onIy when data were unavailable 
for a chemical in the literature. 
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Screening Exposure Point Concentrations 
Maximum media concentrations were used as exposure point concentrations for exposure 
estimation and food web modeling in the screening portion of the ERA. Exposure point 
concentrations (concentrations in plant, soil invertebrate, benthic invertebrate, and fish prey 
items) for terrestrial and aquatic predators were estimated using bioaccumulation models 
and maximum measured media concentrations. The methodology and models used to 
derive these estimates are described below. 

Terrestrial Plants. Tissue concentrations in the aboveground vegetative portion of terrestrial 
plants were estimated by multiplying the maximum surface soil concentration for each 
chemical by chemical-specific soil-to-plant BCFs obtained from the literature. The BCF 
values used were based upon root uptake from soil and on the ratio between dry-weight 
soil- and dry-weight plant tissue. Literature values based upon the ratio between dry-weight 
soil and wet-weight plant tissue were converted to a dry-weight basis by dividing the wet- 
weight BCF by the estimated solids content for plants (15 percent [0.15]] Sample et al., 1997). 

For inorganic chemicak without literature-based BCFs, a soil-to-plant BCF of one was 
assumed. For organic chemicals without literature based BCFs, soil-to-plant BCFs were 
estimated using the algorithm provided in Travis and Arms (1988): 

log I?, = 1.588 - (0.578) (log Km) 

where: B, = Soil-to-plant BCF (unitless; dry-weight basis) 
Icow = Octanol-water partitioning coefficient (unitless) 

The log K& values used in the calculations were obtained mostly from USEPA f199.5b, 
1996a) and are listed in Table G-14. The soil-to-plant BCFs used in the screening portion of 
the ERA are shown in Table G-15. 

Soil Invertebrates. Tissue concentrations in soil invertebrates (earthworms) were estimated 
by multiplying the maximum surface soil concentration for each chemical by chemical- 
specific BCFs or BAFs obtained from the literature. BCFs are calculated by dividing the 
concentration of a chemical in the tissues of an organism by the concentration of that same 
chemical in the surrounding environmental medium (in this case, soil) without accounting 
for uptake via the diet. BAFs consider both direct exposure to soil and exposure via the diet. 
Since earthworms consume soil, BAFs are more appropriate values and were used in the 
food web models when available. BAFs based upon depurated a.naIyses (soil was purged 
from the gut of the earthworm prior to anaIysis) were given preference over undepurated 
analyses when selecting BAF vahres because direct ingestion of soil was accounted for 
separately in the food web model. 

The BCF/BAF values used were based upon the ratio between dry-weight soil and dry- 
weight earthworm tissue. Literature values based upon the ratio between dry-weight soil 
and wet-weight earthworm tissue were converted to a dry-weight basis by dividing the wet- 
weight BCF/BAF by the estimated solids content for earthworms (16 percent [O-16], USEPA, 
1993). For chemicals without available measured BAFs or BCFs, an earthworm BAF of one 
was assumed. The soil-to-earthworm BCFs/BAFs used in the screening portion of the ERA 
are shown in Table G-15. 
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Wetland Plants. Tissue concentraticms in wetland plants were estimated using the same 
methodologies as described above for terrestrial plants except that maximum sediment (not 
soil) concentrations were used in the calculation- 

Benthic Invertebrates. Tissue concentrations in benthic invertebrates were estimated by 
multiplying the maximum sediment concentration for each chemical by chemical-specific 
sediment-to-invertebrate BAFs obtained from the literature. The BAF values used were 
based upon the ratio between dry-weight sediment and dry-weight invertebrate tissue. 
BAFs based upon depurated analyses (sediment was purged from the gut of the organism 
prior to analysis) were given preference over tmdepurated analyses when selecting BAF 
values since direct ingestion of sediment was accounted for separately in the food web 
model. 

Literature values based upon the ratio between dry-weight sediment and wet-weight 
invertebrate tissue were converted to a dry-weight basis by dividing the wet-weight BAF by 
the estimated solids content for benthic invertebrates (21 percent [CJ.2ll, USEPA, 1993). For 
chemicals without literature-based sediment-to-invertebrate BAFs, a BAF of one was 
assumed, The sediment-to-invertebrate BAFs used in the screening portion of the ERA are 
shown in Appendix G, Table G-16. 

Fish. Tissue concentrations in whole-body fish were estimated-by multiplying the 
maximum sediment concentration for each chemical by chemical-specific sediment-to-fish 
BAFs obtained from the literature. The BAF values used were based upon the ratio between 
dry-weight sediment and dry-weight fish tissue. Literature values based upon the ratio 
between dry-weight sediment and wet-weight fish tissue were converted to a dry-weight 
basis by dividing the wet-weight BAF by the estimated solids content for fish (25 percent 
[0.25]; USEPA, 1993). For chemicals without literature based sediment-to-fish BAFs, a BAF 
of one was assumed. The sediment-to-fish BAFs used in the screening portion of the ERA 
are shown in Appendix G, Table G-16. 

Dietary Intakes 
Dietary intakes for each upper-trophic-level receptor were calculated using the following 
formula (modified from LJSEPA [1993]): 

where: 

DL = Dietary intake for chemical x @g chemical/kg body weight/day) 
FIR = Food ingestion rate (kg/ day, dry-weight) 
FCti = Concentration of chemical x in food item i @g/kg, dry-weight) 
PDFi = Proportion of diet composed of food item i (dry-weight basis} 
SC, = Concentration of chemical x in soil/sediment @g/kg, dry-weight) 
PDS = Proportion of diet composed of soil/sediment (dry-weight basis) 
WIR = Water ingestion rate (L/day) 
WC, = Concentration of chemical x in water @g/L) 
BW = Body weight (kg, wet-weight) 
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Receptor-specific values used as inputs to this equation for the screening portion of the ERA 
are provided in Appendix G Table G-17. Consistent with the conservative approach used for 
a SERA, the minimum body weight and maximum food ingestion rate from the scientific 
literature were used for each receptor (the water ingestion rate was set to zero since the site 
lacked of a freshwater drinking source). It was assumed that chemicals were 100 percent 
bioavailable to the receptor and it was also assumed that each receptor spent 100 percent of 
its time on the site (i.e., an area use factor [AUP] of 1.0 was assumed). 

6.3.3 Screening Effects Evaluation 
The purpose of the screening effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. One 
set of screening values is typically developed for each selected assessment endpoint- 

6.3.3.1 Medium-Specific Screening Values 

Medium-specific screening values were established for each ecologically relevant medium at 
SWMU 14. Based upon the preliminary conceptual model 0;igure 6-3), direct exposure to 
lagoon surface water, lagoon sediment, and surface soil are potentially complete pathways. 
Although ecological receptors do not typically have direct exposure to groundwater, surface 
water screening values were also compared with analytical groundwater data (both with 
and without dilution factors) in order to provide an initial, conservative evaluation of the 
potential for significant contaminant transport via groundwater to Willoughby Bay. 

The screening values used in the ERA were based upon those of Region III BTAG (USEPA, 
1995a) and additional values available from the literature. When more than one screening 
value was available for a specific medium (e.g., soil fauna and soil flora), the lowest of these 
values was selected. Screening values were adjusted based upon modifying factors as 
follows: 

l Surface soil screening values based upon Dutch soil standards for certain organic 
chemicals were adjusted based upon a total organic carbon (TOC) value of 2 percent. 
This 2 percent value represents the default minimum adjustment value and was used 
because site-specific TOC data were not available. 

l Equilibrium-partitioning based sediment values (used as a measure of bioavailability in 
Step 3) were adjusted using a mean measured TOC value of 4.74 percent for the lagoon. 

The screening values used in the ERA are provided, by medium, in Appendix G Table G-18, 

6.3.3.2 Ingestion Screening Values 
Ingestion screening values for dietary exposures were derived for each avian receptor 
species and chemical evaluated in the ERA. Toxicological information from the literature for 
wildlife species most closely related to the receptor species was used, when available, but 
was supplemented by laboratory studies of non-wildlife species (e.g., chickens) when 
necessary. The ingestion screening values are expressed as milligrams of the chemical per 
kilogram body weight of the receptor per day @g/kg-BW/day). 

Growth and reproduction were emphasized as assessment endpoints since they are the 
most relevant, ecologically, to maintaining viable populations and because they are 
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generally the most studied chronic toxicological endpoints for ecological receptors. If several 
chronic toxicity studies were available from the literature, the most appropriate study was 
selected for each receptor species based upon study design, study methodology, study 
duration, study endpoint, and test species. No Observed Adverse Effect Levels (NOAELs) 
based upon growth and reproduction were utilized, when available, as the primary 
screening values. When chronic NOAEL values were unavailable, estimates were 
extrapolated from chronic Lowest Observed Adverse Effect Levels (LOAELs) using an 
uncertainty factor of 10. Ingestion screening values for birds are provided in Appendix G 
Table G-19. 

