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EXECUTIVE SUMMARY 

INTRODUCTION 

Naval Amphibious Base (NAB) Little Creek provides on-base logistic facilities and support services 

to local commands, organizations, and other United States and allied units, home-ported ships, and 

commands of the operating forces to meet the amphibious training requirements of the Armed 

Forces of the United States. This Supplemental Ecological Assessment (SEA) has been performed 

to address the concerns of the United States Environmental Protection Agency (USEPA) Biological 

Technical Assistance Group (BTAG) regarding the impact of NAB Little Creek IR sites on the 

ecological resources of Little Creek Harbor (Harbor). 

A Final Remedial Investigation/Feasibility Study (RI/FS) report included an Ecological Risk 

Evaluation that qualified risks to aquatic wildlife receptors within the reaches of Little Creek that 

were adjacent to Installation Restoration Program (IR) Sites 7 and 12. The BTAG requested further 

work be conducted to address the threat posed to aquatic life by these sites. The SEA of Little Creek 

Harbor consisted of the following components: 1) the compilation of all existing IR and non-IR 

data pertaining to Little Creek Harbor, 2) the conduct of a Phase One Ecological Risk Assessment 

(ERA) on the available Little Creek Harbor aquatic data, and 3) a perspective overview of the 

ecological condition of Little Creek Harbor as related to the condition of ecologically similar water 

bodies located within the southern region of the Chesapeake Bay. 

COMPILATION OF EXISTING DATA 

A review of existing environmental data was conducted for Little Creek Harbor for the ERA. 

Sources of this data included IR studies, Virginia Department of Environmental Quality (VADEQ) 

outfall reports, various NAB Little Creek water quality studies, NAB Little Creek Natural Resources 

Program Management reports, NAB Little Creek hydrological studies, and NAB Little Creek 

dredging program reports. To evaluate the relative potential impacts to Little Creek Harbor from 

the IR sites verses impacts from non-IR site point and non-point contaminant sources, an 

environmental perspective was developed from the information obtained. Information sources for 

Little Creek Harbor environmental perspective data include the USEPA’s Chesapeake Bay Program, 

Old Dominion University (ODU), Virginia government agencies, and special regional programs. 
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This information also was used to establish reference stations for the ERA. Selected data from these 

reviews were compiled into a single electronic database to be used for the ERA. 

ECOLOGICAL FtISK ASSESSMENT 

Based on the results of the compilation of the Little Creek Harbor data, a Phase One ERA was 

conducted using the Interim Ecological Risk Assessment Guidelines developed by USEPA 

Region III BTAG for addressing risks to aquatic receptors in the Harbor. In addition, Screening 

Levels developed by BTAG were used to determine the Ecological Contaminants of Concern 

(ECOCs). The IR data from the RVFS report was used to conduct the ERA for NAB Little Creek 

Harbor. The non-IR data was used to determine impacts to Harbor from sources other than the IR 

sites. Surface Water Screening Levels (SWSLs) and Sediment Screening Levels (SSLs) were used 

in the risk characterization portion of the ERA to evaluate the likelihood of adverse effects occurring 

as a result of exposure to an ECOC. This evaluation used the quotient index (QI) approach with 

ratios calculated for each sampling station that exceeded screening levels. A ratio of one indicates 

a possibility for adverse effects to aquatic life. 

The surface water and sediment data collected during the RI investigation were compared to surface 

water and sediment data collected from regional reference stations. Regional surface water and 

sediment data were obtained from USEPA’s computer system for storage and retrieval of water 

quality data (STORET) from the years 1990 through 1995 for Cape Charles Harbor and Lynnhaven 

Harbor (including monitoring stations in the mainstem, eastern branch, western branch, and Broad 

Bay). Cape Charles was chosen as an ecologically similar reference water body because it is 

periodically dredged like Little Creek Harbor. Lynnhaven Harbor (and associated waterways) is a 

much larger water body than Little Creek Harbor. However, it was chosen because of its close 

proximity to Little Creek Harbor and the lack of surrounding industrial land use. 

The aquatic assessment endpoint for NAB Little Creek is the decrease in the survival, growth, and/or 

reproduction of the aquatic receptor population or subpopulation that is attributable to site-related 

contaminants. The measurement endpoint for the aquatic assessment endpoint is the exceedance of 

contaminant-specific surface water and sediment effect concentrations. It is noted that no benthic 

macroinvertebrates or fish were collected at NAB Little Creek during the remedial investigation. 
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7 Site 

The following ECOC concentrations in the surface water collected at Site 7 may potentially 

adversely impact the aquatic environment based on exceedance of acute and chronic SWSLs: 

copper, lead, and manganese. 

Site 7 surface water ECOCs were compared to reference concentrations. Site 7 ECOCs including 

aluminum, barium, and cobalt were not analyzed in reference water bodies; therefore, they could not 

be compared to Site 7 concentrations. Copper in the reference surface water was detected at higher 

concentrations than in Site 7 surface water. Whereas, iron and manganese were detected at higher 

concentrations in Site 7 surface water than in reference surface water. Lead was only detected at one 

reference station (Cape Charles Harbor) at a concentration greater than Site 7 surface water 

concentrations. 

Therefore, although three ECOCs may potentially adversely impact the aquatic environment, only 

manganese appears to be elevated above regional reference levels and is site-related. It is noted that 

manganese was detected in the groundwater at Site 7 and is found highly dissolved in the 

groundwater. However, the source of the SWSL of lOug/l is believed to be based on a study of 

decreased growth in the pacific oyster Crassostrea gigas. This study did not meet the criteria for 

reliability in the Aquatic Information Retrieval Database (AQUIRE). Other studies in AQUIRE 

listed adverse effects at 20,000 l.rg/l to mollusk species, which is higher than the RI data. It also is 

noted that there was no clear spatial relationship established for the groundwater chemical data for 

Site 7. Therefore, isoconcentration maps were not constructed to determine the groundwater 

pathway to surface water. 

Sediment collected from Site 7 at NAB Little Creek contained levels of arsenic, beryllium, 

cadmium, cobalt, copper, silver, and zinc that may affect the benthic community based on QIs 

calculated greater than one. 

The following Site 7 sediment ECOCs were not analyzed for in the reference water bodies: acetone, 

2-butanone, carbon disulfide, and cobalt. Aluminum and arsenic were detected at higher 

concentrations in the reference station in Broad Bay and at lower concentrations in the reference 

station in Cape Charles Harbor, as compared to Site 7. Beryllium, cadmium, copper, silver, and zinc 
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were detected at higher concentrations in the sediment at Site 7 than in reference sediment samples. 

Based on the station-specific QI evaluation, these inorganics may be potentially impacting the 

benthic community at Site 7. However, it is noted that the average of the detected concentrations 

of beryllium, copper, silver, and zinc were all less than the Effects Range-Low (ER-L), indicating 

no impact. 

Although this Phase One ERA focused on the surface water and sediment data from the RI, 

information was available from previous IR reports to establish any trends in the data for Site 7. For 

Site 7, manganese surface water concentrations have generally decreased from the Interim RI to the 

RI. For the sediments at Site 7, cadmium (the only ECOC with an average concentration greater 

than the ER-L) increased from the Round I Verification Study to the RI Study. Of the other ECOCs 

with station-specific concentrations greater than the ER-Ls, in general, beryllium and copper 

decreased and silver and zinc increased. 

U Site 

The following ECOC concentrations in the surface water collected at Site 12 at NAB Little Creek 

may potentially adversely impact the aquatic environment based on exceedance of acute and chronic 

SWSLs: arsenic, chromium, copper, lead, manganese, mercury, nickel, and zinc. The greatest 

exceedances (greater than 100 times) of SWSLs were demonstrated by copper and manganese at 

Site 12. Lead, mercury, nickel, and zinc had exceedances greater than 10 times the SWSLs at 

Site 12. 

Site 12 surface water ECOCs were compared to reference surface water data. Site 12 ECOCs 2- 

butanone, aluminum, barium, cobalt, and mercury were not analyzed in the reference studies. 

Arsenic, chromium, copper, iron, lead, manganese, nickel, and zinc were detected at higher 

concentrations in Site 12 surface water than in reference water bodies. Beryllium was detected at 

lower concentrations at Site 12 than in several of the reference stations. However, beryllium surface 

water concentrations were higher at Site 12 than in the reference surface water collected from Cape 

Charles Harbor. The exceedances of SWSLs by concentrations of arsenic, chromium, copper, lead, 

manganese, mercury, nickel, and zinc at Site 12, as evaluated on a station-specific basis, may be 

impacting the aquatic environment. However, it is noted that arsenic and chromium average 
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concentrations across all stations were less than their respective SWSLs and the manganese SWSL 

may not be a valid effect level. 

It has been determined that groundwater from Site 12 discharges to the drainage canal. However, 

based on the existing IR studies, groundwater from Site 12 is not believed to be the source of the 

metals that are found in the drainage canal. These investigations have focused on volatile organic 

compounds (VOCs) that may be transported from Site 12 to the drainage canal. There were no 

VOCs that exceeded SWSLs 

It is noted that although the water and sediment at Site 12 may impact aquatic receptors, the impact 

to receptors in the Harbor may not be as severe. Site 12 RI samples were collected in the drainage 

canal adjacent to Site 12. The canal is located approximately 3,000 feet from the Harbor. The 

surface water flows through wetlands before discharging into the Harbor. Wetlands provide an 

effective treatment for many types of water pollution. Therefore, the contaminants detected in the 

surface water at Site 12 may be mitigated by the wetlands prior to discharge into the Harbor. 

Based on the station-specific concentration evaluation, sediment collected from Site 12 contained 

levels of cadmium, cobalt, copper, lead, mercury, and zinc that may affect the benthic community 

based on exceedances of the QI ER-Ls calculated greater than one. All QI ER-Ls calculated at NAB 

Little Creek were less than 10, and there were no QI Effects Range-Median (ER-M) exceedances 

greater than one for any of the ECOCs at Site 12. 

The Site 12 ECOCs acetone, cobalt, and mercury were not analyzed for in any of the reference 

studies. Cadmium, copper, lead, and zinc were detected at higher concentrations in the sediment 

collected at Site 12 than in the sediment collected from reference stations. Based on the exceedances 

of the ER-L on a station-specific basis, the sediment concentrations of cadmium, cobalt, copper, 

lead, mercury, and zinc at Site 12 may be impacting the aquatic community at NAB Little Creek. 

However, it is noted that the average concentrations of copper and mercury at these stations were 

below the ER-Ls. 

Although this Phase One ERA focused on the surface water and sediment data from the RI, 

information was available from previous IR reports to establish any trends in the data for Site 12. 

At Site 12, surface water and sediment inorganics were not analyzed in the Interim RI or the Round 
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I Verification Study. However, sediment data was collected in 1995 from an IR-related study 

conducted in the canal adjacent to Site 12. Concentrations of acetone, copper, lead, and mercury 

were detected in the sediment study at higher concentrations in the RI than in the sediment study and 

concentrations of aluminum and cobalt were detected at about the same concentrations in both 

studies. In the canal study, acetone and aluminum concentrations were higher upstream of Site 12. 

Whereas, concentrations of lead, mercury, and zinc in the canal study were higher at stations 

downstream and adjacent to the site. Cobalt and copper were detected at varying concentrations 

both upstream and downstream of Site 12. 

ENVIRONMENTAL PEIiSPECTIVE 

The ERA indicated that ECOCs possibly attributed to IR Sites 7 and 12 are presenting a risk to the 

aquatic receptors in Little Creek Harbor. However, it was noted that there may be a variety of 

ECOC sources in Little Creek Harbor. In addition, the frequent disturbance of the Harbor’s waters 

and sediments by 1) NAB’s logistic and support operations and amphibious training requirements, 

2) the periodic dredging operations, and 3) the natural ebb and flow of the tidal waters will tend to 

resuspend and redistribute ECOCs throughout the Harbor and overshadow any apparent fate and 

transport relationship to the various sources in the Harbor. 

Site 7 

At Site 7, manganese in the surface water may be adversely impacting the aquatic environment. 

Non-IR related studies conducted by ODU and NAB in Little Creek Harbor analyzed for various 

metals in the surface water. However, manganese was not analyzed in the ODU study or the two 

NAB studies. 

Beryllium, cadmium, copper, silver, and zinc detected in the sediment at Site 7 may potentially 

impact the aquatic environment. The sediment analyzed in the ODU study demonstrated higher 

concentrations of arsenic, beryllium, cadmium, copper, silver, and zinc than the sediment collected 

in the RI study. In the two NAB studies, only cadmium was analyzed for in the sediment. 

Cadmium concentrations detected in the NAB studies were below concentrations detected in the RI 

study. Dredging data demonstrates that beryllium, copper, silver, and zinc were detected at higher 

concentrations during the 1989/90 dredging event than concentrations detected during the RI. It is 
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noted that the highest concentration of silver from the 1989/90 dredging event was detected in Little 

Creek Cove. Dredging data collected from the Harbor in 1991 demonstrated higher sediment 

concentrations of copper and zinc than detected in the RI study. 

At Site 12, arsenic, chromium, copper, lead, manganese, mercury, nickel, and zinc concentrations 

detected in the surface water may be adversely impacting the ecological ecosystem of Little Creek 

Harbor. A non-RI related study conducted by ODU in the Harbor found surface water 

concentrations of arsenic, chromium, copper, lead, mercury, and zinc lower than concentrations 

detected in the RI study. Manganese was not analyzed for in ODU study. All of the concentrations 

were below SWSL indicating minimal impacts in the main channel and coves of the Harbor. This 

study also indicates that the high level of zinc detected in the groundwater from the IR Sites is not 

impacting the Harbor. 

Sediment collected from Site 12 contained levels of cadmium, cobalt, copper, lead, mercury, and 

zinc that may affect the benthic community. A non-IR related study conducted in the Harbor found 

sediment concentrations of cadmium, copper, and mercury higher than the sediment concentrations 

detected in the RI study. In addition, two dredging events detected higher concentrations of acetone, 

cadmium, copper, lead, mercury, and zinc than concentrations detected in the RI study. However, 

two other non-IR related studies detected sediment concentrations at lower levels than the RI study 

for cadmium and mercury. 

Comparison of Site 12 data collected during the RI to non-IR Little Creek data indicates that the 

surface water concentrations of arsenic, chromium, copper, lead, manganese, mercury, nickel, and 

zinc may be causing an impact to aquatic receptors in the drainage canal. However, the ODU 

Applied Marine Research Laboratory (AMRL) data indicates that these impacts are localized and 

do not extend into the Harbor. For the sediments, the RI levels are below those found in the AMRL 

data and dredging data but above those found in the NAB data, indicating other potential sources 

of these ECOCs and variability in the concentrations of these ECOCs in the sediments for cadmium 

and mercury. Due to the significant travel distance from Site 12 to the Harbor and the existence of 

wetlands in the lower reaches of the drainage canal, the impacts of the metals may be mitigated by 

the wetlands. 
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It has been determined that groundwater from Site 12 discharges to the drainage canal. However, 

based on the existing IR studies, groundwater from Site 12 is not believed to be the source of the 

metals that are found in the drainage canal. These investigations have focused on VOCs that may 

be transported from Site 12 to the drainage canal. There were no VOCs that exceeded SWSLs. It 

is noted that the drainage canal adjacent to Site 12 collects surface water runoff from both on-site 

and off-site sources including Lake Bradford, Chubb Lake, a heavily used commercial area, and 

extensive surface transportation routes. Both Lake Bradford and Chubb Lake receive surface 

drainage flows via unlined canals and may receive significant amounts of salt water from the 

Chesapeake Bay during storm events. These non-IR related potential sources of ECOCs would 

contribute to the levels found in the RI study at Site 12. 

Little Creek Harbor 

A benthic macroinvertebrate study conducted by ODU indicates that the benthic species in Little 

Creek Harbor appear to be representative species for the salinity habitat of the Harbor compared to 

reference stations and restoration goal management objectives. These restoration goals for 

Chesapeake Bay benthic infaunal communities are evaluated using the Restoration Goal Index (RGI) 

based on several different monitoring programs. 

The RGI calculated for Little Creek indicated that the benthic macroinvertebrate community is 

meeting benthic restoration goal requirements. The Shannon-Wiener Diversity and percent 

opportunistic species abundance for the Little Creek station were greater than the lower 

recommended RGI values. The species abundance and biomass values from the Little Creek sample 

were greater than the higher RGI value. The average RGI value calculated for Little Creek was four, 

indicating that the benthic community is within the set restoration goals. 

The NAB studies found total mercury in blue crabs (97.4-225 &kg) and fish (132-148 pg/kg) 

collected from the Harbor. Mercury was an identified ECOC at Site 12 that may be impacting 

aquatic receptors via the sediment exposure pathway. Mercury bioaccumulates in biota. However, 

due to the high levels detected in the Harbor sediments during the AMRL study, the relative 

contribution of the source of the total mercury in the sediments from Site 12 cannot be determined. 
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There are many impacts to the ecological condition of the Harbor. Besides Sites 7 and 12, other IR 

sites also directly or indirectly drain into Little Creek Harbor. In addition, base activities, such as 

drills conducted on the mudflats, fueling, salvage and ship maintenance also impact the Harbor. 

Barges loading and unloading, railroad ferry activities, U.S. Coast Guard activities and other 

industrial uses of the Harbor also are influencing the aquatic environment. 

The ERA indicates that there are ECOCs at Sites 7 and 12 at levels that may impact the ecological 

receptors of the Harbor. However, based on the surface water and benthic macroinvertebrate data 

from the AMRL studies, the ecological receptors of the Harbor are not being adversely impacted. 

The sediment data from the AMRL studies indicate that levels are elevated and may be impacting 

the ecological receptors, but the source of these elevated levels cannot be determined. 

CONCLUSIONS 

It was the purpose of this SEA to address the concerns of the USEPA BTAG regarding the impact 

of NAB Little Creek on the ecological resources of Little Creek Harbor. The following are the 

conclusions of the three components of the study - compilation of existing data, ERA, and Little 

Creek Environmental Perspective: 

l Limited existing environmental data were available to address sources of ECOCs 

from non-IR and non-Navy sources. 

l IR surface water and sediment data were limited to Sites 7 and 12 and were 

primarily volatile organic and inorganic data. 

l The Phase One aquatic ERA conducted on surface water and sediment data 

collected from Sites 7 and 12 during the RI indicated that several inorganic 

compounds may potentially adversely impact the overall ecological condition of 

the Harbor. 

l Based on the comparison of concentrations of ECOCs from the RI and 

concentrations of ECOCs from several water quality studies conducted in Little 
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Creek Harbor, there may be a variety of sources for the ECOCs detected in the 

Harbor. 

l The overall water quality in Little Creek Harbor based on the water quality study 

by AMRL is meeting surface water screening levels for the metals analyzed with 

the exception of mercury. However, mercury was detected in only one station in 

the AMRL study. This station was located in the western portion of Little Creek 

Harbor and not in Little Creek Cove, which is adjacent to Site 7 and immediately 

downstream of Site 12. Mercury was not detected in the surface water and 

sediments at Site 7 and was detected in only one surface water and sediment sample 

at Site 12. For the sediments, many of the metals exceeding sediment screening 

levels for Sites 7 and 12 also exceeded these screening levels in the AMRL study. 

However, it is noted that the relative ranges of Sites 7 and 12 metal concentrations 

(with the exception of lead and zinc) were less than the ranges of metal 

concentrations found in the AMRL study. 

l The surface water and sediment within the Harbor are frequently disturbed by 1) the 

natural influence of the tidal flux, 2) NAB’s logistic and support operations, and 

amphibious training requirements, including boat traffic, and 3) the periodic 

dredging operations. These disturbances will impact the ecological resources of 

Little Creek Harbor and will tend to resuspend and redistribute EC00 throughout 

the Harbor and overshadow any apparent fate and transport relationship to the 

various sources in the Harbor. 

0 The Restoration Goal Index calculated for Little Creek Harbor indicated that the 

benthic macroinvertebrate community is meeting benthic restoration goal 

requirements. 

Although there may be some localized impacts from ECOCs related to Sites 7 and 12, there does not 

appear to be a significant impact on the ecological resources of Little Creek Harbor from the IR 

sites. Information collected in this SEA indicates limited toxicological impact and the absence of 

severe environmental media contamination. However, there is evidence of elevated heavy metal 

concentrations in the Harbor. These elevated concentrations are consistent with a chronic exposure 
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scenario with the contamination originating from a variety of sources within and outside of the 

Harbor. 
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1.0 INTRODUCTION 

Naval Amphibious Base (NAB) Little Creek is a 2,147-acre base located in the Tidewater region of 

southeastern Virginia. Figure 1 presents a general overview of the region. NAB Little Creek 

provides on-base logistic facilities and support services to local commands, organizations, and other 

United States and allied units, home-ported ships, and commands of the operating forces to meet the 

amphibious training requirements of the Armed Forces of the United States (Foster Wheeler, 1994a). 

Figure 2 provides a site map of NAB Little Creek. 

This Supplemental Ecological Assessment (SEA) has been performed to address the concerns of the 

United States Environmental Protection Agency (USEPA) Biological Technical Assistance Group 

(BTAG) regarding the impact of NAB Little Creek on the ecological resources of Little Creek 

Harbor. A Final Remedial Investigation/Feasibility Study (RI/FS) report (Foster Wheeler, 1994a) 

included an Ecological Risk Evaluation (ERE) that qualitatively defined risks to aquatic wildlife 

receptors within the reaches of Little Creek Harbor adjacent to Installation Restoration Program (IR) 

Sites 7 and 12. The BTAG requested that further work be conducted to address the threat posed to 

aquatic life by these sites. 

Little Creek is not on the National Priority List (NPL), but the Navy is conducting proactive IR 

action. For this reason, the ERE was not designed to be a comprehensive assessment of risks like 

those required for NPL site ecological risk assessments (ERA) by the BTAG. The ERE determined 

that a quantitative study (i.e., ERA) may be necessary to further evaluate the impact of NAB Little 

Creek IR sites on the ecological environment. 

The SEA of Little Creek Harbor (the Harbor) consisted of the following components: 1) the 

compilation of all existing IR and non-IR data pertaining to Little Creek Harbor, 2) the conduct of 

a Phase One ERA on the available Little Creek Harbor aquatic data, and 3) a perspective overview 

of the ecological condition of Little Creek Harbor as related to the condition of ecologically similar 

water bodies located within the southern region of the Chesapeake Bay. 
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1.1 Obiective of Studv 

The objective of this study was to assess the impact of IR and non-IR sites on the aquatic ecology 

of Little Creek Harbor. The study was conducted in the following phases: 

l Compilation of Existing Data 

0 Ecological Risk Assessment 

l Little Creek Harbor Environmental Perspective 

1.1.1 Compilation of Existing Data 

A review of existing environmental data was conducted for Little Creek Harbor. Sources of this data 

included IR studies, Virginia Department of Environmental Quality (VADEQ) outfall reports, 

various NAB Little Creek water quality studies, NAB Little Creek Resources Management Program 

reports, NAB Little Creek hydrological studies, and NAB Little Creek dredging program reports. 

Selected data from this review was compiled into a single electronic database to be used for the 

ERA. 

1.1.2 Ecological Risk Assessment 

Based on the results of the compilation of the Little Creek Harbor data, an ERA was conducted using 

the Interim Ecological Risk Assessment Guidelines developed by USEPA Region III BTAG 

(USEPA, 1994a) for addressing risks to aquatic receptors in the Little Creek Harbor. In addition, 

Screening Levels developed by BTAG (USEPA, 1995) were used to determine the Ecological 

Contaminants of Concern (ECOCs). 

Exposure point concentrations of ECOCs in the environmental media were calculated based on the 

Little Creek Harbor database. These ECOC concentrations represent the contribution of 

contaminants to the Little Creek Harbor that are a result of discharge from IR and non-IR sources. 

As part of the exposure characterization, the potential aquatic receptors in Little Creek Harbor were 

identified using available existing sources of information. In addition, the known endangered 

species were identified. Finally, the ecological effects of each ECOC were summarized in an 

ecological toxicological profile that includes available reproductive and growth effect endpoints. 
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Potential risks were characterized based on a Phase One ERA as per Region III BTAG guidance, 

which uses the hazard quotient methodology. A hazard quotient was calculated for each sample that 

exceeded screening values. Exceedance of unity in the hazard quotient index indicates the potential 

for risk to exposed aquatic receptors. The potential for bioaccumulation of ECOCs in the food chain 

is discussed qualitatively. An uncertainty analysis is provided that discusses the various 

assumptions and exposure parameters that may affect the risks that are characterized. The ecological 

significance of any potential risk to aquatic receptors in Little Creek Harbor is discussed based on 

the risks as compared to reference data and whether the risks are related to site-specific ECOCs. 

1.1.3 Little Creek Harbor Environmental Perspective 

To evaluate the potential impacts to Little Creek Harbor from the IR sites verses impacts from non- 

IR site point and non-point contaminant sources, an environmental perspective was developed from 

the information obtained. Information sources for Little Creek Harbor environmental perspective 

data include the USEPA’s Chesapeake Bay Program, Old Dominion University (ODU), Virginia 

government agencies, and special regional programs. 

1.2 Site_aracterizatioq 

The following sections detail general NAB Little Creek characteristics, as well as site-specific 

characteristics of the IR sites potentially impacting the aquatic receptors of Little Creek Harbor. 

1.2.1 General Site Characteristics 

NAB Little Creek is located in the Atlantic Coastal Plain physiographic province (Tidewater Area). 

The base is bound on the north by the Chesapeake Bay, on the South by Shore Drive, on the east by 

Lake Bradford, and on the west by the Norfolk-Virginia Beach boundary. The central portion of the 

base is made of Little Creek Cove, Desert Cove, and the Little Creek channel that adjoins with the 

Chesapeake Bay (Foster Wheeler, 1994a). The land use at the base is primarily industrial, while the 

land use of the surrounding areas is suburban and industrial in nature (Foster Wheeler, 1994a). 

Due to the extensive development of the region, wildlife populations in the vicinity of NAB Little 

Creek are quite limited and poorly representative of the general area. Widespread commercial and 
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residential development along with highway construction have eliminated most natural areas, and 

the few remaining areas are highly impacted by encroaching urbanization. 

1.2.2 Site-Specific Characteristics 

It is acknowledged that the runoff from several IR Sites drain into Little Creek Harbor and therefore, 

potentially may impact the ecological condition of the Harbor. Specifically, groundwater 

flows: from Sites 7 and 12 (via the drainage canal), and 13 toward Little Creek Cove; from Site 9 

toward the Chesapeake Bay shoreline; and, from Sites 10 and 11 toward Desert Cove. It should be 

noted that because of the distance between Sites 11 and 13 and the Harbor, it is unlikely that surface 

runoff or groundwater from these sites would impact conditions within the Harbor. 

Sites 7 and 12 are the only IR sites with surface water and sediment data available from the RI to 

assess potential impacts to the aquatic environment of the Harbor. The following sections present 

a description of only the IR Sites at NAB Little Creek that potentially may impact the aquatic 

environment of Little Creek Harbor. 

1.2.2.1 i - Amphibious Base J,anda S te 7 

The Amphibious Base Landfill is located in the south-central portion of the installation. The area 

is bounded on the north by the southeast shoreline of Little Creek Cove, on the east by Helicopter 

Road, on the south by the Hampton Roads Sanitation District treatment plant, and on the west by 

an undeveloped area that was used as an ordnance storage area. The landfill covers approximately 

38 acres. The precise boundaries of the fill area have not been delineated. This area was originally 

an arm of Little Creek Cove that was filled with dredge spoils prior to its use as a landfill. 

The landfill is well-vegetated, with the exception of the central and eastern portions that are mostly 

exposed unvegetated soil. Materials to be recycled, reused or transported off-base were often staged 

in the unvegetated area of the landfill. The area bordering Little Creek Cove is well vegetated with 

numerous trees and tall grasses. The landfill was constructed so that the central portion consists of 

a broad flat area bounded by gentle slopes on all sides. 
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The landfill operated from 1962 to 1979 (Foster Wheeler, 1994a). Before its use as a landfill, the 

site was used for the disposal of spoils from the dredging of Little Creek Cove. The landfill was 

initially operated as a trench-type landfill with open burning of refuse in the trenches. The trenches 

were excavated to the depth at which groundwater filled the trench as fast as it could be excavated. 

Standing water was common in the trenches. The landfill was later operated as an area landfill, 

i.e., refuse was spread over the ground surface and covered on a regular basis. 

It is estimated that the landfill contains approximately 500,000 cubic yards of waste (Foster 

Wheeler, 1994a). A significant amount of this waste is most likely consisting of nonhazardous solid 

waste from base housing and other residential activities at the base. Specific records concerning the 

types and quantities of waste placed in the landfill are not available. However, because the landfill 

was the recipient of all the wastes produced at NAB Little Creek, it is probable that the landfill 

received potentially hazardous materials. The types of material believed to have been disposed in 

the landfill include: pesticides, paints, solvents, inorganics, heavy metals, acids, bases, PCBs, mixed 

municipal wastes, and unknowns. After its closure in 1979, the landfill area continued to be used 

as a metal collection and transfer site, a temporary storage area for wastes, and a bum area for scrap 

wood and trees (Foster Wheeler, 1994a). 

1.2.2.2 Site 10 - Sewage Treatment Plant I,andfill 

The Sewage Treatment Plant Landfill is located in the north central portion of NAB Little Creek 

approximately 500 feet south of the Chesapeake Bay and west of the Driving Range Landfill. The 

landfill is bounded on the north and partially on the east by sand dunes, on the west by 11 th Street, 

and on the south by recreational facilities which extend onto the landfill area. The landfill covers 

approximately 18 acres. 

The Sewage Treatment Plant Landfill began operations in 1941 and was the first landfill to be used 

at NAB Little Creek. Landfill operations began in the southern portion of the area, which included 

an extension of Desert Cove and associated lowlands. Disposal in this area was reportedly directly 

into the water and resulted in the filling of approximately five acres of the cove. Disposal activities 

then moved northward into an area of marshy lowlands, and eventually encompassed an area of 

approximately 18 acres. According to the Initial Assessment Study (IAS), approximately 

46,500 cubic yards of wastes have been disposed in this landfill. 
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The types of waste placed in the Sewage Treatment Plant Landfill were predominantly solid wastes 

until 1952. Most of the waste was then diverted to an incinerator adjacent to the site and the Driving 

Range Landfill. Disposal of sewage sludge from the on-site sewage treatment plant continued until 

1968, the year in which the treatment plant closed. Between 1941 and 1952, this facility was the 

only operational landfill on NAB Little Creek and received all of the household and industrial wastes 

generated on base. A large quantity of demolition debris also was disposed in the landfill. 

Historical data concerning the types and quantities disposed at this landfill were not available. It 

is believed that the following types of waste could have been disposed at this landfill: pesticides, 

paints, solvents, inorganics, heavy metals, acids, bases, PCBs, mixed municipal wastes, and 

unknowns (Foster Wheeler, 1994a). 

I .2.2.4 Site 11 - School of Music Plating Shop 

The School of Music Plating Shop was located in Building 365 1. This building was located in the 

eastern portion ofNAB Little Creek, near the intersection of 7th and E Streets. The School of Music 

is located in Building 3602, which is southwest of the former plating shop. The actual site consisted 

of an in ground, concrete tank and its associated piping. 

The neutralization tank for the plating shop was approximately 5 feet in diameter and 11 feet deep. 

Approximately 2.5 cubic yards of crushed limestone were placed in the pit to neutralize the acidic 

plating bath wastes. Waste water entered the tank via an acid-resistant drain pipe that originated in 

a sink in Building 365 1 and terminated as an outfall on the western side of the tank. According to 

t,he Interim Remedial Investigation (Ebasco Environmental, 1991), neutralized waste water was 

discharged from the unit into the storm sewer via an outlet and drain from the northeast side of the 

tank. Flow through the unit was controlled by the standpipe and drain elevations, so that all waste 

water has to pass through the limestone before it could enter the discharge pipe connecting with the 

sewer. 

Plating wastes were discharged into the neutralization tank during a ten-year period beginning in 

1964. During its period of operation, the plating shop reportedly used silver cyanide, copper 

cyanide, chromic acid, nickel plating baths, and various acids. Also, lacquer strippers and lacquer 

were used (Foster Wheeler, 1994a). 
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1.2.2.5 Site 12 - ExchanPe Laundry Waste Disposal Area 

The Exchange Laundry/Dry Cleaning Facility was located in Building 3323, near the intersection 

of 3rd and B Streets, in the eastern portion of the installation. Building 3323 was tom down in 1987 

for construction of the existing commissary. A catch basin and a portion of a storm sewer line were 

also removed at that time. The sewer line received dry-cleaning wastes from the former Naval 

Exchange (NEX) laundry and drained to a canal that flows between Lake Bradford and Little Creek 

Cove. Wastes dumped into the storm sewer would flow north along B Street then west along the 

north side of Building 3329 before flowing into the canal. The site now consists of the remains of 

the sewer line, near the canal, and the former location of this line. 

It has been reported that wastes dumped into the storm sewer and canal included tetrachloroethane 

sludges, soap, sizing, and dyes. The period of operation and disposal lasted from 1973 until 1978, 

during which an estimated 1,320 gallons of waste were dumped into the storm sewer drain (Foster 

Wheeler, 1994a). 

1.2.2.6 Site 13 - Public Works PCP Dip Tank and Wash Rack 

The pentachlorophenol (PCP) Dip Tank and Wash Rack is located near the intersection of 7th and 

F Streets in the eastern portion of NAB Little Creek, approximately one block west of Site 11. The 

site consists of the dip tank formerly used to treat wood with PCP, an adjacent area that had drying 

racks for the PCP-treated wood, a concrete wash rack, and an open area used by the Public Works 

Department for storage of supplies and equipment (Foster Wheeler, 1994a). 

The PCP Dip Tank was located behind Building 3 165E, and operated from the early 1960s until 

1974. The dimensions of the tank are unknown, but it reportedly contained 300 to 400 gallons of 

PCP. Wood was dipped into the tank and set on racks for drying. The area formerly containing the 

PCP tank and the drying racks has been paved with asphalt, fenced, and converted into a Public 

Works Department storage area. A second area apparently used for drying and storage of 

PCP-treated wood was located northwest of Site 13, however, further details on the area are 

unavailable. The dip tank was cleaned out approximately every six months. Approximately 

55 gallons of PCP sludge generated was removed each time the tank was cleaned. All remaining 
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PCP solution and associated sludges were removed from the tank in 1975. The tank was dismantled 

in 1982 (Foster Wheeler, 1994a). 
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2.0 METHODOLOGY OF DATA COLLECTION 

This SEA was conducted using readily available existing information for NAB Little Creek Harbor 

and the surrounding environment. The existing information was obtained via interviews and 

document reviews. To identify the existing information, the SEA was initiated by developing a core 

set of contacts consisting of government agencies, Chesapeake Bay Program employees, and other 

technical experts. As contact calls were conducted, the original contact list was expanded into a 

network of contacts. Interviews were conducted either by phone or in person and the identified 

documents and databases were obtained. Table 1 presents the contact list developed during this 

investigation. 

2.1 bterviews 

The majority of the information collected for this SEA was obtained from NAB Little Creek, the 

VADEQ, the Chesapeake Bay Program, the Environmental Monitoring and Assessment Program 

(EMAP), and ODU. The following sections describe the types of documents and environmental data 

provided by the above-mentioned groups. 

2.1.1 NAB Little Creek 

NAB Little Creek provided both IR and non-IR reports and reference information. The Base also 

provided information on previous, present-day, and future management practices for the Harbor. 

2.1.2 Virginia Department of Environmental Quality 

The VADEQ provided water quality assessment [305(b)] reports and STORET data for Little Creek 

and regional reference areas. The VADEQ also was an identified source for Discharge Monitoring 

Reports and bioassay reports. 

The Water Quality Assessment [305(b)] Report describes the water quality conditions during the 

time period of July 1, 199 1 through June 30, 1993. The analysis of surface water quality conducted 

for this report was based on two different categories of information: monitored data and evaluated 

data. Monitoring data came primarily from the analysis of water column samples, fish tissue, and 
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sediment samples. Where monitoring data were not available, an evaluation was made, where 

possible, of the attainment of the individual support uses. These evaluations were based on data 

describing land use, point source discharges, non-point source pollution, fishery information, staff 

knowledge, and other relevant water quality information. 

As part of the Surface Ambient Water Quality Monitoring Program, stations in the waters of 

Virginia are monitored to determine water quality trends and conditions in the state, for 

identification and ranking of Virginia’s priority water bodies, and for reporting purposes in the 

305(b) Water Quality Assessment Report. Stations are located to gather information from industrial, 

urban, rural, and undeveloped areas of the state. The monitoring network includes ambient water 

quality, benthic core, Chesapeake Bay tributary, and fish tissue monitoring stations, as well as 

stations identified specifically for special studies. All chemical and physical data collected at the 

monitoring stations are entered into USEPA’s STORET database. 

Information from twelve stations in the Little Creek Harbor area, Lynnhaven Bay, and the Cape 

Charles Harbor area were collected for this investigation. Lynnhaven Bay and Cape Charles Harbor 

surface water and sediment data were used as regional reference data to compare to Sites 7 and 12 

NAB Little Creek RI data. 

2.1.3 Chesapeake Bay Program 

The Chesapeake Bay Program was a source for obtaining many of the documents identified in the 

interviews including regional and reference information on natural resources, surface water and 

sediment quality, and restoration goals. In addition, staff provided discussions on these documents. 

2.1.4 Environmental Monitoring and Assessment Program 

The EMAP provided environmental data for regional and reference areas in the Virginian 

Province: 1990 - 1993, Stations in the Chesapeake Bay - Maryland Region. The Virginian Province 

includes the wide expanse of irregular coastline from Cape Cod, Massachusetts to the mouth of the 

Chesapeake Bay (Cape Henry, Virginia). The Virginian Province includes USEPA Regions I, II, 

and III and the following states: Connecticut, Delaware, Massachusetts, Maryland, New Jersey, 

Pennsylvania, Rhode Island, and Virginia, including the District of Columbia. 
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Information available on the above stations included the following: benthic summaries, sediment 

chemistry, sediment toxicity test, sediment grain size characterization, benthic replicate abundance 

and biomass, vertical profile water quality, fish species composition, fish species abundance, and 

fish tissue chemistry data. The specific stations in the Virginian Province are provided in 

Appendix A. 

It should be noted that the EMAP data requested for the southern portion of the Chesapeake Bay (no 

EMAP stations are located in Little Creek Harbor) is available in electronic format. 

2.1.5 Old Dominion University 

The ODU library was a source for obtaining many of the documents identified in the interviews 

including regional and reference environmental information. 

2.2 Summaw of Previous mations Reviewed 

Two types of NAB Little Creek Harbor data were used in this investigation: IR related data and 

non-IR data. The IR data from the Final Remedial Investigation/Feasibility Study report (Foster 

Wheeler, 1994a) was used to conduct a Phase One ERA for NAB Little Creek Harbor. The non-IR 

data was used to determine impacts to Little Creek Harbor from sources other than the IR sites. The 

following sections present the two types of data reviewed for the study. 

