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EXECUTIVE SUMMARY 

Renova Environmental Services and Sovereign Consulting Inc. Joint Venture (Renova-Sovereign 
Joint Venture [RSJV]) was retained by the U.S. Army Corps of Engineers (USACE) New England 
District (CENAE) to prepare this Remedial Investigation (RI) Report for tasks completed to 
characterize the environmental impacts at the Former Naval Air Station (NAS) Cape May 
Abandoned Dumping Station (Area of Concern [AOC] 1) located in Cape May County, New 
Jersey (Site) (Figure 1). The Site is located on the active United States Coast Guard (USCG) 
Training Center Cape May (TRACENCM), which is a secure Coast Guard Station, with no public 
access (Figure 2). The Site was added to the Formerly Used Defense Sites (FUDS) as Project No. 
C02NJ0951 in 1994 (USACE, 1994a). 

AOC 1 was identified as an area where dumping may have occurred during the 1940s. There 
were no specific details regarding the disposal history at the Site. USCG personnel mentioned the 
potential for historical disposal of drums in the AOC 1 area. In a review of historical aerial 
photographs from 1920 and 1933, there is evidence of a pier or system of piers. The location of 
these piers matched the locations of the ferrous anomalies mapped by the geophysical surveys 
conducted in 2019 and 2021. The erosion of the shoreline of AOC 1 is evident from review of the 
aerial photographs as well.  

The purpose of this RI report was to present the nature, extent, and associated risks to human 
health and the environment from potential contamination at AOC 1. Data gaps were identified in 
an Expanded Technical Memorandum (Bluestone Environmental Group [BEG], 2019) that included 
site background and historical review. 

Five data gaps were identified in BEG (2019) and were addressed during the RI: 

Characterization of Potential Buried Waste: The first data gap identified was the unknown buried 
waste onshore and in the eroded offshore areas. It was recommended to conduct geophysics to 
define the onshore and offshore areal limits of the AOC. The results of the geophysical surveys 
would help to determine the nature and extent of the onshore and offshore subsurface waste, if 
any. To address this data gap a geophysical investigation was conducted and test pits completed 
during this RI. 

Soil and Sediment Sampling: The second data gap identified was the current on-Site contaminant 
concentrations in soil and sediment, since available data were collected in 1998 and significant 
erosion had occurred at the shoreline. It was recommended to conduct additional soil (surface 
and subsurface) and sediment sampling to confirm whether contaminants previously detected in 
groundwater are also present in Site soil. Based on the groundwater data collected in 1997, the 
contaminants of potential concern (COPCs) included metals, pesticides, semi-volatile organic 
compounds (SVOCs) and explosives. To address this data gap, soil and sediment sampling was 
completed at the Site during this RI. 

Monitoring Wells: The third data gap identified was the current on-Site contaminant levels in 
groundwater, since available data were collected in 1998. The monitoring wells installed in 1998 
were not found during the Site reconnaissance by RSJV. To address this data gap, five new Site 
monitoring wells were installed and sampled during the RI.  
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Background Sampling: A lack of background data collected at the Site was identified as the fourth 
data gap, therefore a background study for soil, sediment, and groundwater was recommended. 
The Site is heavily developed and was historically utilized as an airfield, so it was a challenge to 
find appropriate background locations on the USCG property. AOC 1 is surrounded by the ocean 
channel on the north side and west side, the surface impoundments for dredged sediments on 
the south side and the jetty to the east. The results of the background sampling program indicated 
that the concentrations of analytes in the selected background sampling locations were similar to 
Site concentrations with respect to exceedances of screening levels, and therefore, could not be 
considered “background.” Thus, a site-specific background data set was not developed as part of 
the RI. However, New Jersey generic background was considered in the ecological risk 
assessment. 

Unexploded Ordnance: The fifth data gap focused on the potential to encounter unexploded 
ordnance (UXO) during intrusive activities at AOC 1 due to the proximity to the former 
ammunition bunkers, and because containers contaminated with explosives compounds may 
have been disposed there. Therefore, TRACENCM was contacted to determine if UXO support 
would be required during intrusive activities such as soil boring, well installation, and 
soil/sediment sampling. It was determined, based on conversations with base personnel, that the 
potential for encountering UXO at AOC 1 was low, however, for safety reasons, personnel trained 
in UXO awareness were part of the project team during intrusive activities. No UXO was 
encountered during the RI. 

The RI successfully addressed four of the five identified data gaps, since it was not possible to 
develop a site-specific background data set during the RI. The concentration maps presented in 
Appendix K summarize where chemicals were detected. The results indicate that there is no 
evidence of a release potentially attributable to former Department of Defense (DoD) operations 
at AOC 1. No physical evidence of a specific spill area was identified, and no hazardous, toxic, or 
radioactive waste (HTRW) or debris was identified. Of fifteen high-priority anomalies identified, 
six are co-located and correspond with the three test pit locations. However, based on the analysis 
of aerial photographs (Appendix A) as well as materials observed during field work, it is 
reasonable to conclude that AOC 1 does not contain drums, tanks, or similar sources that may (or 
may have contained) hazardous materials. Aerial photos that show historical structures in the 
footprint of AOC 1 correspond to the piers in the channel dating back to 1920 and 1933. Mapped 
anomalies are within the footprint of that historical debris.  

The loss of shoreline due to the tides and erosion of the beach, leading to loss of potential 
contaminants or disposal debris since the 1940s, may have also contributed to the limited extent 
of observed impacts at the Site. 

The conclusions of the human health risk assessment (HHRA) and screening level ecological risk 
assessment (SLERA) are summarized below: 

 Human Health - The potential human receptors at the AOC include intermittent 
recreational users exposed to surface soil, trespassers exposed to sediment, and 
construction workers exposed to aggregate soil and groundwater if, in the future, limited 
construction occurs at the AOC, for example, shore stabilization or other maintenance 
projects. There is no potential for either current or future residential or industrial land use, 
because construction of buildings is not feasible at this location along the shoreline within 
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the intertidal zone and within the area commonly inundated during king tides and storm 
surges. All estimated cancer risks were below the United States Environmental Protection 
Agency (EPA) acceptable incremental cancer risk range (1E-06 to 1E-04) and the noncancer 
HIs were below the target hazard index of 1. Additionally, lead concentrations in soil and 
sediment were acceptable based on the current and future intermittent recreational use 
and potential limited construction worker use of the Site. Therefore, there are no 
carcinogenic or noncarcinogenic COPCs at the AOC 1 site and the Site is acceptable for its 
reasonably anticipated current and future recreational use. These results support a 
decision of no action at the AOC 1 Site. 

 Ecological - Based on multiple lines of evidence, there are negligible potential impacts to 
ecological receptors from contaminants of potential ecological concern (COPECs) in soil, 
sediment, and groundwater that may be attributed to historical DoD-related dumping 
activities that ended in the 1940s. Remedial activities under Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) are not required 
for pesticides and herbicides applied per their intended use. Due to ocean proximity, tidal 
intrusion, and the decades since historical DoD-related dumping activities occurred, it is 
unlikely that any potential impacts to surface water are attributable to former DoD-related 
activities. 

The RI is complete and additional investigation is not recommended. The nature and extent of 
contamination has been defined, and the results of the risk assessments indicate that there are no 
unacceptable risks to human health or the environment. Therefore, implementing a remedial 
action is not required, and a Feasibility Study is not required. It is recommended that the project 
proceed to the preparation of the Proposed Plan and Record of Decision to close this FUDS site.
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1.0 INTRODUCTION 

Renova Environmental Services and Sovereign Consulting, Inc. Joint Venture (Renova-Sovereign 
Joint Venture  [RSJV]) was retained by the U.S. Army Corps of Engineers (USACE) New England 
District (CENAE) to conduct this Remedial Investigation (RI) to characterize the potential 
environmental impacts of past Department of Defense (DoD) activities at the Former Naval Air 
Station (NAS) Cape May Abandoned Dumping Station (Area of Concern [AOC] 1) located in 
Cape May County, New Jersey (Site) (Figure 1). The Site is located on the active United States 
Coast Guard (USCG) Training Center Cape May (TRACENCM), which is a secure Coast Guard 
Station, with no public access (Figure 2), except intermittently to pre-approved groups. The Site 
was added to the Formerly Used Defense Sites (FUDS) as Project No. C02NJ0951 in 1994 (USACE, 
1994a). 

1.1 Purpose and Organization 

The purpose of this RI is to describe the nature and extent and potential risks to human health 
and the environment from DoD-related contamination at AOC 1 at the Former NAS at Cape May, 
New Jersey. Data gaps were identified in an Expanded Technical Memorandum (BEG, 2019), that 
included site background and a historical review of the NAS Cape May. A Uniform Federal Policy 
– Quality Assurance Project Plan (UFP-QAPP) was completed in October 2022 (RSJV, 2022) which 
identified the sampling and analysis plan to address these data gaps in the RI. The data collected 
in the Fall of 2019, 2021 and 2022 are presented and evaluated along with historical data in this 
RI report. This report describes the nature and extent of contamination at the Site and presents 
the results of risk assessments that evaluated potential risks to receptors (human and ecological) 
potentially exposed to these contaminants. This report was prepared under contract Number 
W912WJ-19-D-0008, Delivery Order Number 0001, for the CENAE. 
 
Section 1 provides a site description and history, including a summary of investigations 
conducted prior to 2022. Section 2 describes the most recent investigations. Section 3 summarizes 
the nature and extent of contamination based on the recent and past investigations, with tables 
and figures depicting results. Section 4 provides an evaluation of contaminant fate and transport, 
and an updated Conceptual Site Model (CSM) based on the latest results. Sections 5 and 6 provide 
human health and ecological risk assessments, respectively. Section 7 summarizes the findings 
and provides recommendations regarding the need for future work at AOC 1. 

1.2 Site History 

The U.S. Government obtained the 426.8-acre property through a deed dated 2 December 1918 
and Declarations of Taking dated 16 July 1941 and 24 June 1942. The U.S. Navy operated the 
property from 1918 to 1946 (USACE, 1994a and 1994b). In 1946, the U.S. Navy conveyed 426.8-
acres free to the USCG (USACE, 1994a and 1994b). According to the USACE Inventory Project 
Report (INPR) Site Survey Summary Sheet, “Since 1946, approximately 101.8 acres has been lost 
to erosion and other forces of nature” (USACE, 1994a).  

Prior to use by the Navy, the oceanfront portion of the property was used as an amusement park. 
After World War I, the Site was used for dirigible landing and storage. By 1924, the Site was used 



Remedial Investigation Report  Renova-Sovereign Joint Venture 
AOC 1, Abandoned Dumping Station 
Former Naval Air Station, Cape May, New Jersey  

 

2 

as a landing strip for planes used by the USCG for coastal patrols. In 1941, the airfield was 
expanded and the Site was used as a training base for Navy carrier pilots. The USCG also utilized 
the Site for coastal patrol, anti-submarine warfare, air/sea rescue, and buoy service (engineering-
environmental Management, Inc., 2003). 

TRACENCM was established in 1948 (engineering-environmental Management, Inc., 2003). The 
USCG, part of the Department of Homeland Security, is the owner of record for the property. 
TRACENCM is the fifth largest USCG base, and is comprised of housing, offices, clinics, a chapel, 
shops, and a child development center (USCG, 2018) and is currently actively used for training 
purposes. AOC 1 is used intermittently, with scheduled access only for veteran anglers; 
occasionally other pre-approved recreational visitors, for example, bird-watching groups, have 
access with a base escort.  

Aerial photographs from 1920, 1933, 1956, 1987 and 2012 were reviewed for evidence of historical 
dumping, such as the presence of drums and tanks. See Appendix A for aerial photographs. The 
review of the historical aerials did not show evidence of dumping from 1920 and 1933, but it did 
show several piers with a boathouse or similar structure in the vicinity of AOC 1, prior to the jetty 
construction. These piers are in the vicinity of concrete and metal debris visible in the vicinity of 
AOC 1. 

1.3 Site Characteristics 

The Site is currently being operated as the USCG TRACENCM and is located in Cape May 
County, New Jersey, approximately 50 miles south of Atlantic City (Figure 1). AOC 1 is currently 
bound to the west by a dirt access road and beyond that by a Confined Disposal Facility (CDF), 
which is a surface impoundment made of earthen berms to dewater dredge spoils from the 
periodic dredging of the Cape May Inlet (Figure 1). The Site is currently bound to the north by 
Cape May Harbor and east by the Cape May Inlet. The southern end of the Site is adjacent to the 
Cape May jetty and the Atlantic Ocean. Much of the estimated footprint of AOC 1 is now 
underwater, due to over 100 ft of shoreline erosion since 1931.  

The AOC 1 boundary was established in 1994 as part of the FUDS Inventory Project Report 
(INPR) (USACE, 1994a) based on interviews with former base employees, who stated that the 
area may have been a dumping ground for waste generated on base (Figure 1). The 1997 Site 
investigation efforts within AOC 1 by Ogden Environmental and Energy Services Company 
([OEESC], 1998) observed surface debris and confirmed the presence of contaminants of potential 
concern.  

Located along the eastern shoreline, the AOC 1 Abandoned Dumping Station is predominantly 
underwater due to substantial shoreline erosion in this area. AOC 1 is saturated with ocean water 
two times a day at high tide and floods (over the road) up to ten times per year due to storm 
surges and astronomical high tides (or “king tides”). This area is not open to the public and is 
infrequently used by veterans for fishing or pre-approved recreational birding tours escorted by 
base personnel.  

BEG completed Site reconnaissance and base employee interviews in 2019. During these 
interviews, base employees described observing silverware, coins from the 1940s, and general 
debris along the shoreline in this area in 1980s. BEG documented that in recent years, base 
employees had only seen modern debris that washed ashore from the ocean.  
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The USCG installed metal sheet piling in 2016 along the edge of the security road, as part of the 
Hurricane Sandy Shoreline reconstruction project, in the vegetated area of the shoreline between 
the perimeter road adjacent to AOC 1 and the beach, to protect the integrity of the road from 
shoreline erosion. The sheet piling was installed to a depth of 25 ft below ground surface (bgs). 
The top of the sheet piling is visible along the edge of the Site access road. No UXO related to 
former ammunition bunkers, or containers contaminated with explosives compounds that may 
have been disposed at the AOC 1, were encountered during the installation of the sheet piling 
(BEG, 2019).  

1.4 Summary of Previous Investigations 

Ogden Environmental and Energy Services Company, Inc. (OEESC), 1998 

In October 1997, OEESC conducted sampling on behalf of Northern Ecological Associates, Inc., 
for USACE, New York District, at AOC 1. The purpose of the investigation was to evaluate the 
potential presence of contamination related to historical DoD operations. OEESC collected and 
evaluated soil and groundwater samples and compared the results to 1996 NJDEP Soil Cleanup 
Criteria and 1997 NJDEP Groundwater Quality Standards (GWQS), the most current criteria 
available at the time of the investigation.  

Eight soil samples were collected from four soil borings (DS-B1 through DS-B4) using a 
Geoprobe® drill rig. Soil samples were collected at two intervals per boring: shallow (0 - 2 foot 
[ft] interval) and deep (collected less than six inches above the water table). The water table was 
observed between 4 and 10 ft bgs depending on the tidal cycle. Groundwater samples were 
collected directly from two of the four boring locations (DS-B1 and DS-B3). The soil and 
groundwater samples were analyzed for the following parameters: 

 Target Compound List (TCL) volatile organic compounds (VOCs) by EPA Method 8260   

 TCL semi-volatile organic compounds (SVOCs) by EPA Method 8270  

 Pesticides/polychlorinated biphenyls (PCBs) by EPA Method 8080; and  

 Target Analyte List (TAL) metals (total and dissolved) by EPA Method 6010 and EPA 
Methods 7471 and 245.2 for mercury.  

The results of the OEESC field event determined that no soil cleanup standards applicable at that 
time were exceeded. In groundwater, GWQS were exceeded for pesticides (DDE and DDT) only 
in location DS-B3. Total and dissolved iron, manganese, and sodium exceeded the GWQS in both 
groundwater samples; total and dissolved aluminum exceeded standards in location DS-B3, and 
total chromium, lead, and nickel exceeded criteria in DS-B3. A summary of the groundwater 
exceedances from the OEESC Field event is provided in the table below. 

 

Sample Name 

(10/16/1997) 

Contaminant Concentration 
(µg/L) 

1996 NJDEP 
GWQS (µg/L) 

DS-B3-GW-01 4,4’-dichlorodiphenyldichloroethylene (DDE) 0.13  0.10  

 4,4’-dichlorodiphenyltrichloroethane (DDT) 0.16  0.10  

 Iron (total) 224,000 300 
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Sample Name 

(10/16/1997) 

Contaminant Concentration 
(µg/L) 

1996 NJDEP 
GWQS (µg/L) 

 Iron (dissolved) 2,210 300 

 Manganese (total) 1,830 50 

 Manganese (dissolved) 167 50 

 Sodium (total) 65,800 50,000 

 Sodium (dissolved) 54,200 50,000 

 Aluminum (total) 89,600 200 

 Lead (total) 413 10 

 Chromium (total) 538 100 

 Nickel (total) 263 100 

 Arsenic (total) 88.1 8 

D3-B3-5 GW-02 DDT 0.11  0.10  

 Aluminum (total) 35,000 200 

 Arsenic (total) 32.4 8 

 Chromium (total) 245  

 Iron (total) 71,600 300 

 Iron (dissolved) 1,200 300 

 Lead (total) 69.2 10 

 Manganese (total) 696 50 

 Manganese (dissolved) 102 50 

 Nickel (total) 395 100 

 Nickel (dissolved) 474 100 

 Sodium (total) 282,000 50,000 

 Sodium (dissolved) 256,000 50,000 

 

OEESC attributed the exceedances of iron and manganese criteria in groundwater to the 
mineralogy of the surface sediments; of sodium criteria to sea water mixing; and, of aluminum, 
chromium, lead, nickel, and arsenic criteria to on-Site disposal (OEESC, 1998). 

Expanded Technical Memorandum 

BEG (BEG, 2019) completed an Expanded Technical Memorandum incorporating site background 
and historical review of the former NAS Cape May. The scope of work included assessment of 
AOC 1 (Figure 1) to provide a summary of historical documents and previous investigations, 
develop a preliminary site-specific Conceptual Site Model (CSM), identify data gaps, provide 
recommendations to address the data gaps, and develop a general approach for the risk 
assessments.  
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BEG identified a potential source area at AOC 1, the Abandoned Dumping Station, based on 
review of prior environmental reports and historical information. Additional site characterization 
was deemed necessary to address the project under the Defense Environmental Restoration 
Program (DERP)-FUDS Program. The recommended investigation scope included geophysical 
investigation, completion of test pits, subsurface soil collection, surface soil, and sediment sample 
collection, and installation and sampling of groundwater monitoring wells, as discussed in more 
detail in the data gap section, Section 1.6.  

