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EXECUTIVE SUMMARY

E.1 PURPOSE AND OBJECTIVE OF REPORT

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report summarizes
investigations conducted since 1997 at Zone J, Charleston Naval Complex (CNC), in North Charleston,
South Carolina, and uses the data from previous investigations as well as sediment data collected in April
2008 to assess potential Navy-related impacts to Zone J water bodies. The RFI report assesses human
health and ecological risks at Zone J, and provides recommendations regarding whether or not additional

evaluation is needed.

E.2 HISTORICAL INFORMATION AND SETTING

CNC is located on the west bank of the Cooper River in Charleston Harbor, which is formed by the
confluence of the Cooper, Ashley, and Wando Rivers and their tributaries. CNC has been divided into 12
investigative zones to facilitate RCRA corrective action processes and for management purposes. These
are designated Zones A through L. Zone J consists of portions of the Cooper River, Shipyard Creek,

Noisette Creek, and associated marsh areas.

The former Charleston Navy Base was the Navy’s third largest home port, supporting more than 70
surface vessels and submarines until 1996 when the base was closed. During Navy operations, the
facility performed various tasks related primarily to ship repair and maintenance. CNC currently supports
several private and federal entities that use the docks and piers, including Detyens Shipyards, Charleston
International Port, Charleston Shipbuilders, Inc., the National Oceanic and Atmospheric Administration
(NOAA), and the United States Coast Guard (USCG).

The CNC waterfront along the Cooper River is dominated by 25 piers and five dry docks, and is protected
along most of its length by a wooden and/or concrete seawall. The United States Army Corps of
Engineers (USACE) maintains a navigation channel along the waterfront. The Cooper River and Noisette
and Shipyard Creeks provide habitat for numerous aquatic organisms including a variety of fish,

crustaceans, and mollusks.

Shipyard Creek discharges into the Cooper River at the southern end of CNC. Portions of Zones G, H,
and | drain into the creek. The Cooper River Marina is located at the confluence of Shipyard Creek and
the Cooper River. Industrial facilities along the west bank of Shipyard Creek include the Macalloy
Corporation, Foster Wheeler Resource Recovery Plant, Chevron Products Co., and Kinder Morgan Bulk

Terminal (known locally as Shipyard River Terminal) (EnSafe 2003a). Most of the non-industrial portions
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of Shipyard Creek’s shoreline consist of marsh vegetation, primarily cordgrass (Spartina spp.). The
intertidal mudflats and marshy areas provide habitat for numerous wildlife species, including herons,
egrets, and other wading birds, and mammals such as raccoons (Procyon lotor), rice rats (Oryzomys

palustris), and marsh rabbits (Sylvilagus aquaticus).

Noisette Creek flows eastward into the Cooper River near the north end of Zone J. Portions of the creek
are bordered by undercut banks that are 3 to 6 feet above the water. Vegetation along the banks
consists of various trees and shrubs. Vegetation in lower areas along the creek is dominated by smooth
cordgrass (Spartina alterniflora), with patches of salt meadow cordgrass (S. patens) and black needlerush
(Juncus roemerianus). Wildlife species associated with Noisette Creek are largely the same as

mentioned above for Shipyard Creek.

E.3 SCOPE OF RFI REPORT

The purpose of the Zone J RFI is to assess potential Navy-related impacts to Zone J, which consists of
portions of the Cooper River, Shipyard Creek, Noisette Creek, and associated marsh areas. Several
investigations of areas of concern (AOCs) solid waste management units (SWMUs), and adjacent near
shore areas have been conducted at CNC since 1997. Interim reports have been generated based on
these investigations, and the Navy has worked closely with the South Carolina Department of Health and
Environmental Control (SCDHEC), the United States Environmental Protection Agency (USEPA) and
other Natural Resource Trustees throughout the investigations. The CNC Base Realignment and Closure
(BRAC) Cleanup Team (BCT) initiated this comprehensive Zone J investigation to ensure a consolidated

data set.

This RFI report also includes an evaluation of potential risks to human health and the environment posed
by sediments at AOC 695 in Zone K. AOC 695 is an underwater site near the west bank of Clouter
Island, which lies across the Cooper River from CNC. Discussions at prior CNC BCT meetings concluded
that impacted sediment was the only concern for AOC 695. Therefore, it was agreed upon by the CNC
BCT team that presentation of the Human Health Risk Assessment (HHRA) and Ecological Risk
Assessment (ERA) for AOC 695 would be included in the Zone J RFIl. Sediment data from samples

collected at AOC 695 were evaluated separately from the Zone J data (see Appendix R).

E.4 CONTAMINANT SOURCES ASSOCIATED WITH ZONE J

The Zone J water bodies (Cooper River, Noisette Creek, and Shipyard Creek) receive storm water runoff
and other inputs from numerous point and nonpoint discharges, including several National Pollutant
Discharge Elimination System (NPDES) outfalls. Several onshore sites that previously contributed

contaminants to Zone J have been remediated; these sites no longer pose potential risks to human health
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or the environment and have been closed under the RCRA process. Final decisions regarding AOCs,
517, 555, 556, 557, 691, and 692, however, have not been made. A Corrective Measures Study (CMS) is
currently being conducted at AOC 517. Given their proximity to Zone J, contaminants from AOCs 555,
556, 557, 691, and 692 may have impacted sediment in the Cooper River. Therefore, the CNC BCT
reached the consensus that decisions regarding future investigation and/or remediation at these five

AOCs will depend on conclusions presented in this Zone J RFI.

E.5 PREVIOUS INVESTIGATIONS

Preliminary sampling of Zone J water bodies was completed in September 1997 (EnSafe, 1997). Several
investigations of surface water and sediment were subsequently conducted to determine the nature and
extent of contamination, evaluate contaminant migration pathways and linkages with upland sites,
evaluate hydrodynamics in the Cooper River estuary, characterize reference conditions, and to evaluate
ecological risks. Table ES-1 summarizes previous investigations and BCT decisions pertaining to Zone J.

Section 1.3.3 of this report provides more details on the previous investigations.

Based on the results of several investigations, and particularly considering the nature and extent of
contamination, migration pathways, and linkages with upland sites, the BCT concluded that the potential
for significant risk existed at five areas with elevated sediment contaminant concentrations and CNC
source linkages. The five areas consisted of three locations in the Cooper River, one location in Shipyard
Creek and one location in Noisette Creek. Other locations within Zone J were determined to represent
areas of insignificant risk or areas with contamination that was not linked with CNC sources. Each of
these five locations had been previously sampled, but due to the length of time since the previous
collection efforts, additional sampling of sediment was needed. Therefore, investigations since that time
have been focused on sediment contamination in these five areas (see Section 1.3.3). The BCT also
decided that sediment samples would be collected and analyzed to generate background reference

values in Cooper River and Charleston Harbor.

E.6 DREDGING

The USACE maintains Charleston Harbor's navigation channels, turning basins, and access channels.
The CNC Redevelopment Authority (RDA) conducts maintenance dredging between the main channel
and the piers at CNC. The frequency of dredging is variable, since dredging is conducted on an as-
needed basis, but dredging around the piers typically occurs every few years. Areas from which Cooper

River sediment samples were collected in April 2008 are periodically dredged.

The downstream portion of Shipyard Creek is considered a navigable water body and is dredged annually

or as needed to give large ships access to maintenance service piers. Locations at which Shipyard
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Creek sediment samples were collected in April 2008 were approximately 0.7 mile upstream of the area
that is regularly dredged. Dredging is not conducted in Noisette Creek. Thus, the areas from which
Shipyard Creek sediment samples were collected in April 2008 and Noisette Creek sediment samples

were collected in April 2008 are not dredged.

E.7 NATURE AND EXTENT OF CONTAMINATION

Surface Water Contamination

Zone J lies within Charleston Harbor and the Charleston Harbor estuary, and consists of portions of the
Cooper River, Shipyard Creek, and Noisette Creek. Charleston Harbor is the second largest container
port on the East and Gulf Coasts and the fourth largest in the nation (EnSafe, 2003a). The Charleston
Harbor estuary is a complex tidal system that is comprised of the Cooper River, Ashley River, Wando
River, and numerous small tributaries. It encompasses more than 100 square miles of coastal
marshlands and open water habitat. Factors such as tides, freshwater inflow, and bathymetry affect
hydrodynamics in the Charleston Harbor estuary. The dynamic nature of these factors affects the fate
and transport of CNC-related chemicals in Noisette Creek, Shipyard Creek, and the Cooper River. An
evaluation of the hydrodynamics of the Charleston Harbor Estuary was presented in the Zone J Storm
Water Effluent Evaluation Report (EnSafe, 2003a) and the Zone J Storm Water Effluent Evaluation
Report Addendum (EnSafe, 2003b). The evaluation showed that during a single tidal cycle, a particle
(such as a contaminant) released at CNC at peak low tide can travel about 4.5 miles upstream. Similarly,
in one tidal cycle, a particle released at peak high tide can travel downstream to the entrance of
Charleston Harbor. A particle released at CNC can be transported into the Wando and Ashley Rivers by
the tides, with the limits of upstream transport being about five miles. Thus, contaminants released from
CNC can be flushed out of the harbor during one tidal cycle, and contaminants released from CNC can
be transported into the Wando and Ashley Rivers. Conversely, the Zone J water bodies can be receptors
of contaminants from numerous remote locations in the Ashley and Wando Rivers and other locations

within Charleston Harbor.

In view of factors such as tides, freshwater inflow, and bathymetry, contaminant monitoring in marine and
estuarine systems is typically focused on sediments rather than surface water. Most contaminants that
are released into surface water eventually bind with particulate material, then settle and become
concentrated in sediment. Higher concentrations of chemicals in sediment (relative to surface water) aid
in the detection and quantification of target analytes. In addition, sediments integrate contaminants over
time, and indicate a history of contamination to a greater degree than surface water, especially in a water

body such as Charleston Harbor.
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Water quality parameters such as temperature, dissolved oxygen, salinity, pH, and total suspended solids
in estuarine waters change constantly with the tide, season, and flow rates. As a consequence, surface
water chemical data can be quite variable at a given location over time. This has been the case at
Zone J, and although numerous surface water samples have been collected and analyzed over the long
history of the Zone J investigation, no clear trends in surface water contamination have been identified.
Overall, evaluations of surface water samples collected during previous investigations at Zone J have
indicated that surface water concentrations at Zone J are similar to surface water concentrations
elsewhere in the harbor, or that ecological risks posed by CNC-related chemicals in surface water are
negligible. Because of this, and since sediments integrate contaminants over time and indicate a history

of contamination, the BCT decided that sampling activities conducted in 2008 would focus on sediment.

Sediment Contamination

Nine sediment samples were collected in April 2008 from water bodies comprising Zone J; three samples
each from Noisette Creek, Shipyard Creek, and the Cooper River. Section 4 of this RFI report discusses
chemicals detected in sediment collected during April 2008 and compares the 2008 data to historical
sediment data collected from the same locations. A summary of the 2008 sediment data is presented

below.

Noisette Creek

Semivolatile organic compounds (SVOCs) detected in sediment at concentrations greater than USEPA
Region 4 Ecological Screening Values and background concentrations consisted of PAHs and
bis(2-ethylhexyl)phthalate (BEHP). Sediment concentrations of SVOCs were generally lower in 2008
than in 1997 and 2005. Copper concentrations exceeded background concentrations and USEPA
Region 4 Ecological Screening Values in sediment samples collected from Noisette Creek. Mercury and
zinc concentrations exceeded their Region 4 Ecological Screening Values in the duplicate sample
obtained from one Noisette Creek sample but not in the original sample. The pesticide 4,4’-DDD was
detected in two Noisette Creek samples, while 4,4-DDE was detected in one sample. Detected
concentrations of these pesticides slightly exceeded USEPA Region 4 Ecological Screening Values. No

other pesticides or polychlorinated biphenyls (PCBs) were detected in Noisette Creek samples.

Shipyard Creek

Several SVOCs and metals were detected in sediment at concentrations greater than USEPA Region 4
Ecological Screening Values and background concentrations. Aroclor-1260 and two pesticides (4,4’-DDE

and dieldrin) were detected at concentrations greater than USEPA Region 4 Ecological Screening
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Values. Sediment concentrations of chemicals of potential concern (COPCs) were generally lower in
2008 than in 1994 and 2005.

Cooper River

Sediment samples were collected in 2008 from three locations in the Cooper River. PAH concentrations
were highest in sample 556M000503, which was the southernmost of the three samples, and were lowest
in sample 054M000103, the northernmost of the three samples. Comparisons of PAH concentrations
over time at the three Cooper River locations were hindered by high detection limits in previous studies,
but overall, PAH concentrations at location E054M0001 and E556MO0007 (the northern and central
sample locations) were highest in 1995, and PAH concentrations at location E556M0005 (the southern
sample location) were highest in 2008. Aroclor-1260 was the only PCB detected in Cooper River
sediments in 2008, and 4,4’-DDD was the only pesticide detected in Cooper River sediments in 2008,

These two compounds were detected in only one of the three Cooper River samples.

Six metals were detected in 2008 at concentrations exceeding screening values and background
concentrations: arsenic, chromium, copper, lead, nickel, and zinc. Concentrations of these metals at
sample locations E556M0007 and E556M0005 (the central and southern locations, respectively) tended
to be about the same or slightly lower in 2008 than in 2005. In the northern sample location (054M0001),

concentrations of copper, lead, and zinc were higher in 2008 than in 2005.

E.8 HUMAN HEALTH RISK ASSESSMENT

The baseline HHRA for Zone J was performed to characterize the potential risks to likely human receptors
under current and potential future land uses. Potential receptors retained for quantitative evaluation
consisted of current/future recreational fishermen consuming fish from Noisette Creek, Shipyard Creek,

and the Cooper River. Fish tissue concentrations were estimated based on sediment concentrations.

Cumulative Incremental Lifetime Cancer Risks (ILCRs) for recreational fishermen at Noisette Creek,
Shipyard Creek, and Cooper River were less than or within the USEPA's target risk range of 10 to 10°
under both the Reasonable Maximum Exposure (RME) scenario and the Central Tendency Exposure
(CTE) scenario. Thus, carcinogenic effects are not anticipated for recreational fishermen consuming fish

from Noisette Creek, Shipyard Creek, or the Cooper River.

Cumulative Hazard Indices (HIs) for recreational fishermen under the RME scenario for Noisette Creek
and Shipyard Creek were less than unity (1). The cumulative HI for the recreational fisherman (HI = 2) in
the Cooper River under the RME scenario exceeded unity, but the HIs calculated on a target organ/target

effect specific basis were all less than unity. Cumulative Hls for the recreational fisherman under the CTE
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scenario for Noisette Creek, Shipyard Creek, and the Cooper River were less than or equal to unity.
Consequently, non-carcinogenic effects are not anticipated for recreational fishermen consuming fish

from Noisette Creek, Shipyard Creek, or the Cooper River under both the CTE and RME scenarios.

Recreational fishermen’s exposures to lead in Shipyard Creek and Cooper River fish were evaluated
using a version of the USEPA’s Technical Review Workgroup (TRW) Adult Lead Model (ALM) adapted for
fish ingestion. Lead was not a COPC in Noisette Creek sediment. The average fish lead concentration of
1.54 microgram per gram (ug/g) for Shipyard Creek results in a geometric mean blood lead level of
approximately 3.2 microgram per deciliter (ug/dL) in a hypothetical recreational fisherman. The average
fish lead concentration of 1.23 ug/g for the Cooper River results in a geometric mean blood lead level of
approximately 2.8 ug/dL in a hypothetical recreational fisherman. These concentrations are less than the
USEPA benchmark goal of 10 pg/dL. The probability that the blood lead levels of a fetus of a
childbearing female angler would exceed 10 ug/L is 4.2 percent for Shipyard Creek and 2.9 percent for

Cooper River. Therefore, human health effects due to lead in fish are not anticipated.

E.9 ECOLOGICAL RISK ASSESSMENT

The ERA for Zone J consisted of Steps 1 and 2 and the initial portion of Step 3 of the eight-step ERA
process described by USEPA (1997). These three steps are as follows:

e Step1 Screening-Level Problem Formulation and Ecological Effects Evaluation
e Step2 Screening-Level Exposure Estimate and Risk Calculation

e Step 3A Refinement of Preliminary COPCs

Noisette Creek

Concentrations of several chemicals in Noisette Creek sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Based on considerations in the COPC refinement step,
potential risks to benthic invertebrates posed by SVOCs, pesticides, PCBs, and inorganics are minimal.
Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals foraging in Noisette
Creek.

Shipyard Creek

Concentrations of several chemicals in Shipyard Creek sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Based on considerations in the COPC refinement step,
potential risks to benthic invertebrates posed by SVOCs are minimal. Some COPCs (particularly Aroclor-

1260, chromium, copper, lead, and zinc) pose risks to benthic receptors in Shipyard Creek. The probable
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sources of these COPCs have been remediated, and sediment concentrations of COPCs in Shipyard

Creek tended to be lower in 2008 than in 1994. In addition, sediment contamination is limited to a small

area. Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals foraging in
Shipyard Creek.

Cooper River

Concentrations of several chemicals in Cooper River sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Some COPCs (particularly PAHs, copper, and zinc) pose
risks to benthic receptors in the Cooper River. All Cooper River locations from which sediment samples
were collected in 2008 are in an industrial shipyard that is periodically dredged for ship traffic.
Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals foraging in the Cooper

River.

E.10 CONCLUSIONS AND RECOMMENDATIONS

The HHRA indicates the following:

e Carcinogenic effects are not anticipated for recreational fishermen consuming fish from Noisette

Creek, Shipyard Creek, or the Cooper River, under both the CTE and RME scenarios.

¢ Non-carcinogenic effects are not anticipated for recreational fishermen consuming fish from Noisette

Creek, Shipyard Creek, or the Cooper River under both the CTE and RME scenarios.

The ERA indicates the following:

e Potential risks to benthic invertebrates, piscivorous birds, and piscivorous mammals foraging in

Noisette Creek are minimal.

e Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals foraging in Shipyard
Creek. Some COPCs (particularly, Aroclor-1260, chromium, copper, lead, and zinc) pose risks to
benthic receptors in Shipyard Creek. The probable sources of these COPCs have been remediated,
and sediment concentrations of COPCs in Shipyard Creek tended to be less in 2008 than in 1994. In

addition, sediment contamination is limited to a small area.

e Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in the Cooper River.

Some COPCs (particularly, PAHs, copper, and zinc) pose risks to benthic receptors in the Cooper
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River. All three Cooper River sample locations are in an industrial shipyard that is periodically

dredged for ship traffic.

In conclusion, the Zone J HHRA and ERA indicate that further evaluation or remedial action based on
human health or ecological risks is not warranted for sediment in Noisette Creek, Shipyard Creek, or the
Cooper River. To that end, further evaluation or remedial action for historical sediment contamination
resulting from wastes associated with AOCs, 555, 556, 557, 691, and 692 does not appear warranted.

Furthermore, wastes associated with AOC 695 in Zone K pose negligible risks to human health or the

environment (see Appendix R), so further evaluation or remedial action based on human health or

ecological risks is not warranted for sediment at AOC 695.
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SUMMARY OF PREVIOUS REPORTS AND NOTABLE BCT MEETINGS

ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA
PAGE 1 OF 3

Title

Source and
Date of Report

Summary and Pertinent Information”

Preliminary Results of
Zone J Sampling®

EnSafe, 1997

Presented the investigative approach, sampling protocols, and analytical results of initial
sampling; identified preliminary COPCs in Zone J sediments and surface waters; mapped
COPC distributions.

Zone J Draft RFI Report -
Part One®?

EnSafe, 2000

Reviewed contaminant transport/migration pathways and conducted a SLERA. Sediment
samples from locations along the dry-docks had the highest ERM quotients. ERM quotients in
most samples from Zone J were low, suggesting minimal toxicity.

BCT decided that evaluations of linkages between CNC sites and Zone J were needed, along
with more thorough reference (background) chemical data.

August 2000 BCT Meeting

Three primary scenarios were identified to determine if a contaminant released from a site at
CNC could migrate to Zone J:

Scenario 1: Transport to Zone J via storm water drainage pipeline
Scenario 2: Overland transport to Zone J via sheet flow
Scenario 3: Transport to Zone J via groundwater to surface water discharge.

May 2001 BCT Meeting

Conceptual approach for collecting storm water effluent samples from CNC and from non-
point-source reference locations offsite was approved.

Zone J Point of Entry Work
Plan?

EnSafe, 2001

Sampling strategy developed for collection of storm water runoff data to define contaminant
migration pathways and potential receptors, nature and extent of contamination, characterize
reference values, and identify storm water COPCs.

Evaluation of Reference
Values of Off-Site Locations
for Zone J Stormwater
Effluent Evaluation Report at
CNC

EnSafe, 2002

Storm water samples collected from 18 locations were determined to represent reference
(background) storm water values.
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Title

Source and
Date of Report

Summary and Pertinent Information”

Storm Water Effluent
Evaluation Reports

EnSafe, 2003a
EnSafe, 2003b

Compared CNC storm water data to storm water reference data and surface water screening
criteria, and evaluated upland surface soil data, groundwater data, environmental incident
reports, and sewer cross-connect reports to determine COPCs for further evaluation and
linkages to CNC sites. Also presented a comprehensive evaluation of Charleston Harbor
hydrodynamics.

SLERA Technical
Memorandum Progress
Reports.

EnSafe, 2003c
EnSafe, 2003d
EnSafe, 2003e

SLERAs for Noisette Creek, Shipyard Creek, and Cooper River identified sediment and storm
water COPCs. Reports did not include conclusions; stated that additional information on the
groundwater-to-surface water and soil-to-surface water (overland sheet flow) pathways were
needed.

Zone J Technical
Memorandum: Evaluation of
Potential for Contaminant
Runoff from Various SWMUs
and AOCs via Sheet Flow
Runoff

CH2MHill, 2003

Evaluated overland transport of soil contaminants to Zone J via sheet flow runoff. Evaluated
surface soil data, fate and transport factors, surface cover present, general topography.
Concluded that soil contamination was not expected to cause significant impacts to Zone J
water bodies via sheet flow.

Linkage between Charleston
Naval Complex Upland
AOCs/SWMUs to Analytical
Data from Sediment
Samples Collected During
the Zone J RFI

EnSafe, 2004

Determined the potential for upland source linkages to Zone J sediment contamination.
Evaluated storm water effluent, surface water, soil, groundwater, and sediment data.
Generated four categories of ERM quotients to rank the likelihood of toxicity to benthic
organisms at sediment sample locations. Based on the results of the investigations
conducted up to that time, and particularly on the results of the SLERA progress reports and
the linkage document, and considering various data uncertainties, the BCT concluded that the
potential for significant risk existed at five locations with elevated ERM quotients and CNC
source linkages (three locations in Cooper River, one location in Shipyard Creek and one
location in Noisette Creek). Due to the time lapse since the previous collection efforts,
additional sediment sampling needed at the five locations. Other locations within Zone J were
considered to represent areas of insignificant risk or areas with contamination that was not
linked with CNC sources. BCT also decided that sediment samples would be collected and
analyzed to generate background reference values in Cooper River and Charleston Harbor.
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Zone J Sediment Sampling
Report

Spectra Tech,
2006

Provided results of sediment samples collected from 15 locations in December 2005. Ten
sample locations represented background (reference) locations. The other five locations were
those previously identified as having elevated ERM quotients and CNC source linkages.
MDLs exceeded ecological screening values for numerous analytes, preventing conclusions
regarding sediment-related ecological risk. BCT determined that collection and analysis of
additional sediment samples (with adequately low detection limits) would be conducted.

Quality Assurance Project
Plan for Supplemental RFI at
Zone J

Tetra Tech,
2008

QAPP generated to address the collection and analyses of sediment samples from the five
CNC locations with elevated ERM quotients and CNC source linkages; provided quantitation
limits that would be needed to evaluate the data; provided details on the human health risk
assessment methodology and ecological risk assessment methodology to be used in the
Supplemental RFI for Zone J.

Notes:

(1) See Section 1.3.3 for details regarding the reports and BCT meetings.
(2) Report not available in Navy database; information taken from EnSafe (2003a)

Abbreviations:

AOC: Area of Concern

BCT: Base Realignment and Closure (BRAC) Cleanup Team

CNC: Charleston Naval Complex

COPC: Contaminant of Potential Concern

ERM: Effects Range Median

MDL: Method Detection Limit

QAPP: Quality Assurance Project Plan

RFI: Resource Conservation and Recovery Act (RCRA) Facility Investigation

SCDHEC: South Carolina Department of Health and Environmental Control
SLERA: Screening Level Ecological Risk Assessment
SWMU: Solid Waste Management Unit
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1.0 INTRODUCTION

1.1 PURPOSE OF REPORT

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report was prepared
by Tetra Tech, Inc. (Tetra Tech) for the Department of the Navy (Navy), Naval Facilities Engineering
Command Southeast (NAVFAC SE) under Contract Task Orders (CTO) 0017 and 0104 of
Comprehensive Long-Term Environmental Action Navy (CLEAN) IV Contract Number N62467-04-D-
0055. The RFI Report addresses investigations of Zone J at the Charleston Naval Complex (CNC) in
North Charleston, South Carolina, as governed under the RCRA program and managed by the Navy’s
Base Realignment and Closure (BRAC) Program Management Office (PMO) Southeast (SE). The
environmental investigation and remediation at CNC are required by the Hazardous and Solid Waste
Amendments (HSWA) portion of the RCRA Part B permit issued by the South Carolina Department of
Health and Environmental Control (SCDHEC, 2011). RCRA Corrective Action Program objectives are
designed to evaluate the nature and extent of any hazardous waste or constituent releases and to
identify, develop, and implement appropriate corrective measures to protect human health and the

environment.

1.2 SCOPE OF RCRA FACILITY INVESTIGATION

CNC has been divided into 12 investigative zones for management purposes and to facilitate RCRA
corrective action processes. They are designated as Zones A through L. Zone J encompasses portions
of the Cooper River, Shipyard Creek, Noisette Creek, and adjoining marsh areas. The purpose of the

Zone J RFl is to assess potential Navy-related impacts to these water bodies and marsh areas.

Several investigations of areas of concern (AOCs) and solid waste management units (SWMUs) at CNC
and near shore areas have been conducted since 1997. The Navy has worked closely with SCDHEC,
the United States Environmental Protection Agency (USEPA) and other Natural Resource Trustees in
planning, conducting, and reporting these investigations. The CNC BRAC Cleanup Team (BCT)
eventually initiated this comprehensive Zone J investigation to ensure a consolidated data set. This RFI
report describes the previous investigations and uses the data from previous investigations, as well as
sediment data collected in April 2008, to assess potential Navy-related impacts to Zone J water bodies

and marshes.
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1.3 HISTORICAL INFORMATION

1.3.1 Facility Background

CNC is located on the west bank of the Cooper River in Charleston Harbor (Figure 1-1), which is formed
by the confluence of the Cooper, Ashley, and Wando Rivers and their tributaries. As mentioned above,
Zone J encompasses portions of the Cooper River, Shipyard Creek, and Noisette Creek. Zone J lies
within the Charleston Harbor estuary, which is a mixing zone where fresh water meets salt water. Zone J
is subjected to twice-daily tidal cycles, which mix salt water and fresh water and transport sediments and

contaminants within the estuary.

The former Charleston Navy Base was the Navy’s third largest home port, supporting more than 70
surface vessels and submarines until 1996, when the base was closed. When operational, the facility
performed various tasks related primarily to ship repair and maintenance [EnSafe Inc. (EnSafe) 2003a].
CNC currently supports several private and federal entities that use the docks and piers, including
Detyens Shipyards, Charleston International Port, Charleston Shipbuilders, Inc., the National Oceanic
and Atmospheric Administration (NOAA), and the United States Coast Guard (USCG).

The CNC waterfront along the Cooper River is dominated by 25 piers and five dry docks, and is protected
along most of its length by a wooden and/or concrete seawall. The United States Army Corps of
Engineers (USACE) maintains a navigation channel along the waterfront. The Cooper River and Noisette
and Shipyard Creeks provide habitat for numerous aquatic organisms including a variety of fish,

crustaceans, and mollusks (see Section 7.1.1).

Shipyard Creek flows into the Cooper River at the southern end of CNC (Figure 1-2), and drains portions
of Zones G, H, and I. The Cooper River Marina is located at the confluence of Shipyard Creek and the
Cooper River. Industrial facilities along the western shoreline of Shipyard Creek include the Macalloy
Corporation, the Foster Wheeler Resource Recovery Plant, Chevron Products Co., and the Kinder
Morgan Bulk Terminal (known locally as the “Shipyard River Terminal”) (EnSafe 2003a). Most of the non-
industrial portions of Shipyard Creek’s shoreline consist of marsh vegetation, primarily cordgrass
(Spartina spp.). The intertidal mudflats and marshy areas provide habitat for a variety of wildlife species,
including herons, egrets, and other wading birds, and mammals such as raccoons (Procyon lotor), rice

rats (Oryzomys palustris), and marsh rabbits (Sylvilagus aquaticus).

Noisette Creek flows eastward into the Cooper River near the northern end of Zone J (Figure 1-2).
Portions of the creek are bordered by undercut banks that are 3 to 6 feet above the water. Vegetation
along the banks consists of various trees and shrubs. Vegetation in lower areas along the creek is

dominated by smooth cordgrass (Spartina alterniflora), with patches of salt meadow cordgrass (S. patens)

120910/P 1-2 CTOs 0017 and 0104



REVISION 3
MAY 2013

and black needlerush (Juncus roemerianus). Wildlife species associated with Noisette Creek are largely

the same as mentioned previously for Shipyard Creek.

1.3.2 Contaminant Sources Associated with Zone J

The Zone J water bodies (Cooper River, Noisette Creek, and Shipyard Creek) receive storm water runoff
and other inputs from numerous point and nonpoint discharges, including several National Pollutant
Discharge Elimination System (NPDES) outfalls. Several onshore sites that previously contributed
contaminants to Zone J have been remediated; these sites no longer pose potential risks to human health
or the environment and have been closed under the RCRA process. Final decisions regarding
remediation of six AOCs (see Figure 1-3), have not been made, however, pending evaluation of Zone J.

These AOCs are discussed below:

AOC 517 - Indoor Firing Range, Building M-192

AOC 517 consists of Building M-192 and a one-story, 80’ x 40’ concrete block structure built in 1959. The
building was used as an indoor pistol range from 1959 until 1974. Bullets fired at the range were
contained within the structure. The building was converted into a classroom and storage building in 1974.
A Corrective Measures Study (CMS) to address known releases of hazardous waste or hazardous
constituents is being conducted at AOC 517 (SCDHEC, 2011).

AOC 555 - Former Latrine & Substation, Building 1119

AOC 555 is former Building 29, which was constructed in 1922 and was used as a latrine and substation.
Aerial photos show that the facility was removed some time before 1968. During operation, its waste
stream was apparently diverted directly into the Cooper River. No other information was found regarding
the size, design features, or operating practices of the site. It is currently a flat, paved area near the
junction of Pier D and the quay wall. Because wastes from AOC 555 previously discharged into the
Cooper River and could have impacted sediment, conclusions resulting from the current Zone J
evaluation will be germane to AOC 555. Therefore, although the current RCRA Part B permit indicates
that a Confirmatory Sampling Investigation (CSI) is being conducted for AOC 555 (SCDHEC, 2011), the
CNC BCT has determined that decisions regarding remediation at AOC 555 will depend on conclusions
of the Zone J RFI.

AOC 556 - Dry Dock Discharge Areas

AOC 556 consists of the dry dock (DD) drains and areas around the gates of each of the five dry docks.
The dry docks were constructed in the following years: DD 1 in 1907, DD 2 in 1942, DD 3 and DD 4 in
1943, and DD 5 in 1964. A large grated drain runs along the center of the length of each dry dock.
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Underground pumps remove water collected in the drain and direct it to the sanitary sewer system after

the dry dock is sealed and pumped dry. Outfalls adjacent to the dry docks are used to de-water the dry

docks immediately following the sealing of the caisson. Because wastes from the dry docks could have

impacted sediment in the Cooper River, conclusions resulting from the Zone J evaluation will be

applicable to AOC 556. Therefore, although the current RCRA Part B permit indicates that an RFl is in

process at AOC 556 (SCDHEC, 2011), the BCT has determined that decisions regarding remediation at
AOC 556 will depend on conclusions of the Zone J RFI.

AOC 557 - Former Latrine, south of Dry Dock #1

AOC 557 consists of former Building 1020 and a latrine constructed in 1909 and used until 1939. Wastes
are believed to have been discharged into the Cooper River during operation. AOC 557 is currently
covered with asphalt. Because wastes from AOC 557 could have impacted sediment in the Cooper
River, conclusions resulting from the Zone J evaluation will be applicable to AOC 557. The current RCRA
Part B permit indicates that a CSI is being conducted at AOC 557 (SCDHEC, 2011), but decisions

regarding remediation at AOC 557 will depend on conclusions of the Zone J RFI.

AOC 691- Waterfront

AOC 691 consists of approximately 21,600 feet of Cooper River shoreline, approximately 2,500 feet of
Noisette Creek shoreline, and approximately 4,800 feet of Shipyard Creek shoreline. These waterfront
areas were previously controlled by the Charleston Naval Ship Yard, the Naval Supply Center, and Naval
Station Charleston, the three primary tenants at CNC. Historic activities and operations along the
waterfront included ship and equipment repair, painting, cleaning, transporting, manufacturing, and
general maintenance. A variety of wastes were generated by these operations. More than 20 piers are
located along the Cooper River waterfront. Activities on these piers included refueling, repair, ship
docking, and loading/unloading of cargo, and are potential sources of waterfront contamination. Building
drains and storm drains underlying CNC have the potential to discharge contaminants into the Cooper
River, which comprises part of Zone J. The current RCRA Part B permit indicates that an RFI is being
conducted at AOC 691 (SCDHEC, 2011), but the BCT has determined that decisions regarding

remediation at AOC 691 will depend on conclusions of the Zone J RFI.

AOC 692 - Free Product along Cooper River

AOC 692 consists of areas along Cooper River where excavations conducted prior to 1995 revealed free
product consisting primarily of petroleum products. Spills of oil or petroleum products along the river
occasionally occurred when the Charleston Navy Base was in operation, and were usually small,

involving approximately 50 to 100 gallons. Based on oil spill logs, at least 7,940 gallons of petroleum
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products were discharged into the Cooper River between 1990 and 1995. Some spills were presumably
not visible or detectable, and if so, such spills might have gone unreported. No free product nor any other
evidence of past oil spills was observed along the Cooper River shoreline during the collection of
sediment samples in 2008. Because the Cooper River is part of Zone J, conclusions resulting from the
Zone J evaluation will apply to AOC 692. The current RCRA Part B permit indicates that an RFl is in
process for AOC 692 (SCDHEC, 2011), but decisions regarding remediation at AOC 692 will depend on

conclusions of the Zone J RFI.

Other Contaminant Sources

Because Zone J lies along the CNC waterfront, sediments within Zone J can be exposed to contaminants
released during spills at various locations within Charleston Harbor. Each year, numerous accidental
spills occur in and around Charleston Harbor. The National Response Center (NRC) is the federal
government's national point of contact for reporting all oil, chemical, radiological, biological, and
etiological discharges into the environment. The NRC is staffed by U.S. Coast Guard officers and marine
science technicians who maintain a 24 hour per day, 365 day per year telephone watch. In addition to
gathering and distributing spill data for On-Scene Coordinators and serving as the communications and
operations center for the National Response Team, the NRC maintains agreements with a variety of
federal and state agencies to make additional notifications regarding incidents meeting established trigger
criteria (NRC, 2012).

When an oil spill or other type of spill occurs at CNC, the tenant (e.g., Detyens Shipyards) notifies the
NRC by phone, and the NRC subsequently notifies the appropriate Federal On-Scene Coordinator, as
well as agencies such as USACE, SCDHEC, and South Carolina Department of Natural Resources
(SCDNR). The notified agencies then analyze the information and respond in accordance with
established spill countermeasures (NRC, 2012). Since deactivating the Charleston Naval Base in 1996,
the Navy no longer maintains oil spill logs. Instead, spill data that collected by the NRC is shared with
cooperating state and federal agencies but is available to the general public only under the Freedom of

Information Act.

Most spills within Charleston Harbor are less than 50 gallons and are typically diesel fuels (USACE,
2006). Occasionally, however, large spills occur due to sinkings, groundings or fires. The largest spill in
recent years occurred on September 30, 2002, when approximately 12,500 gallons of No. 6 heavy fuel oil
were accidentally discharged into the Cooper River and Charleston Harbor from the M/V Ever Reach, a
961-foot long container ship (SCDNR et al., 2012). Released oil was found over approximately 30 linear
miles of shoreline, and was concentrated in several areas, including the portion of CNC Zone J shown on
Figure 1-3 as AOCs 691 and 692. Response actions were carried out by Evergreen International (the
owner of the M/V Ever Reach), the U.S. Coast Guard, and SCDHEC, with participation and assistance
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from other agencies. The response effort included actions such as protective booming, and olil
containment and partial removal from some shoreline areas, especially from beaches, man-made
structures, and areas where pooling occurred (SCDNR et al., 2012). Estimates of the actual amount of oil
removed are not available (SCDNR et al., 2012), and no information was found describing cleanup

actions conducted in Zone J.

1.3.3 Previous Investigations

Investigations of AOCs and SWMUs near the CNC shoreline have generated useful information regarding
site-related contaminants of potential concern (COPCs), nature and extent of contamination, and the
potential for contaminant migration to Zone J. For some of the larger investigations, however, it was not
uncommon for months or even years to separate zone-specific sampling programs, which affected the
sequence of data availability for use during the Zone J investigation. Before the scope of the Zone J RFI
was defined as the assessment of the surrounding water bodies, several of the earlier site investigations
included small-scale, offshore sampling. This added to the complexity of the Zone J data set. In addition,
water quality parameters such as temperature, dissolved oxygen, salinity, pH, and total suspended solids
change constantly with the tide, season, and river flows, and can affect contaminant concentrations.
Therefore, the BCT proceeded with a comprehensive Zone J investigation to ensure a consolidated data
set for the water bodies. Table 1-1 and the remainder of this section summarize previous investigations

and BCT decisions pertaining to Zone J.

Preliminary Results of Zone J Sampling (December 1997)

The Navy completed preliminary sampling of Zone J water bodies in September 1997. In a technical
memorandum entitled Preliminary Results of Zone J Sampling (EnSafe, 1997), the Navy presented the
investigative approach, sampling protocols, and analytical results. The technical memorandum also
provided a preliminary list of COPCs in Zone J sediments and surface waters, and a map of COPC
distributions. Numerous investigations of upland AOCs and SWMUs were ongoing when the 1997
Zone J sampling was conducted, and since results from those investigations were not yet available, no

attempts were made to correlate Zone J surface water and sediment COPCs and potential CNC sources.

A technical subcommittee of the BCT met in January 1998 to discuss the EnSafe (1997) technical
memorandum. The subcommittee determined that the available data were inconclusive because:
(1) available data could not be linked to CNC, (2) the Zone J water bodies had not been confirmed as
depositional areas for CNC contamination, and (3) characterization of potential impacts from potential
upstream contaminant sources was lacking. Based on the lack of information on river dynamics and
upstream non-Navy contaminant sources, the BCT determined that a river dynamics study should be

conducted to examine river flows and tidal influences.
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Zone J Draft RFI Report — Part One (April 2000)

The Navy submitted the Zone J Draft RFI Report - Part One (EnSafe, 2000) which included a Screening
Level Ecological Risk Assessment (SLERA) using the preliminary results of Zone J sampling and the
protocols outlined in Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments (USEPA, 1997c). The SLERA included a screening-level
problem formulation, conceptual model, ecological effects evaluation, exposure estimates, and risk
calculations. Effects Range-Median (ERM) quotients were also calculated in the SLERA to estimate the
cumulative toxic effects that Zone J sediment contaminants could have on benthic organisms

(i.e., invertebrate organisms that live on or in sediment).

The EnSafe (2000) report included reviews of contaminant transport discussions from relevant RFI
reports of upland sites at CNC, and evaluated potential migration pathways. The reviews and evaluations
were not intended to confirm linkages between CNC sites and Zone J; instead they were meant to initially
evaluate possible connections suggested by available chemical data, drainage features, and the storm
sewer system. The report concluded that sediment samples from locations along the dry-docks had the
highest ERM quotients, suggesting that sediments from those locations were toxic to sediment-dwelling
organisms. However, ERM quotients in most sediment samples from Zone J were low, and at values

associated with minimal toxicity.

Regulatory agency reviewers indicated the need for the Zone J RFI to include a more in-depth evaluation
of linkages between CNC sites and Zone J, including a thorough evaluation of potential contaminant
migration pathways. A clearer determination of reference (background) chemical data was also
requested along with calculations of mean ERM quotients for reference samples to better define regional

baseline toxicity.

BCT Meetings (July and August 2000)

In the July 2000 BCT meeting, SCDHEC presented six primary goals for the Zone J RFI:

o Develop an understanding of the nature and extent of COPCs in Zone J water bodies.
e Determine whether Zone J COPCs were correlated with CNC contaminant sources.

e Select sampling locations corresponding to potential release points.

o Establish trends in the data.

e Establish background levels of chemicals.

e Perform an ecological risk assessment.
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On August 30, 2000, the Navy presented a strategy for identifying sites at CNC that could potentially
affect contaminant migration in the Zone J water bodies. The strategy included the development of
migration pathway conceptual models to determine potential source identification and migration pathways
between the sources and the Zone J water bodies. Based on this strategy, three primary scenarios were
subsequently evaluated to determine if a contaminant released from a site at CNC could migrate to

Zone J:

e Scenario 1: Transport to Zone J via Storm Water Drainage Pipeline
e Scenario 2: Overland Transport to Zone J via Sheet Flow

e Scenario 3: Transport to Zone J via Groundwater to Surface Water Discharge

Each upland site at CNC potentially associated with Zone J underwent a thorough migration pathway
analysis to identify CNC sites that might be adversely impacting Zone J and to identify those that lacked
sufficient data for complete migration analysis (i.e., data gaps). The standardized migration scenario
checklist included site-related information from pertinent RCRA facility assessments and investigations,
corrective measures studies, remedial actions, or other reports, and information regarding drainage basin
and storm water sewer line configuration. The resulting evaluations of drainage basins and upland sites
determined that data gaps existed predominately in the storm water migration pathway (Scenario 1),

leading the BCT to conclude that storm water effluent data were needed from relevant drainage basins.