2.2.1 Non-IR Data 

Surface water, sediment, and/or biota data were reviewed from the following non-IR related 

investigations: 

* Water Ouality and J,iviny Resources Assessment of Five Sites in Little Creek 

Harbor (Ewing ad., 1992) 

l Water. Sediment and Bioconcentration Study. Naval Amphibious Base. Little 

Creek. Virginia (NAB, 1994) 
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l 

. . A Study of Sediment and Water Ow m L ittle Creek B (NAB, 1995a) 

n of five benthic smlmrr devices (Ewing a A., 1988) 

STORET (VADEQ, 1995a) 

Environmental Monitoring and Assessment Program (EMAP, 1995) 

Discharge Monitoring Reports (VADEQ, 1995b) 

Results of Water-Effect Ratios for Metals (Internal Draft) (CH2M HILL, 1995) 

Fate and Transpnrt of Landfill Co- Naval Amphibious Base Little Creek 

Virginia (Conroy, 1993) 

Phase I Report. Storm &er W Discharge Studv. Naval AmPhibious Rase. Little 

Creek. Virpinia Beach. Virginia. Summary Repofl (Gannett Fleming, Inc., 1993) 

LonE-Term Management Strategy for Dadged Material Disposal for the Naval 

Weauons Station. Yorktown. Yorktown. Virpinia: Naval Supplv Center. Cheathaq 

ex. Williamsburp VirPinia: adNaval AmDhibious Rase. Little Creek. Norfok 

Virginia: Phase I: Evaluation of Existing: Manasment ODtion$ and Data (Zappi a 

&, 1990) 

Lonp-Ten-n mgement Stratew for Dredged Material Disuosal for the Naval 

own. VirPinia: Naval SUDD~V Center. Cheatham 

Gnnex,Williamsburp Virginia: andNaval &phibious Base. T,a Creek. Norfolk, 
. . . v: Evaluation of Existin? mment Ootions a&&& (Palermo 

&al., 1993) 

Dredging Data, 1991 (J.R. Reed and Associates, 1991) 
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The following sections provide further detail on the non-IR related data that was reviewed and was 

used in conducting the ERA for Little Creek Harbor. It is noted that the summaries provided below 

include additional information on current conditions at NAB Little Creek as provided by Base 

personnel (NAB, 1995b). 

Water Ouw J.ivinp Resou . . 
rces Assessment of Frve Sttes in J,ittle Creek Harbor (Ewing d d., 

1992) 

Surface water and sediment samples were collected at five sites within Little Creek Harbor for 

chemical evaluation. Zooplankton and phytoplankton samples also were collected at each site. In 

addition, surrogate sampling devices were deployed in the water column at each site. These devices, 

developed by Applied Marine Research Laboratory (AMK) of ODU, contained sorbet resins for 

concentrating dissolved organic contaminants from the water. Finally, temperature, dissolved 

oxygen (DO), pH, conductivity, and salinity were collected at each station at different depths. A 

second sampling event was associated with this investigation to collect sediments for bacterial 

community characterizations. Sampling locations are presented on Figure 3. 

Surface water quality parameters analyzed at each station included: chlorophyll-a, biological 

oxygen demand (BOD), total suspended solids (TSS), total Kjeldahl nitrogen (TKN), total 

phosphate-P, orthophosphate-P, nitrate (NO,), nitrite (NO,), ammonium (NH,), total organic 

carbon (TOC), phenol, and cyanide. In addition, surface water samples were analyzed for the 

following analytical parameters: arsenic, beryllium, cadmium, chromium, copper, lead, mercury, 

nickel, selenium, silver, thallium, zinc, tributyl-tin, and dibutyl-tin. The sorbet containing 

devices were analyzed for priority pollutants. Sediment samples were analyzed for: TOC, 

phenols, cyanide, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, nickel, 

selenium, silver, thallium, zinc, semivolatile organic compounds (SVOCs), pesticides, 

polychlorinated biphenyls (PCBs), tributyl-tin, dibutyl-tin, oil and grease, and culturable 

bacterial count. 

Arsenic, cadmium, chromium, copper, lead, and zinc were detected in all surface water samples, 

while mercury and selenium were detected in only one surface water sample. All other inorganic 

constituents were not detected. Total tributyl-tin was detected in one surface water sample, while 

total dibutyl-tin was detected in four surface water samples. Priority pollutant organic compounds 

2-5 



were detected at low levels in all surrogate sampling devices. Inorganic and total dibutyl-tin were 

detected in all sediment samples at varying concentrations. Limited base neutral acids, phthalates 

and polynuclear aromatic hydrocarbons (PAHs) also were detected in the sediment samples. 

Bacterial numbers (total and culturable) in the Little Creek Harbor sediments were found to be 

within the normal, expected range for near-surface estuarine sediments. The types of bacteria 

identified were among those commonly isolated from estuarine sediments. 

The phytoplankton that characterized the NAB Little Creek sites consisted mainly of a diverse 

representation of neritic species, common to the lower Chesapeake Bay and smaller estuaries in this 

region. Phytoplankton concentrations and biovolume were mainly a product of the growth of 

diatoms and dinoflagellates. The maximum concentrations of the phytoplankton and picoplankton 

components were within the ranges for late summer for this region. However, differences in 

phytoplankton and picoplankton development occurred at the sampling sites. Sites 3 and 5 (located 

within Little Creek Cove and Desert Cove, respectively) were recognized as the least productive, 

and these populations appeared suppressed in their growth and development. The most productive 

sites were located along the western edge of Little Creek Harbor (Sites 2 and 4). (See Figure 3) 

The zooplankton communities at all of the Little Creek Harbor sites were dominated by the 

copepoda Acartia tonsa. This species dominates most mesohaline and polyhaline (5-30 parts per 

thousand salinity) areas of the lower Chesapeake Bay during the summer months. Zooplankton 

diversity ranged from 36 to 43 taxa per site, all of these values were determined to be within the 

range lower Chesapeake Bay sites in August. Overall, nothing unusual was detected in the 

zooplankton composition, abundance, or diversity at any of the Little Creek Harbor sites. 

Water. Sediment and Bioconcentration Study. Naval Amphibious Base. Little Creek. Wryink 

(NAB, 1994) 

Sampling activities included the collection of bottom sediment samples, mid-depth surface water 

samples, and the collection of biological samples (fish and crab) at one station (Site#4-w/s) in Little 

Creek Harbor. Sediment samples were collected with a Ponar dredge. Surface water samples were 

collected with a horizontal liquid sampler. Fish were collected with a rod and reel. Finally, crabs 
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were collected by crab pots and nets. Samples were collected twice at one sample location (See 

Figure 3) on July 7 and 14, 1994. 

The sampling location was approximately 7.5 feet straight off the end of Pier 2, Edible muscle tissue 

was analyzed in both fish and crab samples. Two surface water samples were analyzed for TSS, 

depth, pH, temperature, salinity, DO, and conductivity. Two sediment samples were analyzed for 

heavy metals (mercury, cadmium, and selenium), pesticides, PAHs, PCBs, and tributyl-tin. Two 

crab samples and two fish samples (croaker and spot) were analyzed for pesticides, PAHs, PCBs, 

tributyl-tin, cadmium, mercury, and selenium. 

Total mercury, anthracene, benzo(a)anthracene, benzo(b)anthracene, benzo(k)fluoranthene, 

benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, fluoranthene, indeno( 1,2,3-cd)pyrene, 

phenanthrene, and pyrene were detected in the sediment sample collected on July 7, 1994. Total 

mercury, anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, fluoranthene, indeno( 1,2,3-cd)pyrene, 

phenanthrene, and pyrene were detected in the sediment sample collected on July 14, 1994. Total 

mercury was the only constituent detected in the crab tissue samples collected during both sampling 

rounds. Total mercury was the only constituent detected in both the croaker and spot tissue samples. 

A Studv of Sediment and Water Ouwd Riota Tissue in Little Creek Harbor (NAB, 1995a) 

During January 1995, sediment samples were collected from two stations in Little Creek Harbor 

(See Figure 3). A measurement of the physical parameters of water (pH, temperature, DO, specific 

conductance, and salinity) was made at each site prior to sediment collection. Tributyl-tin was the 

only constituent detected in the sediment sample Site#4-S. Total mercury, total cadmium, and 

tributyl-tin were detected in the water sample Site#S-W. One fish (croaker) and one crab (blue crab) 

sample were collected on August 2, 1995 at a station out from Pier 58 at NAB Little Creek. Tissue 

samples ‘were analyzed for tributyl-tin, total mercury, total cadmium, total selenium, SVOCs, 

pesticides and PCBs. Tributyl-tin and total mercury were the only constituents detected in the fish 

and crab samples. 
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Comparison of Five Benthic Sampling Devices (Ewing &A., 1988) 

This study was a comparison of benthic macroinvertebrate sampling results obtained from five 

different samplers: the Ponar, Shipek, Smith-McIntyre, and Van Veen grab samplers and a 

spade-type box corer. Two benthic macroinvertebrate stations were sampled: one mud station in 

Little Creek Harbor and one sand station adjacent to the Thimble Shoal Channel located in the 

Chesapeake Bay. The Little Creek sampling location is presented on Figure 3. The sand site was 

located in a polyhaline portion of the lower Chesapeake Bay and deep-dwelling benthic macrofauna 

dominated the sample collected. The mud site was located in an upper mesohaline/lower polyhaline 

region of Little Creek Harbor and near-surface benthic macrofauna dominated the samples. 

In addition to collecting benthic macroinvertebrates, bottom salinity, temperature, and DO were 

measured at each site prior to, and after sample collection. Benthic statistics calculated with the 

collection results included: community density, community biomass, density of each species 

collected, and biomass of each species collected, species diversity, species evenness, and mean 

species per replicate. Statistical comparisons between sampling devices were calculated by using 

univariate comparisons (Analysis of Variance [ANOVA] with Duncan’s multiple range test) and 

multivariate comparisons (Multivariate Analysis of Variance [MANOVA]). 

A total of 84 infaunal benthic taxa were identified in this study. Polychaetes comprised 46.5% of 

the individuals collected, crustaceans 23.8%, bivalves 13.1%, gastropods 8.3%, and other taxonomic 

groups 8.3%. Univariate comparisons between sampling gear indicate that community density and 

biomass were significantly different between gears. Multivariate comparisons between sampling 

gear did not demonstrate a significant difference in density or biomass between sampling gears. 

The benthic results obtained from the Little Creek Harbor station (the mud site) collected with the 

Ponar sampler were used in the Environmental Perspective (Section 6) to assess the benthic 

community within Little Creek Harbor. The Chesapeake Bay - Benthic Macroinvertebrate 

Restoration Goal Index (RGI) was utilized to determine the overall condition of the benthic 

community at one station within Little Creek Harbor. In addition, the dominant species collected 

in Little Creek Harbor were compared to dominant species collected from an ecologically similar 

reference harbor. It is noted that only the data collected with the Ponar sampler from this study was 

used because the RGI data was collected with a Ponar sampler. 
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STOFWT Data (VADEQ, 1995) 

STORET is the USEPA computer system for the storage and retrieval of water quality data. Data 

are entered into the STORET system by various Federal, state, and interstate agencies responsible 

for monitoring water quality. Funding for the collection and entry into the STORET database is 

provided by various sections of the Clean Water Act. 

Surface water and sediment STORET data collected from Lynnhaven Harbor and Cape Charles 

Harbor were used as reference data to compare against surface water and sediment data collected 

in Little Creek Harbor (See Figures 4 and 5). 

Lone-Term Manwent Strategy for Dredged Material Disposal for Naval We- Statlo& 

Yorktown. Yorktown. Vireink Naval SUDD~V Center. Cheatham Annex. Williamsburg. VirPin& 

and Naval Amphibious Base. little Creek. Norfolk. VirPinia: Phase II: Falation of Alternatives 

(Palermo d A., 1993) 

Fifteen locations in Little Creek Inlet and NAB Little Creek Channel north of the jetties were 

sampled on two separate occasions (November 1989 and January 1990). Dredged sediment samples 

also were collected in April 1990. 

Sediment was collected from four different sites in the southern Chesapeake Bay; two sites situated 

adjacently to NAB Little Creek, one site in the York River near NWS Yorktown, and one site near 

Cheatham Annex (CAX). Sediment also was collected at two reference stations for performance 

of benthic bioassay testing. 

Analysis of the test sediments and comparisons with the two reference sediments indicated that 

cadmium, chromium, copper, lead, mercury, nickel, and zinc levels in the test sediments exceeded 

the levels for those same metals at two reference stations. NAB Little Creek tributaries’ sediment 

caused clams to bioaccumulate a level of mercury that exceeded both bay and ocean reference 

sediment bioaccumulation values, but this exceedance was not statistically significant. Clams 

exposed to NAB Little Creek tributary sediments, as well as clams exposed to both bay and ocean 
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reference sediments, were analyzed for PAHs. The results of residue determinations indicated that 

there was no evidence of bioaccumulation in the samples. 

In a single case, lead was significantly bioaccumulated in NAB Little Creek tributary sediment as 

compared to ocean reference sediments, but this exceedance was not considered to have 

toxicological significance. 

199 I. (J.R. Reed and Associates, 199 1) 

Dredged sediment from 14 stations was collected from Little Creek Harbor during 1989 and 1990. 

Concentrations of cadmium, copper, lead, mercury, and zinc were detected in the dredged sediment 

samples collected in the Harbor. The dredging data were used qualitatively in this ERA for Sites 7 

and 12. 

The following non-IR reports pertaining to Little Creek Harbor were reviewed, but were not used 

in this study for various reasons as detailed below. 

Environmental Monitoring and Assessment Program Data (EMAP, 1995) 

The EMAP does not have any stations located within Little Creek Harbor or the reference sites. 

Therefore, they were not used in the SEA. 

Discharge Monitoring Reports (VADEQ, 1995b) 

Discharge Monitoring Reports contain primarily conventional parameters (pH, DO, flow, etc.). 

These reports did not contain the analytical parameters necessary to be used in this study. 

R csults of Water-Effect Ratios for Metals (Internal Draft1 (CH2M HILL, 1995) 

One surface water sample was collected in Little Creek Harbor. The surface water was analyzed for 

salinity, alkalinity, pH, TSS, TOC, and dissolved organic carbon. This is an ongoing program and 

the data have not been validated. Therefore, the data was not used in the ERA for Little Creek 

Harbor. 
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Fate and Transnoe Naval Amphibious Base Little Creek. Virginia 

(Conroy, 1993) 

This report was a Master of Science in Engineering paper conducted on the Site 7 landfill at NAB 

Little Creek. This report considers only landfill contaminant migration through groundwater. This 

investigation reviews the history and development of the base and landfill to determine the types and 

quantities of wastes generated by base operations. Groundwater models were used to determine the 

potential migration patterns of contaminants from the landfill. Based on the hypothetical nature of 

this report and the lack of any additional data generated in this study, the information could not be 

used in this ERA. 

Phase I Report. Stormwaterue Studv. Naval Amnhibious Base. Little Creek. VirPinia Beach, 

Virmnia. maty Report (Gannett Fleming, Inc., 1993) 

The stormwater discharge study provided for the collection and analysis of information needed to 

complete a National Pollutant Discharge Elimination System (NPDES) Permit Application for 

Stormwater Discharges at Little Creek. This report presented a summary of the information 

collected. 

Facilities identified in the stormwater regulations as associated with industrial activity have been 

inventoried through field reconnaissance at NAB Little Creek and located on base mapping of the 

storm drainage systems (mapping provided in Appendix B). Twenty-eight outfalls subject to 

regulation (whether on the basis of SIC Code or material exposure to stormwater) have been 

identified on the mapping. Outfalls located in the industrial areas of NAB Little Creek, not subject 

to regulation, have also been identified separately on the mapping. A number of areas throughout 

the base drain to surface waters by sheet flow, rather than through a point-source conveyance. These 

areas have been identified separately on the mapping, as well as several isolated stormwater outfalls 

that do not outlet to surface waters. Tables describing the regulated stormwater outfalls also are 

presented in Appendix B. 

The following summarizes the stormwater drainage systems that are related to Sites 7 and 12. 

Stormwater drainage systems related to the other sites can be identified in Appendix B. 

2-11 



Regulated outfall 003 has been identified in the vicinity of Site 7. One non-regulated outfall and five 

sheet flow discharges have been identified at Site 7. Also, the following material storage areas were 

previously in operation at Site 7: Asphalt/Sand/Aggregate Storage (3), Wood/Lumber Storage (I), 

Miscellaneous Construction Material Storage (l), Miscellaneous Metal Storage (l), Open Top 

Dumpster (l), Tire Storage (l), and Aboveground Fuel Tank (1). One Best Management Practice 

(vegetative filters) has also been identified in the vicinity of Site 7. 

One sheet flow discharge and no regulated stormwater outfalls or non-regulated outfalls have been 

identified in the area of Site 12. One material storage area (an aboveground fuel tank) has been 

identified in the area of Site 12. Two exposed industrial activity areas: a Marine/Land Vehicle 

Maintenance area (one) and a Washdown area (one car wash), have been identified in the area of 

Site 12. Five Loading/Unloading areas have also been identified in the area of Site 12. The matrices 

studied in this report were primarily analyzed for physical parameters only; therefore, this data was 

not used in this ERA. 

Lonp-Term Manwent StratePv& Dredped&@rial Disposal for the Naval Weapons Station, 

Yorktown. Yorktown. Virginia: Naval Sunnly Center. Cheatham Annex. WilliamsburP Virpw 

a. P&rse an N d aval Amphibious Base. Little Creek. Norfolk. V P ir ini . I: Evaluation of Ex&& 

Manapement Ovtions and Dab (Zappi a d., 1990) 

Dredged material from these facilities had been placed at the U.S. Army Corps of Engineers, Craney 

Island Dredge Disposal Area in past years. The Atlantic Division, Naval Facilities Engineering 

Command, the U.S. Army Corps of Engineers, Norfolk District, and the U.S. Army Corps of 

Engineers Waterways Experiment Station discussed the need for developing a long-range dredged 

material management strategy for Naval Weapons Station (NWS) Yorktown, CAX, and NAB Little 

Creek. The purpose of this report was to document an evaluation of existing management options 

and data for disposal of dredged material for these three facilities. This evaluation included a review 

of dredging volumes and frequencies, dredging and disposal equipment and techniques, 

environmental resources, and management options presently available. 

Little Creek Inlet provides a sheltered harbor for military commercial, and private vessels. It is used 

primarily by NAB Little Creek; however, a rail ferry, the US Coast Guard, private marinas, and 

several industrial companies make use of the inlet. 
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Dredging in Little Creek Inlet is required to maintain navigable depths in the inlet. Norfolk District 

maintains the main Little Creek Channel from the Chesapeake Bay to one mile into Little Creek 

Inlet. In 1984, the main Little Creek Channel was dredged to a depth of 22 feet below mean low 

water (mlw), in addition to a l-foot over depth, and a channel width of 500 to 550 feet, in addition 

to a turning basin. 

Desert Cove was dredged to a depth of 10 feet below mlw in 1953. The flotilla pier was dredged 

to a depth ranging from 5 to 20 feet below mlw in 1961. In 1965, Piers 1 - 8 were dredged to a depth 

of 18 feet below mlw, in addition to a 2-foot over depth, and Pier 9 was dredged to a depth of 10 feet 

below mlw, in addition to a 2-foot over depth. In 1975, Piers 56 - 59 and 14 - 19 were dredged to 

a depth of 20 feet below mlw, and AFDL was dredged to a depth of 30 feet below mlw. In 1976, 

Piers 11 - 14 were dredged to a depth of 25 feet below mlw, and Pier 59 and the quaywall were 

dredged to a depth of 10 feet below mlw, and a l-foot over depth. In 1982, the Chubb Lake Training 

Area was dredged to a depth of 6 feet below mlw in the channel and 4 feet below mlw at the 

boathouse. In 1984, Little Creek Cove, west of Pier 56, was dredged to a depth of 22 feet below 

mlw, in addition to a one-foot over depth. 

Dredged sediments from NAB Little Creek have been sampled on four occasions. Twenty-four 

borings were taken in April 1974 at various locations in the main Little Creek Channel. These 

borings were associated with the widening of Little Creek Channel; therefore, the majority of the 

samples were taken along the sides of the old channel. 

In January 1978, three sediment borings were taken in the southwest part of Little Creek Cove. 

These borings were associated with the proposed construction of an ammunition handling wharf. 

In November 1979, two shallow borings were taken adjacent to Piers 16 and 17 in southwest Little 

Creek Channel. In August 1982,26 sediment borings were taken at various locations in the Little 

Creek Channel and Little Creek Cove. 

This data was not available to use in this ERA. 
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2.2.2 E&Related Data 

Surface water, sediment, and/or biota samples were collected in the following IR-related 

investigations: 

0 
. - Round 1 Verrficatlon Step (CH2M HILL, 1986) 

l Interim Remedial Investieatiorl (Ebasco Environmental, 199 1) 

l Remedial Tnvest&ttion/Feasibility Study (Foster Wheeler, 1994a) 

l Draft Report for Sediment Sang!hg and Analysis for Canal Adjacent to IR Sife 

(Foster Wheeler, 1995) 

The following sections present a summary of the sampling and results of the IR-related reports 

reviewed for this study. 

Round 1 Verification Step (CH2M HILL, 1986) 

Surface water and sediment samples were collected from Sites 7 and 12 during this investigation. 

Sediment samples were collected with a hand auger, shovel, or a stainless steel scoop. Sediment 

samples were collected between 0 and 0.5 feet. Surface water samples were collected directly into 

the sample container. Sample locations are presented on Figure 3. 

Five surface water and sediment samples were collected at Site 7. These samples were analyzed for 

priority pollutants, oil and grease, ethylene dibromide, base-neutral extractable organic compounds, 

acid extractable organic compounds, pesticides, PCBs, phenols, and metals. 

Volatile organic compounds (VOCs) were not detected in any of the surface water samples, but low 

levels were detected in all of the sediment samples. Base-neutral extractable organic compounds 

were detected in two sediment samples, while acid extractable organic compounds were detected 

in two surface water samples. Pesticides and PCBs were detected in two sediment samples. Low 

levels of metals were detected in all of the surface water and sediment samples except LC7-SW 1. 

Oil and grease also were detected in all surface water and sediment samples at levels ranging from 

297 j.lg/L to 20,000 j.lg/L. 
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It was recommended, based on the results of this study, that three additional surface water samples 

be collected at locations farther from the landfill shoreline and one surface water sample from the 

drainage east of the landfill to assist in determining the source of surface water contamination. It 

was recommended that these samples be analyzed for priority pollutant metals and major ions. 

Six surface water and sediment samples were collected at Site 12. These samples were analyzed for 

priority pollutants. VOCs were detected in four of the surface water and all of the sediment samples, 

Concentrations of most constituents in the samples were generally below or near the detection limits. 

VOC concentrations in the surface water ranged from not detected to 43.3 pg/L. VOC 

concentrations in the sediment ranged from 11 pg/L to 598 ug/L. 

It was recommended, based on the results of this investigation, that a second round of samples, 

including six surface water samples and two sediment samples be collected. It was further 

recommended that both sediment samples should be collected near the outlet of the drainage pipe 

at a depth of 0.5 to 1 .O-foot, and that all samples should be analyzed for VOCs. 

Interim Remedial Xnvestieatioq (Ebasco Environmental, 1991) 

The Interim RI was conducted to determine whether further characterization activities or remedial 

actions were warranted at Sites 7, 9, 10, I 1, 12, or 13. Surface water samples were collected at 

Site 7 and surface water and sediment samples were collected at Site 12. Sample locations are 

presented on Figure 3. 

Eleven surface water samples (nine samples and two duplicate samples) were collected at Site 7. 

Surface water samples were collected from the canal on the site’s west side, the small creek 

(northeast of the site), and from Little Creek Cove. All of the surface water samples were analyzed 

for unfiltered target analyte list (TAL) metals and ions (sulfate, chloride and alkalinity). Six of the 

surface water samples were analyzed for target compound list (TCL) VOCs, TCL SVOCs, TCL 

pesticides/PCBs, ethylene dibromide, total petroleum hydrocarbons (TPH), and hexavalent 

chromium. Five of the surface water samples were analyzed for TOC and total organic halogen 

(TOX). ‘. 

2-15 



Phenols were the only organic compounds detected in the surface water samples. TOC and TOX 

were detected in five of the surface water samples. Anions, including chloride, sulfate, and 

alkalinity, were detected in all of the surface water samples. Unfiltered samples for metals analyses 

were collected from all the surface water locations, and filtered samples were collected from two 

of the surface water locations. Metals were detected in all of the unfiltered and filtered surface water 

samples. 

Eight surface water samples (seven samples and one duplicate sample) and four sediment samples 

(three samples and one duplicate sample) were collected in the canal which forms the northwestern 

edge of Site 12. Samples LC12-SEDl and LC12-SED2 were collected directly adjacent to the 

discharge pipe from depths of 0 - 6 inches and 6 - 12 inches, respectively. Only TCL VOC analysis 

was conducted on the surface water and sediment samples, No VOCs were detected in any of the 

surface water or sediment samples. 

Remedial InvestiPation/Feasibilitv Study (Foster Wheeler, 1994a) 

Results from the Round One Verification Study (CH2M HILL, 1986) and the Interim RI (Ebasco 

Environmental, 1991) indicated that little or no contamination was leaving any of the landfill sites 

(Foster Wheeler, 1994b). Therefore, the surface water and sediment samples collected during the 

RI were analyzed only for TCL volatile organic compounds and TAL inorganic compounds. 

Figure 3 presents sampling locations for the RI, 

Site 7 

Six surface water and six sediment samples (and one duplicate sample) were collected at Site 7 

during the RI. These samples were collected during low tide conditions, based on information 

collected during the tidal survey, to minimize the effect of tidal surface water inflow and dilution. 

Three of the sampling locations were at upstream locations, and two sampling locations were 

downstream of the landfill in the west canal. One surface water and one sediment sample were also 

collected from the east canal. 

The surface water and sediment sampling were conducted sequentially. Sampling progressed from 

downstream locations to upstream locations, and surface water samples were collected before the 
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sediment samples. Sampling personnel were careful not to disturb the bottom sediment or create 

any unnecessary agitation at the sampling location. Both the surface water and sediment samples 

were collected near the shoreline, with the sediment sample. being collected from the uppermost six 

inches of sediment using a stainless steel spoon. The volatile sample for the sediment was collected 

first, and the remaining sample was homogenized in a decontaminated stainless steel bowl before 

being placed into the laboratory supplied containers. The surface water and sediment samples were 

analyzed for TCL VOCs, TAL metals, and anions. In addition, the sediment samples were analyzed 

for TOC. 

Site 12 

Four surface water and four sediment samples were collected at Site 12. The surface water and 

sediment sampling was conducted sequentially. Sampling progressed from downstream locations 

to upstream locations, and the surface water samples were collected first. Sampling personnel were 

careful not to disturb the bottom sediment or create any unnecessary agitation at the sampling 

location. Both the surface water and sediment samples were collected near the shoreline, with the 

sediment sample being collected from the uppermost 6 inches of sediment using a stainless steel 

spoon. The surface water and sediment samples were analyzed for TCL VOCs and TAL metals. 

In addition, the sediment samples were analyzed for TOC. 

Draft Renort for Sediment Samplinp and Analysis for Canal Adiacent to IR Site I2 (Foster Wheeler, 

1995) 

It has been determined that drainage flow from Lake Bradford is restricted at various locations in 

the canal adjacent to Site 12 due to sedimentation and debris accumulation. Sediments in the canal 

will possibly be dredged and disposed; therefore, sampling and analysis of the canal sediment was 

conducted. 

Ten sediment samples and four QA/QC samples were collected from the canal. Sediment was 

collected with a hand auger approximately to a depth two feet below the surface of the sediment. 

The samples were analyzed for TCL VOCs and TCL inorganic compounds. VOCs were detected 

at low concentrations in the sediment samples. Inorganic compounds were detected at varying 

concentrations in all of the sediment samples. 
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3.0 IREGIONAL CONDITIONS 

The following sections present regional conditions of the environment of the NAB Little Creek and 

the surrounding areas. 

3.1 . . . 
Regional Water Ouahty Charactenstlcs 

All waters of Virginia are classified and managed for recreational use, and for the propagation and 

growth of a balanced, indigenous population of fish, shellfish, and wildlife. These two uses are 

consistent with the goals of the Clean Water Act for swimmable and fishable waters. Many waters, 

such as cold water trout fisheries, are managed to maintain water quality substantially higher than 

the minimum required by the Clean Water Act (VADEQ, 1994). 

Estuaries were impacted by nutrients (1,468 miles), with the Chesapeake Bay being the largest 

contributor. The entire Chesapeake Bay is categorized as fully supporting but threatened for aquatic 

life because it is nutrient enriched. This means that the nutrients have a potential for causing 

problems. Organic enrichment was the second leading cause of impairment of estuaries. Nutrients 

in the Chesapeake Bay caused algal blooms, which reduced the amount of light penetration, leading 

to the reduction of submerged aquatic vegetation. Agriculture and runoff were the primary sources 

of pollution in rivers, while municipal and industrial point sources (both in-state and out-of-state), 

agriculture, runoff, and atmospheric deposition were major sources of pollutants to estuaries 

(VADEQ, 1994). 

The Virginia Department of Health has condemned 97,192 acres of productive shellfish areas in 

Virginia. These areas are all located in the Chesapeake Bay and Tidewater areas of the state. The 

harvesting of shellfish is prohibited in three bodies of water in Virginia: the Elizabeth and Lafayette 

Rivers, both within the lower James River subbasins; and Little Creek in the Small Coastal and 

Chesapeake Bay Basin. The following presents a listing of shellfish condemnation areas in the 

vicinity of Little Creek (VADEQ, 1994): 

a Linkhorn Bay, Virginia Beach - Restricted October 15, 1930. Canceled March 24, 

1975. 
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Little Creek, Norfolk, Virginia Beach - Restricted April 16, 1935. Revised 

August 1, 1940. Revised August 25, 1987. Reissued April 27, 1989. Revised 

August 24, 1990. 

Lynnhaven, Broad and Linkhorn Bays, Virginia Beach - Restricted September 27, 

1937. Revised February 24, 1974. Revised March 24, 1975. Conditionally 

approved November 26, 1976. Revised September 14, 1977. Revised October 29, 

1980. Revised August 30, 1985. Revised February 10, 1986. Revised June 24, 

1986. Revised May 12, 1987. Reissued April 27, 1989. Revised July 19, 1991. 

Revised November 16, 1992. Revised December 30, 1992. Revised January 4, 

1994. Revised February 8, 1994. 

Lynnhaven Bay, Virginia Beach - Restricted September 9, 1941. Canceled 

February 20, 1974. 

Lynnhaven Bay, Virginia Beach - Condemned December 30, 1964. Canceled 

February 1974. 

Lynnhaven Bay, Western Branch, Virginia Beach - Condemned October 13, 1959. 

Canceled February 20, 1974. 

Chesapeake Bay, Adjoining Little Creek, Norfolk, Virginia Beach - Condemned 

March 28, 1969. Reissued April 27, 1989. Revised October 12, 1993. 

Lynnhaven Bay, Entire Western Branch, Virginia Beach - Condemned June 28, 

1971. Rescinded December 15, 1971. 

Lynnhaven Bay: Brock Cove, Virginia Beach - Condemned March 7, 1972. 

Canceled February 20,1974. 

Broad Bay: Dey Cove and Mill Dam Creek, Virginia Beach - Condemned April 11, 

1972. Canceled March 24, 1975. 
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0 Old Plantation Creek (Cape Charles), Northampton County - Condemned March 26, 

1975. Rescinded November 28, 1977. Condemned September 24, 199 1. Revised 

August 3 1, 1992. Revised November 16, 1992. Revised November 16, 1993. 

The Pollution Response Program with the VADEQ responds to pollution incidents affecting State 

waters. This program maintains a database on these incidents and included information on where 

fish kills are known to have occurred. One fish kill in Little Creek Harbor, September 14, 1992, was 

located in this database. The fish kill occurred due to a low dissolved oxygen condition (red tide). 

In 1976, Congress directed the USEPA to jointly conduct, with the Chesapeake Bay area states, a 

study on the condition of the Bay. The study, which was completed in 1983, revealed declines in 

submerged aquatic vegetation, productive oyster grounds, and landings of freshwater spawning fish. 

The study showed increases in nutrient levels, the volume of Chesapeake Bay waters containing low 

or no dissolved oxygen, and areas with elevated levels of heavy metals and toxic organic compounds 

in the water column and sediment (VADEQ, 1994). 

3.2 Regional 

The following presents a summary of the regional geology/hydrogeology as presented in the RI 

Report (Foster Wheeler, 1994a). The NAB Little Creek area is located within the Atlantic Coastal 

Plain Physiographic Province. The region is underlain by several thousand feet of unconsolidated 

deposits of gravel, sand, and clay ranging in age from Lower Cretaceous to Holocene. These 

sediments overlie a bedrock basement of Precambrian and Triassic/Jurassic age. The natural 

surficial geologic units at NAB Little Creek are an unnamed Holocene sand, which forms the coastal 

barrier islands and beach-dune ridges bordering the Chesapeake Bay, and the Lynnhaven Member 

of the Upper Pleistocene Age Tabb Formation (Mixon ti d., 1989). Sites 7 and 12 are located in 

the Lynnhaven Member of the Upper Pleistocene Age Tabb Formation. This unit is a “pebbly and 

cobbly, fine to coarse gray sand grading upward into clayey and silty fine sand and sandy silt” 

(Mixon & A., 1989). 

The natural soils at NAB Little Creek have been largely disturbed by construction activities. The 

IAS estimated that 90 percent of the surface sediment at the base is either urban or dredged from the 

surrounding waterways, and other soils have been imported. It was also estimated that only I4 acres 
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of undisturbed marsh land remain at NAB Little Creek out of a total of 2,147 acres present at the 

base. 

The uppermost water table aquifer, known as the Columbia Aquifer, is the primary unit of concern 

at NAB Little Creek. The Columbia Aquifer extends from the ground surface to a depth of 20 feet 

below mean sea level in the area of the base and is underlain by the upper unit of the Yorktown 

Formation. Recharge for the Columbia Aquifer comes primarily through infiltration of precipitation. 

The IAS estimated that approximately 50 percent of the precipitation which falls in the area 

infiltrates, and 78 percent of that water will reach the water table. 

NAB Little Creek is located adjacent to the Chesapeake Bay. According to the RI Report, based on 

topographic mapping of the site, most surface drainage will flow into the Little Creek Tidal Inlet, 

which consists of Little Creek, Desert Cove, Little Creek Channel, and Little Creek Cove, and then 

into the Chesapeake Bay through the inlet. On the eastern part of the base, surface drainage flows 

via unlined canals into five lakes, of which Lake Bradford and Chubb Lake are the largest. These 

lakes do not have surface outlets into the Chesapeake Bay. 

Chubb Lake and Lake Bradford are interconnected, freshwater lakes, not directly connected with 

other surface water bodies. The water level in these two lakes is regulated by the release of the 

overflow into a canal which drains to the southwest and eventually into Little Creek Cove. This 

canal was the subject of the RI sampling at Site 12. The IAS states that Chubb Lake and Lake 

Bradford may receive significant amounts of salt water from the Chesapeake Bay during extreme 

storm events. 

As described in the IAS, NAB Little Creek is influenced by tidal fluctuations. Little Creek and 

Little Creek Cove experience a semidiumal tide of approximately 2.5 feet, but because of the limited 

areal extent of the harbor, tidal currents are limited. Effects of the tidal fluctuations on the 

groundwater flow and contaminant migration at the base are unknown. Therefore, tidal surveys 

were conducted during the RI. 
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A narrow east-west trending canal, located south of NAB Little Creek, carries the outflow from the 

freshwater Lake Whitehurst Reservoir and Little Creek Reservoir/Lake Smith to Little Creek Cove. 

The 4,000-foot long drainage canal originates from Little Creek Reservoir and passes through the 

western portion of Site 7. Lake Smith is designated as an emergency source of potable water. 
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4.0 ECOLOGICAL RISK ASSESSMENT 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, 

as amended by Superfund Amendments and Reauthorization Act (SARA) of 1986, directs the 

USEPA to protect human health and the environment with respect to releases or potential releases 

of contaminants from abandoned hazardous waste sites (USEPA, 19S9a). This section presents the 

focused ERA conducted for NAB Little Creek that assesses the potential impacts to aquatic 

ecological receptors from contaminants detected at the selected IR sites. 

4.1 Objectives. ScoDe. and Org&ation of the Ecolopic~ Risk Assessment 

The objective of this Phase One aquatic ERA is to evaluate the potential that past IR site operations 

at NAB Little Creek have adversely affected the ecological integrity of the aquatic community of 

Little Creek Harbor. Specifically, this ERA of NAB Little Creek will evaluate the risk associated 

with two sites identified in the RI/FS conducted by Foster Wheeler (1994a) that had surface water 

and sediment samples analyzed. These sites include Site 7 - Amphibious Base Landfill and Site 12 - 

Exchange Laundry Waste Disposal Area. The conclusions of the ERA will be used to evaluate the 

appropriate remedial action for the IR sites for overall protection of the environment. 

This Phase One aquatic ERA evaluated and analyzed the results from the RI including sampling and 

chemical analysis of the surface water and sediment. Fish and benthic macroinvertebrate samples 

were not collected during the RI at NAB Little Creek. 

Information used to evaluate sensitive environments was obtained from An Inventorv of Rare, 

Threatened. and Endanpered h&s of the 1 &le Creek Naval Amphibious Base conducted by the 

Virginia Department of Conservation and Recreation (VADCR, 1990) and the EndanPered, 

Threatened and Candidate Species on Navy and Marine Cotws Lands: A Rg,e Specific Handm, 

developed by the Department of the Navy (1994). 
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The risk assessment methodologies used in this evaluation were consistent with those outlined in 

the &on III Interim Ecolo+ Risk Assessment Guidelines (USEPA, 1994a). In addition, 

information found in the following documents was used to supplement the USEPA guidance 

document: 

EcoloPical Risk Assessment Guidance for Superfund (USEPA, 1994b) 

Framework Assessment (USEPA, 1992a) 

< I Envir ta 

Evalution Manual (USEPA, 1989b) 

Ecolopic al4ssessmentofHazardous Waste Sites: A Field and Laboratom 

Reference (USEPA, 1989c) 

Based on the USEPA Framework for EcoloPical Risk Assessmen& an ERA consists of three main 

components: (1) problem formulation, (2) assessment, and (3) risk characterization (USEPA, 1992a). 

The problem formulation section includes a preliminary characterization of exposure and effects of 

the stressors on ecological receptors. During the assessment phase, the data are evaluated to 

determine the exposure and potential effects on the ecological receptors from the stressors. Finally, 

in the risk characterization, the likelihood of adverse effects occurring as a result of exposure to a 

stressor is evaluated, This section also evaluates the potential impact on the ecological integrity at 

the site from the contaminants detected in the media. This assessment is organized to parallel the 

three components of an ERA. 

4.2 * Problem Formulatloq 

Problem formulation is the first step of an ERA and includes a preliminary characterization of 

exposure and effects. The presence and concentrations of any contaminants detected at least once 

were evaluated in order to determine the ECOCs. Ecological surveys were not conducted as part of 

the field activities during the RI. However, surveys were conducted during the evaluation of rare, 

threatened, and endangered species. Based on these observations and evaluation of habitats in the 

vicinity of the site, potential ecological receptors were identified. Finally, toxicological information 
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for the ECOCs detected in the media was obtained from available references and literature and used 

to evaluate the potential adverse ecological effects to the ecological receptors. 