1.5 Technical Objectives and Data Gaps 

Five data gaps were identified in the BEG (2019) Expanded Technical Memorandum. The data gaps 
have been updated to reflect the scope of work adapted for this RI, as documented in the UFP-
QAPP. The data gaps and RI tasks are summarized below: 

Data Gap #1 – Characterization of Potential Buried Waste 

The first data gap identified was the unknown buried waste onshore in the eroded offshore areas. 
It was recommended to conduct geophysics to define the onshore and offshore areal limits of the 
AOC and then conduct test pits in areas where anomalies were identified. The results of the 
geophysical surveys would help to determine the nature and extent of the onshore and offshore 
subsurface waste, if any. An aerial magnetometry survey using an Unmanned Aircraft System 
(UAS, or “drone”) was recommended for the offshore portions of AOC 1.  

In addition to the recommended aerial survey, a land survey was conducted in accordance with 
EM 1110-1-1802 Geophysical Exploration for Engineering and Environmental Investigations 
(USACE, 1995b) and American Society for Testing and Materials (ASTM) Method D6429 
Standard Guide for Selecting Surface Geophysical Methods (ASTM, 2011). 

The results of the geophysical investigation were used to select locations for test pits and to 
confirm the proposed locations and depths for the soil borings and new monitoring wells within 
AOC 1 for this RI. 

Data Gap #2 – Soil and Sediment Sampling 

The OEESC report presented data from soil and groundwater at AOC 1 for VOCs, SVOCs, 
pesticides, PCBs, and metals. The second data gap identified was the current on-Site contaminant 
concentrations, since the data were collected in 1998 and significant erosion had occurred at the 
shoreline. It was recommended to conduct additional soil (surface and subsurface) and sediment 
samples to confirm whether contaminants detected in groundwater are also present in Site soil. 
Based on the groundwater data collected in 1997, the COPCs included metals, pesticides, SVOCs 
and explosives. During the RI, the following sampling was completed at AOC 1: 

 15 surface soil samples taken from a depth of 0 to 1 ft bgs using a hand auger;  

 Twenty subsurface soil samples were completed in ten borings. In each boring a sample 
was taken from depths of 1 to 2 ft bgs and from 2 to 4 ft bgs. Five of the borings were 
completed at locations selected based on the results of the geophysical survey using a 
Direct Push Technology (DPT) rig and were also used for installation of five monitoring 
wells (see Data Gap #3); and  
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 15 sediment samples obtained from a depth of 0 to 0.5 ft bgs and not covered by more 
than 1 to 2 ft of surface water at mid-tide using a Petit Ponar grab sampler or equivalent.  

Data Gap #3 – Monitoring Wells 

The third data gap identified was the current on-Site contaminant levels in groundwater, since 
the available data were collected in 1998. The monitoring wells installed in 1998 were not found 
during the site reconnaissance by RSJV; therefore, the installation of five new Site monitoring 
wells was added to the scope of work. 

Monitoring wells were to be co-located with the soil borings at locations selected based on the 
results of the geophysical investigation. Drilling logs and well completion diagrams were 
completed in accordance USACE Engineer Manual 1110-1-4000 for subsurface soil sampling.   

The groundwater encountered at AOC 1 during previous investigations may have been perched 
groundwater, due to the potential presence of an underlying Meadow Mat.  During the soil 
boring sampling, the geologist was to identify this potential Meadow Mat, if present, as 
contamination may be present in the overlying sand, the Meadow Mat or in underlying units.   

Data Gap #4 – Background Sampling 

A lack of background data collected at the Site was identified as the fourth data gap. It was 
recommended to complete a background study for soil, sediment, and groundwater. The Site is 
heavily developed and was historically utilized as an airfield, so it was a challenge to find 
appropriate background locations on the USCG property. AOC 1 is surrounded by the ocean 
channel on the north side and west side, the surface impoundments for dredged sediments on 
the south side, and the jetty to the east.  

A background sample location, MW-1/BH1 was selected approximately 1,500 ft upgradient of 
AOC 1. Background surface and subsurface soil samples were collected in the same manner as 
the AOC 1 samples and analyzed for the same suite of parameters. Multiple background sample 
locations were not possible due to the location of AOC 1. An upgradient location to the north of 
the Site was determined to be the most suitable location to assess background conditions at the 
property.  

The results of the background sampling program indicated that the concentrations of analytes in 
the selected background sampling locations were similar to Site concentrations with respect to 
exceedances of screening levels, therefore could not be considered “background,” and an 
appropriate site-specific background data set was not developed. Therefore, site-specific 
background concentrations were not available for use in the RI. 

Data Gap #5 – Unexploded Ordnance 

The fifth data gap focused on the potential to encounter UXO during intrusive activities at AOC 
1 due to the proximity to the former ammunition bunkers, and because containers contaminated 
with explosives compounds may have been disposed there. Therefore, TRACENCM was 
contacted to determine if UXO support would be required during intrusive activities such as soil 
boring, well installation, and soil/sediment sampling. It was determined, based on conversations 
with base personnel, that the potential for encountering UXO at AOC 1 was low. However, for 
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safety reasons, personnel trained in UXO awareness were part of the project team during invasive 
Site activities. No UXO was encountered during the RI.
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2.0 PHYSICAL SETTING 

The Site is in the Coastal Plain Physiographic Province. This province is characterized by a low, 
gently to moderately rolling land surface and low relief. Elevation at the Site ranges from 0 ft 
North American Vertical Datum of 1988 (NAVD88) at the shoreline to approximately 15 ft 
NAVD88 in the area between the harbor and the ocean.  

2.1 Meteorology 

Based on a three-decade average of climatological data (“1991-2020 Climate Normals”) for Cape 
May, New Jersey, the average minimum temperature for the region is 25.1°F in January and 
average maximum temperature is 86.6°F in July. Precipitation averages 45.96 inches annually, 
relatively evenly distributed during the year (National Oceanic and Atmospheric Administration 
[noaa.gov], 2020). 

2.2 Surface Water Drainage 

Surface water runoff at the Site follows the topography. Surface water flows southward to the 
Atlantic Ocean, northward to Cape May Harbor, and eastward to Cape May Inlet. No streams 
were observed at the Site. There is no stormwater infrastructure near the area targeted for this 
investigation. 

2.3 Geology 

The geology of the Site consists of multiple units of Quaternary Period coastal plain sediments 
deposited throughout the recent geologic history, and consisting of beach sands and dunes 
overlying interbedded estuarine and marsh deposits. Pieces of the salt marsh deposits (“Meadow 
Mat” comprised of peat and organic silt) were found during previous Site investigations on the 
beach near the Former Eastern Firing Range. As sea level rises and the beach, dune, and overwash 
sand deposits are eroded, buried marsh deposits are exposed at the shoreline. These marsh 
deposits are eroded and carried by high tides, storm surges, and overwash processes that are 
deposited on the surface further inland (BEG, 2019).  

In general, the Site subsurface is made up of a younger aged Holocene surficial unit that overlies 
the Cape May Formation Unit 2, consisting of sand and pebble gravel, silt, and fine sand from 
shoreline deposits. Unit 2 overlies the older, Late Pleistocene age, Unit 1 of the Cape May 
Formation, consisting of similar materials including sand and pebble gravel, silt, clay and fine 
sand. The shallow surficial unit consists of the younger aged Holocene sand, silt, clay, and peat 
(BEG, 2019). The sand forms the current beaches and dunes and the fine sand, silt, clay, and peat 
forms existing salt marshes. The mineralogy of the beaches and dunes includes silica sand as well 
as heavy minerals, of which 42% is hornblende. Hornblende contains calcium, sodium, 
magnesium, iron, aluminum, and silica, which may affect soil and groundwater sampling results. 
The beach and dune sands also include 10% garnet and smaller amounts of hypersthene, epidote, 
apatite, and diopside. These lesser components may contribute calcium, magnesium, iron, 
manganese, vanadium, and phosphorus to analytical results. The Meadow Mat is a low 
permeability, discontinuous, semi-confining unit, due to the silt, clay, and organic material 
constituents; it is not an aquitard, however, and surface spills may infiltrate through the unit over 
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time (BEG, 2019). This intermittent layer was noted below the surface sand layer to depth of 10 ft 
bgs; the specific thickness of the mat was not noted in previous Site investigations.  

2.4 Hydrogeology 

Groundwater underlying AOC 1 was reported to be less than 4 ft bgs in borings advanced during 
the previous investigation (OEESC, 1998) and groundwater flows toward the Cape May Harbor, 
Cape May Inlet, and the Atlantic Ocean. Previous investigations do not indicate if the 
groundwater is fresh, brackish, or saline, and data were not collected to determine the 
groundwater salinity levels. Depth to the fresh water-salt water interface is expected to be 
shallower at the coast and increase in depth with distance inward on land. In addition, the 
interface is likely a zone of mixing based on diffusion rates. The Meadow Mat beneath the surficial 
sand has been observed at a depth of approximately 6 to 10 ft bgs in the area of the concrete 
bunker in the Former Western Firing Range (AOC 3). These Meadow Mat units may be only 
locally occurring as coastal depositional environments are highly dynamic, and in other areas, 
the Meadow Mat layer might not have formed and/or may have been eroded already. The boring 
logs from the soil borings collected within the area of the former dumping ground (AOC 1) during 
the 1997 investigation do not indicate the presence of a Meadow Mat in this area, although soil 
borings are only logged to 4 ft depth.  

The surficial aquifer at the Site is the Holly Beach Aquifer, which is approximately 35 ft thick and 
is found between 15 and 50 ft bgs (Sugarman, et al., 2016), however since there are no water 
supply wells currently or planned for the future at USCG Training Center Cape May, the 
groundwater data from AOC 1 are not evaluated as drinking water in the HHRA. The primary 
water supply for the Training Center and local community is provided by the City of Cape May 
water utility from deep wells screened in the Cohansey and Kirkwood aquifers (at approximately 
300 to 800 ft bgs) (OEESC, 1998). Sugarman, et al. (2016) indicated that wells screened in the Holly 
Beach Aquifer should be located away from bays and tidal creeks, as chlorides from salt water 
may adversely impact this aquifer. Continued pumping in this unit at the Site would likely result 
in deterioration of water quality. In addition, concentrations of chloride and sodium in this unit 
exceed drinking water standards (Sugarman, et al., 2016).  

Located along the eastern shoreline, AOC 1 is predominantly underwater due to substantial 
shoreline erosion in this area. The Expanded Technical Memorandum reported that the entire 
AOC 1 is saturated with ocean water two times a day at high tide and floods (over the road) up 
to ten times per year due to storm surges and astronomical high tides (or “king tides”).  

2.5 Ecology 

The Cape May peninsula is located between the Delaware Bay and the Atlantic Ocean and thus 
has 60 more frost-free days than northern Cape May County. This results in species common in 
the southern states. Tree species such as swamp chestnut oak (Quercus michauxii) and loblolly 
pine (Pinus taeda) are present in the lower peninsula (USFWS, 2006). The exposed portion of the 
landfill is approximately 1 acre and is dominated by invasive plant species like ragweed, 
goldenrod, and phragmites. 

The Cape May peninsula is a migratory corridor for birds, primarily due to the large horseshoe 
crab population along the western shoreline and the configuration of the land between the 



Remedial Investigation Report  Renova-Sovereign Joint Venture 
AOC 1, Abandoned Dumping Station 
Former Naval Air Station, Cape May, New Jersey  

 

10 

Delaware Bay and the Atlantic Ocean. This corridor attracts birds that eat horseshoe crab eggs, 
such as sharp-shinned hawk (Accipiter striatus), osprey (Pandion haliaetus), northern harrier (Circus 
cyaneus), and many species of owls, as well as the red knot (Calidris canutus, a candidate for 
Federal listing), least sandpiper (Calidris minutilla), dowitcher (Limnodromus spp.), and ruddy 
turnstone (Arenaria interpres) (USFWS, 2006). The beach at AOC 1 is a known nesting area for 
horseshoe crabs. Avian species observed in this area during a Site visit included: seaside 
sparrows, laughing and herring gulls, red-winged blackbirds, and starlings (BEG, 2019).  

The USCG provided their Beach Management Plan to the USACE while planning the event. The 
plan states, “The beach at TRACEN Cape May is managed as a “vehicle-free” and “people-free” 
area during the nesting season, March 15 through September 15, as the beach is closed to all 
person with the following exceptions: EP&SS, Security, NJDFW, and USFWS personnel.”   

2.5.1 Wetlands 

According to the National Wetlands Inventory Map managed by the USFWS, most of the 
undeveloped portion of the Site (approximately 49 acres) consists of palustrine freshwater 
emergent wetland. This wetland is characterized by trees, shrubs, and persistent emergent 
vegetation that are present for most of the year. The area is seasonally flooded, with surface water 
remaining for at least 1 month. When the surface is not flooded, the substrate is saturated at or 
near the surface (USFWS, 2018). 

The freshwater forested/shrub wetland (approximately 6 acres) is located along Arcus Road 
north of the beach on the Atlantic Ocean side of the jetty. This wetland is characterized by 
continuously saturated substrate with woody vegetation no more than 20 ft tall, such as shrubs 
and saplings. The vegetation has wide, flat leaves that are shed during cold or dry seasons 
(USFWS, 2018). 

Estuarine and marine wetlands are present along the northeastern (approximately 2 acres) and 
southeastern (approximately 4 acres) corners of the Site. These wetlands are characterized by 
water salinity greater than 30 parts per thousand with little to no dilution and a substrate that 
floods with high tide, though the surface does not always flood. Only about 30 percent of the area 
is vegetated (USFWS, 2018); the remaining 70 percent has been developed by the USCG as roads, 
buildings, parking lots, and maintained lawns. 
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3.0 STUDY AREA INVESTIGATIONS 

3.1 Geophysical Surveys 

Maser Consulting was subcontracted by RSJV to complete a geophysical survey of the suspected 
abandoned dumping station area to address an identified data gap. The primary objectives 
included: 1) map FUDS-related debris; 2) map utilities; and 3) evaluate geologic strata and 
Meadow Mat. This evaluation utilized air-deployed magnetometer surveying and terrestrial-
deployed electromagnetic induction and ground penetrating radar methods.  

The area for the first geophysical survey was approximately 0.9 acres offshore and 1.76 acres 
onshore, and was completed in December 2019. A 15-ft x 15-ft line spacing was selected for the 
drone flight pattern based on this assumption. Maser followed UAS requirements of EC 1110-1-
109 for the Aerial Magnetometer Survey (Appendix B). 

During this survey, 23 anomalies were identified as potential FUDS-related debris, remnant 
infrastructure, and possible utilities, potentially related to AOC 1. The majority of anomalies were 
coincident with visually observed objects in historical aerial photographs for the region. Based 
on the results of the first aerial survey, a second aerial survey was completed in August 2021 
across an expanded area 150 ft to the east and 100 ft to the north to help identify 18 other 
submerged anomalies.  

In August 2021, Colliers Engineering & Design (formerly Maser Consulting) (CED) conducted 
the Phase II geophysical evaluation to include surveying of an area expanded from Maser 
Consulting’s efforts performed in December 2019. Using a combination of aeromagnetic 
surveying, aerial photography, and terrestrial geophysical surveying, the evaluation identified 
21 additional anomalies for a total of 44 geophysical anomalies within the survey area. The low-
priority-designated geophysical anomalies were coincident with observed surface debris, 
corrugated sheet-pile, and possible former structures observed on historical aerial photographs 
and verified with foot reconnaissance visual observations of remnant wood and concrete piers 
and remnant infrastructure. Table 1 of Appendix B contains more information on the suspected 
origin of each geophysical anomaly. 

Fifteen of the anomalies were designated “high-priority” targets as having the potential to be 
associated with FUDS-related debris. These anomalies were recommended for invasive 
exploration in the form of test pit and/or test boring exploration to characterize subsurface 
conditions and ground-truth anomaly targets.  These areas recommended for exploration are 
shown on Figure 2.  Recommended exploration locations are also shown on Figures 3 and 3a 
along with completed sample locations.   

The Meadow Mat was not observed. Limitations associated with identifying an organic 
subsurface layer were likely the result of fluctuating shallow water table ranging from 3.0 to 8.0 
ft (tide-dependent).  

In addition, land-based geophysical data collection was completed within the subject area in 
conjunction with low tide to maximize the extent of survey area. Land-based geophysical 
surveying (CED, 2022) was not completed in marine environments (ponded water, tidal/ocean 
waters, wetlands etc.). Some areas also had restricted accessibility of geophysical instruments due 
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to topography, potential nesting areas or structures. Active utilities were not observed within the 
survey area. 

3.2 Habitat Survey 

DuBois and Associates, LLC (DBA) completed an Endangered and Threatened Wildlife and Plant 
Species Habitat Evaluation (DBA, 2022) in October, 2020. The purpose of this report was to 
identify local ecological receptors and determine if potential Site investigation and remediation 
activities would adversely affect them. This habitat evaluation included the background Site 
location and a summary of existing Site conditions based on both field investigations and 
background mapping. A complete summary of the ecological communities in the project area, 
along with a vegetation inventory, presentation of wetland and hydrological background 
information, soils mapping, and agency descriptions were also included (Appendix C). The data 
collected was incorporated into the risk assessments. 

The evaluation includes a summary of all documented and mapped state and federally listed 
threatened and endangered species and summarizes all listed target wildlife species based on the 
New Jersey Landscape Project mapping, New Jersey Department of Environmental Protection 
(NJDEP) Natural Heritage Program (NHP) correspondence, and United States (US) Fish and 
Wildlife Service (USFWS) consultation correspondence. A discussion of any listed floral species 
is also presented based on the NJDEP Natural Heritage Grid map, NHP, and USFWS 
correspondence.  

The report also provided detailed species life history summaries for each listed threatened and 
endangered species as presented in the referenced agency mapping and correspondences. The 
results of the habitat evaluation conducted by DBA based on field and background investigations, 
and accompanying project area photographs and representative GIS mapping, is provided in the 
attached report (Appendix C). 

3.2.1 Summary of Habitat Survey 

The open water area associated with AOC 1 is part of the migration corridor for the Atlantic 
sturgeon, and overall suitable foraging habitat for the two night-heron species, cattle egret, black 
skimmer, least tern, osprey and bald eagle. The foraging habitat extends throughout the Cape 
May Inlet, Cape May Harbor to the north, and the Atlantic Ocean to the south. DBA determined 
that this identified foraging habitat is not contiguous with or part of critical nesting habitat for 
any of the target species along the beach, dune and disturbed brushland of the AOC 1 project 
area. The open water area of AOC 1 encompasses a very small portion of the available and 
documented foraging habitat that significantly expands outside of the project area. DBA 
concluded that any proposed remedial activities would not directly or indirectly result in adverse 
impacts to the identified foraging habitat. This Cape May Inlet corridor is utilized regularly by 
both large and small boats and ships, which does not impact this area from being utilized as 
foraging habitat. The DBA report provides the NJDEP regulatory criteria in which mitigative 
measures would be required for “Finfish Migratory Pathways” subject to the coastal regulations 
for any proposed remedial activities to ensure no adverse impacts to Atlantic sturgeon habitat. 
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The maritime red cedar woodland within the proposed staging area has been determined to meet 
the general nesting life history requirements for the colonial waterbirds (black-crowned night 
heron, yellow-crowned night heron, and cattle egret).  