6.3.4 Screening Risk Calculation 
The screening risk calculation is the final step in a SERA. In this stepp the maximum 
exposure concentrations (abiotic media) or exposure doses (upper-trophic-level receptor 
species) are compared with the corresponding screening values to derive screening risk 
estimates. The outcome of this step is a list of Chemicals of Potential Concern (COPCs) for 
each medium-pathway-receptor combination evaluated or a conclusion of acceptable risk. 

6.3.4.1 Selection of Chemicals of Potential Concern (COPCs) 

COP0 were selected using the hazard quotient (HQ) method. HQs were calculated by 
dividing the chemical concentration in the medium being evaluated by the corresponding 
medium-specific screening value or by dividing the exposure dose by the corresponding 
ingestion screening value. Chemicals with HQs greater than or equal to one were 
considered COPCs in the SERA. Detected chemicals for which toxicological data were not 
available were also retained as COPCs in the SERA. 

HQs exceeding one indicate the potential for risk since the chemical concentration or dose 
(exposure) exceeds the screening value (effect). However, screening values and exposure 
estimates were derived using intentionally conservative assumptions such that HQs greater 
than or equal to one do not necessarily indicate that risks are present or impacts are 
occurring. Rather, it identifies chemical-pathway-receptor combinations requiring further 
evaluation. HQs that are less than one indicate that risks are very unlikely, enabling a 
conclusion of no unacceptable risk to be reached with high confidence. 

Lagoon Sediment 
Maximum sediment concentrations in the lagoon are compared to screening values in 
Appendix G Table G-20. Based upon this comparison, nine inorganics (arsenic, barium, 
cadmium, copper, lead, mercury, nickel, vanadium, and zinc) had HQs equaling or 
exceeding one based upon a detected concentration and were identified as COP&. Two 
inorganics (beryllium and cyanide) were identified as COPCs because they were detected 
but a screening value was not available. One additional inorganic (selenium) exceeded its 
screening value based upon a maximum reporting limit and was also identified as a COPC. 

Five pesticides (4,4’-DDE, 4,4’-DRT, atpha-chlordane‘ beta-BHC, and gamma-chlordane), 
one PCB compound (Aroclor-12601, and eight SVOCs (all were PAHs) exceeded screening 
values based upon detected concentrations and were identified as COPCs. The maximum 
concentration of total PAHs also exceeded its sediment screening value (Table G-20 in 
Appendix G), Four pesticides, six PCB compounds, and 12 SVOCs had HQs equaling or 
exceeding one based upon maximum reporting limits and were also identified as COPCs. 
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Groundwater 
Maximum (undiluted) groundwater concentrations are compared to surface water screening 
values in Appendix G Table G-21. Based upon this comparison for unfiltered samples, six 
inorganics (copper, cyanide, iron, lead, manganese, and nickel) had HQs equaling or 
exceeding one based upon detected maximurn concentrations and were identified as 
CC?l?Cs. One other inorganic (silver) had a HQ equaling or exceeding one based upon its 
maximum reporting limit and was identified as a COPC. 

Nine pesticides (4,4’-DDT, endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, 
endrin ketone, heptachlor epoxide, alpha-chlordane, and gamma-chlordane) had HQs 
equaling or exceeding one based upon detected concentrations and were identified as 
COPCs. Three pesticides and seven PCB compounds (Aroclurs) had HQs equaling or 
exceeding one based upon maximum reporting limits and were also identified as COPCs 
(Table G-21 in Appendix G). 

Eight SVOCs (2,4dimethylphenol, 2-methylphenol, 4-methylphenol, carbazole; 
dibenzofuran, fluoranthene, pentachlorophenol, and phenanthrene) and two VOCs (carbon 
disulfide and chlorobenzene) had HQs equaling or exceeding one based upon detected 
concentrations and were identified as COPCs. Thirteen SVOCs had HQs equaling or 
exceeding one based upon maximum reporting limits and were also identified as COPCs. 
Three SVOCs and six VOCs were identified as COPCs because they were detected and 
screening values were not available (Table G-21 in Appendix G). 

Sutiace Soil 
Maximum surface soiI concentrations are compared to screening values in Appendix G 
Table G-22. Based upon this comparison, 17 inorganics had HQs equaling or exceeding one 
based upon detected maximum concentrations and were identified as COPCs. 

Three pesticides (4,4’-DDD, 4,4-DDE, and methoxychlor) and four PCBs (Aroclors 1242, 
1248,1254, and 1260) had HQs equaling or exceeding one based upon detected maximum 
concentrations and were identified as COP& Three PCB compounds (Aroclors lM6,1221, 
and 1232) had HQs equaling or exceeding one based upon maximum reporting limits and 
were also identified as COPCs. 

Sixteen SVOCs (15 PAH compounds, and bis[2-ethylhexyllphthalate) and one VOC (1,2- 
dichlorobenzene) had HQs equaling or exceeding one based upon detected maximum 
concentrations and were identified as COPCs. The maximum concentration of total PAHs 
also exceeded surface soil screening values. Twelve SVOCs and two VOCs had HQs 
equaling or exceeding one based upon maximum reporting limits and were also identified 
as COPCs. Two SVOCs (butylbenzylphthalate and di-n-octylphthalate) and five VOCs 
(2-butanone, acetone, carbon disulfide, chloromethane, and tichlorofl uoromethane) were 
retained as COPCs because these chemicals were detected but screening values were not 
available (Table G-22). 

Food Web Exposures 
Hazard quotients for each upper-trophic-level receptor, based upon maximum exposure 
doses, are provided in Appendix G Table G-23. Based upon a comparison to NOAELs, nine 
metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc), 
one pesticide (4&-DDE), two PCBs (Aroclors-1254 and X260), one SVOC 
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(hexachlorobenzene), and dioxin/furans had HQs equaling or exceeding one for one or 
more terrestrial receptors. The exceedance for hexachlorobenzene was based upon the 
maximum reporting limit. Ingestion screening values were not available for four SVOCs 
(Table G-23 in Appendix G), none of which was detected in surface soil samples. 

Based upon a comparison to NOAELs, four metals (lead, mercury, selenium, and zinc), one 
PCB (Aroclors-126O}, and one SVOC (hexachlorobenzene) had HQs equaling or exceeding 
one for one or more semi-aquatic receptors. The exceedance for hexachlorobenzene was 
based upon the maximum reporting limit. Ingestion screening values were not available for 
four SVOCs (Table G-23 in .Appendix G), none of which was detected in lagoon sediment 
samples. 

6.3.5 Screening Risk Conclusions 
COP0 were identified in each of the media evaluated. These COPCs are summarized in 
Appendix G Table G-24. 

6.4 Baseline (Step 3) Ecological Risk Assessment 
The SERA resulted in a set of COPCs for each medium (Table G-24 in Appendix G). This set 
of COPCs includes chemicals with HQs exceeding one (based upon maximum exposures) 
and detected chemicals for which toxicological data (screening vahres) were not available. 

6.4.1 Refinement of Conservative Screening Assumptions 
According to Superfund guidance (USEPA, 1997a), Step 3 initiates the problem formuIation 
phase of the BERA. Under Navy policy/guidance (CNO, 1999; NAVFAC, 2001), the BERA 
begins with a preliminary step (Step 3A) in which the conservative assumptions employed 
in the SERA are refined and risk estimates are recalculated using the same conceptual model 
for the site. In addition, the reevaluation may include consideration of other factors such as 
background data, the frequency at which chemicals were detected, and chemical-specific 
bioavailability &NO, 1999; NAVFAC, 2001). 

The assumptions, parameter values, and methods that were modified for the Step 3A 
evaluation included: 

l Risk estimates based upon maximum chemical concentrations were supplemented by 
risk estimates based upon average (arithmetic mean) chemical concentrations. In 
addition, BAFs and BCFs were based upon, or modeled from, central tendency estimates 
(e.g., median or mean) from the Jiterature as opposed to the maximum or high-end (e.g., 
90th percentile} estimates used in the SERA for many chemicals. Revised BAF and BCF 
values used in Step 3A are provided in Appendix G, Tables G-25 and G-26. 