The components of the problem formulation include stressor characteristics, ECOC selection, 

ecosystems potentially at risk, endpoint selection, and a conceptual model. The following sections 

discuss the components of the problem formulation and how they were evaluated in the ERA. 

4.2.1 Stressor Characteristics 

One of the initial steps in the problem formulation stage of an ERA is identifying the stressors and 

their potential ecological effects. A stressor is defined as any physical, chemical, or biological entity 

that can induce an adverse response. Identification of stressor characteristics for this ERA included 

the examination of results from the RI. 

For this ERA, the stressors evaluated were the contaminants detected in the surface water and 

sediment collected during the RI. Contaminants in the soil and groundwater were not evaluated in 

this focused ERA. Only data from media directly affecting the aquatic environment were evaluated. 

4.2.2 Ecological Contaminants of Concern 

During the problem formulation stage, the chemical stressors to the site are identified. For this 

focused ERA, the stressors that were evaluated include the ECOCs detected in the surface water and 

sediment. Data from Sites 7 and I2 were evaluated separately in this focused ERA due to the 

distance between the two sites and the proposed sediment dredging and widening of the channel 

scheduled to occur at Site 12. 

4.2.2.1 Criteria for Selectirw Ecolopical Contaminants of Con= 

Quantifying risk for all positively identified contaminants may distract from the dominant 

risk-driving contaminants at the site. Therefore, the data set of all positively identified contaminants 

was reduced to a list of ECOCs. ECOCs are site-related contaminants used to estimate ecological 

exposures and associated potential adverse effects. 
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The criteria used in selecting the ECOCs from the contaminants detected during the field sampling 

and analytical phase of the investigation were: 

0 Historical information 

l Prevalence 

l Toxicity 

l Comparison to regional screening levels and other appropriate criteria 

l Comparison to associated field and laboratory blank data 

Historical Information 

Using historical information to assess contaminants’ site-related activities, when combined with the 

following selection procedures, assists in the determination of ECOCs. The historical information 

for NAB Little Creek was presented in Section 1 .O of this report. To be conservative, contaminants 

that may have been historically used at the sites were retained as ECOCs to evaluate risk, 

Prevalence 

The frequency of positive detections in sample sets and the level at which a contaminant is detected 

in a given medium are factors that determine a chemical’s prevalence. Contaminants that were 

detected in 5 percent or less of the samples were not retained as ECOCs. 

Toxicity 

The potential toxicity of a contaminant is an important consideration when selecting ECOCs for 

further evaluation in the ERA. Several of the contaminants detected in the media at NAB Little 

Creek are prevalent. However, the inherent toxicities to ecological receptors for some of the 

contaminants are low and, therefore, were not retained as ECOCs (i.e., calcium, magnesium, 

potassium, and sodium). In addition, several of the contaminants have not been adequately studied 

to develop screening values, or accepted toxicological data does not exist with which to assess the 

contaminants. To be conservative, contaminants that fell into this category were retained as ECOCs 

(if they were not eliminated due to other criteria). Information used to support ECOC selection is 

included in the Ecological Toxicological Profiles found in Appendix C. 

4-4 



Comparison to Screening Levels 

BTAG Screening Levels (BSLs) developed by USEPA Region III (1995) were the primary source 

of surface water and sediment screening levels used in this ERA. Secondary sources of screening 

levels for surface water were obtained from the Commonwealth of Virginia’s Water Quality 

Standards (VSWCB, 1992) and the USEPA Ambient Water Quality Criteria (USEPA, 1992b). 

These water quality screening levels will be herein referred to as Surface Water Screening Levels 

(SWSLS). 

Secondary sources of screening levels for the sediment were obtained from: Long et al. (1995); Long 

and Morgan (199 1); Apparent Effect Threshold (AET) values (TetraTech, 1986), and, the Wisconsin 

Department ofNatural Resources interim guidance criteria for in-water disposal of dredged sediment 

(Sullivan et al., 198s). If sediment screening levels were not available from these sources, surface 

soil screening levels developed by BTAG (BSLs) were used as surrogate sediment screening levels. 

The sediment screening values will be referred to as Sediment Screening Levels (SSLs). 

The SWSLs and SSLs are used for comparative purposes to infer potential ecological risks. 

Compounds that were detected at concentrations less than these screening levels are not retained as 

ECOCs as they are not expected to pose a significant risk to the ecological population. It is noted 

that some nondetect levels may be above their corresponding SWSLs and SSLs. However, these 

compounds are not retained as ECOCs because they were qualified as nondetects. A brief 

description of the screening levels used in the ECOC selection is presented in Section 4.4 Ecological 

Effects Characterization. 

Comparison to Field and Laboratory Blank Data 

In addition to the media samples, samples were collected for QA/QC analysis. These samples 

included equipment rinsate blanks and trip blanks. Common laboratory contaminants that were 

detected at concentrations of less than ten times the concentration in the blank sample, or other 

constituents that were detected at concentrations of less than five times the concentration in a blank 

sample were not retained as ECOCs. 
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4.2.2.2 Selection of Ecolouical Contaminants of Concern 

Appendix D presents a summary of the surface water and sediment analytical data from surface 

water and sediment sampled during the RI. It is noted that Appendix D also contains data 

summaries from the other IR-related reports. The following sections present the selection of the 

ECOCs in each of the media using the aforementioned selection criteria. A summary of the ECOCs 

in each of the media for NAB Little Creek is presented on Table 2. 

Surface water and sediment were collected from both Sites 7 and 12. The following sections present 

a discussion of the ECOCs selected in each of these media. 

Site 7 

One VOC and several inorganic contaminants were detected in the surface water at Site 7. However, 

only inorganic compounds were retained as ECOCs. The VOC acetone was detected at 

concentrations within ten times the concentration detected in the blank (18 I&L); therefore, acetone 

was not retained as a surface water ECOC. Frequency, range of positive detection, and selection 

criteria are summarized on Table 3. Compounds retained as surface water ECOCs also are identified 

and the rationales for excluding those that were not retained are presented. 

VOCs and inorganic compounds were retained as sediment ECOCs at Site 7. Frequency, range of 

positive detection, and selection criteria are summarized in Table 4 for those compounds detected 

in the sediment. Compounds retained as sediment ECOCs also are identified and the rationales for 

excluding those that were not retained are presented. 

Site 12 

VOCs and inorganic compounds were detected in and retained as ECOCs in the surface water 

collected from Site 12. The VOC acetone was detected at concentrations within ten times the 

concentration detected in the blank (18 t&L); therefore, acetone was not retained as a surface water 

ECOC. Table 5 presents the surface water ECOCs selected and the rational for exclusion of the 

chemicals that were not retained. 
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A VOC and several inorganic compounds were retained as sediment ECOCs at Site 12. Frequency, 

range of positive detection, and selection criteria are summarized in Table 6 for those compounds 

detected in the sediment. Compounds that were not retained as sediment ECOCs also are identified, 

and the rationales for exclusion are presented. 

4.2.2.3 Physical/Chemical Characteristics ofEcolo&al Contaminants ofConcern 

Physical and chemical characteristics of contaminants may affect their mobility, transport, and 

bioavailability in the environment. These characteristics include bioconcentration factors (BCFs), 

organic carbon partition coefficient (I&), and octanol water partition coefficient (K ,J. Table 7 

summarizes these values for the ECOCs detected in the surface water and sediment at NAB Little 

Creek. Information from these tables was used in the risk characterization to assess the fate and 

transport of the constituents and the potential risks to the environmental receptors at the sites. The 

following paragraphs discuss the significance of each parameter included in the table. 

BCFs measure the tendency for a chemical to partition from the water column or sediment and 

concentrate in aquatic organisms. BCFs are important for ecological receptors because chemicals 

with high BCFs could accumulate in lower-order species and subsequently accumulate to toxic 

levels in species higher up the food chain. The BCF is the concentration of the chemical in the 

organism at equilibrium divided by the concentration of the chemical in the water. Therefore, the 

BCF is unitless. 

The organic carbon partition coefficient (&) measures the tendency for a chemical to partition 

between soil and sediment particles containing organic carbon and water. This coefficient is 

important in the ecological environment because it determines how strongly an organic chemical 

will bind to the organic matter in the sediment. 

The octanol/water partition coefficient (I&,) is the ratio of a chemical concentration in octanol 

divided by the concentration in water. The kW has been shown to correlate well with 

bioconcentration factors in aquatic organisms and with adsorption to soil or sediment. The &, is 

used to calculate a bioaccumulation factor for plant uptake- to estimate ECOCs concentration in 

plants. 
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4.2.2.4 Fate and Transport of ECOCs in Estuarine Svstea 

Estuaries and estuarine-like environments are transition zones between freshwater and marine 

aquatic systems. An estuary is defined as a semi-enclosed coastal body of water that has a free 

connection with the open sea and within which seawater is measurably diluted with fresh water from 

land drainage (Kennish, 1992). 

The physical and chemical form of a metal in the aquatic environment is controlled by 

environmental variables such as pH, redox potential, DO, ionic strength, salinity, alkalinity, 

hardness, the presence of organic and particulate matter, and biological activity. For example, the 

lowering of pH will cause a release of metals from complexes and particulate matter. 

Increasing salinity and microbial activity in a water body may result in the salting out of the large 

molecular weight organic portion (e.g., humic acids of fresh water and flocculation of inorganic 

matter). The salting out of the large molecular weight organic portion will result in an increased 

particle size that will remove metals from the water column. The metals removed from the water 

column will eventually settle in the sediment. Also, increased salinity and microbial activity may 

result in the disassociation of suspended organic matter by chlorine ions, chelating substances, and 

microbial decomposition. The disassociation of suspended organic matter will result in increased 

availability ofthe organics to biota (Kennish, 1992). 

Reactions which take place during estuarine mixing have a significant effect on the partitioning of 

an element between dissolved and particulate phases. Trace metal removal during estuarine mixing 

is partly due to the relative affinities of trace metals for anions in salt water (and for humic acids and 

hydrous iron oxides, in the presence of salt water cations). The desorption of certain elements from 

suspended particulate matter can be caused by increasing salinity and the rise in the concentrations 

of the major seawater cations. The exchange of trace metals between dissolved and particulate 

phases is a regular phenomenon in estuarine systems. 

The floor of the estuary serves as both a sink for trace metals as well as a source of the metals for 

the overlying water. The largest amount of heavy metals will initially accumulate in middle and 

upper estuary regions. Erosion and transport often carry heavy metals to the outer estuary or to areas 
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on the continental shelf beyond the estuarine mouth. Desorption and diagenetic remobilization (the 

release of contaminants back to the water column during the conversion of sediment into rock) of 

particle-bound trace elements down estuary, together with an influx of clean marine sediments 

through the estuarine mouth, will account for the typical gradual seaward decline of the heavy metal 

content of most estuarine sediments. 

Trace metals carried in solution into an estuary may be removed from the solution upon contact with 

saline estuarine water. As salinity rises, particle-bound heavy metals sorbed to particulate organic 

matter, oxide coatings, and clays can be desorbed. Organic complexation will affect the speciation 

of the metals. Knowledge of estuarine trace element chemical speciation, however, is limited. 

4.2.2.5 Fate apd Transport of ECOCs in Wetlands 

The Clean Water Act defines wetlands as those areas that are inundated or saturated by surface or 

ground water at a frequency and duration sufficient to support, and that under normal circumstances 

do support, a prevalence of vegetation typically adapted for life in saturated soil conditions. The 

major components of wetlands that have an influence on the treatment process in wetlands include 

the plants, soils, bacteria, and animals that are found in wetland areas. The function and system 

performance of wetlands are influenced by water depth, temperature, pH, and DO concentrations. 

Wetland systems can reduce high levels of BOD, suspended solids, and nitrogen, as well as 

significant levels of metals, trace organics, and pathogens. The basic treatment mechanisms can 

include sedimentation, chemical precipitation and adsorption, and microbial interactions with BOD, 

suspended solids, and nitrogen, as well as some uptake by the vegetation. Currently, there are limited 

data available on the metal removal capability of free-water-surface wetlands. However, the 

removal mechanisms are thought to be similar to those described for phosphorus removal. 

Phosphorus removal in natural systems can occur as a result of adsorption, complexation, and 

precipitation and is effective in soil-based land treatment systems. Phosphorous removal in many 

wetland systems is not very effective because of the limited contact opportunities between the 

wastewater and the soil. A significant clay content and the presence of iron and aluminum will 

enhance the potential for phosphorus removal. There is greater opportunity for contact and 

adsorption in subsurface flow wetlands, and metals removal can be very effective in these systems, 
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Soils in areas such as these typically receive seepage and runoff from higher lying areas, These soils 

can serve as sources, sinks, or transformers of chemicals depending on the soil type and hydrologic 

conditions. Soils such as these have been shown, under favorable conditions, to remove organic and 

inorganic constituents (and toxic materials) from water that flows across them (Mitsch, 1986). This 

removal can be attributed to many factors including, but not limited to: a reduction in velocity as 

water enters these areas causing some chemicals to “drop into” the soils; a variety of anaerobic and 

aerobic processes such as chemical precipitation, that remove certain chemicals from the water; and, 

a high contact rate between water and soils leading to significant exchange of nutrients. 

It is noted that a wetland area is located between Site 12 and the Harbor. The surface water flows 

through this wetland area prior to discharging into the Harbor. Therefore, any contaminants detected 

in the surface water at Site 12 may be mitigated by the wetlands before release into the Harbor. 

4.2.3 Aquatic Ecosystems Potentially at Risk 

The aquatic ecosystems potentially at risk were identified in previously conducted habitat studies 

at NAB Little Creek. The following sections present the ecosystems potentially at risk from 

contaminants associated with Sites 7 and 12. 

4.2.3.1 Habitat and Aac Biota 

Little Creek Harbor is a saltwater, tidal ecosystem that is open to the Chesapeake Bay. The 

following presents a summary of the habitat and aquatic biota from Zappi a. A. (1990). In general, 

the sediments in Little Creek Channel and in the southern portion of Little Creek Cove are 

predominantly fine-grained, while the sediments near the mouth of Little Creek Channel out into the 

Chesapeake Bay a distance of approximately 10,000 feet are predominantly sands. 

The beach habitat in the vicinity of Little Creek Inlet is typical of coastal beach-dune systems, 

grading from an initial community of beach grasses and herbaceous vegetation through increasingly 

dense stands of shrubs and small trees to stands of scrub live oak, wax-myrtle, and other shrubs. A 

large proportion of these communities are wetlands or transitional areas. Intertidal marshes also are 

present in the area of Little Creek. 
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The shoreline extending eastward from the Little Creek entrance jetties is characterized by a wide 

sandy foreshore and seashore with an extensive system of primary and secondary dunes. The dunes 

nearest the jetties have been modified with paths and other structures and have sparse stands of sea 

oats (Uniola paniculata), American beach grass (Ammophila breviligulata), seaside golden rod 

(Solidago graminifolia), groundsel bush (Baccharis halimifoldia), and loblolly pine (Pinus taeda). 

The phytoplankton is dominated by diatoms in winter and early spring and flagellates in summer. 

The zooplankton is dominated by copepoda Acartia tonsa and Eurytemora afinis, mysid shrimp 

(Neomysis americana), and the amphipods Monoculodes edwardii and Gammarus sp. 

The benthic assemblages within Little Creek itself are composed of polychaetes and molluscs that 

are representative of the estuarine ecosystem, but have been described as depauperate, limited to the 

most tolerant species. The heavy use of the channel within the Little Creek area disturbs the bottom 

muds and associated organisms. The area of Chesapeake Bay lying offshore of Little Creek Inlet 

is a wintering area for blue crab (Callinectes sapidus) and supports the hard clam (Mercenaria 

mercenariu). 

The fish assemblage in the vicinity of Little Creek Harbor is characterized by estuarine-dependant 

species. The commonly encountered species include the hogchoker (Trinectes muculatus), white 

perch (Morone americana), spot (Leiostomus xunthurus), oyster toadfish (Opsanus tau), striped bass 

(Morone saxatilis), weakfish (Cynoscion regalis), bay anchovy (Anchoa mitchilli), and Atlantic 

croaker (Micropogonias undulatus). Other species typical of more saline conditions that can be 

found include bluefish (Pomatomus saltutrix), flounder (Paralichthys spp.), speckled trout 

(Cynascion nebulosus), menhaden (Brevoortia tyrannus), American eel (Anguilla rostrata), and sea 

mullet (Mugil cephalus). Finally, this area can have seasonally occurring anadromous species 

including blueback herring (Alosa uestivalis), alewife (A. pseudohurengus), hickory shad (A. 

medocris), and American shad (A. sapidissima). 

4.2.3.2 Threatened and/or Endangered Species 

An inventory of the rare, threatened and endangered species at NAB Little Creek was conducted in 

1990 by the Virginia Department of Conservation and Recreation’s Division of Natural Heritage 

(VADCR, 1990). This survey for the presence of rare vertebrates and plants was requested by the 
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Department of Navy. This inventory was conducted to allow NAB Little Creek to make land use 

decisions in compliance with the Endangered Species Act of 1973, and other laws, regulations, and 

policies that encourage the conservation and perpetuation of rare species. No Federal or State-listed 

threatened or endangered plant or animal species had been reported previously at the base, and no 

threatened or endangered plant or animal species were encountered during the 1990 survey. 

Three species of plants considered rare by the State were identified at NAB Little Creek, they were 

identified as follows: Virginian Beach Pinweed (Leaches maritima var virginica), blue jack oak 

(Quercus incana), and the Spanish Moss (Tillandsia usneoides). The Virginia Beach Pinweed was 

found on the foredune and secondary dunes in the open herbaceous and scrub zones between the 

maritime forest and the beach (along the Chesapeake Bay shoreline). The blue jack oak was 

observed in the maritime forest community behind the open dunes, the species was concentrated in 

the eastern portion of the forest. A large population of Spanish moss trees was found on portions 

of the eastern end of Scout Island. Scout Island is located in between Chubb Lake and Bradford 

Lake in the north eastern portion of the base. 

Suitable habitats for the following rare animal species were identified on site as follows: pungo 

mouse (Peromyscus leucopus easti) and least tern (Sterna antiZZarum). Sixteen pungo mice were 

captured during the inventory. The habitat within and just inland from the dune system is suitable 

for this species. Least terns were observed nesting on a sandy, Chesapeake Bay beach immediately 

east of Little Creek Channel by NAB Little Creek personnel. 

Based on the results of the inventory, it was concluded that the potential for rare animal species at 

NAB Little Creek was low since the natural habitat, forested wetlands, and interdunal swales had 

been drastically altered. Much of the landscape of NAB Little Creek was found to be no longer in 

a natural state, and only a few sites were found to be relatively undisturbed (Department of Navy, 

1994). 

An Endangered, Threatened and Candidate Species on Navy and Marine Corps Lands Handbook 

(Department of Navy, 1994) provides information on plants and animals that are federally listed, or 

are candidates for federal listing, that occur or potentially occur on the installations listed in the 

handbook. The base-specific handbook includes candidates for federal listing, specific occurrences 
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mapped by the Natural Heritage Programs, more detailed and upto-date information on taxonomy, 

statuses, life history, threats, and management, and a bibliography for each species. 

The United States Department of the Interior, Fish and Wildlife Service noted the following at NAB 

Little Creek for the planning period 19881993: There are three Federally listed threatened or 

endangered species that might occur on Little Creek property at least temporarily during the year; 

these are the loggerhead turtle (Caretta caretto), peregrine falcon (Falco peregrinus) and piping 

plover (Charadrius melodus); several other species migrate along the Atlantic coast and might be 

found on or near the base as transients. These include six species of whales, four other species of 

sea turtles, the bald eagle and the shortnose sturgeon. 

On October 1, 1987, the Virginia Department of Game and Inland Fisheries initiated a State 

Endangered Species Program which includes not only the Federal threatened and endangered 

species, but also those species considered rare within the State of Virginia. In addition to the Federal 

species listed above, there are five state endangered species which might occur in the vicinity of 

Little Creek. They are as follows: eastern tiger salamander (Ambystoma tigrinum tigrinum), chicken 

turtle (Deirochez’ys reticularia), Wilson’s plover (Charadrius wilsonia), loggerhead shrike (Lanius 

ludovicianus ludovicianus), and eastern big-eared bat (Plecotus rafnesquii macrotis). 

4.2.3.3 Wetlands 

Typical wetland vegetation in the area of NAB Little Creek includes rushes, sedges, ferns, marsh 

hibiscus (Hibiscus moscheutos), smartweeds (Polygonurn spp.), bayberry, wax myrtle, poison ivy 

(Toxicodendron radicans), beach plum (Prunus maritima), groundseltree, winged sumac (Thus 

copallinum), red bay (Persea borbonia), and holly. Wetland trees include loblolly pine, live oak 

(Quercus virginiana), red maple, and sweetgum. Disturbed wetland areas may be dominated by 

common reed (Ebasco Environmental, 1991). 

Site-specific wetland delineations were not conducted at NAB Little Creek during the RI. A wetland 

survey was conducted by the United States Department of Interior, Fish and Wildlife Service as a 

part of the National Wetland Inventory. Emergent wetlands totaling almost 14 acres were identified 

south and east of Little Creek Cove. The southern edge of Little Creek Cove is lined with a wetland 

dominated by saltmarsh cordgrass (Spartina aZternzj7ora). The National Wetland Inventory 
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designation for this type of wetland (E2EM5N) indicates a regularly flooded, estuarine, intertidal, 

emergent wetland dominated by narrow-leaved, persistent vegetation. Tidal guts extending from 

the southeast comer of the Cove form similar estuarine emergent wetlands along Helicopter Road. 

Reed grass (Phrugmites communis) dominated the wetland located west of Helicopter Road. The 

NWI designation (E2EMlP) indicates an irregularly flooded, estuarine, emergent wetland dominated 

by narrow-leaved, persistent vegetation. Wildlife use of reed grass marshes is often restricted to 

escape cover and occasional nesting. 

An emergent wetland located east of Helicopter Road supports saltmarsh cordgrass, salt meadow 

cordgrass (Spartinaputens), reed grass, and groundsel tree (Buccharis halimifoliu). The margins 

of the cordgrass marsh are vegetated with marsh elder (IvaJwtescens), northern bayberry (Myrica 

pensylvunicn), common waxmyrtle (My&a cerifern), sweetgum (Liquidumbur styrucJ7uu), red 

maple (Acer rubrum), sassafras (Sussufra ulbidum), holly (I/ex spp.), black willow (Mix nigru), 

and loblolly pine. Cordgrass marshes are much more productive than reed grass stands. Periodic 

tidal inundation flushes this nutrient-laden detritus out of the wetlands and into the aquatic 

ecosystem, providing a valuable contribution to the food chain. 

Two tracts of wetlands were identified during the inventory of rare, threatened and endangered 

species by the Department of Conservation and Recreation (VADCR, 1990). The first wetland was 

identified as an emergent wetland fringe dominated by saltwater cordgrass. This wetland is located 

south of Little Creek Cove. This area has been designated by the U.S. Fish and Wildlife Service as 

a regularly flooded, estuarine, intertidal, emergent wetland dominated by narrow-leaved, persistent 

vegetation. Most of this wetland is within Site 7. A small portion of another wetland was found to 

be within the boundary of Site 7. This wetland is east of Helicopter Road and southeast of Little 

Creek Cove. This wetland was described as an irregularly flooded, estuarine, intertidal, emergent 

wetland dominated by narrow-leaved, persistent vegetation. 

A wetland map for NAB Little Creek was developed from information compiled for the ongoing 

Hampton Roads Crossing environmental impact assessment project. This wetland map is presented 

in Appendix A (Michael Baker Jr. Inc., 1995). 
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4.2.3.4 ti Sensltt ve Environmet-& 

The inventory of rare, threatened, and endangered species conducted by the Department of Natural 

Heritage reported that the aquatic systems at NAB Little Creek serve as a winter haven for waterfowl 

and some wading birds, and considered the Base’s wetlands to be a significant wildlife habitat 

(Ebasco Environmental, 1991). 

In 1990, least terns, a state-recommended threatened species, were observed nesting on the 

Chesapeake Bay Beach immediately east of the Little Creek Channel. The Department of Natural 

Heritage recommended this area for conservation (VADCR, 1990) and recommended consultation 

with the Virginia Department of Game and Inland Fisheries to develop a management plan (Ebasco 

Environmental, 199 1). 

Sensitive environments within 15 miles upstream and downstream (because this area is tidally 

influenced) were evaluated during the Hazard Ranking System process. Seashore State Park, which 

is a State Park Natural Area, was the only sensitive area identified within a 15mile radius of NAB 

Little Creek. 

4.2.4 Ecological Endpoints 

The information compiled on stressor characteristics, ecosystems potentially at risk, and ecological 

effects was used to select the ecological endpoints for this ERA. There are two primary types of 

ecological endpoints: assessment endpoints and measurement endpoints. Assessment endpoints are 

environmental characteristics, which, if they were found to be significantly affected, would indicate 

a need for remediation (e.g., decrease in sports fisheries). Measurement endpoints are quantitative 

expressions of an observed or measured effect of the ECOCs. Measurement endpoints may be 

identical to assessment endpoints (e.g., measurement of abundance of fish), or they may be used as 

surrogates for assessment endpoints (e.g., toxicity test endpoints). Both types of endpoints are used 

in the ecological risk evaluation and are defined below. 

The assessment endpoint for this Phase One aquatic ERA is the potential decrease in survival, 

growth, and/or reproduction of the aquatic receptor population or subpopulation that is attributable 

to site-related contaminants. The measurement endpoint for this assessment endpoint is the 
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exceedance of contaminant-specific surface water and sediment effect concentrations. Section 4.4 

Ecological Effects Characterization discusses the contaminant-specific surface water and sediment 

effect concentrations that were used and Section 4.7 Uncertainty Analysis discusses the limitations 

in their use in the ERA. 

4.2.5 Conceptual Model 

The site-specific conceptual model discusses the routes by which stressors might affect ecological 

components of the natural environment. The potential exposure pathways and ecological receptors 

for this Phase One aquatic ERA include the surface water/sediment exposure transport pathway and 

the groundwater exposure transport pathway with exposure to the benthic and pelagic flora and 

fauna of Little Creek Harbor. Figure 4 presents the flowchart of potential exposure pathways and 

ecological receptors. The exposure pathways and ecological receptors will be presented in more 

detail in the following section. Figure 7 presents the flowchart of potential ECOC sources to Little 

Creek Harbor. 

To determine if ecological exposure via these pathways may occur in the absence of remedial 

actions, an analysis is conducted including the identification and characterization of the exposure 

pathways. The following four elements are examined to determine if a complete exposure pathway 

is present: 

0 A source and mechanism of chemical release 

l An environmental transport medium 

l A feasible receptor exposure route 

l A receptor exposure point 

The following sections discuss the potential exposure scenarios for NAB Little Creek surface water 

and sediment. 

4.2.5.1 Surface Water/Sediment ExpP Pathway 

Potential release sources to be considered in evaluating the surface water and sediment pathways 

are contaminated surface soil and groundwater. The release mechanisms to be considered are 
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groundwater seepage and surface runoff. The potential routes to be considered for ecological 

exposure to the contaminated surface water and sediments are ingestion and dermal contact. 

Potential exposure points for ecological receptors include species living in, or coming in contact 

with, the surface water and sediment receiving surface water runoff or groundwater discharges from 

the site. 

ECOCs were detected in the surface water and sediment, demonstrating a release from a source to 

the surface water-sediment transport medium. Potential receptors that may be exposed to 

contaminants in surface water and sediment include benthic and pelagic flora and fauna of Little 

Creek Harbor. 

Aquatic receptors are exposed to contaminants in the surface water by ingesting water while feeding 

and by direct contact while feeding or swimming. In addition, aquatic organisms may ingest other 

aquatic flora and fauna that have bioconcentrated chemicals from the surface water and sediment. 

4.2.5.2 Groundwater Exnosure Transport Pathway 

The potential release source to be considered in evaluating the groundwater pathway is contaminated 

soils. The release mechanism to be considered is leaching. The routes to be considered for 

ecological exposure to the contaminated groundwater are ingestion and dermal contact. ECOCs 

were detected in the groundwater, demonstrating a release from a source to the groundwater 

transport medium. Therefore, groundwater to area surface water and sediments may represent a 

pathway for contaminant migration. 

Sub-surface biota (i.e., microorganisms) are the only ecological receptors expected to be directly 

exposed to groundwater and will not be assessed. However, at the groundwater to surface 

water/sediment interface, both wetlands and aquatic species may be exposed to the groundwater. 

However, it is noted that groundwater to surface water/sediment discharge cannot be quantified by 

using the existing data. This exposure pathway does not represent a complete pathway. The 

groundwater pathway in this assessment is accounted for in the surface water and sediment exposure 

pathway. 
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4.3 mosure Assewn& 

The exposure assessment evaluates the interaction of the stressor with the ecological environment. 

The Remedial Investigation involved collecting samples from four media; soil, groundwater, surface 

water, and sediment. However, only surface water and sediment were evaluated in this Phase One 

aquatic ERA. 

Exposure point concentrations of contaminants in the surface water and sediment for aquatic 

receptors were assumed to be equal to the contaminant concentration in the surface water and 

sediment. It is noted in the uncertainty section (Section 4.7 Uncertainty Analysis) of this ERA that 

all the contaminants in the surface water may not be bioavailable to the aquatic flora and fauna. 

4.4 Ecolo@cal Effects Cbcterization 

The ecological effects data that were used to assess potential risks to aquatic receptors in this ERA 

include the USEPA Region III BSLs for surface water and sediment. In addition to the BSLs used 

for screening ECOCs, various other criteria, reference values, and benchmark values were utilized 

as SWSLs and SSLs. The following paragraphs provide a brief description of the values used for 

ECOC selection and for overall risk characterization. 

4.4.1 Surface Water 

Potential risks to aquatic receptors from contaminants detected in the surface water were evaluated 

by comparisons to SWSLs. USEPA Region III has compiled a list of SWSLs that are 

non-enforceable regulatory guidelines and are of primary utility in assessing the acute and chronic 

toxic effects in aquatic systems. SWSLs are provided for marine aquatic systems, and are reported 

as acute and/or chronic values (USEPA, 1995). In addition to the SWSLs, USEPA has promulgated 

Water Quality Standards (WQS) for states that have not developed their own standards. These WQS 

are based primarily on the USEPA Ambient Water Quality Criteria, with some of the values updated 

with more recent information. It is noted that the Ambient Water Quality Criteria were developed 

to protect only 95 percent of the exposed species, Therefore, there may be some sensitive species 

that are not protected by these criteria. In addition, Virginia Water Quality Standards (surface water) 

also were used. These water quality standards are the concentrations of toxic substances that will 
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not result in chronic or acute toxicity to aquatic life (VSWCB, 1992). Virginia WQS and USEPA 

criteria were used for contaminants that did not have BSLs. 

4.4.1.1 Site 7 

Table 3 summarizes the SWSLs used to evaluate the surface water quality at Site 7. The following 

inorganics were retained as surface water ECOCs at Site 7 because they were detected above the 

SWSLS or there were no established reference values in which to evaluate the 

concentrations: aluminum, barium, cobalt, copper, iron, lead, and manganese. 

4.4.I .2 Site 12 

Table S summarizes the SWSLs used to evaluate the surface water quality at Site 12. 2-Butanone 

was the only VOC retained as an ECOC at Site 12 because sample concentrations were detected 

above blank sample concentrations and there are no established screening levels in which to evaluate 

the detected concentrations. The following inorganics were retained as surface water ECOCs at 

Site 12 because concentrations were detected above SWSLs or there were no established reference 

values in which to evaluate the concentrations: aluminum, arsenic, barium, beryllium, chromium, 

cobalt, copper, iron, lead, manganese, mercury, nickel, and zinc. 

44.2 Sediment 

Potential risks to aquatic receptors from contaminants detected in the sediment were evaluated by 

comparisons to SSLs. USEPA Region III has compiled a list of SSLs that are non-enforceable 

regulatory guidelines and are of primary utility in assessing toxic effects in aquatic systems. In 

addition, SSLs have been compiled for evaluating the potential for chemical contaminants in 

sediment to cause adverse biological effects (Long ti & 1995; Long and Morgan, 1991, and 

USEPA, 199Sa). The lower ten percentiles (Effects Range-Low [ER-L]) and the median percentiles 

(Effects Range-Median [ER-M]) of biological effects have been developed for various contaminants. 

The concentrations below the ER-L represent a minimal-effects range (adverse effects would be 

rarely observed). The concentrations above the ER-L, but below the ER-M represent a 

possible-effects range (adverse effects would occasionally occur). Finally, the concentrations above 
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the ER-M represent a probable-effects range (adverse effects would probably occur) (Long & &., 

1995). It is noted that the SSLs developed by the USEPA Region III are primarily ER-L values, 

In addition to SSLs, apparent effect threshold (AET) sediment quality values have been developed 

for the Puget Sound (Tetra Tech, Inc., 1986). AETs are the concentrations of contaminants above 

which statistically significant biological effects always would be expected. Finally, the Wisconsin 

Department of Natural Resources has developed interim criteria for in-water disposal of dredged 

sediment (Sullivan @ A, 1985). However, these criteria were established using background 

concentration data and were not based on toxicity data. 

4.4.2.1 Site 7 

Table 4 summarizes the SSLs used to evaluate the sediment quality at Site 7. VOCs acetone, 

2-butanone, and carbon disulfide were retained as sediment ECOCs because there were no 

established reference values in which to evaluate the detected concentrations. The following 

inorganics were retained as sediment EC00 at Site 7 because they were detected at concentrations 

above SSLs or there were no established reference values in which to evaluate the detected 

concentrations: aluminum, arsenic, beryllium, cadmium, cobalt, copper, silver, and zinc. 

4.4.2.2 Site 12 

Table 6 summarizes the SSLs used to evaluate the sediment quality at Site 12. One VOC (acetone) 

was retained as a sediment ECOC at Site 12 because there were no established reference values in 

which to evaluate the detected concentrations. The following inorganics were retained as sediment 

ECOCs at Site 12 because they were detected at concentrations above SSLs or there were no 

established reference values in which to evaluate the detected concentrations: aluminum, cadmium, 

cobalt, copper, lead, mercury, and zinc. 

4.5 Risk Characterizatiog 

The risk characterization is the final phase of a risk assessment. In risk characterization, the 

likelihood of adverse effects occurring as a result of exposure to a stressor is evaluated. This section 
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evaluates the potential adverse effects on the ecological receptors at NAB Little Creek from 

contaminants identified at the sites. 

4.5.1 Surface Water 

The surface water data collected from Sites 7 and 12 were compared to SWSLs. Quotient index 

ratios were calculated for each sampling station that exceeded screening levels. In addition, 

cumulative QIs for the average detected concentration of each surface water ECOC were calculated. 

It is noted that 95-percent upper confidence limit concentrations could not be used in this ERA due 

to the small surface water sample sizes at Sites 7 and 12. A QI ratio greater than one indicates a 

possibility for adverse effects to aquatic life. The QI ratios calculated for the SWSLs were 

calculated for each ECOC at Sites 7 and 12 as follows: 

QI= 
station -specific concentration I average detected concentration 

SWSL 

where: QI = Quotient Index 

SWSL = Surface Water Screening Level, pg/L 

4.5.1.1 $J.Q 

As displayed on Table 8, surface water QIs per sample calculated at Site 7 were greater than ten for 

chronic manganese. Surface water QIs were greater than one, but less than ten for acute and chronic 

copper and chronic lead. All other surface water ECOCs identified at Site 7 (aluminum, barium, 

cobalt, and iron) did not have corresponding SWSLs in which to evaluate effects to aquatic life. 

Table 9 presents a cumulative ecological risk calculated with average concentrations of surface 

water ECOCs. The average QI values calculated were greater than ten for chronic manganese. Total 

QIs calculated for the surface water were 2.92 for the acute and 27.88 for the chronic. Based on the 

cumulative QIs calculated, the surface water at Site 7 potentially poses a risk to the aquatic 

environment. 
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4.5.1.2 Site 12 

As shown on Table 10, surface water QIs per sample calculated at Site 12 were greater than ten for 

acute and chronic copper, chronic lead, chronic manganese, chronic mercury, chronic nickel, and 

acute and chronic zinc. Surface water QIs were greater than one, but less than ten for chronic 

arsenic, chronic chromium, acute lead, and acute nickel. All other surface water ECOCs identified 

at Site 12 (Zbutanone, aluminum, barium, beryllium, cobalt, and iron) did not have corresponding 

SWSLs in which to evaluate effects to aquatic life. 

Table 11 presents cumulative ecological risks calculated with average surface water ECOC 

concentrations. The average QI values were greater than ten for acute and chronic copper, chronic 

lead, chronic manganese, chronic mercury, chronic nickel, and acute and chronic zinc. An average 

acute nickel QI was calculated greater than one, but less than five. Total QIs calculated for the 

surface water at Site 12 were 43.29 for the acute and 181.49 for the chronic. Based on the 

cumulative QIs, the surface water at Site 12 potentially poses a risk to the aquatic environment. 

4.5.2 Sediment 

The sediment collected at Sites 7 and 12 were compared to SSLs. QI ratios of the detected values 

at each sampling location and the BSLs/ER-Ls, ER-MS, or AETs were calculated for each ECOC 

at Sites 7 and 12 exceeding SSLs. In addition, cumulative sediment QIs were calculated at each site 

using the average detected concentrations of the ECOCs. Average concentrations were used because 

there were not enough sediment samples collected at each site to determine the 95-percent upper 

confidence limit for each sediment ECOC. A QI greater than one for the ER-Ls indicates a 

possibility for adverse effects to aquatic life. A QI greater than one for the ER-MS indicates a 

probable adverse effect to aquatic life (Long et al., 1995). The formula presented below was used 

to calculate the QI ratios. 

QI = 
station -specijk concentration I average detected concentration 

SSL 

where: QI = Quotient Index 

SSL = Sediment Screening Level, &kg (organics) and mg/kg (inorganics) 
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4.5.2.1 Site 7 

Table 12 presents QI ratios of the detected ECOCs at each sampling location at Site 7. QI ratios 

of greater than one but less than five upon comparison of the BSL/ER-L were calculated for the 

following contaminants: arsenic, cadmium, cobalt, copper, silver, and zinc. All ER-M QI ratios 

were below one for the ECOCs identified at Site 7, with the exception of beryllium that had an 

ER-M (AET) QI slightly greater than one. There are no SSLs established for acetone, 2-butanone, 

carbon disulfide, and aluminum to determine QI ratios. 

Table 13 displays total QIs calculated for the sediment collected from Site 7. QIs were calculated 

greater than one for cadmium, cobalt, and silver. Total sediment QIs were calculated at 7.14 for 

ER-Ls and 1.70 for ER-MS, indicating only a slight potential that the sediment at Site 7 is posing 

a risk to the benthic environment in the Harbor. 

4.5.2.2 Site 12 

Table 14 presents QI ratios of each sample detected above ECOC screening levels at Site 12. QI 

ratios of greater than one but less than five upon comparison of the BSL/ER-L were calculated for 

the following contaminants: cadmium, cobalt, copper, lead, mercury, and zinc. All ER-M QI ratios 

were below one for the ECOCs identified at Site 12. It is noted that acetone and aluminum do not 

have SSLs established to evaluate impacts to the aquatic environment. 

Table 15 demonstrates average QIs calculated per ECOC identified in the sediment at Site 12. 