The beach and dune community on the Site has been determined to not meet the criteria to be 
considered suitable nesting habitat for the black skimmer, least tern, and/or piping plover. The 
community at AOC 1 is a narrow feature that is subject to tidal influence at the edge of the dense 
dune beachgrass vegetation. There is no available area above the high water line available for 
nesting. DBA identified surrounding suitable and documented nesting areas for these species 
based on historical mapping and data, regional aerial imagery, and field observation. These areas 
are opposite the inlet on the undeveloped Two Mile beach, and to the southwest of the project 
area along the more expansive beach and dune habitat. Any proposed remedial activities will not 
result in any adverse impacts to these suitable nesting habitat areas.  

The red knot is a shorebird species that utilizes the NJ coastal areas as a migratory stopover for 
feeding. These critical areas are associated with horseshoe crab spawning areas. The Landscape 
Project mapping and NHP identify suitable foraging habitat for the red knot only associated with 
the Two Mile beach habitat to the northeast. The narrow beach community at the AOC project 
Site does not exhibit horseshoe crab spawning habitat, and is not a critical stopover for red knot 
feeding. Any proposed remedial activities will not adversely impact red knot feeding habitat.  

A comprehensive vegetative inventory and quadrat survey was performed throughout the AOC 
and proposed staging areas. The field study did not result in the identification of any listed or 
mapped target floral species, or any other rare, threatened, or endangered plant species. The 
seabeach amaranth and seabeach sandwort are found on beach and foredune communities. The 
disturbed brushland in the AOC 1 area that is largely composed of fill and surrounded by rip-rap 
does not exhibit habitat for these species. The beach and dune community on the AOC 1 project 
area do not exhibit the suitable habitat for either of the target plant species. The tidal influence 
extends to the edge of the dense area of beachgrass and other common coastal species. Both 
species do not tolerate heavy competition, and are not found in heavily vegetated dune areas. 
The beach along this length of the Cape May Inlet does not have any foredune area with sparse 
vegetation where either species would be found. Documentation for the seabeach sandwort is on 
Two Mile Beach opposite the inlet, which is also an area that may be suitable for seabeach 
amaranth. Any proposed remedial activities would not result in adverse impacts to the seabeach 
amaranth colony, seabeach sandwort plants, or suitable habitat. 

3.2.2 Habitat Survey Conclusions 

Based on results of the literature and mapping searches conducted and the Site investigation DBA 
found that the overall project area does not exhibit potentially critical threatened and endangered 
species habitat. It was the determination of DBA that remedial activities can be performed in the 
project area without direct or indirect adverse impacts to state and federally listed threatened and 
endangered species and associated suitable habitats. For those areas that do exhibit potentially 
suitable habitat, best management practices and timing restrictions were recommended to 
minimize and avoid impacts. These include the following: 

• Per NJDEP standard management guidelines, avoidance of any activities in the vicinity of 
a colonial waterbird nesting colony between April 1 and August 15 will ensure no adverse 
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impacts. If it is necessary to perform the remedial activities within this timeframe, a 
colonial waterbird nesting survey can be performed within identified potentially suitable 
nesting habitat in the staging area prior to implementation of the work to confirm the 
absence of nesting colonies. 

• If there has been a new active bald eagle nest during the breeding season in the vicinity of 
the project area, it is the recommendation of DBA that remedial activities be restricted 
during the breeding season per NJDEP management guidelines (January 1 through July 
31). 

• Timing restrictions or mitigation measures should only be applicable for the Atlantic 
Sturgeon if there were “….any development which would result in: lowering dissolved 
oxygen levels, releasing toxic chemicals, raising ambient water temperature, impinging 
or suffocating fish, entrainment of fish eggs, larvae or juveniles, causing siltation, or 
raising turbidity levels during migration periods.” (NJDEP Coastal Zone Management 
Rules, 2/20/2020). These restrictions are recommended to be during the spawning season, 
identified as April through May in Mid-Atlantic waters. 

Additionally, any investigation activities would be subject to NJDEP Coastal Area Facility Review 
Act or Waterfront Development Permit and USACE approval. All specific proposed remedial 
activities would be subject to review and approval of these regulatory agencies. This report 
addresses general compliance with the Subchapter 11: Standards for Conducting and Reporting 
the Results of an Endangered or Threatened Wildlife or Plant Species Habitat Impact Assessment 
and/or Endangered or Threatened Wildlife Species Habitat valuation at New Jersey 
Administrative Code 7:7-11. 

3.3 Field Investigation 

3.3.1 Test Pits 

Fifteen anomalies were designated high-priority targets with the potential to be associated with 
FUDS-related debris. Only anomalies within reach of the long-reach excavator were selected for 
the intrusive investigation under the QAPP. Shore Systems Group LLC of Clarksburg, New Jersey 
mobilized a long-reach excavator to the Site on October 18, 2022. A total of three test pits (TP1, 
TP3 and TP4) in the vicinity of six of these targets were completed within the boundaries of AOC 
1 (Figure 4) to determine the nature and extent of the buried debris to an approximate depth of 5 
ft bgs as estimated from the geophysics. These six targets were chosen based accessibility to the 
shore by an excavator. TP2 was too far from the shoreline to access with the long-reach excavator 
that was on-Site. The locations of test pits were field determined with a handheld global 
positioning system (GPS), based on the results of the geophysical investigations and are included 
in Table 7. Debris that was identified in the test pits was consistent with a collapsed structure, 
possibly a historical pier and associated installations. Concrete pipe and other structures with 
rebar, in the vicinity of remnants of historical piers, metal piping pieces, concrete block and brick, 
glass bottles and other miscellaneous debris. Historical aerial photographs from 1920 and 1933 
show several piers with a boat house or similar structure prior to the jetty construction. See 
Appendix A for aerial photographs. The debris found could have originated from structures on 
the pier. 
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Soils within the test pits (Figure 4) were described in accordance with ASTM D2487-17 Standard 
Practice for Classification of Soils for Engineering Purposes – Unified Soil Classification System 
(ASTM, 2017), and any debris observed within the test pits was noted in the field log. On 19 
October 2022, five soil samples were collected from each test pit (one from each of the four side 
walls in each pit and one from the floor of each pit) for chemical analysis. The test pits filled with 
water upon digging, and therefore the side walls were estimated by the excavator operator. 

Soil samples were submitted for laboratory analysis for semi-volatile organic compounds (SVOC) 
by EPA Method 8270E, polycyclic aromatic hydrocarbons (PAHs) and 1,4-dioxane by EPA 
Method 8270E SIM, pesticides by EPA Method 8081B, explosives by EPA Method 8330B, and TAL 
metals by EPA Method 6020B. Field observations were recorded in the field notes and samples 
logs including visual, olfactory, and screening instrument results (photoionization detector [PID] 
and oxidation-reduction potential [ORP]). Sampling Logs are included in Appendix D. 

3.3.2 Sediment Sampling 

On 20 October 2022, 15 sediment samples (SD1 through SD15) were collected from a depth of 0 
to 6 inches bgs using a hand auger. Five of the samples (SD6 through SD10) were co-located 
vertically with surface soils samples (SS6 through SS10), creating a vertical profile of the location. 
The sediment samples were submitted to the laboratory for analysis of SVOCs, PAHs and 1,4-
dioxane by single ion monitoring (SIM), pesticides, explosives, and TAL metals and physical 
parameters: grain size, total organic carbon (TOC), cation exchange capacity (CEC), and moisture 
content. ORP and pH were recorded in the field, as were visual and olfactory observations. 
Sampling Logs are included in Appendix D. Sample locations are shown on Figure 5. 

All sediment samples were placed in a cooler containing wet ice to keep the sample at a cool 
temperature (≤ 6 degrees Celsius [°C]). All non-disposable equipment used for sampling activities 
were decontaminated prior to and following use. The locations of sediment were field determined 
with a handheld GPS, based on the results of the geophysical investigations.  

3.3.3 Surface Soil Sampling 

On 20 October and 1 November 2022, 15 surface soil samples (SS1 through SS15) were collected 
within the limits of AOC 1 with the objective of sampling for areal coverage. Five of the fifteen 
samples (BH1-SS1 through BH5-SS1) were co-located with the subsurface soil borings (BH1 
through BH5), to provide a complete vertical soil profile. Surface soil samples were collected 
manually using a stainless-steel hand auger, at a depth of approximately 6 to 12 inches bgs. 
Surface soil samples were collected from 6 to 12 inches bgs, vertically below the sediment samples 
that were taken from 0 to 6 inches bgs. A decision was made in the field to collect the surface soil 
samples at this depth interval instead of from 0 to 12 inches, as described in the UFP-QAPP. It 
was decided that two separate horizons to identify and delineate impacts from potential dumping 
activities that would provide better data to be used in the risk assessments, considering both 
human health and ecological risk exposure scenarios. The sediment and surface soil horizons will 
be used to evaluate separate risk pathways and receptors. This deviation from the QAPP is also 
discussed in Section 3.4 below.  

Surface soil samples were submitted for laboratory analysis for SVOCs, PAHs and 1,4-dioxane 
by SIM, pesticides, explosives, and TAL metals and physical parameters: grain size, TOC, CEC, 
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and moisture content. Field data were recorded, including visual and olfactory observations, as 
well as screening instrument results for ORP and pH for all fifteen samples collected. Sampling 
Logs are included in Appendix D. Sample locations are shown on Figure 6. 

Surface soil samples were placed in a cooler containing wet ice to keep the sample at a cool 
temperature (≤ 6 degrees Celsius [°C]). All non-disposable equipment used for sampling activities 
were decontaminated prior to and following use. The locations of surface soil were field 
determined with a handheld GPS, based on the results of the geophysical investigations. 

3.3.4 Subsurface Soil Sampling 

On 1 and 2 November 2022, ten soil borings (BH1 through BH10) were advanced using a DPT rig 
by Foresight Enviroprobe Inc. of Freehold, New Jersey. Soil borings were advanced to 
characterize the horizontal and vertical extent of potential contamination at AOC 1. Sample 
locations were selected based on the results of the geophysical investigation and test pit sample 
results that were flagged in the field with the USACE Geologist. Two subsurface soil samples 
were collected from each boring: one shallow sample (from 1 to 2 ft bgs) and one deeper sample 
(from 2 to 4 ft bgs). The samples were taken during low tide. In accordance with the QAPP, no 
subsurface soil samples were collected below the water table. The water table was expected to be 
encountered between 4 and 10 ft bgs depending on the tidal cycle. Five locations, BH1-S1 through 
BH5-S1, were also co-located with surface soil samples (BH1-SS1 through BH5-SS1) and with 
monitoring wells MW1 through MW-5. 

Drilling logs were completed in accordance with USACE Engineer Manual 1110-1-4000, 
Monitoring Well Design, Installation, and Documentation at Hazardous Toxic and Radioactive 
Waste Sites (USACE, 1998). Each log includes general information regarding the drilling 
contractor, boring location, drilling method, borehole depth and diameter, weather conditions, 
depth to groundwater, ground surface elevation, description of samples collected (i.e., soil type, 
color (by the Munsell System), and moist/dry), PID readings, and field notes. Boring Logs are 
included in Appendix D. Sample locations are shown on Figure 7. 

Subsurface soil samples were submitted for laboratory analysis for SVOCs, PAHs and 1,4-dioxane 
by SIM, pesticides, explosives, TAL metals and physical parameters (i.e., grain size, TOC, CEC, 
and moisture content) as specified in the QAPP. Visual and olfactory observations were recorded 
as well as ORP and pH screening instrument results.  

One of the objectives of the soil boring program was to note any observations of a Meadow Mat 
that was noted in the previous Site investigation. A Meadow Mat was not observed, but a clay 
lens was noted in several areas and was recorded in the boring logs. Where observed, the clay 
lens was included in the subsurface soil taken. The locations of subsurface soil borings were field 
determined with a handheld GPS, based on the results of the geophysical investigations. 

Any excess material was drummed and properly labeled as investigation derived waste (IDW). 
Drummed material was sampled for New Jersey waste disposal parameters in accordance with 
the QAPP and disposed of off-site at Miller Environmental Group in Woodstown, New Jersey as 
non-hazardous waste. Copies of the disposal manifests are included in Appendix E. 
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3.3.5 Monitoring Well Installation 

Five new groundwater monitoring wells (MW1 through MW5) were installed at AOC 1, co-
located with the soil borings, BH1 through BH5, at locations selected based on the results of the 
geophysical investigation. The objective of the well installation was to delineate the potential 
groundwater impacts of the former dumping area. The monitoring well screen length was 
selected in the field to account for evidence of the saturated zone, and evidence of contamination 
(if any). In general, monitoring wells were installed with a 10 ft screen to accommodate the 4 to 6 
ft tidal change in surface water at Cape May. The water table was observed between 4 and 10 ft 
bgs depending on the tidal cycle during well installation. The Meadow Mat was not encountered; 
therefore, the 10 ft screen was selected to accommodate the change in groundwater elevation due 
to the tides.  

Drilling logs and well completion diagrams were completed in accordance USACE Engineering 
Manual (EM) 1110-1-4000, as discussed above for subsurface soil sampling. Well specifications 
were also recorded including screen and casing diameter, total depth of the well, screened 
interval, sand pack interval and type of sand used, bentonite seal interval, grout interval, and 
well finishing specifications (protective casing, concrete pad, and bumper guards). Copies of the 
Monitoring Well Installation Logs are included in Appendix F. 

Well development activities were completed on 3 November 2022 in accordance with EPA 
Scientific, Engineering, Response & Analytical Services using a surging and pumping method. 
Development activities were conducted as soon as practical following installation, but at a 
minimum of 24 hours after installation, as agreed to in the field with the USACE Geologist. Each 
well was gauged for depth to water (DTW) and depth to bottom (DTB) using an electronic water 
level meter with an accuracy of ± 0.01 ft. A monsoon pump was used to conduct well 
development.  

Water quality parameters (see Section 3.3.6) were monitored during the development process. 
Additionally, color, clarity and odor were documented at the initial time and throughout the 
process in accordance with EPA Region 1 Low Stress (low flow) Purging and Sampling Procedure 
for the Collection of Groundwater Samples from Monitoring Wells. The recovery rate was 
assessed until the turbidity standard was achieved and stable below 50 NTUs; additional water 
quality parameters (temperature, specific conductivity, and pH) also achieved stabilization in 
accordance with the QAPP and well development SOP (ERT-PROC-2044) included in the UFP-
QAPP (Renova-Sovereign Joint Venture, 2022). The stability of the well was determined by 
plotting the three most recent data records of the recovery rate to establish trend of a horizontal 
to straight line (i.e., horizontal to decreasing line). Table 6 shows groundwater quality parameters 
collected during well development and during the first sampling event. The locations of 
groundwater monitoring wells were field determined with a handheld GPS, based on the results 
of the geophysical investigations. Monitoring well locations were then surveyed by a New Jersey 
licensed Professional Surveyor. The coordinates and map are provided in Appendix G. 

3.3.6 Groundwater Sampling 

Groundwater sampling was conducted on 18 November 2022 using the EPA Region 1 Low Stress 
(low flow) Purging and Sampling Procedure for the Collection of Groundwater Samples from 
Monitoring Wells (EPA, 2017). Groundwater samples from monitoring wells MW1 though MW5 
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were collected using a non-disposable submersible bladder pump. A flow-through cell and water 
parameter meter were used during the purging to determine when the process was complete. 
The parameters measured during groundwater purging included: 

 pH 

 Temperature 

 Specific Conductivity  

 ORP  

 Turbidity 

 Dissolved Oxygen (DO) 

Sampling was conducted when all parameters stabilized for three successive readings within the 
following criteria as defined in the EPA low flow method discussed above: 

 pH (± 0.1 pH unit) 

 Temperature (± 3%) 

 Specific Conductivity (± 3%) 

 ORP (± 10 millivolts [mV]) 

 DO (± 10% for values greater than 0.5 milligram (mg)/liter (L), if 3 DO values are less than 
0.5 mg/L consider values stabilized) 

 Turbidity (± 10% for values greater than 5 nephelometric turbidity units [NTUs], if three 
Turbidity values are less than 5 NTUs consider values stabilized) 

Turbidity was collected prior to the flow-through cell. The data were recorded on Monitoring 
Well Sampling Logs and are included in Appendix H. Table 5 shows groundwater quality 
parameters collected during the first sampling event. Table 6 shows groundwater quality 
parameters collected during well development compared to the first sampling event.  

The volumes of water removed and any physical conditions (e.g., cloudy or discolored) were 
recorded. The anticipated volume of water in each well was calculated using collected elevation 
data. Equipment calibration was completed in accordance with manufacturer’s specifications 
daily. Calibration records are included in Appendix F. 

Samples were containerized and preserved as indicated in Worksheet #19 of the QAPP (RSJV, 
2022) and inspected for identification consistency, completeness, and accuracy prior to shipment 
to the laboratory for analyses. The samples were placed in a cooler containing wet ice to keep the 
sample at a cool temperature (<6°C). The lab was notified the water samples had the potential for 
a high saline content so they were able to adjust their sample preparation methods accordingly, 
if necessary. 

Groundwater samples were submitted for laboratory analysis for SVOCs, PAHs and 1,4-dioxane 
by SIM, pesticides, explosives, and TAL metals. Quality Assurance (QA)/QC samples were 
collected in accordance with Worksheet #20 of the QAPP. One duplicate was taken for each media 
sampled based on the number of samples taken.  

Upon completion of sample collection, the sample team locked the well cap and completed field 
label documentation including the chain-of-custody. All non-disposable equipment used for 
sampling activities were decontaminated prior to and following use. 
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3.4 QAPP Deviations 

The field work completed in accordance with the QAPP except for the following deviations: 

 A field duplicate groundwater sample was not taken during the November 2022 event. 
The field staff misinterpreted the sampling requirements and did not take a field 
duplicate. 

Surface soil samples were intended to be collected from a depth of 6 to 12 inches bgs in order to 
be consistent with the SI and define two separate horizons that were more appropriate in 
achieving project goals in identifying and delineating impacts from potential dumping activities 
and evaluating risks to human health and the environment. The QAPP erroneously described 
surface soil sampling from a depth of 0 to 12 inches bgs; however, surface soils were actually 
collected from 6 to 12 inches bgs, as intended. This deviation meets the data quality objectives 
stated in Worksheet #11 of the project UFP-QAPP.  The change in soil horizon intervals collected 
aligns with the study goals of defining the nature and extent of Site impacts to support the 
development of a HHRA and SLERA, and assess the need for remedial action.  
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4.0 NATURE AND EXTENT OF CONTAMINATION 

Project action limits (PALs) for target analytes were developed for subsurface soil, surface soil, 
sediment and groundwater for Worksheet #15 of the UFP-QAPP. The objective when 
determining the PALs was to select conservative screening levels that were developed by 
regulatory and technical agencies to protect human and ecological receptors. Human health PALs 
were determined for each media sampled and documented in the UFP-QAPP. The following 
human health references were used to establish the PALs in the UFP-QAPP: 

 The human health PALs referenced for soil and sediment include the EPA’s regional 
screening levels (RSLs) for residential soil (EPA, November 2021). The EPA Region 3 
recommended residential lead screening level of 200 mg/kg was applied for lead in soil 
and sediment (EPA, 2024b). 

 The human health PALs for groundwater are the EPA RSLs for tap water (November 
2021). 

It should be noted that the HHRA in Appendix L used the updated November 2023 EPA RSLs, 
as well as site-specific RSLs for recreational exposure to soil and trespasser exposure to soil and 
sediment, based on a target risk (TR) of 1E-06 and a target hazard quotient (THQ) of 0.1. The site-
specific RSLs, and the receptor-specific exposure parameters used to develop them, are provided 
in Appendix B of the Risk Assessment. 