In the BERA, using central tendency estimates (rather than high-end or maximums) for 
exposure parameters, such as BAFs, provides a more representative estimate of potential 
exposures and risks to receptor populations (the focus of the assessment endpoints) of 
upper-trophic-level receptors. Since these upper-trophic-level species are highly mobiIe, 
they would be expected to effectively average their exposure over time as they forage 
within the area defining their home range (which will extend to off-site areas). Average 
prey concentrations at Step 3A are most appropriately estimated using centraf tendency 
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estimates of media concentrations and accumulation factors. For example, the wildlife 
dietary exposure models contained in the Wildlife Exposure Factors Handbook (USEPA, 
1993) specify the calculation of an average daily dose. Increasing the representativeness 
of the exposure estimates relative to population-level effects is consistent with the intent 
of the Step 3A evaluation. In cases where adequate spatial sampling coverage exists, 
mean concentrations are also appropriate for evaluating potential risks to populations of 
lower-trophic-level receptors because the members of the population are expected to be 
found throughout a site (where suitable habitat is present), rather than concentrated in 
one part&&r area. While effects on individual organisms might be important for some 
receptors, such as rare and endangered species, population- and community-level effects 
are typically more reIevant to ecosystems. A discussion of the uncertainties associated 
with the number of available samples and their spatial distribution is contained in 
Section 6.5. 

l Central tendency estimates (e.g., mean, median, or midpoint} for body weight and 
ingestion rate (Table G-27) were used to develop exposure estimates for upper-trophic- 
level receptors, rather than the minimum body weights and maximum ingestion rates 
used in the SERA. Central tendency estimates for these exposure parameters are more 
relevant for a BERA because they better represent the characteristics of a greater 
proportion of the individuals in the population. Populations (rather than individual 
organisms) were emphasized during the development of the assessment endpoints for 
the ERA. 

l The SERA conservatively identified a chemical as a food web COPC if the estimated 
dose for at Ieast one upper-trophic-level receptor exceeded the NOAEL. The actual dose 
that is protective of an individual receptor, however, will fall between the NOAEL and 
the LOAEL. Both the NOAEL and LOAEL were used for comparison in the BERA. 
However, chemicals were not considered Chemicals of Concern (COCs) following 
Step 3A unless the exposure dose exceeded the LOAEL because this dose is expected to 
be protective of the population, which is the assessment endpoint being evahrated. 

l Facility-specific background concentrations were also considered in the Step 3A surface 
soil evaluation. 

. The detection frequency for individual chemicals and spatial distribution (including 
representativeness of sample locations) were considered in the Step 3A evaluation. In 
generaL chemicals that were detected in less than 5 percent of the samples in a medium 
were not considered COCs in that medium if at least 20 samples were available (USEPA, 
1989) and the spatial distribution of chemical concentrations indicated a low potential 
for receptor exposure. It is unlikely that infrequently detected chemicals represent a risk 
to receptors at the population level, particularly for groundwater, where dilution upon 
discharge will further reduce any potential risk. The uncertainties associated with the 
use of frequency of detection and spatial distribution are discussed in Section 6.5. 

l USEPA guidance (USEPA, 1996b) indicates that the dissolved metal fraction should be 
preferentially used to the total metal fraction in surface water (and by extension in 
groundwater) screening to evahrate direct exposures of aquatic biota. For conservatism, 
total metal concentrations were used in the SERA for the groundwater screen. Since high 
levels of suspended solids and sediment-adsorbed metals could resuh in overstating 
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bioavailable groundwater concentrations (and thus potential exposures and risks upon 
discharge to surface water bodies), filtered metal concentrations (representing the 
dissolved fraction) in groundwater were also evaluated in the Step 3A portion of the 
ERA through a comparison to screening values based upon the dissolved metal fraction. 

Only complete and significant pathways identified in the SERA were evaluated in Step 3A 
of the ERA. Similarly, only chemicals and receptors identified in the SERA as requiring 
further evaluation were addressed in Step 3A. Although many aspects of the estimation of 
exposure were modified in Step 3A (see above), the screening values (effects) used in 
Step 3A were the same as the values used in the SERA. Although the same basic conceptual 
model from the SERA was also used in Step 3A, the endpoints and risk hypotheses from the 
SERA were modified slightly to better reflect the Step 3A analysis (Table G-28 in Appendix 
G). Chemicals for which potential risks were still possible following the Step 3A risk 
characterization were retained as Preliminary Chemicals of Concern (PCOCs) for risk 
evaluation. Final Chemicals of Concern (COCs) were determined during the risk evaluation 
(see Section 6.4.3). 

6.42 Refined (Step 3A) Risk Characterization 
Based upon the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses were modified for the Step 3A evaluation (Table G-28). Modifications 
inchrded eliminating from further consideration those assessment endpoints for which no 
unacceptable risk was found during the SERA and modifying the measurement endpoints 
to reflect the assumptions and methods used in the Step 3A evahration. The results of the 
refined risk characterization are discussed, by medium, in the following subsections. 

6.4.2.1 Lagoon Sediment 
The comparison of mean chemical concentrations in lagoon sediment with screening values 
is presented in Appendix G Table G-29 (maximum concentrations were used if the mean 
concentration exceeded the maximum). Based upon this comparison, arsenic was the 
inorganic chemical with a HQ greater than or equal to one based upon a detected 
concentration. The magnitude of this mean HQ (1.36) was low. Arsenic was also the only 
detected inorganic that exceeded its screening value in more than one sample. While the 
mean HQs for the other inorganic COPCs were all less than one, all of the exceedances for 
these chemicals occurred in sample SD04. This is discussed further in Section 6.4.3. 
Beryllium and cyanide were detected in sediment but lacked screening values. Beryllium 
and cyanide were identified, along with arsenic, as PCOCs for risk evaluation. 

Four pesticides (4,4’-DDE, 4,4’-DDT, alpha-chlordane, and gamma-chlordane) and one PCB 
(ArocIor-1260) exceeded screening values based upon mean detected concentrations. Mean 
HQs ranged from 1.34 (alpha-chlordane) to 3.76 (4,4’-DDT) for the pesticides, while the HQ 
for Aroclor-I260 was 2.10 (Table G-29 in Appendix G). These five chemicals were identified 
as PCOCs for risk evaluation. While the mean detected concentrations of five individual 
PAH compounds exceeded screening values, the mean HQ for total PAHs was less than 
one. 

A number of chemicals were identified as COPCs in the SERA because maximum reporting 
limits exceeded screening values. Mean HQs (cakulated based upon the mean of one-half of 
the sample reporting limits} for these chemicals were almost always less than four. None of 
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these undetected chemicals were identified as PCOCs in sediment. This is discussed further 
in Section 6.5. 

6.4.2.2 Groundwater 

The comparison of ,mean chemical concentrations in groundwater with surface water 
screening values is presented in Appendix G Table G-30 (maximum concentrations were 
used if the mean concentration exceeded the maximum). This comparison was done first 
assuming no dilution and again using a dilution factor of 10. In the absence of site-specific 
ditition factors, Buchman (1999) recommends the use of a dilution factor of 10 to account 
for the dilution expected during migration and upon discharge of grotmdwater to surface 
water. 

Based upon this comparison, cyanide, manganese, and 4,4’-DDT had mean HQs equaling or 
exceeding one based upon detected concentrations and a dilution factor of 10. These three 
chemicals were identified as PCOCs for risk evaluation. 

A number of chemicals were retained as COPCs in the SERA because maximum reporting 
limits exceeded screening values. Of the COP& that fall into this category, mean HQs 
(based upon the mean of one-half of the sample reporting Iimits) were substantially greater 
than 10 (the recommended dilution factor) only for benzo(a)pyrene (HQ of 54.7; Table G-30 
in Appendix G). There is much uncertainty associated with the screening vahre for 
benzo(a)pyrene. The value (0.21 pg/L), which is not well documented, is a BTAG Region 111 
screening value. Buchman (1999) reports an acute marine surface water screening value of 
300 pg/L for benzo(a)pyrene. Applying an uncertainty factor of 100 to this value yields an 
estimated chronic value of 3 pg/L, which is comparable to one-half of the reporting limit (5 
yg/L) for 20 of the 24 groundwater samples (the other four samples had elevated detection 
limits for benzo[a]pyrene of 38,100,100, and 220 pg,/L). Since benzo(a)pyrene was not 
actually detected (at a typical reporting limit of 10 pg/L) and groundwater from the site is 
expected to be significantly diluted when discharged to surface water bodies, it is unlikely 
that benzo(a)pyrene would constitute a risk to aquatic biota. Thus, none of these undetected 
chemicals were identified as PCOCs in groundwater. This is discussed further in Section 6.5. 

Three SVOCs (2,4-dichlorophenol, benzaldehyde, and n-nitroso-di-n-propylamine) and six 
VOCs (4-methyl-2-pentanone, chloroethane, cumene, cyclohexane, MTBE, and methylcyclo- 
hexane) were detected in groundwater but lacked screening values. These nine chemicals 
were identified as PCOCs for risk evaluation. 

6.4.2.3 Surface SOW 
Mean chemical concentrations in surface soil are compared with soil screening values in 
Appendix G Table G-31 (maximum concentrations were used if the mean concentration 
exceeded the maximum). Based upon this comparison, eleven inorganic chemicals 
(aluminum, antimony, chromium, copper, iron, lead, mercury, nickel, thallium, vanadium 
and zinc) had mean HQs equaling or exceeding one based upon detected concentrations 
and were identified as PCOCs for risk evaluation. The mean HQs for antimony (1.33) and 
nickel (1.30) were only marginaIIy greater than one. 

Aroclor-1260 and 15 PAHs had mean HQs equaling or exceeding one based upon detected 
concentrations (Table G-31 in Appendix G) and were identified as PCOCs for risk 
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evaluation. The mean HQ for total PAHs (1.9’7) also exceeded one. Two other SVOCs 
(butylbenzylphthalate and di-n-octylphthalate) and five VOCs (2-butanone, acetone, carbon 
disulfide, chloromethane, and tichlorofiuoromethane) were detected but lacked screening 
values. These seven chemicals were also identified as PCOCs for risk evaluation. 