BCT Meeting (May 2001)

At the May 2001 BCT meeting, EnSafe presented the conceptual approach for collecting storm water
effluent samples from CNC and from non-point-source reference locations offsite. The BCT approved the
approach, and decided that a scoping package incorporating comments from SCDHEC would be
presented to the team prior to submittal of a Point of Entry Effluent Sampling Work Plan. The scoping
package was presented at the August 2001 BCT meeting, where a consensus was reached that samples
should be collected from reference locations on base that were not influenced by AOCs or SWMUs, if

possible.

Zone J Point of Entry Work Plan (September 2001)

The Zone J Point of Entry Work Plan (EnSafe, 2001) was generated to address potential data gaps
identified during the analyses of migration pathways and upland source linkages of the CNC storm water

sewer system.

The work was based on the following topics relevant to Zone J:
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¢ Hazardous waste management history at CNC
e Associated estuary system and possible sources of pollution
e Upland zone investigations
e CNC storm water system

e Excursion zones around Charleston Harbor

The Zone J Point of Entry Work Plan (EnSafe, 2001) described a sampling strategy for the collection of

storm water runoff data that would be adequate to accomplish the following:

e Characterize the storm water runoff from listed RCRA sites throughout the CNC.

o Define contaminant migration pathways and potential receptors (onsite and offsite, where applicable).
¢ Define the nature and extent of contamination.

e Characterize reference values.

e |dentify storm water COPCs.

Evaluation of Reference Values of Off-Site Locations for Zone J Storm Water Effluent Evaluation
Report at CNC (May 2002)

In accordance with the Zone J Point of Entry Work Plan (EnSafe, 2001), storm water samples were
collected from 18 non-point source locations in local watersheds not influenced by CNC (EnSafe, 2002).
The resulting storm water data represented naturally occurring conditions and/or were associated with
anthropogenic activities. The data were used to represent reference (background) storm water values,
and were subsequently used in Zone J ecological risk assessments to determine contaminants that were
attributable to CNC-related activity. The EnSafe (2002) report is included herein as Appendix A.

Storm Water Effluent Evaluation Reports (July 2003)

The Zone J RFI Storm Water Effluent Evaluation Report (EnSafe, 2003a) and the Zone J RFI Storm
Water Effluent Evaluation Report Addendum (EnSafe, 2003b), which are included in this report as
Appendix B and Appendix C, respectively, compared storm water data from CNC drainage basins to
storm water reference data and surface water screening criteria. The Zone J RFI Storm Water Effluent
Evaluation Report (EnSafe, 2003a) focused on CNC outfalls associated with Noisette Creek and Shipyard
Creek. The Zone J RFI Storm Water Effluent Evaluation Addendum (EnSafe, 2003b), focused on CNC
outfalls associated with the Cooper River. The two reports also evaluated upland surface soil data,
groundwater data, environmental incident reports, and sewer cross-connect reports to determine COPCs
for further evaluation and linkages to CNC sites. The evaluations were guided by the layout of CNC
drainage basins. Ninety-eight drainage basins have been identified at CNC, 68 of which are associated

with a SWMU or AOC. A watershed-based approach that evaluates all potential sources within a
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drainage basin was considered more appropriate than a site-by-site assessment. Using this approach,
multiple sites located within a common drainage basin (as defined by surface water drainage maps) and
with a single known storm water outfall (point source) were consolidated and assessed simultaneously.
Conversely, if several smaller drainage basins were within a single large AOC or SWMU, they were
combined for evaluation. The two reports identified several potential storm water COPCs in 10 drainage
basins that discharge to Zone J. Appendix D summarizes storm water drainage basins, potential storm

water COPCs, and upland linkages that warranted further investigation.

The EnSafe (2003a) report also presented a comprehensive evaluation of the dynamic nature of the
Charleston Harbor Estuary and how it relates to the fate and transport mechanisms of CNC-related
constituents in Noisette Creek, Shipyard Creek, and the Cooper River. Factors such as tides, freshwater
inflow, and bathymetry affect estuarine hydrodynamics, so it was important to identify the area in which
tidal mixing could disperse contaminants discharged from the CNC, and conversely, the area from which
non-CNC contaminants could disperse to CNC. With this in mind, hydrodynamic modeling was
conducted and a tidal excursion zone was described for CNC. The net horizontal distance travelled by a
hypothetical particle in the water at a point during a tidal cycle of one flood and one ebb defines the tidal
excursion zone for that point. During a tidal cycle, a particle released at CNC at the start of an incoming
tide can travel upstream for six hours, which equates to about 4.5 miles upstream. Similarly, a particle
released at the start of an outgoing tide can travel downstream for six hours, reaching the entrance of
Charleston Harbor. In addition, a particle released at CNC can be transported into the Wando and Ashley
Rivers by the tides, with the limits of upstream transport being about five miles. The tidal excursion zone
extends up the entire length of Shipyard and Noisette Creeks. Thus, some contaminants released from
CNC can be flushed out of the harbor during one tidal cycle, and some contaminants released from CNC
can be transported into the Wando and Ashley Rivers. Conversely, the Zone J water bodies can be
receptors of contaminants from numerous remote locations in the Ashley and Wando Rivers and
Charleston Harbor. The hydrodynamic evaluation was included in Section 7 of the EnSafe (2003a) report
(see Appendix B) and was summarized in a power point presentation (ECT, 2003), which is included

herein as Appendix E.

SLERA Progress Reports for Noisette Creek, Shipyard Creek, and Cooper River (August 2003)

SLERAs for Noisette Creek, Shipyard Creek, and Cooper River were submitted in 2003 in the form of
technical memorandum progress reports (EnSafe, 2003c; 2003d; 2003e). Although all three water bodies
are part of the Cooper River watershed, they differ in size, flow, and level of near-shore industrialization.
Therefore, storm water and sediment data collected from each water body were evaluated separately.
The SLERAs identified sediment and storm water COPCs in each water body that may pose ecological
risks. The three “technical memorandum progress reports” did not purport to be final risk assessments,

did not include conclusions, and noted that additional information on the groundwater-to-surface water
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and soil-to-surface water (overland sheet flow) pathways were needed. The SLERAs for Noisette Creek
(EnSafe, 2003c), Shipyard Creek (EnSafe, 2003d) and Cooper River (EnSafe, 2003e) are included herein

as Appendices F, G, and H, respectively.

Zone J Technical Memorandum: Evaluation of Potential for Contaminant Runoff from Various
SWMUs and AOCs via Sheet Flow Runoff (November 2003)

As discussed previously [see “BCT Meetings (July and August 2000)"], the overall Zone J evaluation
strategy involves the assessment of three potential migration scenarios through which a contaminant
released from an upland site (SWMU or AOC) at the CNC could migrate to Zone J. The CH2MHill, Inc.
(CH2MHIill) (2003) memorandum addressed Scenario 2: Overland Transport to Zone J via Sheet Flow.
This scenario applies to those portions of CNC that are not served by the storm water sewer system and
contain SWMUs or AOCs.

The CH2MHill (2003) evaluation identified seven areas at the CNC where storm water sheet flow runoff
could cause migration of contaminants into Zone J. To assess the migration potential via the sheet flow
pathway, surface soil samples in each of these areas were evaluated using a conservative two-phased
approach. The first phase involved the comparison of surface soil analytical data to sediment screening
values and background (reference) data. The second phase included the evaluation of fate and transport
factors and other aspects (e.g., type of land cover present, general topography) that influence whether
surface soil could migrate via sheet flow. The evaluation concluded that none of the seven areas had
levels of contamination that were likely to cause unacceptable impacts to the Zone J water bodies via

storm water sheet flow runoff (see Appendix I).

Technical Memorandum: Linkage between Charleston Naval Complex Upland AOCs/SWMUs to
Analytical Data from Sediment Samples Collected During the Zone J RFI (May 2004)

The EnSafe (2004) technical memorandum (Appendix J) presented ecological evaluations for media
sampled during the Zone J RFI and assessed the potential for upland source linkages to Zone J sediment
contamination. Storm water effluent, surface water, soil, groundwater, and sediment data were
evaluated. Hazard quotients and ERM quotients were calculated to evaluate the adverse effects of
chemical mixtures in sediment. Mean ERM quotients for each sample were calculated by summing the
concentration of each chemical divided by the ERM for that chemical, then dividing the sum of ERM
quotients by the total number of ERMs evaluated. This methodology generated four categories that were

used to predict the likelihood of toxicity to benthic receptors at each sediment sample location:
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e Category 1: Mean ERM quotient less than 0.1; no Effects Range-Low (ERL) values exceeded;

sediments least likely to be toxic.

o Category 2: Mean ERM quotient between 0.11 and 0.5; one to five ERMs exceeded.

e Category 3: Mean ERM quotient between 0.51 and 1.5; six to ten ERMs exceeded.

e Category 4. Mean ERM quotient greater than 1.5; more than 10 ERMs exceeded; high probability of
sediment toxicity.

The EnSafe (2004) technical memorandum further evaluated each of the Category 3 and 4 sample
locations to determine if the chemicals that exceeded their individual ERM concentrations could be linked
to upland sources at CNC. All three previously identified migration pathways (transport to Zone J via
storm water drainage pipeline, overland transport to Zone J via sheet flow, and transport to Zone J via

groundwater to surface water discharge) were evaluated to determine if such a linkage existed.

The BCT, in evaluating the results of the EnSafe (2004) technical memorandum, identified the following

issues that contributed to uncertainties regarding the results of the evaluation:

e Background sediment samples had never been collected; therefore sediment data could not be
compared to background reference values

o All storm water data were collected after Navy operations ceased in 1996. Thus, screening criteria

exceedances could not be conclusively tied to Navy operations.

e The data evaluated in the technical memorandum represented samples collected as far back as the
mid-1990s; some as early as 1993.

e Areas already remediated eliminate on-going potential for contamination to Zone J.

Based on the results of the investigations conducted up to that time, and particularly on the results of the
SLERA progress reports and the EnSafe (2004) technical memorandum, and considering the issues
noted above, the BCT concluded that the potential for significant risk existed at five areas with elevated
ERM quotients and CNC source linkages. The five areas consisted of three locations in the Cooper
River, one location in Shipyard Creek and one location in Noisette Creek. Each of these five locations
had been previously sampled, but due to the time lapse since the previous collection efforts, additional

sampling of sediment would be conducted. Other locations within Zone J were considered to represent
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areas of insignificant risk or areas with contamination that was not linked with CNC sources. The BCT
also decided that sediment samples would be collected and analyzed to generate background reference

values for the Cooper River and Charleston Harbor.

Zone J Sediment Sampling Report (May 2006)

In accordance with the BCT’s decisions (see preceding paragraph), sediment samples were collected
from 15 locations in December 2005 (Spectra Tech, 2006) following protocols described in the Zone J
Sampling and Analysis Plan (Spectra Tech, 2005). Ten of the 15 locations had been pre-approved by
SCDHEC and SCDNR representatives as locations representing regional baseline (reference)
concentrations of naturally occurring inorganic constituents and widespread organic constituents such as
polycyclic aromatic hydrocarbons (PAHs) and pesticides. The 10 baseline samples were collected in
various locations within the Cooper River and Charleston Harbor. The other five samples collected in
December 2005 were from the locations having elevated ERM quotients and CNC source linkages (see
preceding paragraph). The analytical results of the December 2005 sampling event were summarized in
Table 3-1 (reference samples) and Table 3-2 (CNC samples) of the Spectra Tech (2006) report; the entire

report is included here as Appendix K.

Analytical results for the five CNC samples collected in December 2005 showed that concentrations of
most inorganics in the three Cooper River samples had increased since the initial sampling event in
November 1995, while concentrations of most inorganics at Shipyard and Noisette Creek locations had

decreased since initial sampling in 1994 and 1997.

Method detection limits (MDLs) exceeded ecological screening values for numerous analytes [particularly
pesticides, polychlorinated biphenyls (PCBs), and PAH compounds] in the five CNC samples collected in
December 2005 (see Appendix K, Table 3-2). The elevated MDLs made it impossible to draw
conclusions regarding sediment-related ecological risk. Therefore, the BCT determined that collection
and analysis of additional sediment samples (with sufficiently low detection limits) were required to

address this situation.

Quality Assurance Project Plan for Supplemental RFl at Zone J (March 2008)

A Quality Assurance Project Plan (QAPP) (TtNUS, 2008) was generated to address the collection and
analysis of sediment samples from the five aforementioned CNC locations with elevated ERM quotients
and CNC source linkages. The five locations were 054M0001, 556M0005, and 556M0007 in the Cooper
River, NOIM0004 in Noisette Creek, and 009M0004 in Shipyard Creek (Figure 1-4). The QAPP specified
that sediment samples from these five locations would be analyzed for semivolatile organic compounds
(SVOCs), pesticides, PCBs, metals, and total organic carbon. The QAPP provided quantitation limits that
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would be needed to evaluate the data and specified analytical methods that would be used to achieve the
necessary sensitivity in laboratory analysis of the sediment samples. The QAPP (included here as
Appendix L) also provided details on the human health risk assessment methodology and ecological risk

assessment methodology to be used in the Supplemental RFI for Zone J.

As mentioned above, the March 2008 QAPP specified that sediment samples collected in April 2008
would be analyzed for SVOCs, pesticides, PCBs, and metals. The BCT’s selection of these compounds
for further evaluation in sediment was based on the results of numerous investigations conducted prior to
2008 (Table 1-1). Samples collected in 2008 were not analyzed for compounds such as volatile organic
compounds and dioxins and furans because, by 2008, these compounds had been eliminated as COPCs.
Regarding dioxins and furans, for example, these compounds were analyzed in approximately 10 percent
of soil and groundwater samples collected early in the investigations of AOCs and SWMUs located in
drainage basins that discharge to Zone J. Tables in Section 6 of the previously described Zone J RFI
Storm Water Effluent Evaluation Report, included herein as Appendix B, indicate that in sampling events
conducted between 1995 and 2000, dioxins and furans were analyzed in samples collected at SWMU 39
(soil and groundwater), SWMU 42 (soil), AOC 505 (soil), SWMU 44 (soil and groundwater), AOC 700
(soil), SWMU 47 (soil and groundwater), AOC 516 (soil and groundwater), AOC 670 (soil), AOC 637 (soil
and groundwater), AOC 706 (soil), SWMU 3 (soil and groundwater), and SWMU 11 (soil). These AOCs
and SWMUs are located within drainage basins associated with Noisette Creek or Shipyard Creek
(EnSafe, 2003a). The Zone J RFI Storm Water Effluent Evaluation Addendum (EnSafe, 2003b), presents
similar dioxin-related information for AOCs and SWMUs in drainage basins associated with the Cooper
River. A technical memorandum entitled Proposed Approach for Addressing Dioxin (TEQ) in Soils at
CNC Sites (included in Appendix | of this report), was presented to the CNC BCT in 2002 (CH2MHIill,
2002). The technical memorandum summarized dioxin/furan data, expressed as
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalency (TEQ) concentrations, for over 500 samples
of surface soil and subsurface soil collected from CNC sites and background areas. All TEQ results were
less than the USEPA policy-based target soil cleanup level of 1 ug/kg for unrestricted land use.
Basewide TEQ concentrations in surface soil averaged 11.6 ng/kg (0.0116 pg/kg) and basewide TEQ
concentrations in subsurface soil averaged 5.2 ng/kg (0.0052 ug/kg) (CH2MHill, 2002). Dioxins/furans
have not been final chemicals of concern (COCs) at any CNC sites, and remedial actions based on

dioxins/furans have not been conducted at any CNC sites.

The BCT, after evaluating the EnSafe (2003a; 2003b) reports and the CH2MHill (2002) memorandum,
determined that analyses of sediments at Zone J for dioxins and furans were not necessary based on the
lack of upland sources of these compounds. Therefore, laboratory analyses of sediment samples
collected in April 2008 did not include dioxins and furans. The Navy has worked closely with SCDHEC,
USEPA, and other Natural Resource Trustees throughout the investigations, and the QAPP (TtNUS,
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2008), which specified that sediment samples collected in April 2008 would be analyzed for SVOCs,
pesticides, PCBs, and metals, was approved by the CNC BCT after being submitted to SCDHEC,

USEPA, and other Natural Resource Trustees for review and approval.

1.4 DREDGING

The shipping channels of Charleston Harbor have been dredged since colonial times to maintain
adequate depths for shipping activities. The USACE maintains Charleston Harbor's navigation channels,
turning basins, and access channels. The CNC Redevelopment Authority (RDA) conducts maintenance
dredging between the main channel and the piers at CNC. Section 1.10 of EnSafe’s (2003a) Zone J RFI
Storm Water Effluent Evaluation Report (see Appendix B) provides a history of dredging activities in

Charleston Harbor, including Shipyard Creek and the Cooper River.

Dredging is used to maintain a depth in the main shipping channels of 45 feet at mean low water (MLW).
Mean low water is 2.6 feet below mean sea level. The areas around the piers at CNC are dredged to a
depth of 36-37 feet. The frequency of dredging is variable, since dredging is conducted on an as-needed

basis, but personnel at CNC state that dredging is conducted, at a minimum, every few years.

The downstream portion of Shipyard Creek is considered a navigable water body and is maintained to a
depth of 45 feet to give large ships access to ship maintenance service piers. This portion of Shipyard
Creek is dredged annually or as needed. The three locations at which Shipyard Creek sediment samples
were collected in April 2008 were approximately 0.7 mile upstream of the area that is periodically
dredged. Dredging is not conducted in Noisette Creek. Thus, the areas where Shipyard Creek and

Noisette Creek samples were collected in April 2008 are not dredged.

Tetra Tech was informed by USACE that more detailed information regarding dredging activities at CNC
cannot be made available except by formal request through the Freedom of Information Act. However, a
comparison of Figure 1-4 of the EnSafe (2003a) report (see Appendix B of this RFI) to Figure 1-4 of this
RFI report indicates that Cooper River sediment sampling locations 054M0001, 556MO0007, and
556M0005 are within the area shown in Figure 1-4 of the EnSafe (2003a) report as “Naval Base
Maintenance Dredging.”

In summary, areas from which Shipyard Creek samples and Noisette Creek samples were collected in

April 2008 are not dredged, while areas from which Cooper River samples were collected in April 2008

are regularly dredged.
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1.5 RFI REPORT ORGANIZATION

This report is divided into nine sections. Section 1.0, Introduction, provides historic information about
CNC and Zone J in particular. Section 2.0, Environmental Setting, provides geological and geographical
information about Zone J. Section 3.0, Investigation Summary, summarizes the sediment sampling
program conducted in April 2008. Section 4.0, Nature and Extent of Contamination, addresses the nature
and extent of site contamination. Section 5.0, Chemical Fate and Transport Analysis, is a reference-like
section describing the chemical and physical properties of the analytes detected at Zone J. Section 6.0,
Baseline Human Health Risk Assessment (HHRA), and Section 7.0, ERA, present the methodology and
results of the human health and ecological risk assessments, respectively. Section 8.0 presents
conclusions and recommendations regarding site-related risks for Zone J. Appendices A through Q
provide copies of pertinent historical reports, documentation for the April 2008 sampling, and
supplemental information to facilitate the evaluation of results. Appendix R provides the HHRA and ERA
for AOC 695, which was investigated as part of Zone K (Clouter Island). SCDHEC and SCDNR
comments and Navy responses on the RFI Report for Zone J, Revision 1 dated November 2011, and

Revision 2 dated September 2012, are provided in Appendix S.
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SUMMARY OF PREVIOUS REPORTS AND NOTABLE BCT MEETINGS

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA
PAGE 1 OF 4

Title

Source and
Date of Report

Submitted
to
SCDHEC?

Finalized?

Summary and Pertinent Information”’

Preliminary Results of
Zone J Sampling®

EnSafe, 1997

Unknown

Unknown

Presented the investigative approach, sampling protocols, and
analytical results of initial sampling; identified preliminary COPCs in
Zone J sediments and surface waters; mapped COPC distributions.

Zone J Draft RFI Report -
Part One®

EnSafe, 2000

Yes

Unknown

Reviewed contaminant transport/migration pathways and conducted a
SLERA. Sediment samples from locations along the dry-docks had
the highest ERM quotients. ERM quotients in most samples from
Zone J were low, suggesting minimal toxicity.

BCT decided that evaluations of linkages between CNC sites and
Zone J were needed, along with more thorough reference
(background) chemical data.

August 2000 BCT Meeting

Three primary scenarios were identified to determine if a contaminant
released from a site at CNC could migrate to Zone J:

Scenario 1: Transport to Zone J via storm water drainage pipeline
Scenario 2: Overland transport to Zone J via sheet flow

Scenario 3: Transport to Zone J via groundwater to surface water
discharge.

May 2001 BCT Meeting

Conceptual approach for collecting storm water effluent samples from
CNC and from non-point-source reference locations offsite was
approved.

Zone J Point of Entry Work
Plan®

EnSafe, 2001

Unknown

Unknown

Sampling strategy developed for collection of storm water runoff data
to define contaminant migration pathways and potential receptors,
nature and extent of contamination, characterize reference values, and
identify storm water COPCs.
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PAGE 2 OF 4
Source and Submitted
Title Date of Report. to Finalized? Summary and Pertinent Information”’
POt | sCDHEC?
Evaluation of Reference
Values of Off-Site Locations Storm water samples collected from 18 locations were determined to
for Zone J Stormwater EnSafe, 2002 Yes Unknown P
. represent reference (background) storm water values.
Effluent Evaluation Report
at CNC
Compared CNC storm water data to storm water reference data and
surface water screening criteria, and evaluated upland surface soil
Storm Water Effluent EnSafe, 2003a Yes Unknown data, groundwater data, environmental incident reports, and sewer
Evaluation Reports EnSafe, 2003b cross-connect reports to determine COPCs for further evaluation and
linkages to CNC sites. Also presented a comprehensive evaluation of
Charleston Harbor hydrodynamics.
SLERAs for Noisette Creek, Shipyard Creek, and Cooper River
SLERA Technical EnSafe, 2003c identified sediment and storm water COPCs. Reports did not include
Memorandum Progress EnSafe, 2003d Yes Unknown | conclusions; stated that additional information on the groundwater-to-
Reports. EnSafe, 2003e surface water and soil-to-surface water (overland sheet flow) pathways
were needed.
Zone J Technical Evaluated overland transport of soil contaminants to Zone J via sheet
Memorandum: Evaluation flow runoff. Evaluated surface soil data, fate and transport factors,
of Potential for Contaminant CH2MHill, 2003 |  Unknown Unknown surface cover present, general topography. Concluded that soil

Runoff from Various
SWMUs and AOCs via
Sheet Flow Runoff

contamination was not expected to cause significant impacts to Zone J
water bodies via sheet flow.




TABLE 11

SUMMARY OF PREVIOUS REPORTS AND NOTABLE BCT MEETINGS

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA
PAGE 3 OF 4

Title

Source and
Date of Report

Submitted
to
SCDHEC?

Finalized?

Summary and Pertinent Information”’

Linkage between
Charleston Naval Complex
Upland AOCs/SWMUs to
Analytical Data from
Sediment Samples
Collected During the Zone J
RFI

EnSafe, 2004

Unknown

Unknown

Determined the potential for upland source linkages to Zone J
sediment contamination. Evaluated storm water effluent, surface
water, soil, groundwater, and sediment data. Generated four
categories of ERM quotients to rank the likelihood of toxicity to benthic
organisms at sediment sample locations.

Based on the results of the investigations conducted up to that time,
and particularly on the results of the SLERA progress reports and the
linkage document, and considering various data uncertainties, the
BCT concluded that the potential for significant risk existed at five
locations with elevated ERM quotients and CNC source linkages
(three locations in Cooper River, one location in Shipyard Creek and
one location in Noisette Creek). Due to the time lapse since the
previous collection efforts, additional sediment sampling needed at the
five locations. Other locations within Zone J were considered to
represent areas of insignificant risk or areas with contamination that
was not linked with CNC sources. BCT also decided that sediment
samples would be collected and analyzed to generate background
reference values in Cooper River and Charleston Harbor.

Zone J Sediment Sampling
Report

Spectra Tech,
2006

Yes

Yes

Provided results of sediment samples collected from 15 locations in
December 2005. Ten sample locations represented background
(reference) locations. The other five locations were those previously
identified as having elevated ERM quotients and CNC source
linkages. MDLs exceeded ecological screening values for numerous
analytes, preventing conclusions regarding sediment-related
ecological risk. BCT determined that collection and analysis of
additional sediment samples (with adequately low detection limits)
would be conducted.




TABLE 11

SUMMARY OF PREVIOUS REPORTS AND NOTABLE BCT MEETINGS

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 4 OF 4
. Source and Submitted s . L)
Title Date of Report to Finalized? Summary and Pertinent Information
SCDHEC?

QAPP generated to address the collection and analyses of sediment
Quality Assurance Project samples from the five CNC locations with elevated ERM quotients and
Plan for Supplemental RF| Tetra Tech, Yes Yes CNC source linkages; provided quantitation limits that would be

2008 needed to evaluate the data; provided details on the human health risk

at Zone J . X

assessment methodology and ecological risk assessment

methodology to be used in the Supplemental RFI for Zone J.
Notes:

(1) See Section 1.3.3 for details regarding the reports and BCT meetings.
(2) Report not available in Navy database; information taken from EnSafe (2003a)
Abbreviations:

AOC: Area of Concern

BCT: Base Realignment and Closure (BRAC) Cleanup Team

CNC: Charleston Naval Complex

COPC: Contaminant of Potential Concern

ERM: Effects Range Median

MDL: Method Detection Limit

QAPP: Quality Assurance Project Plan

RFI: Resource Conservation and Recovery Act (RCRA) Facility Investigation

SCDHEC: South Carolina Department of Health and Environmental Control
SLERA: Screening Level Ecological Risk Assessment
SWMU:  Solid Waste Management Unit
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2.0 ENVIRONMENTAL SETTING

This section contains information relative to the environmental setting of Zone J. The following topics are

discussed in this section:

e Climate

e Topography

e Surface Water Drainage
e Geology

e Hydrogeology

e Hydrodynamic Evaluation

21 CLIMATE

The Charleston area is characterized by warm, humid summers and mild winters. The area is subject to
hurricanes between June 1 and November 30. The average temperature and precipitation data from a

30-year period, provided by the Southeast Regional Climate Center, are presented in Table 2-1.

A wind-rose indicating the prevailing wind direction for the CNC area is provided on Figure 2-1 and is
based on data collected at Charleston International Airport for a 5-year period between January 1, 1986
and December 31, 1990.

2.2 TOPOGRAPHY

The CNC is a 1,575-acre area located in North Charleston along the west bank of the Cooper River. It is
bordered to the east by the Cooper River, to the south by Shipyard Creek, to the west by Spruill Avenue,
and to the north by Hess Oil. Storm water runoff from CNC drains into the Cooper River, Shipyard Creek,
and Noisette Creek, carrying potential pollutants with it.

The general topography of the CNC area is relatively flat and low-lying. Most of the land surface slope is
less than 2 percent. The land elevation in the area ranges from 2 to 11 meter (m)-MLW, and most of the
CNC land surface lies below 3.7 m-MLW. Land use in the area is mainly heavy industrial, with
predominantly impervious surfaces. Other land uses include marshlands, grassy fields, residential, light
industrial and commercial use. The southern portion of CNC consists almost entirely of dredge spoil

material, which is generally a mixture of sands, silts, and clays.
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23 SURFACE WATER DRAINAGE

The storm water drainage system is divided into 98 sub-basins (EnSafe, 2003a). Some basins do not
have any drainage facilities, and in those basins, storm water runoff drains directly to receiving waters in
the form of sheet flow, or overland flow. Other basins have complex drainage systems that consist of
catchment basins, inlets, storm sewer pipes and culverts, manholes, detention ponds, flow control

structures, and outfall structures.

There are 86 known storm water outfalls at CNC. Two outfalls drain into Shipyard Creek, 15 outfalls drain
into Noisette Creek, and the remaining outfalls drain into the Cooper River. Most outfall structures are
reinforced concrete or corrugated metal pipes. Outfall structures range from 8 inches to 54 inches in

diameter.

The most common outfall pipe sizes are 18 inches and 30 inches in diameter with the majority of invert

elevations between mean high water and mean low water.

24 GEOLOGY

The Lower Coastal Plain of South Carolina consists of a series of sediments and partially lithified
sedimentary rocks ranging in age from the Late Cretaceous Period to the Holocene Epoch. The Coastal
Plain units strike northeast-southwest and dip seaward to the southeast (Figure 2-2) such that the
sedimentary units are thickest near the coast and thin to the northwest. The Coastal Plain deposits
thicken southward from 980 feet near the coast at the North Carolina-South Carolina border to more than
3,280 feet at the South Carolina-Georgia border (Colquhoun et al., 1983).

Figure 2-3 shows the major geological units that underlie CNC. Coastal terrace deposits form the
uppermost geologic unit at CNC. These deposits average about 30 feet in thickness and consist primarily
of sand and clay with local beds of seashells and limestone that were deposited during a series of marine
transgressions and regressions in the Pleistocene and Pliocene epochs (Aucott et al., 1987). In the
CNC area, the coastal terrace deposits are underlain by unconsolidated to weakly consolidated Holocene
to Miocene clastic sediments, which are composed of calcareous and organic-rich clays, silts, and sands
(Figure 2-3). These surficial deposits in the CNC area are commonly referred to as the Ladson
Formation. The thickness of the Ladson Formation in the CNC area ranges from a maximum of

approximately 82 feet to less than 17 feet in isolated areas.
Unconformably underlying the Ladson Formation is the phosphatized late Eocene to late Oligocene

Cooper Formation, which is composed of the Ashley and Parkers Ferry Formation (Weems and Lemon,

1993). The Cooper Formation is approximately 200 feet thick near CNC, and it is a massive, olive-
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colored, impure, fine-grained carbonate deposit of very low permeability. It consists of calcium carbonate,
phosphate, fine-grained sand and clay that were deposited in a relatively deep-water marine environment.
The Cooper deposits, which dip to the southeast at 8 to 24 feet per mile, pinch out about 20 miles north of

Charleston and thicken south of the city.

Below the Cooper Formation is a thick sequence of sedimentary units that extends to the basement
complex approximately 2,300 feet below mean sea level (msl). Mean sea level generally lies within the
Ladson Formation at CNC. This sequence of sedimentary deposits below the Cooper Formation includes
(in increasing age) the Santee Limestone (180 feet thick); the Black Mingo Group (200 feet thick); and the
Peedee, Black Creek, Middendorf, and Cape Fear formations (1,700 feet thick total) (Colquhoun
et al., 1983).

Crystalline bedrock lies below the sedimentary units near CNC Charleston and consists of diabase,
basalt, quartz, and meta-sedimentary rocks. Seismic activity that occurs within pre-Cretaceous rocks
beneath the Lower Coastal Plain indicates that active faults and fracture zones exist. The permeability of

the crystalline bedrock is lower than that of the overlying Coastal Plain sediments (Aucott et al., 1987).

2.5 HYDROGEOLOGY

The following subsections discuss general groundwater information in the area of CNC.
The Lower Coastal Plain near CNC consists of an unconfined surficial aquifer (Ladson Formation), a
confined Tertiary aquifer system (Santee Limestone and Black Mingo Group), and a confined Cretaceous

aquifer system (Pedee, Black Creek, Middendorf, Cape Fear Formations) (Colquhoun et al., 1983).

2.5.1 Hydrogeology of the Surficial Aquifer

The surficial aquifer occurs within the Ladson Formation, which consists of fine- to coarse-grained sand
and clay. It is an unconfined, laterally extensive aquifer that ranges from 17 to 82 feet thick near CNC.
This water table aquifer is recharged by infiltration of precipitation and discharges principally as seepage
into surface water bodies and secondarily via pumping. Downward migration into the underlying aquifers

is inhibited by the low permeability sediments of the Cooper Formation.

Although locally isolated higher permeability zones are found within the Cooper Formation (near Edisto
Island and Ravenal, not in the vicinity of CNC), it is considered to be a confining unit that allows virtually
no vertical migration of groundwater from the surficial aquifer to the deeper aquifer. Only a few feet of the
Ashley Formation of the Cooper Formation need to be present to effectively retard the vertical movement
of groundwater (Park, 1985).
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Groundwater depths in the surficial aquifer range from approximately 0 to 15 feet below ground surface
(bgs) across CNC, and the water table surface tends to mimic the local topography. The shallow
groundwater system discharges into the Cooper River directly or indirectly via discharge into its

tributaries.

The predominant groundwater flow direction in the CNC area is east and southeast toward the Cooper
River. Across CNC, the overall southeasterly flow direction continues; although, because the topography
is relatively flat, minor surface irregularities and stream drainage patterns produce local variations in the

shallow flow directions.
Below the surficial aquifer is the Ashley Formation of the Cooper Formation. As stated earlier, the
Cooper Formation is considered to be a low permeability confining unit that separates the surficial aquifer

from the underlying aquifers.

2.5.2 Hydrogeology and Water Quality of Deep Aquifer Systems

Underlying the Cooper Group is the Tertiary aquifer system, which is composed of the Santee Limestone
and the Black Mingo Group (sand and sandstone, limestone, and clay). These units are an approximate
400 foot thick combined near CNC (Colquhoun, et al. 1983). Groundwater flows to the east in the
Tertiary aquifer system, which is recharged by infiltration along updip outcrop areas to the west. Water
yields from wells completed in the Santee Limestone range from 200 to 500 gallons per minute (gpm).
The Black Mingo Group underlies the Santee Limestone and constitutes much of the Tertiary aquifer
system. Water yields from wells completed in the sands of the Black Mingo Group range from 58 to
660 gpm, and transmissivities range from 500 to 3,700 square feet per day for these wells. Under natural
conditions, groundwater elevations are artesian (often above the ground surface), but widely vary due to
pumping primarily and tidal fluctuations secondarily. Variations in groundwater elevations resulting from

other factors such as rainfall are obscured.

Along the Atlantic coastline in South Carolina, the water quality of the Tertiary aquifer system has been
affected by saltwater intrusion. As a result, high concentrations of chloride and sodium are present.

Calcium and bicarbonate ions are dominant, and the groundwater is extremely hard (Park, 1985).

The Cretaceous aquifer system is a confined system that is approximately 2,000 feet thick near CNC and
consists of sand and clay of the Peedee, Black Creek, Middendorf, and Cape Fear Formations. The
Cretaceous aquifer system yields water under artesian conditions because outcrop/recharge areas are far
to the west in areas of higher elevations. Typical potentiometric surface elevations range from
approximately 20 to 120 feet above msl. The predominant horizontal groundwater flow direction is toward
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the east. Well yields range from 125 to 2,000 gpm (Park, 1985). Generally, the Black Creek is the most

productive formation, and the Peedee is the least productive.

In the Lower Coastal Plain, the groundwater in the Black Creek and Middendorf Formations has a high
pH (8.0 t0 9.2), high dissolved solids [greater than 500 to 2,700 milligrams per liter (mg/L)], fluoride
(greater than 4.0 mg/L), chloride (greater than 250 mg/L), and sodium (several hundred mg/L)
concentrations, and is classified geochemically as a sodium bicarbonate water. The groundwater
geochemistry in these units within the Lower Coastal Plain is the result of dissolution of carbonate

material and calcium for sodium ion exchange (Park, 1985).

2.6 HYDRODYNAMIC EVALUATION

Hydrodynamic evaluation of the Cooper River was performed by EnSafe (2003a) to determine transport
of CNC and non-CNC contaminants into Noisette and Shipyard Creeks and the Cooper River. The
evaluation determined that pollutants released into these water bodies are transported both up and down
stream with the flood and ebb tides, although there is a net downstream component towards the ocean.

The hydrodynamic evaluation is presented in Appendix B and in Appendix E.
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TABLE 2-1

CLIMATIC CONDITIONS FOR CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Climatic Average Conditions, January through December

Variable Jan | Feb | Mar | Apr | May | Jun | Jul |Aug | Sep | Oct | Nov | Dec
TEMPERATURE (°F)
Average
Maximum 58.9 | 62.3 [ 69.3 | 76.1 | 829 [ 879|909 | 89.4 | 850 | 77.0 | 69.6 | 61.6
Temperature
Average
Minimum 384 (405 (472 | 53.1 | 622 [ 694 | 734|724 | 679 | 56.3 | 47.7 | 40.7
Temperature
PRECIPITATION (in.)
ﬁ‘gglage 4.07 | 3.08 | 400 | 277 | 367 | 592 | 6.13 | 6.91 | 6.33 | 3.00 | 2.66 | 3.24

Source: Southeast Regional Climate Center, sercc@dnr.state.sc.us
Period of Record: 1971-2000.
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3.0 INVESTIGATION SUMMARY

This section summarizes the sediment sampling activities conducted in April 2008.

3.1 DEVIATIONS FROM THE WORK PLAN

Two deviations from the work plan (TtNUS, 2008) occurred during the field effort and are described

below.

The sample identification for two of the three sediment samples collected in Shipyard Creek did not follow
the work plan. Specifically, sample 009M001603 was supposed to be collected 50 feet upstream of
sample location 009M0004, but it was mistakenly collected 50 feet downstream of sample location
009M0004. Conversely, sample 009M001703 was supposed to be collected 50 feet downstream of
sample location 009M0004, but it was mistakenly collected 50 feet upstream of location 009M0004. In
other words, samples 009M001603 and 009MO001703 were reversed relative to sample location
009M0004. The reversal of sample location identifications did not have any impact on the Zone J

investigation. Figure 1-4 of this report indicates the actual sample locations.

The work plan stated that sediment samples would to be shipped to the laboratory overnight for next day
delivery. The sediment samples were collected on April 30, 2008, and delivered later that day to the
nearest Federal Express office, where their shipping labels were clearly marked for next-day (May 1)
morning delivery. However, the sediment samples arrived at the analytical laboratory on the morning of
May 2, 24 hours later than requested. Nevertheless, personnel at the analytical laboratory confirmed that
there was ice in the coolers upon arrival and sample temperatures were acceptable (4 degrees Celsius).

Thus, this deviation (one-day late arrival at the lab) did not impact the resulting analytical data.

3.2 SEDIMENT SAMPLING

Nine sediment samples (plus one field duplicate) were collected April 30, 2008, for the current sediment
evaluation. Sample locations are shown in Figure 1-4. Five of the nine sampling locations (009M0004,
054M0001, 556M0005, 556M0007, and NOIMO0004) were sampled in December 2005 and were
re-sampled on April 30, 2008. The additional four sampling locations (009M0016, 009M0017, NOIM0O11,
and NOIMO0012) were included to provide additional data for the ecological and human health risk
assessments. A global positioning system (GPS) unit was used to document sample locations. The
samples were collected in accordance with TINUS Standard Operating Procedures (SOPs) and the

Zone J Quality Assurance Project Plan (TtNUS, 2008), with the exceptions described in Section 3.1.
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Sediment samples NOIM000403, NOIM001103, NOIM001203, and a field duplicate of NOIM001203 were

collected in Noisette Creek; the three sample locations were centered on location NOIM0004, which is

approximately 650 feet from the mouth of the creek (Figure 1-4). The three sediment samples collected

in Shipyard Creek (009M000403, 009M001603, and 009M001703) were centered on location 009M0004,

approximately 1.6 miles from the mouth of the creek (Figure 1-4). The three Cooper River sediment

samples (054M000103, 556M000503, and 556M000703) were collected from the same locations as in
December 2005 (Figure 1-4).

The April 2008 sediment samples were collected with a petite ponar dredge, and thus represent a depth
of 0 to about 6 inches below the sediment surface. Sediment samples in Noisette Creek and the Cooper
River were accessed by boat. The Shipyard Creek samples were accessed by wading, taking care to
approach the sample locations from downstream to minimize disturbance. The petite ponar was
decontaminated between samples in accordance with the work plan, and sample aliquots were emptied
from the ponar into decontaminated stainless steel bowls and then transferred, using decontaminated
stainless steel spoons, to laboratory-supplied sample containers immediately following collection.
Sample containers were labeled, placed in coolers, chilled with ice, and shipped via Federal Express to
Katahdin Analytical Services, Inc., Scarborough, Maine, for laboratory analyses. Quality control samples
(e.g., field duplicates, equipment rinsate blanks) were prepared and also shipped to the laboratory.
Sampling activities were documented in a site-specific field logbook and samples were transmitted under
chain-of-custody protocol to the laboratory. Photographs of the sediment sampling and copies of

sediment sample log sheets are provided in Appendices M and N.

As per the work plan (TtNUS, 2008), the sediment samples were subjected to the following laboratory

analyses:

Target Compound List SVOCs via SW-846 8270C, with PAH and bis(2-ethylhexyl)phthalate analysis

performed in selective ion monitoring mode.

e Target Compound List pesticides and PCBs via SW-846 8081A and 8082, respectively (these

methods were modified to achieve lower detection limits).

o Target Analyte List metals via SW-846 6010B trace ICP with mercury via SW-846 7471A.

e Total organic carbon via Lloyd Kahn method.
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4.0 NATURE AND EXTENT OF CONTAMINATION

Zone J lies within Charleston Harbor and the Charleston Harbor estuary, and consists of portions of the
Cooper River, Shipyard Creek, and Noisette Creek. Charleston Harbor is the second largest container
port on the East and Gulf Coasts and the fourth largest in the nation (EnSafe, 2003a). The Charleston
Harbor Estuary is a complex tidal system that is comprised of the Cooper River, Ashley River, Wando
River, and numerous small tributaries. It encompasses more than 100 square miles of coastal
marshlands and open water habitat. Factors such as tides, freshwater inflow, and bathymetry affect
hydrodynamics in the Charleston Harbor Estuary. The dynamic nature of these factors affects the fate
and transport of CNC-related chemicals in Noisette Creek, Shipyard Creek, and the Cooper River. An
evaluation of the hydrodynamics of the Charleston Harbor Estuary was presented in the Zone J RFI
Storm Water Effluent Evaluation Report (EnSafe, 2003a) and the Zone J RFI Storm Water Effluent
Evaluation Report Addendum (EnSafe, 2003b). The evaluation showed that during a single tidal cycle, a
particle (such as a contaminant) released at CNC at the start of an incoming tide can travel about 4.5
miles upstream. Similarly, in one tidal cycle, a particle released at the start of an outgoing tide can travel
downstream to the entrance of Charleston Harbor. A particle released at CNC can be transported into the
Wando and Ashley Rivers by the tides, with the limits of upstream transport being about five miles. Thus,
contaminants released from CNC can be flushed out of the harbor during one tidal cycle, and
contaminants released from CNC can be transported into the Wando and Ashley Rivers. Conversely, the
Zone J water bodies can be receptors of contaminants from numerous remote locations in the Ashley and

Wando Rivers and other locations within Charleston Harbor.