Ecological PALs were determined from a hierarchy of ecological screening levels for soil, 
sediment, and groundwater (presuming discharge to surface water) and are listed in the attached 
Risk Assessments in Appendix L. PALs were selected from the hierarchy of sources when a value 
was available from a higher priority source, then any values in lower priority sources were not 
considered, even if its screening value is lower. Surrogate screening levels were used for certain 
chemicals as necessary, with the rationale stated in screening table footnotes. 

Laboratory reports for the sampling events are included in Appendix I and validation reports for 
this data are included in Appendix J. Summary data tables are included in Tables 1 through 5. 
Any detections above the human health PALs are bolded in each table. The following sections 
describe the nature and extent of COPCs by medium (i.e., subsurface soil, surface soil, sediment 
and groundwater).  

4.1 Sources of Oil and/or Other Hazardous Materials Releases 

The exact sources of any potential releases at AOC 1 are unknown. From base employee 
interviews conducted (OEESC, 1998), AOC 1 was determined to be a potential dumping 
ground. Potential sources were identified based on USCG property historical activities and 
included solvents, petroleum products, and metallic debris. Multiple munitions bunkers and 
firing ranges also exist on the base that were not identified at AOC 1 but could possibly 
contribute to background impacts at the Site; in addition, AOC 1 is in close proximity to the 
former ammunition bunkers, and containers contaminated with explosives compounds may have 
been disposed there. Since pesticide use occurred at the base, there was potential for them to 
have been disposed of at AOC 1 as well. 
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A review of aerial photographs from 1920 and 1933 show several piers with a boat house or 
similar structure in the vicinity of AOC 1, prior to the jetty construction. The visible evidence of 
metal and concrete debris coincides with the location of structures in these photographs and also 
have the potential to be a source of contamination at the Site. The use of these structures is 
unknown, but it can be assumed from the aerial photographs that they are associated with base 
use or the fishing industry. Metals, PAHs and petroleum products could be associated with debris 
from these types of historical structures including pressure treated or creosote coated wooden 
pilings or piers. 

4.2 Sediment Results 

Sediment samples were taken at a depth of 0 to 6 inches bgs at 15 locations in the beach area of 
AOC 1 at low tide. See Figure 5 for sediment sample locations. 

 4.2.1 Metals in Sediment 

A total of 15 (and one duplicate) sediment samples were analyzed for metals by EPA Method 
6020B and 7471B for mercury. The metals data is summarized in Table 1a.  

The following metals were detected above the human health PALs, but below ecological PALs: 

 Aluminum 

 Arsenic  

 Cobalt 

 Iron 

 Manganese 

 Thallium  

  

Five different metals were detected above the ecological PALs, but below human health PALs:

 Barium 

 Copper 

 Nickel 

 Zinc 

 Mercury

Two metals were detected above the human health PALs and ecological PALs: 

 Antimony  Lead

The method detection limit that was above the human health PAL of 0.078 mg/kg for thallium 
was not achieved by the laboratory in some samples that were non-detect. The method detection 
limit for silver was also above the ecological PAL of 0.73 mg/kg in some samples that were non-
detect. 

4.2.2 SVOCs in Sediment 

A total of 15 (and one duplicate) sediment samples were analyzed for SVOCs by EPA Method 
8270E. The SVOCs data is summarized in Table 1b. Benzo(a)pyrene was the only SVOC detected 
above the human health PAL of 110 mg/kg and the ecological PAL of 89 mg/kg. 

Fifteen different SVOCs were detected above the ecological PALs only and include the following:

 2-Methylnaphthalene 

 Acenaphthene 

 Acenaphthylene 

 Anthracene 

 Benzo(a)anthracene 

 Benzo(b)fluoranthene 
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 Benzo(g,h,i)perylene 

 Chrysene 

 Dibenz(a,h)anthracene 

 Fluoranthene 

 Fluorene 

 Indeno(1,2,3-cd)pyrene 

 Naphthalene 

 Phenanthrene 

 Pyrene  

Fourteen SVOCs method detection limits were above the ecological PALs in sediment for most 
samples that were non-detect. In addition, laboratory method detection limit for carbazole was 
above the human health PAL of 27 mg/kg, in sediment samples that were non-detect. 

4.2.3 PAHs and 1,4-Dioxane in Sediment 

A total of 15 sediment samples (and one duplicate) were taken and analyzed for 1,4-Dioxane and 
PAHs by EPA Method 8270E SIM. The PAHs and 1,4-Dioxane data are summarized in Table 1c.  

1,4-Dioxane was not detected above human health and ecological PALs in any of the 15 sediment 
samples collected.   

The following fifteen PAHs were detected at or above ecological PALs only and overlap with 
those detected by the SVOC analysis:

 2-Methylnaphthalene 

 Acenaphthene 

 Acenaphthylene 

 Anthracene 

 Benzo(a)anthracene 

 Benzo(b)fluoranthene 

 Benzo(g,h,i)perylene 

 Chrysene 

 Dibenz(a,h)anthracene 

 Fluoranthene 

 Fluorene 

 Indeno(1,2,3-cd)pyrene 

 Naphthalene 

 Phenanthrene 

 Pyrene 

In addition, benzo(a)pyrene was the only PAHs that was detected above the human health PALs 
and ecological PALs. 

4.2.4 Pesticides in Sediment 

A total of 15 sediment samples (and one duplicate) were collected and analyzed for pesticides by 
EPA Method 8081B. The pesticides data is summarized in Table 1d.  

The following analytes were detected above the ecological PALs but below the human health 
PALs:

 Endosulfan sulfate 

 p,p'-DDD 

 p,p'-DDE 

 p,p'-DDT  

 Toxaphene 

There were no exceedances of human health PALs for pesticides in sediment. 

None of the method detection limits were below the ecological PALs for non-detect samples in 
sediment. Samples ADS—SD3 had pesticide method detection limits above human health PALs 
in some non-detect samples due to sample dilution. 
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4.2.5 Explosives in Sediment 

A total of 15 sediment samples (including one duplicate) were analyzed by EPA Method 8330 for 
explosives. The explosives data is summarized in Table 1e. There were no detections of 
explosives detected in any of the samples. It should be noted that the majority of detection limits 
for explosives were above the ecological PALs, but below the human health PALs. 

4.2.6 Total Organic Content and Cation Exchange Capacity in Sediment 

TOC data in sediment samples is presented in Table 1f. In general, the higher TOC value are an 
indication of a higher potential for contaminant sorption to sediment particles. TOC results 
ranged from 1,330 mg/kg in SD6 to 10,700 mg/kg in SD3 in sediment, indicating a lower organic 
content which is expected from sand (NJDEP, 1976). The higher the soil organic matter the higher 
the CEC results in a sample as well. CEC values in sediment samples were low, ranging from 0.7 
meq/100gm in SD7 to 6.5 meq/100gm, which is in the range of light colored sands (Mengel, 2014).   

4.3 Surface Soil Results 

A total of 16 surface soil samples were collected from a depth of 6 to 12 inches bgs co-located with 
sediment samples and subsurface soil samples. The locations of the surface soil samples are 
shown on Figure 6. 

4.3.1 Metals in Surface Soil 

Surface soil samples were analyzed for metals by EPA Method 6020B and 7471B for mercury. The 
metals data are summarized in Table 2a. The following metals were only detected above the 
human health PALs, but below ecological PALs:

 Aluminum 

 Arsenic 

 Cobalt 

 Iron

Six different metals were detected above the ecological PALs, but below human health PALs and 
include the following:

 Antimony 

 Copper 

 Lead 

 Vanadium 

 Zinc 

 Mercury

Thallium was detected at one location, BH1-SS1, above the human health PAL of 0.078 mg/kg 
and the ecological PAL 0.05 mg/kg. It was also detected at SS10 above the ecological PAL but 
below the human health PAL. 

The laboratory method detection limit was above the ecological PALs for antimony, selenium, 
thallium and mercury in most non-detect samples. The laboratory method detection limit was 
also above the human health PAL for thallium in surface soil in most non-detect samples. 
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4.3.2 SVOCs in Surface Soil 

Surface soil samples were analyzed for SVOCs by EPA Method 8270E. Only benzo(a)pyrene in 
one sample, BH1-SS1, was detected above the human health PAL. The SVOCs data are 
summarized in Table 2b. No SVOCs were detected above ecological PALs. 

Multiple SVOCs method detection limits were above the ecological PALs in surface soil for most 
samples that were non-detect. In addition, the laboratory method detection limit for eleven 
SVOCs was above the human health PALs in surface soil samples that were non-detect. 

4.3.3 PAHs and 1,4-Dioxane in Surface Soil 

Surface soil samples were analyzed for 1,4-dioxane and PAHs by EPA Method 8270E SIM. The 
PAHs and 1,4-dioxane data are summarized in Table 2c. Only benzo(a)pyrene in one sample, 
BH1-SS1 was detected above human health PALs. No PAHs were detected above ecological 
PALs. 1,4-Dioxane did not exceed human health or ecological PALs in surface soils in any of the 
sixteen samples.  

4.3.4 Pesticides in Surface Soil 

Sixteen surface soil samples were analyzed for pesticides by EPA Method 8081B. The pesticide 
data are summarized in Table 2d. Alpha-chlordane was detected at 6.7 mg/kg, which is above 
the human health PAL of 3.6 mg/kg and the ecological PAL of 2.9 mg/kg, at BH1-SS1. In 
addition, three pesticides were detected above the ecological PALs only and include:

 p,p'-DDD 

 p,p'-DDE 

 p,p'-DDT

Sixteen of the method detection limits were below the ecological PALs for non-detect samples in 
surface soil. In addition, five pesticide method detection limits were above human health PALs 
in some non-detect samples. 

4.3.5 Explosives in Surface Soil 

Surface soils samples were analyzed for explosives by EPA Method 8330. Explosives were not 
detected in the 16 surface soils submitted to the analytical laboratory. Nitroglycerin was not 
detected, but the laboratory reporting limit was above the human health PAL. The recovery of 
nitroglycerin was outside of QC acceptance limits in the opening and closing calibration 
verification standards.  Therefore, the result was high detection limits in the surface soil samples. 
For the purposes of defining the nature of impacts at AOC 1, these data were considered non-
detect. All other explosives were detected below human health PALs and their detection limits 
were below ecological with the exception of 1,3-dinitrodenzene, m-, o-, p-nitrotoluene, 
pentaerythritol tetranitrate, and tetryl.  

Five other explosives method detection limits were above ecological PALs in surface soil for non-
detects. 
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4.3.6 Total Organic Content and Cation Exchange Capacity in Surface Soil 

TOC data in surface soil samples are presented in Table 2f. In general, a higher TOC value is an 
indication of a higher potential for contaminant sorption to soil particles. TOC results ranged 
from 1,390 mg/kg in BH3-SS1 to 9,280 mg/kg in BH1-SS1 in surface soil, indicating a lower 
organic content which is expected from sand (NJDEP, 1976). The higher the soil organic matter 
the higher the CEC results in a sample as well. CEC values in sediment samples were low, ranging 
from non-detect to 13 meq/100gm in BH1-SS1, which is in the range of light to dark colored sands 
(Mengel, 2014).   

4.4 Subsurface Soil Results 

The subsurface soil samples were collected in test pits and at soil boring locations. The five soil 
boring locations were also co-located with some surface soil locations to establish a vertical profile 
of COPCs. The soil samples were taken at two depths 1 to 2 ft bgs and 2 to 4 ft bgs. A total of 26, 
including one duplicate, subsurface soil samples are discussed below. Test pits sample locations 
are presented in Figure 4. Subsurface soil sample locations are shown in Figure 7.  

4.4.1 Metals in Subsurface Soil 

Subsurface soil samples were analyzed for metals by EPA Method 6020B and 7471B for mercury. 
The metals data are summarized in Table 3a. The following metals were detected above their 
human health PAL but below ecological PALs:

 Aluminum 

 Arsenic 

 Cobalt 

 Iron 

In addition, six different metals were detected above the ecological and human health PALs and 
include the following:

 Antimony 

 Cadmium 

 Lead  

 Manganese 

 Thallium  

 Vanadium 

The four metals listed below only exceeded their ecological PALs. 

 Chromium  

 Copper  

 Mercury 

 Zinc 

The laboratory method detection limit was above the ecological PALs for five metals (antimony, 
cadmium, selenium, thallium and mercury) in some subsurface soil samples. The method 
detection limit for thallium was also above the human health PAL of 0.078 mg/kg for subsurface 
soil. 

4.4.2 SVOCs in Subsurface Soil 

Subsurface soil samples were analyzed for SVOCs by EPA Method 8270E. The SVOCs data are 
summarized in Table 3b.  

Six SVOCs were detected above the human health PALs and ecological PALs: 
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 Benzo(a)anthracene 

 Benzo(a)pyrene 

 Benzo(b)fluoranthene 

 Carbazole 

 Dibenz(a,h)anthracene 

 Indeno(1,2,3-cd)pyrene 
 
Eight different SVOCs were detected above the ecological but below human health PALs and 
include the following:

 1,1-Biphenyl 

 Benzo(g,h,i)perylene 

 Benzo(k)fluoranthene 

 Chrysene 

 Dibenzofuran 

 Fluoranthene 

 Phenanthrene 

 Pyrene 
 

 
In addition, dibenz(a,h)anthracene was detected above the human health PALs, but below 
ecological PALs, in both samples taken at BH1-SS1.  

Twenty-five SVOC laboratory method detection limits were above the ecological PALs in 
subsurface soil for most samples that were non-detect. In addition, the laboratory method 
detection limits for five SVOCs were above the human health PALs in subsurface soil samples 
that were non-detect. 

4.4.3 PAHs and 1,4-Dioxane in Subsurface Soil 

Subsurface soil samples were analyzed for 1,4-dioxane and PAHs by EPA Method 8270E SIM. 
The PAHs and 1,4-dioxane data are summarized in Table 3c.  

1,4-Dioxane was not detected above human health and ecological PALs in any of the 26 
subsurface soil samples taken.   

PAHs were only detected above either PAL in two locations, BH1-SS1 and BH2-SS1. The 
following five PAHs were detected in at least one of the two samples above ecological and human 
health PALs and overlap with those detected by the SVOC analysis discussed in Section 4.4.2: 

 Benzo(a)anthracene 

 Benzo(a)pyrene 

 Benzo(b)fluoranthene 

 Benzo(k)fluoranthene 

 Indeno(1,2,3-cd)pyrene 

 

Five SVOCs were detected above the ecological but below human health PALs in at least one of 
the two samples.

 Benzo(g,h,i)perylene  

 Chrysene  

 Fluoranthene 

 Phenanthrene 

 Pyrene

Naphthalene and Dibenzo(a,h)anthracene were the only PAHs detected above the human health 
PALs but below the ecological PALs in at least one of the two samples. 
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4.4.4 Pesticides in Subsurface Soil 

Subsurface soil samples were analyzed for pesticides by EPA Method 8081B.  The pesticides data 
are summarized in Table 3d. Five pesticides were detected above the ecological but below human 
health PALs and include:

 Beta-BHC 

 Endrin 

 p,p'-DDD 

 p,p'-DDE 

 p,p'-DDT

 

Alpha-chlordane was the only pesticide detected above the human health PAL and the ecological 
PAL in one sample (ADS-BH1-S1). 

The majority of the laboratory method detection limits were not below all of the ecological PALs 
for all of the non-detect samples in subsurface soils. Three pesticides (alpha-chlordane, dieldrin, 
and endosulfan II) method detection limits were above the human health PALs for non-detects. 

4.4.5 Explosives in Subsurface Soil 

A total of 26 soil samples were taken and analyzed for explosives by EPA Method 8330. The 
explosives data is summarized in Table 3e. Nitroglycerin was not detected, but the laboratory 
reporting limit was above the ecological PAL. The recovery of nitroglycerin was outside of QC 
acceptance limits in the opening and closing calibration verification standards. Therefore, the 
result was a high detection limit in the subsurface soil samples. For the purposes of defining the 
nature of impacts at AOC 1, these data will be considered non-detect. All other concentrations of 
explosives were not detected above human health PALs and their detection limits were below 
ecological with the exception of 1,3-dinitrodenzene, m-, o-, p-nitrotoluene, pentaerythritol 
tetranitrate, and tetryl.   

4.4.6 Total Organic Content and Cation Exchange Capacity in Subsurface Soil 

TOC data in subsurface samples is presented in Table 3f. In general, the higher TOC value is an 
indication of a higher potential for contaminant sorption to soil particles. TOC results ranged 
from 1,330 mg/kg in SD6 to 10,700 mg/kg in SD3 in sediment, indicating a lower organic content 
which is expected from sand (NJDEP, 1976). The higher the soil organic matter the higher the 
CEC results in a sample as well. CEC values in sediment samples were low, ranging from non-
detect to 24 meq/100gm at BH1-SS1, which is in the range of light to dark colored sands (Mengel, 
2014).   

4.5 Groundwater Results 

Five new monitoring wells were installed in November 2022 (Figure 8). The monitoring wells 
were installed within a two hour window of low tide to account for evidence of the groundwater 
saturated zone in the beach area. A 10 ft screen length was selected to allow for the change in 
groundwater elevation due to tidal influences. In general, there is a 4 to 6 ft tidal change in surface 
water at AOC 1. MW1 was placed upgradient of AOC 1 to evaluate any potential background 
influences on groundwater at the Site. 
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Groundwater was sampled on 18 November 2022 at each of the five newly installed wells. 
Analytical data and groundwater parameters collected in the field are discussed below. 

4.5.1 Groundwater Field Parameters 

During the November 2022 groundwater sampling event, all five monitoring wells were sampled 
using EPA low flow methods. Groundwater field parameters were recorded following 
stabilization during each groundwater purging for the following field parameters: 

 pH 

 Temperature 

 Specific Conductivity  

 Oxidation Reduction Potential (ORP) 

 Turbidity 

 DO 

A summary of groundwater depth to water and field parameters is included in Table 5. All 
samples were collected within a two-hour window of low tide, in order to minimize (to the extent 
possible) the tides and saltwater influence on the groundwater sampled. The groundwater 
elevation at the wells when sampled ranged from -1.32 ft to 1.58 ft.  

In general, the groundwater sampled at AOC 1 exhibited slightly brackish to brackish 
characteristics (United States Geological Survey [USGS], 2016). Specific conductivity 
measurements ranged from 358 µS/cm to 6,780 µS/cm. Slightly brackish water typically will have 
specific conductivity measurements >1,700 µS/cm and brackish water typically will have specific 
conductivity measurements >8,000 µS/cm.  

Dissolved oxygen and ORP reading in the five monitoring wells were generally anaerobic which 
is typical for a brackish environment. Dissolved oxygen concentrations ranged from 0.0 mg/l at 
MW2, MW3 and MW4, which are closest to the beach area to 1.45 mg/l at MW5, which is 
downgradient in the jetty area. ORP readings ranged from -127 mV at MW4 to 70 mV at MW-3. 
The pH of groundwater sampled ranged from 4.95 at MW3 to 6.51 at MW1. The range of pH, 
dissolved oxygen and ORP were in typical ranges of brackish water (USGS, 2016).   