Seventeen chemicals were identified as COPCs in the SERA because maximum-reporting 
limits exceeded screening values. Mean HQs (based upon the mean of one-half of the 
sample reporting limits) were less than one for nine of these chemicals and about three or 
less for the remaining seven chemicals (Table G-31 in Appendix G). Thus, it is unlikely that 
these chemicals are present on the site at environmentally meaningful concentrations and 
none of these undetected chemicals were identified as PCOCs in surface soil. This is 
discussed further in Section 6.5. 

6.4.2.4 Food Web Exposures 
Hazard quotients based upon mean exposure doses for each upper-trophic-level receptor 
species are provided in Appendix G Table G-32. Based upon a comparison to NOAELs, HQs 
for lead (American robin and Canada goose) and zinc (American robin) exceeded one for 
terrestrial receptors and HQs for mercury (great blue heron) exceeded one for semi-aquatic 
receptors. HQs based upon LOAELs were less than one for all terrestrial and semi-aquatic 
receptors. 

6.43 Risk Evaluation 
This section evaluates the potential for adverse effects associated with the PCOCs identified 
in Section 6.4.2 and Table G-33 in Appendix G. The goal of this evaluation is to finalize a list 
of Chemicals of Concern (COCs). Because the refined risk characterization indicated that 
food web exposures do not pose a significant risk to upper-trophic-level receptors, only 
potential risks via direct exposure for lower-trophic-level receptors are considered in this 
section. 

6.4.3.2 _I Terrestrial Habitats 
Eleven metals (aluminum, antimony, chromium, copper, iron, lead, mercury, nickel, 
thallium, vanadium, and zinc) were identified as PCOCs because mean surface soil 
concentrations exceeded soil-screening values. The mean HQs for antimony (1.33) and 
nickel (1.30) were only marginally greater than one. To evaluate the potential significance of 
these exceedances, on-site surface soil concentrations were compared to facilitywide 
background surface soil concentrations developed as part of the Soil Background 
Investigation (Cl-K&f HILL, 2000). As part of this background investigation, 95-percent UTL 
values were developed for a number of metals in surface soils. On-site inorganic surface soii 
concentrations are compared to these UTLs in Appendix G Table G-34. 

Aluminum and iron were consistent with background UTLs for facilitywide dredge-fill 
soils, and mean concentrations of chromium, mercury, and vanadium were also similar to 
background soil concentrations (Table G-34 in Appendix G). The remaining six metals were 
identified as COCs. Copper, lead, and zinc were the inorganics that exceeded both screening 
vahres and background concentrations most frequently and with the highest magnitudes. 
The spatial distribution of the highest screening value exceedances (HQs >5} was very 
simiIar for these three metals. There was one cluster of exceedances along the northern site 
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boundary (DS40, DS07, and DSO5) and a second cIuster in the site’s southwestern portion 
(DS18, DS33, DS34, and DS52). 

The magnitude of the exceedance for Aroclor-1260 (HQ of 1.08) was low and this chemical is 
unlikely to represent a significant risk, especially on a sitewide basis. The screening value 
for this chemical (100 &kg} was a BTAG Region III value reportedly based upon effects to 
plants but more likely is based upon Canadian background soil concentrations. USEPA 
(1999~) reports terrestrial plant and soil invertebrate chronic toxicological values (for 
Aroclor-1254) of 10,000 and 2,510 p&kg, respectively. Efroymson et al. (1997a) reports a 
terrestrial plant screening value (also for Aroclor-1254) of 40,000 pg/kg. The maximum 
concentration for Aroclor-1260 (1,900 pg/kg) is below these toxicological thresholds. 

_’ 

Fifteen individual PAHs had mean HQs equaling or exceeding one based upon detected 
concentrations and were identified as PCOCs. However, the screening value for each of 
these 15 PAHs (100 &kg) was a BTAG Region III value reportedly based upon 
carcinogenic effects in mice treated with benzo(a)pyrene (but more likely based upon 
Canadian background soil concentrations). Since the objective of this portian of the analysis 
is to evaluate potential effects to plants and soil invertebrates (exposures via ingestion 
routes for upper-trophic-level receptors were evaluated separately using more appropriate 
toxicological endpoints than carcinogenicity), this screening value has limited applicability 
to this evaluation. Toxicologically based screening values for lower-trophic-level receptors 
were available for fzwo PAHs (neither of which was identified as a PCOC), including 
acenaphthene (2,500 pgjkg) and fluorene (1,700 pg/kg). Both of these screening values were 
substantially higher than 100 pg/kg. This suggests that toxicologically based screening 
values based upon lower-trophic-level organisms for the 15 PAH PCOCs would likely be 
higher as well. However, total PAH concentrations (compared to a generic effects-based 
screening value for total PAHs of 4,100 pg/kg; Table G-18 in Appendix G) did exceed based 
upon mean concentrations (HQ of 1.97). USEPA (1999~) reports a soil invertebrate screening 
value for higher molecular weight PAHs (extrapolated to total PAHs) of 25,000 pg/kg based 
upon toxicity tests conducted using benzo(a)pyrene. Maximum (57,680 pg/kg), but not 
mean (8,080 pg/kg), total PAH concentrations in site surface soil exceeded this value. Given 
these factors, and the lack of exceedances from food web modeling, potential risks to 
terrestrial receptors from exposure to PAHs in surface soils are likely to be limited on a 
sitewide basis. However, spatially restricted risks are possible, especially along the site’s 
northern i.e., DSOl, DS04, and DSll) and the east-central boundaries (area near SS04). For 
this reason, PAHs are identified as PCOCs. 

Butylbenzylphthalate and di-n-octylphthalate were detected but lacked screening values. 
Soil screening values were available for four other phthalates and ranging from 10,000 to 
40,000 pg/kg (Table G-18 in Appendix G). Maximum detected concentrations of both 
butylbenzylphthalate (5,100 pg/kg) and di-n-octylphthalate (170 pg/kg} were Iower than 
these screening values. In addition, di-n-octylphthalate was detected in only one of 55 
samples. Five VOCs (2-butanone, acetone, carbon disulfide, chloromethane, and 
trichlorofluoromethane) were also detected but Iacked screening values. Maximum 
concentrations for each of these VOCs were less than 300 pg/kg, a typical screening value 
for other, similar VOCs (Table G-18 in Appendix G). Thus, it is unlikely that these seven 
chemicals are present in site surface soils at concentrations likely to adversely effect 
terrestrial fauna. 
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Although a number of organic (PAHs) and inorganic @rticufarly copper, lead, and zinc} 
chemicals exceeded soil screening values and/or background concentrations, the magnitude 
of potential exposures to these chemicals is expected to be low for terrestrial receptors at the 
site. Potentially complete exposure pathways to terrestrial receptors utilizing SWMU 14 
(grassy field) do exist but are likely to be limited. The coarse nature of the substrate likely 
limits the presence of soil invertebrates at the site. The site has low habitat quality and 
diversity, consisting entirely of periodically mowed grass and other herbaceous plants. The 
site is also isolated from other non-developed areas of NSN; the western portion of SewelI’s 
Point is developed as boat piers and parking areas, and the area south of the site is also 
completely developed (parking areas and buildings). Thus, terrestrial vertebrates utilizing 
the site are like1.y to be mostly limited to avian species, such as geese and gulls that may use 
the grass field as a resting area. Risks to such avian receptors were low to negligible based 
upon food web modeling. 

6.4.3.2 Aquatic Habitats 

Potentially complete exposure pathways to aquatic receptors utilizing adjacent water bodies 
(lagoon and bay} exist. AIthough surface water runoff pathways to these water bodies are 
not likely to be significant at the present time, historical runoff from the site may have 
entered these water bodies. Groundwater flow from the site is north and east towards the 
bay (Figure 3-5). 

Lagoon 
Relatively few chemicals exceeded screening values in lagoon sediment. Arsenic was the 
only inorganic chemical with a mean HQ greater than or equal to one based upon a detected 
concentration. The magnitude of this mean HQ (1.36) was low. Arsenic was also the only 
detected inorganic that exceeded its screening value in more than one samp1e. While the 
mean HQs for the other inorganic COPCs (from Step 2) were all less than one, al1 of the 
exceedances for these chemicals occurred in sample SD04, although sample-specific HQs 
were all two or less. The maximum concentration for arsenic also occurred in sample SD04 
(HQ of 2.49). Whil e arsenic is identified as a COC in lagoon sediment, arsenic did not exceed 
screening values in site surface soils or groundwater, suggesting that these low magnitude 
sediment exceedances are not site related. 