Because estuarine systems are so dynamic, with constant tide-driven changes in water levels, currents,
and water quality, contaminant monitoring in marine and estuarine systems is typically focused on
sediments rather than surface water. Most contaminants that are released into surface water eventually
bind with particulate material, then settle and become concentrated in sediment. Higher concentrations of
chemicals in sediment (relative to surface water) aid in the detection and quantification of target analytes.
In addition, sediments integrate contaminants over time, and thus, often indicate a history of
contamination to a greater degree than surface water, especially in an estuarine water body such as

Charleston Harbor.

Water quality parameters such as temperature, dissolved oxygen, salinity, pH, and total suspended solids
change constantly with the tide, season, and flow rates. One result of these irregular variables (and
especially the changing tides and currents) in Charleston Harbor is that surface water chemical data can
be quite variable at a given location over time. This has been the case at Zone J, and although numerous
surface water samples have been collected and analyzed over the long history of the Zone J

investigation, no clear trends in surface water contamination have been identified. Overall, evaluations of

120910/P 4-1 CTOs 0017 and 0104



REVISION 3

MAY 2013

surface water samples collected during previous investigations at Zone J have indicated that surface
water chemical concentrations at Zone J are similar to surface water concentrations throughout the
harbor, or that ecological risks posed by CNC-related chemicals in surface water are negligible. Because
of this, and since sediments integrate contaminants over time and often indicate a history of
contamination to a greater extent than surface water, the BCT, which includes representatives of
SCDHEC and other Natural Resource Trustees, decided that 2008 sampling activities would focus on
sediment. Thus, the remainder of this section discusses chemicals detected in sediment collected during
the latest round of sampling (April 2008), and compares the 2008 data to historical sediment data

collected from the same locations.

As explained in Section 1.3.3, a series of investigations at Zone J resulted in a conclusion by the BCT that
the potential for significant risk existed at five sample locations with elevated ERM quotients and CNC
source linkages. The five locations consist of three locations in the Cooper River (054M0001, 556M0005,
and 556MO007), one location in Shipyard Creek (009M0004), and one location in Noisette Creek
(NOIMO0004). Sediment data from these five locations are available from samples collected in 1994-1997
and 2005. Each of these locations was re-sampled in April 2008. As explained in Section 3.2, sediment
samples were also collected in April 2008 from four additional locations (009M0016 and 009MO0017 in
Shipyard Creek; NOIM0011 and NOIM0012 in Noisette Creek). Thus, a total of nine sediment samples
were collected in April 2008 (three from Noisette Creek, three from Shipyard Creek, and three from the
Cooper River). The samples were analyzed for SVOCs, pesticides, PCBs, metals, and total organic
carbon. As explained in the last paragraph of Section 1.3.3, the selection of these compounds for further
evaluation in sediment was based on the results of numerous previous investigations. The analytical
results for all sediment samples collected in April 2008 are provided in Table 4-1. Data validation reports

for the April 2008 sampling event are provided in Appendix O.

41 NOISETTE CREEK SEDIMENT SAMPLES

Three sediment samples were collected in April 2008 from Noisette Creek. Positive detections for each
sediment sample collected in April 2008 are provided in Table 4-2. Table 4-3 provides a comparison of
results for sediment sample location NOIM0004 during the June 1997, December 2005, and April 2008
sampling events. Exceedances of Region 4 Ecological Screening Values (ESVs) and facility background

concentrations are shown in Figure 4-1.

SVOCs detected in 2008 sediment samples included numerous PAHs. Of these, benzo[a]anthracene,
benzo(a)pyrene, bis(2-ethylhexyl)phthalate (BEHP), chrysene, fluoranthene, phenanthrene and pyrene
exceeded USEPA Region 4 ESVs and/or two times the average background concentrations in sediment
samples. Benzo(a)anthracene was detected at concentrations exceeding both screening criteria at
sample locations NOIMO0004 [720 microgram per kilogram (ug/kg)] and NOIM0012 (810 ug/kg).
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Benzo(a)pyrene was detected at sample locations NOIM004 (510 pg/kg) and NOIM0012 (540 pg/kg) at
concentrations exceeding the Region 4 Ecological Screening Value. BEHP was detected at one location
(NOIM0011) at a concentration of 240 ug/kg, which exceeds the USEPA Region 4 ESV of 182 ug/kg.
Chrysene was detected in all sediment samples at elevated concentrations ranging from 390 (NOIM0011)
to 670 upg/kg (NOIMO012). Flouranthene and pyrene were detected at concentrations exceeding
screening criteria in the three samples collected from Noisette Creek. Flouranthene and pyrene
concentrations ranged from 720 ug/kg to 1,500 ug/kg and 770 ug/kg to 1,200 ug/kg, respectively.
Flouranthene and pyrene concentrations have increased at sample location NOIMO004 since the
December 2005 sampling event. Phenanthrene was detected at a concentration of 370 pg/kg at location
NOIMO0012.

Copper was the only metal detected at concentrations exceeding background concentrations and USEPA
Region 4 ESVs in sediment samples collected from Noisette Creek in 2008. Mercury (1.1 milligrams per
kilogram [mg/kg]) and zinc (158 mg/kg) concentrations exceeded screening criteria and background
concentrations in the duplicate sample obtained from sample location NOIMO0012, but not in the original
NOIMO0012 sample. Sample locations NOIM0004 and NOIMO0012 contained copper concentrations of
19.9 mg/kg and 42.8 mg/kg. Copper concentrations increased slightly from 15 mg/kg in December 2005
to 19.9 mg/kg in April 2008. Metal concentrations in sample NOIM001103 did not exceed screening
criteria. Arsenic was detected at a concentration of 9.2 mg/kg at location NOIM0012, exceeding the
USEPA Region 4 ESV (7.24 mg/kg) but less than two times the average background concentration
(12.0 mg/kg).

The pesticide dichlorodiphenyldichloroethane (4,4’-DDD) was detected in samples from NOIM0004 and
NOIMO0012 in 2008 at concentrations of 4.8 and 3.8 ug/kg, exceeding the USEPA Region 4 ESV of
3.3 yg/kg.  Dichlorodiphenyldichloroethylene (4,4-DDE) was detected at location NOIM001 at a
concentration of 3.6 yg/kg, exceeding the 3.3 ug/kg screening value. No other pesticides/PCBs were

detected in samples collected in 2008 from Noisette Creek.

4.2 SHIPYARD CREEK SEDIMENT SAMPLES

Three sediment samples were collected in April 2008 from Shipyard Creek. Positive detections for each
sediment sample collected in April 2008 are shown in Table 4-4. Table 4-5 provides a comparison of
results from sediment sample location 009M0004 during the September 1994, December 2005, and April
2008 sampling events. Exceedances of USEPA Region 4 ESVs and facility background concentrations

are shown in Figure 4-2.

SVOCs detected in sediment included numerous PAHs. Concentrations of six PAHs exceeded two times

the average background concentrations and/or USEPA Region 4 ESVs. Benzo(a)anthracene and
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benzo(a)pyrene were detected at concentrations exceeding USEPA Region 4 ESVs in samples from

009M0004 and 009MO0017. The maximum concentrations of chrysene (560 pg/kg) and flouranthene

(860 pg/kg) were reported for sample location 009M0017. The maximum BEHP (750 ug/kg) and pyrene

(1200 pg/kg) concentrations were detected in sediment samples 009M001603 and 009MO000403,

respectively.  Benzo(a)anthracene, benzo(a) pyrene, BEHP, chrysene, flouranthene, and pyrene
concentrations were higher at sample location 009M0004 in 2008 than in 2005.

Several inorganics were detected at concentrations exceeding screening values and background
concentrations. The inorganics detected at Shipyard Creek are as follows:

e Arsenic was detected in 009M0016 and 009M0017 at concentrations of 11.9 mg/kg and 19.8 mg/kg.

e Chromium, copper, lead, mercury, and zinc were detected in all of the samples collected from
Shipyard Creek at concentrations exceeding screening values.
- Chromium concentrations ranged from 89.5 mg/kg to 336 mg/kg.
- Copper concentrations ranged from 56.4 mg/kg to 133 mg/kg.
- Lead concentrations ranged from 55.7 mg/kg to 177 mg/kg.
- Mercury concentrations ranged from 0.22 mg/kg to 0.45 mg/kg.
- Zinc concentrations ranged from 150 mg/kg to 494 mg/kg.

e The maximum concentrations of these metals were detected at sample location 009M001703.

Arsenic, chromium, lead, and zinc concentrations at sample location 009M0004 were lower in 2008 than
in 2005.

The pesticide 4,4’-DDE was detected at concentrations ranging from 6.6 to 25 ug/kg, which exceeds the
Region 4 ESV, in all three sediment samples collected from Shipyard Creek. Dieldrin was detected in
one sample (009M000403) in 2008; its concentration in that sample (9.1 pg/kg) exceeded the 3.3 pg/kg

screening criteria.

43 COOPER RIVER SEDIMENT SAMPLES

Three sediment samples were collected from the Cooper River in April 2008. Positive detections for each
sediment sample collected in April 2008 are provided in Table 4-6. Tables 4-7, 4-8, and 4-9 provide
comparisons of results for sediment samples 054MO0001, 556M0005, and 556MO0007 during the
November 1995, December 2005, and April 2008 sampling events. Exceedances of USEPA Region 4
ESVs and facility background concentrations are shown in Figure 4-3.
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SVOCs detected in sediment included numerous PAHs. Concentrations of nine PAHs exceeded
background concentrations and Region 4 Ecological Screening Values in samples 0556M000503 and
556M000703. PAHs were not detected at concentrations exceeding screening criteria at 054M0001, the
northernmost sample location. Acenaphthene, anthracene, benzo(a)pyrene, fluorine, and phenanthrene
were detected in only one sample (556M000503) at concentrations exceeding screening criteria. Sample
location 556M0005 contained the highest concentration of each PAH detected. The concentrations of
these compounds were higher in 2008 than in the December 2005 sampling event. The maximum

concentration of each PAH detected during the April 2008 sampling event is listed below:

Acenaphthene: 1,400 pg/kg
Anthracene: 2,400 ug/kg
Benzo(a)anthracene: 5,800 ug/kg
Benzo(a)pyrene: 2,500 pg/kg
Chrysene: 5,100 pg’kg
Fluoranthene: 41,000 pg/kg
Fluorene: 2,200 pg/kg
Phenanthrene: 18,000 pg/kg
Pyrene: 26,000 pg/kg

Acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, chrysene, flouranthene, flourene,
phenanthrene, and pyrene concentrations from sample location 054M0001 in 2008 were less than
USEPA Region 4 ESVs and less than in the 2005 sampling event. Concentrations for these compounds
have also decreased since the 2005 sampling event at sample location 556M0007, with the exception of

benzo(a)pyrene and pyrene.

Five metals were detected in 2008 at concentrations exceeding screening values and background

concentrations: arsenic, chromium, copper, lead, nickel, and zinc.

e Arsenic and chromium were detected in samples 556M000503 and 556M00703 at concentrations
exceeding screening criteria. Arsenic concentrations were 20.5 mg/kg (556M000503) and 17.6 mg/kg
(656M000503).  Chromium concentrations were 68.4 mg/kg (556M000503) and 57.9 mg/kg
(556M000703).

e Copper and nickel were detected in all of the samples collected from the Cooper River at
concentrations exceeding screening values. Copper concentrations ranged from 43.5 mg/kg to
386 mg/kg and nickel concentrations ranged from 20 mg/kg to 32.6 mg/kg. The maximum

concentrations of copper and nickel were detected at the northernmost sample location (54M0001).
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e Lead concentrations at sample locations 54M0001 (147 mg/kg) and 556MO0005 (40.5 mg/kg)

exceeded screening criteria.

e Zinc was detected at concentrations exceeding screening criteria in samples 54M000103 (826 mg/kg)
and 556M000703 (144 mg/kg).

Copper, lead, nickel, and zinc concentrations were higher at sample location 054M0001 in 2008 than in
2005. The arsenic concentration at sample location 054M0001 was below the USEPA Region 4 ESV and
was less than in 2005. Arsenic, lead, and zinc concentrations have increased slightly since December
2005 in sample location 556M0005. Arsenic, chromium, copper, nickel, and zinc concentrations were
slightly less in 2008 than in the 2005 sampling event in the sample collected from location 556M0007, but
still exceed USEPA Region 4 ESVs.

The pesticide 4,4-DDD was detected in sample 556M0005; its concentration (4.8 pg/kg) exceeded
USEPA Region 4 ESV. No other pesticides were detected in samples obtained from the Cooper River.
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ANALYTICAL RESULTS OF SEDIMENT SAMPLES COLLECTED IN APRIL 2008

TABLE 4-1

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 6

USEPA SHIPYARD CREEK

Region 4 009M000403 009M001603 009M001703

se‘é'gle"t Result |MDL| RL | Result |MDL| RL | Resut |MDL| RL
Semivolatile Organics (ug/kg)
1,1-BIPHENYL NA 740 U 330 | 740 1100 U 510 | 1100 1200 U 550 | 1200
2,2'-OXYBIS(1-CHLOROPROPANE) NA 740 U 260 [ 740 1100 U 410 | 1100 1200 U 440 | 1200
2,4,5-TRICHLOROPHENOL NA 1800 U 670 | 1800 2800 U 1000 | 2800 3000 U 1100 [ 3000
2,4,6-TRICHLOROPHENOL NA 740 U 520 [ 740 1100 U 810 | 1100 1200 U 880 | 1200
2,4-DICHLOROPHENOL NA 740 U 640 | 740 1100 U 990 [ 1100 1200 U 1100 [ 1200
2,4-DIMETHYLPHENOL NA 740 U 550 [ 740 1100 U 860 | 1100 1200 U 920 | 1200
2,4-DINITROPHENOL NA 1800 U | 1400] 1800 2800 U 2200 | 2800 3000 U 2400 | 3000
2,4-DINITROTOLUENE NA 740 U 550 [ 740 1100 U 860 | 1100 1200 U 920 | 1200
2,6-DINITROTOLUENE NA 740 U 470 | 740 1100 U 730 | 1100 1200 U 790 | 1200
2-CHLORONAPHTHALENE NA 740 U 410 [ 740 1100 U 640 | 1100 1200 U 690 | 1200
2-CHLOROPHENOL NA 740 U 560 | 740 1100 U 870 [ 1100 1200 U 940 | 1200
2-METHYLPHENOL NA 740 U 570 [ 740 1100 U 890 | 1100 1200 U 950 | 1200
2-NITROANILINE NA 1800 U 500 | 1800 2800 U 770 | 2800 3000 U 830 | 3000
2-NITROPHENOL NA 740 U 500 [ 740 1100 U 780 | 1100 1200 U 840 | 1200
3&4-METHYLPHENOL NA 740 U 630 | 740 1100 U 980 [ 1100 1200 U 1000 [ 1200
3,3'-DICHLOROBENZIDINE NA 740 U 490 | 740 1100 U 760 | 1100 1200 U 820 | 1200
3-NITROANILINE NA 1800 U 550 | 1800 2800 U 850 [ 2800 3000 U 910 | 3000
4,6-DINITRO-2-METHYLPHENOL NA 1800 U | 1300] 1800 2800 U 2000 | 2800 3000 U 2200 | 3000
4-BROMOPHENYL PHENYL ETHER NA 740 U 330 | 740 1100 U 510 | 1100 1200 U 550 | 1200
4-CHLORO-3-METHYLPHENOL NA 740 U 600 | 740 1100 U 930 [ 1100 1200 U 1000 [ 1200
4-CHLOROANILINE NA 740 U 210 | 740 1100 U 330 | 1100 1200 U 350 | 1200
4-CHLOROPHENYL PHENYL ETHER NA 740 U 300 | 740 1100 U 470 (1100 1200 U 510 | 1200
4-NITROANILINE NA 1800 U 560 | 1800 2800 U 880 [ 2800 3000 U 940 | 3000
4-NITROPHENOL NA 1800 U | 1400] 1800 2800 U 2200 | 2800 3000 U 2400 | 3000
ACETOPHENONE NA 740 U 600 | 740 1100 U 940 [ 1100 1200 U 1000 [ 1200
ATRAZINE NA 740 U 410 | 740 1100 U 630 [ 1100 1200 U 680 | 1200
BENZALDEHYDE NA 740 U 390 | 740 1100 U 610 [ 1100 1200 U 650 | 1200
BIS(2-CHLOROETHOXY)METHANE NA 740 U 270 | 740 1100 U 420 (1100 1200 U 450 [ 1200
BIS(2-CHLOROETHYL)ETHER NA 740 U 380 | 740 1100 U 590 | 1100 1200 U 630 | 1200
BUTYL BENZYL PHTHALATE NA 740 U 360 | 740 1100 U 560 | 1100 1200 U 600 | 1200
CAPROLACTAM NA 740 U 460 | 740 1100 U 720 | 1100 1200 U 770 | 1200
CARBAZOLE NA 740 U 460 | 740 1100 U 720 | 1100 1200 U 780 | 1200
DI-N-BUTYL PHTHALATE NA 740 U 420 | 740 1100 U 650 [ 1100 1200 U 700 | 1200
DI-N-OCTYL PHTHALATE NA 740 U 550 | 740 1100 U 850 [ 1100 1200 U 910 | 1200
DIBENZOFURAN NA 740 U 380 | 740 1100 U 590 [ 1100 1200 U 640 | 1200
DIETHYL PHTHALATE NA 740 U 320 | 740 1100 U 500 | 1100 1200 U 530 | 1200
DIMETHYL PHTHALATE NA 740 U 310 | 740 1100 U 490 [ 1100 1200 U 520 | 1200
HEXACHLOROBENZENE NA 740 U 300 | 740 1100 U 470 (1100 1200 U 500 | 1200
HEXACHLOROBUTADIENE NA 740 U 280 | 740 1100 U 440 [ 1100 1200 U 470 [ 1200
HEXACHLOROCYCLOPENTADIENE NA 740 U 360 | 740 1100 U 560 | 1100 1200 UR 610 | 1200
HEXACHLOROETHANE NA 740 U 310 | 740 1100 U 480 [ 1100 1200 U 520 | 1200
ISOPHORONE NA 180 U 16 | 740 1100 U 480 [ 1100 1200 U 520 | 1200
N-NITROSO-DI-N-PROPYLAMINE NA 740 U 310 | 740 1100 U 480 [ 1100 1200 U 510 | 1200
N-NITROSODIPHENYLAMINE NA 740 U 570 | 740 1100 U 880 [ 1100 1200 U 950 | 1200
NITROBENZENE NA 740 U 290 | 740 1100 U 450 [ 1100 1200 U 480 [ 1200
PENTACHLOROPHENOL NA 1800 U 950 | 1800 2800 U 1500 | 2800 3000 U 1600 [ 3000
PHENOL NA 740 U 600 | 740 1100 U 930 [ 1100 1200 U 1000 [ 1200
Polynuclear Aromatic Compounds (ug/kg)
2-METHYLNAPHTHALENE 330 28 J 25 | 180 18 J 9.6 69 30 J 20 150
ACENAPHTHENE 330 44 J 13 | 180 9.6 J 5 69 13 J 11 150
ACENAPHTHYLENE 330 20 J 12 | 180 24 J 4.6 69 56 J 9.9 | 150
ANTHRACENE 330 110 J 23 | 180 48 J 8.8 69 80 J 19 150
BENZO(A)ANTHRACENE 330 490 J 22 | 180 260 J 8.7 69 580 J 19 150
BENZO(A)PYRENE 330 420 18 | 180 170 7.2 69 560 15 150
BENZO(B)FLUORANTHENE NA 950 20 | 180 460 7.6 69 1500 16 150
BENZO(G,H,)PERYLENE NA 200 J 30 180 99 11 69 330 J 25 150
BENZO(K)FLUORANTHENE NA 200 J 17 | 180 100 J 6.5 69 400 J 14 150
BIS(2-ETHYLHEXYL)PHTHALATE 182 540 J 21 890 750 8 350 630 J 17 740
CHRYSENE 330 360 24 | 180 190 9.1 69 560 20 150
DIBENZO(A,H)ANTHRACENE 330 180 UJ 34 180 69 U 13 69 150 UJ 28 150
FLUORANTHENE 330 820 36 | 180 370 14 69 860 30 150
FLUORENE 330 33 J 15 | 180 13 J 5.7 69 17 J 12 150
INDENO(1,2,3-CD)PYRENE NA 180 39 | 180 100 15 69 320 32 150
NAPHTHALENE 330 180 U 16 | 180 75 J 6.2 69 150 U 13 150
PHENANTHRENE 330 280 38 | 180 90 15 69 120 J 32 150
PYRENE 330 1200 J 61 180 620 J 24 69 1000 J 51 150




TABLE 4-1

ANALYTICAL RESULTS OF SEDIMENT SAMPLES COLLECTED IN APRIL 2008

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 6

USEPA SHIPYARD CREEK

Region 4 009M000403 009M001603 009M001703

se‘é'gle"t Result |MDL| RL | Result |MDL| RL | Resut |MDL| RL
Pesticides/PCBs (ug/kg)
4,4-DDD 3.3 1.8 U 13] 1.8 29 U 2 29 31U 21 [ 31
4,4-DDE 3.3 6.6 J 0.89] 1.8 25 14 [ 29 12 15 [ 31
4,4-DDT 3.3 1.8 U 093] 18 29 U 14 [ 29 31U 16 [ 3.1
ALDRIN NA 0.95 U [0.78] 0.95 15 U 12 [ 15 1.6 UR 13 [ 16
ALPHA-BHC NA 0.95 U [0.63]0.95 15 U 098] 15 16 U 1 1.6
ALPHA-CHLORDANE NA 0.95 U [0.97] 0.95 15 U 15 [ 15 1.6 U 16 [ 16
AROCLOR-1016 NA 19 U 18 | 19 29 U 28 | 29 32 U 30 | 32
AROCLOR-1221 NA 19 U 13 | 19 29 U 21 | 29 32 U 22 | 32
AROCLOR-1232 NA 19 U 59 ] 19 29 U 92 [ 29 32 U 99 [ 32
AROCLOR-1242 NA 19 U 75| 19 29 U 12 [ 29 32 U 12 | 32
AROCLOR-1248 NA 19 U 6.4 ] 19 29 U 99 [ 29 32 U 11 [ 32
AROCLOR-1254 NA 19 U 14 | 19 29 U 22 | 29 32 U 24 | 32
AROCLOR-1260 NA 150 J 16 | 19 210 J 24 | 29 200 J 26 | 32
BETA-BHC NA 0.95 U |[0.82] 0.95 15 U 13 [ 15 1.6 UR 14 [ 16
DELTA-BHC NA 0.95 U [0.52]0.95 15 U 0.81[ 15 16 U 0.87 [ 1.6
DIELDRIN 3.3 9.1 J 0.86] 1.8 29 U 13 | 2.9 31U 14 | 31
ENDOSULFAN | NA 0.95 U [0.63]0.95 15 U 098] 15 16 U 1 1.6
ENDOSULFAN II NA 18U |067] 1.8 29 U 1 2.9 31U 1.1 [ 31
ENDOSULFAN SULFATE NA 1.8 U 1 1.8 29 U 16 [ 2.9 31U 1.7 [ 31
ENDRIN 3.3 1.8 U 15[ 1.8 29 U 24 | 29 31U 25 | 3.1
ENDRIN ALDEHYDE NA 1.8 U [o078] 18 29 U 12 [ 29 31U 1.3 [ 31
ENDRIN KETONE NA 1.8 U 11 ] 1.8 29 U 17 [ 29 31U 1.8 | 3.1
GAMMA-BHC (LINDANE) 3.3 0.95 U [0.82] 0.95 15 U 13 [ 15 16 U 14 [ 16
GAMMA-CHLORDANE NA 095 U [0.93] 0.95 15U 14 [ 15 16 U 16 | 1.6
HEPTACHLOR NA 0.95 U [0.74] 0.95 15 U 12 [ 15 16 U 12 [ 16
HEPTACHLOR EPOXIDE NA 0.95 U 1.7 [ 0.95 15U 27 | 15 1.6 UR 29 [ 16
METHOXYCHLOR NA 9.5 U 41 95 15 U 64 | 15 16 U 6.8 | 16
TOXAPHENE NA 18 U 14 | 18 28 U 22 | 28 31 U 24 | 31
Inorganics (mg/kg)
ALUMINUM NA 12700 J [1.46] 31 25400 J [ 218 47 | 32900 J [ 2.68] 57
ANTIMONY 12 061 U [016[083] 073U Jo0.23] 12 11U 029 15
ARSENIC 7.24 6.9 0.18] 0.83 11.9 027] 12 19.8 033 15
BARIUM NA 50.9 0.03] 0.52 44.1 0.04 [ 0.78 86.6 0.05 [ 0.96
BERYLLIUM NA 042 U [0.01]052] 071U [0.02]0.78 10 U 0.02[0.96
CADMIUM 1 055 U [o0.01] 1 049 U [002] 16 21 U 0.02] 1.9
CALCIUM NA 31200 [1.15] 5.2 24800 1.72] 7.8 37200 21 ] 96
CHROMIUM 52.3 89.5 0.04] 16 219 0.06 [ 2.3 336 0.07 [ 2.9
COBALT NA 25 0.03] 3.1 4.4 0.04] 47 7.4 005 57
COPPER 18.7 56.4 0.08] 26 78.9 0.12 ] 3.9 133 0.15] 4.8
IRON NA 11800 [ 0.63] 10 23600 0.94] 16 33900 115] 19
LEAD 30.2 55.7 0.15] 0.52 61.8 0.22[0.78 142 0.27 [ 0.96
MAGNESIUM NA 3230 0.58] 5.2 5810 087] 7.8 9300 1.07 ] 96
MANGANESE NA 78.3 0.07] 0.52 192 0.11[0.78 201 0.13 [ 0.96
MERCURY 0.13 0.45 0.01] 0.07 0.22 0.01]0.12 0.39 0.01]0.12
NICKEL 15.9 12.3 0.03] 4.2 22.3 0.05[ 6.2 32.8 0.06 | 7.6
POTASSIUM NA 1280 8.13] 100 2460 12.2 | 160 3540 14.9 ] 190
SELENIUM NA 0.53 0.23] 1 0.89 0.34] 16 0.86 042] 1.9
SILVER 2 006 U [0.06] 1.6 008 U [0.08] 23 0.1 U 01 [ 29
SODIUM NA 5700 1.88] 100 11800 2.81[ 160 16400 3.44 [ 190
THALLIUM NA 0.28 021] 16 0.42 0.31] 23 038 U [038] 29
VANADIUM NA 22.6 0.05] 2.6 46.5 0.08 [ 3.9 62.2 0.1 | 48
ZINC 124 150 0.02] 26 204 0.03] 3.9 494 0.04 | 4.8
Miscellaneous Parameters (mg/kg)
[TOTAL ORGANIC CARBON NA 47000 [ 190] 890 [ 58000 [ 290 [1400] 91000 320 [1500]
Miscellaneous Parameters (%)
[TOTAL soLIDS NA 45 [NAT 17 29 [ NAT 1] 27 NA | 1]




TABLE 4-1

ANALYTICAL RESULTS OF SEDIMENT SAMPLES COLLECTED IN APRIL 2008

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 6
USEPA COOPER RIVER
Region 4 054M000103 556M000503 556M000703
seg‘g\'f"t Result | MDL | RL| Result | MDL | RL | Result | MDL | RL

Semivolatile Organics (ug/kg)

1,1-BIPHENYL NA 420 U 190 | 420 1400 U 620 | 1400 1400 U 620 | 1400
2,2'-OXYBIS(1-CHLOROPROPANE) NA 420 U 150 | 420 1400 U 500 | 1400 1400 U 490 | 1400
2,4,5-TRICHLOROPHENOL NA 1000 U 390 | 1000 3400 U 1200 | 3400 3400 U 1200 | 3400
2,4,6-TRICHLOROPHENOL NA 420 U 300 | 420 1400 U 980 | 1400 1400 U 980 | 1400
2,4-DICHLOROPHENOL NA 420 U 360 | 420 1400 U 1200 | 1400 1400 U 1200 | 1400
2,4-DIMETHYLPHENOL NA 420 U 320 | 420 1400 U 1000 | 1400 1400 U 1000 | 1400
2,4-DINITROPHENOL NA 1000 U 830 | 1000 3400 U 2700 | 3400 3400 U 2700 | 3400
2,4-DINITROTOLUENE NA 420 U 320 | 420 1400 U 1000 | 1400 1400 U 1000 | 1400
2,6-DINITROTOLUENE NA 420 U 270 | 420 1400 U 880 | 1400 1400 U 880 | 1400
2-CHLORONAPHTHALENE NA 420 U 240 | 420 1400 U 780 | 1400 1400 U 770 | 1400
2-CHLOROPHENOL NA 420 U 320 | 420 1400 U 1000 | 1400 1400 U 1000 | 1400
2-METHYLPHENOL NA 420 U 330 | 420 1400 U 1100 | 1400 1400 U 1100 | 1400
2-NITROANILINE NA 1000 U 290 | 1000 3400 U 930 | 3400 3400 U 930 | 3400
2-NITROPHENOL NA 420 U 290 | 420 1400 U 940 | 1400 1400 U 940 | 1400
3&4-METHYLPHENOL NA 420 U 360 | 420 1400 U 1200 | 1400 1400 U 1200 | 1400
3,3'-DICHLOROBENZIDINE NA 420 U 280 | 420 1400 U 920 | 1400 1400 U 910 | 1400
3-NITROANILINE NA 1000 U 310 | 1000 3400 U 1000 | 3400 3400 U 1000 | 3400
4,6-DINITRO-2-METHYLPHENOL NA 1000 U 750 | 1000 3400 U 2400 | 3400 3400 U 2400 | 3400
4-BROMOPHENYL PHENYL ETHER NA 420 U 190 | 420 1400 U 620 | 1400 1400 U 620 | 1400
4-CHLORO-3-METHYLPHENOL NA 420 U 340 | 420 1400 U 1100 | 1400 1400 U 1100 | 1400
4-CHLOROANILINE NA 420 U 120 | 420 1400 U 400 | 1400 1400 U 400 | 1400
4-CHLOROPHENYL PHENYL ETHER NA 420 U 170 | 420 1400 U 570 | 1400 1400 U 560 | 1400
4-NITROANILINE NA 1000 U 320 | 1000 3400 U 1000 | 3400 3400 U 1000 | 3400
4-NITROPHENOL NA 1000 U 830 | 1000 3400 U 2700 | 3400 3400 U 2700 | 3400
ACETOPHENONE NA 420 U 350 | 420 1400 U 1100 | 1400 1400 U 1100 | 1400
ATRAZINE NA 420 U 230 | 420 1400 U 760 | 1400 1400 U 760 | 1400
BENZALDEHYDE NA 420 U 220 | 420 1400 U 730 | 1400 1400 U 730 | 1400
BIS(2-CHLOROETHOXY)METHANE NA 420 U 150 | 420 1400 U 500 | 1400 1400 U 500 | 1400
BIS(2-CHLOROETHYL)ETHER NA 420 U 220 | 420 1400 U 710 | 1400 1400 U 710 | 1400
BUTYL BENZYL PHTHALATE NA 420 U 210 | 420 1400 U 680 | 1400 1400 U 670 | 1400
CAPROLACTAM NA 420 U 260 | 420 1400 U 860 | 1400 1400 U 860 | 1400
CARBAZOLE NA 420 U 270 | 420 1400 U 870 | 1400 1400 U 860 | 1400
DI-N-BUTYL PHTHALATE NA 420 U 240 | 420 1400 U 780 | 1400 1400 U 780 | 1400
DI-N-OCTYL PHTHALATE NA 420 U 310 | 420 1400 U 1000 | 1400 1400 U 1000 | 1400
DIBENZOFURAN NA 420 U 220 | 420 1400 U 710 | 1400 1400 U 710 | 1400
DIETHYL PHTHALATE NA 420 U 180 | 420 1400 U 600 | 1400 1400 U 590 | 1400
DIMETHYL PHTHALATE NA 420 U 180 | 420 1400 U 590 | 1400 1400 U 590 | 1400
HEXACHLOROBENZENE NA 420 U 170 | 420 1400 U 560 | 1400 1400 U 560 | 1400
HEXACHLOROBUTADIENE NA 420 U 160 | 420 1400 U 530 | 1400 1400 U 530 | 1400
HEXACHLOROCYCLOPENTADIENE NA 420 U 210 | 420 1400 U 680 | 1400 1400 U 680 | 1400
HEXACHLOROETHANE NA 420 U 180 | 420 1400 U 580 | 1400 1400 U 580 | 1400
ISOPHORONE NA 420 U 180 | 420 1400 U 580 | 1400 1400 U 580 | 1400
N-NITROSO-DI-N-PROPYLAMINE NA 420 U 180 | 420 1400 U 580 | 1400 1400 U 570 | 1400
N-NITROSODIPHENYLAMINE NA 420 U 330 | 420 1400 U 1100 | 1400 1400 U 1100 | 1400
NITROBENZENE NA 420 U 170 | 420 1400 U 540 | 1400 1400 U 540 | 1400
PENTACHLOROPHENOL NA 1000 U 540 | 1000 3400 U 1800 | 3400 3400 U 1800 | 3400
PHENOL NA 420 U 340 | 420 1400 U 1100 | 1400 1400 U 1100 | 1400
Polynuclear Aromatic Compounds (ug/kg)

2-METHYLNAPHTHALENE 330 52 J 3.5 26 4200 U 580 | 4200 330 U 46 330
ACENAPHTHENE 330 7J 1.9 26 1400 J 300 | 4200 330 U 24 330
ACENAPHTHYLENE 330 39J 1.7 26 4200 U 280 | 4200 72 J 22 330
ANTHRACENE 330 64 3.3 26 2400 J 530 | 4200 200 J 42 330
BENZO(A)ANTHRACENE 330 190 J 3.2 26 5800 J 530 | 4200 640 J 42 330
BENZO(A)PYRENE 330 120 2.6 26 2500 J 430 | 4200 840 34 330
BENZO(B)FLUORANTHENE NA 250 2.8 26 5400 460 | 4200 1700 36 330
BENZO(G,H,)PERYLENE NA 51 4.3 26 780 J 690 | 4200 270 J 55 330
BENZO(K)FLUORANTHENE NA 82 J 2.4 26 1200 J 390 | 4200 560 J 31 330
BIS(2-ETHYLHEXYL)PHTHALATE 182 110 U 3 130 21000 U 480 |21000| 1700 U 38 1700
CHRYSENE 330 170 3.4 26 5100 550 | 4200 880 44 330
DIBENZO(A,H)ANTHRACENE 330 11.J 4.8 26 4200 UJ 780 | 4200 68 J 62 330
FLUORANTHENE 330 330 5.1 26 41000 840 | 4200 550 66 330
FLUORENE 330 14 J 2.1 26 2200 J 340 | 4200 330 U 27 330
INDENO(1,2,3-CD)PYRENE NA 50 5.6 26 4200 U 910 | 4200 280 J 72 330
NAPHTHALENE 330 27 J 2.3 26 4200 U 370 | 4200 330 U 30 330
PHENANTHRENE 330 110 5.5 26 18000 900 | 4200 97 J 71 330
PYRENE 330 300 J 8.8 26 26000 J 1400 | 4200 2600 J 110 [ 330




TABLE 4-1

ANALYTICAL RESULTS OF SEDIMENT SAMPLES COLLECTED IN APRIL 2008

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 4 OF 6

USEPA COOPER RIVER

Region 4 054M000103 556M000503 556M000703

seg‘g\'f"t Result | MDL | RL| Result | MDL | RL | Result | mMDL | RL
Pesticides/PCBs (ug/kg)
4,4'-DDD 3.3 1.1 U 0.73 [ 1.1 48 J 24 | 35 35 U 24 [ 35
4,4-DDE 3.3 1.1 U 0.51 [ 1.1 35 U 1.7 | 35 35 U 17 | 35
4,4-DDT 3.3 1.1 U 0.53 [ 1.1 35U 1.7 | 35 35 U 17 [ 35
ALDRIN NA 0.54 U [ 0.45 [0.54 1.8 U 15 | 1.8 1.8 U 14 [ 18
ALPHA-BHC NA 0.54 U [ 0.36 [0.54 1.8 U 12 [ 18 1.8 U 12 [ 18
ALPHA-CHLORDANE NA 0.54 U [ 0.56 [0.54 1.8 U 1.8 | 1.8 1.8 U 18 | 1.8
AROCLOR-1016 NA 11U 10 11 35 U 33 35 35 U 33 35
AROCLOR-1221 NA 11 U 77 [ 11 35 U 25 35 35 U 25 35
AROCLOR-1232 NA 11U 34 [ 11 35 U 11 35 35 U 11 35
AROCLOR-1242 NA 11 U 43 | 11 35 U 14 35 35 U 14 35
AROCLOR-1248 NA 11U 3.6 [ 11 35 U 12 35 35 U 12 35
AROCLOR-1254 NA 11 U 8.3 [ 11 35 U 27 35 35 U 27 35
AROCLOR-1260 NA 94 J 9 11 35 U 29 35 35 U 29 35
BETA-BHC NA 0.54 U [ 0.47 [054 1.8 U 15 | 1.8 1.8 U 15 [ 1.8
DELTA-BHC NA 0.54 U 0.3 [054 1.8 U 097 | 18 1.8 U 097 [ 1.8
DIELDRIN 3.3 1.1 U 0.49 | 11 35 U 16 | 35 35 U 16 [ 35
ENDOSULFAN | NA 0.54 U [ 0.36 [0.54 1.8 U 12 | 18 1.8 U 12 [ 18
ENDOSULFAN Il NA 11 U 0.38 | 1.1 35 U 12 | 35 35 U 12 [ 35
ENDOSULFAN SULFATE NA 1.1 U 0.58 [ 1.1 35U 1.9 | 35 35 U 19 [ 35
ENDRIN 3.3 11 U 0.88 | 1.1 35 U 28 | 35 35 U 28 | 35
ENDRIN ALDEHYDE NA 1.1 U 0.45 [ 1.1 35U 15 | 35 35 U 14 | 35
ENDRIN KETONE NA 11 U 062 | 1.1 35 U 2 3.5 35 U 2 3.5
GAMMA-BHC (LINDANE) 3.3 0.54 U [ 0.47 054 1.8 U 15 | 1.8 1.8 U 15 [ 1.8
GAMMA-CHLORDANE NA 0.54 U [ 0.53 [0.54 1.8 U 17 | 18 18 U 17 [ 18
HEPTACHLOR NA 0.54 U [ 0.43 [054 1.8 U 14 | 18 1.8 U 14 [ 18
HEPTACHLOR EPOXIDE NA 0.54 U 1 |o0.54 1.8 U 33 | 1.8 18 U 32 [ 1.8
METHOXYCHLOR NA 54 U 24 [ 54 18 U 7.6 18 18 U 76 | 18
TOXAPHENE NA 10 U 83 | 10 34 U 27 34 34 U 27 34
Inorganics (mg/kg)
ALUMINUM NA 5900 J [ 0.86 [ 18 | 47700 J 276 | 59 37800 J [ 2.94 [ 63
ANTIMONY 12 0.51 U [ 0.09 [0.49] 0.32 U 03 [ 16 0.35 U 032 [ 17
ARSENIC 7.24 2.1 0.1 [0.49 20.5 033 | 16 17.6 0.36 | 1.7
BARIUM NA 85.7 0.02 [0.31 44.6 0.06 | 0.98 44.6 0.06 [ 1
BERYLLIUM NA 21U 0.01 | 0.31 13 U 0.02 | 0.98 11U 0.03 | 1
CADMIUM 1 0.1 U 0.01 [061] 0.02 U 0.02 2 0.02 U 0.02 [ 2.1
CALCIUM NA 9330 0.68 | 3.1 26600 217 | 9.8 31200 231 | 10
CHROMIUM 52.3 37 0.02 [0.92 68.4 0.07 3 57.9 0.08 | 3.2
COBALT NA 10 0.02 | 1.8 9.2 006 | 59 8.4 0.06 | 6.3
COPPER 18.7 386 0.05 [ 15 43.5 0.16 | 4.9 148 0.17 [ 5.2
IRON NA 10200 0.37 | 6.1 36700 1.18 | 20 30500 1.26 | 21
LEAD 30.2 147 0.09 [0.31 40.5 0.28 | 0.98 21 029 [ 1
MAGNESIUM NA 2040 0.34 | 3.1 10600 1.1 9.8 9850 1.18 [ 10
MANGANESE NA 196 0.04 [0.31 494 0.13 [ 0.98 383 0.14 [ 1
MERCURY 0.13 0.11 0.01 [0.04 0.08 0.01 [ 0.14 0.06 0.01 [0.13
NICKEL 15.9 32.6 0.02 [ 24 20 0.06 | 7.9 23 0.06 | 8.4
POTASSIUM NA 634 4.79 | 61 4540 15.36 | 200 4070 16.38 | 210
SELENIUM NA 014 U [ 0.14 [o0.61 0.65 0.43 2 0.77 0.46 | 2.1
SILVER 2 054 U [ 0.03 [092] 011U 0.11 3 0.11 U 011 | 3.2
SODIUM NA 2220 1.11 | 61 24200 3.55 | 200 25300 3.78 | 210
THALLIUM NA 012 U [ 012 [092] 039U 0.39 3 0.42 U 042 | 3.2
VANADIUM NA 5 0.03 [ 15 80.1 0.1 4.9 66 0.11 [ 5.2
ZINC 124 826 001 |15 95.8 0.04 | 49 144 0.05 | 52
Miscellaneous Parameters (mg/kg)
[TOTAL ORGANIC CARBON NA [ 7100 [ 110 [510] 46000 [ 350 [1700] 56000 | 350 [1700]
Miscellaneous Parameters (%)
[TOTAL SOLIDS NA [ 78 [ NA T 1] 24 [ NA T 1] 24 [ NA T 1]