Table 6 shows groundwater quality parameters collected during well development compared to 
the first sampling event on 18 November 2022. The specific conductance decreased during the 
sampling event at monitoring wells that are located within AOC 1, when compared to readings 
recorded during well development. Dissolved oxygen and ORP measurements were in similar 
anerobic ranges during each event. 

4.5.2 Metals in Groundwater  

Groundwater at each of the five new monitoring wells were analyzed for metals by EPA Method 
6020B and 7471B for mercury. The metals data are summarized in Table 4a.  

The following metals were detected above the human health PALs but below ecological PALs: 

 Antimony 

 Arsenic 

 Cobalt 

 Vanadium
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Eight different metals were detected above the ecological PALs but below the human health 
PALs:

 Aluminum 

 Barium 

 Calcium 

 Copper 

 Magnesium 

 Nickel 

 Potassium 

 Sodium 

Cadmium, iron and manganese were detected above both human health and ecological PALs. It 
should be noted that there is no human health PAL for calcium, magnesium, potassium or 
sodium, as they are each considered essential nutrients. 

The laboratory method detection limits for antimony and cadmium were above their respective 
human health PALs for non-detect samples. The method detection limits for selenium and silver 
are also above their ecological PALs. 

As will be discussed in Section 4.6.4, many of these metals are naturally occurring in seawater 
and may contribute to the concentrations detected in these samples. 

4.5.3 SVOCs in Groundwater 

Five groundwater samples were analyzed by EPA Method 8270E for SVOCs. The SVOCs data are 
summarized in Table 4b. There were no detections of SVOCs detected in any of the samples. 
There were a large number of parameters that had method detection limits above the human 
health PALs and the ecological PALs. Twenty SVOCs that were non-detect had method detection 
limits above ecological PALs. Thirty-seven SVOCs that were also non-detect had method 
detection limits above human health PALs. 

4.5.4 PAHs and 1,4-Dioxane in Groundwater 

Five groundwater samples were analyzed for 1,4-dioxane and PAHs by EPA Method 8270E SIM.  
The PAHs and 1,4-dioxane data are summarized in Table 4c. There were no detections of PAHs 
or 1,4-dioxane detected above the PALs in any of the samples. The laboratory had method 
detection limits for seven PAHs were above the ecological PALs in non-detect samples. In 
addition, the method detection limit was above the three human health PALs in non-detect 
samples.  

4.5.5 Pesticides in Groundwater 

Five groundwater samples were analyzed for pesticides by EPA Method 8081. The pesticides data 
are summarized in Table 4e. There were no detections of pesticides detected above PALs in any 
of the samples. There were some analytes that had method detection limits above the human 
health (nine) PALs and ecological (sixteen) PALs. 

4.5.6 Explosives in Groundwater 

Five groundwater samples were analyzed for explosives by EPA Method 8330. The explosives 
data are summarized in Table 4e. There were no detections of explosives in any of the samples. 
The majority of explosives had method detection limits above the human health PALs. 
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4.6 Conclusions 

The sampling plan for sediment, surface soils, and subsurface soils was developed with the intent 
of collecting samples in areal and vertical locations to establish if there was historical dumping at 
AOC 1. By using the geophysical data to direct sampling efforts, sample collection at the Site has 
successfully established the nature and extent of anomalies at AOC 1. The following sections will 
summarize the nature and extent of COPCs by analyte group. Appendix K includes a series of 
concentration maps for detected metals, total PAHs, and pesticides. The mapped concentrations 
are segregated as follows: below the lowest PAL (human health or ecological), above that PAL, 
10 times above the PAL, and 100 times above the PAL. Sediment PALs, and surface soil and 
subsurface soil PALs are evaluated separately for that applicable depth in the map. Explosives 
were not mapped as they were not detected in any media above human health or ecological PALs. 
COPCs are mapped by analyte group and are discussed below. 

4.6.1 Metals in Sediment, Surface Soil and Subsurface Soil 

Aluminum 

Detections of aluminum were mapped by location and depth using the human health PAL of 
7,700 mg/kg for sediment, surface soils and subsurface soils, and shown on Figure 1 of Appendix 
K. There was only one sediment sample, SD1, that exceeded the human health PAL for 
aluminum. At surface and subsurface soil samples taken at BH1, the Site-specific background 
sampling location, detections were also above the human health PAL at both depths (1’ to 2’ bgs 
and 2’ to 4’ bgs). In the vicinity of test pits 3 and 4, concentrations of aluminum were above the 
human health PAL at 8 of the 10 composite sample locations.  Only one test pit 1 sample, TP1-2 
exceeded the human health PAL.  There is no ecological screening benchmark for aluminum. 

Antimony 

Detections of antimony in sediment, surface soils and subsurface soils were mapped by location 
and depth using the ecological PAL of 0.27 mg/kg for surface soils and subsurface soils, and 
shown in Figure 2 of Appendix K. The ecological PAL in sediment is 2.0 mg/kg. The human 
health PAL for antimony in sediment, surface soils and subsurface soils is 3.1 mg/kg. The highest 
detection of antimony was at BH1-S1 of 11.1 mg/kg. Antimony was also above the ecological 
PAL in the surface soil sample and ten times above the ecological PAL at both subsurface soil 
sample depths at BH1, the background sample location. Antimony in subsurface soil was above 
ecological PAL at 5 test pit composite sample locations and ten times the PAL at one of those 
locations (TP1-5). The down gradient monitoring well BH5 also had subsurface soil 
concentrations above the ecological PAL. 

Arsenic 

Arsenic was detected at ten times the human health PAL (0.68 mg/kg) in surface and subsurface 
soils at eight of ten test pit 3 and 4 sample locations and at BH1, the background sample location. 
The detections are mapped by concentration and depth in Figure 3 of Appendix K. Arsenic was 
also detected at the majority of sediment locations above the human health PAL. Arsenic did not 
exceed ecological PALs at any sampling depth. 

Barium 
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Barium did not exceed human health PALs at any sampling depth. The ecological PAL of 20 
mg/kg was exceeded in sediment at three locations (SD1, SD2 and SD3). There were no ecological 
PAL exceedances in surface and subsurface soils. Figure 4 of Appendix K shows concentrations 
at sampling locations and depths. 

Cadmium 

Detections of cadmium in subsurface soils exceed human health and ecological PALs of 0.71 
mg/kg and 0.26 mg/kg respectively. There were no exceedances of PALs in sediment or surface 
soil samples. Figure 5 of Appendix K illustrates the cadmium PAL exceedances. The background 
sampling location BH1 at the 1 to 2 ft bgs and 2 to 4 ft bgs sample depths also exceeded PALs. 
Three test pit location samples also exceed ecological and human health PALs in composite 
samples taken at TP1-1, TP1-5 and TP3-4. The sample at TP1-5 exceeded the subsurface PAL by 
an order of magnitude. 

Chromium 

Chromium concentrations in sediment surface soils and subsurface soils are mapped by location 
and depth in Figure 6 of Appendix K. Chromium did not exceed any human health or ecological 
PALs in sediment or surface soils. The ecological PAL of 26 mg/kg was exceeded for chromium 
in subsurface soil locations at 6 of the 10 test pit 3 and 4 locations. The background sampling 
location BH1 at the 1 to 2 ft bgs and 2 to 4 ft bgs sample depths also exceeded ecological PALs for 
chromium.  

Cobalt 

Cobalt concentrations did not exceed ecological PALs in sediment, surface soils or subsurface 
soils. Mapped concentrations of cobalt are presented in Figure 7 of Appendix K. Cobalt 
concentrations in sediment, surface soils and subsurface soils exceeded the human health PAL of 
2.3 mg/kg in select locations. All of the composite samples at test pits 3 and 4 exceeded the PAL 
and two of the five test pit 1 sample locations. Cobalt concentrations at surface soil and subsurface 
sample depths exceeded the human health PAL at the BH1 location also. Two sediment samples, 
SD1 and SD3 has concentrations of cobalt above its human health PAL. 

Copper 

Copper concentrations in sediment, surface soils and subsurface soils are mapped by location and 
depth in Figure 8 of Appendix K. The ecological PAL for copper in sediment of 18.7 mg/kg was 
exceeded at two locations SD2 and SD3. Surface soil samples at BH1-SS1 and SS9 also were above 
the ecological PAL. Both BH1 sampling depths for subsurface soil intervals, exceeded the 
ecological PAL concentration. The human health PAL was not exceeded at any location or depth. 

Iron 

Iron concentrations did not exceed the ecological PAL in sediment. There is no ecological PAL 
screening level for surface soils and subsurface soils. Iron concentrations exceeded the human 
health PAL of 5,500 mg/kg at each subsurface soil sampling depth at background sampling 
locations, BH1, and BH2 and BH3. Mapped iron concentrations are included in Figure 9 of 
Appendix K. Test pit samples at the TP3 and TP4 locations exceeded the human health PAL at 
all those locations. Of those locations, the TP3-5 iron concentration was over ten times the human 
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health PAL. TP1-2 and TP1-5 were the only two test pit 1 sample locations that was above the 
human health PAL. SD1 and SD3 also had PAL exceedance for iron for human health. 

Lead 

Detections of lead in sediment were above the human health and ecological PALs of 200 mg/kg 
and 30.2 mg/kg, respectively, at two locations, SD3 and SD5. The lead concentration at SD3 was 
detected at 309 mg/kg and SD5 was detected at 493 mg/kg, each an order of magnitude above 
the ecological PAL. The human health and ecological PALs were not exceeded at any other 
sediment sampling locations. Surface soils at seven locations exceeded only the ecological PAL of 
11 mg/kg. Subsurface soil samples at BH1, the background sample location, from 1 to 2 ‘ and 2 
to 4’ bgs exceeded the ecological PAL by an order of magnitude. BH1-S2 was also the only 
subsurface soil sample to exceed human health and ecological PALs. The ecological PAL was also 
exceeded at BH3, BH4, BH5, TP1, TP3 and TP4 locations. Mapped lead concentration by location 
and depth are included in Figure 10 of Appendix K.  

Manganese 

Detections of manganese above the human health PAL of 180 mg/kg in sediment was limited to 
SD1. The ecological PAL was not exceeded at any of the sediment sampling locations. Manganese 
concentrations in sediment, surface soils and subsurface soils are mapped by location and depth 
in Figure 11 of Appendix K. Manganese was not detected above the human health or ecological 
PALs in surface soils. There were three detections of manganese in subsurface soil above the 
human health PAL of 180 mg/kg in BH1 and BH3 and one detection of manganese above the 
ecological PAL of 220 mg/kg in BH3 as well. Test pits 3 and 4 also had human health PAL 
exceedances with one of the composite locations exceeding the human health PAL at 4 of the ten 
sample locations and one location, TP3-5, also exceeded the ecological PAL. 

Nickel 

Nickel was only detected once, at SD1, above the ecological PAL of 15.9 mg/kg. Mapped nickel 
concentration by location and depth are included in Figure 12 of Appendix K. Nickel was not 
detected above either the human health or ecological PALs in any other sediment, surface soil or 
subsurface soil sample. 

Thallium 

Thallium concentrations in sediment, surface soils and subsurface soils are mapped by location 
and depth in Figure 13 of Appendix K. Thallium was only detected in one sediment sample, SD1, 
above the human health PAL of 0.078 mg/kg. Thallium was not detected in any sediment sample 
above the ecological PAL. Surface soil sample, BH1-SS1, had concentrations of Thallium above 
human health PAL of 0.078 mg/kg and ecological PAL of 0.05 mg/kg. Surface soil sample SS10 
only exceeded the ecological PAL. All other surface soil samples with detections were below both 
PALs. Thallium was detected in subsurface soils in the test pit sample locations BH1, BH2 and 
BH3 were above both PALs.  

Vanadium 

Vanadium was not detected in sediment above the human health PAL or the ecological PAL. Two 
surface soil samples had concentrations of Vanadium above the ecological PAL of 7.8 mg/kg. All 
other surface soil samples with detections were below both PALs. Vanadium concentrations in 
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sediment, surface soils and subsurface soils are mapped by location and depth in Figure 14 of 
Appendix K. Vanadium was detected in subsurface soils in twelve of the fifteen of the test pit 
sample locations above the ecological PALs. Two test pit sample locations TP4-1 and TP4-3 also 
exceeded the human health PAL of 39 mg/kg. BH1, BH2 and BH3 locations also had detections 
above the ecological PAL as well. 

Zinc 

Zinc concentrations in sediment, surface soils, and subsurface soils are mapped by location and 
depth in Figure 15 of Appendix K. Zinc was detected in two sediment sample locations, SD1 and 
SD3, above the ecological PAL of 121 mg/kg. It was not detected above the human health PAL in 
any sediment sample. Surface soil samples BH1-SS1 and SS10 had detections of zinc above the 
ecological PAL of 46 mg/kg, but below the human health PAL of 2,300 mg/kg. Six of ten of the 
TP3 and TP4 locations and two of the five TP1 locations had zinc concentrations above the 
ecological PAL, but below the human health PAL. BH1, BH2, BH3 and BH5 also had zinc 
concentrations above the ecological PAL, but below the human health PAL. 

Mercury 

Mercury was not detected above the human health PAL in sediment, surface soil, or subsurface 
soil locations. Mercury was detected in sediment above the ecological PAL of 0.13 mg/kg at one 
location, SD3. Surface soil samples BH1-SS1 and BH5-SS1 had detections of Mercury above the 
ecological PAL of 0.013 mg/kg. Subsurface soil samples at seven out of the ten TP3 and TP4 area 
locations and two out of the five TP1 sample locations had zinc concentrations above the 
ecological PAL of 0.013 mg/kg. All of the bore hole locations detected mercury in at least one of 
the depths sampled, above the ecological PAL. Mapped mercury concentration by location and 
depth are included in Figure 16 of Appendix K. 

The table below presents a summary of statistics for each medium and concentrations of metals 
detected above a PAL. The table compares detected concentrations that were above PALs by 
media and/or by depth.  

Summary of Detections of Metals in Sediment, Surface Soil and Subsurface Soil 

Metal Sediment 
(0.0’ to 0.5’) 

Surface Soil 
(0.5’ to 1.0’) 

Subsurface Soil 
(1-2’ and 2-4’) 

Min Max Average Min Max Average Min Max Average 

Aluminum 325  10,100   1,718  269 8,200 1,603.8 312 17,800 6,940 

Antimony 0.11  5.02   0.5  0.078 1.7 0.3 0.090 11.1 0.99 

Arsenic 0.37 4.66   1.2  0.25 5.47 1.5 0.31 11.1 4.8 

Barium 1.85  131   17.4  - - - - - - 

Cadmium - - - - - - 0.040 5.68 0.43 

Chromium - - - - - - 1.6 41.7 17.5 

Cobalt 0.88  28.9  5.2  0.15 3.51 0.9 0.30 8.07 3.5 

Copper 0.17  9.37  1.3  0.65 58.2 13.0 0.55 82 12.7 

Iron 0.81  68.4   12.4  398 11,100 2,598 539 65,200 13,481 
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Metal Sediment 
(0.0’ to 0.5’) 

Surface Soil 
(0.5’ to 1.0’) 

Subsurface Soil 
(1-2’ and 2-4’) 

Min Max Average Min Max Average Min Max Average 

Lead 698  15,900   3,009  1.76 66.4 15 2.31 285 29.3 

Manganese 6.41 405 48 - - - 7.42 391 116.8 

Nickel 0.32 22.9 3.1 - - - - - - 

Thallium 0.065 0.16 0.1 0.071 0.10 0.1 0.068 0.22 0.11 

Vanadium - - - 0.89 21.4 4.8 1.9 49.1 19.3 

Zinc 4.2 584 68 3.95 125 27 3.91 433 73.2 

Mercury 0.027 0.53 0.1 0.041 0.27 0.11 0.027 0.40 0.068 

Note: - = not detected above PAL 
Half the method detection limit was used instead of zero for non-detect samples to be conservative in the calculations. 

The highest metals detections were in subsurface soil and sediment. Subsurface soil 
concentrations had lesser concentrations detected than in sediment, but there was a considerable 
overlap in the list of metals detected. Aluminum, arsenic, barium, copper, iron, lead, manganese, 
nickel, vanadium, and zinc are all metals that are present in seawater and sand, which may 
contribute to some of the detections.  

Metals concentrations detected in the selected background sampling location, BH1-SS1, both -S1 
and -S2, were in general in the same order of magnitude as those analyzed in AOC 1. The majority 
of metals concentrations above PALs were detected in the test pit area samples. The test pit 
locations were selected based on their proximity to ferrous debris detected during the geophysical 
surveys. The metals PAL exceedances are in the footprint of ferrous debris identified by the 
geophysical survey as presented in the concentration maps in Appendix K. These concentrations 
are co-located with the former pier structures identified in historical photos as well. These metal 
concentrations do not appear to be associated with a release from spill or buried drums or tanks. 

4.6.2 PAHs in Sediment, Surface Soil, and Subsurface Soil 

Total PAH concentrations in sediment, surface soils, and subsurface soils are mapped by location 
and depth in Figure 17 of Appendix K. To simplify the discussion of where PAHs are located, 
total PAHs are used instead of discussing each individual detected PAH. Individual PAHs will 
be mentioned if a specific PAH exceeds both human health and ecological standards.  

In sediment, only benzo(a)pyrene was detected above both the human health (110 mg/kg) and 
ecological PAL (89 mg/kg) at SD4 and SD6. Other PAHs that exceeded a PAL at these locations 
were only above ecological PALs. Lower levels of PAHs were detected at SD13 above ecological 
PALs only. One surface soil sample, BH1-SS1, exceeded the human health PAL for 
benzo(a)pyrene; it did not exceed the ecological PAL. At all other surface soil locations that had 
detections of PAHs, concentrations were below both human health and ecological PALs.  

Total PAHs in subsurface soil exceeded a mix of human health and ecological PALs at only BH1-
S1 and BH2-S1. Total PAHs at these locations were one to two orders of magnitude greater than 
other subsurface soil samples analyzed. BH1 has a potential bias due to seawater intrusion and 
comparison of soil data to background sampling location BH2 located on the upgradient edge of 
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AOC 1. Total PAHs detected at all other subsurface soil locations were below human health and 
ecological PALs. 

The table below presents a summary of statistics for each media and detected concentrations of 
PAHs. The table compares detected concentrations that were above the associated PALs by media 
and/or by depth. Only PAHs that had at least one parameter detected above the associated PAL 
are presented. 

Summary of Detections of PAHs in Sediment, Surface Soil and Subsurface Soil 

PAHs Sediment (mg/kg) 
(0.0’ to 0.5’) 

Surface Soil (mg/kg) 
(0.5’ to 1.0’) 

Subsurface Soil 
(mg/kg) 

(1-2’ and 2-4’) 

Min Max Avg. Min Max Avg. Min Max Avg. 