Four pesticides (4,4’-DDE, 4,4’-DDT, alpha-chlordane, and gamma-chlordane) and one PCB 
(Aroclor-1260) exceeded screening values based upon mean detected concentrations. Mean 
HQs ranged from 1.34 (alpha-chlordane) to 3.76 (4,4’-DDT) for the pesticides, while the HQ 
for Aroclor-1260 was 2.10. While the mean detected concentrations of five PAH compounds 
exceeded screening values, maximum HQs were less than two and the mean HQ for total 
PAHs was less than one. This suggests that potential risks related to PAHs are minimal in 
lagoon sediments. A comparison of sediment concentrations to equilibrium partitioning- 
based sediment values, which provide a measure of bioavailability, suggests that potential 
exposures and risks are very low for all of these organic compounds (Table G-35 in 
Appendix G). As for metals, the highest concentrations for these organics occurred near the 
center of the lagoon (samples SD02 and SDO4), although the spatial distribution of the 
pesticides was more widespread across the lagoon. The center of the lagoon may serve as a 
depositional area for inputs from the two outfalls to the west and the bay inlet to the east, 
although TOC concentrations in samples SD02 and SD04 (in the center of the lagoon) were - 
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not higher than those in the two samples near the outfalls (SD01 and SDO5) but were higher 
than those from the sample at the bay inlet (SDO3). 

Beryllium and cyanide were detected in lagoon sediments but lacked screening values. The 
concentration of beryllium was relatively uniform, as indicated by a coefficient of variation 
of one. The maximum concentration of beryllium in sediment (0.96 pg/kg) was also below 
the facihty-specific background surface soil concentration for dredge-fill soils (maximum of 
2.3 pg/kg and mean of 0.80 pg/kg). Thus, it is likely that beryllium in lagoon sediments is 
present at background concentrations and does not present an unacceptable risk to 
ecoIogicaI receptors. The mean concentration of cyanide (0.08 pg/kg) was less than existing 
freshwater sediment screening values (0.10; Persaud et al., 19931, suggesting that it too does 
not present an unacceptable risk to ecological receptors. 

Willoughby Bay 
Willoughby Bay is located immediately east and north of SWMU 14. Complete transport 
pathways (current and/or historical) via groundwater link SWMU 14 to the bay based upon 
proximity and groundwater fIow directions. 

Cyanide, manganese (dissolved and total), and 4,4’-DDT had mean HQs exceeding one 
based upon detected concentrations and a dilution factor of 10. Total cyanide was detected 
in 12 of 20 samples, with a mean diIuted HQ of 2.79. Because the screening value for cyanide 
is based upon free (bioavailable) cyanide, and not total cyanide, the ecological significance 
of the exceedances is questionabIe. To address this, five wells were re-sampled in 2002 for 
amenable (free) cyanide, including MWO7, where the maximum concentration of total 
cyanide was found. Amenable cyanide was not detected in any of the five wells at the same 
reporting limit as total cyanide. Thus, the cyanide present in groundwater is not likely to be 
present in bioavailable forms and would likely pose a minimal risk to aquatic receptors in 
WiIIoughby Bay following discharge. 

There is much uncertainty associated with the marine surface water screening vaIue for 
manganese. The value (10 pg/L), which is not well documented, is a BTAG Region III 
screening value for marine fauna. The BTAG Region III screening values for marine flora 
(200 pg/L) and freshwater fauna (14,500 p&/L). are considerably higher, as is a well- 
documented freshwater chronic value (120 pg/L) developed by Oak Ridge National 
Laboratory (Suter and Tsao, 1996) using the USEPA Tier II methodology. The mean HQ for 
manganese would drop to about two or less (undiluted) and less than one (diluted) based 
upon a screening value in the 120 to 200 pg/L range. Since no site-specific upgradient weIls 
or facility-specific background wells are available, it is unclear if the observed manganese 
concentrations are within the range of naturaIIy occurring concentrations in groundwater. 
However, the maximum manganese concentration in groundwater was found in MWlSS, 
which is far removed from the source areas and the main groundwater fI ow direction. This 
suggests that manganese is Iikely to be present at background levels in groundwater and/or 
is not site related. Manganese was not identified as a PCOC in site surface soils. 

4,4’-DDT was detected in 4 of 24 groundwater sampIes from 3 different wells (MWOSS, 
MWO’/S, and MW15S). Most of the detections occurred in the latest round (2002) of 
groundwater sampling. 4,4’-DDT (and its breakdown products 4,4’-DDD and 4$-DDE) was 
frequently detected in surface soiI samples aIthough at concentrations below soil screening 
values. 4,4’-DDT was thus identified as a COC in groundwater. 
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Nine other organic chemicals (three SVOCs and six VOCs) were identified as PCOCs based 
upon their detection in groundwater samples and a lack of screening values. For the SVOCs, 
n-nitroso-di-n-propylamine was only detected in one of 24 samples (4 percent) and was 
screened out based upon frequency of detection. Maximum (undiluted) concentrations of 
2,4dichorophenol(l9.0 pg/L) and benzaldehyde (2.00 pg/L) were both below freshwater 
screening values (365 pg/L [USEPA, 1995a} and 22.0 yg/L [AQUlRE 20011, respectively) 
from the literature, suggesting that they do not represent a potential risk to ecologicaI 
receptors. 

For the VOCs, maximum (undiluted) concentrations of 4methyl-2-pentanone (78.2 pg/L), 
cumene (2.50 yg/L), cyclohexane (0.77 pg/L), MTBE (0.15 p&/L), and methylcyclohexane 
(1.20 l,tg/L) were each below freshwater screening values (46,000 pg/L [USEPA, 1995a], 
41.4 pg/L EAQUIRE 20011,329 pg/L [AQUIRE 2001],6,720 &L [AQUIRE 20011, and 
452 pg/L [AQUIRE 20011, respectively) from the literature, suggesting that they do not 
represent a potential risk to ecological receptors. Maximum (undiluted) concentrations of 
chloroethane (10.0 pg/L) were well below screening values for other chIorinated ethanes 
(which ranged from 940 to 320,000 pg/L; Table G-18 in Appendix G). 

6.5 Uncertainties 
Uncertainties are present in all risk assessments because of the limitations of the available 
data and the need to make certain assumptions and extrapolations based upon incomplete 
information. The uncertainty in this ERA is mainly attributable to the folIowing factors: 

0 Reporting Limits-Reporting limits for some analytes exceeded applicable screening 
values in some media; these chemicals were not retained as COCs unless they were 
detected. In groundwater, mean HQs (based upon the mean of one-half of the sample 
reporting limits) were substantially greater than 10 (the recommended dilution factor) 
only for benzo(a)pyrene. There is much uncertainty associated with the screening value 
for benzo(a)pyrene. The value (0.21 pg/L}, w ‘c hr h is not well documented, is a BTAG 
Region III screening value. Buchman (1999) reports an acute marine surface water 
screening value of 300 pg/L for benzo(a)pyrene. Applying an uncertainty factor of 100 
to this value yieIds an estimated chronic vaIue of 3 yg/L, which is comparable to one- 
half of the reporting limit (5 pg/L) for 20 of the 24 groundwater samples (the other four 
samples had elevated detection limits for benzofalpyrene of 38,100,100, and 220 yg/L). 
Since benzo(a)pyrene was not actually detected (at a typical reporting limit of 10 pg/L) 
and groundwater from the site is expected to be significantIy diluted when discharged 
to surface water bodies, it is unlikely that benzo(a}pyrene would constitute a risk to 
aquatic biota. 

In sediment, mean reporting limits exceeded screening values for a number of chemicals 
although almost always by a factor of four or less. In surface soil, mean reporting limits 
for undetected chemicals with screening values were less than four times the screening 
value, making it unlikely that they are present at ecologically significant concentrations. 

* Selection of COCs - Chemicals without available screening values for a medium were 
not retained as COCs unless they were detected. This was particularly an issue for the 
surface soil screen (almost all chemicals had water and sediment screening values). 
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l Use of Freshwater-Based Screen.& VaIues -When marine-based water screening values 
were not available, freshwater-based screening vahres were used if available. This 
introduces some uncertainty into the assessment as it assumes that toxicity is similar in 
freshwater and marine organisms for these chemicals. 

e Evaluation of Groundwater- Although ecological receptors are not directly exposed to 
groundwater, groundwater concentrations were compared to surface water screening 
values. A dilution factor of 10 (Buchman, 1999) was used in this evaluation since site- 
specific factors were not availabIe, This introduces some uncertainty into the analysis. 

l Evaluation of Soils-The evaluation of chemical contamination in so& was restricted to 
surface soils from the 0 to &inch depth range. Although some ecological receptors may 
be exposed to deeper soils (e.g., in the 6 to 24-inch depth range), no useable existing soil 
data were available from this deeper depth range. However, the evahration of surface 
soils in the 0 to 6-inch depth range is hkely to result in a conservative assessment since 
releases were at the surface (and thus higher chemical concentrations would be expected 
in the surface strata except possibly for vdatile organic compounds). Also, due to the 
coarse nature of the substrate on the site, organisms that burrow into the soil are not 
expected to commoriiy occur. 

l Soil Invertebrate Screenine Values -Most soil invertebrate screening values are based 
upon earthworm data. Due to the coarse nature of the substrate at the site, soil 
invertebrates are not likely to be common. TerrestriaI invertebrates on the site are likely 
to be limited to organisms such as grasshoppers, which typically have less direct 
exposure to soils. Also, an invertebrate-eating avian receptor (American robin) was 
inchrded in the EEA and assumed to consume earthworms (since most soil BAEs are 
also based upon earthworm data). This is likely to result in a very conservative estimate 
of risk for this pathway, which is not expected to be important on the site. 