Average ER-L QIs were calculated greater than one, but less than two for cadmium, cobalt, lead, and 

zinc. Total site QIs were calculated at 8.10 for ER-Ls and 1.24 for ER-MS, indicating a slight 

potential for the sediment at Site 12 to adversely impact the aquatic environment in the Harbor. 

4.6 Ecological Simificance 

This section summarizes the overall risks to the aquatic environment within NAB Little Creek 

Harbor. This information supports the evaluation of remedial action(s) for Sites 7and 12 that are 

protective of the aquatic environment. 
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The surface water and sediment data collected during the RI investigation were compared to surface 

water and sediment data collected from regional reference stations. Regional surface water and 

sediment data were obtained from STORET for the years 1990 through 1995 for Cape Charles 

Harbor (See Figure 4) and Lynnhaven Harbor (including monitoring stations in the mainstem, 

eastern branch, western branch, and Broad Bay) (See Figure 5). Cape Charles was chosen as an 

ecologically similar reference water body because it is periodically dredged like Little Creek Harbor, 

Lynnhaven Harbor and its associated waterways are a much larger water body than Little Creek 

Harbor, However, it was chosen because of its close proximity to Little Creek Harbor and the lack 

of surrounding industrial land use. 

4.6.1 Aquatic Assessment Endpoint 

The aquatic assessment endpoint for NAB Little Creek is the decrease in the survival, growth, and/or 

reproduction of the aquatic receptor population or subpopulation that is attributable to site-related 

contaminants. The measurement endpoint for the aquatic assessment endpoint is the exceedance of 

contaminant-specific surface water and sediment effect concentrations. It is noted that no benthic 

macroinvertebrates or fish were collected at NAB Little Creek during the remedial investigation. 

4.6.1.1 S&&l 

The following ECOC concentrations in the surface water collected at Site 7 may potentially 

adversely impact the aquatic environment based on exceedance of acute and chronic 

SWSLs: copper, lead, and manganese. 

Table 16 presents Site 7 surface water ECOCs compared to reference concentrations. Site 7 ECOCs 

including aluminum, barium, and cobalt were not analyzed in reference water bodies; therefore, they 

could not be compared to Site 7 concentrations. Copper in the reference surface water was detected 

at higher concentrations than in Site 7 surface water. Whereas, iron and manganese were detected 

at higher concentrations in Site 7 surface water than in reference surface water, Lead was only 

detected at one reference station (Cape Charles Harbor) at a concentration greater than Site 7 surface 

water concentrations. 
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Therefore, although three ECOCs may potentially adversely impact the aquatic environment, only 

manganese appears to be elevated above regional reference levels and is site-related. It is noted that 

manganese was detected highly dissolved in the groundwater at Site 7. However, the source of the 

SWSL of lOug/l is believed to be based on a study of decreased growth in the pacific oyster 

Crassostrea gigas. This study did not meet the criteria for reliability in the Aquatic Information 

Retrieval Database (AQUIRE). Other studies in AQUIRE listed adverse effects at 20,000 ug/L to 

mollusk species. It also is noted that there was no clear spatial relationship established for the 

groundwater chemical data for Site 7. Therefore, isoconcentration maps were not constructed to 

determine the groundwater pathway to surface water. 

Sediment collected from Site 7 at NAB Little Creek contained levels of arsenic, beryllium, 

cadmium, cobalt, copper, silver, and zinc that may affect the benthic community based on QIs 

calculated greater than one. 

As depicted on Table 17, the following Site 7 sediment ECOCs were not analyzed for in the 

reference water bodies: acetone, 2-butanone, carbon disulfide, and cobalt. Aluminum and arsenic 

were detected at higher concentrations in the reference station in Broad Bay and at lower 

concentrations in the reference station in Cape Charles Harbor, as compared to Site 7. Beryllium, 

cadmium, copper, silver, and zinc were detected at higher concentrations in the sediment at Site 7 

than in reference sediment samples. Based on the station-specific QI evaluation, these inorganics 

may potentially impact the benthic community at Site 7. However, it is noted that the average of 

the detected concentrations of beryllium, copper, silver, and zinc were all less than the ER-L, 

indicating no impact. 

Although this Phase One ERA focused on the surface water and sediment data from the RI, 

information was available from previous IR reports to establish any trends in the data for Site 7. For 

Site 7, manganese surface water concentrations have generally decreased from the Interim RI to the 

RI as shown in Table 20. For the sediment collected at Site 7, cadmium (the only ECOC with an 

average concentration greater than the ER-L) increased from the Round I Verification Study to the 

RI Study as shown in Table 21. Of the other ECOCs with station-specific concentrations greater 

than the ER-Ls, in general, beryllium and copper decreased and silver and zinc increased. 
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4.6.1.2 Site lJ 

The following ECOC concentrations in the surface water collected at Site 12 at NAB Little Creek 

may potentially adversely impact the aquatic environment based on exceedance of acute and chronic 

SWSLs: arsenic, chromium, copper, lead, manganese, mercury, nickel, and zinc. The greatest 

exceedances (greater than 100 times) of SWSLs were demonstrated by copper and manganese at 

Site 12. Lead, mercury, nickel, and zinc had exceedances greater that 10 times the SWSLs at 

Site 12, 

Table 18 displays Site 12 surface water ECOCs compared to reference surface water data. Site 12 

ECOCs 2-butanone, aluminum, barium, cobalt, and mercury were not analyzed in the reference 

studies. Arsenic, chromium, copper, iron, lead, manganese, nickel, and zinc were detected at higher 

concentrations in Site 12 surface water than in reference water bodies. Beryllium was detected at 

higher concentrations at Site 12 than in several of the reference locations. However, beryllium 

surface water concentrations were lower at Site 12 than in the reference surface water collected from 

Cape Charles Harbor. The exceedances of SWSLs by concentrations of arsenic, chromium, copper, 

lead, manganese, mercury, nickel, and zinc at Site 12, as evaluated on a station-specific basis, may 

be impacting the aquatic environment. However, it is noted that arsenic and chromium average 

concentrations across all stations were less than their respective SWSLs and the manganese SWSL 

may not be a valid effect level (see previous discussion). 

It has been determined that groundwater from Site 12 discharges to the drainage canal. However, 

based on the existing IR studies, groundwater from Site 12 is not believed to be the source of the 

metals that are found in the drainage canal. These investigations have focused on VOCs that may 

be transported from Site 12 to the drainage canal. There were no VOCs that exceeded SWSLs. 

It is noted that although the surface water and sediment may be impacting aquatic receptors, the 

impact to receptors in the Harbor may not be as severe. Site 12 RI samples were collected in the 

drainage canal adjacent to Site 12. The canal is located approximately 3,000 feet from the Harbor. 

The surface water flows through wetlands before discharging into the Harbor. Wetlands provide an 

effective treatment for many types of water pollution. Wetlands can remove or convert large 

quantities of contaminants, including organic matter, suspended solids, metals, and excess nutrients. 

Water quality is improved in wetland areas by natural filtration, sedimentation, and other processes 
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(Hammer, 1989). Therefore, the contaminants detected in the surface water at Site 12 may be 

mitigated by the wetlands prior to discharge into the Harbor (see discussion in Sections 4.2.2.4 and 

4.2.2.5). 

Based on the station-specific concentration evaluation, sediment collected from Site 12 contained 

levels of cadmium, cobalt, copper, lead, mercury, and zinc that may affect the benthic community 

based on exceedances of the QI ER-Ls calculated greater than one. All QI ER-Ls calculated at NAB 

Little Creek were less than 10, and there were no QI ER-M exceedances greater than one for any of 

the ECOCs at Site 12. 

As displayed on Table 19, the Site 12 ECOCs acetone, cobalt, and mercury were not analyzed for 

in any of the reference studies. Cadmium, copper, lead, and zinc were detected at higher 

concentrations in the sediment collected at Site 12 than in the sediment collected from reference 

stations. Based on the exceedances of ER-L on a station-specific basis, the sediment concentrations 

of cadmium, cobalt, copper, lead, mercury, and zinc at Site 12 may be impacting the aquatic 

community at NAB Little Creek. However, it is noted that the average concentrations of copper and 

mercury at these stations were below the ER-Ls. 

Although this Phase One ERA focused on the surface water and sediment data from the RI, 

information was available from previous IR reports to establish any trends in the data for Site 12. 

At Site 12, surface water and sediment inorganics were not analyzed in the Interim RI or the Round I 

Verification Study (Tables 22 and 23). However, sediment data was collected from an IR-related 

study conducted in the canal adjacent to Site 12 (Foster and Wheeler, 1995). Concentrations of 

acetone, copper, lead, and mercury were detected in the sediment study at higher concentrations than 

the RI concentrations. Concentrations of cadmium and zinc were detected at higher concentrations 

in the RI than in the sediment study and concentrations of aluminum and cobalt were detected at 

about the same concentrations in both studies. In the canal study, acetone and aluminum 

concentrations were higher upstream of Site 12. Whereas, concentrations of lead, mercury, and zinc 

in the canal study were higher at stations downstream and adjacent to the site. Cobalt and copper 

were detected at varying concentrations both upstream and downstream of Site 12. 
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4.7 * * Uncertamty Analysis 

The procedures used in this evaluation to assess risks to ecological receptors, as in all such 

assessments, are subject to uncertainties. The following discusses the uncertainty in this ERA 

associated with the sampling are% reference stations, data gaps, sampling method, screening levels, 

and the QI calculations. 

4.7.1 Sampling Area 

There is uncertainty in attributing detected contaminants in the Little Creek Harbor specifically to 

Sites 7 and 12. Little Creek Harbor receives runoff from other RI sites on base, which may influence 

the surface water and sediment quality of the Harbor. However, surface water and sediment data 

were only sampled at Sites 7 and 12 during the RI. 

4.7.2 Reference Stations 

There is uncertainty associated with the use of the reference stations in the Ecological Significance 

(Section 4.6) of this ERA, Lynnhaven Harbor has a much larger drainage area compared to Little 

Creek Harbor. Cape Charles Harbor is situated on the eastern shore of the Chesapeake Bay; 

whereas, Little Creek Harbor is located on the southern shore. The surrounding land use of Little 

Creek Harbor was different from both Cape Charles Harbor and Lynnhaven Harbor. Little Creek 

Harbor has more surrounding industrial land use; whereas, Cape Charles Harbor and Lynnhaven 

Harbor have more surrounding residential land use. However, this alternative land use was by 

design to evaluate any effects of the ERA’s ECOCs to this type of alternative land use. In addition, 

Lynnhaven, Cape Charles, and Little Creek Harbors may not have similar salinity grades. 

4.7.3 Data Gaps 

There is a limited amount of aquatic data available for Little Creek Harbor. Therefore, the ERA was 

conducted on a small number of surface water and sediment samples for each site (Sites 7 and 12) 

and does not completely represent the ecological condition of the entire Harbor. In addition, there 

is uncertainty in the data available for Little Creek Harbor. The parameters analyzed for in the RI 

study were not the same parameters analyzed for in the regional reference studies (STORET) or in 
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the non-RI studies. The analytical methods, QA/QC procedures, and detection limits used between 

the RI studies, non-M studies, and STORET data are not necessarily comparable. 

4.7.4 Sampling Method 

The ecological investigation consisted of the evaluation of one sampling effort - the RI study. The 

results of this sampling only will provide a “snapshot in time” of the ecological environment. The 

Harbor is a fluctuating environment due to base activities, site activities, dredging operations, barge 

and railroad activities, and tidal influences. Therefore, the “snapshot in time” may not be an 

accurate representation of actual Little Creek Harbor aquatic conditions. 

4.7.5 Screening Levels 

There is uncertainty in the ecological endpoint comparison. The surface water screening levels are 

established to be protective of a majority of the potential receptors. However, there will be some 

species not protected by the values because of their increased sensitivity to the chemicals. For 

example, the Ambient Water Quality Criteria developed by USEPA in theory only protects 

95 percent of the exposed species. Therefore, there may be some sensitive species present that may 

not be protected by the use of these criteria. In addition, most of the values are established using 

laboratory tests, where the concentrations of certain water quality parameters (pH, total organic 

carbon) that may influence toxicity are most likely at different concentrations in the site water. 

Potential adverse impacts to aquatic receptors from contaminants in the sediment were evaluated 

by comparing the ECOC concentration in the sediment to sediment screening levels. These SSLs 

have more uncertainty associated with them than do the SWSLs, since the procedures for developing 

them are not as established as those used in developing SWSLs. In addition, sediment type (pH, acid 

volatile sulfide, total organic carbon) has a significant impact on the bioavailability and toxicity of 

contaminants. The SSLs were developed using data obtained from freshwater, estuarine, and marine 

environments. Therefore, their applicability for use to evaluate potential effects to aquatic 

organisms from contaminants in estuarine habitats introduces uncertainty because of differences in 

both the toxicity of individual contaminants to freshwater and saltwater organisms, and the 

bioavailability of contaminants in the two aquatic systems. 
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The toxicity of chemical mixtures is not well understood. All the toxicity information used in the 

ERA for evaluating risk to the ecological receptors is for individual chemicals. Chemical mixtures 

can affect the organisms very differently than the individual chemicals due to synergistic or 

antagonistic effects. In addition, the species that were used to develop the toxicity data may not be 

present at the site, or have the potential to exist at the site. Depending on the difference in sensitivity 

of the tested species to the species at the site, use of the toxicity values may overestimate or 

underestimate risk. 

In addition, there is uncertainty associated with the detection limits used for the parameters tested 

in the RI. Some of the screening levels used for analytical constituents in this ER4 were lower than 

the associated detection limit. Therefore, there is uncertainty in the ECOC selection process. 

Nondetected chemicals may actually be impacting the aquatic environment. 

4.7.6 Quotient Index Calculation 

There is uncertainty in the calculation of the cumulative QI ratios. There is uncertainty in the use 

of the arithmetic average of the detected concentrations. The use of the detected average biases the 

QI calculation on the conservative side because the nondetected samples are not accounted for in 

the calculation. 
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5.0 LITTLE CREEK HARBOR ENVIRONMENTAL PERSPECTIVES 

The ERA conducted in Section 4 indicated that contaminants possibly attributed to IR Sites 7 and 

12 are presenting a risk to the aquatic receptors in Little Creek Harbor. However, as presented in 

the following subsections, there may be a variety of ECOC sources in Little Creek Harbor. In 

addition, the frequent disturbance of the Harbor’s waters and sediments by 1) NAB’s logistic and 

support operations and amphibious training requirements, 2) the periodic dredging operations, and 

3) the natural ebb and flow of the tidal waters will tend to resuspend and redistribute ECOCs 

throughout the Harbor and overshadow any apparent fate and transport relationship to the various 

sources in the Harbor. The following subsections provide a perspective on the overall condition of 

Little Creek Harbor with respect to other sources of ECOCs. 

5.1 Site 7 

At Site 7, manganese in the surface water may be adversely impacting the aquatic environment. 

Non-IR related studies conducted by ODU (Ewing ti A., 1992) and NAB ( 1994,199Sa) in Little 

Creek Harbor analyzed for various metals in the surface water. However, as depicted on Table 24, 

manganese was not analyzed in the ODU study or the two NAB studies. 

Beryllium, cadmium, copper, silver, and zinc detected in the sediment at Site 7 may potentially 

impact the aquatic environment. As displayed on Table 25, the sediment analyzed in the ODU study 

(Ewing d & 1992) demonstrated higher concentrations of arsenic, beryllium, cadmium, copper, 

silver, and zinc than the sediment collected in the RI study. In the two NAB studies (1994,1995a), 

only cadmium was analyzed for in the sediment. Cadmium concentrations detected in the NAB 

studies were below concentrations detected in the RI Study. Dredging data demonstrates that 

beryllium, copper, silver, and zinc were detected at higher concentrations during the 1989/90 

dredging event (Department of Army, 1995) than concentrations detected during the RI. It is noted 

that the highest concentration of silver from the 1989/90 dredging event was detected in Little Creek 

Cove. Dredging data collected from the Harbor in 1991 (J.R. Reed and Associates, 1991) 

demonstrate higher sediment concentrations of copper and zinc than concentrations detected in the 

RI study. 
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Comparison of Site 7 data collected during the RI to non-IR Little Creek data indicates that the 

surface water manganese concentrations at Site 7 may be causing an impact. It is noted that 

manganese was detected highly dissolved in the groundwater at Site 7. However, the source of the 

SWSL of lOug/L is believed to be based on a study of decreased growth in the pacific oyster 

Crassostrea gigas. This study did not meet the criteria for reliability in the AQUIRE database. 

Other studies in AQUIRE listed adverse effects at 20,000 ug/L to mollusk species. It also is noted 

that there was no clear spatial relationship established for the groundwater chemical data for Site 

7. Therefore, isoconcentration maps were not constructed to determine the groundwater pathway 

to surface water. Also, there are no non-TR data to determine the relative contribution from the site. 

For the sediments, the RI levels are below those found in the Ewing @ d. (1992) and the dredging 

(J.R. Reed and Associates, 1991 and Department of Army, 1995) data indicating other potential 

sources of these ECOCs than Site 7. 

5.2 Bite 12 

At Site 12, arsenic, beryllium, chromium, copper, lead, manganese, mercury, nickel, and zinc 

concentrations detected in the surface water may be adversely impacting the ecological ecosystem 

of Little Creek Harbor. As depicted on Table 26, a non-IR related study conducted by ODU in Little 

Creek (Ewing d A., 1992) found surface water concentrations of arsenic, beryllium, chromium, 

copper, lead, mercury, nickel, and zinc lower than concentrations detected in the RI study. 

Manganese was not analyzed for in the ODU study. All of the Ewing study concentrations were 

below SWSLs indicating minimal impacts in the main channel and coves of the Harbor. This study 

also indicates that the high level of zinc detected in the groundwater from the IR Sites is not 

impacting the Harbor. This is supported by the analysis of the benthic macroinvertebrate data (see 

Section 5.3, Little Creek Harbor Benthic Macroinvertebrate Data). 

As displayed on Table 27, sediment collected from Site 12 contained levels of cadmium, cobalt, 

copper, lead, mercury, and zinc that may affect the benthic community. A non-TR related study 

conducted in the Harbor (Ewing ti al., 1992) found sediment concentrations of cadmium, copper, 

and mercury higher than the sediment concentrations detected in the RI study. In addition, two 

dredging events (1989190 and 199 I) detected higher concentrations of acetone (1989/90 event only), 

cadmium, copper, lead (199 1 event only), mercury, and zinc than concentrations detected in the RI 
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study. However, two other non-IR related studies (NAB, 1994 and 1995a) detected sediment 

concentrations at lower levels than the RI study for cadmium and mercury. 

Comparison of Site 12 data collected during the RI to non-IR Little Creek data indicates that the 

surface water concentrations of arsenic, chromium, copper, lead, manganese, mercury, and zinc may 

be causing an impact to aquatic receptors in the drainage canal. However, the Ewing d A. (1992) 

data indicates that these impacts are localized and do not extend into the Harbor. For the sediments, 

the RI levels are below those found in the Ewing ti A. (1992) data and dredging data (J.R. Reed and 

Associates, 1991 and Department of Army, 1995) but above those found in the NAB (1994,199Sa) 

data, indicating other potential sources of these ECOCs and variability in the concentrations of these 

ECOCs in the sediments for cadmium and mercury, Due to the significant travel distance from Site 

12 to the Harbor and the existence of wetlands in the lower reaches of the drainage canal, the 

impacts of the metals may be mitigated by the wetlands. 

It has been determined that groundwater from Site 12 discharges to the drainage canal. However, 

based on the existing IR studies, groundwater from Site 12 is not believed to be the source of the 

metals that are found in the drainage canal. These investigations have focused on VOCs that may 

be transported from Site 12 to the drainage canal. There were no VOCs that exceeded SWSLs. It 

is noted that the drainage canal adjacent to Site 12 collects surface water runoff from both on-site 

and off-site sources including Lake Bradford, Chubb Lake, a heavily used commercial area, and 

extensive surface transportation routes. Both Lake Bradford and Chubb Lake receive surface 

drainage flows via unlined canals and may receive significant amounts of salt water from the 

Chesapeake Bay during storm events. These potential sources of ECOCs would contribute to the 

levels found in the RI study at Site 12. 

5.3 . Jittle Creek Harbor Bentlug Macroinvertebrate Dab 

The comparison of the RI data for Sites 7 and 12 to non-IR Little Creek Harbor data and regional 

reference data indicates that Sites 7 and 12 may be adversely impacting the Harbor. However, a 

benthic macroinvertebrate study conducted by ODU in Little Creek Harbor (Ewing d A., 1988) 

indicates that the benthic species in Little Creek Harbor appear to be representative species for the 

salinity habitat of the Harbor compared to reference stations and restoration goal management 

objectives. 
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Benthic macroinvertebrate samples were collected from one station located within Little Creek 

Harbor in the spring of 1987. See Figure 3 for the benthic sample location. The densities of the 

dominant taxa collected from Little Creek Harbor are presented on Table 28. The dominant species 

collected was the polychaete Polydoru Zigni. In addition, the following polychaetes also composed 

a majority of the benthic sample: Streblespio benedicti (opportunistic species), Cirratulidae spp., 

Capitella capita@ and Mediomastus ambiseta (opportunistic species) (Ewing a d., 1988). 

Benthic sampling conducted in Lynnhaven Bay and its tidal tributaries found that the opportunistic 

species Streblospio benedicti was the most commonly collected species (Tourtellotte and Dauer, 

1993). The benthic community in Lynnhaven Bay also was dominated by the following species: 

Mediomastus ambiseta (opportunistic species), Hetermoastus filiformus (opportunistic species), 

Polydora ligni, Nereis succinea, Glycinde solitaria (equilibrium species), Eteone heteropoda, 

Cupitella spp., and Puruprionospiopinnutu (opportunistic species) (Tourtellotte and Dauer, 1983). 

The benthic species Streblospio benedicti is commonly the most abundant species collected in silt- 

clay substrates along the east coast and is possibly the most dominant species through the year. The 

abundance of Streblospio benedicti in silt-clay sediments is due to the life history and the species 

ability to function both as a surface deposit feeder and a suspension-feeder. The life history 

characteristics and versatility in the feeding modes give Streblospio benedicti resistance to and 

resilience from disturbances and sediment instability associated with muddy sediments (Tourtellotte 

and Dauer, 1983). 

Restoration goals for Chesapeake Bay benthic infaunal communities have been developed by the 

USEPA - Chesapeake Bay Program Office and Maryland Governor’s Council on Chesapeake Bay 

Research Fund (Ranasinghe a A., 1993). The benthic macroinvertebrate species collected in the 

tidal water of Little Creek Harbor were evaluated against these restoration goals. The Restoration 

Goal Index (RGI) was developed by standardizing benthic macroinvertebrate data from several 

different monitoring programs to allow integration into a single, coherent database. From this 

database, the RGI was developed to describe characteristics of benthic assemblages expected at sites 

having little evidence of environmental stress or disturbance. These goals could then be used to 

determine whether conditions at a site met, were above, or were below expectations defined for 

reference sites in similar habitats. 
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The RGI is calculated as the average score of a set of metrics. Each metric is scored as a five, three, 

or one, depending on whether its value at a site approximated, deviated slightly, or deviated greatly 

from its value at the best reference sites in the Chesapeake Bay. Values calculated at or below the 

first number (see the table below) for a RGI parameter represent a RGI value of one, values 

calculated between the two numbers are given a value of three, and values calculated above the 

second number represent a RGI of five (Ranasinghe & d., 1993). A RGI value of three represents 

the minimum restoration goal. A value of less than three indicates an unacceptable benthic 

community status. RGI values of three or greater indicate habitats that meet or exceed the 

restoration goals. It should be noted that the sample collection methods may impact the RGI value. 

Thus, only the Ponar data was used for the calculation of the RGI for the Ewing (1988) data. The 

following RGI metrics were applicable to Little Creek Harbor benthic data: 

RGI Parameters High Mesohaline Mud Values 

Shannon-Wiener Diversity Index 

Abundance (g/m”) 

Biomass (g/m’) 

2-3 

500 - 1000 

0.5 - 8.0 

Opportunistic Biomass o- 15 I 

RGI values for mesohaline habitats have not been established for all of the RGI input parameters. 

The parameters for the RGI calculation include the following: Shannon-Wiener Diversity Index, 

abundance, biomass, percent opportunistic biomass, percent carnivore/omnivore abundance, percent 

of taxa less than five centimeters from the sediment surface, percent biomass greater than five 

centimeters from the sediment surface, and percent carnivore/omnivore species abundance, 

The following three validation tests of the RGI study were conducted by Ranasinghe a A. (1993) 

in conjunction with the establishment of the RGI: 1) calculation of the RGI for all samples taken 

at each reference site to determine the degree of correct classification of the reference sites, 

2) calculation of the RGI values for known degraded habitats, and 3) for sites that were sampled 

more than once during the summer, an RGI was calculated for each site. 

The types of species represented also were considered in evaluating the benthic macroinvertebrate 

community. The life history of the species inhabiting a site is an indication of the ecological health 
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of the benthic environment. Unsuitable, ecologically stressed benthic habitats tend to be dominated 

by opportunistic species; whereas, suitable benthic habitats tend to be dominated by equilibrium 

species. As mentioned above, opportunistic or unknown life history species dominated the benthic 

community collected in Little Creek Harbor. However, Lynnhaven Bay species also contained a 

majority of opportunistic or unknown life history species. 

The RGI calculated for Little Creek indicated that the benthic macroinvertebrate community is 

meeting benthic restoration goal requirements. The Shannon-Wiener Diversity and percent 

opportunistic species abundance for the Little Creek station were greater than the lower 

recommended RGI values. The species abundance and biomass values from the Little Creek sample 

were greater than the higher RGI value. The average RGI value calculated for Little Creek was four, 

indicating that the benthic community is within the set restoration goals. 

5.4 Little Creek Harbor Fish & Shellfish DaQ 

The NAB (1994,1995) studies found total mercury in blue crabs (97.4-225 ug/kg) and fish 

(132-148 ug/kg) collected from the Harbor (see Table 30). Mercury was an identified ECOC at 

Site 12 that may be impacting aquatic receptors via the sediment exposure pathway. It is noted that 

mercury was not detected in the surface water and sediment samples at Site 7 and was detected in 

only one surface water and sediment sample at Site 12. Mercury bioaccumulates in biota. However, 

due to the high levels of mercury detected in the Harbor sediments during the Ewing ti A!. (1992) 

study, the relative contribution of total mercury to the Harbor from Site 12 cannot be determined. 

5.5 Perspectives CQgclusioq 

There are many impacts to the ecological condition of Little Creek Harbor. Besides Sites ‘7 and 12, 

other IR sites also directly or indirectly drain into Little Creek Harbor. In addition, base activities 

such as drills conducted on the mudflats, fueling, salvage and ship maintenance also impact the 

Harbor. Barges loading and unloading, railroad ferry activities, U.S. Coast Guard activities and 

other industrial uses of the Harbor also are influencing the aquatic environment. 

The ERA indicated that there are ECOCs at Sites 7 and 12 at levels that may impact the ecological 

receptors of the Harbor. However, based on the surface water and benthic macroinvertebrate data 
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from the Ewing ti d. (1988,1992) studies, the ecological receptors of the Harbor are not being 

adversely impacted. The sediment data from Ewing & d. (1992) do indicate that levels are elevated 

and may be impacting the ecological receptors, but the source of these elevated levels cannot be 

determined. 
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6.0 CONCLUSIONS 

It was the purpose of this SEA to address the concerns of the USEPA BTAG regarding the impact 

of NAB Little Creek on the ecological resources of Little Creek Harbor. The following are the 

conclusions of the three components of the study - compilation of existing data, ERA, and Little 

Creek Environmental Perspective: 

l Limited existing environmental data were available to address sources of ECOCs 

from non-IR and non-Navy sources. 

0 IR surface water and sediment data were limited to Sites 7 and 12 and were 

primarily volatile organic and inorganic data. 

0 The Phase One aquatic ERA conducted on surface water and sediment data 

collected from Sites 7 and 12 during the RI indicate that several inorganic 

compounds potentially adversely impact the overall ecological condition of the 

Harbor. 

m Based on the comparison of IR ECOC concentrations and concentrations of ECOCs 

from several water quality studies conducted in Little Creek Harbor, there may be 

a variety of sources for the ECOCs detected in the Harbor. 

0 The overall water quality in Little Creek Harbor based on the study by Ewing a jhk, 

(1992) is meeting current screening levels metals analyzed with the exception of 

mercury. However, mercury only was detected in one station in the Ewing study. 

This station was located in the western portion of Little Creek Harbor and not in 

Little Creek Cove, which is adjacent to Site 7 and immediately downstream of Site 

12. Mercury was not detected in the surface water and sediments at Site 7 and was 

detected in only one surface water and sediment sample at Site 12. For the 

sediment, many of the metals exceeding sediment benchmarks for Sites 7 and 12 

also exceeded these benchmarks in the Ewing study. However, it is noted that the 

relative range of Sites 7 and 12 metal concentrations (with the exception of lead and 

zinc) were less than the range of metal concentrations found in the Ewing study. 
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l The Harbor’s waters and sediments are frequently disturbed by 1) the natural 

influence of the tidal flux, 2) NAB’s logistic and support operations, and 

amphibious training requirements, including boat traffic, and 3) the periodic 

dredging operations. These disturbances will impact the ecological resources of 

Little Creek Harbor and will tend to resuspend and redistribute ECOCs throughout 

the Harbor and overshadow any apparent fate and transport relationship to the 

various sources in the Harbor. 

l The Restoration Goal Index calculated for Little Creek Harbor indicated that the 

benthic macroinvertebrate community is meeting benthic restoration goal 

requirements. 

Although there may be some localized impacts from ECOCs related to Sites 7 and 12, there does not 

appear to be a significant impact on the ecological resources of Little Creek Harbor from the IR 

sites. Information collected in this SEA indicates limited toxicological impact and the absence of 

severe environmental media contamination. However, there is evidence of elevated heavy metal 

concentrations in the Harbor. These elevated concentrations are consistent with a chronic exposure 

scenario with the contamination originating from a variety of sources within and outside of the 

Harbor. 
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APPENDIX A.2 
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APPENDIX B.2 
STORMWATER OUTFALL DESCRIPTION TABLES 
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REGULATED STORMWATER OUTFALIS 

001 N36’54’45” W76”10’30” This outfall is presently regulated under a 
VPDES Permit. 
SIC Code 4212 - Solid Waste Transfer 
Station 

New Solid Wask Transfer Station 
> g&Day Hazardous Waste 
Transfer Storage Area. 

> B&Day Hazardous Waste Storage Area 

002 N36*55’30” W76” 10’30* This outfall is presently regulated under a LCAC Parking Area No. 1. 
VPDES Permit. 

003 N36*54’30” W76”lO’lY 

004 N36”55’15’ w76”lO’lS” 

This outfall is presently regulated under a 
VPDES Permit. 
SIC Code 5171 - Bulk Petmleum Storage 

This outfall is presently regulated under a 
VPDES Permit. 
SIC Code 5171 - Bulk Petroleum Storage 

Bulk oil tanks NAB 759 and NAB 
760. 
Demin Pond 

Fuel Tank Farm including tanks 
3862-3866. 

005 N36”55’30” W76e10’15” This outfall is presently regulated under a 
VPDES Permit; however, the discharge 
has been muted to the sanitary sewer 
system since July 1990. 

Refueling area adjacent to the Fuel 
Tank Farm and the LCAC 
complex. 

006 N36”5S’OO” W76”ll’OO” This outfall is presently regulated under a Auxiliary floating Drydock Light 
VPDES Permit. Six (AFDL-6) at Pier 10. 
SIC Code 373 - Shipbuilding and Repair 

007 N36”55’15* W76’1O’lY This outfall is presently regulated under a 
VPDES Permit. 
SIC Code 3471- Sandblasting 

Sandblasting area adjacent to 
Desert Cove. 

008 N36”55’00” W76”09’00” This outfall is presently regulated under a 
VPDES Permit, because of dry weather 

steam condensate flow. There arc no 
stormwater discharges associated with 
industrial activity. 

Bldg’s 3603, 3604, 36005, and 
3015. 

009 N36’55’30” W76°10’30” LANTDIV has requested that this outfall LCAC Parking Area No. 2. 
be included under the current VPDES 
permit. 

010 N36”SS’lS” W76’10’30” LANTDIV has quested that this outfall 
be included under the current VPDES 
permit. 

LCAC Parking Area No. 3. 
. 



REGULATEJJ STORMWATER OUTFALL DRAINAGE AREAS 

001 I 20.64 I 5.73 I Little Creek Cove 

002 I 20.13 I 18.78 I Little Creek Channel 

003 10.27 1.72 
I 

Unnamed Tributary of 
Little Creek Cove 

1.68 0.19 

005 0 0 

006 0.09 0.09 

007 3.52 0.93 

Desert Cove 

Not Applicable 

Little Creek Channel 

Desert Cove 

008 0.77 0.77 

009 10.99 10.04 

010 9.52 8.01 

011 42.14 28.78 

012 24.01 8.32 

013 8.85 6.99 

Gulf Course Lake 1 

Little Creek Channel 

Little Creek Channel 

Little Creek Cove 

Little Creek Channel 

Little Creek Channel 

014 I 8.46 I 7.4 I Little Creek Channel 

015 I 4.22 I 3.78 Little Creek Channel 

016 4,25 2.37 Unnamed Tributary of 
Little Creek Channel 

4.18 Northwest Branch of 
Little Creek 

018 1.6 0.71 Northwest Branch of 
Little Creek 

019 I 0.15 I 0.15 I Little Creek Channel 

020 I 0.53 I 0.22 I Little Creek Channel 

Little Creek Channel 

Little Creek Channel 

Little Creek Channel 

Little Creek Channel 
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ACETONE 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Acetone 
CAS Number: 67-64-l 
Synonyms: Dimethylketone; 2-propanone 

Acetone is a colorless, volatile liquid that has a sweetish odor (‘I . It is considered the least toxic 
solvent in the industry. Acetone can be naturally occurring or manufactured artificially(2’. Acetone is 
used as a solvent in the production of lubricating oils, and as a chemical intermediate in the 
manufacturing of chloroform, pharmaceuticals, and pesticides. Acetone also is used to produce paints, 
varnishes, and lacquersC3). 

Acetone may be released into the environment as stack emissions, fugitive emissions, and in 
wastewater in its production and use as a chemical intermediate and solvent. In addition to industrial 
releases, acetone is the product of the photodioxidation of some alkanes and alkenes found in urban 
air, and in releases from volcanos and forest fires?. 

If released into water, acetone will most likely biodegrade. Acetone will also volatize. As a result of 
acetone’s volatile characteristics, bioconcentration in aquatic organisms and adsorption to sediment 
should not be signifmar# ). 

Released on soil, acetone will volatize with some leaching into soil. Acetone rapidly biodegrades in 
SOiP. 

Because of acetone’s ability to volatize, released into the atmosphere is the ultimate fate of acetone. In 
the atmosphere, acetone will undergo photolysis and react with photochemically produced hydroxyl 
radicals. The half-life of acetone ranges between 13 and 22 days with the longer half-life occurring in 
the winter months. This relatively long half-life allows for atmospheric dispersion of acetone. The 
primary removal process is wash out by rairF 
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FATE IN THE ENVIRONMENT 

Parameter Values Reference 

I 
Log Kow -0.24 4 

Solubility Infmite 3 

Koc 2.2 2 

Vapor Pressure 231mm @25deg. C 2 

Bioconcentration Factor 0.69 (fish) 5 
. 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

No levels have been established for acetone in earthworms, plants, invertebrates or microbial 
populations. 

Vertebrates 

Test Species Effect Dose 
(m&g/day) 

Rat 100 

NOEL - No Observed Effect Level 

Endpoint Effect 

NOEL systemic 

Reference. 

6 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

11 State or Feaeral Standard/Criteria Acute I Chronic 

Virginia WQS(‘) 

USEPA Region III@) 
Marine Fauna 
Freshwater Fauna 

NE NE 

NE NE 
9,000,000 NE 

IIUSEPA AWOC(~) 
I I 

NE I NF 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Standards 
NE - Not Established 

Aquatic Life - Sediment 

. 
Sediment Screening Values ER-L ER-M 

ww ~wFg) 

I USEPA Region IIIc5) NE NE 

Long et aLc9’ NE NE I 

NE - Not Established 

Page 3 



Acetone.tox 
11/15/95 
j .golden 

REFERENCES 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(f9 

(9) 

Hawley, G.G. 1987. The Condensed Chemical Dictionarv-Eleventh Edition. Van Nostrand 
Reinhold Company, Inc., New York, New York. 

Howard, Philip H. 1991. Handbook of Environmental Fate and Exposure Data for Organic 
Chemicals. Volume II - Solvents. Lewis Publishers. 

The Installation Restoration Program Toxicology Guide. 1989 Biomedical and Environmental 
Information Analysis. Health and Safety Research Division, Oak Ridge National Laboratory. 
Oak Ridge, Tennessee. July 1989. 

United States Environmental Protection Agency. 1986. Super-fund Public Health Evaluation 
Manual. EPA/540/i-86/060. Offrce of Emergency and Remedial Response. Washington, DC. 
October, 1986. 

United States Environmental Protection Agency. 1995. Region III BTAG Screening Levels. 
Office of Superfund. Philadelphia, Pennsylvania. January 1995. 

United States Environmental Protection Agency. 1986. Ninety-day Gavage Study with Albino 
Rats using Acetone. Office of Solid Waste. Cited in HEAST. March 1994. 

Commonwealth of Virginia. 1992. Water Quality Standards. State Water Control Board. May 
1992. 

United States Environmental Protection Agency. 1991 and 1992. Surface Water Quality 
Criteria. Federal Register. Volume 57, No. 246. May 1991 and December 1992.. 

Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder. 1995. “Incidence of Adverse 
Biological Effects within Ranges of Chemical Concentrations in Marine and Estuarine 
Sediments.” Environmental Management, 19:81-97. 

Page 4 



C-DISULF.TOX 
7120195 
A. Bernhardt 

CARBON DISULFIDE 

Ecological Toxicological Pro& 

INTRODUCTION 

Chemical Name: Carbon Disulfide 
CAS Number: 75 IS-0 
Synonyms: Dithiocarbonic anhydride 

Carbon disulfide is a natural product of anaerobic biodegradation and is released to the atmosphere from oceans and 
land masses(‘). It may also be released as emissions and in wastewater during its production and use. Carbon disulfide is 
used in the production of viscous rayon, cellophane, carbon tetrachloride, and as a solvent and fumigant(“. 

If released to soil, carbon disultide will be primarily lost by volatilization(‘). Carbon disulfide also will rapidly volatilize 
from water with an estimated 2.6 h.r half-life based on a river model”‘. Adsorption to the sediment will not be 
significant(‘). Carbon disulfide is not expected to significantly bioconcentrate in aquatic organisms”). 