2-Methylphenol 1.7 180 20.4 - - - - - - 

Acenaphthene 0.85 9.6 1.9 - - - - - - 

Acenaphthylene 0.42 150 12.6 - - - - - - 

Anthracene 0.74 70 8.2 - - - - - - 

Benzo(a)anthracene 1.5 210 25.0 - - - 0.88 13,000 21.8 

Benzo(a)pyrene 1.3 230 25.8 0.87 220 19.6 1.3 9,700 17.1 

Benzo(b)fluoranthene 0.75 230 33.0 - - - 0.82 12,000 22.6 

Benzo(g,h,i)perylene 1.2 170 20.0 - - - 1.4 4,900 10.1 

Benzo(k)fluoranthene 0.96 74 10.5 - - - 0.84 3,800 8.3 

Chrysene 0.42 250 30.8 - - - 0.67 12,000 24.2 

Dibenz(a,h)anthracene 1 41 5.9 - - - 0.85 1,100 4.4 

Fluoranthene 1 260 36.0 - - - 0.84 35,000 61.6 

Fluorene 1.7 35 4.1 - - - - - - 

Indeno(1,2,3-cd)pyrene 1.3 180 23.3 - - - 1.4 6,900 13.0 

Naphthalene 1.9 86 13.4 - - - - - - 

Phenanthrene 1.3 200 26.5 - - - 2 49,000 92.6 

Pyrene 1.2 410 44.9 - - - 0.74 27,000 56.6 

Note: - = not detected above PAL 
Half the method detection limit was used instead of zero for non-detect samples to be conservative in the calculations. 

PAHs were detected in subsurface soil, surface soil, and sediment, with the concentrations of 
PAHs in subsurface soil being two orders of magnitude greater than those detected in sediment 
or surface soil. Only one PAH (benzo(a)pyrene) was detected in surface soil, and at similar 
concentrations as in sediment. The location of MW1/BH1 was selected to be the background 
location for the remedial investigation. The highest concentrations of PAHs were detected at this 
background location.  

The low number of PAL exceedances and sporadic detection in sediment in the beach area of 
AOC do not indicate a release of PAHs occurred or remains in the AOC 1 area. 
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4.6.3 Pesticides in Sediment, Surface Soil, and Subsurface Soil 

Pesticide concentrations in sediment, surface soil, and subsurface soil are mapped by location and 
depth in Figures 18 through 22 of Appendix K.  The primary pesticides detected in each media 
were p,p’-DDD, p,p’-DDE and p,p’-DDT, with low level endosulfan sulfate and alpha-chlordane 
detections at a few locations. SD1, SD2, SD3, SD4, SD12, SD13, and SD15 all had detections of 
pesticides above ecological PALs. No human health PALs were exceeded for pesticides in 
sediment. Pesticides were detected in surface soil samples at BH1-SS1 and BH5-SS1. Alpha-
chlordane was the only pesticide detected above both human health and ecological PALs in 
surface soil. p,p’-DDD, p,p’-DDE and p,p’-DDT were only detected above the ecological PALs.  

Pesticides were also detected in subsurface soils at bore locations BH1, BH2, BH3, BH4 and at one 
test pit location, TP1-4. All of these detections were above ecological PALs but below human 
health PALs, with one exception; alpha-chlordane at BH1-S1 was above both PALs. 

The table below presents a summary of statistics for each media and the detected concentrations 
of pesticides above a PAL. The table compares detected concentrations that were above the 
associated PALs by media and/or by depth. 

Summary of Detections of Pesticides in Sediment, Surface Soil, and Subsurface Soil 

Pesticides Sediment 
(0.0’ to 0.5’) 

Surface Soil 
(0.5’ to 1.0’) 

Subsurface Soil 
(1-2’ and 2-4’) 

Min Max Avg. Min Max Avg. Min Max Avg. 

Alpha-chlordane - - - - 6.7 2.7 2.1 5.8 12.6 

Beta-BHC - - - - - - - 16 16 

Endrin - - - - - -  7.9 27.5 

Endosulfan Sulfate - 920 63.1 - - - - - - 

Gamma-chlordane - - - - 11 3.0 3.1 8.3 12.8 

p,p'-DDD 1.3 920 62.9 - 52 - 120 140 34.9 

p,p'-DDE - 820 56.9 - 270 --- 27 830 54.2 

p,p'-DDT - 710 49.9 - 260 139 54 310 33.7 

Note: - = not detected above PAL 
Half the method detection limit was used instead of zero for non-detect samples to be conservative in the calculations. 

Concentrations of p,p’-DDD, p,p’-DDE and p,p’-DDT in sediment and subsurface soil were 
detected at similar orders of magnitude. Concentrations in surface soils were an order of 
magnitude less than those detected in sediment and subsurface soils. Other pesticides were 
detected in subsurface soils only.  

The majority of PAL exceedances were located in sediment sampling locations, exceeding the 
ecological PAL only. Pesticides detections in surface soil locations were highest in the background 
location, BH1-SS1. Subsurface sample locations had at least one exceedance of a PAL at each 
location, all generally in the same order or magnitude, including the background location, BH-1. 
Given the age of the base, there is the potential for general use of pesticides being applied in the 
manner in which it was intended.  
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4.6.4 Summary of in Groundwater 

Metals were the only COPCs analyte group that had detections above human health and 
ecological PALs in groundwater. While ecological receptors are not exposed to groundwater, the 
groundwater data (assuming potential to discharge into surface water where the receptors are 
exposed) were conservatively compared to ecological PALs. The table below presents a summary 
of statistics metals detected in groundwater. Only metals that had at least one sample detected 
above the associated PAL are presented. The table compares detected concentrations that were 
above the ecological and human health PALs. 

Summary of Detections of Metals in Groundwater 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: - = not detected above PAL 

NUT = Essential Nutrient 

Half the method detection limit was used instead of zero for non-detect samples to be conservative in the calculations. 

Groundwater concentrations that were greater than PALs were limited to metals. The locations 
of the monitoring wells make it likely that saltwater intrusion is occurring in the groundwater. 
Field data discussed in Section 4.5.1 indicate that specific conductance data is in the range of 
brackish water. The metals that are commonly present in seawater were also detected at each 
monitoring well. The comparison of the groundwater data to background saltwater 
concentrations is also presented above. 
 

Metals Groundwater 

Human 
Health 

PAL (ug/l) 

Ecological 
PAL (ug/l) 

Min 

(ug/l) 

Max (ug/l) Average 
(ug/l) 

Aluminum 2,000 87 104 918 314 

Antimony 0.78 0.78 - 3.29 1.5 

Arsenic 0.052 0.052 0.68 4.43 3.1 

Barium 380 4 4.08 78.2 32.6 

Cadmium 0.18 0.72 - 1.19 - 

Calcium NUT 116,000 -- 272,000 121,420 

Cobalt 0.6 23 - 3.32 1.5 

Copper 80 3.1 - 4.49 - 

Iron 1,400 1,000 - 14,500 5,392 

Magnesium NUT 82,000 -- 420,000 154,340 

Manganese 43 120 144 4,440 1,592 

Nickel 39 8.2 - 16.6 - 

Potassium NUT 53,000 - 127,000 - 

Sodium NUT 680,000 -- 2,910,000 1,080,060 

Vanadium 8.6 20 - 12.5 - 
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5.0 DATA USABILTY SUMMARY 

The analytical completeness of the data collection was 100%. After data validation, some samples 
had X qualifiers (indicated data were non-usable) applied; however, further examination of the 
data showed that the analytical results were reliable, and qualifiers were changed as appropriate. 
These instances are detailed in their respective subsections below. 

An overall assessment of the data set showed no systematic analytical failures or biases. Only 
occasional minor exceedances of QC criteria were identified, and data were qualified as estimated 
(J for detects and UJ for non-detects) when appropriate. The following subsections focus 
primarily on QC exceedances that would result in concentrations being biased low. There were 
also instances of QC exceedances that would result in a high bias (e.g., high matrix spike/matrix 
spike duplicate [MS/MSD] or surrogate recovery), but the associated results were largely non-
detect and consequently the data quality and reliability would not be affected.  

It should be noted that only five aqueous samples were collected during this sampling effort, and 
a field duplicate was not collected. Nevertheless, a sample was still collected for MS/MSD 
analysis. 

5.1  Semi-Volatile Organic Compounds (SVOCs) by EPA Method 8270E 

The initial extraction of ADS-TP4-5 had surrogate recoveries below the lower control limit. The 
sample was re-extracted six days later outside of hold time but with acceptable recoveries. The 
results between the two extractions were comparable for the two analytes that were detected 
above their respective LOQs with relative percent differences [RPDs] of 14% and 40%. 
Additionally, the overlapping analytes between Method 8270E and 8270E SIM were also 
comparable. Therefore, the initial low surrogate recovery was likely due to spiking a lower 
concentration than intended, and all results for ADS-TP4-5 are deemed to be usable for their 
intended purpose. 

Hexachlorocyclopentadiene, 3,3’-dichlorobenzidine, and 4-nitroaniline had occasional low 
MS/MSD recoveries or high MS/MS RPDs. Additionally, 4-chloroaniline and 3,3’-
dichlorobenzidine had low recovery in one laboratory control sample (LCS), but the associated 
MS/MSD samples in this batch were within acceptance limits; therefore, estimated (UJ) and X 
flags were converted to non-detect (U) for these samples. Given that these analytes were not 
detected in any sample, the entire data set is deemed usable for delineation of the extent of 
contamination and for risk assessment regardless of the potential for low bias in a subset of 
samples. 

Sufficient QC samples were collected for the data usability assessment. Field duplicates were 
collected at a rate of 5.5% for solid samples. No aqueous field duplicates were collected. MS/MSD 
were collected at a rate of 7.3% for solid samples and 20% for aqueous samples. Every analytical 
batch had an associated laboratory control sample and sample duplicate (LCS/LCSD). 
Achievable detection limits were above their associated PALs for up to 10 non-PAH analytes in 
solid samples and up to 16 non-PAH analytes in aqueous samples. (PAHs were targeted in the 
SIM method). The uncertainty caused by elevated detection limits will need to be considered 
during the risk assessment. There is no unacceptable uncertainty associated with using the data 
set for delineation. 
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5.2  Polycyclic Aromatic Hydrocarbons (PAHs) by EPA Method 8270E SIM 

One batch containing samples ADS-SS10-110222, ADS-SS6-110222, ADS-SS7-110222, and ADS-
SS9-110222 had an associated laboratory blank sample with a detection of 1,4-dioxane. All 
samples had trace detections of 1,4-dioxane below the limit of detection (LOD) and were therefore 
changed to non-detect at the LOD. 

Another batch of four samples had an associated laboratory blank with a detection of chrysene. 
Two trace detections in samples ADS-BH4-SS1 and ADS-BH5-S2 that were below the LOD were 
changed to non-detect at the LOD. Samples ADS-BH3-S2 and ADS-BH4-S1 had detections 
slightly above the LOD and were flagged J+. 

Two sets of field duplicates had high RPD up to 118% for multiple PAHs and were qualified as 
estimated as appropriate. Concentrations were relatively low and the high RPDs likely represent 
the heterogeneity of PAH distribution in soils. 

Sufficient QC samples were collected for the data usability assessment. Field duplicates were 
collected at a rate of 5.5% for solid samples. No aqueous field duplicates were collected. MS/MSD 
were collected at a rate of 9.1% for solid samples and 20% for aqueous samples. Every analytical 
batch had an associated LCS/LCSD. The detection limits achieved were below PALs for all 
analytes. With the described QC criteria exceedances, it is concluded that there is no unacceptable 
uncertainty associated with this data set and it may be used for delineation and risk assessment. 

5.3  Chlorinated Herbicides by EPA Method 8081B 

For eight samples (ADS-TP3-3, ADS-SD2, ADS-SD5, and ADS-SD10 through ADS-SD15), 
surrogate recoveries were below QC acceptance criteria for one surrogate. Consequently, all 
analytes in these samples were flagged as estimated (J for detects and UJ for non-detects).  

MS/MSD recoveries were above QC acceptance criteria for p,p’-DDT (264-438%) and p,p’-DDE 
(138-240%); there were low-level detections in the parent sample (ADS-SS10) there were flagged 
as estimated. This sample was also used as a field duplicate, but p,p’-DDT and p,p’-DDE analytes 
were non-detect in the duplicate and were therefore not flagged. A second sample (ADS-BH2-S2) 
that was used for the MS/MSD and field duplicate also had a high field duplicate RPD for p,p’-
DDE and MS/MSD recoveries outside of QC criteria acceptance limits. However, these samples 
had to be diluted for analysis, which is the likely cause of the QC criteria exceedances. Detected 
analytes in this sample were still flagged as estimated due to becoming trace detections after 
sample dilution. 

There was one LCS/LCSD that had recoveries below the QC acceptance criteria. However, a 
second LCS/LCSD pair in the same batch recovered within acceptance criteria. Therefore, no 
analytes were flagged on this basis. 

Sufficient QC samples were collected for the data usability assessment. Field duplicates were 
collected at a rate of 5.5% for solid samples. No aqueous field duplicates were collected. MS/MSD 
were collected at a rate of 5.5% for solid samples and 20% for aqueous samples. Every analytical 
batch had an associated LCS/LCSD. Achievable detection limits were above their associated 
PALs for up to 20 pesticides in solid samples and up to 6 pesticides in aqueous samples. The 
uncertainty caused by elevated detection limits will need to be considered during the risk 
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assessment. There is no unacceptable uncertainty associated with using the data set for 
delineation. 

5.4  Explosives by EPA Method 8330B or Modified 8330B 

Surrogate recoveries had a minor QC exceedance for the surrogate 1,3-dimethyl-2-nitrobenzene 
in three samples (ADS-SS10, ADS-BH1-S2, and ADS-BH4-S2). The surrogate recoveries were 
64.4%, 75.8%, and 75.2%, respectively, compared to the acceptance criteria of 79-149%. All 
analytes were non-detect and flagged as estimated (UJ). MS recoveries were rarely below QC 
acceptance criteria (nitrobenzene in ADS-BH2-SS2 and ADS-BH5-SS1, pentaerythritol tetranitrate 
in ADS-BH5-SS1, and tetryl in ADS-MW4-GW1). Analytes were non-detect as flagged as 
estimated (UJ). LCS and/or LCSD recoveries for 2,4-diamino-6-nitrotoluene were occasionally 
below QC acceptance criteria. The 20 associated samples were all non-detect and flagged as 
estimated (UJ).  

Sufficient QC samples were collected for the data usability assessment. Field duplicates were 
collected at a rate of 5.5% for solid samples. No aqueous field duplicates were collected. MS/MSD 
were collected at a rate of 7.3% for solid samples and 20% for aqueous samples. Every analytical 
batch had an associated LCS/LCSD. Achievable detection limits were above their associated 
PALs for up to 9 explosive compounds in solid samples and up to 10 explosive compounds in 
aqueous samples. The uncertainty caused by elevated detection limits will need to be considered 
during the risk assessment. There is no unacceptable uncertainty associated with using the data 
set for delineation. 

5.5  Metals by EPA Method 6020B and EPA Methods 7470A/7471B 

MS/MSD analyses, field duplicates, and laboratory replicates were often associated with the 
same parent sample. The following QC exceedances were noted, which resulted in multiple 
analytes in the parent samples being flagged as estimated: 

 MS/MSD analyses associated with solid samples ADS-SS10 and ADS-SD4 and aqueous 
sample ADS-BH2-S2 had recoveries above QC acceptance criteria. Detected analytes in 
the parent samples were flagged as estimated (J).  

 MS/MSD analyses for mercury associated with aqueous sample ADS-BH1-S1 had low 
recoveries. The parent sample result was flagged as estimated (J for detects and UJ for 
non-detects).  

 Field duplicates associated with samples ADS-BH2-S2 [multiple analytes], ADS-SD11 
[copper only], and ADS-SS10 [arsenic, calcium, and cobalt] and laboratory replicates 
associated with samples ADS-BH1-S1 [mercury only], ADS-SD4 [multiple analytes], and 
ADS-SS10 [multiple analytes] had RPDs outside of acceptable ranges and detects were 
flagged as estimated (J). 

All LCS/LCSD results were within the acceptance range. 

Field duplicates were collected at a rate of 5.5% and laboratory replicates were analyzed at a rate 
of 5.5% to 7.3% for solid samples. No aqueous field duplicates were collected, but a laboratory 
replicate was analyzed at a rate of 20%. MS/MSD were collected at a rate of 5.5% for solid samples 
and 20% for aqueous samples. Every analytical batch had an associated LCS/LCSD. The detection 
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limits achieved were below PALs for all analytes except magnesium in solid samples and except 
for arsenic, cadmium, mercury, and thallium in aqueous samples. Any uncertainty caused by 
elevated detection limits will need to be considered during the risk assessment. There is no 
unacceptable uncertainty associated with using the data set for delineation. 

5.6  Total Organic Carbon by EPA Method 9060A 

Significant blank contamination resulted in samples ADS-BH2-S2 and ADS-SS8 being qualified 
as estimated with a high bias (J+). The field duplicate for solid sample ADS-SS10 had a RPD of 
91% resulting in the results being flagged as estimated (J). All LCS/LCSD analysis were within 
acceptance criteria, and only the MS/MSD associated with sample ADS-SD11 had recoveries 
above the QC criteria acceptance range (154-156%) resulting in the parent sample being flagged 
as estimated (J). 

Field duplicates were collected at a rate of 7.5% for solid samples. MS/MSD were collected at a 
rate of 20% for solid samples. Every analytical batch had an associated LCS/LCSD. There are no 
PALs associated with this analysis. With the described QC criteria exceedances, it is concluded 
that there is no unacceptable uncertainty associated with this data set, and it may be used for 
assessing fate and transport of contaminants. 

5.7  Cation Exchange Capacity by EPA Method 9081 

The field duplicate RPD of 45.7% was outside of acceptance criteria for sample ADS-BH2-S2. No 
other issues were found. 

Field duplicates were collected at a rate of 7.5% and laboratory replicates were analyzed at a rate 
of 5.0% for solid samples. There were no MS/MSD or LCS/LCSD samples associated with this 
method. There are no PALs associated with this analysis. With the described QC criteria 
exceedances, it is concluded that there is no unacceptable uncertainty associated with this data 
set, and it may be used for assessing fate and transport of contaminants. 
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6.0 CONTAMINANT SOURCES AND TRANSPORT 

6.1 Contaminant Source(s) 

AOC 1 was identified as an area where dumping may have occurred during the 1940s in previous 
site assessments by OEESC (OEESC, 1998) and BEG (BEG, 2019). There were no specific details 
regarding the disposal history at the Site, but USCG personnel mentioned the potential that 
drums had historically been disposed of in the AOC 1 area. Based on typical operations at military 
facilities, chemicals that may have been used on the property and potentially disposed at the AOC 
1 include: solvents, petroleum products (oil and lubricants), fuel oils, and metallic debris (drums). 

In a review of historical aerial photographs, there is evidence of a pier or system of piers in the 
1920 and 1933 photographs. The location of these piers match the locations of the ferrous 
anomalies mapped by the geophysical surveys conducted in 2019 and 2021. In the 1956 aerial 
photograph you can see the structure of the piers has either collapsed, been partially removed or 
damaged by a storm. Remnants of the piers are visible in the sand in the 1987 and 2012 aerial 
photographs as well. The actual use of these piers is unknown, but it is possible that the activities 
at these piers or the debris from the remains of the piers could be a potential source of 
contamination.  

The amount of erosion from the shoreline of AOC 1 is evident from review of the aerial 
photographs as well, which makes establishing what was dumped and what could possibly 
remain difficult. It was estimated in 2019 that approximately 100 ft of shoreline has been lost at 
AOC 1 since 1931 (BEG, 2019). 