TABLE 4-1

ANALYTICAL RESULTS OF SEDIMENT SAMPLES COLLECTED IN APRIL 2008

ZONE J
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 5 OF 6

USEPA NOISETTE CREEK

Region 4 NOIM000403 NOIM001103 NOIM001203 NOIM001203-Dup

seg‘g\'le"t Result | MDL | RL Result | MDL | RL | Result | MDL | RL | Result | MDL | RL
Semivolatile Organics (ug/kg)
1,1-BIPHENYL NA 570 U 260 570 530 U 240 530 650 U 290 650 770 U 340 770
2,2'-OXYBIS(1-CHLOROPROPANE) NA 570 U 210 570 530 U 190 530 650 U 230 650 770 U 280 770
2,4,5-TRICHLOROPHENOL NA 1400 U 520 1400 1300 U 490 | 1300 1600 U 590 | 1600 | 1900 U 700 | 1900
2,4,6-TRICHLOROPHENOL NA 570 U 410 570 530 U 380 530 650 U 460 650 770 U 550 770
2,4-DICHLOROPHENOL NA 570 U 490 570 530 U 460 530 650 U 560 650 770 U 660 770
2,4-DIMETHYLPHENOL NA 570 U 430 570 530 U 400 530 650 U 490 650 770 U 580 770
2,4-DINITROPHENOL NA 1400 U 1100 | 1400 1300 U 1000 | 1300 1600 U 1300 | 1600 | 1900 U 1500 | 1900
2,4-DINITROTOLUENE NA 570 U 430 570 530 U 400 530 650 U 490 650 770 U 580 770
2,6-DINITROTOLUENE NA 570 U 360 570 530 U 340 530 650 U 420 650 770 U 490 770
2-CHLORONAPHTHALENE NA 570 U 320 570 530 U 300 530 650 U 370 650 770 U 430 770
2-CHLOROPHENOL NA 570 U 440 570 530 U 410 530 650 U 500 650 770 U 590 770
2-METHYLPHENOL NA 570 U 440 570 530 U 410 530 650 U 500 650 770 U 600 770
2-NITROANILINE NA 1400 U 390 1400 1300 U 360 | 1300 1600 U 440 | 1600 | 1900 U 520 | 1900
2-NITROPHENOL NA 570 U 390 570 530 U 360 530 650 U 440 650 770 U 520 770
3&4-METHYLPHENOL NA 570 U 490 570 530 U 460 530 650 U 560 650 770 U 660 770
3,3'-DICHLOROBENZIDINE NA 570 U 380 570 530 U 360 530 650 U 430 650 770 U 510 770
3-NITROANILINE NA 1400 U 420 1400 1300 U 400 | 1300 1600 U 480 | 1600 | 1900 U 570 | 1900
4,6-DINITRO-2-METHYLPHENOL NA 1400 U 1000 | 1400 1300 U 950 | 1300 1600 U 1200 | 1600 | 1900 U 1400 | 1900
4-BROMOPHENYL PHENYL ETHER NA 570 U 260 570 530 U 240 530 650 U 290 650 770 U 340 770
4-CHLORO-3-METHYLPHENOL NA 570 U 460 570 530 U 430 530 650 U 530 650 770 U 630 770
4-CHLOROANILINE NA 570 U 160 570 530 U 150 530 650 U 190 650 770 U 220 770
4-CHLOROPHENYL PHENYL ETHER| NA 570 U 240 570 530 U 220 530 650 U 270 650 770 U 320 770
4-NITROANILINE NA 1400 U 440 1400 1300 U 410 | 1300 1600 U 500 | 1600 | 1900 U 590 | 1900
4-NITROPHENOL NA 1400 U 1100 | 1400 1300 U 1000 | 1300 1600 U 1300 | 1600 | 1900 U 1500 | 1900
ACETOPHENONE NA 570 U 470 570 530 U 440 530 650 U 530 650 770 U 630 770
ATRAZINE NA 570 U 320 570 530 U 300 530 650 U 360 650 770 U 430 770
BENZALDEHYDE NA 570 U 300 570 530 U 280 530 650 U 340 650 770 U 410 770
BIS(2-CHLOROETHOXY)METHANE NA 570 U 210 570 530 U 190 530 650 U 240 650 770 U 280 770
BIS(2-CHLOROETHYL)ETHER NA 570 U 290 570 530 U 270 530 650 U 340 650 770 U 400 770
BUTYL BENZYL PHTHALATE NA 570 U 280 570 530 U 260 530 650 U 320 650 770 U 380 770
CAPROLACTAM NA 570 U 360 570 530 U 330 530 650 U 410 650 770 U 480 770
CARBAZOLE NA 570 U 360 570 530 U 340 530 650 U 410 650 770 U 480 770
DI-N-BUTYL PHTHALATE NA 570 U 320 570 530 U 300 530 650 U 370 650 770 U 440 770
DI-N-OCTYL PHTHALATE NA 570 U 420 570 530 U 400 530 650 U 480 650 770 U 570 770
DIBENZOFURAN NA 570 U 300 570 530 U 280 530 650 U 340 650 770 U 400 770
DIETHYL PHTHALATE NA 570 U 250 570 530 U 230 530 650 U 280 650 770 U 330 770
DIMETHYL PHTHALATE NA 570 U 240 570 530 U 230 530 650 U 280 650 770 U 330 770
HEXACHLOROBENZENE NA 570 U 230 570 530 U 220 530 650 U 270 650 770 U 310 770
HEXACHLOROBUTADIENE NA 570 U 220 570 530 UR 200 530 650 U 250 650 770 U 300 770
HEXACHLOROCYCLOPENTADIENE NA 570 U 280 570 530 U 260 530 650 U 320 650 770 U 380 770
HEXACHLOROETHANE NA 570 U 240 570 530 U 230 530 650 U 280 650 770 U 330 770
ISOPHORONE NA 570 U 240 570 530 U 230 530 650 U 280 650 770 U 330 770
N-NITROSO-DI-N-PROPYLAMINE NA 570 U 240 570 530 U 220 530 650 U 270 650 770 U 320 770
N-NITROSODIPHENYLAMINE NA 570 U 440 570 530 U 410 530 650 U 500 650 770 U 590 770
NITROBENZENE NA 570 U 220 570 530 U 210 530 650 U 260 650 770 U 300 770
PENTACHLOROPHENOL NA 1400 U 740 1400 1300 U 690 | 1300 1600 U 840 | 1600 | 1900 U 990 | 1900
PHENOL NA 570 U 460 570 530 U 430 530 650 U 530 650 770 U 630 770
Polynuclear Aromatic Compounds (ug/kg)
2-METHYLNAPHTHALENE 330 170 U 24 170 16 J 13 97 200 U 27 200 140 U 19 140
ACENAPHTHENE 330 18 J 13 170 97 U 71 97 200 U 14 200 140 U 10 140
ACENAPHTHYLENE 330 34 J 12 170 15 J 6.4 97 34 J 13 200 31 J 9.3 140
ANTHRACENE 330 58 J 22 170 58 J 12 97 170 J 25 200 170 18 140
BENZO(A)ANTHRACENE 330 720 J 22 170 460 J 12 97 810 J 25 200 730 J 18 140
BENZO(A)PYRENE 330 510 18 170 330 10 97 540 20 200 510 14 140
BENZO(B)FLUORANTHENE NA 1200 19 170 790 11 97 1200 22 200 1100 15 140
BENZO(G,H,)PERYLENE NA 200 J 29 170 150 J 16 97 250 J 33 200 240 J 23 140
BENZO(K)FLUORANTHENE NA 270 J 16 170 170 J 9 97 380 J 18 200 380 J 13 140
BIS(2-ETHYLHEXYL)PHTHALATE 182 860 U 20 860 240 J 11 480 980 U 23 980 700 U 16 700
CHRYSENE 330 510 23 170 390 13 97 670 26 200 690 18 140
DIBENZO(A,H)ANTHRACENE 330 170 UJ 32 170 97 UJ 18 97 200 UJ 37 200 76 J 26 140
FLUORANTHENE 330 1000 35 170 720 19 97 1500 39 200 1200 28 140
FLUORENE 330 16 J 14 170 11.J 7.9 97 30 J 16 200 21 J 11 140
INDENO(1,2,3-CD)PYRENE NA 220 38 170 170 21 97 260 43 200 250 30 140
NAPHTHALENE 330 170 U 15 170 97 U 8.7 97 200 U 18 200 140 U 12 140
PHENANTHRENE 330 170 J 37 170 160 21 97 370 J 42 200 190 J 30 140
PYRENE 330 1200 J 59 170 770 J 33 97 1200 J 68 200 1000 J 48 140




TABLE 4-1

ANALYTICAL RESULTS OF SEDIMENT SAMPLES COLLECTED IN APRIL 2008

ZONE J
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 6 OF 6

USEPA NOISETTE CREEK

Region 4 NOIM000403 NOIM001103 NOIM001203 NOIM001203-Dup

seg‘g\'le"t Result | MDL | RL Result | MDL | RL | Result | MDL | RL | Result | MDL | RL
Pesticides/PCBs (ug/kg)
4,4-DDD 3.3 4.8 J 098 [ 14 2.8 J 092 [ 13 3.8 J 1.1 1.6 6 J 13 [ 1.9
4,4-DDE 3.3 14 U 069 | 14 3.6 J 0.64 | 1.3 1.6 U 079 | 1.6 1.9 U 093 | 1.9
4,4-DDT 3.3 14 U 072 | 14 1.3 U 0.67 | 1.3 16 U 082 [ 1.6 19 U 097 | 1.9
ALDRIN NA 074 U | 061 [ 0.74 0.69 U 0.56 | 0.69 | 0.84 U 0.69 [ 0.84 [ 0.99 U [ 0.82 [ 0.99
ALPHA-BHC NA 074 U [ 049 [ 0.74 0.69 U 046 [ 069 084 U 0.56 [ 0.84 [ 0.99 U [ 0.66 [ 0.99
ALPHA-CHLORDANE NA 074 U | 075 | 0.74 0.69 U 07 [069] 084U 0.85 [ 0.84 | 0.99 U 1 0.99
AROCLOR-1016 NA 15 U 14 15 14 U 13 14 17 U 16 17 20 U 19 20
AROCLOR-1221 NA 15 U 10 15 14 U 9.7 14 17 U 12 17 20 U 14 20
AROCLOR-1232 NA 15 U 4.6 15 14 U 4.3 14 17 U 5.2 17 20 U 6.2 [ 20
AROCLOR-1242 NA 15 U 5.8 15 14 U 5.4 14 17 U 6.6 17 20 U 78 | 20
AROCLOR-1248 NA 15 U 4.9 15 14 U 4.6 14 17 U 5.6 17 20 U 6.6 [ 20
AROCLOR-1254 NA 15 U 11 15 14 U 10 14 17 U 13 17 20 U 15 20
AROCLOR-1260 NA 15 U 12 15 14 U 11 14 17 U 14 17 20 U 16 20
BETA-BHC NA 074 U | 063 | 0.74 0.69 U 0.59 | 069 | 0.84 U 0.72 [ 0.84 [ 099 U [ 0.85 [ 0.99
DELTA-BHC NA 0.74 U 04 | 074 0.69 U 0.38 [ 069 0.84 U 046 [ 0.84 [ 0.99 U [ 0.54 [ 0.99
DIELDRIN 3.3 14 U 066 | 1.4 1.3 U 062 [ 1.3 16 U 076 | 1.6 19 U 089 [ 19
ENDOSULFAN | NA 074 U | 049 [ 0.74 0.69 U 046 [ 069 0.84 U 0.56 [ 0.84 [ 0.99 U [ 0.66 [ 0.99
ENDOSULFAN II NA 14 U 052 | 14 1.3 U 048 [ 1.3 16 U 059 | 1.6 19 U 07 [ 19
ENDOSULFAN SULFATE NA 1.4 U 078 | 14 1.3 U 073 | 1.3 16 U 089 [ 1.6 19 U 1 1.9
ENDRIN 3.3 14 U 1.2 1.4 13 U 1.1 1.3 16 U 13 | 16 19 U 16 [ 19
ENDRIN ALDEHYDE NA 1.4 U 0.61 1.4 1.3 U 0.56 | 1.3 16 U 069 [ 1.6 19 U 0.82 | 1.9
ENDRIN KETONE NA 14 U 084 | 14 1.3 U 078 [ 1.3 16 U 095 | 16 19 U 1.1 1.9
GAMMA-BHC (LINDANE) 3.3 074 U | 063 [ 0.74 0.69 U 0.59 [ 069 0.84 U 0.72 [ 0.84 [ 099 U [ 0.85 [ 0.99
GAMMA-CHLORDANE NA 074 U | 072 | 0.74 0.69 U 067 [ 069 084U 082 | 084 [ 099 U [ 0.97 [0.99
HEPTACHLOR NA 074 U | 058 [ 0.74 0.69 U 0.54 [ 069 0.84 U 0.66 [ 0.84 [ 0.99 U [ 0.78 [ 0.99
HEPTACHLOR EPOXIDE NA 0.74 U 14 | 074 0.69 U 1.3 [ 069] 084U 15 [ 0.84 [ 099 U 1.8 | 0.99
METHOXYCHLOR NA 74 U 3.2 7.4 6.9 U 3 6.9 8.4 U 36 | 84 99 U 43 [ 99
TOXAPHENE NA 14 U 11 14 13 U 10 13 16 U 13 16 19 U 15 19
Inorganics (mg/kg)
ALUMINUM NA 8360 J [ 126 | 27 6540 J 118 [ 25 12400 J | 1.38 | 30 [ 14000 J [ 1.61 [ 34
ANTIMONY 12 023U [ 013 [ 072 0.25 U 013 [ 068 0.15 U 0.15 [ 079 2.0 U 0.17 [ 0.92
ARSENIC 7.24 5 0.15 [ 0.72 6.5 0.14 [ 0.68 9.2 0.17 | 0.79 6.3 02 [ 092
BARIUM NA 19.4 0.03 | 045 8.5 0.02 [ 0.42 17.7 0.03 [ 0.49 22.1 0.03 [ 0.58
BERYLLIUM NA 035U | 0.01 | 045 02 U 0.01 [ 042 04 U 0.01 [ 049 [ 058 U [ 0.01 [0.58
CADMIUM 1 0.01 U [ 0.01 0.9 0.03 U 0.01 [ 0.84 [ 0.02U 0.01 [098] 001U [ o001 ] 12
CALCIUM NA 47700 099 [ 45 15200 093 [ 4.2 6370 1.08 | 49 5330 127 | 58
CHROMIUM 52.3 147 U [ 003 ] 13 111 U 0.03 | 1.3 27 0.04 [ 15 27 0.04 | 17
COBALT NA 2.8 003 [ 27 20 U 002 [ 25 3.2 003 | 3 4.1 0.03 [ 34
COPPER 18.7 19.9 0.07 | 22 10.3 0.07 | 21 42.8 0.08 [ 25 36.6 0.09 | 2.9
IRON NA 8630 0.54 9 6310 051 | 84 10200 059 | 9.8 11900 [ 0.69 [ 12
LEAD 30.2 18.5 0.13 | 0.45 10.9 0.12 [ 0.42 18.9 0.14 [ 0.49 28.9 0.16 | 0.58
MAGNESIUM NA 2010 0.5 4.5 1600 047 | 4.2 2250 0.55 | 4.9 2700 065 | 5.8
MANGANESE NA 73.5 0.06 | 0.45 39.4 0.06 | 0.42 67.2 0.07 [ 0.49 78.5 0.08 | 0.58
MERCURY 0.13 0.07 0.01 [ 0.044 0.05 0.01_[0.044 0.1 0.01 | 0.064 1.1 0.01 [0.073
NICKEL 15.9 5.5 0.03 | 36 3.5 0.03 | 34 6.3 0.03 [ 3.9 8.3 0.03 | 46
POTASSIUM NA 808 7 90 661 6.59 | 84 1120 769 | 98 1300 8.99 [ 120
SELENIUM NA 0.23 0.2 0.9 0.19 U 0.19 [ 0.84 0.32 0.22 [ 0.98 0.26 025 | 1.2
SILVER 2 005U | 005 ] 13 0.05 U 005 [ 1.3 0.05 U 005 | 15[ 006U [ 006 [ 17
SODIUM NA 4840 162 [ 90 4350 152 | 84 5380 1.77 | 98 6940 2.08 | 120
THALLIUM NA 0.19 0.18 [ 13 0.17 U 017 [ 1.3 02 U 02 [ 15[ 023U [ 023 [ 17
VANADIUM NA 14.1 0.05 | 22 11.4 0.04 | 21 19.2 0.05 [ 25 21.8 0.06 | 2.9
ZINC 124 86.8 002 [ 22 29.7 0.02 [ 2.1 62.7 002 | 25 158 003 [ 29
Miscellaneous Parameters (mg/kg)
[TOTAL ORGANIC CARBON NA [ 32000 [ 150 | 690 [ 37000 [ 140 [ 640 [ 25000 [ 170 [ 790 | 26000 | 200 [ 930 |
Miscellaneous Parameters (%)
[TOTAL soLIDS NA | 58 | NA T 1 ] 62 [ NA T 1] 51 [ NAT 1] 43 T NAT 1]

ESV = Ecological Screening Value
MDL = Method Detection Limit

NA = An Ecological Screening Value is not available from USEPA Region 4.

RL = Reporting Limit
J = Estimated
U = Non Detect

UJ = The analyte was not detected above the reported detection limit. However, the reported detection limit is approximate
and may or may not represent the actual limit necessary to accurately and precisely measure the analyte in the sample.
R = Rejected; results are unusable because certain criteria were not met.

Shading indicates the MDL was greater than the sediment screening value for non detected analyte.



TABLE 4-2

ANALYTES DETECTED IN SEDIMENT SAMPLES COLLECTED IN 2008
NOISETTE CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Region 4
2X Average "
Sediment NOIM000403 NOIM001103 NOIM001203 NOIM001203-D NOIM001203-AVG
SAMPLE ID Background .
N Screening
Concentration Values

Result [ MDL | RL Result [ MDL | RL Result [ MDL | RL Result [ MDL [ RL Result [ MDL | RL

Polynuclear Aromatic Compounds (ug/kg)
2-METHYLNAPHTHALENE NA 330 170 U 24 170 16 J 13 97 200 U 27 200 140 U 19 140 170 U 27 200
ACENAPHTHENE NA 330 18 J 13 170 97 U 71 97 200 U 14 200 140 U 10 140 170 U 14 200
ACENAPHTHYLENE 45.1 330 34 J 12 170 15 J 6.4 97 34 J 13 200 31 J 9.3 140 32.5 J 13 200
ANTHRACENE 60 330 58 J 200 200
BENZO(A)ANTHRACENE 103.5 330 200 200
BENZO(A)PYRENE 135 330 200 200
BENZO(B)FLUORANTHENE 160.4 NA 200
BENZO(G,H,|)PERYLENE 91.4 NA 200
BENZO(K)FLUORANTHENE 153.1 NA 200
BIS(2-ETHYLHEXYL)PHTHALATE 166.4 182 980
CHRYSENE 146.2 330 200
NA 330 200
FLUORANTHENE 142.1 330 200
FLUORENE NA 330 200
INDENO(1,2,3-CD)PYRENE 92.6 NA 200
NAPHTHALENE NA 330 200
PHENANTHRENE NA 330 200
PYRENE 178.2 330 200

des/PCBs (ug/kg)
DD NA 3.3 1.6
NA 3.3 1.6
AROCLOR-1260 NA NA 17
[DIELDRIN NA 3.3 1.6
Inorganics (mg/kg)

ALUMINUM 21440 NA 8360 J 1.26 27 6540 J 1.18 | 25 12400 J 1.38 | 30 14000 J 1.61 34 13200 J 1.38 | 30
ARSENIC 12.016 7.24 5.0 0.15 0.72 6.5 0.14 | 0.68 9.2 0.17 | 0.79 6.3 0.2 0.92 7.75 0.17 | 0.79
BARIUM 34.58 NA 19.4 0.03 0.45 8.5 0.02 | 0.42 17.7 0.03 | 0.49 221 0.03 | 0.58 19.9 0.03 | 0.49
CALCIUM 53260 NA 47700 0.99 4.5 15200 093 | 4.2 6370 1.08 4.9 5330 1.27 5.8 5850 1.08 4.9
CHROMIUM 43.5 52.3 147 U 0.03 1.3 111 U 0.03 | 1.3 27.0 0.04 1.5 27.0 0.04 1.7 27.0 0.04 1.5
COBALT 6.358 NA 2.8 0.03 2.7 20 U 0.02 | 2.5 3.2 0.03 3 4.1 0.03 3.4 3.65 0.03 3
14.9 187  JEECCEEEN oo7 | 2 103 0.07 | 21 RPXNEN oos | 25 EETCNEEN oo | 2o EENECNENENN o008 [ 25
IRON 23600 NA 8630 0.54 9 6310 0.51 8.4 10200 0.59 9.8 11900 0.69 12 11050 0.59 9.8
LEAD 18.08 30.2 18.5 0.13 0.45 10.9 0.12 ] 0.42 18.9 0.14 | 0.49 28.9 0.16 | 0.58 23.9 0.14 | 0.49
MAGNESIUM 6426 NA 2010 0.5 4.5 1600 047 | 4.2 2250 0.55 4.9 2700 0.65 5.8 2475 0.55 4.9
MANGANESE 216 NA 73.5 0.06 0.45 39.4 0.06 | 0.42 67.2 0.07 ] 0.49 78.5 0.08 | 0.58 72.85 0.07 | 0.49




TABLE 4-2

ANALYTES DETECTED IN SEDIMENT SAMPLES COLLECTED IN 2008
NOISETTE CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Region 4
2 x Average .
Sediment NOIM000403 NOIM001103 NOIM001203 NOIM001203-D NOIM001203-AVG
SAMPLE ID Background .
N Screening
Concentration Values
Result [ MDL | RL Result [ MDL | RL Result [ MDL | RL Result [ MDL [ RL Result [ MDL | RL
Inorganics (mg/kg) (Continued)
0.07222 0.13 0.07 0.01 | 0.044 0.05 0.01_[0.044 0.1 0.01_o.064 | IEEIN o.01 [0.073 0.01_[0.064
NICKEL 12.42 15.9 5.5 0.03 3.6 35 0.03 [ 3.4 6.3 0.03 [ 3.9 8.3 0.03 | 4.6 7.3 0.03 | 3.9
POTASSIUM 3046 NA 808 7 90 661 6.59 | 84 1120 769 | 98 1300 8.99 | 120 1210 7.69 | 98
SELENIUM 4.87 NA 0.23 0.2 0.9 0.19 U 0.19 [0.84 0.32 0.22 [ 0.98 0.26 025 | 1.2 0.29 0.22 [ 0.98
SODIUM 13880 NA 4840 1.62 90 4350 152 | 84 5380 1.77 | 98 6940 2.08 | 120 6160 1.77 | 98
THALLIUM 4.87 NA 0.19 0.18 1.3 0.17 U 0.17 [ 1.3 02 U 02 [ 15 0.23 U 023 | 1.7 0.215 U 02 | 15
VANADIUM 48.84 NA 14.1 0.05 2.2 11.4 0.04 | 21 19.2 0.05 [ 25 21.8 0.06 | 2.9 20.5 0.05 | 25
71.54 124 86.8 0.02 2.2 29.7 0.02 | 21 62.7 0.02 | 25 K 003 | 29 110.35 0.02 | 25
Miscellaneous Parameters (MG/KG)
[TOTAL ORGANIC CARBON [ NA [ NA ] 32000 [ 150 ] 690 [ 37000 [ 140 [ 640 ] 25000 [ 170 T 790 26000 [ 200 [ 930 | 25500 [ 170 T 790 |
Mi llaneous Par ters (%)
[TOTAL sOLIDS [ NA [ NA ] 58 [ NA T 1 1] 62 [ NA T 1] 51 [ NAT 17 43 [ NA T 1] 47 [ NA T 1]

Shading indicates detected concentration exceeds 2 x Average Background Concentration and Region 4 Ecological Screening Value.
J = Estimated
U = Non Detect

UJ = The analyte was not detected above the reported detection limit. However, the reported detection limit is approximate and may or may not represent the actual limit necessary to accurately and precisely

measure the analyte in the sample.
RL = Reporting Limit
MDL = Method Detection Limit



TABLE 4-3

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
NOISETTE CREEK SAMPLE LOCATION NOIM0004 - ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 3
Chemical June December 2005 April 2008

1997" | Result” [ mMpL? Result mMpL®
Inorganics (mg/kg)
Aluminum 7830 9500 8360 J
Antimony 1.1J 3.8U 0.86 0.23 U 0.13
Arsenic 10.7 5.9 5.0
Barium 44.4J 14 19.4
Beryllium 1.9 0.46J 0.35 U 0.01
Cadmium 0.45J 0.96U 0.42 0.01 U 0.01
Calcium 51200 2600 47700
Chromium 25.3 20 14.7 U 0.03
Cobalt 10.6J 3.3 2.8
Copper 127 15 19.9
Iron 19200 11000 8630
Lead 126 23 18.5
Magnesium 2400 2400 2010
Manganese 140 52 73.5
Mercury 0.16 0.14 0.07
Nickel 20.5 5.6J 5.5
Potassium 1050J 1300 808
Selenium 0.91U 4.8U 1.7 0.23
Silver 0.98U 1.9U 0.19 0.05 U 0.05
Sodium 4420J 5600 4840
Thallium 1.6U 4.8U 2.5 0.19
Vanadium 22.2 21 141
Zinc 718 100 86.8
Pesticides (ug/kg)
4,4'-DDD 5.65U 72U 6.6 48 J
4,4'-DDE 5.65U 72U 6.6 1.4 U 0.69
4,4'-DDT 5.65U 72U 5.9 1.4 U 0.72
Aldrin 2.91U 37U 3.1 0.74 U 0.61
alpha-BHC 2.91U 37U 11 0.74 U 0.49
beta-BHC 2.91U 37U 10 0.74 U 0.63
delta-BHC 2.91U 37U 5 0.74 U 0.4
Dieldrin 5.65U 72U 7.7 14 U 0.66
Endosulfan | 2.91U 37U 3.5 0.74 U 0.49
Endosulfan Il 5.65U 72U 5.9 1.4 U 0.52
Endosulfan sulfate 5.65U 72U 8.1 14 U 0.78
Endrin 5.65U 72U 7 1.4 U 1.2
Endrin aldehyde 5.65U 72U 14 1.4 U 0.61
Endrin ketone 5.65U 72U 7 14 U 0.84
gamma-BHC (Lindane) 2.91U 37U 3.1 0.74 U 0.63
Heptachlor 2.91U 37U 7 0.74 U 0.58
Heptachlor epoxide 2.91U 37U 4.6 0.74 U 1.4
Methoxychlor 29.1U 370U 10 74 U 3.2




TABLE 4-3

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
NOISETTE CREEK SAMPLE LOCATION NOIM0004 - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 3
Chemical June December 2005 April 2008

emica 1997" | Result™ | mpL® Result MDL®
Pesticides (ug/kg) (Continued)
PCB-1016 56.5U 720U 150 15 U 14
PCB-1221 115U 1500U 150 15 U 10
PCB-1232 56.5U 720U 140 15 U 4.6
PCB-1242 56.5U 720U 160 15 U 5.8
PCB-1248 56.5U 720U 170 15 U 4.9
PCB-1254 56.5U 720U 110 15 U 11
PCB-1260 56.5U 720U 140 15 U 12
Toxaphene 291U 3700U 260 14 U 11
Semivolatile Organic Compounds (ug/kg)
1,2,4-Trichlorobenzene 570U 720U 46 NA NA
1,2-Dichlorobenzene 570U 720U 50 NA NA
1,3-Dichlorobenzene 570U 720U 57 NA NA
1,4-Dichlorobenzene 570U 720U 48 NA NA
2,4,5-Trichlorophenol 1400U 720U 70 1400 U 520
2,4,6-Trichlorophenol 570U 720U 44 570 U 410
2,4-Dichlorophenol 570U 720U 50 570 U 490
2,4-Dimethylphenol 570U 720U 76 570 U 430
2,4-Dinitrophenol 1400U 3700U 370 1400 U 1100
2,4-Dinitrotoluene 570U 720U 41 570 U 430
2,6-Dinitrotoluene 570U 720U 72 570 U 360
2-Chloronaphthalene 570U 720U 52 570 U 320
2-Chlorophenol 570U 720U 59 570 U 440
2-Methylnaphthalene 570U 720U 52 170 U 24
2-Methylphenol 570U 720U 65 570 U 440
2-Nitroaniline 1400U 3700U 50 1400 U 390
2-Nitrophenol 570U 720U 44 570 U 390
3 & 4 Methylphenol 570U 720U 63 570 U 490
3,3"-Dichlorobenzidine 570U 1400U 65 570 U 380
3-Nitroaniline 1400U 3700U 72 1400 U 420
4,6-Dinitro-2-methylphenol 1400U 3700U 440 1400 U 1000
4-Bromophenyl phenyl ether 570U 720U 68 570 U 260
4-Chloro-3-methylphenol 570U 720U 74 570 U 460
4-Chloroaniline 570U 1400U 57 570 U 160
4-Chlorophenyl phenyl ether 570U 720U 41 570 U 240
4-Nitroaniline 1400U 3700U 37 1400 U 440
4-Nitrophenol 1400U 3700U 460 1400 U 1100
Acenaphthene 570U 720U 41 18 J
Acenaphthylene 570U 720U 37 34 J
Anthracene 610 150J 58 J
Benzo[a]anthracene 1000 290J 720 J
Benzo[a]pyrene 990 320J 510
Benzo[b]fluoranthene 1200 400J 1200




TABLE 4-3

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
NOISETTE CREEK SAMPLE LOCATION NOIM0004 - ZONE J

CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 3
Chemical June December 2005 April 2008

emica 1997" [ Result™ | MDL® Result MDL®
Semivolatile Organic Compounds (ug/kg) (Continued)
Benzo[g,h,ilperylene 210J 240J 200 J
Benzolk]fluoranthene 760 330J 270 J
Bis(2-chloroethoxy)methane 570U 720U 52 570 U 210
Bis(2-chloroethyl)ether 570U 720U 61 570 U 290
Bis(2-ethylhexyl) phthalate 570U 460J 860 U 20
bis(chloroisopropyl) ether NA 720U 76 NA NA
Butyl benzyl phthalate 570U 720U 59 570 U 280
Carbazole 570U 720U 61 570 U 360
Chrysene 1500 380J 510
Dibenz(a,h)anthracene 150J 66J 170 UJ 32
Dibenzofuran 570U 720U 52 570 U 300
Diethyl phthalate 570U 720U 48 570 U 250
Dimethyl phthalate 570U 720U 41 570 U 240
Di-n-butyl phthalate 570U 720U 61 570 U 320
Di-n-octyl phthalate 570U 720U 68 570 U 420
Fluoranthene 1500 650J 1000
Fluorene 570U 720U 48 16 J
Hexachlorobenzene 570U 720U 57 570 U 230
Hexachlorobutadiene 570U 720U 44 570 U 220
Hexachlorocyclopentadiene 570U 720U 180 570 U 280
Hexachloroethane 570U 720U 44 570 U 240
Indeno[1,2,3-cd]pyrene 270J 230J 220
Isophorone 570U 720U 48 570 U 240
Naphthalene 570U 720U 41 170 U 15
Nitrobenzene 570U 720U 76 570 U 220
N-Nitrosodi-n-propylamine 570U 720U 61 570 U 240
N-Nitrosodiphenylamine 570U 720U 50 570 U 440
Pentachlorophenol 1400U 3700U 180 1400 U 740
Phenanthrene 83J 110J 170 J
Phenol 570U 720U 65 570 U 460
Pyrene 950 540J 1200 J
Notes:

Although sediment samples were collected from three locations in Noisette Creek in April
2008, only one of the three locations (NOIM0004) had been previously sampled (in June
1997 and December 2005). This table provides a comparison of results for sample location
NOIMO0004 during the 1997, 2005, and 2008 sampling events.

J = Estimated
U = Non Detect

UJ = The analyte was not detected above the reported detection limit. However, the
reported detection limit is approximate and may or may not represent the actual

limit necessary to accurately and precisely measure the analyte in the sample.

(1) Data taken from Table 3-2 of Spectra Tech (2006).
(2) Method detection limits (MDLs) are shown for non-detect samples. MDLs for samples
collected in 2005 were taken from Appendix A of Spectra Tech (2006). MDLs for samples
collected in 1997 were not available in the Spectra Tech (2006) report.




TABLE 4-4

ANALYTES DETECTED IN SEDIMENT SAMPLES COLLECTED IN 2008
SHIPYARD CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Region 4
2X Average Sediment 009M000403 009M001603 009M001703
Sample ID Background -
- Screening
Concentration Values

Result [mMDL| RL Result [MDL] RL Result [MDL] RL
Polynuclear Aromatic Compounds (ug/kg)
2-METHYLNAPHTHALENE NA 330 28 J 25 | 180 18 J 96 | 69 30 J 20 [ 150
ACENAPHTHENE NA 330 44 ) 13 | 180 96 J 5 | 69 13 J 11 [ 150
ACENAPHTHYLENE 45.14 330 20 J 12 | 180 24 J 46 | 69 56 J 9.9 | 150
ANTHRACENE 60 330 110 J 23 | 180 48 J 8.8 | 69 80 J 19 | 150
BENZO(A)ANTHRACENE 103.5 330 490 J 22 | 180 260 J 8.7 | 69 580 J 19 | 150
BENZO(A)PYRENE 135 330 420 18 | 180 170 72 | 69 560 15 | 150
BENZO(B)FLUORANTHENE 160.4 NA 950 20 | 180 460 76 | 69 1500 16 | 150
BENZO(G,H,|)PERYLENE 91.4 NA 200 J 30 | 180 99 11 | 69 330 J 25 | 150
BENZO(K)FLUORANTHENE 153.1 NA 200 J 17 | 180 100 J 6.5 | 69 400 J 14 [ 150
BIS(2-ETHYLHEXYL)PHTHALATE 166.4 182 890 8 17 | 740
CHRYSENE 146.2 330 180 190 9.1 20 | 150
DIBENZO(A,H)ANTHRACENE NA 330 180 69 U 13 28 | 150
FLUORANTHENE 142.1 330 180 14 30 | 150
FLUORENE NA 330 180 13 J 5.7 12 [ 150
INDENO(1,2,3-CD)PYRENE 92.6 NA 180 100 15 | 69 320 32 | 150
NAPHTHALENE NA 330 180 75 J 6.2 | 69 150 U 13 [ 150
PHENANTHRENE NA 330 180 90 15 | 69 120 J 32 | 150
PYRENE 178.2 330 Bl 6209 EH 51 [ 150
Pesticides/PCBs (ug/kg)
4,4-DDD NA 3.3 1.8 29 U 2 3.1
4,4'-DDE NA 3.3 1.8 14 | 2. 5 | 3.1
AROCLOR-1260 NA NA 19 210 J 24 200 J 32
DIELDRIN NA 3.3 1.8 29 U 13 [ 29 3.1 U 14 | 31
Inorganics (mg/kg)
ALUMINUM 21440 NA 12700 J 146 31 |IEZIEE 218 | 32900 J 2.68 | 57
ARSENIC 12.016 7.24 6.9 0.18] 0.83 11.9 19.8 0.33] 15
BARIUM 34.58 NA 50.9 0.03] 0.52 441 86.6 0.05 | 0.96
CALCIUM 53260 NA 31200 1.15 37200 21 | 96
I — ¢ 523 OGN 004 007 29




TABLE 4-4

ANALYTES DETECTED IN SEDIMENT SAMPLES COLLECTED IN 2008
SHIPYARD CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Region 4
2X Average Sediment 009M000403 009M001603 009M001703
Sample ID Background -
- Screening
Concentration Values
Result [mMDL| RL Result [MDL] RL Result [MDL] RL
Inorganics (mg/kg) (Continued)
COBALT 6.358 NA 2.5 0.03] 3.1 4.4 0.04] 47 7.4 0.05] 5.7
COPPER 14.9 18.7 0.15] 4.8
IRON | 23600 NA 115 19
LEAD 18.08 30.2 0.27 ] 0.96
MAGNESIUM 6426 NA ] ] 0.87] 7.8 1.07 [ 9.6
MANGANESE 216 NA 78.3 0.07] 0.52 192 0.11]0.78 201 0.13 ] 0.96
0.07222 0.13 0.01]0.12 0.01]0.12
12.42 15.9 4.2 0.05] 6.2 0.06] 7.6
POTASSIUM 3046 NA 100 2460 12.17] 160 14.92] 190
SELENIUM NA NA 0.53 0.23] 1 0.89 0.34] 16 0.86 042] 1.9
SODIUM 13880 NA 5700 1.88] 100 11800 2.81] 160 16400 3.44 | 190
THALLIUM NA NA 0.28 021] 1.6 0.42 0.31] 23 0.38 U 0.38] 2.9
VANADIUM 48.84 NA 22.6 0.05] 2.6 46.5 0.08] 3.9 62.2 01 ] 48
ZINC 7154 124 ERECHENNN o02[ 2 ETYINNN 003 [ 39 0.04] 48
Miscellaneous Parameters (MG/KG)
[TOTAL ORGANIC CARBON [ NA [ NA | 47000 [ 190 ] 890 | 58000 [ 290 [ 1400] 91000 [ 320 [1500]
Miscellaneous Parameters (%)
[TOTAL soLIDS [ NA [ NA | 45 [NAT 1 ] 29 [ NAT 1] 27 [ NAT 1]

Shading indicates an exceedance of 2 x Average Background Concentration and Region 4 Ecological Screening Value.

J = Estimated

U = Non Detect

UJ = The analyte was not detected above the reported detection limit. However, the reported detection limit is approximate and may or may not represent the
actual limit necessary to accurately and precisely measure the analyte in the sample.

MDL = Method Detection Limit

RL = Reporting Limit



ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS

TABLE 4-5

SHIPYARD CREEK SAMPLE LOCATION 009M0004 - ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 3
. September| December 2005 April 2008
Chemical )

1994 Result” | MDL® | Result | mpL®
Inorganics (mg/kg)
Aluminum 20600 14000 12700 J
Antimony 2.7J 5.3U 1.2 0.61 U 0.16
Arsenic 11.9 7 6.9
Barium 291 37 50.9
Beryllium 0.94 0.64J 0.42 U 0.01
Cadmium 0.64J 1.6 0.55 U 0.01
Calcium 35400 20000 31200
Chromium 291 160 89.5
Cobalt 5.7 3.9 2.5
Copper 141 54 56.4
Iron 26000 15000 11800
Lead 107 71 55.7
Magnesium 7200 4900 3230
Manganese 274 100 78.3
Mercury 0.69 0.15 0.45
Nickel 37.3 19 12.3
Potassium 2470 1900 1280
Selenium 0.56J 6.7U 2.4 0.53
Silver 0.46U 2.7U 0.26 0.06 U 0.06
Sodium 10600 8700 5700
Thallium 0.52U 6.7U 3.5 0.28
Vanadium 52.2 32 22.6
Zinc 387 230 150
Pesticides (ug/kg)
4,4'-DDD 41J 89U 8.1 1.8 U 1.3
4,4'-DDE 110 89U 8.1 6.6 J
4,4'-DDT 50U 89U 7.3 1.8 U 0.93
Aldrin 18J 46U 3.8 0.95 U 0.78
alpha-BHC 20U 46U 14 0.95 U 0.63
beta-BHC 20U 46U 13 0.95 U 0.82
delta-BHC 20U 46U 6.2 0.95 U 0.52
Dieldrin 20U 89U 9.5 9.1 J
Endosulfan | 20U 46U 4.3 0.95 U 0.63
Endosulfan | 50U 89U 7.3 1.8 U 0.67
Endosulfan sulfate 50U 89U 10 1.8 U 1
Endrin 20U 89U 8.7 1.8 U 1.5
Endrin aldehyde 50U 89U 18 1.8 U 0.78
Endrin ketone 50U 89U 8.7 1.8 U 1.1
gamma-BHC (Lindane) 20UJ 46U 3.8 0.95 U 0.82
Heptachlor 20U 46U 8.7 095 U 0.74
Heptachlor epoxide 20U 46U 5.7 0.95 U 1.7
Methoxychlor 200U 460U 13 9.5 U 4.1
PCB-1016 200U 890U 180 19 U 18
PCB-1221 200U 1800U 180 19 U 13
PCB-1232 200U 890U 170 19 U 5.9




ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS

TABLE 4-5

SHIPYARD CREEK SAMPLE LOCATION 009M0004 - ZONE J
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 3
. September| December 2005 April 2008
Chemical )

1994 Result” [ MDL® | Result | mpL?®
Pesticides (ug/kg) (Continued)
PCB-1242 200 890U 200 19 U 7.5
PCB-1248 3000 890U 220 19 U 6.4
PCB-1254 690 890U 140 19 U 14
PCB-1260 770 890U 170 150 J
Toxaphene 900U 4600U 330 18 U 14
Semivolatile Organic Compounds (ug/kg)
1,2,4-Trichlorobenzene NA 900U 57 NA NA
1,2-Dichlorobenzene 18000V 900U 63 NA NA
1,3-Dichlorobenzene 18000U 900U 71 NA NA
1,4-Dichlorobenzene 18000V 900U 60 NA NA
2,4,5-Trichlorophenol 91000U 900U 87 1800 U 670
2,4,6-Trichlorophenol 18000U 900U 54 740 U 520
2,4-Dichlorophenol 18000U 900U 63 740 U 640
2,4-Dimethylphenol 18000U 900U 95 740 U 550
2,4-Dinitrophenol 91000U 4600U 460 1800 U 1400
2,4-Dinitrotoluene 18000V 900U 52 740 U 550
2,6-Dinitrotoluene 18000U 900U 90 740 U 470
2-Chloronaphthalene 18000U 900U 65 740 U 410
2-Chlorophenol 18000U 900U 73 740 U 560
2-Methylnaphthalene 3600U 900U 65 28 J
2-Methylphenol 18000U 900U 82 740 U 570
2-Nitroaniline 91000U 4600 63 1800 U 500
2-Nitrophenol 18000U 900U 54 740 U 500
3 & 4 Methylphenol 18000U 900U 79 740 U 630
3,3'-Dichlorobenzidine 36000U 1800U 82 740 U 490
3-Nitroaniline 91000U 4600U 90 1800 U 550
4,6-Dinitro-2-methylphenol 91000U 4600U 540 1800 U 1300
4-Bromophenyl phenyl ether 18000U 900U 84 740 U 330
4-Chloro-3-methylphenol 18000U 900U 92 740 U 600
4-Chloroaniline 18000U 1800U 71 740 U 210
4-Chlorophenyl phenyl ether 18000U 900U 52 740 U 300
4-Nitroaniline 91000U 4600U 46 1800 U 560
4-Nitrophenol 91000U 4600U 570 1800 U 1400
Acenaphthene 3600U 900U 52 170 U 14
Acenaphthylene 3600U 900U 46 32.5 J
Anthracene 3600U 900U 63 170 J
Benzo[a]anthracene 18000U 100J 770 J
Benzo[a]pyrene 18000U 120J 525
Benzo[b]fluoranthene 18000V 230J 1150
Benzo[g,h,i]perylene 18000U 100J 245 J
Benzo[k]fluoranthene 18000UJ 110J 380 J
Bis(2-chloroethoxy)methane 18000U 900U 65 740 U 270
Bis(2-chloroethyl)ether 18000U 900U 76 740 U 380
Bis(2-ethylhexyl) phthalate 18000U 230J 540 J
bis(chloroisopropyl) ether NA 900U 95 NA NA




TABLE 4-5

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
SHIPYARD CREEK SAMPLE LOCATION 009M0004 - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 3
) September| December 2005 April 2008
Chemical )

1994 Result” [ MDL® | Result [ mpL®
Semivolatile Organic Compounds (pug/kg) (Continued)
Butyl benzyl phthalate 18000U 900U 73 740 U 360
Carbazole NA 900U 76 740 U 460
Chrysene 18000U 150J 360
Dibenz(a,h)anthracene 18000U 900U 65 180 UJ 34
Dibenzofuran 18000U 900U 52 740 U 380
Diethyl phthalate 18000U 900U 60 740 U 320
Dimethyl phthalate 18000U 900U 52 740 U 310
Di-n-butyl phthalate 18000U 900U 79 740 U 420
Di-n-octyl phthalate 18000U 900U 84 740 U 550
Fluoranthene 9500J 230J 820 36
Fluorene 3600U 900U 60 33 J
Hexachlorobenzene 18000U 900U 71 740 U 300
Hexachlorobutadiene 18000U 900U 54 740 U 280
Hexachlorocyclopentadiene 18000U 900U 230 740 U 360
Hexachloroethane 18000U 900U 54 740 U 310
Indeno[1,2,3-cd]pyrene 18000U 86J 180
Isophorone 18000U 900U 60 180 U 16
Naphthalene 18000U 900U 52 180 U 16
Nitrobenzene 18000U 900U 95 740 U 290
N-Nitrosodi-n-propylamine 18000U 900U 76 740 U 310
N-Nitrosodiphenylamine 18000U 900U 63 740 U 570
Pentachlorophenol 18000U 4600U 230 1800 U 950
Phenanthrene 18000U 900U 79 280
Phenol 18000U 900U 82 740 U 600
Pyrene 6400J 230J 1200 J
Notes:

Although sediment samples were collected from three locations in Shipyard Creek in April
2008, only one of the three locations (009M0004) had been previously sampled (in
September 1994 and December 2005). This table provides a comparison of results for
sample location NOIM0004 during the 1994, 2005, and 2008 sampling events.
J = Estimated
U = Non Detect
UJ = The analyte was not detected above the reported detection limit. However,

the reported detection limit is approximate and may or may not represent the

actual limit necessary to accurately and precisely measure the analyte in the sample.
(1) Data taken from Table 3-2 of Spectra Tech (2006).
(2) Method detection limits (MDLs) are shown for non-detect samples. MDLs for samples
collected in 2005 were taken from Appendix A of Spectra Tech (2006). MDLs for samples
collected in 1994 were not available in the Spectra Tech (2006) report.