FATE IN THE ENVIJXONMENT 

Parameter 

Log L 

Water Solubility 

Log %, 

Vapor Pressure 

Bioconcentration Factor 

NA - Not Available 

Value 

2.2 

2,100 mg/L @ 20°C 

2.16 

297 mm Hg @ 20°C 

NA 

Reference 

1 

1 

1 

2 

1 

NA 
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C-DISULF.TOX 
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TERRESTRIAL FATE 

Soil Flora and Fauna 

Species Concentration 

bww 
Endpoint Reference 

Plant NA NA NA 

Flora NA NA NA 

Earthworm NA NA NA 

Microorganisms NA NA NA 

Vertebrates 

Test Species Effect Dose 
bMk~W) 

Endpoint Effect Reference 

rabbit 11 

NA - Not Applicable 
NOAEL - No Observed Adverse Effect Level 

subchronic NOAEL Reproductive 3 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal Standard/Criteria 

Virginia WQS (As III)@’ 
Marine 
Freshwater 

USEPA Region III (*I 
Marine Flora 
Marine Fauna 
Freshwater Fauna 
Freshwater Flora 

USEPA AWQC(” 
Marine 
Freshwater 

ORNL Benchmarks’4) 
Freshwater 

Acute 

0%/L) 

NE 
NE 

NE 
NE 
NE 
NE 

Chronic Chronic 

mm mm 

NE NE 
NE NE 

NE NE 
NE NE 
NE NE 
NE NE 

NE NE 
NE NE 

8.89 8.89 

NE 
NE 

159 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE I Not Established 
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Aauatic Life - Sediment 

Sediment Screening Values 

USEPA Region III(2) 

ER-L ER-M 

NE NE 

Long et al. ,(8) NE NE 

c 

NE - Not Established 
AET - Apparent Effects Threshold 
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Methyl Ethyl Ketone 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Methyl Ethyl Ketone 
CAS Number: 78-93-3 
Synonyms: 2-Butanone; ethyl methyl ketone; MEK; methyl acetone 

Methyl ethyl ketone (MEK) is used primarily as an industrial solvent. It is mainly used to 
manufacture gums, resins, nitrocellulose, cements and adhesives. Its production and use has lead to its 
presence in the atmosphere. In general, the ketones are naturally occurring components of food”‘. 

MEK is expected to be fairly mobile in the soil/groundwater system when present at low 
concentrations or as a separate organic phase (e.g., a significant spill). Portions of MEK associated 
with the water and air phases of soil have higher mobility than the adsorbed portion. Volatilization 
from near surface soils may occur. However, vapor concentrations in soil are expected to be very low 
whenever water is present. Biodegradation of MEK has been demonstrated. Persistence in 
environments with active microbial populations is not expected”‘. 

The primary pathway of concern is the migration of MEK from soil to groundwater. Volatilization is 
another primary exposure pathway. Bioaccumulation is not considered to be an important exposure 
pathway. Any pathways related to the uptake by aquatic organisms or domestic animals from surface 
waters are likely to be less significant other than other sources of exposure due to the low 
bioaccumulation factor for ME@. 
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FATE IN THE ENVIRONMENT 

Parameter Values 

Log L 0.29 

Solubility 2.68~10~ mgk in water 

Log KY, 0.65 

Vapor Pressure 77,5 mm Hg 

Bioconcentratinn Factnr NA 

Reference 

2 

3 

3 

3 

NA- Not Available 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

No levels have been established for MEK in earthworms, plants, invertebrates or microbial 
populations. 

Vertebrates 

Test Species Effect Dose Endpoint 
Iw/Wday) 

Rat 1,771 chronic NOAEL 

NOAEL - No Observed Adverse Effect Level 

Effect Reference. 

reproductive 4 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

IStaate or Federal Standard/Criteria Acute Chronic 

II Virginia WQS”’ 

I USEPA Region III(‘) 
Marine Fauna NE NE 
Freshwater Fauna 3,220,OOO NE 

II USEPA AWOC”’ 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Standards 
NE - Not Established 

Aauatic Life - Sediment 

Sediment Screening Values ER-L 
hi&z) 

ER-M 
(u&d 

USEPA Region III@) NE NE 

Long et al.(*) NE NE 

NE - Not Established 
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MSuminski 

ALUMINUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Aluminum 
CAS Number: 7429305 

Pure aluminum is a light ductile metal which has a density of approximately one third that of 
iron. Aluminum is a good conductor of both heat and electricity, and it is easy to weld. When 
aluminum is exposed to air, a thin film of oxide forms on the surface, creating a protective 
coating which is resistant to corrosion. Aluminum is used in alloys together with copper, zinc, 
manganese, and magnesium.(‘) 

Aluminum is one of the most abundant metals in the earth’s crust, and it is ubiquitous in air and 
water, as well as soil. The toxicity of aluminum may be divided into three major categories (1) 
the effect of aluminum compounds on the gastrointestinal tract; (2) the effect of inhalation of 
aluminum compounds; and (3) systemic toxicity of aluminum.(‘) 

Aluminum is an extremely versatile metal with a wide variety of uses, e.g. packaging materials, 
several types of containers, kitchen utensils, auto-bodies and components, airplanes and building 
panels. Certain aluminum compounds are used in paint pigment, insulating materials, abrasives, 
cosmetics and even food additives. Aluminum sulfate is used in the treatment of drinking water 
and sewage.(l) 

Page 1 



AL. tox 
4/l 1195 
M.Suminski 

FATE IN THE ENVIRONMENT 

Parameter Value Reference 

t 

m KM NA 

Solubility NA 

Log Km NA 

Vapor Pressure NA 

Bioconcentration Factor 231(fish) 8 

Density 2.7 1 

NA- Information not available 

TERRFBTRIAL FATE 

Soil Flora and Fauna 

Species Concentration Endpoint Reference 

I Benchmark 
I 

Microorganisms 600 Benchmark 394 
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Vertebrates 

Test Species Effect Dose 
bWWday) 

Endpoint Effect Reference 

600 subchronic 
NOAEL 

diet 5 

Mouse 19.3 chronic 
LOAJZL 

reproductive 6 

Cattle 5 MTL 

Poultry 10 MTL 

Rabbit 11.61 MTL 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 

mortality 

diet 

diet 
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REGULATORY LEVELS AND CRITERIA 

Aauatic Life - Surface Water 

I State or Federal Standard/Criteria 

Virginia WQS (As III)(‘) 

USEPA Region III (*) 
Freshwater Flora 
Freshwater Fauna 

USEPA AWQC(‘) 
Freshwater 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Aquatic Life - Sediment 

Acute 
(u?m 

Chronic 
wu 

NE NE 

460 NE 
200 NE 

87 II 

Sediment Screening 
Values 

ER-L ER-M 
bglk) fmglkg) 

I USEPA Region III(‘) I NE I NE 

Long et al. (loI NE NE 

NE - Not Established 
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ARSENIC 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Arsenic 
CAS Number: 7440-38-2 
Synonyms: Arsenic inorganic, gray-arsenic 

Arsenic is a naturally occurring element in the earth’s crust. Pure arsenic is a gray-colored metal, but this 
form is not common in the environment. Arsenic is usually found combined with one or more other 
elements such as oxygen, chlorine, and sulfur. Arsenic combined with these elements is referred to as 
inorganic arsenic. Arsenic combined with carbon and hydrogen is referred to as organic arsenic’l. 

Arsenic enters the environment both as the result of natural forces (volcanos and weathering of arsenic- 
containing rocks) and human activity (metal smelting, glass manufacturing, pesticide production and 
application, and fossil-fuel burning)ll. 

Arsenic in the environment may undergo a complex cycle of chemical interconversions and transfers 
between media. Atmospheric emission, which are usually adsorbed to particulate matter, may undergo 
oxidation before being returned to the surface by wet or dry deposition. Arsenic in water may undergo 
either reduction or oxidation, depending on pH, the electrochemical oxidation-reduction potential (Eh), 
and other ions present. Soluble forms of arsenic tend to be quite mobile in water, while less soluble 
species adsorb to clay or soil particle8. 
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FATE IN TEIE ENVIRONMENT 

Parameter 

Log&v 

Solubiliq 

AUK, 

Vapor Pressure 

Bioconcentration Factor 

Value Reference 

NA NA 

1.000 E-06 mg/L @25 C 1 

4.97 1 

NA NA 

3 (invertebrates) 2 
4 (fish) 

NA - Not Available 

TERRJBTRIAL FATE 

Soil Flora and Fauna 

Species Concentration 
bceg) 

Endpoint Reference 

Plant 10 Benchmark 3 

Flora 5 Screening Level 2 

Earthworm 60 Benchmark 4 

Microorganisms 100 Benchmark 4 
. . 
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Vertebrates, 

Test Species Effect Dose 
IwW~W 

Endpoint Effect Reference 

Poultry 
(Mallard Duck) 

5.1 chronic 
NOAEL 

mortality 

Mouse 0.13 chronic 
LOAEL 

reproductive 6 

Cattle 0.25 NA 

Rabbit 2.9 NA 

5 

NA - Not Applicable 
MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effect Level 
LOAEL - Lowest Observed Adverse Effect Level 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal Standard/Criteria Acute 
km 

Virginia WQS (As III)(‘) 
Marine 
Freshwater 360 . 

36 
190 

USEPA Region III (‘) 
Marine Flora (As III) 
Marine Flora (As IV) 
Marine Fauna (As III) 
Freshwater Fauna (As) 
Freshwater Flora (As IV) 
Freshwater Fauna (As III) 

NE NE 19 
NE NE 13 
NE NE 36 
NE NE 874 
48 48 NE 
NE NE 190 

190 
36 

USEPA AWQC?‘) 
Marine 
Freshwater 

69 
360 

I 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
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Aauatic Life - Sediment 

Sediment Screening Values 

USEPA Region 1110 
total As 
As III 

ER-L ER-M ER-M 
bwdkg) bg/kg) bg/kg) 

8,200 (fauna)* NE NE 
57 (AET) NE NE 

Long et al.@) 8.2 70 

NE - Not Established 
AET - Apparent Effects Threshold 
* Screening Level 
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BARIUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Barium 
CAS Number: 7440-39-3 

Barium is the heaviest of the stable alkaline earths (Group IIa of the Periodic Table). The free 
element is a silver-grey soft metal. It oxidizes readily in moist air, and it reacts with water or 
with dilute acids under evolution of hydrogen gas(l). 

In its compounds, barium is a colorless divalent positive ion. The chloride and nitrate are 
soluble in water. The carbonate is much less soluble in water, but is soluble in dilute acids, and 
the sufate is one of the least soluble compounds in any medium(l). 

Barium is used in various alloys, in paints, soap, paper, and rubber, and in the manufacture of 
ceramics and glass. Barium fluorosilicate and carbonate have been used as insecticides. Barium 
is relatively abundant in nature and is found in plant and animal tissue. Plants accumulate 
barium from the soil@). 

The toxicity of barium compounds depends on their solubility. The free ion is readily absorbed 
from the lung or gastrointestinal tract, but barium sulfate remains essentially unabsorbed. After 
absorption, barium accumulates in the skeleton. An accumulation also takes place in the 
pigminted parts of the eye(l). 

Barium occurs chiefly as the mineral barite (BaS04). In recent years, about 80% of ground and 
crushed barite soild was used directly as a weighting agent in oil- and gas-well drilling muds, The 
remainder of barite is used in the manufacture of glass, ceramics, television picture tubes, brick 
and tile refractories, vinyl stabilizers, railroad flares, fireworks, fine chemicals, lubricating oil 
additives, permanent magnests, as well as in sugar refining, paper coating, steel hardening, and as 
pigment in paint(‘), 
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FATE IN THE ENVIRONMENT 

Parameter Value Reference 

I-ML I 
, Solubility 

,-wL NA ’ 

, Vapor Pressure 

, Bioconcentration Factor 17,00O(plants) 
900(invertebrates) 

8(fish) 

3 

NA - Not Available 

TERRESTRLU, EFFECTS 

Soil Flora and Fauna 

Test Species Screening Value 
(rnWk!z\ 

Impact Reference 
I 

Plant 7 500 ~ I- Benchmark 5 I 

Earthworm 

Invertebrate 

Microorganisms and 
Microbial Processes 

440 Screening Level 3 

440 Screening Level 3 

3,000 Benchmark 4 
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Vertebrates 

Test Species 

Rat 

Cattle 

Poultry 

Rabbit 

Effect Dose 
O&WW 

0.25 

0.1 

1 

1.16 

Endpoint Effect Reference 

A 
chronic NOAEL observed effects 677 

MTL 8 

MTL 8 

MTL 8 

NOAEL - No Observed Adverse Effect Level 
MTL - Mineral Tolerance Level 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Virginia WQSo 

USEPA Region IIIc3j 
Freshwater Fauna 
Freshwaer Flora 
Marine Fauna 
Marine Flora 

USEPA AWQC(‘O) 

Acute Chronic 
(Km lwm 

NE NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
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Aquatic Life - Sediment 

Sediment Screening Values ER-L ER-M 
h&k) b&k) 

USEPA Region 111(3) I NE I NE -1 
Long et al.(ll) NE 

WDNR-Interim Criteria(“) 500 

NE - Not Established 
WDNR - Wisconsin Department of Natural Resources 

NE 

NE 
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BERYLLIUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemid Name: Beryllium 
CAS Number: 7440-41-7 
Synonyms: Beryllium-g, glucinium; glucinum; beryllium metallic 

Beryllium occurs as a chemical component of certain rocks, soils, and volcanic dust. Beryllium is naturally 
emitted to the atmosphere by windblown dust and volcanic particle@. The major emission source to the 
environment is the combustion of coal and fuel oil, which releases particulates and fly ash that contain 
beryllium into the atmosphere. 

Sediment is the ultimate sink for beryllium in water, and its association with sediment would decrease the 
mobility in water. Beryllium does not biowncentrate to high levels in aquatic animals, although the 
biowncentration in bottom dwelling animals may be higher than nonbottom-dwelling animals. There is no 
evidence of biomagnification of beryllium within terrestrial or aquatic food chair&~. 

FATE IN TEIE ENVIRONMENT 

Parameter 

%K, 

Solubility 

Value 

NA 

Insoluble in water, soluble in 
dilute acid and alkali 

Reference 

NA 

1 

LogK, 

Vapor Pressure 

Bioconcentration Factor 

NA 

NA 

100 (invertebrates, plants) 
19 (fish) 

NA 

NA 

2 

NA - Not Available 
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TERRESTRIAL FATE 

Soil Flora and Fauna 

Species Concentration 
~~glkg) 

Endpoint Reference 

Plant 

Flora 

Earthworm 

Microorganisms 

10 

0.02 

NA 

NA 

Benchmark 

Screening Level 

NA 

NA 

3 

2 

NA 

NA 
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Vertebrates 

Test Species Effect Dose 
(mg/kg/day) 

rat 0.54 

NA - Not Applicable 
NOAEL - No Observed Adverse Effect Level 

Endpoint 

chronic NOAEL 

Effect 

Systemic 

1 

Reference 

4?5 

. 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal Standard/Criteria State or Federal Standard/Criteria Acute Acute Chronic Chronic 
hm hm wm wm 

Virginia WQS (As III)@ Virginia WQS (As III)@ 
Marine Marine 
Freshwater Freshwater 

NE NE NE NE 
NE NE NE NE 

USEPA Region III (‘1 USEPA Region III (‘1 
Marine Rora Marine Rora 
Marine Fauna Marine Fauna 
Freshwater Fauna Freshwater Fauna 
Freshwater Rora Freshwater Rora 

NE NE NE NE 
NE NE NE NE 
NE NE 5.3 5.3 

100,000 100,000 NE NE 

USEPA AWQW USEPA AWQW 

I 

Marine Marine NE NE NE NE 
Freshwater Freshwater 130 (LOEL) 130 (LOEL) 5.3 (LOEL) 5.3 (LOEL) 

I 

tr I I rl 

wys - water Quamy Stanaaros 1 
AWQC - Ambient Water Quality Criteria 
LOEL - Insufficient data to develop criteria. Value presented is the Lowest Observed Effect Level 
NE - Not Established 
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4quatic Life - Sediment 

Sediment Screening Values ER-L ER-M 
hdW b&) 

NE NE 

I NE 

Tetra Tech, 1986(9) 0.36 (AET’) NE 

YE - Not Established 
4ET - Apparent Effects Threshold 
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CADMIUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Cadmium 
CAS Number: 7440-43-g 
Synonyms: C.I. 77180; Colloidal Cadmium 

Cadmium is a soft, blue-white, malleable metal or gray-blue powder. Cadmium is used for 
electroplating, in pigment production, and in the manufacturing of plastic stabilizers and 
batteries. Sources of cadmium include smelter fumes and dusts, incineration products from 
cadmium-containing materials, fertilizer, and municipal wastewater and sludge discharges. It also 
is an industrial byproduct of the manufacturing of zinc, copper, and leadl. 

Cadmium compounds have varying degrees of solubility ranging from very soluble (cadmium 
salts) to nearly insoluble (cadmium metal). The solubility affects cadmium adsorption and 
toxicityl. Cadmium may exist in water as a hydrated ion or as metal inorganic complexes. 
Adsorption and desorption processes are the most likely processes controlling the concentrations 
of cadmium released into natural waters. Cadmium is more mobile in aquatic environments than 
most heavy metals2. 

Adsorption and desorption rates of cadmium are rapid on mud solids and particles of clay, silica, 
humic material, and other naturally occurring solids. Changes in the physical chemistry of a 
waterbody (especially pH and redox potential) influence the suspension of cadmium from the 
sediments into the water column. During anaerobic conditions, cadmium is more likely to 
release from the sediments into the water column. Cadmium is not likely to partition from the 
water into the atmosphere because cadmium does not form volatile compounds’. 

Aquatic and terrestrial organisms bioaccumulate cadmium up the food chain. Bioconcentration 
in fish is dependent upon the pH and the organic content of the waterI. Cadmium may adversely 
impact the reproduction success of fish3. 

Cadmium exists in soil as free cadmium compounds. Cadmium released to soils may leach into 
water, especially under acidic conditions. The transformation of cadmium in soil is dependent on 
sorption and desorption from water, and includes precipitation, dissolution, complexatioo, and 
ion exchange. Factors affecting transformation in soil include cation exchange capacity; pH; and 
the content of clay minerals, carbonate minerals, oxides, organic matter, and oxygen’. 

Cadmium is readily taken up by plant roots and tranlocates through the plant and accumulated. 
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Cadmium depresses the uptake of iron, manganese, and probably calcium, magnesium, and 
nitrogen. Symptoms of plant toxicity include necrosis, wilting, reduced zinc levels, and reduction 
in growth. Agronomic crops are more sensitive to cadmium toxicity than trees4. 

Cadmium can exist in the atmosphere as suspended particulate matter derived from sea spray, 
industrial emissions, combustion of fossil fuels, or the erosion of soils. Cadmium in the 
atmosphere will remain for approximately one to ten days before deposition occurs. Cadmium in 
the atmosphere usually takes the form of oxides, sulfates, sulfides, and chlorides. These 
complexes are stable and do not readily undergo photochemical reactions. Transformation of 
cadmium compounds in the air is mainly through dissolution in water or dilute acidsl. 

FATE IN THE ENVIRONMENT 

Parameter 

Log Ka.4 

Solubility 

Log KG 

Vapor Pressure 

Bioconcentration Factor 

NA - Not Available 

Value 

NA 

Insoluble 

4.97 

0 

64 (fish) 
10,000 (invertebrates) 

4,900 (fish) 

Reference 

1 

5 

5 

6 
7 
7 

I 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species Concentration 
@g/kg) 

Endpoint Reference 

earthworm 20 Benchmark 8 

microorganisms 20 Benchmark 8 

plants 3 Benchmark 4 

flora I 0.0025 Screening Level 7 

Vertebrates 

NA - Not Applicable I 
MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Virginia WQP 
freshwater 
marine 

Acute 
cwm 

e(l.128[ln(hardness*)]-3.828) 

43 

Chronic 
wu 

e(0.7852(ln(hardness*)]-3.490) 
9.3 

USEPA Region III’ 
Freshwater Fauna 
Freshwater Flora 
Marine Fauna 
Marine Fauna 

NE 0.15** 
NE 1.1** 
NE 9.3 
NE NE 

USEPA AWQCl’ 
freshwater 
marine 

e(l.128[lu(hardness*)]-3.828) e(0.7852[ln(hardness*)]-3.490) 

43 91 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (me) 
** Value based on hardness and/or pH 

Aquatic Life - Sediment 

Sediment Screening Values 

USEPA Region III7 

Long et al. I3 

NE - Not Established 
* Threshold Effects Level 

ER-L 
~wP@ 

0.676*(flora) 

1.2 

ER-M 
(m&-g) 

NE 

9.6 
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COBALT 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Cobalt 
CAS Number: 7440-48-4 
Synonyms: Aquacat; NCI-C603 11 

Cobalt is a steel-gray, shiny, hard, ductile ferromagnetic metal*. It is a relatively rare metal produced 
primarily as a byproduct of other metals’. The principal ores of cobalt are smaltite, cobaltite, 
chloanthite, and linnaeite. Cobalt is used in chemical agents, electroplating, ceramics, lamp filaments, 
catalysts, drier in printing inks, paints and varnishes, and in high temperature alloys*. Cobalt salts are 
used as paint driers, catalysts, and in the production of numerous pigment?. 

Cobalt released into water is expected to take a soluble form. The mobility of cobalt is controlled by 
its characteristic of adsorbing to the clay minerals and hydrous oxides of iron, manganese, and 
aluminum available in sediments and soils. Chelation of cobalt is possible in sediments and soil. 
Small amounts of cobalt may be solubilized by bacteriological activity. The effects of cobalt in the 
terrestrial environment is associated with nitrogen-fixation; however, excessive amounts can be toxic to 
plants. Vegetation is differentially susceptible to cobalt depending on the species. Grasses tend to be 
more susceptible to cobalt toxicity than broad leafed species4. 

Although atmospheric transport of cobalt and cobalt compounds occurs, photolysis, volatilization, and 
biotransformation are important fate processes for cobale. 
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FATE IN THE ENVIRONMENT 

Parameter Value Reference 

1 

Log L NA 

Solubility Insoluble 1 

Log L NA 

I Vapor Pressure NA 

Bioconcentration Factor 40 (fish) 5 

NA - Not Available 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

Microorganisms 

Fauna 

Plants 

Flora 

Effect Concentration Endpoint Reference 
ma) 

1,000 Benchmark 6 

0.1 Screening Level 5 

20 Benchmark 7 

1.5 ScrecninP T .evel 5 
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Vertebrates 

Test Species 

Cattle 

Poultry 

Rabbit 

Effect Dose 
bg&Wv) 

0.05 

0.5 

0.58 

Endpoint 

MTL 

MTL 

MTL 

REGULATORY LEVELS AND CRITERIA 

Auuatic Life - Surface Water 

State or Federal Acute 
Standard/Criteria hzfu 

Virginia WQS’ NE 

USEPA Region III’ NE 

USEPA AWOC” NE 

Chronic 

wm 

NE 

NE 

NE 1 
WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Aquatic Life - Sediment 

I 
Sediment Screening Values ER-L ER-M 

bdkg) Cmdk) 

USEPA Region III’ NE NE I 

NE - Not Established 

REFERENCES 
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CJXROMIUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Chromium 
CAS Number: Chromium (III) 16065-83-l; Chromium (VI) 18540-29-9 
Synonyms: Chromic Ion; Chromium Hexavalent Ion 

Chromium is a semi-gray, heavy metal that exists in either a trivalent (IlI) or hexavalent (VI) state. 
Chromium (III) occurs naturally in the environment; whereas, chromium (VI) is produced by industrial 
processes. The metal chromium, is used for making steel and other alloys. Chromium (III) is used as brick 
lining for high-temperature, industrial furnaces. Chromium compounds (III and VI) are used for chrome 
plating, manufacture of dyes pigments, leather, wood preserves, and cooling tower water treatment’. 

The majority of chromium released into water will settle into the sediment; however, a small portion of 
chromium may dissolve into the water column. Soluble chromium compounds dissolved in the water column 
can remain in the water for years before settling into the bottom sediments. Chromium does not volatilize 
from the water surface. Chromium (VI) in the water column will eventually be reduced to Chromium (III) by 
organic matter in the water c01umn’. 

Fish do not readily accumulated chromium from the water column, Chromium is not expected to biomagnify 
in the aquatic food chain. The bioavailability of chromium (III) to freshwater invertebrates decreases with the 
addition of humic acid. The decrease in bioavailability of the free form of chromium is due to its 
complexation with humic acid’. 

Chromium released into soil is mainly water-insoluble or is bound to the soil. However, a small fraction of 
chromium in soil will dissolve and may be transported deeper in the soil to groundwater. The transport of 
chromium in soil is dependent on the type and condition of the soil. Chromium is present in most soils in the 
form of chromium (III)‘. Chromium (III), as an insoluble salt, tends to strongly adhere to clay particles and 
organic matter; whereas, soluble chromium (VI) is not strongly adsorbed to soil’. The fate of chromium in 
soil is dependent on the redox potential and the pH of the soil’, 

Plants growing in chromium-containing soil will uptake the chromium into its roots, but only a small fraction 
of the chromium will tianslocate in the above-ground, edible portions of the plants. There is no evidence that 
chromium will bioaccumulate in plants. In addition, there is no evidence that chromium will biomagniti 
along the terrestrial food chain’. 

The toxicity of chromium (III) to mammals is low because of its membrane permeability is poor and it is 
noncorrosive. In addition, there is an unlikelihood that chromium (III) will biomagnify in food chains. 
Chromium (VI) is considered more toxic to wildlife because of its high oxidizing potential and it easily 
penetrates biological membranes’. 
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Chromium is present in the air primarily in particulate form which results from surface soil dispersion or 
particulate emission from industrial sourcesZ. Naturally occurring gaseous forms of chromium are rare. 
Chromium compounds released into the air will remain in the air for less than ten days. The transport and 
partitioning of particulate matter in the atmosphere is dependent of the particle size and densi@. Chromium 
(VI) can be rapidly reduced in the atmosphere to chromium (III)‘. 

FATE IN THE ENVIRONMENT 

Parameter 

Log kv 

Water Solubility 

Log kc 

Vapor Pressure 

Bioconcentration 
Factor 

Value Reference 

chromium (111) chromium IVI) 1 
No Data No Data 1 

Insoluble Insoluble 1 

No Data No Data 1 

No Data No Data 1 

16 (fish) 16 (fish) 3 
192 (invertebrates) 192 (invertebrates) 4 

3.4 (fish) 4 

l,OOO,OOO (invertebrates) I 1,000 (plants) 4 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species Effect Concentration Endpoint Reference 
I (m&g) 

tEarthworm I 0.4 I Benchmark I 5 I 

’ Fauna 0.0075 Screening Level 4 

, Microorganisms 10 Benchmark 5 

Plants 1 Benchmark 6 

Vertebrates 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

lirginia WQS’ 
chromium III 

k&Fatter 

chromium VI 
fieshivater 
marine 

JSEPA Region III4 
chromium III 

freshwater fauna 
marine fauna 

chromium VI 
freshwater fauna 
freshwater flora 
marine fauna 

JSEPA AWQC’O 
chromium III 

freshwater 
marine 

cllromiuln VI 
freshwater 
marme 

Acute Chronic 

e(0.8190[~~ardness*)]+3.688) 
e 
(0.8190[ln(hardness*)]+1.561) 

NE NE 

16 
1100 

NE NE 
10,300 210** 

NE 1 
NE 2 
NE 50 

e (O.Sl90[ln(hardness*)]+3.6SS) 
e 

(0.8190[ln(hardness*)]+l.561) 

NE NE 

16 11 
1.100 50 

11 
50 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate concentration (mg/L) 
** Value based on hardness and/or pH 
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Aquatic Life - Sediment 

Sediment Screening Values 

USEPA Region III” 
Total Chromium 
chromilxn III 
chromium VI 

Low et al.” 

* Apparent Effect Threshold 
NE - Not Established 

ER-L ER-M 
Gw&iz~ hzk) 

260 (fauna)*; 5 (flora) NE 
8 1 (fauna) NE 

<81 (fauna) NE 

81 370 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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COPPER 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Copper 
CAS Number: 7440-50-s 
Synonyms: 1721 gold; ANAC 110 

Copper is a reddish colored metal that occurs naturally in rock, soil, water, sediment and air. Copper 
also occurs naturally in plants and animals. Copper is used primarily as a metal or alloy in the 
manufacture of wire, sheet metals, pipe, and other metal products. Copper compounds are used in 
agriculture to treat plant diseases, for water treatment, and as preservatives for wood, leather, and 
fabrics’, 

The physicochemical form of copper released to the environment determines the impact of the element 
to the environment. Copper is released to water through natural weathering of soil and discharges 
from industries and sewage treatment plants. Copper released into water will most likely take the 
form of copper (II). Most copper in water is bound to organic matter; little is present in the free or 
readily exchangeable form. The concentration of dissolved copper in water is dependent on such 
factors as pH, the oxidation-reduction potential of the water, the presence of competing cations and 
anions of soluble cupric salts. and the presence of organic/inorganic complexing agents’. 

The process of complexation, adsorption, and precipitation control the amount of copper (II) released 
into water. Copper released into water tends to bind to the bottom sediments. Organics and iron 
oxides are the most important contributor to binding of copper by aerobic sediments. However, 
copper is typically associated with carbonates. In anaerobic sediment, copper (II) will be reduced to 
copper (I) and insoluble cuprous salts will form’. 

Copper released to soil will be strongly adsorbed and remain in the upper few centimeters of soil. In 
most soils, the pH, organic matter, and ionic strength of the soil solutions are the key factors affected 
adsorption. Copper will adsorb to organic matter, carbonate minerals, clay minerals, or hydrous iron 
and manganese oxides. Sandy soils with low pH have the greatest potential for leaching’. 

Copper released into the air will most likely take the form of particulate matter as an oxide, sulfate, or 
carbonate. Copper is removed from the atmosphere by gravitational settling, dry deposition, and 
washout by rain and clouds’. 
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FATE IN THE ENVIRONMENT 

II Yarameter Value Reference 

Log L NE 

Solubility 0.2 1 

Log L 4.26 1 

Vapor Pressure 0 1 

Bioconcentration Factor 36 (fish) 2 
51.2 (fish) 3 

23.53 (plant) 3 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

I 
Species Effect Concentration Endpoint Reference 

owidk) 

Earthworm 50 Benchmark 4 

((Microorganisms Benchmark 

Fauna 
I 

0.04 Screening Level 3 
I II 

pants 100 I Benchmark 5 II 
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Vertebrates 

Test Species 

Cattle 

Poultry 

Rabbit 

Mink 

Effect Dose 
O-w/kg/day) 

0.5 

15 

11.61 

12.9 

Endpoint Effect 

MTL NA 

MTL NA 

MTL NA 

chronic reproductive 

Reference 

, 
6 

6 

6 

7 

NA - Not Applicable 
MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effect Level 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal I Acute I Chronic 
Standard/Criteria 

Virginia WQS’ 
freshwater 

I marine 

lwu (WW 

,(0.9422[ln(hardness*)] -1.464) e(0.8545[In(hardness*)] -1.465) 

2.9 2.9 

1 Region III BTAG-Fauna3 
freshwater 

I marine 
!5.5* NE 
2.9 NE 

USEPA AWQC9 
freshwater 
marine 

e(0.9422[ln(hardness*)] -1.464) ,(O.X545[ln(hardness*)] - 1.465) 

2.9 2-9 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate concentration (mg/L) 
** Value based on hardness and/or pH 
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Aauatic Life - Sediment 

Sediment Screening Values ER-L ER-M 
(me/k&l (me/kP’I L 

USEPA Region m 34* NE 

10 Jet 34 270 

* Screening Level 
NE - Not Evaluated 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

Agency for Toxic Substances and Disease Registry. 1989. Toxicolotical Profile for Conner - Draft. 
Atlanta, Georgia. October 1989. 

United States Environmental Protection Agency. 1995. “Toxic Substance Spreadsheet.” Region IV, 
Water Quality Standards Section, Water Management Division. January 1995. 

United States Environmental Protection Agency. 1995. Region III BTAG Screening Levels. Office 
of Superfund. Philadelphia, Pennsylvania. January 1995. 

Will, M.E. and G.W. Suter II. 1994. Toxicological Benchmarks for Screening Potential 
Contaminants of Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process. 
Environmental Sciences Division - Oak Ridge National Laboratory. September 1994. 

Will, M.E. and G.W. Suter II. 1994. Toxicolotical Benchmarks for Screening Potential 
Contaminants of Concern for Effects on Terrestrial Plants: 1994 Revision. Environmental Sciences 
Division - Oak Ridge National Laboratory. September 1994. 

National Academy of Sciences (NAS). 1980. Mineral Tolerance of Domestic Animals. National 
Research Council, Commission on Natural Resources, Committee on Animal Nutrition. 

Aulerich, R.J., RK., Ringer, M.R., Bleavins, d.d. 1982. “Effects of Supplemental Dietary Copper 
on Growth, Reproductive Performance and Kit Survival of Standard Dark Mink and the Acute 
Toxicity of Copper to Mink.” J. Animal Sci. 55:337-343. Cited in ASDTR 1989 (Copper). 

Commonwealth of Virginia. 1992. Water Qualitv Standards. State Water Control Board. May 
1992. 

United States Environmental Protection Agency, 1992. Surface Water Quality Criteria. Federal 
Register. Volume 57, No. 246. December 1992. 

Page 4 



P cu. tox 
3/15/95 
j .golden 

10. Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder. 1995. “Incidence of Adverse Biological 
Effects within Ranges of Chemical Concentrations in Marine and Estuarine Sediments.” 
Environmental Management, 19:8 1-97 

Page S 



Fe. tox 
3/17/95 
j-golden 

IRON 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Iron 
CAS Number: 7439-89-6 

Iron is a silvery white, malleable metal. It is the fourth most abundant (by weight) of the 
elements that compose the earth’s crust and is a major constituent of clay soils’ 

Iron in water may be present in varying quantities dependent upon the geology of the area and 
other chemical components of the water bodylq2. The bivalent and trivalent irons are the primary 
forms of concern in the aquatic environment. The ferrous or bivalent form can persist in waters 
void of dissolved oxygen and typically originate from groundwater of mines where these are 
pumped or drained. The ferric or trivalent form is insoluble. Iron can exist in natural 
organometallic or humic compounds and colloidal forms. Black or brown swamp waters may 
contain iron concentrations of several milligrams per liter in the presence or absence of dissolved 
oxygen, but this iron form has little effect on aquatic life*. The majority of iron entering water 
bodies is likely to partition into the bottom sediments’. 

Iron released into soil has relatively low mobility potential. However, iron can be transported 
through the atmosphere’. 
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FATE IN TIIE ENVIRONMENT 

Parameter 

II Vapor Pressure 

Bioconcentration Factor 
Freshwater 
Marine 

LCm 
fish (hours) 

EGO 
benthos (growth) 
zooplankton (growth) 
Dlants (mowthj 

NA - Not Available 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Value 

NA 

0.000001 

4.97 

0 

NA 
NA 

Reference 

1 

3 

3 

3 

1,486 3 

3,616 3 
341 3 

2,371 3 

Species Effect Concentration 
(m&z) 

Invertebrates 3,515 

Microorganisms 200 

Flora 100 

NE - Not Established 
NOEC - No Observed Effects Concentration 

Endpoint Reference 

NOEC 4 

Benchmark 4 

Screening Value 5 
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Vertebrates 

Test Species 

Cattle 

Poultry 

Rabbit 

Effect Dose 
bwdkglday) 

5 

50 

29 

Endpoint Effect 

MTL NA 

MTL NA 

MTL NA 

Reference 

I 
6 

6 

6 

MTL - Mineral Tolerance Level 
NA - Not Applicable 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Virginia WQS’ 
freshwater 
marine 

Acute 
(wm 

NE 
NE 

Chronic 
(%u 

NE 
NE 

USEPA Region III - Fauna’ 
freshwater 
marine 

-. 

NE 320 
NE NE 1 

USEPA AWQC’ 
freshwater 
marine 

1,000 NE 
NE NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
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Aquatic Life - Sediment 

Sediment Screening Values 

Tetra Tech AEP 

AET - Apparent Effects Threshold 

REFERENCES 

ER-L ER-M 
bwkz) m&!) 

27,000 (amphipod) NE 
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LEAD 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Lead 
CAS Number: 7439-92-l 
Synonyms: Lead flake; Lead S 2; PB-S 100 

Lead is ubiquitous and is a characteristic trace constituent in rocks, soils, water, plants, animals, and 
air. Lead is used in the manufacture of storage batteries, gasoline additives, pigments, alloys, and 
ammunition’. 

Lead compounds are extremely persistent in water and soil. Natural lead compounds are not mobile in 
surface and groundwater because lead leached from ore is adsorbed by ferric hydroxide. Lead also 
readily combines with hydroxide, carbonate, and sulfate ions to form insoluble compounds. These 
compounds precipitate and settle in the bottom sediment. Lead is not volatile, therefore, volatilization 
is not an important transport process from the aquatic environmen?. 

In water, lead is most soluble and bioavailable under conditions of low pH, low organic content; low 
concentrations of suspended sediments; and low concentrations of the salts of calcium, cadmium, iron, 
manganese, and zinc. Lead tends to concentrate in the water surface microlayer (the upper 0.3 mm of 
water), especially when surface organic matter is present in thin films. However, most lead entering 
natural waters will precipitate to the sediment bottom as carbonates or hydroxides. Migration and 
speciation of lead in water is influenced by the water flow rate, increased flow rate results in increased 
concentrations of particulate and labile lead and a decrease in bound forms. At low stream flow, lead 
is rapidly removed from the water column by sedimentation’. 

Lead in sediment is mobilized and released when the pH decreases suddenly or ionic composition 
changes. Methylation of lead occurs in the sediments and is positively correlated to increasing 
temperature, reduced pH, and high microbial activities3. 

Sorption is a dominant effect on the distribution of lead in soil. Lead readily adsorbs to inorganic 
solids, organic material and hydrous iron and manganese oxides. Because of its affmity for other 
materials, and its solubility characteristics, the mobility of lead in soil is loti. Most lead is retained in 
soil and not transported via leaching or runoff to surface water4. 
Lead is not readily taken up by plants. Therefore, its availability to terrestrial life forms also is 
limited’. However, excessive amounts of lead can cause growth inhabitation, as well as reduced 
photosynthesis, mitosis, and water absorption’. Inorganic and organic lead compound disperse in the 
atmosphere as particulate matter. Lead is removed from the atmosphere by wet or dry deposition. 
Photolysis of atmospheric organic lead compounds occurs rapidly. The average residence time of 
atmospheric lead is seven to thirty days4. 
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Lead does not appear to significantly bioaccumulated in most fish4. Microcosm studies indicate that 
lead is not biomagnified through the food chain’. Lead concentrations tended to decrease markedly 
with increasing trophic level in both detritus-based and grazing aquatic food chains. However, lead is 
toxic to all phyla of aquatic biota, though effects are modified significantly by various biological and 
abiotic conditions’. 

Lead adversely impacts survival, growth, development, and metabolism of most terrestrial species. 
The organic forms of lead tend to be more toxic to wildlife than the inorganic lead compounds, but 
the inorganic forms are easily converted into organic lead forms by microorganisms3. 