* Sediment Screening Values-Most of the sediment screening values used in the EEA do 
not consider site-specific bioavailability to ecological receptors and are typically based 
on correlational studies (termed the Screening Level Concentration approach). These 
factors tend to make the resuhing screening values conservative and likely overestimate 
potential risk. 

* Ingestion Screening Values-Data on the toxicity of many chemicals to the receptor 
species were sparse or lacking, requiring the extrapolation of data from other wildhfe 
species or from Iaboratory studies with non-wildlife species. This is a typical hmitation 
and extrapolation for ecological risk assessments because so few wildlife species have 
been tested directly for most chemicals. The uncertainties associated with toxicity 
extrapolation were minimized through the selection of the most appropriate test species 
for which suitable toxicity data were available. The factors considered in selecting a test 
species to represent a receptor species included taxonomic relatedness, trophic level, 
foraging method, and similarity of diet. 

A second uncertainty related to the derivation of ingestion screening values applies to 
metals. Most of the toxicological studies on which the ingestion screening values for 
metals were based used forms of the metal (such as salts) that have high water solubility 
and high bioavailability to receptors. Since the analytical samples on which site-specific 
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exposure estimates were based measured total metal, regardless of form, and these 
highly bioavailable forms are expected to compose only a fraction of the total metal 
concentration, this is likely to result in an overestimation of potential risks for these 
chemicals. 

A third source of uncertainty associated with the derivation of ingestion screening 
values concerns the use of uncertainty factors. For example, NOAELs were extrapolated 
to LOAELs using an uncertainty factor of ten. This approach is likely to be conservative 
since Dourson and Stara (1983) determined that 96 percent of the chemicals inch.rded in 
a data review had LOAEL/NOAEL ratios of five or less. The use of an uncertainty factor 
of 10, although potentially conservative, also serves to counter some of the uncertainty 
associated with interspecies extrapolations; for which a specific uncertainty factor was 
not used. 

l Chemical Mixtures -Information on the ecotoxicological effects of chemical interactions 
is generally lacking, which required (as is standard for ecoIogica1 risk assessments) that 
the chemicals be evaluated on a compound-by-compound basis during the comparison 
to screening value. This could result in an underestimation of risk (if there are additive 
or synergistic effects among chemicals) or an overestimation of risks (if there are 
antagonistic effects among chemicals). 

l Receptor Species Selection- Reptiles were selected as receptors in the ERA, but were not 
evaluated quantitatively even when exposure pathways were EkeIy to be complete. 
Reptiles were evahrated using other fauna (birds) as surrogates due to the general lack 
of reptile-specific toxicological data. This represents an uncertainty in the ERA. 

It was also assumed that reptiles were not exposed to significantly higher concentrations 
of chemicals and were not more sensitive to chemicals than other receptor species 
evahrated in the ERA. This assumption was a source of uncertainty in the ERA. In 
addition, there is some uncertainty associated with the use of specific receptor species to 
represent larger groups of organisms (e.g., guilds). 

* Food Web Exposure Modeling- Chemical concentrations in terrestrial and aquatic food 
items (plants, earthworms, benthic invertebrates, and fish) were modeled from 
measured media concentrations and were not directly measured. The use of generic, 
literature-derived exposure models and bioaccumulation factors introduces some 
uncertainty into the resulting estimates. The values selected and methodology employed 
were intended to provide a conservative (SERA) or reasonable (Step 3A) estimate of 
potential food web exposure concentrations. 

Another source of uncertainty is the use of default assumptions for exposure parameters 
such as BCFs and BAFs. Although BCFs or BAFs for many bioaccumulative chemicals 
were readily available from the Iiterature and were used in the ERA, the use of a default 
factor of 1.0 to estimate the concentration of some chemicals in receptor prey items is a 
source of uncertainty. 

Area use factors were assumed to equa1 one. This is a conservative assumption since a 
significant percentage of each upper-trophic-level receptor species time could be spent 
foraging offsite in non-impacted areas or those where chemical concentrations are 
expected to be significantly Iower. 
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l Total versus Dissolved Metals - USEPA guidance (USEPA, 1996b) indicates that the 
dissolved metal fraction should be preferentially used to the total metal fraction in 
surface water screening (and by extrapolation to groundwater screening}. Total 
(unfiltered) concentrations were used in the SERA for the groundwater screen. High 
levels of suspended solids and sediment-adsorbed metals would result in overstating 
bioavailable groundwater concentrations and thus potential exposures and risks. 
Filtered (dissolved) metals data were considered in the Step 3A screen for groundwater. 

l Mean Versus Maximum Media Concentrations-As is typical in an ERA, a finite number 
of samples of environmental media are used to develop the exposure estimates. The 
maximum measured concentration provides a conservative estimate for immobile biota 
or those with a limited home range. The most realistic exposure estimates for mobile 
species with relativeIy large home ranges and for species popuIations (even those that 
are immobile or have limited home ranges) are those based on the mean chemical 
concentrations in each medium to which these receptors are exposed. This is reflected in 
the wildlife dietary exposure models contained in the Wildhfe Exposure Factors 
Handbook (USEPA, X993), which specify the use of average media concentrations. Given 
the mobility of the upper-trophic-1eveI receptor species used in-the ERA, the use of 
maximum chemical concentrations (rather than mean concentrations) in the SERA to 
estimate the exposure via food webs is very conservative. This conservatism was 
reduced to more reahstic levels in the vaIues selected for use in the Step 3A evaluation. 

. Comparisons to Background-Background concentrations were used to judge the site- 
relatedness of individual chemicals in particular media. If site chemical concentrations 
were consistent with background levels, it was assumed that the concentrations were 
not site-related. There exists the possibility that concentrations below background were 
indeed site-reIated, rendering the assumption false. However the impact of this 
possibility is minimal since chemicals at 1eveIs consistent with background should 
exhibit no different ecologicaI effects than commonly occurring at areas not affected by 
releases, regardless of their source. 

l Spatial Distribution of Samples -The number and spatial distribution of surface soil, 
groundwater, and sediment samples was sufficient to adequately estimate potential 
ecological risks. There were 55 surface soil and 24 groundwater (from 19 wells) sampIes 
spread throughout the 14-acre site. Five sediment samples were collected from the 2-acre 
lagoon. The number and location of all 2002 samples were scoped jointly by the Navy, 
other Tier I partnering team members, and the Region III BTAG. 

e Frequencv of Detection-Frequency of detection was identified as a potential screening 
criterion when sample size and spatial distribution were adequate. Chemicals that were 
detected in less than 5 percent of the samples in a medium were not considered COCs in 
that medium if at least 20 samples were available (TJSEPA, 1989). It is unlikely that 
infrequently detected chemicals represent a risk to receptors at the population level. The 
uncertainties associated with the use of frequency of detection as a screening criterion 
are low as very few chemicals were screened out based solely upon this criterion. 
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6.6 Ecological Risk Assessment Conclusions 
In surface soil, six metals (antimony, copper, lead, nickel, thaBium, and zinc) and PAHs 
exceeded surface soil screening values and/or facilitywide background soil concentrations 
(where availabfe) and were retained as COCs (TabIe G-36 in Appendix G). Copper, lead, 
and zinc were the inorganics that exceeded both screening values and background 
concentrations most frequently and with the highest magnitudes. The spatial distribution of 
the highest screening value exceedances (HQs ~5) was very similar for these three metals. 
There was one cluster of exceedances along the northern site boundary (DS40, DS07, and 
DS05) and a second cIuster in the site’s southwestern portion (DSl8, DS33, DS34, and DS52). 
Potential risks to terrestrial receptors from exposure to PAHs in surface soils are likely to be 
limited on a sitewide basis. However, spatially restricted risks are possible, especially along 
the site’s northern (i.e., DSOl, DS04, and DSZ1) and the east-central site boundaries (area 
near SSO4). Thus, risks to lower-trophic-IeveI receptors utihzing some portions of the 
terrestrial habitats on SWMU 14 are possible. However, these risk estimates are IikeIy to be 
conservative under existing and projected future Iand uses because exposures are likely to 
be limited based upon the nature of the substrate (very coarse sand and gravel), the poor 
habitat quality (weedy field that is periodicaIIy mowed), and the site’s isolated nature (i.e., 
surrounded by developed areas}. Potential risks to upper-trophic-level terrestrial receptors 
are minimal as no chemical exceeded a LOAEL-based screening value for these receptors 
even assuming that these receptors would obtain all of their food from the site (an 
unrealistically conservative assumption given the habitat present on the site). Thus, given 
the current habitat conditions on the site and the likely future site uses, additiona ecological 
evaluation of the terrestrial portion of SWMU 14 is not warranted at this time. 