TABLE 4-6

ANALYTES DETECTED IN SEDIMENT SAMPLES COLLECTED IN 2008

COOPER RIVER - ZONE J
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Region 4
2X Average | g jiment 054M000103 556M000503 556M000703
Sample ID Background -
. Screening
Concentration Values
Result | MDL | RL Result | MDL | RL Result | MDL | RL

Polynuclear Aromatic Compounds (ug/kg)
2-METHYLNAPHTHALENE NA 330 52 J 35 [ 26 4200 U 580 [ 4200 330 U 46 | 330
ACENAPHTHENE NA 330 7 1.9 | 26 300 [ 4200 330 U 24 ]330
45.1 330 39 J 1.7 | 26 280 [ 4200 72 J 22 ]330
ANTHRACENE 60 330 64 3.3 [ 26 530 [ 4200 200 J 42 ]330
BENZO(A)ANTHRACENE 103.5 330 190 J 32 [ 26 640 J 42 ]330
BENZO(A)PYRENE 135 330 120 2.6 | 26 34 | 330
BENZO(B)FLUORANTHENE 160.4 NA 250 28 | 26 1700 36 | 330
BENZO(G,H,|)PERYLENE 91.4 NA 51 43 | 26 780 J 690 [ 4200 270 J 55 | 330
BENZO(K)FLUORANTHENE 153.1 NA 82 J 24 | 26 560 J 31 ]330
CHRYSENE 146.2 330 170 3.4 [ 26 5100 44 1330
DIBENZO(A H)ANTHRACENE NA 330 11 J 48 | 26 62 | 330
FLUORANTHENE 142.1 330 330 51 | 26 41000 66 | 330
FLUORENE NA 330 14 J 21 [ 26 2200 J 27 ]330
INDENO(1,2,3-CD)PYRENE 92.6 NA 50 56 | 26 4200 U 72 ]330
NAPHTHALENE NA 330 27 J 23 | 26 4200 U 30 [ 330
PHENANTHRENE NA 330 110 55 | 26 18000 71 ]330
PYRENE 178.2 330 300 J 8.8 | 26 26000 J 110 [ 330
Pesticides/PCBs (ug/kg)
4,4-DDD NA 3.3 1.1 U 0.73 4.8 J 24 [ 35 35 U 24 [ 35
AROCLOR-1260 NA NA 94 J 9 35 U 29 35 35 U 29 | 35
Inorganics (mg/kg)
ALUMINUM 21440 NA 5900 J 0.86 [ 18 47700 J 2.76 294 | 63
h@_ 12.016 7.24 2.1 0.1 _[0.49 0.33 036 | 1.7
BARIUM 34.58 NA 85.7 0.02 [0.31 44.6 0.06 0.06 [ 1
CALCIUM 53260 NA 9330 0.68 | 3.1 26600 217 231 [ 10
CHROMIUM 43.5 52.3 37.0 0.02 [0.92 0.07 0.08 | 3.2
6.358 NA 10 002 [ 1.8 0.06 0.06 | 6.3

14.9 18.7 0.05 [ 15 0.16 017 [ 5.2

23600 NA 10200 0.37 [ 6.1 36700 1.18 126 | 21




TABLE 4-6

ANALYTES DETECTED IN SEDIMENT SAMPLES COLLECTED IN 2008

COOPER RIVER - ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Region 4
2X Average | g jiment 054M000103 556M000503 556M000703
Sample ID Background -
. Screening
Concentration Values
Result | MDL | RL Result | MDL | RL Result | MDL | RL
Inorganics (mg/kg) (Continued)
LEAD 18.08 302 |EZAE o090 [o31 0.28 [ 0.98 21 029 | 1
MAGNESIUM 6426 NA 2040 0.34 | 3.1 10600 1.1 [ 9.8 9850 1.18 [ 10
MANGANESE 216 NA 196 0.04 [0.31 494 0.13 | 0.98 383 014 [ 1
MERCURY 0.07222 0.13 0.11 0.01 |0.04 0.08 0.01 [ 0.14 0.06 0.01 | 0.13
NICKEL 12.42 159 XN 002 [ 24 IEETIEN 006 | 79 0.06 | 84
POTASSIUM 3046 NA 634 479 | 61 4540 15.36 | 200 4070 16.38 | 210
SELENIUM ND NA 0.14 U 0.14 [ 0.61 0.65 043 | 2 0.77 0.46 | 2.1
SODIUM 13880 NA 2220 1.11 | 61 24200 3.55 | 200 25300 3.78 | 210
VANADIUM 48.84 NA 5.0 003 | 15 80.1 01 | 49 66 0.11 | 5.2
ZINC 71.54 124 TIEE oo [ 15 95.8 0.04 | 49 144 0.05 | 5.2
Miscellaneous Parameters (MG/KG)
[TOTAL ORGANIC CARBON | NA | NA [ 7100 [ 110 [510] 46000 [ 350 [ 1700 ] 56000 | 350 [1700]
Miscellaneous Parameters (%)
[TOTAL soLIDS [ NA | NA [ 78 [ NA T 1] 24 [ NA T 1] 24 [ NA T 1]

Shading indicates an exceedance of 2 x Average Background Concentration and Region 4 Ecological Screening Value.

J = Estimated
U = Non Detect

UJ = The analyte was not detected above the reported detection limit. However, the reported detection limit is approximate and may or may not represent the
actual limit necessary to accurately and precisely measure the analyte in the sample.

MDL = Method Detection Limit
RL = Reporting Limit



TABLE 4-7

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 054M0001 - ZONE J
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 3
Chemical November December 2005 April 2008

1995 | Result™ | MDL® | Result [ mDL®
Inorganics (mg/kg)
Aluminum 2140 23000 5900 J
Antimony 1.8J 4.9U 1.1 0.51 U 0.09
Arsenic 3.7 11 2.1
Barium 19.5J 48 85.7
Beryllium 0.26J 1 21 U 0.01
Cadmium 0.3J 0.54J 01 U 0.01
Calcium 8800 11000 9330
Chromium 28.4 51 37.0
Cobalt 2.9J 10 10
Copper 83.1 140 386
Iron 7170 26000 10200
Lead 87J 79 147
Magnesium 2080 6100 2040
Manganese 471 390 196
Mercury 0.52 0.23 0.1
Nickel 19.7 28 32.6
Potassium 592U 2200 634
Selenium 0.64U 6.1U 2.2 0.14 U 0.14
Silver 0.26U 0.97J 0.54 U 0.03
Sodium 1350 9600 2220
Thallium 0.64U 6.1U 3.2 0.12 U 0.12
Vanadium 7.4 49 5.0
Zinc 211J 680 826
Pesticides (ug/kg)
4,4'-DDD NA 88U 8 1.1 U 0.73
4,4'-DDE NA 88U 8 1.1 U 0.51
4,4'-DDT NA 88U 7.2 1.1 U 0.53
Aldrin NA 45U 3.7 0.54 U 0.45
alpha-BHC NA 45U 14 0.54 U 0.36
beta-BHC NA 45U 13 0.54 U 0.47
delta-BHC NA 45U 6.1 0.54 U 0.3
Dieldrin NA 88U 9.4 1.1 U 0.49
Endosulfan | NA 45U 4.3 0.54 U 0.36
Endosulfan I NA 88U 7.2 1.1 U 0.38
Endosulfan sulfate NA 88U 9.9 1.1 U 0.58
Endrin NA 88U 8.6 1.1 U 0.88
Endrin aldehyde NA 88U 17 1.1 U 0.45
Endrin ketone NA 88U 8.6 1.1 U 0.62
gamma-BHC (Lindane) NA 45U 3.7 0.54 U 0.47
Heptachlor NA 45U 8.6 0.54 U 0.43
Heptachlor epoxide NA 45U 5.6 0.54 U 1
Methoxychlor NA 450U 13 54 U 2.4
PCB-1016 NA 880U 180 11 U 10
PCB-1221 NA 1800U 180 11 U 7.7
PCB-1232 NA 880U 170 11 U 3.4




TABLE 4-7

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 054M0001 - ZONE J
CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 3
Chemical November December 2005 April 2008

1995 | Result™ | MDL® | Result [ mDL®
Pesticides (ug/kg) (Continued)
PCB-1242 NA 880U 200 11 U 4.3
PCB-1248 NA 880U 210 11 U 3.6
PCB-1254 NA 880U 140 11 U 8.3
PCB-1260 NA 880U 170 94 J
Toxaphene NA 4500U 320 10 U 8.3
Semivolatile Organic Compounds (ug/kg)
1,2,4-Trichlorobenzene 850U 880U 56 NA NA
1,2-Dichlorobenzene 850U 880U 62 NA NA
1,3-Dichlorobenzene 850U 880U 70 NA NA
1,4-Dichlorobenzene 850U 880U 59 NA NA
2,4,5-Trichlorophenol 4100U 880U 86 1000 U 390
2,4 ,6-Trichlorophenol 850U 880U 54 420 U 300
2,4-Dichlorophenol 850U 880U 62 420 U 360
2,4-Dimethylphenol 850U 880U 94 420 U 320
2,4-Dinitrophenol 4100U 4500U 450 1000 U 830
2,4-Dinitrotoluene 850U 880U 51 420 U 320
2,6-Dinitrotoluene 850U 880U 88 420 U 270
2-Chloronaphthalene 850U 880U 64 420 U 240
2-Chlorophenol 850U 880U 72 420 U 320
2-Methylnaphthalene 220J 880U 64 5.2J
2-Methylphenol 850U 880U 80 420 U 330
2-Nitroaniline 4100U 4500U 62 1000 U 290
2-Nitrophenol 850U 880U 54 420 U 290
3 & 4 Methylphenol 850U 880U 78 420 U 360
3,3'-Dichlorobenzidine 1700U 1800U 80 420 U 280
3-Nitroaniline 4100U 4500U 88 1000 U 310
4,6-Dinitro-2-methylphenol 4100U 4500U 540 1000 U 750
4-Bromophenyl phenyl ether 850U 880U 83 420 U 190
4-Chloro-3-methylphenol 850U 880U 91 420 U 340
4-Chloroaniline 850U 1800U 70 420 U 120
4-Chlorophenyl phenyl ether 850U 880U 51 420 U 170
4-Nitroaniline NA 4500U 45 1000 U 320
4-Nitrophenol NA 4500U 560 1000 U 830
Acenaphthene 640J 880U 51 7 J
Acenaphthylene 850U 880U 45 3.9 J
Anthracene 1400 880U 62 64
Benzo[a]anthracene 2600 880U 87 190 J
Benzo[a]pyrene 2200 78J 120
Benzo[b]fluoranthene 850U 99J 250
Benzo[g,h,i]perylene 1200 880U 62 51
Benzo[k]fluoranthene 3600 880U 96 82 J
Bis(2-chloroethoxy)methane 850U 880U 64 420 U 150
Bis(2-chloroethyl)ether 850U 880U 75 420 U 220
Bis(2-ethylhexyl) phthalate 850U 230J 110 U 3
bis(chloroisopropyl) ether NA 880U 94 NA NA




TABLE 4-7

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 054M0001 - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 3
Chemical November December 2005 April 2008

1995 | Result™ | MDL® | Result [ mDL®
Semivolatile Organic Compounds (ug/kg) (Continued)
Butyl benzyl phthalate 850U 880U 72 420 U 210
Carbazole NA 880U 75 420 U 270
Chrysene 2900 100J 170
Dibenz(a,h)anthracene 720J 880U 64 11 J
Dibenzofuran 590J 880U 51 420 U 220
Diethyl phthalate 850U 880U 59 420 U 180
Dimethyl phthalate 850U 880U 51 420 U 180
Di-n-butyl phthalate 850U 880U 75 420 U 240
Di-n-octyl phthalate 850U 880U 83 420 U 310
Fluoranthene 6700 150J 330
Fluorene 760J 880U 59 14 J
Hexachlorobenzene 850U 880U 70 420 U 170
Hexachlorobutadiene 850U 880U 54 420 U 160
Hexachlorocyclopentadiene 850U 880U 220 420 U 210
Hexachloroethane 850U 880U 54 420 U 180
Indeno[1,2,3-cd]pyrene 1100 880U 70 50
Isophorone 850U 880U 59 420 U 180
Naphthalene 590J 880U 51 27 J
Nitrobenzene 850U 880U 94 420 U 170
N-Nitrosodi-n-propylamine 850U 880U 75 420 U 180
N-Nitrosodiphenylamine 850U 880U 62 420 U 330
Pentachlorophenol 4100 4500U 220 1000 U 540
Phenanthrene 6900 880U 78 110
Phenol 850U 880U 80 420 U 340
Pyrene 5600 200J 300 J
Notes:
J = Estimated
U = Non Detect

(1) Data taken from Table 3-2 of Spectra Tech (2006).

(2) Method detection limits (MDLs) are shown for non-detect samples. MDLs for samples
collected in 2005 were taken from Appendix A of Spectra Tech (2006). MDLs for samples
collected in 1995 were not available in the Spectra Tech (2006) report.




TABLE 4-8

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 556M0005 - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 3
Chemical November December 2005 April 2008

1995" | Result® | mMpL® Result | mDL®
Inorganics (mg/kg)
Aluminum 2770 35000 47700 J
Antimony 1.7J 9.6U 2.2 0.32 U 0.3
Arsenic 54 18 20.5
Barium 27.4 42 44.6
Beryllium 0.49J 1.5J 1.3 U 0.02
Cadmium 0.29J 2.4U 1.1 0.02 U 0.02
Calcium 25300 29000 26600
Chromium 36.7 69 68.4
Cobalt 6.8 10 9.2
Copper 1930 44 43.5
Iron 20300 34000 36700
Lead 220 26 40.5
Magnesium 1820 11000 10600
Manganese 162 400 494
Mercury 0.05 0.077J 0.08
Nickel 32.6J 20 20
Potassium 656J 5000 4540
Selenium 0.6 12U 4.3 0.65
Silver 0.24U 4.8U 0.48 0.11 U 0.11
Sodium 1060 29000 24200
Thallium 0.6U 12U 6.3 0.39 U 0.39
Vanadium 6.3J 77 80.1
Zinc 774 120 95.8
Pesticides (ng/kg)
4,4'-DDD 3200U 180U 16 48 J
4,4'-DDE 7600 180U 16 35 U 1.7
4,4'-DDT 3200U 180U 15 3.5 U 1.7
Aldrin 1700U 93U 7.7 1.8 U 1.5
alpha-BHC 1700U 93U 29 1.8 U 1.2
beta-BHC 1700U 93U 26 1.8 U 1.5
delta-BHC 1700U 93U 13 1.8 U 0.97
Dieldrin 3200U 180U 19 35 U 1.6
Endosulfan | 1700U 93U 8.8 1.8 U 1.2
Endosulfan Il 3200U 180U 15 35 U 1.2
Endosulfan sulfate 3200U 180U 20 3.5 U 1.9
Endrin 3200U 180U 18 35 U 2.8
Endrin aldehyde 3200U 180U 36 3.5 U 1.5
Endrin ketone 3200U 180U 18 3.5 U 2
gamma-BHC (Lindane) 1.7U 93U 7.7 1.8 U 1.5
Heptachlor 1.7U 93U 18 1.8 U 14
Heptachlor epoxide 1.7U 93U 12 1.8 U 3.3
Methoxychlor 45 930U 26 18 U 7.6
PCB-1016 43U 1800U 370 35 U 33
PCB-1221 43U 3700U 370 35 U 25
PCB-1232 43U 1800U 340 35 U 11




TABLE 4-8

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 556M0005 - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 3
Chemical November December 2005 April 2008

1995 | Result” | mMpL® Result | mDL?
Pesticides (ng/kg) (Continued)
PCB-1242 43U 1800U 410 35 U 14
PCB-1248 43U 1800U 440 35 U 12
PCB-1254 87U 1800U 290 35 U 27
PCB-1260 87U 1800U 350 35 U 29
Toxaphene 110U 9300U 660 34 U 27
Semivolatile Organic Compounds (ug/kg
1,2,4-Trichlorobenzene NA 1800U 120 NA NA
1,2-Dichlorobenzene 1700U 1800U 130 NA NA
1,3-Dichlorobenzene 1700U 1800U 140 NA NA
1,4-Dichlorobenzene 1700U 1800U 120 NA NA
2,4,5-Trichlorophenol 8300U 1800U 180 3400 U 1200
2,4,6-Trichlorophenol 1700U 1800U 110 1400 U 980
2,4-Dichlorophenol 1700U 1800U 130 1400 U 1200
2,4-Dimethylphenol 1700U 1800U 190 1400 U 1000
2,4-Dinitrophenol 8300U 9300U 930 3400 U 2700
2,4-Dinitrotoluene 1700U 1800U 100 1400 U 1000
2,6-Dinitrotoluene 1700U 1800U 180 1400 U 880
2-Chloronaphthalene 1700U 1800U 130 1400 U 780
2-Chlorophenol 1700U 1800U 150 1400 U 1000
2-Methylnaphthalene 1700U 1800U 130 4200 U 580
2-Methylphenol 1700U 1800U 160 1400 U 1100
2-Nitroaniline 8300U 9300U 130 3400 U 930
2-Nitrophenol 1700U 1800U 110 1400 U 940
3 & 4 Methylphenol 1700U 1800U 160 1400 U 1200
3,3'-Dichlorobenzidine 3400U 3600U 160 1400 U 920
3-Nitroaniline 8300U 9300U 180 3400 U 1000
4,6-Dinitro-2-methylphenol 8300U 9300U 1100 3400 U 2400
4-Bromophenyl phenyl ether 1700U 1800U 170 1400 U 620
4-Chloro-3-methylphenol 1700U 1800U 190 1400 U 1100
4-Chloroaniline 1700U 3600U 140 1400 U 400
4-Chlorophenyl phenyl ether 1700U 1800U 100 1400 U 570
4-Nitroaniline 8300U 9300U 93 3400 U 1000
4-Nitrophenol 8300U 9300U 1200 3400 U 2700
Acenaphthene 260J 1800U 100 1400 J
Acenaphthylene 1700U 1800U 93 4200 U 280
Anthracene 1200J 280J 2400 J
Benzo[a]anthracene 4300 520J 5800 J
Benzo[a]pyrene 3600 770J 2500 J
Benzo[blfluoranthene 4300 880J 5400 460
Benzol[g,h,i]perylene 1800 300J 780 J
Benzo[k]fluoranthene 3200 790J 1200 J
Bis(2-chloroethoxy)methane 1700U 1800U 130 1400 U 500
Bis(2-chloroethyl)ether 1700U 1800U 150 1400 U 710
Bis(2-ethylhexyl) phthalate 1700U 510J 21000 U 480
bis(chloroisopropyl) ether NA 1800U 190 NA NA




TABLE 4-8

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 556M0005 - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 3
Chemical November December 2005 April 2008

1995" | Result® | mMpL® Result | mDL?
Semivolatile Organic Compounds (ug/kg) (Continued)
Butyl benzyl phthalate 1700 1800U 150 1400 U 680
Carbazole NA 1800U 150 1400 U 870
Chrysene 5600 1000J 5100
Dibenz(a,h)anthracene 820J 1800U 130 4200 UJ 780
Dibenzofuran 1700U 1800U 100 1400 U 710
Diethyl phthalate 1700U 1800U 120 1400 U 600
Dimethyl phthalate 1700U 1800U 100 1400 U 590
Di-n-butyl phthalate 1700U 1800U 150 1400 U 780
Di-n-octyl phthalate 1700U 1800U 170 1400 U 1000
Fluoranthene 14000 640J 41000
Fluorene 1700U 1800U 120 2200 J
Hexachlorobenzene 1700U 1800U 140 1400 U 560
Hexachlorobutadiene 1700U 1800U 110 1400 U 530
Hexachlorocyclopentadiene 1700U 1800U 460 1400 U 680
Hexachloroethane 1700U 1800U 110 1400 U 580
Indeno[1,2,3-cd]pyrene 1800 320J 4200 U 910
Isophorone 1700U 1800U 120 1400 U 580
Naphthalene 1700U 1800U 100 4200 U 370
Nitrobenzene 1700U 1800U 190 1400 U 540
N-Nitrosodi-n-propylamine 1700U 1800U 150 1400 U 580
N-Nitrosodiphenylamine 1700U 1800U 130 1400 U 1100
Pentachlorophenol 8300 9300U 460 3400 U 1800
Phenanthrene 5700 1800U 160 18000
Phenol 1700U 1800U 160 1400 U 1100
Pyrene 10000 1300J 26000 J
Notes:
J = Estimated

U = Non Detect
UJ = The analyte was not detected above the reported detection limit. However,

the reported detection limit is approximate and may or may not represent the

actual limit necessary to accurately and precisely measure the analyte in the sample.
(1) Data taken from Table 3-2 of Spectra Tech (2006).
(2) Method detection limits (MDLs) are shown for non-detect samples. MDLs for samples
collected in 2005 were taken from Appendix A of Spectra Tech (2006). MDLs for samples
collected in 1995 were not available in the Spectra Tech (2006) report.




TABLE 4-9

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 556M0007 ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 3
Chemical November December 2005 April 2008

1995" Result” | MDL® Result | mDL?
Inorganics (mg/kg)
Aluminum 8770 31000 37800 J
Antimony 1.6U 8.4U 1.9 0.35 U 0.32
Arsenic 9.1 19 17.6
Barium 15J 93 44.6
Beryllium 0.59J 1.4J 1.1 U 0.03
Cadmium 0.41U 2.1U 0.93 0.02 U 0.02
Calcium 19800 40000 31200
Chromium 20.9 60 57.9
Cobalt 4.4 9.1 8.4
Copper 26.9 1200 148
Iron 13300 33000 30500
Lead 13.4 26 21
Magnesium 4460 11000 9850
Manganese 230 650 383
Mercury 0.09 0.074J 0.06
Nickel 7.3J 25 23
Potassium 2190J 4400 4070
Selenium 2U 11U 3.8 0.77
Silver 0.81U 4.2U 0.42 0.11 U 0.11
Sodium 8530 27000 25300
Thallium 2U 11U 5.5 0.42 U 0.42
Vanadium 25.3J 71 66
Zinc 55.4 600 144
Pesticides (ng/kg)
4,4'-DDD 10U 160U 15 3.5 U 2.4
4,4'-DDE 10U 160U 15 35 U 1.7
4,4'-DDT 10U 160U 13 3.5 U 1.7
Aldrin 5.2U 83U 6.8 1.8 U 1.4
alpha-BHC 5.2U 83U 25 1.8 U 1.2
beta-BHC 5.2U 83U 23 1.8 U 1.5
delta-BHC 5.2U 83U 11 1.8 U 0.97
Dieldrin 10U 160U 17 35 U 1.6
Endosulfan | 5.2U 83U 7.8 1.8 U 1.2
Endosulfan I 10U 160U 13 35 U 1.2
Endosulfan sulfate 10U 160U 18 3.5 U 1.9
Endrin 10U 160U 16 35 U 2.8
Endrin aldehyde 10U 160U 32 35 U 1.4
Endrin ketone 10U 160U 16 3.5 U 2
gamma-BHC (Lindane) 5.2U 83U 6.8 1.8 U 1.5
Heptachlor 5.2U 83U 16 1.8 U 14
Heptachlor epoxide 5.2U 83U 10 1.8 U 3.2
Methoxychlor 52U 830U 23 18 U 7.6
PCB-1016 130U 1600U 330 35 U 33
PCB-1221 130U 3300U 330 35 U 25




TABLE 4-9

ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 556M0007 ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 3
Chemical November December 2005 April 2008

1995 Result” [ mDL® Result | mDL?
Pesticides (ng/kg) (Continued)
PCB-1232 130U 1600U 300 35 U 11
PCB-1242 130U 1600U 370 35 U 14
PCB-1248 130U 1600U 390 35 U 12
PCB-1254 270U 1600U 250 35 U 27
PCB-1260 270U 1600U 310 35 U 29
Toxaphene 330U 8300U 580 34 U 27
Semivolatile Organic Compounds (ug/kg)
1,2,4-Trichlorobenzene NA 1600U 100 NA NA
1,2-Dichlorobenzene 2600U 1600U 110 NA NA
1,3-Dichlorobenzene 2600V 1600U 130 NA NA
1,4-Dichlorobenzene 2600U 1600U 110 NA NA
2,4,5-Trichlorophenol 13000U 1600U 160 3400 U 1200
2,4,6-Trichlorophenol 2600U 1600U 97 1400 U 980
2,4-Dichlorophenol 2600U 1600U 110 1400 U 1200
2,4-Dimethylphenol 2600U 1600U 170 1400 U 1000
2,4-Dinitrophenol 13000U 8300U 830 3400 U 2700
2,4-Dinitrotoluene 2600U 1600U 93 1400 U 1000
2,6-Dinitrotoluene 2600U 1600U 160 1400 U 880
2-Chloronaphthalene 2600U 1600U 120 1400 U 770
2-Chlorophenol 2600U 1600U 130 1400 U 1000
2-Methylnaphthalene 2600U 130J 330U 46
2-Methylphenol 2600U 1600U 150 1400 U 1100
2-Nitroaniline 13000U 8300U 110 3400 U 930
2-Nitrophenol 2600U 1600U 97 1400 U 940
3 & 4 Methylphenol 2600U 1600U 140 1400 U 1200
3,3'-Dichlorobenzidine 5300U 3200U 150 1400 U 910
3-Nitroaniline 13000U 8300U 160 3400 U 1000
4,6-Dinitro-2-methylphenol 13000U 8300U 970 3400 U 2400
4-Bromophenyl phenyl ether 2600U 1600U 150 1400 U 620
4-Chloro-3-methylphenol 2600U 1600U 170 1400 U 1100
4-Chloroaniline 2600U 3200U 130 1400 U 400
4-Chlorophenyl phenyl ether 2600U 1600U 93 1400 U 560
4-Nitroaniline 13000U 8300U 83 3400 U 1000
4-Nitrophenol 13000U 8300U 1000 3400 U 2700
Acenaphthene 690J 190J 330 U 24
Acenaphthylene 2600U 1600U 83 72 J
Anthracene 1200J 680J 200 J
Benzo[a]anthracene 1800J 870J 640 J
Benzo[a]pyrene 1500J 670J 840
Benzo[b]fluoranthene 2600U 670J 1700 36
Benzo[g,h,i]perylene 710J 290J 270 J
Benzo[k]fluoranthene 2200J 700J 560 J
Bis(2-chloroethoxy)methane 2600U 1600U 120 1400 U 500
Bis(2-chloroethyl)ether 2600U 1600U 140 1400 U 710
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ANALYTICAL RESULTS DURING THREE SAMPLING PERIODS
COOPER RIVER SAMPLE LOCATION 556M0007 ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 3 OF 3
Chemical November December 2005 April 2008

1995" Result” | MDL® Result | mDL?
Semivolatile Organic Compounds (ug/kg) (Continued)
Bis(2-ethylhexyl) phthalate 2600U 780J 1700 U 38
bis(chloroisopropyl) ether NA 1600U 170 NA NA
Butyl benzyl phthalate 2600U 1600U 130 1400 U 670
Carbazole NA 1600U 140 1400 U 860
Chrysene 1900J 1100J 880 34
Dibenz(a,h)anthracene 360J 1600U 120 68 J
Dibenzofuran 2600U 1600U 93 1400 U 710
Diethyl phthalate 2600U 1600U 110 1400 U 590
Dimethyl phthalate 2600U 1600U 93 1400 U 590
Di-n-butyl phthalate 2600U 1600U 140 1400 U 780
Di-n-octyl phthalate 290J 1600U 150 1400 U 1000
Fluoranthene 4600 2000 550
Fluorene 520J 1600U 110 330 U 27
Hexachlorobenzene 2600U 1600U 130 1400 U 560
Hexachlorobutadiene 2600U 1600U 97 1400 U 530
Hexachlorocyclopentadiene 2600U 1600U 400 1400 U 680
Hexachloroethane 2600U 1600U 97 1400 U 580
Indeno[1,2,3-cd]pyrene 690J 270J 280 J
Isophorone 2600U 1600U 110 1400 U 580
Naphthalene 2600U 1600U 93 330 U 30
Nitrobenzene 2600U 1600U 170 1400 U 540
N-Nitrosodi-n-propylamine 2600U 1600U 140 1400 U 570
N-Nitrosodiphenylamine 2600U 1600U 110 1400 U 1100
Pentachlorophenol 13000U 8300U 400 3400 U 1800
Phenanthrene 2400J 370J 97 J
Phenol 2600U 1600U 150 1400 U 1100
Pyrene 4400 1400J 2600 J
Notes:
J = Estimated
U = Non Detect

(1) Data taken from Table 3-2 of Spectra Tech (2006).

(2) Method detection limits (MDLs) are shown for non-detect samples. MDLs for samples
collected in 2005 were taken from Appendix A of Spectra Tech (2006). MDLs for samples
collected in 1995 were not available in the Spectra Tech (2006) report.
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JNOIMO012
Polynt(]c;ear AhoERE Hydrucarbuns orka) gg(l))l/mﬁg?:ar Aromatic Hydrocarbons (ug/kg)
BENZO(A)ANTHRACENE
BENZO(A)PYRENE 510 BENZO(A)ANTHRACENE 810 J
CHRYSENE 510 BENZO(A)PYRENE
PYRENE FLUORATHENE
PYRENE
TOTAL PAHS PHENANTHRENE
Pesticides/PCBs (ug/kg) $g$§ﬁEPAH5
4,47 -DDD -
TAL DDT POS . |des/PCBs (ug/kg)
Inorganics (mg/kg)
TOTAL DDT POS
COPPER -
Inorganics (mg/kg)
ARSENIC
COPPER

JNOIMOO011

Polynuclear Aromatic Hydrocarbons (ug/kg)
BENZO(A)ANTHRACENE 460 J
BIS(2-ETHYLHEXYL)PHTHALATE 240 J
CHRYSENE 390
FLUORANTHENE

PYRENE

TOTAL PAHS

Pesticides/PCBs (ug/kg)

4,4"-DDE

TOTAL DDT POS

Feet
K. MOORE 4/15/09 1284 7
CHEGKED BY DATE ZONE J SEDIMENT SAMPLE LOCATION MAP
G. POPE 09/27/12 NOISETTE CREEK
SOALE NORTH CHARLESTON, SOUTH CAROLINA FIGURE NO.
FIGURE 4-1
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HOO9M0017

Polynuclear Aromatic Hydrocarbons (ug/kg)
BENZO(A)ANTHRACENE 580 J
BENZO(A)PYRENE 560
BIS(2-ETHYLHEXYL)PHTHALATE 630
CHRYSENE 560
FLUORANTHENE 860
PYRENE 1000 J
TOTAL PAHS 6426
Pesticides/PCBs (ug/kg)

4,47 -DDE

AROCLOR-1260

TOTAL DDT POS

Inorganics (mg/kg)

ARSENI

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

ZINC

HO09M0004
HO09M0016 Polynuclear Aromatic Hydrocarbons (ug/kg)
Polynuclear Aromatic Hydrocarbons (ug/kg) BENZO(A)ANTHRACENE 490 J
BIS(2-ETHYLHEXYL)PHTHALATE 750 BENZO(A)PYRENE
FLUORANTHENE 370 g;:$§EEEHYLHEXYL)PHTHALATE
PYRENE 620 J
TOTAL PAHS 2579.1 FLUORANTHENE
Pesticides/PCBs (ug/kg) ‘%'T’iﬁEPAHS
2!
AROCLOR 1260 des/PCBs (ug/kg)
TOTAL DDT POS
Inorganics (mg/kg)
ARSENIC
CHROMIUM
COPPER
LEAD
MERCURY
NICKEL
ZINC g?EgURY

K. MOORE 4/15/09 1284 7
CHEGKED BY DATE ZONE J SEDIMENT SAMPLE LOCATION MAP
G. POPE 09/27/12 SHIPYARD CREEK

SOALE NORTH CHARLESTON, SOUTH CAROLINA FIGURE NO.
FIGURE 4-2
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E054M0001

Polynuclear Aromatic Hydrocarbons (ug/kg)
TOTAL PAHS

Pesticides/PCBs (ug/kg)

AROCLOR-1260

Inorganics (mg/kg)

COPPER

LEAD

NICKEL

ZINC

E556M0007
Polynuclear Aromatic Hydrocarbons (ug/kg)
BENZO(A)ANTHRACENE 640 J
BENZO(A)PYRENE 840
CHRYSENE 880
FLUORANTHENE 550
PYRENE 2600 J
TOTAL PAHS 8757
Inorganics (mg/kg)
ARSENIC 17.6
CHROMIUM 57.9
COPPER 148
NICKEL 23

144

E556M0005
Polynuclear Aromatic Hydrocarbons (ug/kg)
ACENAPHTHENE J
ANTHRACENE 2400
BENZO(A)ANTHRACENE 5800
BENZO(A)PYRENE 2500
CHRYSENE 5100
FLUORANTHENE 41000
FLUORENE 2200 J
PHENANTHRENE 18000
PYRENE 26000 J
TOTAL PAHS 111780
| Pesticides/PCBs (ug/kg)
4,4"-DDD
{ TOTAL DDT POS 4 8
Inorganics (mg/kg)
ARSENIC 20.5
) CHROMIUM 68.4

A\ d COPPER 43.5
LEAD
NICKEL

h Feet
e

\ ; : o SNE . 4 y %7 § : 6 0
K. MOORE 4/15/09 1284
CHECKED BY DATE ZONE J SEDIMENT SAMPLE LOCATION MAP
G. POPE 09/27/12 COOPER RIVER
K. MOORE 09/27/12
SOALE NORTH CHARLESTON, SOUTH CAROLINA FIGURE N R
TED FIGURE 4
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5.0 CONTAMINANT FATE AND TRANSPORT

This section contains a discussion of the fate and transport of contaminants in Zone J. The evaluation

focuses on the following COPCs defined by the human and ecological risk assessments:

e PAHs

e Metals

e Pesticides
e PCBs

¢ Phthalates

Generally, the methods by which the contaminants are transported from source areas to environmental
media (and from one environmental medium to another) and the ultimate fate of a chemical in an
environmental medium are examined. The discussion is organized by contaminant type and then by

environmental medium. The following chemical characteristics are discussed:

o Henry’s Law Constant: Describes the ratio of atmospheric to solution concentrations at low partial
pressures. This constant indicates a chemical’s potential to volatilize. In general, chemicals having a
Henry’s Law constant of less than 1E-05 atmosphere-cubic meter per mole (atm-m3/mole), such as
PAHSs, should volatilize very little and be present only in minute amounts in the atmosphere or soil
gas. In contrast, for chemicals with a Henry’s Law constant greater than 5E-03 atm-m®mole, such as

many VOCs, volatilization and diffusion could be very significant.

e Organic carbon partition coefficient (K,): Indicates a chemical’'s potential to bind to organic
carbon in soil and sediment. This parameter may be used to infer the relative rates at which
chemicals are transported in water. Chemicals with a high K, value tend to bind to organic carbon,

while chemicals with a low K, value tend to be highly soluble in water.

e Octanol-water partition coefficient (K,y): Estimates the potential for an organic chemical to move
from water into lipid (or fats). A linear relationship between K., and the uptake of chemicals by the

fatty tissues of animal and human receptors (i.e., the bioconcentration factor) has been established.

5.1 PAHs

PAHs have been detected in sediment in all three water bodies at Zone J. The physiochemical properties
of the PAHs (water solubility, vapor pressure, Henry’s law constant, K,,, and K,) explain, to a large

extent, the observed partitioning of these contaminants among the environmental media (soil,

120910/P 5-1 CTOs 0017 and 0104



REVISION 3

MAY 2013

groundwater, surface water, sediment). The transport and partitioning of an individual PAH compound is
roughly related to the molecular weight of the compound. PAHs fall into one of three categories, low
molecular weight (two to three benzene rings, e.g., acenaphthene, anthracene, fluorene, and
phenanthrene), medium molecular weight (four benzene rings, e.g., fluoranthene and pyrene), and high
molecular weight (five or more benzene rings, e.g., benzo(a)pyrene, dibenzo(a,h)anthracene and
indeno(1,2,3-c,d)pyrene) compounds. Typically those PAHs with lower molecular weights will be more
mobile within a given medium. For example, a low molecular weight PAH will be much more likely to
volatilize, than a high molecular weight PAH. Low molecular weight PAHs tend to have lower K, values
and a moderate potential to be adsorbed to organic carbon in soil and sediments compared to high

molecular weight PAHs, which have stronger tendencies to adsorb to organic carbon.

In the CNC area, the coastal terrace deposits are underlain by unconsolidated to weakly consolidated
Holocene to Miocene clastic sediments, which are composed of calcareous and organic-rich clays, silts,
and sands. Thus, the PAH contamination is generally expected to adhere strongly to these sediments

and not significantly migrate vertically or horizontally.

The following narrative provides a brief summary of chemical fate information for PAH compounds from

the literature.

Chemical Fate in a Surface Water Column

In water, PAH compounds tend to be physically removed by volatilization to the atmosphere, by binding to
suspended particles or sediments, or by being accumulated by or sorbed onto aquatic biota. The Henry’s
Law Constant determines how readily an individual PAH compound will volatilize from surface water to
air. Ideal conditions for volatilization of PAHs from surface water would be high temperature, low depth
(from the water surface), and high wind. However, because of their low solubility and high affinity for
organic carbon, PAHs in aquatic systems are primarily found sorbed to particles that either have settled to
the bottom or are suspended in the water column. In an estuary, volatilization and adsorption to
suspended sediments with subsequent deposition are the primary physical removal processes for
medium and high molecular weight PAHs, whereas volatilization and biodegradation are the major
removal processes for low molecular weight PAHs. In some instances, PAHs will settle quickly to
sediment, but may be recycled back into the water column from the sediment surface. This scenario is
more likely for PAHs with lower molecular weights than for those with higher molecular weights, which
tend to stay bound to sediment. Low molecular weight PAHs also have a lesser tendency to be adsorbed

to organic carbon than high molecular weight PAHSs.

The most important chemical/biological processes contributing to the degradation of PAHs in water are

photo-oxidation, chemical oxidation, and biodegradation by aquatic microorganisms. Temperature,
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depth, flow rate, and oxygen content impact the overall fate of a PAH in water. The rate and extent of
photodegradation vary widely among PAHs and do not follow a discernable pattern. PAHs in water can
be chemically oxidized by chlorination and ozonation. However, the PAH-related by-products resulting
from chlorination are not fully known, and there appears to be no correlation between biodegradability

and molecular weight.

Chemical Fate in Soil and Sediment

In soil, PAHs can volatilize, undergo abiotic degradation (photolysis and oxidation), biodegrade, or
accumulate in plants. In sediment, PAHs can biodegrade or accumulate in aquatic organisms. Sorption
of PAHs to soil and sediment increases with increasing organic carbon content and with increasing
surface area of the sorbent particles (e.g., greater sorption to clays than sands). For example, three to
four times more anthracene and about two times more fluoranthene, benzo(a)anthracene and
benzo(a)pyrene can be retained by marsh sediment than by sand. Sorption of PAHs to organic matter

and soil particulates influences bioavailability and biotransformation potential.