FATE IN THE ENVIRONMENT 

Parameter 

Log L 

Solubility 

Log Km 

Vapor Pressure 

Bioconcentration Factor 

Value Reference 

/ 
NA 

NA 

4.97 5 

0 5 

17.5 (invertebrates) 6 
726 (fish) 6 

NA - Not Available 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

NOEC - No Observed Effects Concentration 

Vertebrates 

Test Species Effect Dose Endpoint Effect Reference 

OwWday) 

Cattle 0.15 MTL NA 10 

American Kestrel 3.85 chronic NOAEL reproductive 11 

Rabbit 1.74 MTL NA 10 

Rat 8 chronic NOAEL reproductive 12 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Virginia WQS13 
freshwater 
marine 

USEPA Region III6 
freshwater flora 
freshwater fauna 
marine flora 
marine fauna 

USEPA AWQC14 
freshwater 
marine 

Acute Chronic 
w-u o%m 

,(1.273[In(hardrress’)]-1.460) e(l.27?[ln01ardness*)]~.70S) 

220 8.5 

NE NE 
NE 1** 
NE 5.1** 
NE NE 

e(1.273[ln(hardness*)]-l 460) e( 1.273[In(hardness’)]-4.705) 

220 8.5 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (mg/L) 
** Value based on hardness and/or pH 

Aquatic Life - Sediment 

Sediment Screening Values 

USEPA Region III6 

Lone et alI5 

* Screening Level 
NE - Not Established 
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SILVER 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Silver 
CAS Number: 7440-22-4 
Synonyms: ARGENTUM CREDE, COLLARGOL 

Silver is a naturally occurring metal. It is acquired as a by-product during the retrieval of 
copper, lead, zinc, and gold ores. Silver has been used for surgical protheses, splints, 
fungicides, and coinage. Silver is currently being used in photographic materials, electrical 
products, paints, and batteries’. 

Silver in water will exist as a monovalent ion in the forms of sulfate, bicarbonate, or sulfate 
salts or absorbed to particulate matter. In freshwater, silver may form complex ions with 
chlorides, ammonium, and sulfates; form soluble organic compounds; become adsorbed onto 
humic complexes and suspended particulates; or become incorporated into, or adsorbed onto 
aquatic biota. Sorption is the primary process causing silver partitioning in sediments. The 
majority of silver released into water will be sorbed by manganese dioxide which is affected 
by pH and oxidation-reduction conditions.‘. 

The transportation of silver released to soils is dependent on the drainage (silver tends to be 
removed from well-drained soils), oxidation-reduction potential, pH conditions, and the 
presence of organic matter. Silver tends to form complexes with inorganic chemicals and 
humic substances in soils. Silver is not likely to biotransform due to its toxicity to soil 
microorganisms and inhibition of bacterial biodegrative enzymes’. 

The major forms of silver in the atmosphere include metallic silver, silver sulfide, silver 
sulfate, silver carbonate, and silver halides. Silver released into the atmosphere is likely to 
travel long distances as fine particles’ 
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FATE IN THE ENVIRONMENT 

Parameter Value Reference 

Log KJVJ No Data 

Solubility I 1.000 E-06 mg/L 1 2 

AL% JG, I 4.97 7 21 
,Vapor Pressure 1 2.947 E-OS (925 C 1 2 .l 
Bioconcentration Factor 34,000 (plants) 

150 (fish) 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Microorganisms 

Plants 

Flora 

Concentration 
oww 

50 Benchmark 5 

2 Benchmark 6 

0.0000098 Screening Level 3 
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Vertebrates 

l’est Species 

r 
Poultry 

Mouse 

MIkct Dose 
@-wWday) 

5 

18.1 

Endpoint Effect Reference 

MTL NA 7 

subchronic systemic 8 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Virginia WQSg 
freshwater 
marine 

USEPA Region III3 
freshwater-flora 
freshwater-fauna 
marine-flora 
marine-fauna 

USEPA AWQC” 
freshwater 
marine 

Acute 
hm 

e( 1.72[ln(hardness*)]-6.52) 

2.3 

1.9 
NE 
1.9 
NE 

e(l.72[ln(hardness*)]-6.52) 
2.3 

Chronic 
w-4 

NE 
NE 

NE 
0.0001 

NE 
0.0001 

NE 
NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (mg/L) 
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Aquatic Life - Sediment 

Screening Values 

USEPA Region III3 

ER-L ER-M 
him9 Cmg/kg) 

733” NE 

1 2.2 

NE - Not Established 
* Screening Level 
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MERCURY 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Mercury 
CAS Number: 7439-97-6 
Synonyms: hydragyrum; quicksilver; liquid silver; colloidal mercury 

Mercury is a silvery, heavy liquid with valences of +1 and +2. Mercury exists as insoluble elemental 
mercury, organic species, and inorganic species. Solubility depends upon the reduction-oxidation 
potential, and the pH of the environment’. Mercury is commonly used for amalgams, catalysts, 
electrical apparatuses, instruments such as thermometers and barometers, and neutron absorbers in 
nuclear power plants2. 

Mercury released to the environment will remain there indefinitely. The form that mercury exists in 
(organic or inorganic) may change with time. Chemical speciation is probably the most important 
variable influencing the ecotoxicology of mercug. Inorganic mercury can be methylated by 
microorganisms indigenous to soils, freshwater, and salt water. This process is mediated by various 
microbial populations under both aerobic and anaerobic conditions. Methyl mercury is the most 
hazardous mercury species due to its high stability, its lipid solubility, and its possession of ionic 
properties that create a high ability to penetrate membranes in living organisms. Methylmercury in 
surface waters is rapidly accumulated by aquatic organisms. The top-level predator species usually 
contain the highest concentrations of methyl mercury?‘. 

Freshwater plants exhibit a wide range of sensitivity to mercury; however, the most sensitive aquatic 
plant is less sensitive than the most sensitive freshwater animal. Fish tend to be more resistant to 
mercury than mollusks and crustaceans. 

Mercury released into soils or surface water will exist in the mercuric state (Hg”) and mercurous (H’) 
states as a number of complex ions with varying water solubilities. Mercuric mercury, present as 
complexes and chelates with ligands, is probably the most predominant form of mercury present in 
surface waters4. 

Volatile forms of mercury present in surface water is expected to evaporate into the air; whereas, solid 
forms of mercury partition to particulates or are transported in the water column, depending on their 
solubility. The two most important transformation processes in the fate of mercury in surface waters 
are biotransformation and bioaccumulation. Photolysis of organomercurials also may occur in surface 
waters4. 
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Mercury released into soils may undergo the same chemical and biological transformations as mercury 
released into surface waters. Mercuric mercury usually forms complexes with chloride and hydroxide 
ions in soils, the specific compounds form are dependent on pH, salt content, and composition of the 
soil solution4. 

Mercury released into the atmosphere will most likely undergo photolysis or organomercurials. 
Metallic mercury vapor may also be oxidized to other forms in the removal of the compound from the 
atmosphere by precipitation. Mercury vapor can be transported long distances before wet and dry 
deposition process return the element to the earth. The atmosphere is the smallest environmental 
reservoir of mercury4. 

FATE IN THE ENVIRONMENT 

Parameter Value Reference 

I NA I 
ISolubility I 5.6E-03 I 4 

lLog 1 2.43 I 5 
Vapor Pressure I 0.002 I 4 

Bioconcentration Factor 23,661 (invertebrates) 6 
7,000 (fish) 6 
5,500 (fish) 7 

3,760 (estuarine organisms) 7 
9 Onfl (t-men ncesin nraanisms\ 7 

NA - Not Applicable 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

Earthworm 

Invertebrates 

Microorganisms 

Fauna 

Plants 

Effect Concentration Endpoint Reference 
(mgflrg) 

0.1 Benchmark 8 

300 NOEC 8 

30 Benchmark 8 

0.058 Screening Level 6 

0.3 Benchmark 9 

NOEC - No Observed Effects Concentration 

Vertebrates 

‘l‘est species 

I 

EIfect Hose 

I 

Endpoint 
IwdWday) I 

Effect 
I 

Reference 

~ Cattle 0.01 MTL NA 10 

Poultry 0.1 MTL NA 10 

Rabbit 0.12 MTL NA 10 

Rat 0.32 chronic systemic 11 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Virginia WQS I2 
freshwater 
marine 

Acute 
(WW 

2.4 
2.1 

Chronic 
(vim 

0.012 
0.025 

USEPA Region III6 
freshwater flora 
freshwater fauna 
marine flora 
marine fauna 

NE NE 
NE 0.012 
NE NE 
NE 0.025 

USEPA AWQC13 
freshwater 
marine 

2.4 0.012 
2.1 0.025 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Aquatic Life w  Sediment 

Sediment Screening Values ER-L 
Owh9 

ER-M 

ONW 

USEPA Region III6 0.15 (fauna)* NE 

NE - Not Established 
* Screening Level 
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MANGANESE 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Manganese 
CAS Number: 7439-96-S 
Synonyms: COLLOIDAL MANGANESE, MAGNACAT, MANGAN 

Manganese is a brittle silvery metal which usually occurs as a complex with other metals such as 
iron. Manganese and its compounds are used in the making of steel alloys, dry-cell batteries, 
electrical coils, and other metallic fabrication applications. Other uses of manganese include as 
an oxidizing agent and as a food additive(1*2). 

Manganese can occur in soil, water, or air. Because it is an element, manganese cannot be 
degraded by environmental processes. However, it may transform from one manganese 
compound to another. While manganese can be transported in dusts or in water, the main 
source of routine manganese exposure is through ingestion of food. Vegetables, the germinal 
portions of grains, fruits, nuts, tea, and some spices are rich in manganese(‘). 

In the soil, the concentrations and chemical form in which manganese can occur is affected by 
pH, cation exchange capacity, drainage, and other factors. Lower pH and reducing conditions 
tend to favor solubility and hence, the mobility of manganese. Manganese often occurs at higher 
concentrations in the bottom of stratified lakes as a result of its release from bottom sediments 
as manganous ion under reducing conditions(3). 

FATE IN THE ENVIRONMENT 

Parameter Value Reference 

Solubility I NA 

J-4 K$c I NA I 

Vapor Pressure I NA I 

Bioconcentration Factor I 35 (fish) I 4 

NA - Not Available 
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TERRESTRIAL, FATE 

Soil Flora and Fauna 

Species Concentration 
bWk3) 

Endpoint Reference 

II -- Plant 500 Benchmark 

II Earthworm 330 I Screening Level I 

Ir Invertebrate 330 I ~~ Screening Level I 4 

II Microorganisms and 
Microbial Processes 

100 Benchmark 6 

Vertebrates 

Test Species Effect Dose Endpoint 
bglkglday) 

Cattle 10 subchronic 
NOEL 

Poultry 2,000 chronic 

Rabbit 400 chronic 

Rat 8.8 chronic NO&L 

MTL - Mineral Tolerance Level 
NOEL - No Observed Effect Level 
NOAEL - No Observed Adverse Effect Level 

Effect Reference 

not reported 13 

MTL 7 

MTL 7 

reproductive 8 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal Acute 
Standard/Criteria (wm 

Virginia WQS(‘) NE 

Chronic 
(em 

NE 

USEPA Region 111(4) 
Marine Flora 
Marine Fauna 

USEPA AWQC(‘O) 

NE 200 
NE 10 

NE NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Aquatic Life - Sediment 

Sediment Screening Values 1 ER-L I ER-M I 

USEPA Region 1110 
I 

NE 
I NE I 

Long, et al.(“) 
I 

NE 
I 

NE 
I 

Tetra Tech A.ETo2) 700 (amphipod) 
660 (oyster) 

300 (benthic) 
530 (microtox) 

NE 
NE 
NE 
NE 

NE - Not Established 
AET - Apparent Effects Threshold 
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NICKEL 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Nickel 
CAS Number: 7440-02-o 
Synonyms: NP 2; HCA 1; Raney alloy; Raney Nickel 

Nickel is a naturally occurring silvery metal that is found in the earth’s crust. Nickel and its 
compounds are found in all parts of the environment, including plants and animals. Primary nickel is 
recovered from mined ore and nickel matte, and secondary nickel is recovered from scrap metal’. 

Nickel released into water will exist in both soluble and insoluble forms depending on the chemical 
and physical properties of the water. Nickel has not been shown to volatize from the water surface. 
Nickel is significantly bioaccumulated in some, but not all aquatic species’. Nickel adversely 
influences cell membranes with increasing water hardness*. 

Nickel is extremely persistent in soil; however, it still has the potential to leach through soil into 
groundwater. The average residence time of nickel in soil is estimated to be 2,400 to 3,500 years. The 
sorption of nickel into soils has found to correlate with suspension pH, total iron, and surface area. 
Organic complexing agents in soil tend to restrict the movement and availability of nickel in soil by 
forming organo-nickel complexes. Nickel is not expected to volatize from soils’. Nickel is not 
essential to plants in some instances it produces toxic effects’. 

Nickel released into the atmosphere will exist primarily in aerosol form. Airborne nickel will remain 
in the atmosphere for varying periods of time depending upon factors such as concentration, density 
and particle size, and precipitation. The average residence time of nickel in the atmosphere is seven 
days, with typical residence time ranging from one to twenty-one days. The predominant nickel 
species in-air tend to be nickel oxide, nickel sulfate, complex oxides of nickel and other metals, and to 
a lesser extent, metallic nickel, and nickel subsulfide’. 
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FATE IN TJ3E ENVIRONMENT 

Parameter Value I Reference 

Solubility Insoluble 1 

Log Kx 4.97 3 

Vapor Pressure 0.0 3 

Bioconcentration Factor 40,000 (plant) 4 
100 (fish) 4 
47 (fish) 5 

NA - Not Available 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

II Microorganisms Benchmark 

Plants 30 Benchmark 7 

Flora 2.5 Screening Level 4 
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Vertebrates 

Test ,Species Effect Dose 
bdk/dv) 

Endpoint Effect Reference 

Cattle 0.25 MTL NA 8 

Poultry 15 MTL NA 8 

Rabbit 2.9 MTL NA 8 

Dog 25 chronic NOAEL growth 9 

Rat 5 chronic NOAEL growth 9 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal I Acute I Chronic 
Standard/Criteria 

Virginia WQS” 
freshwater 
marine 

e(0.8460[ln(hardness*)]+3.36 12) 

75 
e(0.8460[ln(hardness*)]+~, 164.5) 

8.3 

USEPA Region III4 
freshwater flora 
freshwater fauna 
marine flora 
marine fauna 

NE NE 
NE 14.77** 
NE NE 
NE s-3** 

USEPA AWQC” 
freshwater 
marine 

e(0.8460[In~ardnesa*)]+3.3612) 

75 

e(0.8460[In(hwdness*)]+l.1645) 

81 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (mg/L) 
** Value based on hardness and/or pH 
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Aauatic Life - Sediment 

Sediment Screening Values ER-L ER-M 

h&9 (mgW 

USEPA Region III4 

Long et al.‘* 
v 

20.9 (fauna)* 

20.9 

NE 

51.6 

NE - Not Established 
* Screening Level 
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ZJNC 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Zinc 
CAS Number: 7440-66-6 
Synonyms: Blue Powder; JASAD; PASO; LS 2 

Zinc is bluish-white metal that dissolves readily in strong acids. Zinc compounds are found naturally 
in air, soil, and water, and are present in all foods. However, zinc is not found in nature in the free 
state. Zinc is commonly mined by underground and open pit mining. Zinc is commonly used as a 
protective coating for other metals. Zinc also is used in alloys such as bronze and brass, for electrical 
apparatus in many common goods, and in organic chemical extractions and reductions. Zinc chloride 
is used by the military to create smoke bombs. In pharmaceuticals, salts of zinc are used as 
solubilizing agents in many drugs. In addition, zinc is used with copper to make U.S. pennies’. 

Zinc released into surface water does not volatize, but primarily settles into the bottom sediments. 
Zinc can be present in water as either suspended or dissolved compounds. Dissolved zinc may occur 
as the free (hydrated) zinc ion or as dissolved complexes and compounds with varying degrees of 
stability. Suspended (undissolved) zinc may be dissolved following minor changes in the water 
chemistry or may be sorbed to suspended matter. The sorption of zinc is affected by the nature of the 
zinc, the concentrations of the zinc, the pH, and the salinity of the water. Zinc tends to be more 
absorbed at higher pH concentration (>7). Desorption of zinc from sediments occurs as salinity 
increases’. 

Sorption of zinc is the dominant fate of zinc in the aquatic environment. Zinc partitions to sediments 
or suspended solids in surface water via sorption onto hydrous iron and manganese oxides, clay 
minerals, and organic matter. Transport of zinc in the aquatic environment is dependent upon the 
composition of suspended and bed sediments, dissolved and particulate iron and manganese 
concentrations, pH, salinity, concentrations of complexing ligands, and the concentration of zinc’. In 
freshwater, zinc is the most soluble at low pH and low alkalinity concentrations. In natural waters, 
two reactions can occur: the competition for complexation sites between metal ions, and the 
competition between different ligands for the same metal ion’. 

Zinc is actively accumulated in aquatic systems. However, biota appear to represent a minor sink for 
zinc compared to the sediments’. Zinc bioavailability and toxicity to aquatic organisms are highest 
under conditions of low pH, low alkalinity, low dissolved oxygen, and elevated temperatures. Soluble 
species of zinc are the most bioavailable and most toxic’. 

Zinc released onto soil is likely to be strongly absorbed. The mobility of zinc in soil is dependent 
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upon the solubility of the speciated forms of the compound and on the soil properties (sorption 
potential, pH, salinity; anaerobic). Little land-disposed zinc is in a soluble form; therefore, mobility is 
limited by a slow dissolution. Consequently, zinc is not likely to migrate into groundwater’. 

Zinc released to the air is commonly found as a stable species such as zinc oxide. Chemical 
interaction of zinc compounds in the atmosphere may result in a change in the speciation of the 
compound. Atmospheric interactions are greatest for particles with smaller diameters. Zinc 
concentrations in the environment are relatively low. Volatilization does not appear to be an important 
process for zinc’. 

FATE IN THE ENVIRONMENT 

Parameter Value Reference 

Log L NA 

Solubility Insoluble 1 

II Log Kx 4.97 

Vapor Pressure 0.0 3 

Bioconcentration Factor 50,000 (plants) 4 
100,000 (invertebrates) 4 

2,000 (fish) 4 
47 (fish) 5 

NA - Not Available 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

Earthworm 

Effect Concentration 
@@kg) 

200 

Endpoint Reference 

Benchmark 6 

Invertebrates 
I I 1 

800 NOEC 6 

Microorganisms 100 I Benchmark I 6 I 

I Plants 

Flora 

50 Benchmark 

4.8 Screening Level 

7 

4 

NOEC - No Observed Effects Level 

Vertebrates 

Test Species Effect Dose Endpoint Reference 
WWWW) 

Cattle 2.5 MTL 8 

Poultry 50 MTL 8 

Rabbit 29 MTL 8 

_g Do 9 

MTL - Mineral Tolerance Level 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

mate or reaeral 
Standard/Criteria 

Virginia WQS” 
freshwater 
marine 

Acute Chronic 
hm OE~) 

e(0.8473[ln(h~ddness’)]+o.8604) e(0.8473[ln(hardness*)]~ 7614) 

95 86 

USEPA Region III4 
freshwater flora 
freshwater fauna 
marine flora 
marine fauna 

NE 110** 
NE 110”” 
NE 86 
NE 86 

USEPA AWQC” 
freshwater 
marine 

e(0.8473[In(hardness*)]+0.8604) 

95 

e(0.8473[ln(hardness*)]+0.76~4) 

s!L 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE m Not Established 
* Hardness is based on calcium carbonate (mg/L) 
** Value is based on hardness and/or pH 

Aquatic Life - Sediment 

Sediment Screening Values 

USEPA Region III’ 

Long et al-l2 

NE - Not Established 
* Screening Value 

ER-L 
(w&g) 

150 (fauna)* 

150 

ER-M 
bww 

/ 
NE 

410 
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APPENDIXD 
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SITES 7 AND 12 



APPENDIX D.1 
REMEDIAL INVESTIGATION DATA 



SUMMARY OF VOLATILE ORGANIC COMPOUNDS 
DETECTED IN SURFACE WATER SAMPLES 

AND ASSOCIATED QUALITY CONTROL SAMPLES 
SITE 12 - EXCHANGE LAUNDRY WASTE DlSPOSAL AREA 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

JUNE 28,1993 

SAMPLE LOCATION/NUMBER 
SAMPLE MATRIX 

UNITS 

VOLATILE ORGANIC COMPOUNDS (VOCs): 

1 Acetone 

1,2-Dichloroethene (totat) 

243utanone 

Tnchloroethene 

Tetrachloroethene 

Toluene 

TOTAL VOCs: 

TOTAL TICS: 

12-SW-101 
Water 
q/L 

12-SW-102 12-SW-103 
Water Water 
ug/L ug/L 

12-SW-104 
Water 
UgJL 

ND 

ND 

ND 

ND 

ND 

4 J 

50 I3 31 6 20 B 

ND 11 ND 

36 ND ND 

ND 3 J ND 

ND 3 J ND 

58 2 J ND 

‘4 J 144 50 J 20 

ND 7 J ND ND 

NOTES: 
ND indicates compound was not detected 
ug/L indicates micrograms per Jiter 
J indicates an estimated value 
B indicates compound detected in lab blank 
TICS indicates tentatively identified compounds 
Equipment rinsate, field blank, and trip blank shared with Background Well samples 
Matrix spike/matrix spike duplicate (MS/MSD) shared with Site IO 

CT0 -042/l PSW-VOC 4-22- 58492071 



SUMMARY OF TAL METALS 
DETECTED IN SURFACE WATER SAMPLES 

AND ASSOCIATED QUALITY CONTROL SAMPLES 
SITE 12 - EXCHANGE LAUNDRY WASTE DISPOSAL AREA 

NAVAL AMPHl61OUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

JUNE 28.1993 

I SAMPLE LOCATION/NUMBER 
SAMPLE MATRIX 

UNITS 

-’ 
METALS: 

12-SW-101 
Water 
ug/L 

12-SW-i02 
Water 
w/L 

t2-SW-103 12-SW-104 
Water Water 
ug/L w/L 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

4,320 J 81,800 J ND ND . 
2.8 J 23.4 J ND 2.2 J 

50.4 J 669 J 1 J 
ND I 3.1 J 

2;; J 1 2;; 

ND 1 7.5 J 1 ND 1 ND 
15,700 J 64,500 J 16,400 J 15,600 J 

ND 148 J ND ND 
ND 1 64.0 J 1 ND I ND 

21.5 J 305 J 10.1 J 4.7 J 
10,300 J 94,800 J 3,930 J 2,900. J , 

25.2 J 312 J 2.0 J 3.0 J 
5,300 J 26,600 J 5,150 J 6,160 J 

547 J 1,240 J 507 J 529 J 
ND 0.79 J ND ND 
ND 143 J ND ND 

3,880 J 21,300 J 3,600 J 2,800 J 
13.700 J 26,200 J 13,300 J 13,400 J 

il.8 J 162 J ‘ND ND 
204 J 3,800 J 153 J 39.1 J 

NOTES: 
ND indicates compound was not detected 
ug/t indicates micrograms per liter 
J indicates an estimated value 
Equipment Rinsate and Field 8hnk shared with Background Well samples 
Matrix spike/matrix spike duplicate (MS/MSD) shared with Site 10 

C 0442/12SW-MET T 4-22-58-192071 



SUMMAflY OF VOMTlLE ORGm’c CDtipOUNDS 
DETECTED IN SED\MENT SAMPLES 

SOCIATED Q tj&lfi CONTROL SAMPLES 
AND AExc~~~~~ LAUNDRY WASTE D\SpOSAL ABEA SITE 12 

&AL AMPHIBIOUS BASE - LITTLE CREEK 
VIRG\N\A 6EACH, VIRGINIA 

JUNE 26,1993 

- - 
17J 

228 3 I 



SUMMARY OF TAL METALS 
DETECTED IN SEDIMENT SAMPLES 

AND ASSOCIATED QUALITY CONTROL SAMPLES 
SlTE 12 - EXCHANGE LAUNDRY WASTE DISPOSAL AREA 

NAVAL AMPHIBIOUS BASE - LIITLE CREEK 
VlRGlNlA BEACH, VlRGlNlA 

JUNE 28,1993 

SAMPLE LOCATION/NUMBER 12-SED-102-00 12-SED-102-06 12-SED-103-00 12-SED-103-06 

SAMPLE DEPTH O- 6 inches 6- 12 inches O- 6 inches 6- 12 inches 

SAMPLE MATRIX Sediment Sediment Sediment Sediment 

UNITS wF9 m9Fg wlkg waikg 

TAL METALS: 
Aluminum 
Arsenic 
Barium 

Cadmium 
Calcium 
Chromium 
Cobalt 

Copper Iron 
Lead 

Magnesium Manganese 

Mercury 
Nickel 
Potassium 

Sodium 
Vanadium 
Zinc 

11,700 J 4,180 J 2,690 J 1,130 J 
0.64 J 5.6 J 3.8 J 281 J 

72.0 J 30.1 J 12.5 J 3.4 J 

ND 1.2 J ND ND 
2,970 J 793 J 217 J 72.5 J 

20.6 J 8.4 J 3.0 J 1.3 J 
4.8 J 1.5 J 1.3 J ND 

36.0 J 18.0 
J 7.5 J 2.3 J 

12,900 4,940 J 2,560 J 1,220 J 
66.3 38.3 J 110 J 8.7 J 

i,990 J 541 J 
274 J 83.6 J 

3.7 J 144 J 35.2 J 11.7 J 
ND ND 0.28 J ND 

ND 13.8 J 5.1 J 2.9 J 
45.8 J 1,350 J 340 J 115 J 

346 J ND ND ND 
26.9 J 11.9 J 8.1 J 1.9 J 
383 J 233 J 30.1 J 6.1 J 

NOTES: 
NO indicates compound was not detected 
mg/kg indicates milligrams per kilogram 
J indicates an estimated value 
Equipment rinsate, matioc spike/matrix spike duplicate, and duplicate sample shared with Site 13 

CTO-042/12SED-MET 4-22-56- 192071 



SUMMARY OF TOTAL ORGANIC CARBON 
DETECTED IN SEDIMENT SAMPLES 

AND ASSOCIATED QUALITY CONTROL SAMPLES 
SITE 12 - EXCHANGE LAUNDRY WASTE DISPOSAL AREA 

NAVAL AMPHiBlOUS BASE - Lll-KE CREEK 
VIRGINIA BEACH, VIRGINIA 

JUNE 28, 1993 

SAMPLE LOCATION/NUMBER 12-SED-102-00 12-SED-102-06 12-SED-103-00 12-SED-103-06 
SAMPLE DEPTH 0 - 6 inches 6- 12 inches 0 - 6 inches 6- 12 inches 

SAMPLE MATRIX Sediment Sediment Sediment Sediment 
UNITS w/kg w/b w/kg mdkg 

TOTAL ORGANiC CARBON: 77,000 52,500 5,940 488 

NOTES: 

mg/kg indicates milligrams per kilogram 

Equipment rinsate, matrix spike/matrix spike duplicate, and duplicate sample shared with Site 13 

C 0-042/12SEO-TOC 
t 

4-22-56-192071 



SAWLEUATRIX 

UNITB 

YoLAnLE ORGANtc -oums (vocq: 

ACdONd 

TOTAL xX8: 

TOTAL TlC8: 

SUYUY OF viMAntE oR~cm~oums 
DEtECm IN SURFACE WATW SAb@LES 

AMI ASSOC4AW OUMlTyCDNlRoL GA)rpLES 
sTE7 - ALQHmous 8h8E UMmLL 

NAVAL ALPHBIOUS BASE - LlTDJi mEEK 

HRQHA BEhCH. HRGMh 

JULY 1.1999 

07-SW-101 OI-SW-l&? ’ 07-SW-109 07-SW-t@) 07-SW-lo( 07-SW-lD5 07-SW-1M 07-T-B-P2-t[U 

@3rplicdeO7-8W-t03) 

WdU WdU Wats Wcdr Wda WatP W&Or W&W 

w- @JoA a r9n WA w- w- WIL 

M 17 15 1? m 31 Ml la 

NJ 17 15 17 M 31 M 18 

Ml M tQ N) bn m m NJ 

NOTES: 

NJ indicates compound wn3 mt detected 
q/L indicates micrograms per liter 

TlcA indicates tentltatively idsntifbed compounds 

(1) indicates mnttispikslmatrix spike dlplicata (MS/MO) sample wea collected with this ample. 

‘JB Indicates trp blank 

b CT -042/7SW-VOC 4-22--58-192071 



SUMMARY OF TAL TOTAL METAM 

DETECTED IN SURFACE WATER SAMPLES 

AND ASSOCIATED QUALITY CONTROL SbMPLE 

SITE 7 - AMFlilBlOtE BASE LANDFILL 

NAVAL AMPHl9lOLE B&SE - Lll-fLE CREEK 

VIRGINIA BE&H, VlRQlNlA 

JUYl,lQB3 

SWPLE LoCATlONINUUBEtl OT-SW-lol 07-SW-102 

SAMPLE MATRIK WLr wtmr 

UNITS Uti ur# 

TAL TOTAL LIETAM: 
Aluminun 417 J 1,OQO J 

Armmnk 2.4 B 10.3 

Earlurn 17.5 B 36.8 0 

Calcium 125,Wl M.=Q 
cobalt ND 4.7 B 

CDPPU ND 14.1 B 

Iron I.020 J 8,8Qo J 

Lad NO 5.1 J 

l&agnmsium a&m 100,wo 

Manpnn* 156 ,306 
Potarfiun 109,000 J 72,800 J 

Sodium 2,530,000 1,530,000 

Thallium R R 
Zinc ND 55.3 

NOTES: 

ND indites compound HIO not d&&d 

ugR Indiitrp microgams pr Mu 

B lndcates compound d&&d in lab bhnk 

J Indixtes an estimatrd value. 

R indcata &ta wjectrd and unuaabla. 

(1) Indicates t-n&in rpika/mbix apkm duphto (MS/I&SD) samplo wa collahd with this aampta 

OI-SW-103 OI-SW-IO@‘) OT-SW-lQ4 07-SW-105 07-SW-1w 

(Dq)llltm 07-SW-03) 

Hkta mr wmbr wata wab 

uon Uon. Uorl uon u& 

388 J l,Oi?o J 735 J 1,210 J ND 

NO ND 8 6 7 B 9.9 6 

28.3 0 34.5 8 24.1 B 34.9 B 20.2 0 

15Q.000 182,000 51,lQo w,= 22.300 

3.4 6 3.4 0 5.6 e 5.1 B ND 

5.3 B 6.3 0 8.5 0 8.8 0 NO 

1,010 J 1,600 J 5,210 J 5.510 J 3.020 J 

ND ND 50 J 3.2 J ND 

403.000 457,ooo 37.w 146.ooo 28.000 

83.Q 91.6 322 IQ3 334 

155,000 J 181.000 J 15.900 J 54,100 J 8.W J 

3,710,000 4,250,OOO 235,ooO 1,210,000 184,wo 

R A R R R 

ND ND 30.8 70.5 ND 

CTO-042/7SW-MET 4-22-58-IQ2071 



suuMARY Of ANIOta 

DETECTED IN SURFACE WATER SAMPLES 

AND ASSOCiATED OUMrrY CONTROL SAMPLES 

SflE 7 - AuFHtBlouS B&SE LANDFILL 

NAVAL AyPtilBlouS BASE - LITILE CREEK 

VtRGlNU BEACH. VIRGINIA 

JUY 1.1995 

SAMPLE LOCAnONmUMBER 07-s W-l 01 07-SW-la? 

SAMPLE 4dAwx yuldr Hkbr 

UNIT5 maL mnA 

ANIONS: 
Albdirity 113 117 

Bioubonatm AMiniy 113 117 

Chloride 21,ooo 7.620 

sulbt4 1.010 585 

NOTES: 

ND indiitos compound HIP not da&tad 

mgR indimbr mllllgama pw litw 

(1) indicate8 n-&Lx rpik&mtix spko duplate (MWKiD) umple lkap coINad with thlr rmptr 

07-SW-103 07-SW-lOti’) 07-SW-104 07-SW-105 07-SW--1m 

(Duplkd4 07-SW-103) 

wtu wtu wbv Hklu y#tm 

msk mti mol man moA 

85.5 101 134 131 78.5 

85.5 101 134 131 78.5 

10,700 lO.iHKl 1,050 0,250 700 

1,380 3,400 I?7 605 118 

CTp42mW-AN 4-22-58-192071 



SLIMMMY OF VOUTNE ORWK: DouwUnD$ 

wmzmx.TED y1 SWMENr gAypLEs 

AND ASSOCLATW awrl-Y coNlFl0L w-s 

sm 7 - AumlBmJs MSE LANWLL 

NAVAL AUPHBK)US BASE - LITKE CXIW 

VIRGINIA BEACH. VRGIHU 

JULY1.1889 

-LocAT~muLIBw 07-sawiOl(‘3 07-SED-ice Of-SED-1m 07-SED-107 07-SED-101 

pqem oe-SW-Ku) 

sAypLEyAmlx soil SC4 sil soy sd 

UNITS wwa am uono ww wag 

VoUTIlE OBGAHK: -am): 

Mefi-yh chloride ND 7 J NO ND ND 

A&ORB ND 370 J ND ND ND 

Carbon Disulhcki ND 4 J ND ND ND 

2-Blhmne ND 65 ND 19 12 J 

TOlUene ND 5 J ND ND 1 J 

ND 451 J ND 19 

I 

13 J 

ND 33 J ND ND ND 

SAYREL~TKWNLILBW 07-SED-1s 07-SW-lcxzl 07-SED-HE101 Of-TB-m-104 

w uAmlx soil soil w&a WUtW 

UNITS we ww uoh uell 

VOUTME MIGANK: COYPWNDS (IIOCS): 

Mett+ra cl-hide ND ND ND ND 

Acetom NO ND ND 18 

Carbon Dirulhde I ND ND ND ND 

z-Bltamne ND ND ND ND I 
TOlW NO ND ND ND 

T0TM WU: ND ND ND 18 

TOTM m: ND ND ND ND 

NOTES: 

CTO-042j7SED-VOC 4-22-%152071 



WNUARY OF TAL METAL8 AH) CYANIDE 

DEI-ECTQ IN SQIYENT MM’lE8 

NmAs8oclATQOMTYcoNma8AwLE8 
8TE 7 - WHIBIWS BASE UH)flU 

NAVAL AWHBIOUS 8.48E - UlIU CREEK 

HRUNA BEACH. HRUNA 

JULY l.ipo9 

SAMXE LoCAnoNiNursw 07-sm-101P) 07-88)-I(P 07-8a-103 07--8Q-107 a7-SEhlo( 07-88)-105 07-8=-108 07-8~-fWO1 

~lqlicdeO7-SEI-103) 

BA~LENATRIX &il 8oll sol Soil 8oll 8oll Soil WatW 

UNlTs wml mehI WI-J mpm wwl WA- 

TAL METALS AM CYANIDE: 
Aluminum 3,290 6,520 2,670 2.055 638 1,380 221 rJ3 
Arsenic 3.Q 0.0 2.7 b 1.0 B 2.9 l.e 0 12 B N3 
Barium 10.0 B 23.8 8 8.4 B 7.0 6 4.3 B 6.3 B 1.6 8 ta 
Beryllium 0.28 B M IQ tQ 0.42 8 m M m 
Cadmium 2.4 3.1 M M 2.3 Ia Ml m  
Calcium 479 0 1.120 8 1.500 385 B 214 6 304 B m  N3 
Chromium 8.4 J 10.1 J 5.7 J 7.4 J 5.6 J 3.9 J 1.5 J 5.4 0 
Cobalt 2.5 J 3.4 J M 0.94 J M 0.95 J N3 Ml 
wper 12.3 42.9 11.7 10.1 7.3 17.5 0.89 0 49 8 
Iran ?.a60 14,200 4,850 3,760 10,100 4,030 1.000 tQ 
led 0.1 J 31.1 Q.3 J 7.8 J 4.7 J 12.6 J 1.7 J m  
Magnesium 1.240 B 2.580 868B 867 B 281 B 504 B 70.7 0 m  
Manganese 30.6 872 21.4 17.1 8.9 18.8 2.7 0 2.0 B 
Nickel 4.7 0 7.13 B 3.0 B 4.6 0 3.3 0 4.0 B t-m tQ 

Potassium 674 0 1,350 B 407 0 465 B 140 6 2?4 0 45.3 6 NJ 

StlVW 0.75 J NJ tQ m  M M N3 M 
Sodium 2,340 5.150 1,340 2.700 36-a 0 620 0 299 B tQ 

Vanrrjium 9.0 a 23.2 5.0 0 5.4 6 10.2 8.1 B h!J m 
Zinc 36.0 213 41.2 35.5 29.5 37.2 IQ !a 

Cyanide Fn tQ NJ M NJ NJ NJ m  

tQ irdcates wmpowd was not detected 

mgfig itiicatw milligrams Per lelogram 

ugfi indicates micrograms per lier 

B indicates compound detected In lab blank 

J indicates an estimatd value. 

(1) indicates matrix spike/matrix spike dcplicato (MS!MSO) awnpIe was coltected wth this sample. 

RB indicates equipment dmateblank 

4-22-f&- l&2071 



SUMMARY OF ANIONS 

DETECTED IN SEDIMENT SAMPLES 

AND ASSOCIATED QUALlTY CONTROL SAMPLES 

SITE 7 - AMPHIBIOUS BASE LANDFILL 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 

VlRGlNlA BEACH, VlRGtNtA 

JULY 1.199s 

SAMPLE LOCATION/NUMBER 

SAMPLE klATRlX 

UNITS 

ANIONS: 

Alkalinity 

Bbarbnate Alkalinity 

Chbride 

Sulfate 

07-SED-101(l) 07-SED-102 

Soil Soil 

m9F9 m9lk9 

07-SED-103 

Soil 

ma/kg 

07-SED-107 07-SED-104 

(Duplicate 07-SED-103) 

Soil Soil 

mm9 m9lk9 

ND ND 102 631 ND 
ND ND 102 631 ND 

3,050 7,530 1,870 3,810 634 
722 1,160 893 810 140 

SAMPLE LOCATION/NUMBER 

SAMPLE MATRIX 

UNITS 

ANIONS: 

Alkalinity 

Biwrbonate Alkalinity 

Chloride 

Sulfate 

07-SED-105 

Soil 

m9F9 

ND 

ND 

1,060 

177 

07-SED-106 

Soil 

w/kg 

ND 

ND 

552 

ND 

07-SED-RBlOl 

Waler 

w/L 

ND 

ND 

2.8 

ND 

NOTES: 

ND indicates compound was not detected 

mg/kg Indicates milligrams per kibgram 

mg/L indicates miiliirarns per liter 

(1) indicates matrix spike/matrlxspiko dupllcats (MS/MSD) sample was collected with this sample. 

RB indicates squlpment rinsate blank 

CT0 -042/7SED -AN 4-22-58-192071 



SUMMARY OF TOTAL ORGANlC CARBON 

DETECTED IN SEDIMENT SAMPLES 

AND ASSOCIATED QUALITY CONTROL SAMPLES 
SITE 7 - AMPHIBIOUS BASE IANDFlLL 

NAVAL AMPHIBIOUS BASE - Lll7LE CREEK 

VIRGINIA BEACH, VIRGINIA 

JULY 1,1993 

SAMPLE LOCATION/NUMBER 

SAMPLE MATRlX 

UNITS 

I TOTAL ORGANIC CARBON: 

07-SED-101(l) 07-SED-1M 

Sail Soil 

w/kg w/kg 

5,140 21,400 

07-SD-103 07-SED-107 07-sED-104 

(Duplicate 07-SED-103) 

Soil Soil Soil 

wlkg m/kg wlkg 

7,100 6,020 963 

1 
SAMPLE LOCATlONlNUMBER 07-SED-105 07-SD-106 07-SED-I33101 

SAMPLE MATRlX Soil Soil Water 

UNITS &kg wlkg mg/L 

TOTAL ORGANIC CARBON: 906 373 NA 

NOTES: 

ND indicates compound was not detected 
NA indicates sample was not analyzed 

mg!kg indicates milligrams per kilogram 
mglL indicates milligrams per liter 

(1) indicates matrix s@ke/matrix spike duplicate (MS/M!%) sample was collected with this sample. 