6.2 Contaminant Migration Pathways 

Contaminant migration pathways for AOC 1 are principally related to sediment and soil impacts 
from potentially buried debris that may have dissolved and/or desorbed into surface water and 
groundwater. However, residual impacts from buried debris have likely been greatly impacted 
by erosion, tidal influences, and the age of the release. 

Assuming the initial releases were surface or subsurface releases from buried drums or other 
containers, the initial release and adsorption to sediment and soils are the primary release 
mechanisms. Secondary release mechanisms could include: 

 Volatilization of particulates into ambient air and dispersion by wind erosion due 
to the beach location; 

 Infiltration to subsurface soil and groundwater from surface and subsurface 
releases; and 

 Erosion and tidal dispersion. 

Following the infiltration of contaminants to the surface soils, groundwater could be impacted 
and could eventually discharge to surface water. 

Due to the dynamic energy of the ocean and the porous nature of the sandy beach of AOC 1, it is 
unlikely any of the original substances dumped at AOC 1 in the 1940s would remain in the area. 
Tidal and storm activity constantly flushes the beach area, and erosion has caused the loss of 
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approximately 100 ft of beach, which makes it unlikely any source materials remain at the surface 
of AOC 1. Larger objects that would be left behind, such as metal tanks, drums and miscellaneous 
debris, were not identified in test pitting activities. 

A peat layer or Meadow Mat was not identified during the Site investigation. Therefore, there 
was no evidence of a highly organic material that may have sorbed any contaminants released at 
AOC 1 and was potentially retaining COPCs in that layer.  

6.2 COPCs 

6.2.1 Contaminant Properties 

PAHs 
PAHs are typically a biproduct of combustion or incineration. These compounds tend to have 
higher molecular weights and tend to sorb to organic components of sediment and soil, including 
suspended particles. Because of the sandy conditions at the Site, the PAHs detected are likely to 
migrate with the tides/flow of the channel. Similarly, in groundwater, PAHs are likely to migrate 
via advection. 

Pesticides 

Pesticides, such as DDD, DDE and DDT, that were detected in sediment and subsurface soils at 
AOC 1, are persistent compounds that resist biodegradation and tend to adhere to organic 
material. Pesticides therefore tend to bioaccumulate in plant and animal tissues. 

Metals 

Metals are also persistent when released to the environment. They do not biodegrade but can 
change oxidative state based the aquifer conditions they are in. Metals also tend to sorb to organic 
materials in sediment, soils and suspended solids. Most of the metals observed in the sandy soil 
at AOC 1 would migrate via advective transport, as well. 
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7.0 CONCEPTUAL SITE MODEL 

The intent of the CSM is to describe the sources of contamination, the mechanism by which it was 
released, the media that was exposed by the release, the potential exposure pathway and the 
potential receptors. The CSM provides the structure for the human health and ecological risk 
assessment problem formulation and identifies the information needed to complete those 
assessments.  

The CSM (Figure 9) presents the identified human receptors, exposure routes, and the complete 
exposure pathways. 

The CSM presented in Figure 10 provides a detailed evaluation of exposure pathways and 
receptor groups that are considered for the ecological risk assessment. 

The potential receptors and pathways are described in more detail in the risk assessment sections 
below. 
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8.0 RISK ASSESSMENT  

This section presents a summary of the HHRA and SLERA for AOC 1. The complete HRHA and 
SLERA texts are provided in Appendix L. The goal of the risk assessments is to determine 
whether DoD-related COPCs are present in soil, sediment, and/or groundwater at concentrations 
that could pose unacceptable risks to human health or the environment. The risk assessment 
results will support a decision as to whether there is a need for remedial action at the Site to 
prevent unacceptable risks. The HHRA and SLERA follow the approach agreed to by USACE 
and RSJV in the Risk Assessment Approach Technical Memorandum (November 30, 2023). The risk 
assessments only considered data collected during the 2022 RI investigation. Historical data were 
used to design the RI sampling approach but were not quantitatively incorporated in the risk 
assessments due to the age of the data, higher detection limits, and the uncertainty of actual 
sample locations. 

8.1 Human Health Risk Assessment 

The HHRA was conducted in accordance with the EPA (1989) Risk Assessment Guidance for 
Superfund (RAGS) and updates, EPA (2023a) Regional Screening Levels User’s Guide, and USACE 
Engineering Manual (EM) 200-1-4, Risk Assessment Handbook Volume I: Human Health Evaluation 
(USACE, 2010). The basic steps of the HHRA include data evaluation, exposure assessment, 
toxicity assessment, risk characterization and uncertainty analysis.  

The COPCs were identified by comparing the maximum detected chemical concentration to the 
November 2023 EPA regional screening levels (RSLs) based on a target risk (TR) of 1E-06 and a 
target hazard quotient (THQ) of 0.1. Residential RSLs were conservatively used, unless otherwise 
noted.  

 To screen soil for the construction worker scenario, the EPA residential soil RSLs were 
conservatively applied.  

 The EPA on-line RSL risk calculator was used to develop site-specific RSLs for short-term 
recreational exposure to soil and trespasser exposure to soil and sediment, applying the 
outdoor worker equations and receptor-specific exposure parameters, such as time spent 
on the Site (e.g., 24 days/year for a recreator and 12 days/year for a trespasser. Chemical-
specific properties and toxicity values were obtained from the November 2023 EPA RSL 
tables.  

 To screen groundwater for the construction worker scenario, the EPA tap water RSLs were 
conservatively applied, as there is no potable water use at this Site.  

 At the recommendation of EPA Region 3, the residential soil screening level of 200 mg/kg 
was applied for lead in soil and sediment. Current scientific literature on lead toxicity 
indicates that clear cognitive declines in young children with blood lead levels (BLLs) 
between 2 and 8 µg/dL, below the long-held target of 10 µg/dL (as referenced in the 
December 2016 OLEM Memo). For this reason, EPA (2024) recommends consideration of 
current scientific conclusions when evaluating lead exposure (actual or potential) at 
CERCLA sites.  
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Analytes identified as COPCs in aggregate soil (0 to 5 ft bgs) include: aluminum, antimony, 
arsenic, cadmium, chromium, cobalt, iron, lead, manganese, thallium, vanadium, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, 
indeno(1,2,3-cd)pyrene, and naphthalene. All surface soils (0 to 1 ft bgs) were below their 
respective screening levels (for the short-term recreational user and for the trespasser). Therefore, 
no surface soil COPCs were identified. Lead was the only COPC identified in sediment. The 
COPCs identified in groundwater were antimony, arsenic, cadmium, chromium, cobalt, iron, 
manganese, and vanadium. 

The potential human receptors and exposure pathways evaluated in the HHRA and considered 
potentially complete included:  

 Short-term recreational users (includes both escorted birding groups and occasional 
veteran anglers that are allowed on-site [not trespassers]) that may be exposed to 
contaminants in surface soil (0.5 to 1 ft bgs) through ingestion, dermal contact, and 
inhalation of dusts/vapors. These short-term recreational users were not anticipated to be 
frequently exposed to the shoreline sediment.  

 Adolescent trespassers, though likely infrequent due to the Site’s restricted access, that 
may be exposed to contaminants in surface soil (0.5 to 1 ft bgs) through ingestion, dermal 
contact, and inhalation of dusts/vapors and to sediment (0 to 0.5 ft bgs) through ingestion 
and dermal contact.  

 Construction workers that may potentially be exposed to soil or groundwater in the future 
if limited construction were to occur at AOC 1 (for example, shore stabilization or other 
maintenance projects) to contaminants in surface and subsurface soil (0 to 5 ft bgs, or to 
the water table) through ingestion and dermal contact, and to shallow groundwater 
through incidental ingestion, dermal contact and inhalation of volatiles in trench air. 
Particulates in ambient air (dust arising from surface soil or subsurface soil during 
excavation activities) could also be a potential exposure medium (through inhalation).  

Residential and industrial use are unlikely to occur in the future, because construction of 
buildings is not feasible at this location along the shoreline within the intertidal zone and within 
the area commonly inundated during king tides and storm surges. Therefore residential and 
industrial land use are incomplete exposure scenarios and were not considered in the HHRA. 

There were no COPCs selected in surface soils, therefore the potential exposure pathways for 
surface soil for recreational users and trespassers do not need to be quantified. Lead was selected 
as a COPC in sediment and therefore was evaluated for trespassers, since, as mentioned above, 
short-term recreational users were not anticipated to be frequently exposed to the shoreline 
sediment. 

While portions of AOC 1 are underwater, the surface water pathway (including fish ingestion) 
was not evaluated due to the proximity of the Site to the ocean and tidal intrusion. In addition, 
the area has been subject to numerous storm and tidal events over the decades since historical 
DoD-related dumping activities ended in the 1940s, so current surface water conditions could not 
be attributed to historical activities.  

The estimate of intake for each COPC was based on site-specific exposure factors developed using 
EPA guidance (EPA, 2014, 2023a), EPA’s Exposure Factors Handbook (EPA, 2011 and 2019 
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updates), Chemical-specific properties and toxicity values were obtained from the November 
2023 (EPA RSL tables). Lead exposure was evaluated using the EPA Adult Lead Model (ALM), 
which calculates a blood lead concentration of an adult worker that would result in a <5% 
probability of a fetal blood lead concentration exceeding 5 µg/dL (EPA, 2023b; 2024). The ALM 
assumes an assessment protective of a fetus also affords protection for male or female adult 
workers (EPA, 2023b). Lead exposures were evaluated by comparing site exposure 
concentrations to a screening level calculated by ALM protective of fetal blood lead levels to 
determine if lead poses an unacceptable risk to construction workers and trespassers. 

The HHRA did not account for background concentrations of metals or anthropogenic chemicals, 
since an appropriate background location was not identified. Nevertheless, all estimated cancer 
risks due to potential exposure to the selected COPCs in all media for all receptors were below 
the low end of the EPA’s acceptable incremental cancer risk range (1E-06 to 1E-04) and the 
noncancer HIs were below the EPA’s target hazard of 1. Additionally lead in soil and sediment 
were below established acceptable levels for the intended use of the Site. Despite the conservative 
assumptions (i.e., default exposure assumptions, use of residential tap water RSLs for a 
construction workers groundwater exposure, not accounting for background concentrations of 
metals), the Site does not pose an unacceptable risk to receptors for its current and likely future 
recreational use. 

8.2 Ecological Risk Assessment 

The ERA was completed in accordance with USACE EM 200-1-4, Risk Assessment Handbook 
Volume II: Environmental Evaluation (USACE, 2010), EPA Ecological Risk Assessment Guidance 
for Superfund (ERAGS) (EPA, 1997), and EPA Region 4 ERA Supplemental Guidance (EPA, 
2018), as appropriate. A SLERA consists of Step 1 (Screening Level Problem Formulation and 
Ecological Effects Evaluation) and Step 2 (Screening Level Exposure Estimation and Risk 
Characterization). A refined SLERA (RSLERA), Step 3a (Refinement of Ecological Screening 
Assessment) in the 8-step Ecological Risk Assessment (ERA) process, was also incorporated 
following the SLERA to refine the risk estimates from Steps 1 and 2. The objective of the 
SLERA/RSLERA was to determine the potential for adverse impacts to ecological receptors from 
exposure to metals, explosives, SVOCs, PAHs, and pesticides at AOC 1. The SLERA/RSLERA 
provided multiple lines of evidence that can be used as the basis for making a decision on whether 
ecological risks are negligible or if there is potential for adverse ecological effects. The conclusions 
of the SLERA/RSLERA are used to determine if a baseline ecological risk assessment is 
warranted.  

A SLERA (Steps 1 and 2) was performed for AOC 1 to assess potential for ecological impacts from 
chemicals of potential ecological concern (COPECs) in soil, sediment, and groundwater 
discharging to surface water. Maximum concentrations in surface and subsurface soil were 
compared to most conservative ecological screening values (ESVs) for protection of plants, soil 
invertebrates, and a range of trophic levels and feeding guilds for birds and mammals to 
determine preliminary soil COPEC. Maximum concentrations in sediment were compared to the 
most conservative ESVs for the protection of benthic organisms and for the protection of birds to 
determine preliminary sediment COPEC. Maximum concentrations in groundwater were 
compared to the most conservative ESVs for the protection of aquatic organisms determine 
preliminary COPEC for surface water (presuming discharge without dilution or attenuation).  In 
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the absence of marine sediment and surface water benchmarks, freshwater benchmarks were 
conservatively used. In accordance with EPA ecological risk guidelines, the SLERA included 
conservative assumptions to ensure ecological receptors and risks are not prematurely eliminated 
from consideration. Based on the completion of Steps 1 and 2, the following preliminary COPECs 
were determined to pose a potentially unacceptable risk to ecological receptors: 

 Surface Soil – Antimony, cadmium, copper, lead, manganese, mercury, thallium, 
vanadium, zinc, dibenzofuran, alpha-chlordane, methoxychlor, DDD, DDE, DDT, 
toxaphene, and HMW PAHs 

 Subsurface Soil – Antimony, cadmium, copper, lead, manganese, mercury, thallium, 
vanadium, zinc, alpha-chlordane, beta-BHC, endrin, DDD, DDE, and DDT, 1,1-biphenyl, 
carbazole, dibenzofuran, phenanthrene, LMW PAHs, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, 
chrysene, dibenz(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, pyrene, and 
HMW PAHs 

 Sediment – Antimony, barium, chromium, copper, lead, mercury, nickel, vanadium, zinc, 
endosulfan sulfate, dichlorodiphenyldichloroethane (DDD), 
dichlorodiphenyldichloroethylene (DDE), dichlorodiphenyl trichloroethane (DDT), 
toxaphene, and PAHs 

 Surface water – Aluminum, barium, cadmium, copper, manganese, and nickel. 

The following chemicals were retained as COPECs following the refined screening evaluation: 

 Surface soil – lead, vanadium, and DDD 

 Subsurface soil – none 

 Sediment – DDT, DDE, lead, and zinc 

 Groundwater discharge to surface water – none 

The COPEC refinement presents more than one line of evidence to support decision making. 
While historical dumping occurred at AOC 1, metals and pesticides may also be present at AOC 
1 due to natural and anthropogenic sources. The NJDEP (1992; 2020a; 2020b) determined mean 
background concentrations of metals, pesticides, and PAHs in soil. The 95% upper confidence 
limit (UCL) on the mean concentration of lead and vanadium in surface soil (which are upper 
estimates of the mean concentrations) were less than mean background concentrations for New 
Jersey. Though DDD was infrequently detected in only one of 30 surface soil samples, other DDx 
compounds were detected in soil (i.e., DDT was detected in 6 of 30 samples and DDE was detected 
in 8 of 30 samples).  However, DDT has wide historical use throughout the US for mosquito 
control.  

Lead concentrations in sediment were compared to revised avian lead EcoSSLs based on a re-
evaluation of toxicity data and relative bioavailability because toxicity reference values (TRVs) 
play a major role in defining Eco-SSLs. The hazard quotients (HQs) for lead based on a 20 percent 
effect level (ED20) and assuming 100% and 50% bioavailability were numerically equal to one 
only for the likely most exposed species (avian insectivore [American woodcock]). The low effect 
HQ for zinc (1.9) exceeds one only for the avian insectivore (American robin). However, the food 
chain exposure of a wading bird within AOC 1 would be limited because AOC 1 provides limited 
0.5-acre vegetated upland and narrow beach habitat. For example, the area use factor (AUF) for 
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the piping plover, a federally listed species, is 0.1% (0.5 acre/5-acre home range). While wading 
birds may forage within sediments of AOC 1, the site is not critical foraging habitat or critical 
nesting habitat.  

The use of the AOC 1 area for foraging and nesting is limited by its small size. Due to ocean 
proximity, tidal intrusion, and the decades since historical DoD-related dumping activities 
occurred, it is unlikely that any potential impacts to surface water are attributable to former 
DoD-related activities. While DDD, DDE, and DDT were identified as COPECs, remedial 
activities under CERCLA are not required for pesticides and herbicides applied per their 
intended use. Lead and vanadium concentrations in soil were representative of State of New 
Jersey (NJDEP, 1992, 2020a and 2020b) background concentrations. Despite using conservative 
assumptions (i.e., conservative screening values, default exposure assumptions, assumptions of 
exposure to non-DoD related sources of metals, pesticides and PAHs), the SLERA concluded 
that the AOC 1 Site does not pose unacceptable risks to ecological receptors exposed to soil, 
sediment, and groundwater discharging to surface water.
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9.0  SUMMARY AND RECOMMENDATIONS  

9.1 Nature and Extent of Contamination  

The field investigation successfully defined the nature and extent of contamination. The chemical 
detections are presented in Appendix K. The results indicate that there is no evidence of a release 
attributable to former DOD operations at AOC 1. No physical evidence of a specific spill area was 
identified, and no hazardous, toxic, or radioactive waste (HTRW) or debris was identified. Of the 
eleven high-priority anomalies identified, six were co-located and correspond with the three test 
pit locations that were performed; however it is reasonable to conclude based on the analysis of 
aerial photographs (Appendix A) as well as materials observed during field work, that these 
areas do not have drums, tanks, or similar sources that may (or may have contained) hazardous 
materials that were disposed of at AOC 1. Aerial photos show historical structures in the footprint 
of AOC 1 that correspond to the piers in the channel dating back to 1920 and 1933. Mapped 
anomalies are within the footprint of that historical debris.  

The loss of shoreline due to the tides and erosion of the beach, leading to loss of potential 
contaminants or disposal debris since the 1940s may have also contributed to the limited extent 
of potential impacts at the Site. 

9.2 Contaminant Sources and Transport  

AOC 1 was identified as an area where dumping may have occurred during the 1940s. There 
were no specific details regarding the disposal history at the Site. USCG personnel mentioned the 
potential for historical disposal of drums in the AOC 1 area. In a review of historical aerial 
photographs from 1920 and 1933, there is evidence of a pier or system of piers. The location of 
these piers matched the locations of the ferrous anomalies mapped by the geophysical surveys 
conducted in 2019 and 2021. The erosion of the shoreline of AOC 1 is evident from review of the 
aerial photographs as well, which makes establishing what was dumped and what could possibly 
remain difficult.  

Contaminant migration pathways for AOC 1 are principally related to sediment and soil impacts 
from potentially buried debris that may have dissolved and desorbed into surface water and 
groundwater. However, residual impacts from buried debris has likely been greatly impacted by 
erosion, tidal influences, and the age of the potential releases. 

If the initial potential releases were surface releases or subsurface releases from buried drums or 
other containers, the initial release and adsorption to sediment and soils would be the primary 
release mechanisms. Secondary release mechanisms could include: 

 Volatilization of particulates into ambient air and dispersion by wind erosion due 
to the beach location; 

 Infiltration to subsurface soil and groundwater from surface and subsurface 
releases; and 

 Erosion and tidal dispersion. 
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9.3 Risk Assessment 

The conclusions of the HHRA and SLERA are summarized below: 

 Human Health - The potential human receptors include recreational users exposed to 
surface soil, trespassers exposed to sediment, and construction workers exposed to 
aggregate soil and groundwater during future potential limited construction that could 
occur, for example, shore stabilization or other maintenance projects. There is no potential 
for either current or future residential or industrial land use. Residential and industrial 
use are incomplete exposure scenarios, because construction of buildings is not feasible at 
this location along the shoreline within the intertidal zone and within the area commonly 
inundated during king tides and storm surges. Risks were below the EPA acceptable 
incremental cancer risk range (1E-06 to 1E-04) and target hazard index of 1 for non-cancer 
effects. Additionally, lead concentrations in soil and sediment were acceptable based on 
the current and future uses of the Site. 