Relatively few chemicals exceeded screening values in lagoon sediment. Arsenic was the 
only inorganic chemical with a mean HQ greater than or equal to one based upon a detected 
concentration. The magnitude of this mean HQ (1.36) was low. Arsenic was also the only 
detected inorganic that exceeded its screening value in more than one sample. WhiIe the 
mean HQs for the other inorganic COPCs (from Step 2) were all less than one, all of the 
exceedances for these chemicals occurred in sampIe SD04, although sample-specific HQs 
were all two or less. The maximum concentration for arsenic also occurred in sample SD04 
(HQ of 2.49). While arsenic is identified as a COC in lagoon sediment, arsenic did not exceed 
screening values in site surface soils or groundwater, suggesting that these low magnitude 
sediment exceedances are not site related. Four pesticides (4,4’-DDE, 4,4’-DDT, alpha- 
chlordane, and gamma-chlordane) and one PCB (Aroclor-1260) exceeded screening values 
based upon mean detected concentrations. While the mean detected concentrations of five 
PAH compounds exceeded screening values, maximum HQs were less than two and the 
mean HQ for total PAHs was less than one. This suggests that potentiaI risks related to 
PAHs are minimal in lagoon sediments. A comparison of sediment concentrations to 
equihbrium partitioning-based sediment values, which provide a measure of bioavailability, 
suggests that potential exposures and risks are very low for all of these organic compounds. 
As for metaIs, the highest concentrations for these inorganics occurred near the center of the 
lagoon (samples SD02 and SDO4), although the spatial distribution of the pesticides was 
more widespread across the lagoon. The center of the lagoon may serve as a depositional 
area for inputs from the two outfalls to the west and the bay i&et to the east, although TOC 
concentrations in samples SD02 and SD04 (in the center of the lagoon) were not higher than 
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those in the two samples near the outfalls (SD01 and SDO5) but were higher than those from 
the sample at the bay inlet (SDO3). 

The potential magnitude of contaminant transport via groundwater from SWMU 14 to 
Willoughby Bay was qualitatively evaluated through a eomparison of groundwater 
concentrations with surface water screening values. Total cyanide, manganese, and 
4,4’-DDT had mean HQs exceeding one based upon detected groundwater concentrations 
and a dilution factor of IO. Because the screening value for cyanide is based upon free 
(bioavailable) cyanide, and not total cyanide, the ecological significance of the exceedances 
is questionable. To address this, five wells were re-sampled in 2002 for amenable (free) 
cyanide, including MWO7, where the maximum concentration of total cyanide was found. 
Amenable cyanide was not detected in any of the five wells at the same reporting limit as 
total cyanide. Thus, the cyanide present in groundwater is not likely to be present in 
bioavailable forms and would likely pose a minimal risk to aquatic receptors in Willoughby 
Bay following discharge. Since no site-specific upgradient wells or facility-specific 
background wells are available, it is unclear if the observed manganese concentrations are 
within the range of naturally occurring concentrations in groundwater. However, the 
maximum manganese concentration in groundwater was found in MWlSS, which is far 
removed from the source areas and the main groundwater flow direction. This suggests that 
manganese is likely to be present at background levels in groundwater and/or is not site 
related. Manganese was not identified as a PCOC in site surface soils. 4,4’-DDT was 
detected in four of 24 groundwater samples from three different wells (MWO5S, MWO’/S, 
and MWISS). Most of the detections occurred in the latest round (2002) of groundwater 
sampling. 4,4’-DDT (and its breakdown products 4,4’-DDD and 4$-DDE) was frequently 
detected in surface soil samples although at concentrations below soil screening values. 

A Watershed Contaminated Source Document (WCSD) is currently being prepared for 
Willoughby Bay. Once the results of the WCSD are available, possible future steps of the 
ERA process (i.e., Steps 3B and 4) for the Bay and lagoon, as related to SWMU 24, will be 
assessed, as warranted. 
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SECTION 7 

Conclusions and Recommendations 

This section presents the conclusions reached by the RI activities and identifies 
recommendations for completing the next phase in the site remediation process. 

7.1 Conclusions 
The SWMU 14 RI objectives were to: 

o Determine the site’s hydrogeologic characteristics, including groundwater flow direction 
and velocity to define the mobility of contaminants, 

0 Better define the horizontal and vertical extent of VOCs, SVOCs, pesticides/PCBs, 
metals, and dioxinsffurans in the site’s soil and groundwater, 

o Assess if SWMU 14 or Site 9 are the source of the contaminants detected in the soil, 
groundwater, and sediment, 

0 Delineate the extent of the Site 9 boundary, 

* Formulate a baseline risk assessment of possible threats to human health, and 

a Conduct a baseline ecological-risk assessment, through step 3B, to determine possible 
threats to ecological receptors. 

7.1.1 Site Physical Characteristics 
The material at SWMD 14/Site 9 is divided into two basic classifications: dredge fill and 
construction debris fill. The dredge fiI1 consists mainly of fine- to medium-grained sand and 
shell hash that comprises the western half of the SewelI’s Point per&&a. Sin&r miaterial is 
found below the construction debris fill 6 to 14 ft bgs in the site’s eastern portion. The 
construction debris fill generaIly consists of black to brown silts and sands with some gravel 
pockets. MetaI debris were observed during the test pit and drilling activities within the 
boundaries of the Site 9 fill area. In addition, coal and glass fragments were noted as well as 
apparent buried wood pilings. 

The groundwater elevation data indicates that the water table has a very low hydraulic 
gradient across the site with a fluctuation of approximately 0.6 ft. The groundwater contours 
show a slight mounding in the water just west of SWMXJ 14. From this location, 
groundwater flows in a radial pattern east and north from the mound (towards Willloughby 
Bay) as well as to the west. Based on slug test data, the range of groundwater flow velocities 
across the site was estimated to range from 56 to 209 A per year. Based on the groundwater 
flow patterns in the vicinity of the site, monitoring well, MW19S can be considered as an 
upgradient weIf. 
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7.2 Nature and Extent of Contamination 
Contaminants were detected in all media of concern including groundwater, surface soil, 
subsurface soil, sediment, and surface water. 

The groundwater analytical results showed that there were exceedances of the screening 
criteria (RBCs and MCLs) for VOCs, SVOCs, pesticides, and metals. However, there were no 
PCB exceedances observed in the groundwater samples. In addition, the pesticide and 
SVOC exceedances were isolated to the samples collected within the debris-fill boundary. 
VOC and SVOC exceedances were observed at almost all interior monitoring wells. 
However, pesticide exceedances occurred at only four locations as shown in Figure 3-8. The 
concentrations of inorganics exceeded the screening criteria in monitoring wells in the 
vicinity of both SWMU 14 and Site 9, indicating both of these areas are potential sources of 
contamination. 

The analytical results of the surface soil samples indicate exceedances of VOCs, SVOCs, 
pesticides, PCBs, metals, and dioxins/fwans. X,2-Dichlorobenzene was the only VOC 
detected above the screening criteria, and only occurred in one sampling location. Dieldrin 
and methoxyclor, occurring in isolated areas, were the only pesticides detected in 
exceedance of the screening criteria. Dieldrin exceeded the screening vaIue in two samples 
collected in the northern portion of the site. Methoxychfor exceeded the ecological screening 
vafue at DSO4. PCB exceedances were more extensive in the northern portion of the site with 
arochlor 1260 being the predominant PCB contaminant of concern. Generally, the SVOCs 
and pesticides, PCBs detected within the landfill at concentrations exceeding the screening 
values also exceeded the background levels. There were no metals exceeding the screening 
criteria and the background levels in surface soil samples collected outside of the Site 9 
boundary. Lead, mercury, and zinc were in general the most frequently detected analytes 
exceeding the screening criteria and the background within the site boundary. Overall, 
inorganic exceedances of the screening criteria and the background levels occurred in the 
northern and southwestern portion of SWU 14, Metals exceedances were less frequent in the 
southeastern area with the exception of DS30 and DS34. In addition, there were 
dioxin/furan exceedances at two of the five surface soil locations analyzed for these 
parameters. 

ln subsurface soil sampIes, SVOCs, pesticide, PCBs, metafs, and dioxin/furans were 
detected at concentrations exceeding the screening criteria. There were no VOC exceedances 
in subsurface soil. In addition, the concentrations of pesticide, PCB and SVOC exceedances 
were isolated to those samples collected within the Site 9 fill area, and generally in the 
northern and central portions of the site. The site sampIe concentrations were compared to 
the dredge fill background soil leve1s. SVOCs and pesticides/PCBs were detected within the 
landfill at concentrations that exceeded the RBCs and background levels. Dioxin/furan 
concentration exceedances occurred at four sample locations in the eastern central portion of 
SWMU 14. There were no metals concentrations detected above the background levels nor 
the screening criteria in subsurface soil samples collected outside of the fill area, indicating 
that Site 9 and SWMU 14 are likely sources of metal contamination. 