Microbial metabolism is the major process for degradation of PAHs in soils. Chemical degradation
(photolysis, hydrolysis, and oxidation) is generally not considered as significant. PAH losses from surface
soil because of volatilization and photolysis can be substantial for low molecular weight PAHs; however,
losses for medium and high molecular weight compounds are typically insignificant. The rate and extent
of biodegradation of PAHs in soil are affected by environmental factors such as the organic content,
structure, and particle size of the soil, characteristics of the microbial population, presence of other
contaminants such as metals and cyanides that may be toxic to microorganisms, and physical and
chemical properties of the individual PAHs. Other environmental factors that influence the rate of PAH
degradation in soil include temperature, pH, oxygen concentration, PAH concentrations, and
contamination history of soil, soil type, moisture, nutrients, and other substances that may act as
substrate co-metabolites. Biodegradation of PAHs in soil is faster for low molecular weight compounds
than high molecular weight compounds. The pathways of microbial degradation are well known for some
PAHs. Mean half-lives (or the rate of degradation of PAHs) are positively correlated with log K, and

inversely correlated with log water solubility.

In studies, the rate of microbial transformation of PAHs in freshwater sediments from both pristine and oil-
contaminated streams was 10 to 400 times greater in contaminated sediment than uncontaminated
sediment. Absolute rates of PAH transformation were 3,000 to 125,000 times greater in the contaminated
sediment. Turnover times in the oil-contaminated sediment increased 30 to 100-fold per additional
benzene ring from naphthalene through benzo(a)anthracene. Naphthalene was broken down in hours,
but the turnover times for benzo(a)anthracene and benzo(a)pyrene were approximately 400 days and

3.3 years, respectively. Therefore, the four- and five-ring PAHs may persist even in sediments that have
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received chronic PAH inputs. As noted previously, the rate of PAH biodegradation may also be
decreased by the degree of contamination. Half-lives may be longer when contaminants at the site are

toxic to degrading mircoorganisms.

Bioconcentration

PAHs can accumulate in aquatic organisms from water, sediments, and food. Bioconcentration is greater
for high molecular weight PAHs than for low molecular weight PAHs. Some aquatic organisms are able
to metabolize and eliminate PAHs. However, in others, PAHs are transformed into carcinogenic and
mutagenic intermediates, and exposure to PAHs has been linked to the development of tumors in fish.

Sediment-associated PAHs can accumulate in bottom-dwelling invertebrates and fish.

5.2 METALS

Concentrations of metals (particularly aluminum, arsenic, barium, chromium, cobalt, copper, iron, lead,
manganese, mercury, nickel, selenium, thallium, vanadium, and zinc) in excess of background

concentrations have been detected in sediment at Zone J.

Overview of Metals Fate and Transport Information from Literature

The following narrative provides a brief summary of chemical fate information for metals from the

literature.

Metals are highly persistent and do not readily biodegrade, photolyze, or hydrolyze. The transport of
metals in the subsurface is influenced by a variety of complex mechanisms and interactions. The major
fate mechanisms for metals are adsorption to the soil matrix and bioaccumulation. The interactions are
not well understood in many cases due to the fact that natural systems are mixtures of various reactive
substances that can vary over distances in the subsurface and can vary with time as subsurface
conditions change. Transport of metals in the subsurface environment can be a function of the following

mechanisms:

e Advection: Metals particles are transported with the flow of groundwater. Advection is one of the
primary mechanisms by which constituents are transported from a source area in the form of a plume.
Advection results in the reduction of constituent concentrations by dilution with surrounding

groundwater but does not result in mass reduction.

o Dispersion: Dispersion is the mixing of constituents in groundwater primarily caused by its

movement through a complex network of small openings (i.e., pores) located between the individual
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grains of sand, silt, and clay. Dispersion is one of the primary mechanisms by which constituents are
transported from a source area in the form of a plume. Dispersion results in the reduction of

constituent concentrations by dilution with surrounding groundwater, but not by mass reduction.

o Sorption/Desorption: The complex chemical processes (e.g., ionic attraction, oxidation-reduction
reactions, complexation with an organic constituent) by which constituents partition between the
aqueous phase and solid phase (soil) in the aquifer matrix. A particular trace metal will typically
compete for available adsorption sites with other trace metals, hydrogen, calcium, and sulfate. The
sorption (i.e., attachment) of a constituent onto a mineral surface or organic matter results in the

retardation (i.e., slowing or delaying) of constituent transport in the aquifer.

e Speciation: The process of changing the ionic strength and reactivity of a constituent. Speciation

may cause significant differences in the sorption behavior of the constituent.

o Dissolution/Precipitation: The dissolving or solidifying of a constituent as a result of a chemical
reaction. For trace metals, dissolution and precipitation behavior are largely a function of pH
(i.e., acidity or alkalinity) and the initial distributions of the aqueous, solid, and adsorbed masses of
each constituent. Dissolution of a constituent from a source area typically provides a continuous or
intermittent influx of constituents to the groundwater until geochemical equilibrium conditions are

achieved.

Many studies have found that the predominant adsorbates of metal ions are iron and manganese oxides
and organic matter such as detrital plant material and humic coatings on mineral surfaces. Metal
hydroxides of iron, aluminum, and manganese are important reductive surfaces in subsurface materials
with respect to interactions with charged species such as hydrogen, aluminum, cadmium, zinc, lead, and
copper and with negatively charged species such as phosphate, sulfate, bicarbonate, and fluoride. The
adsorption of species on oxides is strongly dependent on pH due to the variable, pH-dependent, surface

charge and potential of metal hydroxides and to a pH-dependent speciation of the adsorbate.

5.3 PESTICIDES

Whether pesticides are sprayed, dusted, or applied directly to the soil, soil is the ultimate sink for these
chemicals. Surface soil runoff may carry pesticides to adjacent surface water bodies. Bioconcentration
of pesticides in the food chain is another important fate mechanism. In water, they do not typically
biodegrade or hydrolyze to any significant extent; rather, they tend to bioconcentrate in aquatic
organisms. Hydrolysis, oxidation, and photolysis are not generally important fate mechanisms for

pesticides in soil or water. Hydrolysis half-lives for several pesticides are reported in periods of months to
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years (USEPA, 1979). The pesticides 4,4-DDD, 4,4-DDE, and dieldrin were detected in sediment at

Zone J and are discussed below:

Dichlorodiphenyltrichloroethane (4,4'-DDT) and its metabolites are considered to be persistent

chemicals. They undergo extensive adsorption to soil and are not highly soluble. Biodegradation may
occur under both aerobic and anaerobic conditions in the presence of certain soil microorganisms. Under
aerobic conditions, 4,4'-DDT may be transformed to DDE, and under anaerobic conditions, 4,4'-DDD may
result. These compounds are, however, somewhat volatile, with a reported half-life of 100 days for
4,4'-DDT. These compounds are highly lipophilic and therefore readily bioaccumulate (Agency for Toxic
Substances and Disease Registry [ATSDR]), 1997). 4,4'-DDT is no longer produced in the United States.

Aldrin is readily converted to dieldrin. Dieldrin is a particularly persistent pesticide but is no longer
registered for general use. In soil, dieldrin will persist for long periods of time (more than 7 years) and
may slowly evaporate. It does not readily leach to groundwater. Once in surface waters (via runoff),
dieldrin adsorbs strongly to sediments, where it can bioconcentrate or slowly photodegrade.

Biodegradation and hydrolysis are not significant (Howard, 1991).

5.4 PCBs

PCBs are considered to be very persistent organic chemicals. Biodegradation is the only process known
to transform PCBs under environmental conditions, and only the lighter compounds are measurably
biodegraded (USEPA, 1979). Although some microorganisms (e.g., Phanaerochaete chrysosporium)
may biodegrade PCBs, such fungi may not exist in local soil. There is experimental evidence to suggest
that heavier PCBs (five or more chlorines per molecule) can undergo photolytic degradation, but there are
no data to suggest that this process operates under environmental conditions (USEPA, 1979). Base-,
acid-, and neutral-promoted hydrolysis are considered to be inconsequential degradation mechanisms for
PCBs (USEPA, 1982).

5.5 PHTHALATE ESTERS

Phthalate esters are considered to be relatively persistent chemicals in the environment. Although
numerous studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is
a slow process in both soils and surface waters. Certain microorganisms have been shown to excrete
products that increase the solubility of phthalate esters and enhance their biodegradation (Gibbons and
Alexander, 1989).

Biodegradation of BEHP is an important fate mechanism. However, hydrolysis of BEHP is very slow, with

a calculated half-life of 2000 years (USEPA, 1979). Bioaccumulation is also a significant fate process.
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Photolysis and volatilization are considered to be insignificant degradation mechanisms (USEPA, 1979;
Howard, 1989).
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6.0 HUMAN HEALTH RISK ASSESSMENT

6.1 INTRODUCTION

This HHRA presents a quantitative and qualitative assessment of the potential risks to public health
posed by chemicals detected in sediments at Zone J of the CNC, Charleston, South Carolina. There are
three water bodies associated with Zone J: Noisette Creek, Shipyard Creek, and the Cooper River. As
stated in the Supplemental RFI QAPP (TtNUS, 2008), each water body is distinctly different in size, flow,
and level of near-shore industrialization. Therefore, Noisette Creek, Shipyard Creek, and the Cooper
River will be evaluated separately. All three water bodies receive storm water runoff and other inputs
from numerous point and nonpoint discharges, including several NPDES outfalls. Noisette Creek flows
eastward into the Cooper River at the northern end of Zone J. CNC occupies the eastern shoreline of
Shipyard Creek with portions of Zones G, H, and | draining into the creek. There are industrial facilities
located along the western shoreline of Shipyard Creek that are not related to CNC. The CNC waterfront
along the Cooper River is dominated by 25 piers and five dry docks and mostly protected by a wooden
and/or concrete seawall. Shipyard Creek discharges into the Cooper River at the southern end of Zone J.
The RI risk assessment is segregated by area so that further actions appropriate to each area can be

determined.

The risk assessment is performed to evaluate specifically the potential ingestion of fish by a recreational
fisherman assumed to catch and eat fish from Noisette Creek, Shipyard Creek, and/or the Cooper River.
The overall objective of the HHRA is to determine the potential for health risks in the absence of remedial

action at the site and, if action is required, to focus the evaluation of remedial action alternatives.

The following current USEPA risk assessment guidance documents were used to develop the framework
for the HHRA:

e Risk Assessment Guidance for Superfund (RAGS): Volume |, Human Health Evaluation Manual
(Part A) (USEPA, 1989).

e Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.
Washington, D.C. Office of Solid Waste and Emergency Response (OSWER) Directive 9285.6 03
(USEPA, 1991).

e Distribution of Preliminary Review Draft: Superfund’s Standard Default Exposure Factors for the
Central Tendency and Reasonable Maximum Exposure. OSWER, Washington, D.C. (USEPA,
1993a).
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e Exposure Factors Handbook. Office of Health and Environmental Assessment, Washington, D.C.
EPA/600/P 95/002Fa (USEPA, 1997a).

e Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Part D,
Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (USEPA, 2001a).

e Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites.
Office of Emergency and Remedial Response (OERR), Washington, D.C. OSWER 9285.6-10
(USEPA, 2002).

An HHRA consists of five components: data evaluation, exposure assessment, toxicity assessment, risk
characterization, and uncertainty analysis. Sections 6.2 through 6.6 contain detailed discussions of the

five components of the HHRA.

Three major circumstances relating to chemical contamination and environmental fate and transport must
be present in order for a risk assessment to proceed: (1) Contaminants with toxic characteristics must be
found in environmental media and must be released by either natural processes or by human action;
(2) potential exposure points must exist; and (3) human receptors must be present at the point of
exposure. Risk is a function of both toxicity and exposure. If any one of the factors listed above is

absent, the exposure pathway is incomplete, and risks are not quantitatively evaluated.

6.2 DATA EVALUATION

Data evaluation, the first component of an HHRA, is a two-step, medium-specific task involving the
compilation and evaluation of analytical data. The first step involves the compilation of the analytical
database and an evaluation of data usability for purposes of HHRA. The second step of the data
evaluation is the selection of a medium-specific list of COPCs which are used to quantitatively or
qualitatively determine potential human health risks for site media. COPCs are selected primarily based
on a toxicity screen (i.e., a comparison of site contaminant concentrations to conservative toxicity
screening values) and a background screen (i.e., a comparison of site concentrations to background

concentrations).

6.2.1 Data Usability

Data collected from this investigation were used to assess potential risks to human receptors. All

analytical data used in the quantitative estimation of potential risks were subject to a data quality
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evaluation (i.e., data validation). The data validation was conducted in accordance with the QAPP
(TtINUS, 2008). Validated data are included in Appendix O of this RI report.

Fixed-base laboratory analytical results for the targeted analytes were used in the quantitative risk
evaluation. Field measurements and data regarded as unreliable (i.e., qualified as “R” during the
validation process) were not used in the quantitative risk assessment. The uncertainty associated with

the rejection of analytical results is discussed in Section 6.6.6.

6.2.2 Selection of Contaminants of Potential Concern

This section explains how COPCs were selected. As outlined in the work plan, the COPCs evaluated in
the ecological risk assessment were selected as COPCs for the HHRA. COPCs were also examined in

light of human health criteria but no significant changes to the COPC list resulted.

6.2.2.1 Toxicity Screening Methodology

USEPA Region 4 sediment ESVs were used as toxicity screening values for purposes of selecting

COPCs for both human and ecological risk assessments.

6.2.2.2 Background Screening Methodology

Background concentrations are concentrations of chemicals that would exist in the absence of influence
from site operations. Background samples were obtained from locations that have not been influenced by
site operations. A background sediment dataset representing regional baseline reference (background)
conditions has been developed and approved by representatives of SCDHEC and other Natural
Resource Trustees (TtNUS, 2008). The background dataset consists of 10 sediment samples from
various locations in Charleston Harbor. The background concentrations used in the COPC selection

tables are twice the average background concentration.

6.2.2.3 Other Considerations

The essential nutrients (calcium, magnesium, potassium, and sodium) were not identified as COPCs for
Zone J. These inorganic chemicals are naturally abundant in environmental matrices and are toxic only
at high doses. There are no ESVs for these nutrients and there have been no activities at sites near

Zone J that have resulted in known releases of high concentrations of these nutrients.
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6.2.2.4 Decision Rules for Establishing COPCs

The applicable decision rules for the selection of COPCs are explained briefly below and were previously
presented in the QAPP for the Zone J Supplemental RFI (TtNUS, 2008):

¢ |If the maximum site sediment concentration exceeds the ESV or if a screening value is not available
for a chemical, the maximum detected concentration will be compared to twice the average
background concentration. Then, a chemical with a maximum concentration less than or equal to
twice the average background concentration will be eliminated from further consideration, and a
chemical with a maximum concentration that exceeds twice the background concentration will be

considered to be a COPC and will be retained for further evaluation.

6.2.3 COPCs Selected for HHRA

COPCs in Zone J sediments were selected using the methodology described in Section 6.2.2. The
rationale for COPC selection is provided in the following subsections. Chemicals retained as COPCs for
Noisette Creek, Shipyard Creek, and Cooper River are presented in Tables 6-1, 6-2, and 6-3,

respectively, and are summarized in Table 6-4.

6.2.3.1 Sediment

Noisette Creek — Sediment

Eighteen SVOCs, three pesticides/PCBs, and 19 inorganics were detected in Noisette Creek sediment
samples from Zone J. A comparison of the maximum detected sediment concentrations to ESVs is
presented in Table 6-1. The following chemicals were detected in sediment at maximum concentrations
exceeding the ESV-based COPC screening levels and background concentrations, and were retained as
COPCs for sediment at Noisette Creek.

e SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo (g,h,i) perylene, benzo
(k) fluoranthene, BEHP, chrysene, fluoranthene, indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene]
e Pesticides/PCBs [4,4-DDD, 4,4’-DDE, Total DDT]

¢ Inorganics [copper, mercury, selenium, thallium, and zinc]
As indicated in Table 6-1, the maximum arsenic concentration exceeded the screening level; however it

did not exceed the background value. Concentrations of aluminum, barium, cobalt, iron, manganese, and

vanadium were also below background levels.
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Shipyard Creek — Sediment

Eighteen SVOCs, three pesticides/PCBs, and 19 inorganics were detected in Shipyard Creek sediment
samples from Zone J. A comparison of the maximum detected sediment concentrations to ESVs is
presented in Table 6-2. The following chemicals were detected in sediment at maximum concentrations
exceeding the ESV-based COPC screening levels and background concentrations, and were retained as
COPCs for sediment at Shipyard Creek.

e SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene,

benzo(k)fluoranthene, BEHP, chrysene, fluoranthene, indeno(1,2,3-cd)pyrene, and pyrene]

e Pesticides/PCBs [4,4’-DDE, Aroclor-1260, and dieldrin]

e Inorganics [aluminum, arsenic, barium, chromium, cobalt, copper, iron, lead, mercury, nickel,

selenium, thallium, vanadium, and zinc]

Cooper River — Sediment

Eighteen SVOCs, two pesticides/PCBs, and 18 inorganics were detected in Cooper River sediment
samples from Zone J. A comparison of the maximum detected sediment concentrations to ESVs is
presented in Table 6-3. The following chemicals were detected in sediment at maximum concentrations
exceeding the ESV based COPC screening levels and background concentrations, and were retained as

COPCs for sediment at Cooper River.

e SVOCs [acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene]

e Pesticides/PCBs [4,4-DDD, and Aroclor-1260]

e Inorganics [aluminum, arsenic, barium, chromium, cobalt, copper, iron, lead, manganese, nickel,

selenium, vanadium, and zinc]

6.2.3.2 Summary

Table 6-4 summarizes the chemicals retained as COPCs for sediment at Zone J.
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6.3 EXPOSURE ASSESSMENT

The exposure assessment component of a baseline HHRA defines and provides a means to evaluate,
quantitatively or qualitatively, the type and magnitude of human exposure to chemicals present at or
associated with a site. A foundation of the exposure assessment is the conceptual site model (CSM),
which identifies site characteristics including potential contaminant sources, contaminant release
mechanisms, transport routes, receptors, and other appropriate information. CSMs consider both current
and future land use scenarios for Zone J.

Estimated chemical intakes developed during the exposure assessment are evaluated for complete
exposure pathways in the risk characterization to produce quantitative estimates of cancer and non-
cancer risk. A complete exposure pathway has three components: 1) a source of chemicals that can be
released to the environment, 2) a route of contaminant transport through an environmental medium,
and 3) an exposure or contact point for a human receptor. In accordance with the QAPP (TtNUS, 2008),

the only exposure pathway evaluated in this HHRA is fish consumption.

6.3.1 Sources of Environmental Contamination

Zone J lies within the Charleston Harbor estuary, which is a mixing zone where fresh water meets salt
water. Zone J is also subjected to twice-daily tidal ebb and flow, which mix salt water and fresh water and
transport sediments and (potentially) pollutants within the estuary. The Zone J water bodies receive
storm water runoff and other inputs from numerous points and nonpoint discharges, including several
NPDES outfalls. Activities such as refueling, repair, ship docking, and loading/unloading of cargo also
are potential sources of waterfront contamination. Building drains and storm drains underlying CNC also

have the potential to discharge contaminants into the Cooper River.

6.3.2 Potential Migration Routes

Potential migration pathways from CNC sites to Zone J include the following:
e Transport to Zone J via storm water drainage systems and outfalls
¢ Overland transport to Zone J via sheet flow

e Transport to Zone J via groundwater discharge to surface water

6.3.3 Potential Current and Future Receptors of concern and Exposure Pathways

The HHRA for Zone J evaluates risks to recreational fisherman who are assumed to periodically catch
and consume fish from the study area as stated in the QAPP. Because actual fish tissue samples were

not collected, the chemical concentrations in fish tissue were derived/estimated based on available
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sediment data. This assumes that chemicals in sediment are bioaccumulated and bioconcentrated in fish

tissue; this would be most likely for bottom-dwelling fish such as flounder.

6.3.4 Calculation of Exposure Point Concentrations

The exposure point concentration (EPC), which is calculated for COPCs only, is an estimate of the
chemical concentration within an exposure unit (EU) likely to be contacted over time by a receptor and is
used to estimate exposure intakes. An EU is defined as the area typically encountered/traversed by a
receptor under a particular land use scenario. For example, a residential lot with an area of V4 acre to two
acres is often used for the evaluation of a hypothetical future resident. However, the size of an EU
selected for HHRA is typically based on the distribution of the chemical concentrations in a medium as

well as on presumed receptor activity patterns.

Each Zone J water body, although part of the same dynamic watershed, is distinctly different in size, flow,
and level of near-shore industrialization. Therefore, Noisette Creek, Shipyard Creek, and the Cooper
River were evaluated as separate entities. Only three sediment samples were collected for each EU,
therefore the EPCs for the reasonable maximum exposure (RME) and central tendency exposure (CTE)
case were defined as the maximum detected concentration. Sample and duplicate analytical results were
averaged for statistical use before the EPC was calculated. One-half the method detection limit was used

for non-detected values.

Table 6-5 summarizes the EPCs used in this HHRA. RAGS Part D Tables for the EPCs are presented in
Appendix P.

6.3.5 Chemical Intake Estimation

The methodologies and techniques used to estimate exposure intakes are presented in this section.
Traditionally, exposures evaluated in an HHRA are based on the concept of a RME only, which is defined
as "the maximum exposure that is reasonably expected to occur at a site" (USEPA, 1989). However,
subsequent risk assessment guidance (USEPA, 1992) indicates the need to address an average case or
CTE. To provide a full characterization of potential exposure, both RME and CTE intakes/scenarios are
evaluated in the HHRA for Zone J. Intakes for the recreational fisherman are calculated using current
USEPA risk assessment guidance and are presented in risk assessment spreadsheets and tables

(Appendix P). Risk assessment results are presented in USEPA RAGS Part D format.
Exposure assumptions used to estimate chemical intakes in the HHRA are summarized in Table 6-6 and

Table 6-7 for RME and CTE scenarios respectively. The fraction ingested (FI) from the contaminated

source depended on the areas from which the fish/crabs are taken. A Fl of 0.01 (1 percent) was used for
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fish/crabs caught in small creeks and streams (i.e., Noisette Creek and Shipyard Creek). A Fl of 0.1
(10 percent) was used for fish/crabs caught in the Cooper River. This assumes that 1 or 10 percent of
the fish/crabs caught and ingested by the recreational fisherman come from the study area. Fish tissue
concentrations (for purposes of evaluating risks associated with human consumption) were calculated by
modifying the ecological equation used to calculate the concentrations of organic COPCs found in food
items of mammals. A lipid content of 3 percent (0.03) was used for assessing human health effects from
the consumption of contaminated fish (USEPA, 2004). Biota-sediment-accumulation factors (BSAFs)
provided in Appendix P and a dry weight-to-wet weight conversion factor of 0.25 based on an assumed
75 percent moisture content in fish (Sample et al., 1997) were used with sediment concentrations to

estimate fish tissue concentrations (see Appendix P).

Noncarcinogenic intakes are calculated using the concept of an average annual exposure. Carcinogenic

intakes are calculated as an incremental lifetime exposure, which assumes a life expectancy of 70 years.

Intakes for the fish ingestion exposure route were estimated using the following equation (USEPA, 1989):

Intake = (Crish XIRXFIXEF xED)

(BW x AT)
Where:
Intake = ingestion intake (mg/kg-day)
Crsn = fish tissue concentration (mg/kg)
IR = ingestion rate (kilogram[kg]/meal)
Fl = fraction ingested from contaminated source (unitless)
EF = exposure frequency (meals/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

for noncarcinogens, AT = ED x 365;

for carcinogens, AT = 70 years x 365 days/year

Exposure to Lead in Fish Tissue

Exposure to lead in fish was assessed using a version of the USEPA’s Technical Review Workgroup
(TRW) Adult Lead Model (ALM) (January 2003) adapted for fish ingestion. The equation and
methodology previously presented cannot be used to evaluate exposure to lead because of the absence
of published toxicity criteria (i.e., cancer slope factors, reference doses) for lead. The TRW model is

typically used to evaluate exposure to lead in soil, only, assuming a non-residential land use scenario.
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The model was adapted for the evaluation of the fish ingestion exposure pathway using guidance
presented in Frequently Asked Questions (FAQs) on the ALM (USEPA, 2007). The USEPA guidance for

ingestion of lead in fish states the following:

“The ALM analysis could be performed to evaluate the local fish contribution to lead exposure. A
fish advisory could also be developed by applying the ALM in reverse to derive an upper-bound
ingestion rate for a given lead concentration in fish tissue, using and increasing intake of fish to
determine an intake corresponding to a target risk level (e.g., P10 of five percent). For
bioavailable fraction of lead in fish (AFF), a protective estimate of 12% would be appropriate.
Site-specific information should be used along with the NHANES guidance and the Exposure

Factors Handbook in developing the site-specific exposure scenario.”

The equation from the ALM can be used (with the following modifications) to calculate overall risk posed

by consuming fish that are contaminated with lead:

PbB = (Pbr x BKSF x IRF X AFg X EFA/ATE) + PbBy

Where:

PbB = Adult blood lead level for fish ingestion calculated by the model [micrograms per
deciliter (ug/dL)] where blood-lead levels greater than 10 ug/L are considered to
be a “concern.”

Pbr = Fish lead concentration micrograms per gram (ug/g) (appropriate average
concentration)

IRF = Fish intake rate [grams (g)/day]

AFg = Absolute gastrointestinal absorption faction for ingested lead in media (unitless)

EF = Exposure frequency (days/lead)

PbBy, = Baseline blood lead (ug/dL)

BKSF = Biokinetic slope factor

ATk = Averaging time (days/year)

6.4 TOXICITY ASSESSMENT

The objective of a toxicity assessment is to identify the potential for human health hazards and adverse
effects in exposed populations. Quantitative estimates of the relationship between the magnitude and
type of exposures and the severity or probability of human health effects are defined for the identified
COPCs. Quantitative toxicity values [cancer slope factors (CSFs), reference doses (RfDs), and reference
concentrations (RfCs)] determined during this component of the risk assessment will be integrated with

outputs of the exposure assessment to characterize the potential for adverse health effects for each
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receptor group. A CSF/unit risk factor (URF) is an indicator of the potency of a chemical carcinogen
(i.e., the greater the CSF/URF, the more potent the carcinogen). An RfD/RfC is the dose/concentration at

which or below which adverse non-carcinogenic effects are not anticipated.

6.4.1 Source of Toxicity Criteria

RfDs and CSFs used in the HHRA for Zone J will be obtained from the following primary literature

sources:

¢ Integrated Risk Information System (IRIS) (Online).

e USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) — The Office of Research and
Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk
Technical Support Center develops PPRTVs on a chemical specific basis when requested by

USEPA'’s Superfund program.

e Other Toxicity Values — These sources include but are not limited to California Environmental
Protection Agency (Cal EPA) toxicity values, ATSDR Minimal Risk Levels (MRLs), and the Annual
Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997b).

Although toxicity criteria can be found in several toxicological sources, USEPA's IRIS on line database is
the preferred source of toxicity values. This database is continuously updated and values presented have
been verified by USEPA. The Oak Ridge National Laboratory (ORNL) Regional Screening Level (RSL)
Table may be used as a source of toxicity criteria when toxicity criteria are not available from the
aforementioned references. The toxicity criteria for the constituents selected as COPCs are presented in
Tables 6-8 through 6-11.

6.4.2 Toxicity Criteria for Carcinogenic Effects of PAHs

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to PAHs. The
most extensively studied PAH is benzo(a)pyrene, which is classified by the USEPA as a probable human
carcinogen. Although CSFs are available for benzo(a)pyrene, insufficient data are available to calculate
CSFs for other carcinogenic PAHs. Toxic effects for these chemicals were evaluated using toxicity
equivalence factors (TEFs) based on the potency of each compound relative to that of benzo(a)pyrene,
as presented in current USEPA guidance (USEPA, 1993b). The TEFs are used to convert each

individual carcinogenic PAH concentration into an equivalent concentration of benzo(a)pyrene.
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USEPA’s Guidelines for Carcinogen Risk Assessment (USEPA, 2005a) and Supplemental Guidance of
Assessing Susceptibility from Early-Life Exposure to Carcinogens (USEPA, 2005b) specifies the use of
age-dependent adjustment factors (ADAFs) for carcinogens that act via a mutagenic mode of action.
Carcinogenic PAHs are included in the group of chemicals that have been determined to act via the
mutagenic mode of action. No chemical-specific ADAFs have been derived for carcinogenic PAHSs,
therefore the following default ADAF was used for ages 16 to 70. The ADAF was used in evaluating
exposures to carcinogenic PAHs incurred by adult recreational fisherman using the approach presented

in Section 3.5.

6.4.3 Toxicity Criteria for Chromium

Toxicity criteria are available for different forms of chromium (trivalent and hexavalent), which is
considered to be more toxic in the hexavalent state. Where only total chromium data are available, all of

the chromium will be assumed to be hexavalent chromium.

6.5 RISK CHARACTERIZATION

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the potential
exposures outlined in the exposure assessment are quantitatively determined during the risk
characterization component of the baseline HHRA. Both RME and CTE estimates are generated. The
quantitative estimates of risk are calculated in accordance with the risk assessment methods outlined in
USEPA guidance (USEPA, 1989).

6.5.1 Quantitative Analysis of Chemicals

Quantitative estimates of risk for chemicals other than lead are calculated according to risk assessment
methods outlined in USEPA guidance (USEPA, 1989). Lifetime cancer risks are expressed in the form of
dimensionless probabilities, referred to as incremental lifetime cancer risks (ILCRs), based on CSFs.
Noncarcinogenic risk estimates are presented in the form of hazard quotients (HQs) that are determined

through a comparison of intakes with published RfDs or RfCs.
ILCR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as
follows:

ILCR = (Estimated Exposure Intake)(CSF)

If the above equation results in an ILCR greater than 0.01, the following equation will be used:

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)]
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An ILCR of 1 x 10 indicates that the exposed receptor has a one in-one million chance of developing
cancer under the defined exposure scenario. Alternatively, such a risk may be interpreted as

representing one additional case of cancer in an exposed population of one million persons.

As mentioned previously, noncarcinogenic risks will be assessed using the concept of HQs and Hazard
Indices (HIs). The HQ for a COPC is the ratio of the estimated intake or concentration to the RfD or RfC,

as follows:

o Intake(Concentration)
' RfDi(RfC)

An HI will be generated by summing the individual HQs for all COPCs. The HI is not a mathematical
prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator

of the possibility of the occurrence of noncarcinogenic (threshold) effects.

6.5.2 Interpretation of Risk Assessment Results

To interpret the quantitative risk estimates and to aid risk managers in determining the need for
remediation, quantitative risk estimates were compared to typical USEPA risk benchmarks. The USEPA
has defined a “target cancer risk” range of 1 x 104 to 1 x 106 (i.e., a one-in-ten-thousand to one-in-one-
million chance of developing cancer). HQs and Hls are typically evaluated using a value of 1.0.
Generally, adverse noncarcinogenic health effects are not anticipated if an HQ or HI, developed on a
target organ/effect-specific basis, does not exceed 1.0. Current USEPA policy regarding lead exposures

is to limit the childhood risk of exceeding a 10 ug/dL blood-lead level to 5 percent.

6.5.3 Results of the Risk Characterization

This section summarizes the results of the risk characterization for Zone J. Quantitative risk estimates for
potential recreational fisherman were developed for those chemicals identified as COPCs. Potential
cancer risks and hazard indices were calculated for current/future recreational fishermen under the RME
and CTE scenarios and are summarized in Tables 6-12 and 6-13. Results of the risk assessment in

RAGS Part D format and sample calculations are included in Appendix P.

Ingestion of fish was identified as a potential exposure pathway evaluated in this HHRA. No fish tissue
samples were collected at Zone J. However, sediment samples were collected from Noisette Creek,
Shipyard Creek, and Cooper River. Consequently, fish tissue concentrations were approximated based

on the chemical concentrations detected in the sediments of Noisette Creek, Shipyard Creek, and Cooper
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River, and were evaluated in the HHRA. For organics, fish tissue concentrations for human consumption
were approximated by modifying the concentrations estimated in the ecological assessment. The fish
tissue concentrations were modified for human consumption by changing the lipid content used in the
ecological calculation from 12 percent to 3 percent. In addition, estimated fish concentrations were

multiplied by 0.25 to convert from a dry weight to wet weight values.

6.5.3.1 Noncarcinogenic Risks — RME

Cumulative Hls for recreational fishermen consuming fish from Noisette Creek and Shipyard Creek under
the RME scenario were equal to or less than unity (1) (Table 6-12). The cumulative HI for the recreational
fisherman consuming fish from the Cooper River (HI = 2) exceeded unity (Table 6-12); however, the Hlis
calculated on a target organ/target effect specific basis were all less than or equal to unity.
Consequently, adverse non-carcinogenic effects are not anticipated for recreational fishermen consuming
fish from Noisette Creek, Shipyard Creek, or the Cooper River under the conditions defined in the

exposure assessment.

6.5.3.2 Carcinogenic Risks — RME

The cumulative ILCR for recreational fishermen consuming fish taken from Noisette Creek was less than
the USEPA’s target risk range of 10 to 10®. The cumulative ILCR for Shipyard Creek was 9x10°®, which
is within the USEPA’s target risk range. The cumulative ILCR for consumption of fish from Cooper River

was 1x 10™,

6.5.3.3 Noncarcinogenic Risks — CTE

Cumulative Hls for recreational fishermen consuming fish from Noisette Creek, Shipyard Creek, and the
Cooper River under the CTE scenario are less than or equal to unity (Table 6-13). Therefore, adverse
non-carcinogenic effects are not anticipated for the recreational fisherman at Noisette Creek, Shipyard

Creek, and Cooper River under the CTE scenario conditions defined in the exposure assessment.

6.5.3.4 Carcinogenic Risks — CTE

Cumulative ILCRs for the recreational fishermen consuming fish from Noisette Creek, Shipyard Creek,
and Cooper River under the CTE scenario were less than or within USEPA'’s target risk range of 10 to
10,
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6.5.3.5 Risks from Lead

Lead was selected as a COPC for the sediments of both Shipyard Creek and Cooper River. The

maximum and arithmetic mean lead concentrations for the sediments are listed below:

Water Body Maximum Sediment (ug/q) Average Sediment (ug/q)
Shipyard Creek 142 86.5
Cooper River 147 69.5

Risks to hypothetical current and future recreational fishermen exposed to lead as a consequence of fish
ingestion were evaluated using the ALM adapted for fish ingestion. Average fish lead concentrations
were used as the EPCs (1.54 ug/g for Shipyard Creek and 1.23 pg/g for the Cooper River). These
average wet weight fish lead concentrations were calculated by multiplying the average sediment
concentration by the average BSAF, and then incorporating the fish dry weight-to-wet weight conversion
factor (see Section 6.3.5). Default values were used for the rest of the model input parameters. ALM
outputs are included in Appendix P. The average fish lead concentration of 1.54 ug/g for Shipyard Creek
results in a geometric mean blood lead level of approximately 3.2 pg/dL. The average fish lead
concentration of 1.23 ug/g for the Cooper River results in a geometric mean blood lead level of
approximately 2.8 ug/dL. These results do not exceed the USEPA benchmark goal of 10 ug/dL. The
probability that the blood lead levels of a fetus of a childbearing female angler would exceed 10 ug/L for

Shipyard Creek is 4.2 percent and for the Cooper River is 2.9 percent.

6.6 UNCERTAINTY ANALYSIS

There is uncertainty associated with all aspects of the baseline human health risk assessment. A
summary of the uncertainties, including a discussion of how they may affect the final risk numbers, is

provided in this section.

Uncertainty in the selection of COPCs is related to the current status of the predictive databases, the
grouping of samples, the numbers, types, and distributions of samples, and the procedures used to
include or exclude constituents as COPCs. Uncertainty associated with the exposure assessment
includes the values used as input variables for a given intake route or scenario, the assumptions made to
determine exposure point concentrations, and the predictions regarding future land use and population
characteristics. Uncertainty in the toxicity assessment includes the quality of the existing toxicity data
needed to support dose response relationships and the weight of evidence used to determine the
carcinogenicity of COPCs. Uncertainty in risk characterization includes that associated with exposure to
multiple chemicals and the cumulative uncertainty from combining conservative assumptions made in

earlier steps of the risk assessment process.
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Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the
assumptions made throughout the risk assessment, including selection of COPCs and selection of values
for dose response relationships. Throughout the entire risk assessment, assumptions are biased toward

a margin of safety so that the final calculated risks are overestimated.

Generally, risk assessments carry two types of uncertainty: measurement and informational uncertainty.
Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For
example, this type of uncertainty is associated with analytical data collected for each site. The risk

assessment reflects the accumulated variances of the individual values used.

Informational uncertainty stems from inadequate availability of information needed to complete the toxicity
and exposure assessments. Often, this gap is significant, such as the absence of information on the
effects of human exposure to low doses of a chemical, on the biological mechanism of action of a

chemical, or the behavior of a chemical in soil.

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type
and magnitude of uncertainty involved. Reliance on results from a risk assessment without consideration
of uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to
account for uncertainties in the development of exposure assumptions, conservative estimates must be
made to ensure that the particular assumptions made are protective of sensitive subpopulations or the
maximum exposed individuals. If a number of conservative assumptions are combined in an exposure
model, the resulting calculations can magnify the uncertainties associated with those assumptions,
thereby producing a much larger uncertainty for the final results. This uncertainty is biased toward over
predicting both carcinogenic and noncarcinogenic risks. Thus, both the results of the risk assessment
and the uncertainties associated with those results must be considered when making risk management

decisions.

This interpretation is especially relevant when the risks exceed the point of departure for defining
"acceptable" risk. For example, when risks calculated using a high degree of uncertainty are less than an
acceptable risk level (i.e., 10 to 10'6), the interpretation of no significant risk is typically straightforward.
However, when risks calculated using a high degree of uncertainty exceed an acceptable risk level

(i.e., 10 to 10'6); any conclusions must take into account this uncertainty.

6.6.1 Uncertainty in Data Evaluation

The most significant issues related to uncertainty in COPC selection are (1) the screening levels used,

(2) the absence of screening levels for a few chemicals detected in the site media, and (3) elevated
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remainder of this section.

6.6.1.1 COPC Screening Levels

There is some uncertainty associated with choosing COPCs based on ESVs. Maximum concentrations
were also screened against USEPA Region 3 Fish Risk Based Screening Levels. There were no
significant differences between the COPCs selected using the Fish Risk Based Screening Levels and the
ESVs.

6.6.1.2 Chemicals without Established Screening Levels

Ecological risk-based screening levels are currently not available for some constituents [e.g., indeno
(1,2,3) pyrene, barium, calcium, magnesium, manganese, potassium, selenium, sodium and vanadium].
Having no toxicity values for some compounds adds to the uncertainty in the risk assessment both with

regard to the selection of COPCs and the subsequently calculated risks.

6.6.2 Uncertainty in the Exposure Assessment

Uncertainty in the exposure assessment arises because of the determination of land use conditions, the
selection of receptors and scenarios, the estimation of exposure point concentrations, and the selection of

exposure parameters. Each of these is discussed below.

6.6.2.1 Land Use

The current land use patterns at the site are well established, thereby limiting the uncertainty associated

with land use assumptions.

6.6.2.2 Exposure Point Concentrations

Significant uncertainty is associated with the EPCs for fish tissue concentrations. The EPCs were
estimated based on chemical concentrations in sediments because actual fish tissue data are not
available for Noisette Creek, Shipyard Creek, or Cooper River. This assumes that the fish taken by the
recreational fisherman are routinely contacting the sediments (i.e., are bottom-dwelling species) and that
significant bioaccumulation is occurring between the sediments and the fish. However, this assumption
may result in a significant over-estimation of risk if the species typically taken by the recreational
fisherman are not routinely in contact with the sediments. Conservatively, bioaccumulation factors
published for invertebrates were used to calculate fish tissue concentrations for the inorganics because of

the lack of fish-specific sediment bioaccumulation factors.
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6.6.2.3 Exposure Routes and Receptor Identification

The determination of various receptor groups and exposure routes of potential concern was based on
current land use observed at the site and the anticipated future land use. Therefore, the uncertainty
associated with the selection of exposure routes and potential receptors is minimal because they are
considered to be well defined. Recreational fishing is the only exposure route of interest for this risk

assessment

6.6.2.4 Exposure Parameters

Each exposure factor selected for use in this HHRA has some associated uncertainty. Generally, HHRA
exposure factors are based on surveys of physiological and lifestyle profiles across the United States.
The attributes and activities studied in these surveys generally have a broad distribution. To avoid
underestimation of exposure, in most cases, the USEPA guidelines (USEPA, 1991) for the RME receptor
were used in this evaluation, which generally specify the use of the 95" percentile for most parameters.
Therefore, the selected values for the RME receptor represent the upper bound of the observed or

expected habits of the majority of the population.

Generally, the uncertainty can be assessed quantitatively for many assumptions made in determining
factors for calculating exposures and intakes. Many of these parameters were determined from statistical
analyses on human population characteristics. Often, the database used to summarize a particular
exposure parameter (i.e., body weight) is quite large. Consequently, the values chosen for such variables
in the RME scenario have low uncertainty.

Many of the exposure parameters used to calculate exposures and risks in this report were selected from
a distribution of possible values, including USEPA guidance (USEPA, 1991, 1993a, 1997a, 2004). For
the RME scenario, a combination of high-end and average inputs is used with the overall goal that the
final risk estimate will be an approximate 95" percentile risk estimate. This risk number is used in risk
management decisions but does not indicate what a more average or typical exposure might be or what

risk range might be expected for individuals in the exposed population.

6.6.3 Uncertainty in the Toxicity Assessment

Uncertainties associated with the toxicity assessment (determination of RfDs, RfCs, URFs, and CSFs and

use of available criteria) are presented in this section.
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Derivation of Toxicity Criteria

Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose
response evaluations for the COPCs. The hazard assessment deals with characterizing the nature and
strength of the evidence of causation or the likelihood that a chemical that induces adverse effects in
animals will also induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated
as a weight of evidence determination, using the USEPA methods. Positive animal cancer test data
suggest that humans contain tissue(s) that may manifest a carcinogenic response; however, the animal
data cannot necessarily be used to predict the target tissue in humans. In the hazard assessment of
noncancer effects, however, positive animal data often suggest the nature of the effects (i.e., the target

tissues and type of effects) anticipated in humans.

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data.
Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route;
when the magnitude of the response is clearly dose related; when pharmacokinetic data indicate a similar
fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals;
and when the chemical of concern is structurally similar to other chemicals for which the toxicity is more

completely characterized.