I38 indicates equipment rinsate blank 

C 0-042j7SED-TOC 
I 

4-22-58-192071 



SUMMARY OF TOTAL ORGANIC CARBON 

DETECTED IN SEDIMENT SAMPLES 

AND ASSOCIATED QUALIM CONTROL SAMPLES 
SITE 7 - AMPHIBIOUS BASE LANDFILL 

NAVAL AMPHIBIOUS BASE - LllJLE CREEK 

VIRGINIA BEACH. VlRGlNlA 

JULY 1.1993 

SAMPLE LOCATION/NUMBER 

SAMPLE MATRlX 
UNITS 

TOTAL ORGANIC CARBON: 

07-sED-lo1(1) 

Soil 

mtikg 

5,140 

07-SED-102 

Soil 

w/kg 

21,400 

07-SED-103 07-SED-107 07-SED-104 
(Duplicate 07-SED-103) 

Soil Soil Soil 

w/kg w/kg w/kg 

7,100 6,020 963 

SAMPLE LOCATION/NUMBER 

SAMPLE MATRIX 

UNITS 

TOTAL ORGANIC CARBON: 

NOTES: 

07-SOD-105 07-SED-106 

Soil Soil 

walkg w/kg 

906 373 

07-SOD-RBlOl 

Water 

mg/L 

NA 

ND indicates compound was not detected 

NA indicates sample was not analyzed 

mg/kg indicates milligrams per kilogram 
mg//L indicates milligrams per liter 

(1) indicates matrix spike/matrix spike duplicate (MS/MSD) sample was collected tith this sample. 

RB indicates equipment rinsate blank 

C 0-042/7SED-TCC 
T 

4-22-56-l 92071 



APPENDIX D.2 
ROUND 1 VERIFICATION STEP DATA 



AUALYTICAL RcsDtTs--SITE I, AM’HIBIOUS EASE IAHDFILL 

E - 
x10 

<S 
(3 

4 

a 

(40 

<30 

<3 

go.4 

, (90 

:I’ <4 

0 XI 

<50 

IO 

BPIL 

6,000 

RIDL 

BlDL 

8fDL 

WL 

Lcf 
cyl - 

<IO 

<5 

(3 

<I 

0 

<40 

GO 

<3 

(0.4 

x90 

x4 

Xl 

(50 

10 

acOL 

0,~ 

WL 

WL 

WL 

BWL 

WL 

WG 

Ic7 
al3 - 

<IO 

<3 

43 

<I 

a 

(40 

(30 

<3 

co.4 

(90 

<4 

I 

<50 

30 

WL 

6,m 

EMIL 

WL 

WL 

lx7 Lcl 
M4 a!5 - - 

<IO X20 

(5 <5 

(3 <3 

<4 (4 

X5 x5 

(40 (40 

<30 I (30 

(3 <3 

<0.4 .x0.4 

<go x90 

(4 <I 

I 3 

‘<50 <so 

410 30 

WL ml 

fb~ 3,000 

WL EmL 

BIDL BWL 

WL mot 

wt FGmL 

mm WL 

i?mL BWL 

LC’I 
Gi6 - 

420 

Lcl 
QI? - 

00 

Ix7 
lx0 - 

QO 

a 

(3 

<4 

a 

(40 

f30 

<3 

go.4 

x90 

II+ 

9 

<so 

80 

z - 

GO 

+a 

<3 

7 

9 

<40 

<30 

(3 

co. 4 

x90 

17r 

I4 

<so 

160 

BWL 

47,000 

l&7 
SUI - 

<a0 

14 

<3 

<4 

<s 

(40 

50 

k 

to.3 

<go 

x4 

1 

450 

30 

WL 

0,m 

WL 

WDL 

IWL 

WL 

BDL 

WDL 

Ia 
Sm3 - 

30 

7 

<3 

<I 

9 

x40 

50 

31+ 

<0.3 

loo’ 

40’ 

10 

130 

110 

lx7 tc7 
SW4 SW5 - - 

(10 <IO 

a <I 

<3 <3 

<I a4 

6 5 

x40 x40 

x30 x30 

16’ 22* 

to.3 to.3 

<go <go 

99 53* 

31 31 

110 111 

60 30 

WL BIDL 

9,000 9roaJ 

a 

19.6 

to.3 

x0.4 

11.7 

lx7 
sm2 

<I 

4.B 

x0.3 

co.4 

5 

s* 

11.6 

11.1 

co.15 

5 

to.8 

(5 

0.64 

11.1 

BlIDL 

M7 

lx7 
sin3 - 

cl 

30.7 

0.6 

a.4 

14.4 

Lc7 
SD4 -- 

<l (1 

34 15.6 

0.7 0.3 

co.4 go.4 

19.9 6.1 

-- -- 

11.6 11.5 

10.7 16.4 

so.15 .<o. IS 

19 10 

a.a CO.0 

<5 x5 

1.4 1.6 

53 56 

PmL IHDL 

536 1,305 

% 43 

16 WL 

1.1 BlDL 

3.1 1.9 

WDL BDL 

2.6 I#DL 

<5 

(3 

<I 

(5 

(40 

<30 

<3 

go.4 

<go 

<I 

4 

<so 

40 

mm 

10,oDD 

x5 

(3 

(4 

(5 

(40 

<30 

<3 

x0.4 

x90 

13’ 

10 

03 

SO 

mm 

35,000 

*- -* 

5.2 

4.3 

<0.15 

6.3 

CO.0 

(5 

0.37 

11.4 

33.9 

39.3 

to. 15 

19.9 

f0.a 

<S 

0.64 

13s 

tm 

l,lW 15,OKl 

WL 

WL 

WL 

BIDL 

BWOL 

B)(DL 

EIQ)L 

BnDL 

BWL EHDL 

mt WL 

mt FHDL 

R(DL I#DL 

IMJL WL 

EMlL WL 23 73 21 

WL 16 16 17 

WL E?lDL WL 1.1 

BlDL 4.6 13 BWL 

mm 1.1 1.7 WDL 

WL aOL IplDt BWL 

IHDL 

WDL 

IMDL 

WL 



Gmnm (ppbl SuRrnct MTtR lppbl mrnm (pp) 
IL1 Ix7 Ix7 lx7 LCJ IL7 WC7 LC7 LC7 LCJ lx? lx7 ICI WI l.C7 Lc7 lK7 w7 ix7 
Gwl MI Cal3 taf4 (;w5 M6 Mf QI8 M9 SW1 SW1 SW SW4 SW5 SIDl StDl sm3 SW E _ _ _ _ _ ------------- 

fsmt 

mDL 

BDL 

IMDL 

l4fDL 

EUDL 

BnDL 

mDL 

mm 

B?rDL 

fMDL 

WOL 

B?lDL 

mm 

Eunld ImDt 

BPmL 

ElmI 

BWL 

Bp)L 

EHDL 

EmL 

1.0 

MnL mDL 

WDL 

EmL WDL EFIDL 

f%aL L!aDL 

aplL EUDL 

Bp)L 0.011 

mt 0.0018 

Emll O.DOZ4 

LmnL 0.033 

Bpx. B(DL 

mm 45 130 

rnL E!mL 

BOL EHDL 

MDL 0.011 

BlDL 0.0041 

ma a.0019 

moL_ r!mt 

WDL EMIL 

l¶fDL 

16 rnL FTnDL 

BIDL WDL RlDL 

mt LmDL 

MDL 

LWDL 

BnDL 

MDL 

. 



- 
ANALYTICAL RESULTS--SITE 12, EXCHANGE LAUNDRY HASTE DISPOSAL AREA 

x12 
SW 

vEa 

TrichloroethL:ne BMDL 

Tetrachloroethcnc BMDL 

Trans-1,2 Dichlomethene’ ,lMDL 

Viny 1 Chloride I FHDL 

Toluenc BMDL 

Hethylent Chloride BMDL 

Acetone BpiDL 

chlorofonll 2.1 

Trichloro Trif luoroethane FIR 

3-Hethy Pentane NR 

La2 
Su2 

BMDL 

BMDL 

WIDL 

BHDL 

8MDL 

8MDL 

BWDL 

3MDL 

M 

NR 

La2 L.cl2 
SH3 SH4 

EMDL 7.3* 

8MDL 17* 

EWDL BMDL 

‘8MDL BMDL 

BKDL BMDL 

BMDL 19 

BMDL BWL 

BMDL BMDL 

tm NR 

HR NFt 

La2 
SH5 

4.1* 

6.7” 

26 

BMDL 

RMDL 

BMDL 

BKDL 

1.6 

NR 

m 

La2 
SW6 

3.1* 

s.3* 

19 

EMDL 

BHDL 

BHDL 

BMDL 

BMDL 

Nl? 

NR 

La2 
SEDl 

BMDL 

BHDL 

BHDL 

EMDL 

280 

230 

l3MDL 

71 

17 

WI2 
sm2 

EHDL 

LWDL 

EHDL 

BHDL 

RMDL 

22 

BHDL 

4.6 

NR 

MI 

BMDL 

BMDL 

BHDL 

BPIDL 

BEIDL 

11’ 

BHDL 

BMDL 

NFt 

w 

BHDL 

BMDL 

BMDL 

BHDL 

f3HDL 

7.9 

18 

EJMDL 

tm 

NR 

~ompounda in this group that are not shown in this t&le were below detection limits, 

BHDL--All compounds in this group were below method detection limits. Values for detection limits sre given in Table 13. 

<--below detection llmlt shown. 

NR--Value not reported routinely, reported only if observed. 

*--Concentration exceeds a regulatory standard, guideline, or criterion (Table 11). 

BKDL BMDL 

BMDL mDL 

BHDL 2.5 

EIMDL 2.9 

8HDL 9.1 

37 5.5 

BKDL BHDL 

2.4 2.7 

NR . m 

NR FIR 

HDR185/032 



APPENDIX D.3 
INTERIM REMEDJAL INVESTIGATION DATA 



MO 
ID 
110 
10 
ID 
“0 

“II 
ID 
ID 
10 
a0 
IID 

BHOL 
MDI. 
.“O‘ 

DMDL 
DHDL 
MOL 

“cl 
“0 
ID 
110 
“I) 
MD 

“0 
“0 
ID 
a0 
RD 
ID 

UlITS ()Io/LJ 
-AL PclmJuuM rYlmDcMDone~ 111 I.OU 1 IA t.ov 1 “I l.OU M 1 air 1.ou 1 M 1.ou 1 M M LA 

UnITI (cm/L) 
anvun DKMDllIDl I I& 0.01tu 1 II o.atou 1 Rk 0.010u “1, 1 M O.OIDU 1 IA 0.01to 1 l M M 



I”KNAn, or lYO4 MD 1YYO .(Ml! YATZnll DATA 
MnLrTlChL llLlluL7d 

UnITa (UalL) 
IDI I IA NA [ MA 11A [ IIA IA 

tIMIT (ImlL) 
PCBTICIDlStPCOm PRACTIDN 
chlmrdam I hA HA A hb )IA 1 llh uh 

DDD 1111 

DDE IA 

PCB 1140 KA 

UnITa (m/L1 
IONS 

chlorldm NA 

au1rat* M 
Alkalinity IA 

MDL - lt- NZIWO DITKCTIOII LIMIT 
lb - *oT MALLIACD 
10 - - DLRCTED 
II - amp1* mantlt~tiotl Limit 
1 - DIN& Contamin~tlon 

1111 IA 111 IIA M 
RA IA 111 IA DA 
M 111 IA M IA 

8110 *I 1110 IIA 3340 
1300 IA 1300 M 111 

‘ID IA 74 IIA 1D 



0w-ylIAum 1 u 1.1 u I u 1.6 u 1 u 1.6 u 1.4 u 
“.drlUrn I ” 5 u 4 u I ” 4 v 5 u 5 u 
“hralum-To s u 0.90 0 5 u 0.91 u 0 0.91 u D.)I 0 
ChrlrlUl-Ill 40 ” 10 u 40 u IO u 40 0 10 u 1h 
CWP- 10 u 11 u so u II u SO 11 1 11 u 
had I u 1.1 u 4 II 1.1 u 11 1.1 u 3.1 u 
“*rcuq 4.1 u 0.1 u 0.3 u 0.1 u 0.1 u 0.1 u 0.1 ” 
Mlck.1 ,o u 11 u ¶O u II II 100 II u 11 u 
a91mlium 4 u 1.1 u 4 u 1.1 u 40 4.5 B 1.1 u 
si1wmr 1 u 45 u 1 1.5 ll IO 1.5 u l.s u 
Thmllium so u 1.4 u so u a.4 u 130 1.4 1.4 u 
1lnc 10 n 4.4 u 10 4.4 u 110 14 8 44 I 
hllulnw RA ll? B WA 91 u M la6 I 91 u 

0-rilu II& 1.1 u “A 3.1 D "A J.l u 1.1 u 
C*lCiul "A 14 100 II* 15100 “A 101000 104000 

cobalt "A a.1 u "A a.1 " 1h a.1 0 1.1 u 
Iron Uh 111 1 111 6000 “A SIP LO1 
nagn*dm IA 4100 #IA 11100 UA 304000 311000 
l4ang*n... II* 19 IA SJJ IA 11 11 
Pat**mlru Uh 1900 IA 3470 111 44bOOO llDO0 
sodium “A 10900 nh 0300 Uh 1103100 1050000 
Vmdim IA 9.1 II n h 0.1 0 IA 9.1 u 0.1 u 
Cpdh. M 10 II IA 10 u q A 10 u 10 0 

WA - not bdyml 

l-SW4 l-ml5 

1914 1990 0 1914 Is90 Q 

10 u 1.4 0 10 u 1.4 u 
I ” 1 0 I u 1 u 
1 ” 1.4 0 1 a 1.4 II 
4 u J u 4 u s ” 
4 I m  5 1 I 

40 u 10 u 40 u 10 u 
10 u 11 u IO u 11 u 
14 I.3 u II 1.1 u 

0.1 u 0.1 u a.1 0 0.1 u 
,* ” 11 u *a u II u 
?S 4.5 l 11 4.3 l 
II I.S 0 111 1-s u 

128 1.4 u 30 1.4 u 
10 15 l M 10 I 
M 481 . IA 143 I 
I* 1.1 II M 1.1 u 
M 14300 M* 147000 
IA 1.1 0 uh 0.1 0 
“A 531 “A 294 

1h 1S~OOO IA 45100 
IA 31 M I4 
uh 49000 uh 91100 
I* 1m50000 "A 11100 
M 15 l M B.1 0 
IA A0 u II 10 0 



UUWr Or l-16 MD 1990 I”RrACC YA7I!R DATA 
IIIOACAMIC MALrrlCAL R?!SuLTI (mm,) 

AMPHIIIOUB BASE WIDTILL (OIn! 7) 
I.1,TI.U ClU!ZLK - RI (C-CT II MC24?0-YO-D-7446] 

“A UA II* I “A IIA 
“A II 11 11 u 1 IA 11 u 
“A 1.1 u 1.1 u 1 WA 3.1 u 
Llh 0.1 u 0.1 u “A 0.1 ” 

RA I1 UJ 21 UJ MA 12 u 
IA 1.3 I 1.1 u RI 3.3 u 
IIA 1.s u a.1 u 111 2.5 u 
111 Y.4 tI 1.4 u “A 1.4 8 
IA 4.6 UJ 4.4 UJ 1 I* 4.4 u 

“A 111000 111000 I IA 191000 
11 1.1 u 1.7 u 111 1.1 tI 
“A 111 1 111 I I IA 210 I 

"A s51000 J SS4000 J 1 1A s90000 

“A 7 ‘ IA I 
“A lotOoO 12mvoo I 111 119000 

“A 1710000 3.~0000 111 4000000 
“A 9.1 II ,.Y " "A 1.2 u 
“A "A M IA IA 



1+nc 1510 
BRDL 5u 
BllDL 3U 

8MUL 5u 

BMDL ID 

MOL 10 

LllDL 10 

DnDL 51a 
B)IDL 5u 

f.J 5u 4.1 
17 SU b.7 

MDL 5” lb 

DHDL ID MDL 

EMDL IID MIDL 

191 ra LHnL 

DKDL mu SRDL 
DKDL 5u 1.6 

5tr * 5u 1h 5u 
5” 5.1 SU M 5U 

5U 19 5u M 5u 
MD mt HO DA ID 

ID DKDL m M 10 

ID nxot a0 M SD 

a0 DHDL llD HA ID 

5u amt 50 M 50 



BHDL hb BkbL 
BnDL ID BllDL 
BltDL *D MDL 
MDL ID UIDL 
MDL ND MDL 

210 4u za 
130 1JU MDL 

BJWL ID 1.6 
71 "h II 
IJ ,A Rn 

BMDL Hb kb 
BaOL 

~ MDL 
ID MD 
ID ID 

w4nL. 1D ID 
BnDL IID ID 

11 90 4u 
BML 15111 1601 
nmL ID ID 

IR ID .A 

1 Rm n D nh 



APPENDIX D.4 
SEDIMENT SAMPLING AND ANALYSIS DATA FOR CANAL 

ADJACENT TO IR SITE 12 



S+MPLE NUMBER 
SAMPlflYPE 
SAuPlE DATE 
UNITS 

Carbcm Dlsulfidw ---___- 
I,,-Olchforodhsns 

!.i--Dlchloroslfww 

1.2-Olchloloslhen+ (rolal) - 
chtaolorm 

1.2- Dlchlorotilmns 

2- BuLlnon* 

l.l.l-Tlkhloroaumn* --__ 

P e -- 
100 - _--- -. 350 

23 

--- 

43 

la-SE&M 

SEDMMPIT 
m m  
ww 

4 8 ---_- 

7 J . .- _. - 

-- -.- 

Car km Ts,,nchMda 

--- 1 I 

_._- -. .._- 

I 

_-_ -- - 
vlnfl *c.lLA,* ~-..--- I 

. 

-.--_ ..^ 

I.2-Olchloro$xopan~ -.- .-__-~ ~-- --- 
ha”*- 1,s-olchlao~ -~ - ---- -- . -.-_- - 
rdchh00rn4n~ --__ __-- 
Olbromahloromomana __- --__ --- __..-- -- --- 
1 .I .2- ,rl*foro*Ihsn. -- _-- ---__ - 
annran -- .-- 
da- 1.5Dlchtora~apwa 

ar~do~ -___ 
4-Ma,+@-2-Psnlanona - ~-- 
P-Heumana - _ --__ - _- ___--. 

r0badw0~rn0nt3 -- -__- -._--. _-- __ ~ 

l,i,2.2-Tolllchloloo~~* _ --- -_-~ 
TOlU*l-l8 3 J ---. ___--- -- 

adaotwmsn* -__~ 

Elhylba?X*fl0 ~.~ -_--. ____._ ___ --- -~_. -- .-.~ - 
StyrOn ----~--- ~-- ~-- 
Xyho (TOLlI) 

TOTAL VOUTILE ORGANIC3 1% 393 11 

- 

- 

-. 

- 
- 
_ _ 

_- 
- _ 

_- 
. 

---~- I ---__-. 
I 
-- 3 .I -.---.. -I_- 
I 

--___ .-.___-_ 
~- -.., _ -- _--.-- 
-- .- _- -- 
--__ 

-__- 
__-- 

-_-.- __-- 
-. ----- 

._- ._ --- -- --- -- 

217 150 

I--- -__-- --.__- 
--__-. -- . ..__. ---. 

73 J - . 

130 _~ .-.--- 

_- _._-- . -.- -. .-. 
_- ____ . -- . ..- --- 

__- -... -._--- 

____. ~. ..-_-- .-.- 

103 J --A?--- 

.-_-. .-- -- 

.-.- 

___- .- .-__ -- --_~ ..--. -._- ._. . -_.._. ____ ---2 -- -_-----. -- - ._ -- 
I--- -47 ____- --___ ___--. ~-- ----- ___- ._-- .- ___- 
___.___ -. _- - __-- 

___~ -..-__-- 

45 ____ .--__ ---- 

73 

mJ u7 

-._- 

..-~ 

44 J 

-~ 

140 

-_~-- 

--12 

. . -.-..-- 

76 

9-5 

-82- 
-AL---. 

593 

It-SED-07 RISK-BX5CD 
SEDIMENT MHCWTPATIONS -~ 

2mm SDlL - INWSTRUL SOIL - RESfDENTlN 
W% we wn 

- .--I- --... . ..- _--I- - -. __-I 
--- -e---.[-.---.. .-- ---&---m---, 

I d-----I ~- --- ~- %Q.* 56.033 ----___. ~-- - - 
----.- --‘-’ ,! 
____-- ___---- --_ 2m.m 22.003 ~-__- 

-____ 

-____-- - ____ 

---I--- -- ---- -l 
___- --- ___.-- 

_ ,--___ -- 
41Oay)oM 

41.m.m 

/ 

--__-~- 

I%aT).Ml --_---- - ._---L-L-.-_ .---- 

l.Ko.003 ___-- ____-- -..-- __ 

,.- _- - --, --_.- --.. .-_-/. -.-- -- .-.I 

95 

NOTES: 
1, TCL INDICATES TARGm CCMPOUNI LIST 
2) RISK- BASEI CONCENTRATDNS USTED ONLY FOR DETECTi CCMPWNDS 
3) BLANK lNDlCA,ES CCMPOUN) WAS NOT DEIECTED. 
4) B 1NDICATES CMPCUND WAS OETECTED IN LABORATOKY BLANK. 
5) J INDICATE5 AEI ESTMATED CoNCENTPAT13N. 



rmLE a- 1 ICONTINUED) 

rc1 WUTLE ORGhNIC ca.wO”NDS N SWMENT SAMPLES 

IASlTE12 
NAVAL AMPHIBIOUS BASE Lll-TlE CREEK 

WffilHlA BrSCH, VlRGlNtA 
FEBFUARf ld. 10~5 

SAMPLE NUMBER 
SCMPE TYPE 
SMIPE DATE 
UNITS 

PAWMRER 

12-SRI-W 
SWWA EN1 

2m.m 
ww 

yamn*lhms ___-_- _-.-.._--.-_ 
0rcmmothn”. _-.-_--- - -.-..- 
m  Chfodde ---_ -- -- 
CblaosmMa ------ ----.- 
MalhylonsChloridm 18 B 

.4cston* 80 -___-___- . ..^_ -__-_ -..-- 
Carbon DirulRda 

c2ltacAom ~- 
, 2-Mchloroelhms e--_-_--_ . __- . .._ -- 

P-B”ranons 15 

~.J.l-Tridllorosman~ --__ 
catbca T~b*chlorid. _--- ~- . -_--.-- 
wnyl *CUtat* _____--.. ..--.- __-- 
BrmodichtoromoB?on~ ___--~_- -- 
,.*-Dlchloropopm. __-~ ___. 
Iron,- 1.3-Dlchlaopopme -___ 
T!lChl0+O~UI~~O 

- 
- 
- . 

.-_ 

- 
_ _ 

. 

- _ 
-_ 

-._ 

-- 
25 B -____ 
55 J -- 

12-sw- 10 IZ-SW-DGOl +2-SED-w-01 
swIMEN OECON WATER EauIPYENT RiHSATt 

m m  nmlas 2mBs 
w&l WJL wo 

_ 
_ 

- _ 

_ 

_ 

_ 
_ 

12-SW-w-01 
FIELD BUNK 

2tMm 
WA 

._- .-_. . 

__-.-.-.-_.. -~ 
___ _. _ _. 

_-___- 

~., ---- _.-.. .._. 
__- -.-_- _ 

.__---. -- 
_- 

. 

_. 

- 

_. 
- 

_- 
- 

__ 

- 

- 

12-SEO-m-01 
TAIP BUNK 

2mFw 
WI1 

_-_.-- --. 

RISK-BASED 
CONCENTRATb3tjS 

--__ 

_- - . -  

-  _._ .-__~ 

__---- -  

-  I  
___- - -  

---___ I  

- - . -  

__-_____ - - - - - -  _ - - - -  - - - - - - -  

-~ . .  

- -  ____. 

- - .~  ~- . -  

---____-__~. 

NOTES: 
1) TCLINDICATESTAJGR CcMPWm LIST 
2) R[SK-BASEDCONCENTRATCM LISTED)oNLY FORORECTED CCMPWNDS 
2.) B~KINDtCA~SCQIIPWISWASNOTOEIECW. 
I) B INDICATES CCMPWND WAS DETECTa) IN IABOPATORI SUNK 
5) J INOICATE AN ESTMATED CM.ICENTRAT~. 



SAWLE NUMBER 

SAWtE TYPE 

SAWLE DATE 

UNITS 

PhRAMl3-m 

Aluminum 

1sSKI-01 

SEDIMENT 

nml-5 
mew 

Antimony __-- 
Arsenic 

&slum 

2.110 ____ -- 

2.5 J -___ 
13.9 J 

DoryIlium - ----- - 
Cndmium .- --- 
Calcium ___- _---.-_. .-_- 

Chromium -.-.- _ -. .-. 
c&all --_--. _- .-_. -. 

5!3T!s -__,--. -_.-_. 
Irorr 

t (UUl .---. ._.. 
Mqlnosium 

Mnngamse -___- 
Mctculy _--___ 
Nickd 

Potassium - 
- 

.-_------.- 

__--- 
565 J 

5.0 J - ._ -. 
1.a J -- .-. 
7.2 J _.__ ._ 

3.250 

2o.u 

231 .I 

23.9 -___ 

Selenium 

Silver ______-___ 
Sodium 

Thallium 

Vanadium 

Zin: 

NOTES: 

__-__ 

~- 

__- 

-___ 

~.-- 
32.5 J 

-____ 
6.0 J 

54.6 

1) BLANKlNDtCATES NOTDETECTED. 
2) ARSENIC RBC CONCENTRATION LISTEO IS THAT OF ARSENIC [as carcmogen) 
3) J INDICATES AN ESTIMATED CONCENTAATION. 

12-SED-M 

SEDIMENT 

2m3m 
wlke 

9.0 J 

04.9 J - 

_-.--- 

1.330 J _-.-. 
133 __ _--.. 

5.0 J - _.. _-----. 

54.1 J -.- -. -. - 
13.800 

71.4 - 
922 J 

00.7 

7.4 J - 

___---- 

--- 

-___- 
67.0 J 

0.47 J 

18.5 J 

233 

TARGfT ANALbTE UST 1NORGANlCS IN SEW.lENT SAWLES 
IR SITE 12 

NAVAL AWHBlOUS BASE UTTLE CREEK 
MAWMA BEACH. VLRGINIA 

FEBRUARY 28.1995 

12-sm-03 12-sm-11‘ IP-sm-w 12-583-05 1ssm--08 

SEDIMENT SmlMENT SEDIMENT SEDIMENT SEDIMENT 

2/20195 2m3l95 ZRWQS 2Raw 2128185 

TeEI rnolka I-w-Kg fwlkg wllrg 

I.290 I020 -L---- 7 750 --.- .- 6.460 _.. _------ t1.6w ___. -_- 

1.7 J I- -_--.--. 

13.5 J -..----- -..- 

__- ---- 
1.3 J ----.- - 
8.2 J 

-_--__ .- . 
4.0 J _..-__.-.._ 

31.7 J --__. 

3.2 J _ ---.--.-. 

25.0 J 

~-- 
6.0 J 

57.8 J ___-.- 

- . . 

557 .I __.-- -_ 
29 .I _ _ 

- - .._. - .- --.. - __--. .- .__ _-..-,--. r 

374 J .._ _---.-__ 
3.3 J 

70 .I 

2.f110 

xi 3 

225 J 

16.1 _--- -.__ 

7.3 J . . 
I .5m 

22 I 

201 J ----- 
14.0 --_-._ 
0.19 J 

_---._ . ..- _ 
344 J --- .- 
9.5 J 

3.0 J 

~_ J3.5 *I I~ 
6.120 

252 - 

551 J __~ 
26.4 .- 

,_ - . ..-. 

484 J . -_. -..- 
83 J _ . 
1.2 J ._ -. 
9.3 J _. . . 

5.mNl 

212 

407 J 

25.1 _.- ---.- 

- . - .-- _- ..__-- - 
6.3 J 

_-_.---. 
a01 J .__-- ,__._ -_ 

14.6 -. _-- _- 
3.6 J 

27.0 J 

13.500 _- ._ 
57.4 .._ _ 
912 J 

63.1 

0.20 J 

5.1 J --_----- -_._-~ 

- .._ - ..--_ 

-___- 

-- ---_- ._-- .-- .- 
0.41 J 

_ -__ --_.- 
359 J 

__-.-- _~...-_.. 
20.3 J 50.7 J -____- ___---_ 

-_ 

. -_ 

-- 

. ._ 

_ 

-- 

-- 

-- 

-- 

-- 

L 

32.2 J _-- -_---. 61.5 J 

. ..^__ -.--_ 
47 J - -_- x-- 
I35 

-..___- 

4.0 J ---- 
94.5 

___--.-_. -_-- ,---.-- 
13.1 .I 11.8 J --- -- --- 

55.0 40.3 

- 
22.2 ___-- 

124 

t2-SE&07 

SfDlMENT 

2m95 

Fe4 

10.6on .._~. -- . 

-~-_ 

5.1 J .._.--- 
53.6 .I - 

__-, --..- 
1230 J . -L---- 

16.9 _ _ - . . 
4.4 J - -- _-.-. 

31.9 J _-.---.-- 
I1.700 

170 .-. 

l.OSO J -- 
03.8 

---- 
8.3 J --___ 

972 J -___-- 
0.77 J 

90.3 J - 

25 1 --____ 

‘267 

RISK-BASED 

CONCENTRAnONS 

INXISTFUAL AESlDENTlAL 

I .WD.Ooo 78,cm 

820 31 -__ --- 

33 037 -___~.- 

14o.[Mo 5.500 -- -__--._- 
13 0.15 _._-----_- ---.-- . 

l.GfH 39 _---- ---- 
NL NL __-__-.-_-.__-- -. 

lO.ooo 390 ,_-__-.-. .._-- -- 
12O.mc 4,700 --_--.~---- - 
76.ooO 2.900 _-,__-- .- __---. 

NL NL _. ._ -.-- 
I1 2 007u - ._ .._ -_ _- 
NL NL 

1 o.ooo 390 - ___- 
610 23 -~ 

41.cm 1.600 -- 

NL NL --. 
10,003 390 -- 

A -__---- NL 

NL NL -___-.-_ 

NL NL 

14,cm 550 ___- _--. 
61O.ooO 23.000 



TAflGETANALYTE UST lNOW%4NlCS IN SEDIMENT SAWLES 
IA SUE 12 

NAVAL AWWBIOUS BASE Lll-TlE CHEEK 
VlRGlNlA BEACH, VlAGtNlA 

FEBAUARY 28.1995 

SAWLE NUMBER 

SAWLE TIl’E 

SAWLE DATE 

UNITS 

PMlAMElER 

t2-SED-OB 12-sf3-a3 

SEDIMENT SEDtMENT 

2126195 2mm5 
wlkg wlkg 

12-SED-10 12-SED-DC-01 12-SED-w-01 12-SQ-FB-01 RISK-BASQ 

SEDIMENT DECON WATEA EQUlPMENT RINSATE FI EUY BLANK CONCENlRAllONS __-_ - --.- ..- -- 

2f281wi 2mm 2bWt?5 2/26/95 sat - iwusrnw SOIL - RESlDENllM Tap Wde; 

wlkg &l/L yllL q/L wm msnco trg/L 

Aluminum 4.940 6.410 I .840 25.000 J 351 J - 1 .ooo.coa --L.-- 78 coo 37 L.- 000 -.- - __ __._. _,-- .-..-- --------_--- -- ---_ .-__-_. ---. -_ -. - __.._-- - .-. ---- .--- - ,_. .___ ._.- 
Antimony -- ___ -.--- --.- __.. --.-. ._-- .- ---- -.-. . _ .____.,__ ---____ 820 .--__ ---.L!-_-.._-‘5 
A~tNliC I.6 J 6.8 J 304 J 3.3 0.37 0.038 .--___--- --- ----___ 
Bmm 17.6 J 43.6 J 24.6 J 62.8 J i40,ooo 5.500 2.600 

__-__ - _ ---- 
__--.--- ___-~--. -_.. --.-- __ - -_ 

r Ocryllium 
_ .,.__ ..__ - --__-_- _------.-.. 

.._.__._ 
_,_- 

1.3 _ _-~-. 0.15 -___- 0016 
-- -- 

Cadmium 11.3 1030 39 10 ____ -_-~- ____ ..--~. ---- ---.-__--- - .- - ._...- ---. -..- ____ ----... ._. _---_.-_- -.--. .-. ._- --- ---~ 
Calcium 222 J 641 J 2.2110 9.640 150 J 247 J NL NL NL .-_ __- ,, -..-- _ - ~-. - . ..--- - -- ---- -- - --. .-- - - .-. .-..-._. - 
Ct~romlum 61 J 9.4 J IGil 456 J 10,0(10 390 100 .___ -.. _ . .._ .- _._. -..-._. 
CdJalI 2.6 J 1.7 J t20.000 4,700 2.200 

--_- ..-.--.- .-._ _ . 

..‘:’ J.:- .. -. - .~!T.‘P! .._._ _. _,. _,_ ._ p-m.?” -.J_._ ._. 22.l ? ._._ 32.3 _ .._ _ ?%!. ___ ~.- ?%! ---___ 

I ran 4250 a.350 2.020 17,700 J 204 .I NL .!C _ __ _--.. 
LOld B,G 64 4 105 50.7 J 37 J 1.4 J 0.2 __- ___-- -. _. _-- . ..-. . -_ . _ ___ __ _ _- ___--~ ..-- 
Mo(lnosium 353 J 620 J 1.180 J 7.240 J NL -_~____- 
M4rrg-B 14.5 44.7 95.9 139 J 

--- -__ ___- -- ---. _--__ .~- .-- -_ . -_.- 
_--.. - -.--_--~-~-~- 10.000 390 -----__. 100 

Mercury 0.35 J 0.30 J 
-_ ~--- _.- .___ ~_-- -____----. _.-- 

_--. -- 610 23 11 

Nickd 2.6 J 2.8 J 4.2 J 85.0 41,wo f .600 730 - -__.--- 

Polasaium 19.503 NL NL NL -.------- -__-------- _--__-- ___ --.- --. _____ _- ____ - -. ._-...-.-.___ ________._._~ 
Selenium 0.90 .I I.0 J IO,crJO 390 180 

____.--__ __-_~ -- ---- __ --___--. ---_----.- --- __--..- ____ -.---.. .--- -._-- 
Sitw NL NL 180 

______- __~ -__-- _, ._______ -.._-.__ --_------- .---___- 
.%dhm 28.1 J 62.3 J 496 J 959.ooo NL NL ~- NL ___-~ --. -~__ - _. ___-__ -------~. .-~ 
Thallium NL NL NL .__-- -_--- -____-- -_- --_.-- -~-..-. ._-_. 
Vanadium 6.9 J 14.3 J 14.9 37.9 J 14.ooo 550 260 

~- --- --~- 
Zinc 15.9 104 135 293 2.4 J 5.5 J 610,000 23.wa 1 I ,000 

NOTES: 
I) BLANKINDICATES NOTDETECTED. 
2) ARSENIC RBC CONCENTRATION LISTED IS THAT OF ARSENIC (as carcmogen) 
3) B INDICATES COMPOUND WAS DETECTED IN LABORATORY BLANK. 
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TABLE 1 

LIST OF CONTACTS 
NAVAL AIWPHlBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Organization/Agencv/Institution 

Chesapeake Bay Program Office - 
Annapolis, MD 

Old Dominion University - Norfolk, VA 

Virginia Department of Environmental Quallity 
- Tidewater Regional Office 

EMAP - Virginia Province 

Virginia Department of Health - Division of 
Shellfish Sanitation 

NAB Little Creek 

Hampton Roads Sanitation 

U.S. Fish and Wildlife Service - White Marsh, 
VA 

Virginia Department of Environmental Quallity 
- Chesapeake Bay Program Ofice 

Virginia Marine Resource Commission 

Tidewater Community College 

Contact Area of Expertise 

William Matuszeski 

Karen Bisland 

Joe Macknis 

Program Director 

Natural Resources 

Monitoring Program 
Coordinator 

Peter Marx 

Kent Mountford 

Daniel Dauer 

Public Relations 

Environmental Indicators 

Department of Biological 
Sciences 

Anthony Rodi Department of Biological 
Sciences 

Debra Thompson 

Traycie West 

Charlie Strobe1 

John Paul, Ph.D. 

Regulatory Services 

Water Resources Development 

Environmental Data 

Research Environmental 
Scientist 

Tim Fearington 

Kelly Creaser 

Ann Nelson 

Maureen Canners 

Catherine Zielske 

Shell&h Closures 

III Program 

Environmental Quality 

Permits 

Natural Resources 

John VanName Water Quality 

Mark Bushing 
I 

Water Quality 
I 

Tony Watkinson 

Sonya Davis 

Fred Stemple 

Wetlands/Shellfish 

Fish Statistics 

Biology Department 



TABLE 1 (Continued) 

LIST OF CONTACTS 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Organization/Agency/Institution Contact Area of Expertise 

LANTDIV I Jim Haluska 1 Dredging -..----I 
U.S. Army Corps of Engineers Ken Kemety 

COMNAVBASE stew Olson Chesapeake Bay Program 



TABLE 2 

ECOLOGICAL CONTAMINANTS OF CONCERN PER MEDIA PER SITE 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK,VIRGINIA 

Inorganic Compounds: 

Mercury 

Nickel 

Silver 

zinc 



TABLE 3 

FREQUENCY AND RANGE OF DETECTION COMPARED TO ESTUARINE SURFACE WATER SCREENING LEVELS 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Surface Water No. of Positive 

Acetone 

Inorganics @g/L): 

Below Blank 



TABLE 3 (Continued) 

FREQUENCY AND RANGE OF DETECTION COMPARED TO ESTUARINE SURFACE WATER SCREENING LEVELS 
SITE 7 

NAVAL AMPHiBIOUS BASE - LITTLE CREEK 
NORFOLK, VIRGINIA 

Analyte 

Inorganics @g/L) 
continued: 
Potassium 

Sodium 

Zinc 

I Contaminant Frequency/Range I 

Surface Water 
Screening LeveIs l-l (SWSLS) No. of 

Positive 
Detects/No. 