 Ecological - Based on multiple lines of evidence, the potential impact to ecological receptors 
to COPECs in soil, sediment, and groundwater (assuming potential to discharge into 
surface water where the receptors are exposed) attributed to historical DoD-related 
dumping activities that ended in the 1940s, is considered to be negligible. Remedial 
activities under CERCLA are not required for pesticides and herbicides applied per their 
intended use. Due to ocean proximity, tidal intrusion, and the decades since historical 
DoD-related dumping activities occurred, it is unlikely that any potential impacts to 
surface water are attributable to former DoD-related activities. 

9.4 Recommendations 

The RI is complete and additional investigation is not recommended. The nature and extent of 
contamination has been defined, and the results of the risk assessments indicate that there are no 
unacceptable risks to human health or the environment. Therefore, implementing a remedial 
action is not required, and a Feasibility Study is not required. It is recommended that the project 
proceed to the preparation of the Proposed Plan and Record of Decision to close this FUDS site. 
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Mean Low Water Line

Note:
Tide Line Elevations:
Coordinate System : NAD 1983 State Plane New Jersey,
FIPS 2900 Feet.  Projection:  Transverse Mercator.
Plotted from CDM Smith, June 2016.
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�F�i�g�u�r�e� 9 -  Former NAS Cape May 
 �C�o�n�c�e�p�t�u�a�l �S�i�t�e �M�o�d�e�l �-� �H�u�m�a�n �R�e�c�e�p�t�o�r�s

�A�O�C� �1� �-� �A�b�a�n�d�o�n�e�d
�D�u�m�p�i�n�g� �S�t�a�t�i�o�n

�H�u�m�a�n� �R�e�c�e�p�t�o�r�s�1

�S�e�d�i�m�e�n�t�/
�B�e�a�c�h� �S�a�n�d�s

�S�u�r�f�a�c�e� �S�o�i�l
�S�u�r�f�a�c�e� �S�o�i�l

�W�i�n�d� �e�r�o�s�i�o�n

�F�l�o�w� �/�d�i�s�c�h�a�r�g�e�R�u�n�o�f�f� �/� �e�r�o�s�i�o�n

�I�n�f�i�l�t�r�a�t�i�o�n� �/
�l�e�a�c�h�i�n�g

�S�u�b�s�u�r�f�a�c�e� �s�o�i�l�S�u�b�s�u�r�f�a�c�e� �s�o�i�l

�G�r�o�u�n�d�w�a�t�e�r

�P�a�r�t�i�c�u�l�a�t�e�s� �i�n� �a�m�b�i�e�n�t
�a�i�r� � 

�G�r�o�u�n�d�w�a�t�e�r2,3

�D�i�s�p�o�s�a�l� �a�n�d
�A�d�s�o�r�p�t�i�o�n� �f�r�o�m
�d�i�r�e�c�t� �r�e�l�e�a�s�e�s� �t�o
�t�h�e� �g�r�o�u�n�d� �a�n�d

�d�u�m�p�i�n�g
�a�c�t�i�v�i�t�i�e�s�.� � �E�r�o�s�i�o�n
�o�f� �t�h�e� �s�h�o�r�e�l�i�n�e�.

�A�b�a�n�d�o�n�e�d
�D�u�m�p�i�n�g� �S�t�a�t�i�o�n

�(�A�O�C� �1�)

�S�u�r�f�a�c�e� �W�a�t�e�r4
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�r�o�a�d�w�a�y���o�r���m�a�y���i�n�s�t�a�l�l���e�r�o�s�i�o�n���c�o�n�t�r�o�l���m�e�a�s�u�r�e�s�.
�2���G�r�o�u�n�d�w�a�t�e�r���i�s���n�o�t���c�u�r�r�e�n�t�l�y���u�s�e�d���a�s���a� �d�r�i�n�k�i�n�g���w�a�t�e�r���s�o�u�r�c�e���a�n�d���i�s���n�o�t���e�x�p�e�c�t�e�d���t�o���b�e���u�s�e�d���a�s���d�r�i�n�k�i�n�g���w�a�t�e�r���i�n���t�h�e���f�u�t�u�r�e���d�u�e���t�o���t�i�d�a�l���i�n�t�r�u�s�i�o�n���a�n�d���r�e�s�u�l�t�i�n�g���s�a�l�i�n�i�t�y�;���t�h�e�r�e�f�o�r�e�,���g�r�o�u�n�d�w�a�t�e�r���i�s���c�o�n�s�i�d�e�r�e�d���a�n���i�n�c�o�m�p�l�e�t�e���e�x�p�o�s�u�r�e���p�a�t�h�w�a�y���f�o�r���p�o�t�a�b�l�e��
�u�s�e� �o�f� �w�a�t�e�r�.� �N�o���b�u�i�l�d�i�n�g�s� �a�r�e� �l�o�c�a�t�e�d� �o�n� �s�i�t�e� �a�n�d� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �b�u�i�l�d�i�n�g�s� �o�n� �s�i�t�e� �i�s� �n�o�t� �f�e�a�s�i�b�l�e� �b�e���a�u�s�e� �o�f� �t�h�e� �l�o�c�a�t�i�o�n� �a�l�o�n�g� �t�h�e� �s�h�o�r�e�l�i�n�e� �w�i�t�h�i�n� �t�h�e� �i�n�t�e�r�t�i�d�a�l� �z�o�n�e� �a�n�d� �w�i�t�h�i�n� �t�h�e� �a�r�e�a� �c�o�m�m�o�n�l�y� �i�n�u�n�d�a�t�e�d� �d�u�r�i�n�g� �s�t�o�r�m�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�r�e� �i�s� �n�o��

�p�o�t�e�n�t�i�a�l���f�o�r���e�i�t�h�e�r���c�u�r�r�e�n�t���o�r���f�u�t�u�r�e���v�a�p�o�r���i�n�t�r�u�s�i�o�n�.���G�r�o�u�n�d�w�a�t�e�r���i�s���s�h�a�l�l�o�w�;���t�h�e�r�e�f�o�r�e�,���p�o�t�e�n�t�i�a�l���c�o�n�t�a�c�t���w�i�t�h���s�h�a�l�l�o�w���g�r�o�u�n�d�w�a�t�e�r���d�u�r�i�n�g���e�x�c�a�v�a�t�i�o�n���p�r�o�j�e�c�t�s���w�o�u�l�d���b�e���p�o�s�s�i�b�l�e�.
3���I�n�h�a�l�a�t�i�o�n���o�f���v�o�l�a�t�i�l�e�s���i�n���t�r�e�n�c�h���m�a�y���o�c�c�u�r���f�o�r���c�o�n�s�t�r�u�c�t�i�o�n���w�o�r�k�e�r���i�f���v�o�l�a�t�i�l�e�•� �a�r�e���d�e�t�e�c�t�e�d� �i�n� �g�r�o�u�n�d�w�a�t�e�r�.
4�����µ�����š�}���}�������v���‰�Œ�}�Æ�]�u�]�š�Ç�U���š�]�����o���]�v�š�Œ�µ�•�]�}�v�U�����v�����������������•���•�]�v�������Z�]�•�š�}�Œ�]�����o�����}���r�Œ���o���š���������µ�u�‰�]�v�P�������š�]�À�]�š�]���•���}�����µ�Œ�Œ�����U���]�š���]�•���Z�]�P�Z�o�Ç���µ�v�o�]�l���o�Ç���š�Z���š�����v�Ç���‰�}�š���v�š�]���o���]�u�‰�����š�•���š�}���•�µ�Œ�(���������Á���š���Œ�����Œ�������š�š�Œ�]���µ�š�����o�����š�}���(�}�Œ�u���Œ�����K���r�Œ���o���š�����������š�]�À�]�š�]���•�X���d�Z���Œ���(�}�Œ���U���•�µ�Œ�(���������Á���š���Œ��
���Æ�‰�}�•�µ�Œ�����~���v�������•�•�}���]���š�������(�]�•�Z���]�v�P���•�š�]�}�v�•���Á�]�o�o���v�}�š���������]�v���o�µ���������]�v���š�Z�����‹�µ���v�š�]�š���š�]�À�����,�,�Z�������v�����^�>���Z���.� 
5���R�e�c�r�e�a�t�i�o�n�a�l� Users include �]�v���o�µ�����•�����}�š�Z�����•���}�Œ�š���������]�Œ���]�v�P���P�Œ�}�µ�‰�•�����v�����}�������•�]�}�v���o���À���š���Œ���v�����v�P�o���Œ�•���š�Z���š�����Œ�������o�o�}�Á�������}�v�r�•�]�š�����~�v�}�š���š�Œ���•�‰���•�•���Œ�•�•.� 

�P�a�g�e� �1� �o�f� �1
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�I�n�c�i�d�e�n�t�a�l� �I�n�g�e�s�t�i�o�n

�I�n�h�a�l�a�t�i�o�n2

�I�n�c�i�d�e�n�t�a�l� �I�n�g�e�s�t�i�o�n

�D�e�r�m�a�l�/�d�i�r�e�c�t� �c�o�n�t�a�c�t2

�I�n�c�i�d�e�n�t�a�l� �I�n�g�e�s�t�i�o�n

�D�e�r�m�a�l�/�d�i�r�e�c�t� �c�o�n�t�a�c�t

�I�n�h�a�l�a�t�i�o�n

�L�e�g�e�n�d�:

�I�n�c�i�d�e�n�t�a�l� �I�n�g�e�s�t�i�o�n�/
�f�o�o�d�c�h�a�i�n�ð

�D�e�r�m�a�l�/�d�i�r�e�c�t� �c�o�n�t�a�c�t

�T�e�r�r�e�s�t�r�i�a�l� �R�e�c�e�p�t�o�r�s�I�n�t�e�r�-�t�i�d�a�l� �Z�o�n�e
�R�e�c�e�p�t�o�r�s

�A�O�C� �1� �-� �A�b�a�n�d�o�n�e�d� �D�u�m�p�i�n�g� �S�t�a�t�i�o�n

�T�e�r�t�i�a�r�y� �R�e�l�e�a�s�e
�M�e�c�h�a�n�i�s�m�T�e�r�t�i�a�r�y� �S�o�u�r�c�e�P�r�i�m�a�r�y� �S�o�u�r�c�e

�S�e�c�o�n�d�a�r�y
�S�o�u�r�c�e �E�x�p�o�s�u�r�e� �M�e�d�i�u�m

�P�r�i�m�a�r�y� �R�e�l�e�a�s�e
�M�e�c�h�a�n�i�s�m

�S�e�c�o�n�d�a�r�y
�R�e�l�e�a�s�e

�M�e�c�h�a�n�i�s�m

���F�i�g�u�r�e 10 -  Former NAS Cape May
 �C�o�n�c�e�p�t�u�a�l �S�i�t�e� �M�o�d�e�l �- �E�c�o�l�o�g�i�c�a�l �R�e�c�e�p�t�o�r�s

�S�e�d�i�m�e�n�t�/�B�e�a�c�h� �S�a�n�d�s
� � � � � � � �(0.0-0.5 ft bgs)

�S�u�r�f�a�c�e� �S�o�i�l
� � � �S�u�r�f�a�c�e� �S�o�i�l� � � � � � � � � 
 (0.5-1.0 ft bgs)

�W�i�n�d� �e�r�o�s�i�o�n

�F�l�o�w� �/�d�i�s�c�h�a�r�g�e

�R�u�n�o�f�f� �/� �e�r�o�s�i�o�n

�I�n�f�i�l�t�r�a�t�i�o�n� �/
�l�e�a�c�h�i�n�g

�S�u�b�s�u�r�f�a�c�e� �s�o�i�l�1

� � � � �(> 1 ft bgs)
�S�u�b�s�u�r�f�a�c�e� �s�o�i�l

�G�r�o�u�n�d�w�a�t�e�r

�P�a�r�t�i�c�u�l�a�t�e�s� �i�n� �a�m�b�i�e�n�t
�a�i�r

�G�r�o�u�n�d�w�a�t�e�r
�(�p�r�e�s�u�m�i�n�g� �d�i�s�c�h�a�r�g�e� 

�t�o� �s�u�r�f�a�c�e� �w�a�t�e�r�)

�D�i�s�p�o�s�a�l� �a�n�d
�A�d�s�o�r�p�t�i�o�n� �f�r�o�m
�d�i�r�e�c�t� �r�e�l�e�a�s�e�s� �t�o
�t�h�e� �g�r�o�u�n�d� �a�n�d

�d�u�m�p�i�n�g
�a�c�t�i�v�i�t�i�e�s�.� � �E�r�o�s�i�o�n
�o�f� �t�h�e� �s�h�o�r�e�l�i�n�e�.

�A�b�a�n�d�o�n�e�d
�D�u�m�p�i�n�g� �S�t�a�t�i�o�n

�(�A�O�C� �1�)

�P�a�g�e� �1� �o�f� �1

�=� �C�o�m�p�l�e�t�e� �e�x�p�o�s�u�r�e� �p�a�t�h�w�a�y

�=� �I�n�c�o�m�p�l�e�t�e� �e�x�p�o�s�u�r�e� �p�a�t�h�w�a�y
�=� �C�o�m�p�l�e�t�e� �b�u�t� �i�n�s�i�g�n�i�f�i�c�a�n�t� �e�x�p�o�s�u�r�e� �p�a�t�h�w�a�y

�í�X �B�u�r�r�o�w�i�n�g� �m�a�m�m�a�l�s� �n�o�t� �e�x�p�e�c�t�e�d� �a�t� �s�h�o�r�e�l�i�n�e� �s�i�t�e�.� �W�h�i�l�e� �(�t�e�r�r�i�t�o�r�y� �s�iz�e� �r�a�n�g�e�s� �f�r�o�m� �l�e�s�s� �t�h�a�n� 50� �h�a� �t�o� �o�v�e�r� 3,000� �h�a� [�E�P�A,� �1�9�93]�)� �e�v�i�d�e�n�c�e� �o�f� �r�e�d� �f�o�x� �d�i�g�g�i�n�g� �w�a�s� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �S�i�t�e� �d�u�r�i�n�g� �t�h�e� �S�i�t�e� �h�a�b�i�t�a�t� �e�v�a�l�u�a�t�i�o�n,���t�h�i�s� �w�i�d�e-�r�a�n�g�i�n�g� �r�e�c�e�p�t�o�r� �i�s� �a�n�t�i�c�i�p�a�t�e�d� �t�o� �h�a�v�e
�l�i�m�i�t�e�d� �e�x�p�o�s�u�r�e� �t�o� �s�u�b�s�u�r�f�a�c�e� �s�o�i�l� �a�t� �t�h�i�s� �s�m�a�l�l� �(<0�.5���a�c�r�e�)� �s�i�t�e�.

�î�X �W�h�i�l�e� �i�n�h�a�l�a�t�i�o�n� �a�n�d� �d�e�r�m�a�l� �c�o�n�t�a�c�t� �m�a�y� �o�c�c�u�r,� �t�h�e�s�e� �e�x�p�o�s�u�r�e� �r�o�u�t�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �r�e�l�a�t�i�o�n� �t�o� �i�n�g�e�s�t�i�o�n� �f�o�r� �b�i�r�d�s� �a�n�d� �m�a�m�m�a�l�s��(USEPA, 2003).���F�u�r�t�h�e�r�m�o�r�e,� �t�h�e�r�e� �i�s� �l�i�m�i�t�e�d� �i�n�f�o�r�m�a�t�i�o�n� �t�o� q�u�a�n�t�i�f�y� �t�h�e�s�e� �e�x�p�o�s�u�r�e� �r�o�u�t�e�s�.

�D�e�r�m�a�l�/�d�i�r�e�c�t� �c�o�n�t�a�c�t2

�F�o�o�d� �c�h�a�i�n� 

�I�n�c�i�d�e�n�t�a�l� �I�n�g�e�s�t�i�o�n

�D�e�r�m�a�l�/�d�i�r�e�c�t� �c�o�n�t�a�c�t

�F�i�s�h� �I�n�Pestion

�S�u�r�f�a�c�e� �W�a�t�e�r3

3. ���µ�����š�}���}�������v���‰�Œ�}�Æ�]�u�]�š�Ç�U���š�]�����o���]�v�š�Œ�µ�•�]�}�v�U�����v�����������������•���•�]�v�������Z�]�•�š�}�Œ�]�����o�����}���r�Œ���o���š���������µ�u�‰�]�v�P�������š�]�À�]�š�]���•���}�����µ�Œ�Œ�����U���]�š���]�•���Z�]�P�Z�o�Ç���µ�v�o�]�l���o�Ç���š�Z���š�����v�Ç���‰�}�š���v�š�]���o���]�u�‰�����š�•���š�}���•�µ�Œ�(���������Á���š���Œ�����Œ�������š�š�Œ�]���µ�š�����o�����š�}���(�}�Œ�u���Œ�����K���r�Œ���o���š�����������š�]�À�]�š�]���•�X���d�Z���Œ���(�}�Œ���U���•�µ�Œ�(���������Á���š���Œ�����Æ�‰�}�•�µ�Œ�������v��
���•�•�}���]���š�������(�]�•�Z���]�v�P���•�š�]�}�v���Á�]�o�o���v�}�š���������]�v���o�µ���������]�v���š�Z�����‹�µ���v�š�]�š���š�]�À�����,�,�Z�����}�Œ���^�>���Z���X
�ð���X�������&�}�}�������Z���]�v�����Æ�‰�}�•�µ�Œ�������}�v�•�]�����Œ�������(�}�Œ���Á�����]�v�P�����]�Œ���•���]�v�P���•�š�]�v�P�������v�š�Z�]�����]�v�À���Œ�š�����Œ���š���•���š�Z���š���µ�‰�š���l�������K�W�����•���(�Œ�}�u���•�����]�u���v�š�X
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�$���
�
���� �%�����&���
�'�&�����( �%�����&���
�'�&�����( �%�����&���
�'�&�����( �%�����&���
�'�&�����( �%�����&���
�'�&�����( �%�����&���
�'�&�����( �%�����&���
�'�&�����( �%�����&���
�'�&�����(
���������������� �������	�	 �
�����	�	�	 �������	�	 �����
���� ���)���)�) �����* �������	 ������ ���	���	 ������ �����	 ������������ ���
�� ������ ������ �� ������ �� ������ ��
���������������� ������ �
 �
 �����
���� �	�������� �� �	���� �� �+�(�)�, �� �	���
�
�� ������ �	�������� �� �	�������� �� �	���
���� �� �	���
���� ��
��� �!�"�����# �	������ �����
�� �	������ �����
���� �,�(�-�. �� ���(�/�0 �� �.�(�1�1 �� �	�������� �����������
 �	�������� �� �	�������� �� �	���� �� �)�(�2�)�0 ��
���$� ������ �������	�	 �
�	 �
�	 �����
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