Uncertainty in the dose response evaluation includes the determination of a CSF/URF for the
carcinogenic assessment and derivation of an RfD/RfC for the noncarcinogenic assessment. Uncertainty
is introduced from interspecies (animal to human) extrapolation, which, in the absence of quantitative
pharmacokinetic or mechanistic data, is usually based on consideration of interspecies differences in
basal metabolic rate. Uncertainty also results from intraspecies variation. Most toxicity experiments are
performed with animals that are very similar in age and genotype, so intragroup biological variation is
minimal, but the human population of concern may reflect a great deal of heterogeneity, including unusual
sensitivity or tolerance to the COPC. Even toxicity data from human occupational exposure reflect a bias
because only those individuals sufficiently healthy to attend work regularly (the "healthy worker effect")
and those not unusually sensitive to the chemical are likely to be occupationally exposed. Finally,
uncertainty arises from the quality of the key study from which the quantitative estimate is derived and the
database. For cancer effects, the uncertainty associated with dose response factors is mitigated by
assuming the 95 percent upper bound for the slope factor. Another source of uncertainty in carcinogenic
assessment is the method by which data from high doses in animal studies are extrapolated to the dose
range expected for environmentally exposed humans. The linearized multistage model, which is used in
nearly all quantitative estimations of human risk from animal data, is based on a nonthreshold assumption
of carcinogenesis. Evidence suggests, however, that epigenetic carcinogens, as well as many genotoxic
carcinogens, have a threshold below which they are not carcinogenic. Therefore, the use of the

linearized multistage model is conservative for chemicals that exhibit a threshold for carcinogenicity.
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For noncancer effects, additional uncertainty factors may be applied in the derivation of the RfD/RfC to
mitigate poor quality of the key study or gaps in the database. Additional uncertainty for noncancer
effects arises from the use of an effect level in the estimation of an RfD/RfC when “no adverse effect
level” data (i.e., non-cancer threshold data) are not available or such data are limited. An uncertainty
factor is usually applied to estimate a no effect level. Additional uncertainty arises in the estimation of an
RfD/RfC for chronic exposure from subchronic data. Unless empirical data indicate that effects do not
worsen with increasing duration of exposure, an additional uncertainty factor is applied to the no effect
level in the subchronic study. Uncertainty in the derivation of RfDs/RfCs is mitigated by the use of
uncertainty and modifying factors that normally range between 3 and 10. The resulting combination of

uncertainty and modifying factors may reach 1,000 or more.
The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the
case when no gastrointestinal absorption rates are available in the literature or when only qualitative

statements regarding absorption are available.

6.6.4 Uncertainty in the Risk Characterization

Uncertainty in risk characterization results from assumptions made regarding additivity of effects from
exposure to multiple COPCs from various exposure routes. High uncertainty exists when summing
noncancer risks for several substances across different exposure pathways. This assumes that each
substance has a similar effect and/or mode of action. Even when compounds affect the same target
organs, they may have different mechanisms of action or differ in their fate in the body, so additivity may
not be an appropriate assumption. However, the assumption of additivity is considered because in most

cases it represents a conservative estimate of risk.

Risks to any individual may also be overestimated by summing multiple assumed exposure pathway risks
for any single receptor. Although every effort was made to develop reasonable scenarios, not all

individual receptors may be exposed via all pathways considered.

Finally, the risk characterization does not consider antagonistic or synergistic effects. Little or no
information is available to determine the potential for antagonism or synergism for the COPCs. Because
chemical specific interactions cannot be predicted, the likelihood for risks to be over predicted or under

predicted cannot be defined, but the methodology that was used is based on current USEPA guidance.
Uncertainty in the risk characterization also results from the fact that, as itemized below, some chemicals

were eliminated as COPCs on the basis of twice the average background concentration being greater

than the site maximum:
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e Arsenic, barium, cobalt, iron, manganese, and vanadium were eliminated as COPCs for Noisette
Creek on the basis of site-to-background comparisons. Arsenic is the only chemical with an ESV and
the maximum concentration detected (9.2 mg/kg) is within an order of magnitude of the ESV
(7.24 mg/kg) for arsenic.

e Manganese was the only chemical eliminated as a COPC for Shipyard Creek on the basis of

background comparison. Manganese does not have an ESV.

¢ No COPCs for Cooper River were eliminated based on background comparison.

6.7 SUMMARY

The baseline HHRA for Zone J was performed to characterize the potential risks to likely human receptors
under current and potential future land use. Potential receptors retained for quantitative evaluation
consisted of current/future recreational fishermen. Fish tissue concentrations (estimated using sediment

concentrations) were evaluated in the assessment.
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Summary of Chemicals of Potential Concern for Zone J

COPCs based on the ESVs at Zone J are as follows:

Noisette Creek Sediment

Benzo (a) Anthracene
Benzo (a) Pyrene
Benzo (b) Fluoranthene
Benzo (g,h,i) Perylene
Benzo (k) Fluoranthene
BEHP

Chrysene

Fluoranthene

Indeno (1,2,3-cd) Pyrene
Phenanthrene

Pyrene

4,4-DDD
4,4-DDE

Copper

Mercury

Selenium

Thallium

Zinc

120910/P

Shipyard Creek Sediment

Benzo (a) Anthracene
Benzo (a) Pyrene
Benzo (b) Fluoranthene
Benzo (g,h,i) Perylene
Benzo (k) Fluoranthene
BEHP

Chrysene

Fluoranthene

Indeno (1,2,3-cd) Pyrene
Pyrene

4,4-DDE
Aroclor-1260
Dieldrin
Aluminum
Arsenic
Barium
Chromium
Cobalt
Copper
Iron

Lead

Mercury
Nickel
Selenium
Thallium
Vanadium

Zinc

6-21
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Cooper River Sediment
Acenaphthene
Anthracene

Benzo (a) Anthracene
Benzo (a) Pyrene

Benzo (b) Fluoranthene
Benzo (g,h,i) Perylene

Benzo (k) Fluoranthene

Chrysene

Fluoranthene

Fluorene

Indeno (1,2,3-cd) Pyrene
Phenanthrene

Pyrene

4,4-DDD

Aroclor-1260

Aluminum
Arsenic
Barium
Chromium
Cobalt
Copper
Iron

Lead

Manganese

Nickel

Selenium

Vanadium

Zinc
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Cancer and non-cancer risk estimates calculated for recreational fisherman at Noisette Creek, Shipyard

Creek, and Cooper River were compared to the following risk management benchmarks:

e The USEPA “target cancer risk” range of 1 x 10 to 1 x 10 (i.e., a one-in-ten-thousand to one-in-

one-million chance of developing cancer).

e HQ/HI value of 1.0. Generally, adverse noncarcinogenic health effects are not anticipated if an HQ or

HI, developed on a target organ/effect-specific basis, does not exceed 1.0.

e The current USEPA policy regarding lead exposures is to limit the childhood risk of exceeding a

10 pg/dL blood-lead level to 5 percent.

Summary of Cancer and Non-cancer Risk Estimates for Environmental Media at Zone J —

Reasonable Maximum Exposure Scenario

Cumulative Hls for recreational fishermen under the RME scenario for Noisette Creek and Shipyard
Creek were less than unity (1). The cumulative HI for the recreational fisherman (HI = 2) in Cooper River
exceeded unity. However, the HlIs calculated on a target organ/target effect specific basis were all less
than unity. Consequently, adverse non-carcinogenic effects are not anticipated for recreational fishermen
consuming fish form Noisette Creek, Shipyard Creek, or the Cooper River under the conditions defined in

the exposure assessment.
The cumulative ILCR for recreational fisherman consuming fish from Noisette Creek was less than
USEPA's target risk range of 10 to 10°. The cumulative ILCR for Shipyard Creek was 9x10®, which is

within the USEPA’s target risk range. The cumulative ILCR for Cooper River is 1 x 10™.

Summary of Cancer and Non-cancer Risk Estimates for Environmental Media at Zone J —

Central Tendency Exposure Scenario

Cumulative Hls for the recreational fisherman under the CTE scenario for Noisette Creek, Shipyard
Creek, and the Cooper River are less than or equal to unity (1). Consequently, adverse non-carcinogenic
effects are not anticipated for recreational fishermen consuming fish from Noisette Creek, Shipyard

Creek, and the Cooper River under the conditions defined in the exposure assessment.

Cumulative ILCRs for recreational fisherman at Noisette Creek, Shipyard Creek, and the Cooper River

were less than or within the USEPA’s target risk range of 10 to 10°.
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Summary of Risk Estimates for Lead

Recreational fishermen’s exposures to lead in Shipyard Creek and Cooper River fish were evaluated
using a version of the USEPA’'s TRW ALM adapted for fish ingestion. The average fish lead
concentration of 1.54 ug/g for Shipyard Creek results in a geometric mean blood lead level of
approximately 3.2 ug/dL. The average fish lead concentration of 1.23 ug/g for Cooper River results in a
geometric mean blood lead level of approximately 2.8 ug/dL. These results do not exceed the USEPA
benchmark goal of 10 pg/dL. The probability that the blood lead levels of a fetus of a childbearing female

angler would exceed 10 pg/L for Shipyard Creek is 4.2 percent and for Cooper River is 2.9 percent.
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TABLE 6-1

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMCIALS OF POTENTIAL CONCERN - NOISETTE CREEK

ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON
SOUTH CAROLINA

Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment
) Minimum Maximum 3 Loca.tlon of Frequency of Range of |Concentration Used | Background Ecologllcal COPC Rationale for COPC
EXPOSURE CAS Chemical Concentration " Concentration " Units MaX|mun.1 Detection Nondetects®| for Screening @ Value® Screening (Yes/No) Selection &
AREA NUMBER Concentration Value
Noisette Creek Semivolatile Organic Compounds
91-57-6  [2-METHYLNAPHTHALENE 16 16 UG/KG JNOIMO0011 1/3 19-27 16 ND 330 No BSV
83-32-9 |ACENAPHTHENE 18 18 UG/KG JNOIM0004 1/3 7.1-14 18 ND 330 No BSV
208-96-8 [ACENAPHTHYLENE 15 34 UG/KG JNOIM0004 3/3 - 34 451 330 No BSV
120-12-7  |ANTHRACENE 58 170 UG/KG JNOIM0012 3/3 - 170 60 330 No BSV
56-55-3 B O(A)A RA 460 810 UG/KG JNOIM0012 3/3 - 810 103.5 330 ASV & ABG
50-32-8 B O(A)PYR 330 540 UG/KG JNOIMO0012 3/3 - 540 135 330 ASV & ABG
205-99-2 = O(B ORA 790 1200 UG/KG JNOIM0004 3/3 - 1200 160.4 NA ABG
191-24-2 & 0 PER 150 250 UG/KG JNOIM0012 3/3 - 250 91.4 NA ABG
207-08-9 [ O ORA 170 380 UG/KG JNOIM0012 3/3 - 380 153.1 NA ABG
117-81-7 = P ALA 240 240 UG/KG JNOIM0011 173 16 - 23 240 166.4 182 ASV & ABG
218-01-9 R 390 690 UG/KG JNOIM0012 3/3 - 690 146.2 330 ASV & ABG
53-70-3  |DIBENZO(A,H)ANTHRACENE 76 76 UG/KG JNOIM0012 1/3 18 - 37 76 ND 330 BSV
206-44-0 ORA 720 1500 UG/KG JNOIM0012 3/3 - 1500 1421 330 ASV & ABG
86-76-7  [FLUORENE 11 30 UG/KG JNOIM0012 3/3 - 30 ND 330 BSV
193-39-5 DENO D)PYR 170 260 UG/KG JNOIM0012 3/3 - 260 92.6 NA ABG
85-01-8 P A R 160 370 UG/KG JNOIM0012 3/3 - 370 ND 330 ASV
129-00-0 g 770 1200 UG/KG JNOIM0004 3/3 - 1200 178.2 330 ASV & ABG
OTAL PA 4210 7414 UG/KG JNOIMO0012 3/3 - 7414 877 1684 ASV & ABG
Pesticides/PCBs
72-54-8 4,4'-DDD 2.8 6 UG/KG JNOIM0012 3/3 - 6 ND 3.3 ASV
72-55-9 4,4'-DD 3.6 3.6 UG/KG JNOIM0011 173 0.69 - 0.93 3.6 ND 3.3 ASV
50-29-3 OTAL DD 3.8 6.4 UG/KG JNOIM0011 3/3 - 6.4 - 3.3 ASV
Inorganics
7429-90-5 |ALUMINUM 6540 14000 MG/KG JNOIM0012 3/3 - 14000 21440 NA BBG
7440-38-2 |ARSENIC 5 9.2 MG/KG JNOIM0012 3/3 - 9.2 12.0 7.24 BBG
7440-39-3 |BARIUM 8.5 22.1 MG/KG JNOIM0012 3/3 - 22.1 34.6 NA BBG
7440-70-2 |CALCIUM 5330 47700 MG/KG JNOIM0004 3/3 - 47700 53260 NA Nutrient
7440-47-3 |CHROMIUM 27 27 MG/KG JNOIMO0012 1/3 0.03 27 43.5 52.3 BSV
7440-48-4 |COBALT 2.8 4.1 MG/KG JNOIM0012 2/3 0.02 4.1 6.4 NA BBG
10.3 42.8 MG/KG | JNOIM0012 33 - 42.8 14.9 18.7 ASV & ABG
7439-89-6 [IRON 6310 11900 MG/KG JNOIM0012 3/3 - 11900 23600 NA BBG
7439-92-1 |LEAD 10.9 28.9 MG/KG JNOIM0012 3/3 - 28.9 18.1 30.2 BSV
7439-95-4 |MAGNESIUM 1600 2700 MG/KG JNOIM0012 3/3 - 2700 6426 NA Nutrient
7439-96-5 |MANGANESE 394 78.5 MG/KG JNOIM0012 3/3 - 78.5 216 NA BBG
7439-97-6 RCUR 0.05 1.1 MG/KG JNOIM0012 3/3 - 1.1 0.07 0.13 ASV & ABG
7440-02-0 [NICKEL 3.5 8.3 MG/KG JNOIM0012 3/3 - 8.3 12.4 15.9 BSV
7440-09-7 |POTASSIUM 661 1300 MG/KG JNOIM0012 3/3 - 1300 3046 NA Nutrient
7782-49-2 0.23 0.32 MG/KG JNOIM0012 2/3 0.19 0.32 ND NA ESV & BG NA
7440-23-5 |SODIUM 4350 6940 MG/KG JNOIM0012 3/3 - 6940 13880 NA Nutrient
7440-28-0 A 0.19 0.19 MG/KG JNOIM0004 173 0.17-0.23 0.19 ND NA ESV & BG NA
7440-62-2 |VANADIUM 11.4 21.8 MG/KG JNOIM0012 3/3 - 21.8 48.8 NA BBG
7440-66-6 29.7 158 MG/KG JNOIM0012 3/3 - 158 71.5 124 ASV & ABG
Shaded chemical indicates that the chemical was retained as a COPC.
Footnotes: Acronyms:

(1) Sample and duplicate were considered as two separate samples when determining the minimum and maximum concentrations, but as one sample
when determining the frequency of detection.

(2) Sample-specific method detection limits.

(3) The maximum detected concentration is used for screening purposes.

(4) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2005); ND indicates that
the analyte was not detected in any of the 10 reference samples.

(5) COPC rationale codes:

For selection as a COPC:

ASV & ABG: Maximum detected concentration exceeded the ecological screening value and exceeded the background value (background defined in footnote 4).

ASV: Maximum detected concentration exceeded the ecological screening value; analyte was not detected in any of 10 reference samples.
ABG: Maximum detected concentration exceeded the background value, and ecological screening value not available.
ESV & BG NA: Ecological screening value not available and analyte was not detected in any of 10 reference samples.

COCP: Chemical of Potential Concern
NA: Ecological screening value not available.

For elimination as a COPC:
BSV: Maximum detected concentration was equal to or less than the ecological screening value.
BBG: Maximum detected concentration was less than the background value.
Nutrient: Calcium, magnesium, potassium, and sodium are nutrients that were not considered to be COPCs.



TABLE 6-2

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SHIPYARD CREEK

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment
.. . Location of . Ecological .
EXpPgi,L;RE CAS NUMBER Chemical . M|n|mur:n " Mammurn ol units Maximum Frequen.cy of Range of(z) Concentratlo-n Ug)ed Backgro(zl)nd Screening | COPC (Yes/No) Rationale for ((ZS?PC
oncentration Concentration Concentration Detection Nondetects for Screening Value Value Selection
Shipyard Creek Semivolatile Organic Compounds (ug/kg)
91-57-6 2-METHYLNAPHTHALENE 18 30 UG/KG 009M001703 3/3 - 30 ND 330 BSV
83-32-9 ACENAPHTHENE 9.6 44 UG/KG 009M000403 3/3 - 44 ND 330 BSV
208-96-8 ACENAPHTHYLENE 20 56 UG/KG 009M001703 3/3 - 56 451 330 BSV
120-12-7 ANTHRACENE 48 110 UG/KG 009M000403 3/3 - 110 60 330 BSV
56-55-3 B O(A)A RA 260 580 UG/KG 009M001703 3/3 - 580 103.5 330 ASV & ABG
50-32-8 B O(A)PYR 170 560 UG/KG 009M001703 3/3 - 560 135 330 ASV & ABG
205-99-2 B O(B ORA 460 1500 UG/KG 009M001703 3/3 - 1500 160.4 NA ABG
191-24-2 B O PER 99 330 UG/KG 009M001703 3/3 - 330 91.4 NA ABG
207-08-9 B O ORA 100 400 UG/KG 009M001703 3/3 - 400 153.1 NA ABG
117-81-7 B P 540 750 UG/KG 009M001603 3/3 - 750 166.4 182 ASV & ABG
218-01-9 R 190 560 UG/KG 009M001703 3/3 - 560 146.2 330 ASV & ABG
206-44-0 ORA 370 860 UG/KG 009M001703 3/3 - 860 1421 330 ASV & ABG
86-76-7 FLUORENE 13 33 UG/KG 009M000403 3/3 - 33 ND 330 BSV
193-39-5 DENO D)PYR 100 320 UG/KG 009M001703 3/3 - 320 92.6 NA ABG
91-20-3 NAPHTHALENE 7.5 7.5 UG/KG 009M001603 1/3 13-16 7.5 ND 330 BSV
85-01-8 PHENANTHRENE 90 280 UG/KG 009M000403 3/3 - 280 ND 330 BSV
129-00-0 PYR 620 1200 UG/KG 009M000403 3/3 - 1200 178.2 330 ASV & ABG
OTAL PA 2579 6426 UG/KG 009M001703 3/3 - 6426 877 1684 ASV & ABG
Pesticides/PCBs (ug/kg)
72-55-9 DD 6.6 25 UG/KG 009M001603 3/3 - 25 ND 3.3 ASV
11096-82-5 AROCLOR-1260 150 210 UG/KG 009M001603 3/3 - 210 ND 33® ASV
60-57-1 D DR 9.1 9.1 UG/KG 009M000403 1/3 1.3-14 9.1 ND 3.3 ASV
Inorganics (mg/k
7429-90-5 A 12700 32900 MG/KG 009M001703 3/3 - 32900 21440 NA ABG
7440-38-2 AR 6.9 19.8 MG/KG 009M001703 3/3 - 19.8 12.0 7.24 ASV & ABG
7440-39-3 BAR 441 86.6 MG/KG 009M001703 3/3 - 86.6 34.6 NA ABG
7440-70-2 CALCIUM 24800 37200 MG/KG 009M001703 3/3 - 37200 53260 NA Nutrient
7440-47-3 RO 89.5 336 MG/KG 009M001703 3/3 - 336 43.5 52.3 ASV & ABG
7440-48-4 OBA 2.5 7.4 MG/KG 009M001703 3/3 - 7.4 6.4 NA ABG
7440-50-8 OPPER 56.4 133 MG/KG 009M001703 3/3 - 133 14.9 18.7 ASV & ABG
7439-89-6 RO 11800 33900 MG/KG 009M001703 3/3 - 33900 23600 NA ABG
7439-92-1 AD 55.7 142 MG/KG 009M001703 3/3 - 142 18.1 30.2 ASV & ABG
7439-95-4 MAGNESIUM 3230 9300 MG/KG 009M001703 3/3 - 9300 6426 NA Nutrient
7439-96-5 MANGANESE 78.3 201 MG/KG 009M001703 3/3 - 201 216 NA BBG
7439-97-6 RCUR 0.22 0.45 MG/KG 009M000403 3/3 - 0.45 0.07 0.13 ASV & ABG
7440-02-0 12.3 32.8 MG/KG 009M001703 3/3 - 32.8 12.4 15.9 ASV & ABG
7440-09-7 POTASSIUM 1280 3540 MG/KG 009M001703 3/3 - 3540 3046 NA Nutrient
7782-49-2 0.53 0.89 MG/KG 009M001603 3/3 - 0.89 ND NA ESV & BG NA
7440-23-5 SODIUM 5700 16400 MG/KG 009M001703 3/3 - 16400 13880 NA Nutrient
7440-28-0 A 0.28 0.42 MG/KG 009M001603 2/3 0.38 0.42 ND NA ESV & BG NA
7440-62-2 ANAD 22.6 62.2 MG/KG 009M001703 3/3 - 62.2 48.8 NA ABG
7440-66-6 150 494 MG/KG 009M001703 3/3 - 494 71.5 124 ASV & ABG




TABLE 6-2

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SHIPYARD CREEK
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Shaded chemical indicates that the chemical was retained as a COPC.
Footnotes: Acronyms:
(1) Sample and duplicate were considered as two separate samples when determining the minimum and maximum concentrations, but as one sample COPC: Chemcial of Potential Concern
when determining the frequency of detection. NA: Ecological screening value not available.

(2) Sample-specific method detection limits.
(3) The maximum detected concentration is used for screening purposes.
(4) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2005); ND indicates that
the analyte was not detected in any of the 10 reference samples.
(5) COPC rationale codes:
For selection as a COPC:
ASV & ABG: Maximum detected concentration exceeded the ecological screening value and exceeded the background value (background defined in footnote 4).
ASV: Maximum detected concentration exceeded the ecological screening value; analyte was not detected in any of 10 reference samples.
ABG: Maximum detected concentration exceeded the background value, and ecological screening value not available.
ESV & BG NA: Ecological screening value not available and analyte was not detected in any of 10 reference samples.
For elimination as a COPC:
BSV: Maximum detected concentration was equal to or less than the ecological screening value.
BBG: Maximum detected concentration was less than the background value.
Nutrient: Calcium, magnesium, potassium, and sodium are nutrients that were not considered to be COPCs.




TABLE 6-3

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMCIALS OF POTENTIAL CONCERN - COOPER RIVER

CHARLESTON NAVAL COMPLEX

ZONE J

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment
- . Location of Concentration Ecological .
Minimum Maximum Ran f Background Rationale for COP
CAS Chemical Concentration " Concentraltlion o Units Maximum Fr;g:;r:i?nd Nond:::c:s(z) Used for Vaique(‘” Screening | COPC (Yes/No) t;ele:tizn%? ¢
Exposure Point| Number Concentration Screening ¥ Value
Semivolatile Organic Compounds
Cooper River 91-57-6  |2-METHYLNAPHTHALENE 5.2 5.2 UG/KG 054M000103 1/3 46 - 580 5.2 ND 330 No BSV
83-32-9 L AP 7 1400 UG/KG 556M000503 2/3 24 1400 ND 330 Yes ASV
208-96-8 [ACENAPHTHYLENE 3.9 72 UG/KG 556M000703 2/3 280 72 451 330 No BSV
120-12-7 KA RA 64 2400 UG/KG 556M000503 3/3 - 2400 60 330 Yes ASV & ABG
56-55-3 = O(A)A R 190 5800 UG/KG 556M000503 3/3 - 5800 103.5 330 Yes ASV & ABG
50-32-8 = O(A)PYR 120 2500 UG/KG 556M000503 3/3 - 2500 135 330 Yes ASV & ABG
205-99-2 |= o](= ORA 250 5400 UG/KG 556M000503 3/3 - 5400 160.4 NA Yes ABG
191-24-2 | O P 51 780 UG/KG 556M000503 3/3 - 780 91.4 NA Yes ABG
207-08-9 [z O ORA 82 1200 UG/KG 556M000503 3/3 - 1200 153.1 NA Yes ABG
218-01-9 R 170 5100 UG/KG 556M000503 3/3 - 5100 146.2 330 Yes ASV & ABG
53-70-3 |[DIBENZO(A,HJANTHRACENE 11 68 UG/KG 556M000703 2/3 780 68 ND 330 No BSV
206-44-0 ORA 330 41000 UG/KG 556M000503 3/3 - 41000 142.1 330 Yes ASV & ABG
86-76-7 OR 14 2200 UG/KG 556M000503 2/3 27 2200 ND 330 Yes ASV
193-39-5 DENO D R 50 280 UG/KG 556M000703 2/3 910 280 92.6 NA Yes ABG
91-20-3 |[NAPHTHALENE 2.7 2.7 UG/KG 054M000103 1/3 30-370 2.7 ND 330 No BSV
85-01-8  [Ix A R 97 18000 UG/KG 556M000503 3/3 - 18000 ND 330 Yes ASV
129-00-0 {3 300 26000 UG/KG 556M000503 3/3 - 26000 178.2 330 Yes ASV & ABG
OTAL PA 1761 111780 UG/KG 556M000503 3/3 - 111780 877 1684 Yes ASV & ABG
Pesticides/PCBs
72-54-8 g 4.8 4.8 UG/KG 556M000503 1/3 0.73-24 4.8 ND 3.3 Yes ASV
11096-82-5 aliie]eMe) 8y p1<11] 94 94 UG/KG 054M000103 1/3 29 94 ND 33°) Yes ASV
Inorganics
7429-90-5 I 5900 47700 MG/KG 556M000503 3/3 - 47700 21440 NA Yes ABG
7440-38-2 a5 2.1 20.5 MG/KG 556M000503 3/3 - 20.5 12.0 7.24 Yes ASV & ABG
7440-39-3 LY 44.6 85.7 MG/KG 054M000103 3/3 - 85.7 34.6 NA Yes ABG
7440-70-2 [CALCIUM 9330 31200 MG/KG 556M000703 3/3 - 31200 53260 NA No Nutrient
7440-47-3 RO 37 68.4 MG/KG 556M000503 3/3 - 68.4 43.5 52.3 Yes ASV & ABG
7440-48-4 [ele]-7. 8.4 10 MG/KG 054M000103 3/3 - 10 6.4 NA Yes ABG
7440-50-8 [efelydadS s 43.5 386 MG/KG 054M000103 3/3 - 386 14.9 18.7 Yes ASV & ABG
7439-89-6 e, 10200 36700 MG/KG 556M000503 3/3 - 36700 23600 NA Yes ABG
7439-92-1 AD 21 147 MG/KG 054M000103 3/3 - 147 18.1 30.2 Yes ASV & ABG
7439-95-4 IMAGNESIUM 2040 10600 MG/KG 556M000503 3/3 - 10600 6426 NA No Nutrient
7439-96-5 A A 196 494 MG/KG 556M000503 3/3 - 494 216 NA Yes ABG
7439-97-6 [MERCURY 0.06 0.11 MG/KG 054M000103 3/3 - 0.11 0.07 0.13 No BSV
7440-02-0 20 32.6 MG/KG 054M000103 3/3 - 32.6 12.4 15.9 Yes ASV & ABG
7440-09-7 [POTASSIUM 634 4540 MG/KG 556M000503 3/3 - 4540 3046 NA No Nutrient
7782-49-2 0.65 0.77 MG/KG 556M000703 2/3 0.14 0.77 ND NA Yes ESV & BG NA
7440-23-5 [SODIUM 2220 25300 MG/KG 556M000703 3/3 - 25300 13880 NA No Nutrient
7440-62-2 AL\ 5 80.1 MG/KG 556M000503 3/3 - 80.1 48.8 NA Yes ABG
7440-66-6 95.8 826 MG/KG 054M000103 3/3 - 826 71.5 124 Yes ASV & ABG




TABLE 6-3

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMCIALS OF POTENTIAL CONCERN - COOPER RIVER

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2

Shaded chemical indicates that the chemical was retained as a COPC.

Footnotes:

(1) Sample and duplicate were considered as two separate samples when determining the minimum and maximum concentrations, but as one sample
when determining the frequency of detection.

(2) Sample-specific method detection limits.

(3) The maximum detected concentration is used for screening purposes.

(4) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2005); ND indicates that
the analyte was not detected in any of the 10 reference samples.

(5) COPC rationale codes:

For selection as a COPC:

ASV & ABG: Maximum detected concentration exceeded the ecological screening value and exceeded the background value (background defined in footnote 4).

ASV: Maximum detected concentration exceeded the ecological screening value; analyte was not detected in any of 10 reference samples.
ABG: Maximum detected concentration exceeded the background value, and ecological screening value not available.
ESV & BG NA: Ecological screening value not available and analyte was not detected in any of 10 reference samples.
For elimination as a COPC:
BSV: Maximum detected concentration was equal to or less than the ecological screening value.
BBG: Maximum detected concentration was less than the background value.
Nutrient: Calcium, magnesium, potassium, and sodium are nutrients that were not considered to be COPCs.

Acronyms:
COPC: Chemical of Potential Concern
NA: Ecological screening value not available.



TABLE 6-4

CHEMICALS RETAINED AS COPCS

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Parameter

Sediment

Noisette
Creek

Shipyard Creek

Cooper
River

Semivolatile Organic Compounds

Acenaphthene

Anthracene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

XXX XXX

Bis(2-ethylhexyl)phthalate

Chrysene

Fluoranthene

XXX XXX [>X

XXX XXX [>X

Fluorene

Indeno(1,2,3-cd)pyrene

b

Phenanthrene

Pyrene

Total PAHs

XXX [X

x|X

XXX XXX

Pesticides/PCBs

4,4'-DDD

x

4,4'-DDE

x| X

Aroclor 1260

x

Dieldrin

XXX

Total DDT

Inorganics

Aluminum

Arsenic

Barium

Chromium

Cobalt

Copper

Iron

Lead

XX XXX X[ > >

Manganese

XXX XXX XXX XX

Mercury

Nickel

Selenium

X (>

Thallium

Vanadium

b

Zinc

XXX XX

Notes:

X - Chemical was retained as a COPC.




TABLE 6-5

EXPOSURE POINT CONCENTRATION
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Noisette Creek Shipyard Creek Cooper River

Parameter Fish Tissue Fish Tissue Fish Tissue
(mg/kg) (mg/kg) (mg/kg)

Semivolatile Organic Compounds
Acenaphthene NA NA 0.081
Anthracene NA NA 0.14
Benzo(A) Anthracene 0.056 0.078 0.35
Benzo (A) Pyrene 0.037 0.075 0.15
Benzo (B) Fluoranthene 0.083 0.2 0.32
Benzo (G,H,l) Perylene 0.017 0.044 0.047
Benzo (K) Fluoranthene 0.026 0.013 0.072
Bis(2-Ethylheyxl)phthalate 0.057 0.086 NA
Chrysene 0.048 0.019 0.3
Fluoranthene 0.1 0.029 2.4
Fluorene NA NA 0.13
Indeno(1,2,3-CD) Pyrene 0.018 0.011 0.017
Phenanthrene 0.026 NA 1.1
Pyrene 0.083 0.04 1.6
Pesticides/PCBs
4,4-DDD 0.0004 NA 0.00028
4,4'-DDE 0.0066 0.022 NA
Aroclor 1260 NA 0.045 0.036
Dieldrin NA 0.0019 NA
Inorganics
Aluminum NA 8230 11900
Arsenic NA 3.4 3.5
Barium NA 21.7 21.4
Chromium NA 39.3 8.0
Cobalt NA 1.9 2.3
Copper 56.2 175 507
Iron NA 8480 9180
Lead NA 21.5 10.5
Manganese NA NA 124
Mercury 0.79 0.32 NA
Nickel NA 19 18.9
Selenium 0.08 0.22 0.19
Thallium 0.048 0.11 NA
Vanadium NA 15.6 20
Zinc 297 930 1550
Notes

NA - Not applicable. Not a COPC for this media.

Maximum detected concentration was used for all exposure point concentrations.

RAGS Part D tables for the exposure point concentrations are included in Appendix P.




TABLE 6-6

SUMMARY OF EXPOSURE INPUT PARAMETERS (RME)

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Cooper River

Noisette Creek/Shipyard Creek

Exposure Parameter Adult
Recreational Adult Recreational Fisherman
Fisherman
All Exposures
Cish (Mg/kg) Estimated"" Estimated""
ED (years) 30 30
BW (kg) 70 70@
AT, (days) 10,950 10,950
AT, (days) 25,5501 25,550
Ingestion of Fish
IR (kg/meal) 0.025® 0.025®
BSAF (L/kg) Chemical Specific Chemical Specific
FI (unitless) 0.1 0.01
EF (meals/year) 350 350

Notes:

AT. = Averaging time for carcinogenic effects

AT, = Averaging time for noncarcinogenic effects

BW = Body weight

BSAF = Chemical specific biota sediment accumulation factor
Ciish = Exposure concentration for fish

ED = Exposure duration
EF = Exposure frequency

FI = Fraction ingested from contaminated source

IR = Ingestion rate

1 - Estimated from sediment concentrations (see text).
2 - USEPA, 1989: Risk Assessment Guidance for Superfund.
Vol 1: Human Health Evaluation Manual, Part A.
3 - USEPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.




TABLE 6-7

SUMMARY OF EXPOSURE INPUT PARAMETERS (CTE)
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Cooper River | Noisette Creek/Shipyard Creek
Exposure Parameter Adult ) )
Recreational Adult Recreational Fisherman
Fisherman

All Exposures

Crisn (Mg/kg) Estimated® Estimated®

ED (years) 9 9

BW (kg) 70 70

AT, (days) 3,285 3,285

AT, (days) 25,550 25,550

Ingestion of Fish

IR (kg/meal) 0.008%? 0.008?

BCF (L/kg) Chemical Specific Chemical Specific

Fl (unitless) 0.1 0.01

EF (meals/year) 350 350

Notes:

AT, = Averaging time for carcinogenic effects

AT, = Averaging time for noncarcinogenic effects

BW = Body weight

BSAF = Chemical specific biota sediment accumulation factor
Cssn = Exposure concentration for fish

ED = Exposure duration

EF = Exposure frequency

Fl = Fraction ingested from contaminated source

IR = Ingestion rate

1 - Estimated from sediment concentrations (see text).
2 - USEPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
3 - USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health



TABLE 6-8

NON-CANCER TOXICITY DATA -- ORAL/DERMAL
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal'” Primary Combined RfD:Target Organ(s)
of Potential Subchronic Efficiency Target Uncertainty/Modifying
Concern Value Units for Dermal'” Value Units Oraan(s) ® Factors Source(s) Date(s)
(MM/DD/YYYY)
Semivolatile Organic Compounds
ACENAPHTHENE Chronic 6.0E-02 mg/kg/day 1 6.0E-02 mg/kg/day Liver 3000/1 IRIS 2/17/2009
ANTHRACENE NA 3.00E-01 mg/kg/day 1 3.0E-01 mg/kg/day None Specified 3000/1 IRIS 2/17/2009
BENZO(A)ANTHRACENE NA NA NA NA NA NA NA NA NA NA
BENZO(A)PYRENE NA NA NA NA NA NA NA NA NA NA
BENZO(B)FLUORANTHENE NA NA NA NA NA NA NA NA NA NA
BENZO(G,H,I)PERYLENE™ Chronic 3.0E-02 mg/kg/day 1 3.0E-02 mg/kg/day Neurological 3000/1 IRIS 2/17/2009
BENZO(K)FLUORANTHENE NA NA NA NA NA NA NA NA NA NA
BIS(2-ETHYLHEXYL)PHTHALATE Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Liver 1000/1 IRIS 2/17/2009
CHRYSENE NA NA NA NA NA NA NA NA NA NA
FLUORANTHENE Chronic 4.0E-02 mg/kg/day 1 4.0E-02 mg/kg/day Blood, Kidney, Liver 3000/1 IRIS 2/17/2009
FLUORENE Chronic 4.0E-02 mg/kg/day 1 4.0E-02 mg/kg/day Blood 3000/1 IRIS 2/17/2009
INDENO(1,2,3-CD)PYRENE NA NA NA NA NA NA NA NA NA NA
PHENANTHRENE™ Chronic 3.0E-02 mg/kg/day 1 3.0E-02 mg/kg/day Kidney 3000/1 IRIS 2/17/2009
PYRENE Chronic 3.0E-02 mg/kg/day 1 3.0E-02 mg/kg/day Kidney 3000/1 IRIS 2/17/2009
Pesticides/PCBs
4,4'-DDD NA NA NA NA NA NA NA NA NA NA
4,4'-DDE NA NA NA NA NA NA NA NA NA NA
AROCLOR-1260 NA NA NA NA NA NA Immune NA NA NA
DIELDRIN Chronic 5.0E-05 mg/kg/day 1 5.0E-05 mg/kg/day Liver 100/1 IRIS 2/17/2009
Inorganics
ALUMINUM Chronic 1.0E+00 mg/kg/day 1 1.0E+00 mg/kg/day Body Weight 100 PPRTV 10/23/2006
ARSENIC Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/17/2009
BARIUM Chronic 2.0E-01 mg/kg/day 0.07 1.4E-02 mg/kg/day CVS 300/1 IRIS 2/17/2009
CHROMIUM"™ Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day Respiratory 300/3 IRIS 2/17/2009
CVS, Immune, Neurological,
COBALT Chronic 3.08-04 mg/kg/day 1 3.0E-04 mg/kg/day Reproductive NA ORNL 4/01/2009
COPPER Chronic 4.0E-02 mg/kg/day 1 4.0E-02 mg/kg/day GS NA HEAST 7/1997
IRON Chronic 7.0E-01 mg/kg/day 1 7.0E-01 mg/kg/day GS 1.5 PPRTV 9/11/2006
LEAD NA NA NA NA NA NA NA NA NA NA
MANGANESE (soil)™ Chronic 7.0E-02 mg/kg/day 0.04 2.8E-03 mg/kg/day Neurological 11 IRIS 2/17/2009
MERCURY™ Chronic 3.0E-04 mg/kg/day 0.07 2.1E-05 mg/kg/day Neurological 1000/1 IRIS 2/17/2009
NICKEL Chronic 2.0E-02 mg/kg/day 0.04 8.0E-04 mg/kg/day Body Weight 300/1 IRIS 2/17/2009
SELENIUM Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Hair Loss, Neurological, Skin 3/1 IRIS 2/17/2009
THALLIUM Chronic 6.5E-05 mg/kg/day 1 6.5E-05 mg/kg/day Hair Loss, Liver 3000/1 ORNL 4/1/2009
VANADIUM Chronic 5.0E-03 mg/kg/day 0.026 1.3E-04 mg/kg/day Hair Loss 300 ORNL 4/1/2009
ZINC Chronic 3.0E-01 mg/kg/day 1 3.0E-01 mg/kg/day Blood 3/1 IRIS 2/17/2009
Notes: Definitions:
1-U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System
Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system
2 - Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. GS = Gastrointestinal
Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, F.A.C., Florida Department of Environmental
Protection (FDEP), April 2005.
3 - Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, F.A.C., Florida Department of Environmental Protection (FDEP), HEAST = Health Effects Assessment Summary Tables
April 2005. IRIS = Integrated Risk Information System

4 - Values are for hexavalent chromium. NA = Not Available.
5 - Adjusted IRIS value in accordance with USEPA Region | Risk Update Number 4, November 1996. ORNL = Oak Ridge National Laboratory, Regional Screening Levels for Chemical Contaminants
6 - Values are for mercuric chloride. at Superfund Sites, April 2009.