Acute Chronic of Samples 
Range of Positive 

Detections 

No. of Positive 
Detects Above 

SWSLS l-r Acute Chronic 

NE NE 717 8,XOOJ - 181,000J NA NA 

NE NE 7/7 184,000 - 4,250,OOO NA NA 

95 86 3/7 30.8 - 70.5 0 0 

EcoIogical 
Contaminant Reason for 
of Concern ? I Exclusion 

No Low Toxicity 

Values are based on Region III BTAG Screening Levels unless otherwise indicated 
* Detection fimit is greater than the corresponding screening level; therefore, samples qualified as not detected may actually exceed screening leveis 
** 

NE 
NA 

Pg/L 
B 
J 
ND 
(1) 
(2) 

Detection limit is greater than the corresponding screening level and the consitiuent is not detected; therefore, samples qualified as “non detects” may actually 
exceed screening levels 
Not Established 
Not Applicable 
micrograms per liter 
Compound Detected in Blank 
Estimated value 
Not Detected 
USEPA, 1992 
Value for Arsenic V 



TABLE 4 

FREQUENCY AND RANGE OF DETECTION COMPARED TO SEDIMENT SCREENING LEVELS 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Analyte 

Volatile Organics 
(WW: 

Acetone 

2-Butanone 

Carbon Disulfide 

Methylene Chloride 

Toluene 

Inorganics (mg/kg): 

Sediment Screening 
Levels Contaminant 
(SSLS) Frequency/Range 

No. of 
Positive 
Detects/ Range of 

B SLsl No. of Positive 
ER-Ls ER-MS” Samples Detections 

NE NE l/7 3703 

NE NE 2M 125 - 65 

NE NE 117 45 

<300(‘) NE l/7 75 

loo(‘) NE 217 IJ-5J 

No. of 
Positive 
Detects Ecological 
Above Contaminant Reason for 

Lowest SSL of Concern? Exclusion 

NA Yes 

NA Yes 

NA Yes 

0 No Below SSL 

0 No Below SSL 

Chromium 81 

Cobalt 1 s”’ 

Copper 34 

370 717 

NE 417 

270 7/7 

f.5J - IO.15 

0.945 - 3.45 

0.89B - 42.9 

0 No 

2 Yes 

1 Yes 

Below SSL 



TABLE 4 (Continued) 

FREQUENCY AND RANGE OF DETECTION COMPARED TO SEDIMENT SCREENING LEVELS 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Sediment Screening 
Levels 
(SSLS) 

Contaminant 
Frequency/Range 

No. of 
Positive 
Detects 
Above 

Lowest SSL Analyte 

’ Inorganics (mglkg) 
continued: 
Iron 

Lead 

BSLs/ 
ER-Ls 

NE 

46.7 

No. of 
Positive 
Detects/ Range of 
No. of Positive 

ER-MS”) Samples Detections 

27,000(‘) 717 1,060 - 14,200 

218 7/7 1.75 - 31.1 

Ecological 
Contaminant 
of Concern? 

Reason for 
Exclusion 

No Below SSL 0 

Below SSL 0 

NA 

No 

No Low Toxicity Magnesium NE NE 7/7 787B - 2,680 

Manganese 230c5) NE 7/7 2.7B - 67.2 

Nickel 20.9 51.6 6f7 3.3B - 7.6B 

Potassium NE NE 7/7 45.38 - 1,350B 

Below SSL 0 No 

0 No Below SSL 

Low Toxicity NA 

1 

No 

Yes 
I  I  I  

0.733 1 3.7 1 117 1 0.75.J Silver* 

Sodium NE I NE 1 7M 1 2998 - 5,160 No NA 

0 

Low Toxicity 

Vanadium 
I  I  I  I  

.5X(‘) 1 NE 1 617 1 5.4B - 23.2 No 

Yes 

Below SSL 

1 Zinc I 150 I 410 I 617 I 29.5 - 213 1 

B Compound Detected in Blank 
(I) USEPA Region III screening level for soil-fauna 
(2) Long et A., 1995. 
(‘I Tetra Tech, Inc. 19X6. 
(4) Sulllivan et al --.I 1985. 
(‘I Long and Morgan, 1990. 

* Detection limit is greater than ER-L screening levels 
BSL 
ER-L 
ER-M 
NE 
NA 

P&t? 
m&z 
J 

USEPA Region III BTAG Screening Level 
Effects Range - Low 
Effects Range - Median 
Not Established 
Not Applicable 
microgram per kilogram 
milligram per kilogram 
Estimated Value 



TABLE 5 

FREQUENCY AND RANGE OF DETECTION COMPARED TO ESTUARINE SURFACE WATER SCREENING LEVELS 
SITE 12 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Contaminant Frequency/Range 

Surface Water 
Screening Levels 

(SWSLS) 

No. of Positive 
Detects Above L- SWSLS No. of 

~ Positive 
Detects/No. 
of Samples 

Ecological 
Contaminant 
of Concern ? Acute Chronic 

+ 
NE NE 

+ 224,000 NE 

Range of Positive 
Detections I I Acute Chronic 

Reason for 
Exclusion Analyte 

VolatiIes @g/L): 

Acetone 314 20B - 50B NA NA 

11 0 NA 

Below Blank 
Concentration 

No 

No 
1,2- 
Dichloroethene(tota1) l/4 Below SWSL 

2-Butanone NE I NE 114 36 I NA 1 NA Yes 

NO z---k Below SWSL Trichloroethene 

Tetrachloruethene 

l/4 

If4 

35 0 NA 

3J 0 0 No Below SWSL 

Toluene 1.050 1 NE 314 I No 

Yes 

Below SWSL 

Inorganics #g/L): 

Aluminum 2/4 NE NE 

69”’ I j3Vl 3/4 

4/4 

Arsenic 

Barium NE I NE 

2.25 - 23.45 0 1 Yes 

25.33 - 6695 NA NA Yes 

Bervllium NE I NE 114 3.15 NA NA Yes 

7.5J 0 0 NO 1/4 Cadmium 43”) 9.3 Below SWSL 



TABLE 5 (Continued) 

FREQUENCY AND RANGE OF DETECTION COMPARED TO ESTUARINE SURFACE WATER SCREENING LEVELS 
SITE I2 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Analyte 

Inorganics @g/L) 
(continued): 

Calcium 

Surface Water 
Screening Levels 

(SWSLS) 

Acute Chronic 

NE NE 

Contaminant Frequency/Range 

No. of 
Positive 

Detects/No. Range of Positive 
of Samples Detections 

414 15,600J - 84,500J 

No. of Positive 
Detects Above 

SWSLS 

Acute Chronic 

NA NA 

Ecological 
Contaminant 
of Concern ? 

No 

Potassium NE NE 4/4 2,SOOJ - 2 1,300J NA NA No 

Sodium NE NE Ill11 13,300.J - 26,200J NA NA No 

Reason for 
Exclusion 

Low Toxicity 

Low Toxicity 

Low Toxicity 

Low Toxicitv 



TABLE 5 (Continued) 

FREQUENCY AND RANGE OF DETECTION COMPARED TO ESTUARINE SURFACE WATER SCREENING LEVELS 
SITE 12 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

t- 

Surface Water 
Screening Levels 

(SWSLS) 

Analyte 

Inorganics @g/L) 
(continued): 

Vanadium 

Acute Chronic 

1 <lO,OOO 1 NE 
Zinc I 95 I 86 

Contaminant Frequency/Range 

No. of 
Positive 

Detects/No. 
of Samples 

Range of Positive 
Detections 

No. of Positive 
Detects Above 

SWSLS 

Acute I Chronic 

Ecological 
Contaminant 
of Concern ? 

2/4 11.85 - 1625 0 NA NQ Below SWSL 

4/4 I 39. I - 3.8005 I 3 I 3 I Yes 

Reason for 
Exclusion 

Values are based on Region III BTAG Screening Levels unless otherwise indicated. 
* Detection limit is greater than the corresponding screening level; therefore, samples qualified as “non detects” may actually exceed the screening level 

NE Not Established 
NA Not Applicable 
B Compound Detected in Blank 
J Estimated value 
PdL microgram per liter 
ND Not Detected 
(I) USEPA, 1992 
c2) Value for Arsenic V 
c3) Value for Chromium III 
(4) Value for Chromium VI 



TABLE 6 

FREQUENCY AND RANGE OF DETECTION COMPARED TO SEDIMENT SCREENING LEVELS 
SITE 12 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Sediment Screening 
Levels Contaminant 

Analyte 

Volatile Organics 
~~gkd: 

Acetone 

I ,2-Dichloroethene(tota1) 

(SSLS) Frequency/Range 

No. of 
Positive 
Detects/ Range of 

BSLsl No. of Positive 
ER-Ls ER-MS@) Samples Detections 

NE NE 3/4 XJ - 825 

<300(l) NE 2/4 25 - 14J 

No. of 
Positive 
Detects Ecological 
Above Contaminant Reason for 

Lowest SSL of Concern? Exclusion 

NA Yes 

0 No Below SSL 

Aluminum 



TABLE 6 (Continued) 

FREQUENCY AND RANGE OF DETECTION COMPARED TO SEDIMENT SCREENING LEVELS 
SITE 12 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Reason for 
Exclusion 

Sediment Screening 
Levels Contaminant 
(SSLS) Frequency/Range 

No. of 
Positive 
Detects/ Range of 

BSLs/ No. of Positive 
ER-Ls ER-MS(‘) Samples Detections 

No. of 
Positive 
Detects 
Above 

Lowest SSL 

Ecological 
Contaminant 
of Concern? Analyte 

Inorganics (mg/kg) 
(continued): 
Copper 34 270 4/4 2.35 - 363 1 Yes 

NE 27,000(3) 4/4 I,2205 - 12,900 

46.7 218 414 8.75 - 1lOJ 

0 No 

2 Yes 

Below SSL 

NE NE 4/4 X3.6J - 1,990J 

230(5’ NE 414 3.7J- 1445 

No 

No 

Low Toxicity 

Below SSL 

NA 

0 

0.15 0.71 114 0.285 

20.9 51.6 3/4 2.95 - 13.8J 

I 

0 

Yes 

No Below SSL 

NE NE 414 45.83 - I,3505 

NE NE l/4 3463 

Low Toxicity 

Low Toxicity 

NA 

NA 

No 

No 

58”’ NE 

150 410 

USEPA Region III BTAG Screening Level 
Effects Range - Low 
Effects Range - Median 
microgram per kilogram 
milligram per kilogram 
Not Established 
Not Applicable 
Estimated Value 

4/4 1.9J - 26.93 

414 6.15 - 383J 

(1) 
(2) 
(3) 
(4) 

(9 

0 No 

2 Yes 

Below SSL, 

BSL 
ER-L 
ER-M 

P&3 
mgk 
NE 
NA 
J 

USEPA Region III screening level for soil-fauna 
Long et al., 1995. 
Tetra Tech, Inc. 1986. 
Suillivan et al 1985. --.I 
Long and Morgan, 1990. 



TABLE 7 

PHYSICAL/CHEMICAL CHARACTERISTICS 
OF THE ECOLOGICAL CONTAMINANTS OF CONCERN 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

243utanone 

Iron ND ND ND 

Lead 726@’ ND ND 

Manganese 35”) ND ND 

Mercury 7,000(3’ ND ND 

Nickel 1 OOC3’ ND ND 

Silver 1 50C3’ ND ND 

zinc 2,000” ND ND 

BCF Bioconcenwation Factor 
ND No Data 
(1) USEPA, 1986. 
(74 SCDM, 1991. 
(3) USEPA, 1995. 



TABLE 8 

SURFACE WATER QUOTIENT INDEX PER STATION 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Analyte 
Sample Sample 
Number Concentration 

Surface Water 
Quotient Index 

Acute 1 Chronic I 

Inorganics @g/L): 

NA Not Applicable 



TABLE 9 

SURFACE WATER QUOTIENT INDEX PER ECOLOGICAL CONTAMINANT OF CONCERN 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Total QI 

NA Not Applicable 
QI Quotient Index 
cl@ micrograms per liter 



TABLE 10 

SURFACE WATER QUOTIENT INDEX PER STATION 
SITE i2 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Sample 
Concentration 

NA NA 1 NA 1 

NA 

23.4 

NA 

NA 

148 

NA 

21.5 

305 

10.1 

4.7 

NA 

25.2 

312 

547 

1,240 

507 

529 

0.79 

143 

204 

3,800 

153 

NA I 

NA 

NA 
.;.:.:.:.:. 
.,:::::::::j .:; :..:.. 

Analyte 

Organics (pg/L): 

2-Butanone 

Inorganics (pg/L): 

Aluminum 

Arsenic 

I NA Barium 

Beryllium 

Chromium 

I NA 

I 12-SW-102 

Cobalt I NA 

Copper 

Iron 

Lead 1 12-SW-101 

1 12-SW-102 

Manganese I 12-SW-101 

Mercury 

1 12-SW-102 Nickel 

zinc 

cilogram 
NA Not Applicable 
&3/L microgram per I 



TABLE 11 

SURFACE WATER QUOTIENT INDEX PER ECOLOGICAL CONTAMINANT OF CONCERN 
SITE 12 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Total QI 

NA Not Applicable 
QI Quotient Index 
* Maximum Value 

Pa microgram per liter 



TABLE 12 

SEDIMENT QUOTIENT INDEX PER STATION 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Analyte 
I 

Volatile Organics @g/kg): 

Acetone 
2-Butanone 

Carbon Disulfide 

Inorganics (mg/kg): 

Aluminum 

Number 
Sample 

Concentration 

NA 

I Sample 

NA 
NA NA 
NA NA 

NA NA 

Sediment Quotient Index 

BSL/ER-L 1 ER-M 

NA NA 

NA 1 NA 

NA 1 NA 

NA NA 

1 Arsenic 

Beryllium 
Cadmium 

07-SED- 102 

07-?&D- 104 

07-SED-101 

07-SED- 102 

1 07-SED-104 1 2.3 0.24 1 

BSL USEPA Region III BTAG Screening Level 
ER-M Effects Range - Median 
ER-L Effects Range - Low 
NA Not Applicable 
pg/kg microgram per kilogram 
mg/kg milligram per kilogram 



TABLE 13 

SEDIMENT QUOTIENT INDEX PER ECOLOGICAL CONTAMINANT OF CONCERN 
SITE 7 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Cobalt 

Copper 

Silver 

zinc 

Total QX 

14.67 0.13 0.05 

0.75* i:g:i;:::;. ,,,, I, .I,~~ 0.20 

65.53 0.44 0.16 

BSL 
ER-L 
ER-M 
NA 

iI 
cl& 
m&g 

USEPA Region III BTAG Screening Level 
Effects Range - Low 
Effects Range - Median 
Not Applicable 
Maximum Value 
Quotient Index 
microgram per kilogram 
milligram per kilogram 



TABLE 14 

SEDIMENT QUOTIENT INDEX PER STATION 
SITE 12 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Mercury 

Zinc 

12-SED- 103-00 110 lg$!!: ;: ” .T;?gggig 3::] 0.50 
12-SED-103-00 0.28 ~~:::i.;l:l 0.39 ..)0:.: . . . . . . . . . . . . ., ,,.,\,.,.... 
12-SED-102-00 3x3 6’.1111i:i:iii:i:iii:i:::: 4s:. c7 :.‘I :i;gr : . . ,, : :_ ,:,:::::::. . . . . . . . . . . :.... 0.93 
12-SED-102-06 23 3 0.57 

BSL USEPA Region III BTAG Screening Level 
ER-L Effects Range - Low 
ER-M Effects Range - Median 
NA Not Applicable 
pg/kg microgram per kilogram 
mgikg milligram per kilogram 



TABLE 15 

SEDIMENT QUOTIENT INDEX PER ECOLOGICAL CONTAMINANT OF CONCERN 
SITE 12 

NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Analyte 
Average 

Concentration 

Sediment Quotient Index 

BSL/ER-L ER-M 

Volatile Organics (&kg): 1 I I I 
Acetone 

Inorganics @g/kg): 

NA NA NA 

Aluminum I NA 1 NA 1 NA I 
Cadmium 

Cobalt 

Copper 
Lead 

Mercury 
zinc 

Total QI 

0.28* 

163.05 

NA 
BSL 
ER-L 
ER-M 
QI 
* 

Not Applicable 
USEPA Region III BTAG Screening Level 
Effects Range - Low 
Effects Range - Median 
Quotient Index 
Maximum Value 
micgrogram per kilogram 
milligram per kilogram 



TABLE 16 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Aluminum 

Barium 

Cobalt 

Copper 

Remedial 
Investigation 

Range of Positive 
Detects 
CM/L) 

388J - 1,690J 

17SB - 36.W 

3.4 - 5.6B 

5.3B - 14.lB 

STORET Station 



TABLE 16 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Iron 

Remedial 
Investigation 

Range of Positive 
Detects 
(I@-> 

1,OlOJ - 6,890J 

STORET Station 

5ou 92104128 

123 94104112 

340 95106122 

7-WESOO0.62 NE 91/06/25 

490 92104128 

140 94/04/12 

710 95/06/22 



TABLE 16 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Lead 

Remedial 
Investigation 

Range of Positive 
Detects 
II@) 

3.2J - 5OJ 

1 92/04/28 1 

1 94/04/12 1 

7-BBY002.88 1 

I 92104128 ~~ I 
5u 95106122 

7-CCHOOO.OO 1 OOK 90/05/24 

NE 95105123 

7-LYNOOO.03 1ou 91/06/25 

I 9210412 I 
1ou 94/04/12 

5U 95/06/22 
I  I  

7-WESOO0.62 1 IOU 91/06/25 

1 94/04/12 1 

5u I 95/06/22 1 



TABLE 16 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Manganese 

Remedial 
Investigation 

Range of Positive 
Detects 
bm 

83.9 -334 

Reference Stations 

STORE-I- 
STORET Station Concentration Date of Sample 

Location wu Collection 

7-EBLOOO.O1 5ou 92104128 

1OU 94/04/12 

5ou 95106122 

7-BBY002.88 38 92104128 
5ou 95106122 

7-CCHOOO.OO 37.3 93/05/13 
14.2 94104127 
5ou 9.5/05/23 

7-LYNOOO.03 5ou 92/04/28 
1ou 94/04/12 
5ou 95/06/22 

7-WESOO0.62 5ou 92/04/28 
17.9 94/04/12 
sou 95/06/22 

NE 
J 
K 
I3 
u 
EBL 
BBY 
CCH 
LYN 
WES 
PdL 

Not Evaluated 
Estimated value 
Actual value is known to be less than value given 
Compound Detected in Blank 
Not Detected 
Eastern Branch of Lynnhaven River 
Broad Bay 
Cape Charles Harbor 
Mouth of Lynnhaven River 
Western Branch of Lyrmhaven River 
microgram per kilogram 



TABLE 17 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO REFERENCE STATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Acetone 

2-Butanone 

Carbon Disulfide 

Aluminum 

Arsenic 

Beryllium 

Cadmium 

Cobalt 

Copper 

Remedial 
Investigation 

Range of Positive 
Detects 

OWW 

0.37J 

0.0125 - 0.065 

0.0045 

221 - 6,520 

1.2B - 8.6 

0.2833-0.42B 

2.3 - 3.1 

0.945 - 3.45 

0.89B - 42.9 

STORET Station 
Location 

NE 

NE 

NE 

7-BBY002.88 

7-CCHOOO.OO 

7-BBY002.88 

7-CCHOOO.OO 

7-BBY002.88 

7-CCHOOO.OO 

7-EBL000.01 

7-BBY002.88 

7-CCHOOO.OO 

NE 

7-BBY002.88 

7-CCHOOO.OO 

Reference Stations 

STORET 
Concentration 

b-d%) 

NE 

NE 

NE 

NE 

NE 

11,900 

281 

13 

10 

10 

5U 

5U 

5u 

5u 

5u 

NA 

5u 

5u 

SU 

5u 

NE 

29 

29 

8 

5u 

Date of Sample 
Collection 

NE 

NE 

NE 

93/06/08 

94/04/12 

95106122 

95105123 

93106108 

94/04/12 

95106122 

95/05123 

93/06/08 

94104112 

95106122 

95105123 

NE 

93/06/08 

94/04/l 2 

95106122 

95105123 

NE 

93/06/08 

94/04/12 

95106122 

95105123 



TABLE 17 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO REFERENCE STATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Remedial 
Investigation Reference Stations 

Range of Positive STORE-T 
Detects STORET Station Concentration Date of Sample 

Parameter (m&l Location b-d&) Collection 

Silver 0.755 7-BBY002.88 5U 93106/0X 

5U 94/04/12 

SU 95106122 

7-CCHOOO.OO 5U 95rw23 

zinc 29.5 - 213 7-BBY002.88 110 93/06/08 

130 94ro4f12 

91 95/06/22 

7-CCHOOO.OO 5U 95fO.5123 

NE 
B 
J 
K 
u 
BBY 
CCH 
EBL 
mgk 

Not Evaluated 
Compound Detected in Blank 
Estimated value 
Actual value is known to be less than value given 
Note Detected 
Broad Bay 
Cape Charles Harbor 
Eastern Branch of Lynnhaven River 
milligram per kilogram 



TABLE 18 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

2-Butanone 

Aluminum 

Arsenic 

Remedial 
Investigation 

Range of Positive 
Detects 
(PdL) 

36 

4,320J - 8 1,SOOJ 

2.25 - 23.45 

Reference Stations 

7-BBY002.88 

7-LYNOOO.03 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Barium 25.35 - 6695 

Beryllium 

Remedial 
Investigation 

Range of Positive 
Detects 

(Ia) 

3.1J 

Reference Stations 

STORET Station 
Location 

STORET 
Concentration 

CPtiL) 

Date of Sample 
Collection 

NE NE NE 

7-EBLOOO.O 1 IOU 9 II06125 

NE 92104128 

NE 94/04/12 

NE 95106f22 

I NE I 95106122 

7-CCHOOO.OO I 1OOK I 90105124 

I IOU I 9 l/06/19 

I IOU I 92104123 

I NE I 93/05/l 3 

NE 94104112 

NE 95106122 

7-WESOO0.62 IOU 9 l/06/25 

NE 92104128 

NE 94104112 

NE 95106122 



TABLE 18 (Continued) 

COMPAFUSON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Zhromium 

Cobalt 645 NE NE NE 

Remedial 
Investigation 

Range of Positive 
Detects 
Ilm) 

148J 

-- 

Reference Stations 

STORET Station 
Location 

STORET 
Concentration 

(PLg/L) 
Date of Sample 

Collection 

7-EBL000.0 1 I 1ou I 9 1106125 I 

7-BBY002.88 1ou 9 I/06/25 

IOU 92104128 

5ou 95106122 

7-CCHOOO.OO IOK 90/05/24 

5ou 91/06/19 

I IOU I 92104123 1 
IOU 93/05/13 

low 94104127 
I 

7-LYNOOO.03 IOU 9 l/06/25 

5&J 92104128 

1ou 94104112 

5ou 95106122 

7-WESOO0.62 I 1ou I 9 l/06/25 I 

I 5ou I 92104128 I 

I IOU I 94104112 1 

I 5OU I 95/06/22 I 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Copper 

Remedial 
Investigation 

Range of Positive 
Detects 

(I@-) 

4.75 - 3055 

STORET Station 
Location 

7-EBLOOO.O 1 

7-BBY002.88 

7-CCHOOO.OO 

7-LYNOOO.03 

7-WESOO0.62 

Reference Stations 

STORET 
Concentration 

(Pa) 

40 

5ou 

1ou 

50 

40 

1ou 

50 

11 

SO 

IOU 

IOU 

1ou 

50 

5ou 

IOU 

6X 

40 

5ou 

IOU 

50 

Date of Sample 
Collection 

91106125 

92104128 

94/04/12 

95106122 

9 l/06/25 

92104128 

9.5/06/22 

90/05/24 

91/06/19 

92104123 

93105113 

94104127 

91106/25 

92104128 

94/04/12 

95/06/22 

9 l/06/25 

92104128 

94104112 

95106122 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Rernddial Reference Stations 
Investigation 

Range of Positive STORET 
Detects STORET Station Concentration Date of Sample 

Parameter (P8~) Location WL) Collection 

Iron 2,900J - 94,SOOJ 7-EBLOOO.O1 NE 9 l/06/25 

82 92/04/2x 

97 94/04/l 2 

440 95106122 

7-BBY002.88 NE 9 l/06/25 

111 92104128 

270 95106122 

7-CCHOOO.OO NE 90105124 

NE 91/06/19 

NE 92104123 

857 93/05/13 

152 94104127 

190 95/05/23 

7-LYNOOO.03 NE 9 l/06/25 

5ou 92104128 

123 94/04/12 

340 95106122 

7-WESOO0.62 NE 91106125 

490 92104128 

160 94/04/12 

710 95106122 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Lead 

Remedial 
Investigation 

Range of Positive 
Detects 
(l&J 

25 - 3123 

Reference Stations 

STORET Station 

7-LYNOOO.03 

7-WESOO0.62 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Manganese 

Mercury 

Remedial 
Investigation 

Range of Positive 
Detects 
@g/L) 

5075 - 1,240J 

0.79J 

Reference Stations 

STORET 
STORET Station Concentration Date of Sample 

Location (Pg/L) Collection 

7-EBLOOO.O 1 5ou 92104128 

IOU 94/04/l 2 

5ou 95/06/22 

7-BBY002.88 3x 9210412 8 

5ou 95/06/22 

7-CCHOOO.OO 37.3 93105113 

14.2 94104127 

5ou 95/05/23 

7-LYNOOO.03 5ou 92/04/28 

IOU 94/04/I 2 

5ou 95106122 

7-WESOO0.62 5ou 92/04/28 

17.9 94104112 

5OU 95106122 

NE NE NE 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMl’HIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Nickel 1433 

Remedial 
Investigation 

Range of Positive 
Detects 
(Ia) 

STORJZT Station 

7-EBLOOO.O1 

Concentration 

7-LYN000.03 1ou 9 1/06/25 

5ou 92104128 

1ou 94104112 

5ou 95106122 

7-WESOO0.62 1ou 91/06/25 

SOU 92/04/28 

1ou 94104112 

5ou 95106122 



TABLE 18 (Continued) 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter 

Remedial 
Investigation 

Range of Positive 
Detects 
(l&L) 

39.1 - 3,SOOJ 

Reference Stations 

7-BBY002.88 

7-CCHOOO.OO 



TABLE 18 (Continued) 

NE 
J 
K 
U 
EEL 
BBY 
CCH 
LYN 
WES 
I@- 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMYPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Not Evaluated 
Estimate value 
Actual value is known to be less than value given 
Not detected 
Eastern Branch of Lynnhaven River 
Broad Bay 
Cape Charles Harbor 
Mouth of Lynnhaven River 
Western Branch of Lynnhaven River 
microgram per liter 



TABLE 19 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO REFERENCE STATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Acetone O.OOSJ - 0.082J 

Aluminum 1,130J - 11,700J 

Cadmium 

Cobalt 

Copper 

Lead 

Mercury 

Zinc 

Remedial 
Investigation 

Range of Positive 
Detects 
bwfk) 

1.25 

1.35 - 4.85 

2.35 - 365 

8.75 - 1lOJ 

0.2XJ 

6.1J - 3835 

NE Not Evaluated 
J Estimate value 
U Not Detected 
BBY Broad Bay 
CCH Cape Charles Harbor 
mg/kg milligram per kilogram 

Reference Stations 

STORET Station 
Location 

STORJZT 
Concentration 

Cmd!d 
Date of Sample 

Collection 

NE NE NE 

7-BBY002.88 NE 93/06/08 

NE 94/04/12 

11,900 95/06/22 

7-CCHOOO.OO 1 I 95/05/23 

7-BBY002.SS 5U 93fO6lOS 

5u 94104112 

5U 95/06/22 

7-CCHOOO.OO 5U 95/05/23 
I I 

NE NE NE 

7-BBY002.SS 1 29 I 93lO6lOS I 
29 I 94/04/12 

S 95106122 

7-CCHOOO.OO 5U 95/05/23 

7-BBY002.SS 27 93106108 

22 94/04/12 

22 95106122 

7-CCHOOO.OO 1 1 95/05/23 

NE NE NE 

7-BBY002.SS 110 93lO6lOS 

130 94/04/12 

91 95106122 

7-CCHOOO.OO 5U 95105123 



TABLE 20 

COMPARISON OF REMEDIAL LNVESTIGATION SURFACE WATER DATA 
TO PREVIOUS REMEDIAL INVESTIATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter(‘) 

Aluminum 

Barium 

Cobalt 

Copper 

kOIl 

Manganese 

Remedial 
Investigation 

Site 7 
(Pp/L) 

3SSJ - 1,690J 

17SB - 36.8B 

3.4 - 5.6B 

5.3B - 14.1B 

1,OlOJ - 6,890J 

83.9 - 334 

Round 1 Interim 
Verification Remedial 

Study Investigation 
Site 7 Site 7 
@g/L) 0%~) 

NA 117B-601B 

NA ND 

NA ND 

50 13B 

NA 121B - 6,000 

NA 4 - 533 

(1) Parameters are ECOCs identified during the ecological RA 
B Compound Detected in Blank 
J Estimate Value 
U Not Detected 
NA Not Analyzed 
ND Not Detected 
l-a microgram per kilogram 



TABLE 21 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO PREVIOUS REMEDIAL INVESTIGATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter”) 

Remedial Round 1. Verification 
Investigation Study 

Site 7 Site 7 

bww bwW 

Acetone 

2-Butanone 

0.37J 16-27 

0.0125 - 0.065 NA 

Carbon Disulfrde 

Aluminum 

0.0045 2.2 

221 - 6,520 NA 

Arsenic 

Beryllium 

1.2B - 8.6 4.8 - 34 

0.28B - 0.42B 0.3 - 0.7 

Cadmium 

Cobalt 

2.3 - 3.1 ND 

0.94J - 3.45 NA 

Copper 

Silver 

0.89B - 42.9 5.2 - 33.9 

0.75J ND 

zinc I 29.5 - 213 I 12.4 - 135 

(1) Parameters are ECOCs identified during the ecological RA 
J Estimate Value 
B Compound Detected in Blank 
NA Not Analyzed 
ND Not Detected 
mg/kg milligram per kilogram 



TABLE 22 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO PREVIOUS REMEDIAL INVESTIGATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGLNIA 

(1) Parameters are ECOCs identified during the ecological RA 
J Estimated Value 
NA Not Analyzed 
ND Not Detected 
PdL microgram per liter 



TABLE 23 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO PREVIOUS REMEDIAL LNVESTIGATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VLRGINIA 

Parameter(‘) 

Remedial Round 1 
Investigation Verification Study 

Site 12 Site 12 
(wk) oww 

Acetone 1 O.OOSJ- 0.082J 1 18 - 230 

Aluminum 1 1,130J - 11,700J 1 NA 

Cadmium I 1.2J I NA 

Cobalt 

Copper 

1.35 - 4.XJ NA 

2.35 - 365 NA 

Lead I 8.7J- 1lOJ I NA 

Mercury 

Zinc 

0.285 NA 

6.1J-3835 NA 

(1) Parameters are ECOCs identified during the ecological R.4 
J Estimate value 
B Estimate value biased low 
NA Not Analyzed 
ND Not Detected 
mg/kg milligram per killigram 

Interim 
Remedial 

Investigation 
Site 12 
Cm&) 

Canal 
Sediment 

Study Site 12 
(wW 

92B - 160B 1 0.0075- 0.35 1 

NA 1 1,020 - 11,600 1 

NA T ND 1 



TABLE 24 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO NON-RELATED REMEDIAL INVESTIGATION SURFACE WATER DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Pammete*‘) 

Remedial 
Investigation 

Site 7 
(I@) 

Ewing &. A, 
1992 (Pa> 

Base Study, Base Study, 
1994 1995 

(Pgn) (lm) 
Aluminum 388J - 1,690J NA NA NA 

Barium 17SB - 36.8B NA NA NA 

Cobalt 

Copper 

3.4 - 5.6B NA NA NA 

5.3B - 14.1B 0.42 - 0.97 NA NA 

Iron 

Manganese 

1 l,OlOJ- 68905 1 NA 1 NA I NA 
I I I I 

I 
83.9 - 334 NA NA NA 

(1) Parameters are ECOCs identified during the ecological RA 
J Estimate Value 
B Compound Detected in Blank 
NA Not Analyzed 
ND Not Detected 
Pg/L microgram per liter 



TABLE 25 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO NON-RELATED REMEDIAL INVESTIGATION DATA 

SITE 7 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Parameter(‘) 

Remedial 
Investigation 

Site 7 
Gwkz) 

Acetone I 0.375 

2-Butanone 

Carbon Disulfide 0.0045 

Aluminum 1 221 - 6,520 

Arsenic 

Beryllium 

Cadmium 

Cobalt 

1.2B - 8.6 

0.28B - 0.42B 

2.3 - 3.1 

0.945 - 3.45 

Copper 0.89B - 42.9 

1 0.753 

I 29.5 - 213 

(1) Parameters are ECOCs identified during the ecological RA 
J Estimate Value 
B Compound Detected in Blank 
NA Not AnaIyzed 
ND Not Detected 
AMRL Old Dominion University, Applied Marine Research Laboratory 
mg/kg milligram per kilogram 



TABLE 26 

E 

COMPARISON OF REMEDIAL INVESTIGATION SURFACE WATER DATA 
TO NON-RELATED REMEDIAL INVESTIGATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

Lead 

Manganese 

Mercury 

Nickel 

Zinc 

I 
ZJ- 3125 0.2 - 1.5 NA NA 

507J - 1,240J NA NA NA 

0.795 0.26 NA NA 

1435 ND NA NA 

39.1 - 3,800J 5- 16 NA NA 

(1) Parameters are ECOCs identified during the ecological RA 
J Estimate Value 
NA Not Analyzed 
ND Not Detected 
AMRL Old Dominion University, Applied Marine Research Laboratory 

I@- microgram per liter 



TABLE 27 

COMPARISON OF REMEDIAL INVESTIGATION SEDIMENT DATA 
TO NON-RELATED REMEDIAL INVESTIGATION DATA 

SITE 12 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGINIA 

(1) Parameters are ECOCs identified during the ecological RA 
J Estimate Value 
NA Not Analyzed 
ND Not Detected 
mg/kg milligram per kilogram 



TABLE 28 

BENTHIC MACROINVERTEBRATE DENSITY COMPARISON 
LITTLE CREEK HARBOR 

NAVAL AIWPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

Species 

Polydora Zigni (P) 

Parupionosyllis longicirrata (P) 

Streblospio benedicti (P) 

Little Creek 
Site(‘) 

6,291 

2,644 

Density (individuals/m2) 

Tidal Creek Lynnhaven Inlet-Shoal 
Mud Sites@) Roads Sitesc2) Sites”) 

3,850 

1,409 83 

Narrows 
Site(‘) 

552 

1,850 

Clymenella torquata (P) 2,430 

Cirratulidae spp. (P) 2,233 

Capitella capitata (P) 1,944 

Mediomastus ambiseta (P) 1,812 9x 968 836 

Ophelia bicornis (P) 1,042 

Tellina agilis (B) 610 316 

Tubificoides sp. (0) 356 641 

Listriella clymenellae (A) 303 

Cuulleriella sp. (P) 261 

Eteone heteropoda (P) 218 1X 128 

Mcrophthalmus similis (P) 195 

Paraprionospio pinnata (P) 136 79 235 

Molgulia manhattensis (AS) 

Streptosyllis sp. (P) 

i97 

1x1 

Paraonis fulgens (P) 127 

Nemertean sp. (N) 24 121 89 

Ilyanassa obsoletu (G) 

Corophium tuberculatum (A) 

115 

114 

Spiophanes bombyx (P) 99 

Gemma gemma (B) 89 

Tubificoides gabriellae (0) 85 

Capitellid spp. (P) 67 

Polycladida sp. (F) 55 

Sphaerosyllis hystrix (P) 51 

Leitoscoloplos~agilis (P) 42 

Glycinde solituria (P) I 40 I 113 I I T53 

P Polychaete N Nemertean 
B Bivalve F Flatworm 
0 Oligochaete (1) Ewing&t~.,1988. 
A Amphipod (2) Tourtellotte and Dauer, 1983. 
AS Ascidiacea 



TABLE 29 

BENTHIC MACROINVERTEBRATE RESTORATION GOALS 
LITTLE CREEK HARBOR 

NAVAL AMPHIEfIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

RGI Parameters 

RGI Benthic Macroinvertebrate Restoration Goals Index 
NA Not Applicable 
NE Not Analyzed 
Sediment Type: Mud 
Salinity Grade: High Mesohaline 
(1) Ranasinghe & at., 1993. 



AnaW (dk) 

Total Mercury 

Tributyl-Tin 

TABLE 30 

FISH TISSUE DETECTION SUMMARY - BASE STUDIES 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 

NORFOLK, VIRGLNL4 

Base Study 1994(l) I Base Study 1 995(2) I 

Canal- PierSS- 
Crabs 1-8 Crabs l-7 Croaker # 1 spot l-3 Crabs Croaker 

225 193 134 132 97.4 148 

ND ND ND ND 28 6 

ND Not Detected 
(1) NAB, 1994 
12) NAB, 1995a 
Kg/kg microgram per kilogram 
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Figure 6 
Conceptual Model 

Potential Exposure Pathways and Ecological Receptors 
Naval Amphibious Base Little Creek 

Exposure Pathways 

Incidental Ingestion 
Dermat Contact 

Receptors 

Macrobenthic Invertebrates 
Dermesal Fish/Pelagic Flora & Fauna 

Discharge 
Seepage 



IR Site 9 

Driving 
Range Landfill 
runoff/drainage 

towards 
Chesapeake Bay 

Shoreline 

FIGURE 7 
CONCEPTUAL MODEL 

POTENTIAL ECOC SOURCES TO LITTLE CREEK HARBOR 

IR Site 10 I 

Sewage Treatment 
Plant Landfill 

toward Desert 

Potential Non-l R Sources 
CNavv-Related) 

1 NAB’s logistic and support operation 
and amphibious training activities 

2. Dredging activities 
3. Drills conducted on mudflats 
4. Fueling operations 
5. Salvage and ship maintenance 

NAVAL AMPHlBlOUS BASE LITTLE CREEK 

IR Site 7 

Amphibious Base 
Landfill 

runoff/drainage via 
drainage ditch 
towards Little 
Creek Cove 

IR Site 12 

Exchange Laundry 
Waste Disposal 

Area 
runoff/drainage via 

drainage canal 
towards Little 
Creek Cove 

I- 
-L--- 

Little Creek Harbor(‘) 

PAHs (SD) 

Phthalates (SD) 

Neutral acids (SD) 

Total dibutyl-tin (SW, SD) 

Total tributyl-tin (SW, SD) 

Arsenic (SW, SD) 

Beryllium (SD) 

Cadmium (SW, SD) 

Chromium (SW, SD) 

Copper (SW, SD) 

+ Lead (SW, SD) 

Mercury (SW, SD) 

Nrckel (SD) 

Selenium (SW, SD) 

Silver (SD) 

Thallium (SD) 

Zinc (SW, SD) 

IR Site 11 

School of Music 
Plating Shop 

runoff/drainage 
towards little 

Creek Cove and 
Desert Cove 

IR Site 13 

Public Works 
PCP Dip Tank ant 

Wash 
runoff/drainage 
towards Little 
Creek Cove 

.J 

Potential Non-IR Sources 
(Non-Navy Related) 

I. Natural ebb and flow of tidal 
waters 

2. Barge loadinglunioading 
3. Railroad ferry activities 
I. U.S. Coast Guard activities 
5. Boat refurbishing at 

recreational/private marinas 

Notes: (‘1 Contaminants detected in Harbor Studies - 
Ewing a a., 1992; NAB, 1994; NAB, 1995a; 
Palermo d a., 1993. 
SW=Surface Water 
SD=Sediment 
IR=lnstallation Restoration Program 
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I CAPE CHARLES HARBOR 
STORET SAMPLING LOCATION 

NAVAL AMPHIBIOUS BASE LITTLE CREEK SOJRCE: U.S.G.S. TOWCRAPtlIC w. cwt ci.4RLES 4UMRANG~. 
1984. PHOTOREVISE ,911. BATHTUETRT - 1996. NORFOLK, VIRGINIA 
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