Five sediment samples were col1ected at the SWMU 14 lagoon. SVOC, pesticides, and PCB 
results did not exceed the RBCs. Arsenic and iron exceeded both human health and 
ecological screening values. The center of the lagoon may serve as a depositional area for 
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inputs from the two outfalls to the west and the bay inlet to the east. Results from SD04 and 
SD02 had the most SVOC, Pesticide, and PCB exceedances of the screening values. There 
were no inorganic exceedances at SD02 and SD03. A storm drain that discharges into the 
lagoon extends through much of the northwest portion of the naval base. As a result, the 
source of these contaminants is not well defined. 

7.3 Fate and Transport of Contamination 
Based on the chemical and physical data collected at SWMU 14, it appears likely that both 
SWMU 14 and Site 9 were potential sources of contamination. The general contaminant 
profile fits this contaminant distribution and consists of (I) surficial elevated concentrations 
in the vicinity of SWMU 14, (2) laterally widespread surficial and subsurface soil elevated 
concentrations within the Site 9 fill area, and (3) groundwater concentrations at levels 
varying from relatively high to relatively low with no readily apparent single source 
pattern. 

Metals, PAHs, pesticides, PCBs, and dioxins/‘furans are likely to be sorbed with the surface 
soil particles. MetaIs can move from surface soil to subsurface soil to groundwater by 
precipitation-induced leaching. However, PAHs, PCBs, and dioxins/furans are not expected 
to leach to the subsurface from surface soil, and are expected to be sorbed to surface soil 
particles and therefore remain in close proximity to their release point. Therefore, the only 
significant release mechanism is airborne or waterborne particles sorbed with PAHs, PCBs, 
or dioxin/furans. However, the site is vegetated and has little potential for overland flow, 
which minimizes the risk of transport of surface soil particles. 

Due to the shallow depth to water and the site’s proximity to the Bay, groundwater ff ow 
represents the most significant potential offsite transport mechanism. Based on the 
conceptual groundwater flow and groundwater flow velocities of 56 to 209 ft per year, it is 
likely that groundwater discharge occurs to the dredge-fill sediments to the west of the site 
as well as to Willoughby Bay located to north and east, Constituents that may be 
transported offsite via groundwater flow include those that are dissolved in groundwater. 
The concentrations of metals as well as trace levels of VOCs and SVOCs were observed in 
the downgradient monitoring wells may indicate possible migration of these contaminants 
from the site. 

7.4 Human Health Risk Assessment 
This baseline risk assessment was conducted to evaluate the potential human-health risks 
associated with the presence of site-related soil, groundwater, surface water, and sediment 
contamination at NSN SWMU 14. This risk assessment quantifies potential human-health 
risks at SWMU 14 under current conditions and under potential future use scenarios, if no 
additional remediation is implemented. 

There are no risks or target-organ specific hazards that exceed USEPA target levels for the 
site worker or trespasser under current site use. The following receptors had total RME 
noncarcinogenic hazards or carcinogenic risks that exceeded USEPA’s target levels: 

l Future site worker exposed to subsurface soil 
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o Future adult resident exposed to subsurface soil and groundwater 
l Future child resident exposed to surface so& subsurface soil, and groundwater 
l Future lifetime resident exposed to subsurface soil and groundwater 
l Future construction worker exposed to surface soil, subsurface soil, and groundwater 
l Future recreational child exposed to surface soil and subsurface soil 

The metals detected in the soil are the main contributors to the noncarcinogenic hazard 
associated with exposure to surface soil (iron and thallium) and subsurface soil (antimony, 
arsenic, iron, manganese, thallium, and vanadium). A comparison of the maximum detected 
concentrations and 95-UCLs of the metals to the background TJTLs does not indicate that the 
site metals concentrations are similar to the background metals concentrations. Therefore, 
based on this comparison, the calculated risks are probably site related and not background 
related. Benzo(a}pyrene, dioxins, and arsenic are the main contributors to the subsurface soil 
carcinogenic risk. 

The main contributors to the groundwater noncarcinogenic hazard are Z- 
methylnaphthalene, 4-methyIpheno1, dibenzofuran, naphthaIene, arsenic, iron, manganese, 
and thallium. The main contributors to the carcinogenic risk are vinyl chloride, n-nitroso-d- 
n-propylamine, pentachlorophenol, aldrin, and arsenic. 

Since elevated lead concentrations in soil are randomly distributed across the site regardless 
of depth, exposure point concentrations used to evaluate risks are biased high by specific 
locations not indicative of sitewide concentrations. Therefore, this risk assessment overstates 
the estimated risks for residentiai children from exposure to lead in soil. 

7.5 Ecological Risk Assessment 
Six metals (antimony, copper, lead, nickel, thallium, and zinc) and PAHs in surface soil 
exceeded surface soil screening values or facihtywide background soiI concentrations 
(where available} and were retained as COCs. Copper, lead, and zinc were the inorganics 
that exceeded both screening values and background concentrations most frequently and at 
the highest magnitudes. Site wide, potential risks to terrestrial receptors from exposure to 
PAHs in surface soils are likely to be limited. There are possible risks to lower-trophic-level 
receptors utilizing some portions of the terrestrial habitats on SWMU 14. However, these 
risks are likely to be minimal under both existing and projected future land uses because 
exposures are likely to be limited based upon the nature of the substrate (very coarse sand 
and gravel), the poor habitat quality (a weedy field that is periodically mowed), and the 
site’s isolated nature (i.e., surrounded by developed areas). Potential risks to upper-trophic- 
level terrestrial receptors are minimal as no chemical exceeded a LOAEL-based screening 
value for such receptors even assuming that they would obtain al1 of their food from. the site 
(an unrealistically conservative assumption given the habitat present on the site). Thus, 
given the current habitat conditions on the site and the likely future site uses, additional 
ecological evaluation of the terrestrial portion of SWMU 14 is not currently warranted. 

Relatively few chemicals exceeded screening values in lagoon sediment. Arsenic was the 
only inorganic chemical with a mean HQ greater than or equal to one based upon a detected 
concentration- While arsenic is identified as a COC in lagoon sediment, arsenic did not 
exceed screening values in site surface soils or groundwater, suggesting that these 
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low-magnitude sediment exceedances are not site related, Four pesticides (4#-DDEr 4,4’- 
DDT, aIpha-chlordane, and gamma-chIordane) and one PCB (ArocIor-1260) exceeded 
screening values based upon mean detected concentrations. While the mean detected 
concentratiuns of five individual PAH compounds exceeded screening values, maximum 
HQs were less than two and the mean HQ for total PAHs was less than one. This suggests 
that potentiaI risks related to PAHs are minimal in lagoon sediments. A comparison of 
sediment concentrations to equiribrium partitioning-based sediment values, which provide 
a measure of bioavailability, suggests that potent% exposures and risks are very low for all 
these organic compounds. 

The potential magnitude of contaminant transport via groundwater from SWMU 24 to 
Willoughby Bay was qualitatively and conservatively evaluated through a comparison of 
groundwater concentrations with surface water screening values. TotaI cyanide, manganese, 
and 4,4’-DDT had mean HQs exceeding one, based upon detected groundwater 
concentrations and a dilution factor of 10, which is very conservative for this site. Amenable 
cyanide was not detected in any of the five wells at the same reporting limit as totaI cyanide. 
Thus, the cyanide in groundwater is not likely to be present in bioavailable forms and 
would likely pose a minimal risk to aquatic receptors in WiIIoughby Bay following 
discharge. Since no site-specific upgradient wells or facility-specific background wells are 
available, it is undear if the observed manganese concentrations are within the range of 
naturalIy occurring concentrations in groundwater. However, the maximum manganese 
concentration in groundwater was found in MWlSS, which is far removed from the source 
areas and main groundwater flow direction. This suggests that manganese is likely to be 
present at background IeveIs in groundwater or is not site-related. Additionally, manganese 
was not identified as a potentiaf contaminant of concern (PCOC) in site surface soils. 4,4’- 
DDT was detected in 4 of 24 groundwater samples from 3 different weIls [h&WO5S, MWO’/S, 
and MW15S). 

A Watershed Contaminated Source Document (WCSD) is currently being prepared for 
Willoughby Bay. Once the WCSD results are avaiIabIe, possible future steps of the ERA 
process (i.e., Steps 38 and 4) for the Bay and lagoon, as reIated to SWMU 14, wilI be 
assessed, as warranted. 

7.6 Recommendations 
A Feasibility Study (FS} is recommended to address risks associated with potential 
contaminants of concern at Site 9 and SWMU 14. This study shoufd be evaluated to assess 
potential remedial alternatives to be considered in the event that there is a change in the use 
of the site from it’s current land use. Presumptive remedies will be considered by the NSN 
Tier I partnering team. 

In addition, it is recommended that the EEA process continue to the next phase, Steps 4 
through 7. 
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