PPRTV = Provisional Peer Reviewed Toxicity Values




TABLE 6-9

NON-CANCER TOXICITY DATA -- INHALATION
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Chemical Chronic/ Inhalation RfC Extrapolated RfD" Primary Combined RfC : Target Organ(s)
of Potential Subchronic Target Uncertainty/Modifying
Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)
(MM/DD/YYYY)

Semivolatile Organic Compounds
ACENAPHTHENE NA NA NA NA NA NA NA NA NA
ANTHRACENE NA NA NA NA NA NA NA NA NA
BENZO(A)ANTHRACENE NA NA NA NA NA NA NA NA NA
BENZO(A)PYRENE NA NA NA NA NA NA NA NA NA
BENZO(B)FLUORANTHENE NA NA NA NA NA NA NA NA NA
BENZO(G,H,)PERYLENE NA NA NA NA NA NA NA NA NA
BENZO(K)FLUORANTHENE NA NA NA NA NA NA NA NA NA
BIS(2-ETHYLHEXYL)PHTHALATE NA NA NA NA NA NA NA NA NA
CHRYSENE NA NA NA NA NA NA NA NA NA
FLUORANTHENE NA NA NA NA NA NA NA NA NA
INDENO(1,2,3-CD)PYRENE NA NA NA NA NA NA NA NA NA
PHENANTHRENE NA NA NA NA NA NA NA NA NA
PYRENE NA NA NA NA NA NA NA NA NA
Pesticides/PCBs
4,4'-DDD NA NA NA NA NA NA NA NA NA
4,4'-DDE NA NA NA NA NA NA NA NA NA
AROCLOR-1260 NA NA NA NA NA NA NA NA NA
DIELDRIN NA NA NA NA NA NA NA NA NA
Inorganics
ALUMINUM Chronic 5.0E-03 mg/m® 1.4E-03 (mg/kg/day) CNS 300 PPRTV 10/23/2006
ARSENIC Chronic 1.50E-05 mg/m° 4.3E-06 (mg/kg/day) NA NA ORNL 4/1/2009
BARIUM Chronic 5.0E-04 mg/m® 1.4E-04 (mg/kg/day) Fetotoxicity 1000/1 HEAST 9/97
CHROMIUM Chronic 1.0E-04 mg/m° 2.9E-05 (mg/kg/day) Respiratory 300/1 IRIS 2/18/2009
COBALT Chronic 6.0E-06 mg/m3 1.7E-06 (mg/kg/day) Respiratory NA ORNL 4/1/2009
COPPER NA NA NA NA NA NA NA NA NA
IRON NA NA NA NA NA NA NA NA NA
LEAD NA NA NA NA NA NA NA NA NA
MANGANESE Chronic 5.0E-05 mg/m® 1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 2/18/2009
MERCURY NA NA NA NA NA NA NA NA NA
NICKEL Chronic 9.00E-05 mg/m® 2.6E-05 (mg/kg/day) NA NA ORNL 4/1/2009
SELENIUM Chronic 2.00E-02 mg/m° 5.7E-03 (mg/kg/day) NA NA ORNL 4/1/2009
THALLIUM NA NA NA NA NA NA NA NA NA
VANADIUM NA NA NA NA NA NA NA NA NA
ZINC NA NA NA NA NA NA NA NA NA
Notes: Definitions:

1 - Extrapolated RfD = RfC *20m*/day / 70 kg

CNS = Central Nervous System

HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System

NA = Not Applicable

ORNL = Oak Ridge National Laboratory, Regional Screening Levels for Chemical Contaminants at Superfund Sites, April, 2009.
PPRTV = Provisional Peer Reviewed Toxicity Values




TABLE 6-10

CANCER TOXICITY DATA -- ORAL/DERMAL

CHARLESTON NAVAL COMPLEX

ZONE J

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF
of Potential Efficiency for Dermal® Cancer Guideline
Concern Value Units for Dermal'” Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

Semivolatile Organic Compounds
ACENAPHTHENE NA NA NA NA NA NA NA NA
ANTHRACENE NA NA NA NA NA NA NA NA
BENZO(A)ANTHRACENE™ 7.3E-01 (ma/ka/day)’ 1 7.3E-01 (ma/ka/day)’ B2 / Probable human carcinogen USEPA(1) 7/1993
BENZO(A)PYRENE™ 7.3E+00 (malkg/day)’ 1 7.3E+00 (malkg/day)’ B2 / Probable human carcinogen IRIS 2/19/2009
BENZO(B)FLUORANTHENE®™ 7.3E-01 (ma/ka/day)” 1 7.3E-01 (ma/ka/day)’ B2 / Probable human carcinogen USEPA(1) 7/1993
BENZO(G,H,)PERYLENE NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
BENZO(K)FLUORANTHENE®™ 7.3E-02 (ma/ka/day)” 1 7.3E-02 (ma/ka/day)’ B2 / Probable human carcinogen USEPA(1) 7/1993
BIS(2-ETHYLHEXYL)PHTHALATE 1.4E-02 (mglkg/day)’ 1 1.4E-02 (malkg/day)’ B2 / Probable human carcinogen RIS 2/19/2009
CHRYSENE™ 7.3E-03 (malka/day)”’ 1 7.3E-03 (malka/day)’ B2 / Probable human carcinogen USEPA(1) 7/1993
FLUORANTHENE NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
FLUORENE NA NA NA NA NA NA NA NA
INDENO(1,2,3-CD)PYRENE™ 7.3E-01 (ma/kg/day)” 1 7.3E-01 (mg/kg/day)” B2 / Probable human carcinogen USEPA(1) 7/1993
PHENANTHRENE NA NA NA NA NA NA NA NA
PYRENE NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
Pesticides/PCBs
4,4'-DDD 2.4E-01 (mglkg/day)’ 1 2.4E-01 (malkg/day)’ B2 / Probable human carcinogen IRIS 2/19/2009
4,4'-DDE 3.4E-01 (mg/kg/day)” 1 3.4E-01 (mg/kg/day)” B2 / Probable human carcinogen IRIS 2/19/2009
AROCLOR-1260 2.0E+00 (mgalkg/day) ' 1 2.0E+00 (malkg/day)’ B2 / Probable human carcinogen USEPA(2) 9/1996
DIELDRIN 1.6E+01 (mg/kg/day)” 1 1.6E+01 (mg/kg/day)” B2 / Probable human carcinogen IRIS 2/19/2009




TABLE 6-10

CANCER TOXICITY DATA -- ORAL/DERMAL

CHARLESTON NAVAL COMPLEX

ZONE J

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF
of Potential Efficiency for Dermal® Cancer Guideline
Concern Value Units for Dermal'” Value Units Description Source(s) Date(s)
(MM/DD/YYYY)
Inorganics
ALUMINUM NA NA NA NA NA NA NA NA
ARSENIC 1.5E+00 (mglkg/day)’ 1 1.5E+00 (malkg/day)’ A / Known/likely human carcinogen RIS 2/19/2009
BARIUM NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
CHROMIUM NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
COBALT NA NA NA NA NA NA NA NA
COPPER NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
IRON NA NA NA NA NA NA NA NA
LEAD NA NA NA NA NA B2 / Probable human carcinogen RIS 2/19/2009
MANGANESE NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
MERCURY NA NA NA NA NA C / Possible Human Carcinogen RIS 2/19/2009
NICKEL NA NA NA NA NA NA NA NA
SELENIUM NA NA NA NA NA NA NA NA
THALLIUM NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
VANADIUM NA NA NA NA NA NA NA NA
ZINC NA NA NA NA NA D / Not classifiable as to human carcinogenicity RIS 2/19/2009
Notes:

1 - USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance
for Dermal Risk Assessment) Interim. EPA/540/R/99/005.

2 - Adjusted cancer slope factor for dermal =
Oral cancer slope factor / Oral Absorption Efficiency for Dermal.

3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action. These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing Susceptibility
from Early-Life Exposure to Carcinogens (2005).

HEAST = Health Effects Assessment Summary Tables
IRIS = Integrated Risk Information System.

NA = Not Available.

ORNL = Oak Ridge National Laboratory, Regional Screening Levels for Chemical Contaminants at Superfund Sites, April, 2009.

PPRTV = Provisional Peer Reviewed Toxicity Values

USEPA(1) = USEPA, Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.
USEPA(2) = USEPA, PCBs: Cancer Dose-Response Assessment and Applications to Environmental Mixtures, September 1996, EPA/600/P-96/001F.




TABLE 6-11

CANCER TOXICITY DATA -- INHALATION
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 1 OF 2
Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF
of Potential Slope Factor'" Cancer Guideline
Concern Value Units Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

Semivolatile Organic Compounds
ACENAPHTHENE NA NA NA NA NA NA NA
ANTHRACENE NA NA NA NA NA NA NA
BENZALDEHYDE NA NA NA NA NA NA NA
BENZO(A)ANTHRACENE® 1.1E-04 (ugim®’ 3.9E-01 (mg/kg/day)” NA ORNL 9/12/2008
BENZO(A)PYRENE® 1.1E-03 (ugim®" 3.9E+00 (mg/kg/day)” NA ORNL 9/12/2008
BENZO(B)FLUORANTHENE® 1.1E-04 (ugim®’ 3.9E-01 (mg/kg/day)” NA ORNL 9/12/2008
BENZO(G,H,|)PERYLENE NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
BENZO(K)FLUORANTHENE® 1.1E-04 (ugim®’ 3.9E-01 (mg/kg/day)” NA ORNL 9/12/2008
BIS(2-ETHYLHEXYL)PHTHALATE 2.40E-06 (ug/ma)'1 8.4E-03 (mg/kg/day)'1 NA ORNL 9/12/2008
CHRYSENE® 1.1E-05 (ugim®’ 3.9E-02 (mg/kg/day)” NA ORNL 9/12/2008
FLUORANTHENE NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
FLUORENE NA NA NA NA NA NA NA
INDENO(1,2,3-CD)PYRENE® 1.1E-04 (ugim®" 3.9E-01 (mg/kg/day)” NA ORNL 9/12/2008
PHENANTHRENE NA NA NA NA NA NA 9/12/2008
PYRENE NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
Pesticides/PCBs
4,4'-DDD 6.9E-05 (ug/m )'1 2.4E-01 NA NA ORNL 9/12/2008
4,4'-DDE 9.7E-05 (ug/m®)” 3.4E-01 NA NA ORNL 9/12/2008
AROCLOR-1260 5.7E-04 (ug/ma)'1 2.0E+00 (mg/kg/day)'1 B2 / Probable human carcinogen USEPA(2) 9/1996
DIELDRIN 4.6E-03 (ugim®y’ 1.6E+01 (mg/kg/day)” B2 / Probable human carcinogen IRIS 2/19/2009
Inorganics
ALUMINUM NA NA NA NA NA NA NA
ARSENIC 4.3E-03 (ug/m®)’ 1.5E+01 (mg/kg/day)” . IRIS 2/19/2009
BARIUM NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
CHROMIUM 8.4E-02 (ug/m®)” 2.9E+02 (mg/kg/day)” A/ Known human carcinogen RIS 2/19/2009
COBALT 9.0E-03 (ug/m®)” 3.2E+01 (mg/kg/day)” NA ORNL 9/12/2008
COPPER NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
IRON NA NA NA NA NA NA NA
LEAD NA NA NA NA B2 / Probable human carcinogen IRIS 2/19/2009
MANGANESE NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
MERCURY NA NA NA NA C / Possible Human Carcinogen IRIS 2/19/2009
NICKEL 2.6E-04 (ug/m®)” 9.1E-01 (mg/kg/day)” NA ORNL 9/12/2008
SELENIUM NA NA NA NA NA NA NA




TABLE 6-11

CANCER TOXICITY DATA -- INHALATION
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF
of Potential Slope Factor'" Cancer Guideline
Concern Value Units Value Units Description Source(s) Date(s)
(MM/DD/YYYY)

THALLIUM NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009
VANADIUM NA NA NA NA NA NA NA
ZINC NA NA NA NA D / Not classifiable as to human carcinogenicity IRIS 2/19/2009

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg / 2Om3/day.

2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action. These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for
Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

IRIS = Integrated Risk Information System.

NA = Not Available.

ORNL = Oak Ridge National Laboratory, Regional Screening Levels for Chemical Contaminants at Superfund Sites, April 2009.

USEPA(2) = USEPA, PCBs: Cancer Dose-Response Assessment and Applications to Environmental Mixtures, September 1996, EPA/600/P-96/001F.




TABLE 6-12

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURES

ZONE J

CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an
> 10" >10° and <10* >10° and < 10°° Target Organ HI > 1
Noisette Creek
[Adult Recreational Users [Sediment Fish Ingestion 6E-07 - - - 0.04 -
Total All Media 6E-07 0.04
Shipyard Creek
[Adult Recreational Users [Sediment Fish Ingestion 9E-06 Arsenic 1 --
Total All Media 9E-06 1
Cooper River
. . . Benzo(a)anthracene,
Fish Ingestion 1E-04 B LA 2 -
Adult Recreational Users Sediment I gest enzo(ajpyrene, Arsenic Benzo(b)fluoranthene
Total All Media 1E-04




TABLE 6-13

SUMMARY OF CANCER RISKS AND HAZARD INDICES - CENTRAL TENDENCY EXPOSURE

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an
>10* >10° and <10 >10°and <10° Target Organ HI > 1
Noisette Creek
[Adult Recreational Users [Sediment [Fish Ingestion 5E-08 -- - - [ 001 ] -
[Total All Media 5E-08 0.01
Shipyard Creek
[Adult Recreational Users [Sediment [Fish Ingestion 8E-07 -- - - [ 0.1 [ -
[Total All Media 8E-07 0.1
Cooper River
[Adult Recreational Users [Sediment [Fish Ingestion 1E-05 - - [ Benzo(a)pyrene, Arsenic | 1 | -
[Total All Media 1E-05 1
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7.0 ECOLOGICAL RISK ASSESSMENT

Ecological risk assessments were conducted for Zone J to evaluate the potential for adverse ecological
impacts of CNC-related contamination and to determine the appropriate path forward (e.g., no further
action, remediation, monitoring). Separate ecological risk assessments were conducted for
Noisette Creek, Shipyard Creek, and the Cooper River. The ecological risk assessments were conducted
in accordance with USEPA and Navy guidance (USEPA, 1997c; 2001b; Navy, 1999). The ecological risk
assessments consisted of Steps 1 and 2 and the initial portion of Step 3 of the eight-step ecological risk
assessment process described by USEPA (1997c). The initial portion of Step 3 (hereinafter referred to as
Step 3A) equates to the initial portion of Tier 2 of the Navy's three-tier ecological risk assessment

process.

Steps 1 through 3A consist of the following:

Step 1 Screening-Level Problem Formulation and Ecological Effects Evaluation
Step 2 Screening-Level Exposure Estimate and Risk Calculation
Step 3A Refinement of Preliminary COPCs

Section 7.1.1 describes the environmental setting at CNC and Zone J. Contaminant sources, migration
pathways, and contaminant fate and transport are summarized in Section 7.1.2. The ecotoxicity of
contaminants associated with Zone J is described in Section 7.1.3. Section 7.1.4 describes complete
exposure pathways, and Section 7.1.5 provides preliminary assessment and measurement endpoints.
Sections 7.2, 7.3, and 7.4 describe the screening-level ecological effects evaluation, exposure estimates,
and risk calculation, respectively. Section 7.5 describes the refinement of preliminary COPCs.
Uncertainties inherent in the ecological risk assessments are discussed in Section 7.6. The summary

and conclusions of the ecological risk assessments are provided in Section 7.7.

7.1 SCREENING LEVEL PROBLEM FORMULATION

711 Environmental Setting and Site Description

The CNC is a 1,575 acre complex located in North Charleston on the west bank of the Cooper River in
Charleston Harbor (Figure 1-1), which is formed by the confluence of the Cooper, Ashley, and Wando
Rivers. The CNC area is relatively flat and low-lying. Most of the land surface slope is less than
2 percent. The land elevation in the area ranges from 2 to 11 meters MLW, and most of the CNC land

surface lies below 3.7 meters MLW. The land use in the area is predominantly impervious heavy
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industrial. Other land uses include light industrial, commercial use, residential, grassy fields, and

marshes.

The Charleston Navy Base was closed in 1996. During Navy operations, the facility performed various
tasks related primarily to ship repair and maintenance (EnSafe 2003a). CNC currently supports several
private and federal entities that use the docks and piers, including Detyens Shipyards, Charleston
International Port, Charleston Shipbuilders, Inc., NOAA, and the USCG.

Zone J encompasses portions of the Cooper River, Shipyard Creek, and Noisette Creek, all of which are
within the Charleston Harbor estuary. Zone J is subjected to the twice-daily tidal ebb and flow, which mix
salt water and fresh water and transport sediments and contaminants within the estuary. The salinity in
Shipyard Creek, Noisette Creek, and the Cooper River varies depending on rainfall and tidal conditions,
but the average daily mean salinity in the Cooper River at CNC is about 11 parts per thousand (ppt) at the
surface and 14 ppt at the river bottom (ECT, 2003). The average salinity in Noisette Creek where
sediment samples were collected is approximately 13 ppt at low tide and 15 ppt at high tide (ECT, 2003).
Salinity data for Shipyard Creek were not available, but Shipyard Creek is near stagnant except for tidal
flow, and the salinity where samples were collected for this study is probably similar to that in Noisette

Creek and the Cooper River.

The marshes and open water habitats of Charleston Harbor, including the Cooper River, Shipyard Creek,
and Noisette Creek, support a diverse assemblage of flora and fauna. Estuarine marshes near open
water at CNC are dominated by cordgrass (Spartina spp) and black needlerush (Juncus roemerianus).
Several marshes merge with scrub-shrub wetlands where common plants include wax myrtle (Myrica

cerifera), groundsel tree (Baccharis halimifolia), and salt marsh elder (lva frutescens).

The lower Cooper River supports finfish species such as Atlantic menhaden (Brevoortia tyrannus), bay
anchovy (Anchoa mitchilli), silver perch (Bairdiella chrysoura), weakfish (Cynoscion regalis), spot
(Leiostomus xanthurus), Atlantic croaker (Micropogonias undulatus), red drum (Sciaenops ocellatus), star
drum (Stellifer lanceolatus), summer flounder (Paralichtys dentatus) and southern flounder
(P. lethostigma), as well as invertebrate species such as white shrimp (Litopenaeus setiferus), brown
shrimp (Farfantepenaeus aztecus), and crabs (Van Dolah et al., 1990). These species likely occur in the
channels of tidal creeks such as Noisette and Shipyard Creeks. Aquatic species that frequent the
marshes at CNC during high tides include mummichog (Fundulus heteroclitus) and grass shrimp

(Palaemonetes vulgaris and P. pugio).
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7111 Noisette Creek

Noisette Creek is a tidal tributary of the Cooper River. It flows eastward through CNC’s former golf
course into the Cooper River near the north end of Zone J (Figure 1-2). Noisette Creek varies from about
80 to 110 feet wide in the 0.5 mile segment that passes through CNC. Some portions of the creek are
bordered by steep-sided banks that are 3 to 6 feet above the water. Vegetation atop the banks includes
various trees and shrubs, especially Southern hackberry (Celtis laevigata), wax myrtle, groundsel tree,
live oak (Quercus virginiana), privet (Ligustrum sp.), eastern red cedar (Juniperus silicicola), yaupon (llex
vomitoria), saw palmetto (Serenoa repens), mulberry (Morus sp.), chokecherry (Prunus virginiana),
French tamarisk (Tamarix gallica), and black willow (Salix nigra). Other portions of Noisette Creek lack
steep banks, and these portions of the creek pass through marshy wetlands dominated by smooth

cordgrass (Spartina alterniflora), salt meadow cordgrass (S. patens), and black needlerush.

A variety of fish, crustaceans, and mollusks inhabit Noisette Creek. Wading birds such as herons and
egrets, shorebirds, and mammals such as raccoons (Procyon lotor) are known to forage in the intertidal
mudflats and marshes along the creek. Marsh-related mammals such as rice rats (Oryzomys palustris),
marsh rabbits (Sylvilagus aquaticus), and mink (Mustela vison) presumably occur along some portions of
the creek. Noisette Creek receives surface water drainage from CNC as well as from off-base property
and upstream sources. Several stormwater outfalls discharge into Noisette Creek as it passes through
CNC.

Riverfront Park, operated by the City of North Charleston, is located on the south side of Noisette Creek
at its confluence with the Cooper River. The park encompasses approximately 10 acres of property that
was formerly part of the Charleston Naval Base golf course, and provides an opportunity for the public to

access the Cooper River waterfront.

71.1.2 Shipyard Creek

Shipyard Creek flows into the Cooper River at the south end of Zone J (Figure 1-2), and separates the
southern end of the CNC from the Charleston peninsula. The lower 1-mile portion of Shipyard Creek
consists of dredged navigation channels and two turning basins, and is approximately 600 to 1,000 feet
wide. Upstream of the turning basins, the creek is shallow and about 10 to 30 feet wide at low tide.
Estuarine intertidal marsh habitat is present along the eastern bank of the lower 1-mile portion of the
creek, and along both sides of the creek farther upstream. Marsh vegetation along the creek is primarily
cordgrass. The marsh is about 1,000 feet wide at the upper end of the turning basin and narrows to
about 30 feet wide where sediment samples were collected on April 30, 2008 (Figure 1-2). Riparian
vegetation along the upland edge of the marsh consists of the same species of trees and shrubs as

described above for Noisette Creek.
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The Cooper River Marina is located at the confluence of Shipyard Creek and the Cooper River. Industrial
facilities along the western shoreline of the lower portion of Shipyard Creek include the Macalloy
Corporation, Foster Wheeler Resource Recovery Plant, Chevron Products Co., and Kinder Morgan Bulk

Terminal (known locally as Shipyard River Terminal) (EnSafe 2003a).

The intertidal mudflats and marshes in the non-industrial areas along Shipyard Creek provide habitat for
numerous aquatic and wildlife species such as shorebirds, wading birds, and mammals such as

raccoons, rice rats, marsh rabbits, and mink.

7113 Cooper River

The Cooper River flows south past CNC and empties into Charleston Harbor, which is formed by the
confluence of the Cooper, Ashley, and Wando Rivers. The U.S. Army Corps of Engineers maintains a
navigation channel along the CNC waterfront. Most of the CNC waterfront along the Cooper River is
industrialized, consisting of 25 piers and five dry docks; this portion of the waterfront is protected by a
wooden and/or concrete seawall. The northern and southern portions of the CNC waterfront are less
industrialized; the shorelines in these areas consist of riprap, with scattered patches of cordgrass in some

shallow shoreline areas.

71.1.4 Threatened and Endangered Species

Animal and plant species that are federally-listed or state-listed as endangered, threatened, or otherwise
of concern at CNC were recently evaluated as part of an Environmental Impact Statement (EIS)
associated with a proposed marine container terminal at CNC (USACE, 2006). When preparing the EIS,
the U.S. Army Corps of Engineers contacted the U.S. Fish and Wildlife Service (USFWS), the National
Marine Fisheries Service, and SCDNR for information on endangered or threatened species and other
sensitive species in the study area, and conducted field surveys for protected species and their habitats.
The study area for the EIS included the entire CNC plus about 2 to 2 miles surrounding the CNC
(Figure 4.18-1 of USACE, 2006). Information gathered for the EIS on the area’s threatened and
endangered species is discussed below.

No federally-listed or state-listed plants are known to occur at CNC (USACE, 2006). The only federally-
listed animal species known to occur in the vicinity of the CNC are the American alligator (Alligator
mississippiensis), West Indian manatee (Trichechus manatus), loggerhead turtle (Caretta caretta) and

shortnose sturgeon (Acipenser brevirostrum).
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The alligator is federally-listed as “threatened due to similarity of appearance.” Alligators are common in
coastal South Carolina, and the alligator is not actually endangered or threatened. “Similarity of
appearance” to a listed species is a regulatory designation used to facilitate the enforcement of the
Endangered Species Act; the designation is used when a species is so similar to a listed species that
enforcement personnel would have substantial difficulty in attempting to differentiate between the listed
and unlisted species. The alligator has this designation due to its similarity of appearance to the
endangered American crocodile (Crocodylus acutus) and other rare crocodilians. Although no alligators
were observed at CNC during surveys conducted for the EIS, alligators are known to occur in the vicinity
and transient individuals could potentially occur in freshwater and brackish habitats at CNC (USACE,
20086).

Manatees, federally-listed as endangered, sometimes enter Charleston Harbor in the summer as they

migrate up and down the coast. They are occasionally observed in the Cooper River (USACE, 2006).

Loggerhead turtles, federally-listed as threatened, migrate up and down South Carolina’s coast and are
often observed in the entrance to Charleston Harbor during spring, summer, and fall. They are rarely

seen in the Cooper River and its estuarine system (USACE, 2006).

Shortnose sturgeon, federally-listed as endangered, spend most of their lives in fresh and brackish water,
only rarely venturing into the ocean. Shortnose sturgeon spawn in fresh water, and the nearest known
spawning habitat is more than 40 miles upriver from CNC (USACE, 2006). Shortnose sturgeon could
occur in the Cooper River near CNC but it would be unlikely for them to be in small tributaries such as

Noisette and Shipyard Creeks.

Several state-listed animal species have been recorded as occurring in Charleston County, but only the
bald eagle (Haliaeetus leucocephalus), least tern (Sterna antillarum), and brown pelican (Pelecanus
occidentalis) are known to occur at CNC. The bald eagle is state-listed as endangered. The USFWS
removed the bald eagle from the federal list of threatened and endangered species in 2007. Bald eagles
are occasionally seen at CNC, but no eagle nests are known to exist at CNC (USACE, 2006). The least
tern, state-listed as threatened, nests in low-lying sandbars or on graveled rooftops in lieu of beaches.
There is no active nesting of least terns at CNC, but nesting has occurred on rooftops at CNC as recently
as 2003 (USACE, 2006). Brown pelicans, classified as a State Species of Concern, were commonly
seen in flight during field surveys at CNC (USACE, 2006). Brown pelicans nest on remote natural and
dredged-material islands along the coast. There are no nesting sites of brown pelicans or any colonial
waterbird species at CNC (USACE, 2006).
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71.2 Contaminant Sources, Migration Pathways, Fate and Transport

Numerous contaminant sources have been associated with CNC and have potentially contributed to
sediment contamination in Zone J water bodies (Cooper River, Noisette Creek, and Shipyard Creek).
The former Charleston Navy Base was the Navy’s third largest home port until 1996 when the base was
closed. During Navy operations, the facility performed various tasks related primarily to ship repair and
maintenance (EnSafe 2003a). The former Navy base operated approximately 18 major industrial shops,
and generated waste materials such as paint wastes, solvents, boiler cleaning solutions, acids, sludge
from metal plating at the ship pretreatment facility, and small quantities of radiologically contaminated
hazardous waste (USACE, 2006). CNC currently supports several private and federal entities that use
the docks and piers, including Detyens Shipyards, Charleston International Port, Charleston Shipbuilders,
Inc., NOAA, and the U.S. Coast Guard. The Zone J water bodies receive storm water runoff and other
inputs from numerous point and nonpoint discharges, including several NPDES outfalls. Several onshore
sites that previously contributed contaminants to Zone J have been remediated; such sites no longer
pose potential risks to human health or the environment and have been closed under the RCRA process.

Final decisions regarding some AOCs, however, have not been resolved.

The watershed comprised by CNC is made up of 98 sub-basins. Some of these basins are drained by
complex systems that consist of catchments, inlets, storm sewer pipes, manholes, detention ponds, flow
control structures, and outfall structures. Others do not have any associated drainage structures, and
instead, storm water runoff drains directly to receiving waters in natural swales and ditches, or via sheet
flow. There are 86 known storm water outfalls at CNC. Five outfalls drain into Shipyard Creek, 15
outfalls drain into Noisette Creek, and the remaining outfalls drain into the Cooper River. Most outfall
structures are reinforced concrete pipes or corrugated metal pipes. About eight percent of the upland
watershed drained by Noisette Creek is within CNC property, and the remainder is within the city of North
Charleston. About 29 percent of the upland watershed drained by Shipyard Creek is within CNC

property, and the remainder is within the urban area west of CNC.

CNC-related contamination could enter Noisette Creek, Shipyard Creek, and/or the Cooper River by one

or more of three scenarios:

e Transport of storm water through the storm sewer system of pipes, culverts, and outfalls
e Transport of storm water via overland sheet flow

¢ Groundwater-to-surface water discharge.
The above scenarios have been investigated in previous Zone J investigations, and the degree to which

each of the migration pathways contributes, or has contributed, contaminants to Zone J is beyond the

scope of this report.
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71.3 Ecotoxicity and Potential Receptors

PAH compounds in most animal species are metabolized by a mixed-function oxidase enzyme system
into intermediates that may be toxic, mutagenic, or carcinogenic to the host. Some invertebrate species
cannot efficiently metabolize PAHs (Eisler, 2000), and PAHs can be chronically toxic to those species, but
overall, very little is known about the toxicological mechanisms of PAHs in invertebrates (Erstfield and
Snow-Ashbrook, 1999). PAHs can bind to cellular macromolecules and thereby disrupt their function in
higher level organisms such as mammals and birds. Biological macromolecules include polymers of
carbohydrates (e.g., starch), amino acids (proteins), and nucleotides (e.g., DNA). The cellular functions
of these polymers include structure, energy storage, energy transfer, material transport, and the storage
and transmittal of genetic information. PAHs show little tendency to biomagnify in the food web (Eisler,
2000). Microbial metabolism is the major process for degradation of PAHs in soil (ATSDR, 1997).

In general, phthalates have a low acute toxicity to animals (Amdur et al., 1991). Chronic oral exposures,
however, have been shown to result in liver toxicity in mammals. Ingested phthalates metabolize to
monoesters in the gut and are subsequently absorbed. Following absorption, phthalates distribute
primarily to the liver and kidneys and in some species, concentrate in the testes (Rhodes et al., 1986).
Liver carcinogenesis has been observed (ATSDR, 1997). Many receptors are able to metabolize and

excrete phthalate esters, so their ability to bioaccumulate varies among species.

Organochlorine pesticides are reproductive and nervous system toxins. Although these compounds were
used as insecticides, they are toxic to other animals as well. Acute exposures primarily affect the nervous
system, while chronic exposures can affect the liver and endocrine systems of higher animals.
Organochlorine pesticides are lipophilic and can be stored in the fatty tissue of organisms such as birds
and mammals. In birds of prey they can cause reproductive failure through eggshell thinning and
disruption of egg-laying and nesting cycles (Amdur et al., 1991). Organochlorine pesticides were

developed to control insects that damage crops, and as a result, they are practically non-toxic to plants.

PCBs are highly lipophilic, and can bioaccumulate in animals. PCBs can accumulate in offspring through
placental transfer in mammals and accumulation in bird eggs, and can accumulate in upper trophic level
animals such as carnivorous birds and mammals that feed on contaminated prey items (Eisler, 2000). In
animals, the primary effect associated with PCB exposure is the induction of liver enzyme systems.
These enzymes are associated with detoxification mechanisms and with the metabolism of hormones.
Adverse reproductive effects observed with PCB exposure are associated with induction of the enzyme
systems. The toxicity of PCBs to mammals and birds varies, depending on the particular PCB and the

animal species. PCBs are not water soluble and accumulate to a much greater degree in animals than in
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plants. Nevertheless, plant-related effects of PCB exposure can include slower growth, reduced

chlorophyll content, and diminished photosynthesis (USEPA, 1999a).

It is difficult to make generalizations about the toxic actions of metals because of diverse affinities for
organic molecules in biologic structures, a wide array of biological effects, and a multiplicity of target
organs and systems (Amdur et al., 1991). At the molecular level, metals can manifest toxicity in many
ways, including selectively accumulating in target organs (such as the kidneys), substituting for “essential”
metals, and mimicking essential substrates (Clarkson, 1983). The reactions of metals at the molecular
level typically affect enzyme systems, leading to disruption of cellular transport, cellular respiration, cell
division, and other physiological processes. Metal toxicity to aquatic organisms is manifested through a

broad spectrum of effects that may range from a reduction in growth rate to death.

714 Complete Exposure Pathways

Benthic organisms (i.e., invertebrate organisms that live on or in sediment) and aquatic organisms in
Noisette Creek, Shipyard Creek, and the Cooper River could be exposed to sediment and surface water

contaminants through ingestion and direct contact.

Higher trophic level animals such as piscivorous birds and mammals that forage in the same three water
bodies could be exposed to sediment and surface water contaminants through direct contact with surface
water and sediment, incidental ingestion of surface water and sediment, and consumption of
contaminated food items. Some animals could also come into contact with contaminants in surface water
through drinking, although this exposure route represents a negligible portion of total exposure for most

receptors (Sample et al., 1996).

With the above factors in mind, complete exposure pathways and routes of entry into biota in Noisette

Creek, Shipyard Creek, and the Cooper River consist of:

o direct contact with sediment and surface water
e ingestion of sediment and surface water

e Ingestion of contaminated food items.

Ecological receptors at Zone J could be exposed to contaminants in surface water, so surface water
represents a theoretically complete exposure pathway. As discussed in Section 4.0, however,
evaluations of surface water samples collected during previous investigations at Zone J have indicated
that surface water concentrations at Zone J are similar to surface water concentrations throughout the
harbor, and ecological risks posed by CNC-related chemicals in Zone J surface water are negligible.

Because of this, and since sediments integrate contaminants over time and often indicate a history of
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contamination to a greater extent than surface water, the BCT, which includes representatives of
SCDHEC and other Natural Resource Trustees, decided that sampling activities conducted in 2008 would
focus on sediment. Therefore, this ecological risk assessment evaluates sediment samples collected in

2008, and does not include an evaluation of surface water data.

71.5 Preliminary Assessment and Measurement Endpoints

An assessment endpoint is “an explicit expression of the environmental value that is to be protected,”
while a measurement endpoint is “a measurable ecological characteristic that is related to the valued
characteristic chosen as the assessment endpoint” (USEPA, 1997c). Measurement endpoints represent

the assessment endpoints chosen for a site, and are measures of biological effects (USEPA, 1997c).

USEPA Region 4 has specified that assessment endpoints for screening-level assessments should be
broad and generic. For the Zone J screening level assessments, the preliminary assessment endpoint is
the protection of benthic biota and piscivorous wildlife from adverse effects of chemicals on their growth,
survival, and reproduction. The term “piscivorous” is used here in a broad sense to describe birds and
mammals that prey not only upon fish, but on a variety of crustaceans and mollusks. The preliminary
measurement endpoints are chemical concentrations in sediment that are associated with no adverse
effects on growth, survival, and reproduction of benthic organisms. The measurement endpoints are
represented by USEPA Region 4 ESVs for sediment.

The sediment ESVs are based on conservative endpoints and sensitive ecological effects data, and thus,
the screening values represent chemical concentrations associated with a low probability of unacceptable
risks to ecological receptors. For this reason, USEPA Region 4 considers their sediment screening
values to be protective of benthic invertebrates as well as upper level receptors such as birds and
mammals. In the screening level ecological risk assessment, therefore, a distinction is not made between
measurement endpoints associated with direct toxicity to benthic invertebrates and measurement

endpoints associated with food chain effects.

7.2 SCREENING-LEVEL ECOLOGICAL EFFECTS EVALUATION

Sediment ESVs used in the screening level ecological risk assessment were those established by
USEPA Region 4 (USEPA, 2001c). If the maximum detected concentration of a chemical in sediment
was equal to or less than the ESV, the chemical was eliminated from further consideration for that
medium. If the maximum concentration exceeded the ESV, or if a screening value was not available, the

chemical was retained for further evaluation.
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7.3 SCREENING-LEVEL EXPOSURE ESTIMATE

As discussed in Section 1, previous evaluations indicated that a potential for adverse ecological effects
potentially linked to CNC landside sites existed in five areas at Zone J, and the BCT determined that a
more thorough assessment was warranted for these areas. The five areas consist of three locations in

the Cooper River, one location in Noisette Creek, and one location in Shipyard Creek.

Nine sediment samples (plus one field duplicate) were collected April 30, 2008, for the current sediment
evaluation. Three samples were collected from the Cooper River, three samples and a field duplicate
were collected in Noisette Creek, and three samples were collected in Shipyard Creek (Figure 1-4. Five
of the nine locations (009M0004, 054M0001, 556M0005, 556M0007, and NOIM0004) had previously

been sampled in December 2005.

The April 2008 Noisette Creek sediment sample locations were centered on location NOIM0004, which is
approximately 650 feet from the mouth of the creek (Figure 1-2) at the former location of a bridge
crossing (see photos in Appendix M). Noisette Creek sample NOIM001103 was collected approximately
50 feet upstream from sample NOIM000403. Sample NOIM001203 and a field duplicate were collected
approximately 50 feet downstream from NOIM000403.

The three Shipyard Creek sediment samples collected on April 30, 2008 were centered on location
009MO0004, approximately 1.6 miles from the mouth of the creek (Figure 1-2; see photos in Appendix M).
Sediment sample 009M001603 was collected approximately 50 feet downstream of sample 009M000403.
Sample 009M001703 was collected approximately 50 feet upstream of sample 009M000403.

One sediment sample was collected on April 30, 2008, at each of the three Cooper River locations
(054M0001, 556M0005, 556M0007) where sediment contaminants were previously elevated. Sample
location 054M0001, which was the northernmost of the three Cooper River sample locations (Figure 1-2),
was in a transition zone between industrialized and naturally vegetated shoreline; the shoreline at this
sample location was comprised of a narrow band of cordgrass interspersed with riprap and construction
debris (see photos in Appendix M). The other two Cooper River sample locations (556M0005 and
556M0007) were located within the heavily industrialized portion of the waterfront.

The April 2008 sediment samples were collected with a petite ponar dredge and represent a depth of 0 to

about 6 inches below the sediment surface.

120910/P 7-10 CTOs 0017 and 0104



REVISION 3
MAY 2013

7.4 SCREENING LEVEL RISK CALCULATION

7.41 Regional Reference (Background) Considerations

Many years of anthropogenic activities (especially industrial and commercial activities) in the vicinity of
CNC have contributed metals, pesticides, PAHs, and other contaminants to the environment at Zone J
and throughout Charleston Harbor. In addition, some inorganics occur naturally in sediment. With this in
mind, a sediment data set representing regional baseline reference (background) conditions has been
developed and approved by the BCT. The background sediment samples were collected by Spectra
Tech in December 2005 from 10 locations in Charleston Harbor that had been pre-approved by the BCT
(Figure 1-2).

The comparison of site concentrations to background values is usually conducted in Step 3A of the
ecological risk assessment process, but to focus the evaluation on Zone J-related analytes, the BCT
decided that analytes with maximum concentrations less than their respective background concentrations
would not be considered to be ecological COPCs. Therefore, the selection of ecological COPCs in each
of the data sets (Noisette Creek, Shipyard Creek, and Cooper River) was accomplished by comparing a
chemical’s maximum detected concentration in each data set to its USEPA Region 4 sediment ESV and
to its background value. Specifically, if the maximum concentration was equal to or less than the ESV
(i.e., the HQ was less than or equal to 1), the chemical was eliminated from further consideration. If the
maximum concentration exceeded the ESV (i.e., the HQ was greater than 1), or if an ESV was not
available, the chemical was then compared to twice the average background concentration; a chemical
with a maximum concentration less than or equal to twice the average background concentration was
eliminated from further consideration, and a chemical with a maximum concentration that exceeded twice
the average background concentration was considered to be an ecological COPC and was retained for
further evaluation. Although comparing Zone J concentrations to twice the average background value
has less statistical rigor than other comparisons (e.g., parametric or non-parametric tests), it is a simple
approach that is often used as an initial screening tool, and was approved by SCDHEC representatives
during the November 16, 2006 BCT meeting, when the general approach for the ecological risk

assessment was discussed.

The background data are presented in Table 7-1 and represent the data set of 10 samples collected in
December 2005 (Spectra Tech, 2006). With the exception of “total PAH” concentrations (see next
paragraph), one-half of the sample-specific MDL was used to represent non-detected samples when
calculating the average concentrations shown in Table 7-1. Background data were not used in the
COPC-determination step for analytes that were not detected in background samples. For example,
Table 7-1 shows an average dieldrin background concentration of 3.6 ug/kg. The table also indicates,

however, that dieldrin was not detected in any background samples. In this case, the 3.6 ug/kg average
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value (derived using one-half of the sample-specific MDLs to represent non-detected samples) is
provided for informational purposes only; the COPC selection process for dieldrin omitted the background

comparison step.

There is no standard approach for calculating total PAH concentrations when some PAHs are not
detected. Uncertainty will exist if non-detected PAHs are assigned values of 0, one-half the reporting
limit, or any other commonly used value. In addition, there is no standard list of PAHs with which to
calculate total PAH concentrations. The Region 4 ecological screening value for total PAHs in sediment
is based on the sum of concentrations of acenaphthene, acenapththylene, anthracene, fluorene,
2-methylnaphthalene, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, chrysene,
dibenzo(a,h)anthracene, fluoranthene, and pyrene. Some guidelines for total PAHs, however, are based
on these 13 PAHSs plus several other PAH compounds. In view of the above factors, total PAHs in
sediments (Table 7-1) were calculated using two methods. In one method, total PAHs are the sum of
detected PAH concentrations (non-detected PAH compounds were ignored). In the second method, total
PAHs were calculated as the sum of concentrations of the 17 individual PAH compounds that were
included in the laboratory analysis, and one-half the sample-specific MDL was used to represent

nondetected compounds.

Total DDT concentrations were not calculated and included in Table 7-1 because DDT isomers were not
detected in any of the 10 background samples. MDLs for 4,4'-DDD, 4,4'-DDE, and 4,4-DDT in
background samples are shown in Table 7-1 and were taken from Appendix A of the Spectra Tech (2006)
report.

7.4.2 Nutrients

Calcium, magnesium, potassium, and sodium were not retained as COPCs. These essential nutrients
can be tolerated by most organisms even at relatively high concentrations and are not typically
considered to be COPCs. There are no USEPA Region 4 ESVs for these nutrients, and there have been
no activities at sites near Zone J that have resulted in known releases of high concentrations of these

nutrients.

74.3 Screening Results

In Noisette Creek sediments, BEHP, ten individual PAHSs, total PAHs , 4,4’-DDD, 4,4’-DDE, total DDT (the
sum of detected concentrations of individual DDT isomers), and five metals were retained as COPCs
(Table 7-2).
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BEHP, nine individual PAHSs, total PAHs, 4,4’-DDE, dieldrin, Aroclor-1260, and 14 metals were retained
as COPCs in Shipyard Creek sediments (Table 7-3).

Thirteen individual PAHSs, total PAHs, 4,4’-DDD, Aroclor-1260, and 13 metals were retained as COPCs in

Cooper River samples (Table 7-4).

The full sediment data set for samples collected in 2008 is presented in Appendix O and is summarized in
Tables 4-1, 4-2, 4-4, and 4-6.

7.5 REFINEMENT OF PRELIMINARY CHEMICALS OF POTENTIAL CONCERN

At this point, the first two steps of the ecological risk assessment have been completed. The ecological
risk assessment process includes a series of scientific/management decision points (SMDPs) (USEPA,
1997c). The first SMDP typically occurs at the end of Step 2 (Screening Level Exposure Estimate and
Risk Calculation), and requires the risk managers to evaluate and approve or redirect the work up to that
point and determine whether the risk assessment will continue into Step 3. However, in accordance with
the QAPP (TtNUS, 2008), the results of Steps 1-3 are being submitted as a single deliverable document.
The screening level ecological risk assessment for Zone J indicates a potential for adverse effects, so a
more thorough assessment is warranted, and the risk assessment process for Zone J will proceed into

Step 3 (Baseline Risk Assessment Problem Formulation).

7.51 General Approach

The baseline ecological risk assessment begins with a more balanced evaluation of the conservativeness
inherent in the first two steps of the risk assessment process (USEPA, 1997c; Navy, 1999). The initial
phase of Step 3 is typically known as Step 3A, and consists of a refinement of the conservative exposure
assumptions in order to more realistically estimate potential risks to ecological receptors. Examples of
factors typically considered during Step 3A include toxicological evaluation of COPCs, spatial distribution
of contaminants, frequency of detection, and habitat quality (USEPA, 1997c; Navy, 1999). Furthermore,
the preliminary assessment and measurement endpoints are refined, the site conceptual model is
developed, and food chain modeling is conducted (at sites where applicable) to evaluate risks to upper
level receptors. The objective of the COPC refinement is to assist the risk managers in refining the list of
COPCs so that a decision regarding further assessment or no further action can be made. Potential
ecological risks are evaluated using a weight-of-evidence approach in accordance with USEPA guidance

(1997c¢) guidance, and uncertainties are discussed where applicable.
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7.5.2 Assessment and Measurement Endpoints

Based on the habitats present and on the migration pathways and routes of exposure of chemicals at
Zone J, the site-specific assessment endpoints are the protection of the following groups of receptors

from adverse effects of site-related contaminants on growth, survival, and reproduction:

e benthic invertebrates
e piscivorous birds

e piscivorous mammals

The assessment endpoints listed above were selected for evaluation in Step 3A of the baseline ecological

risk assessment for the reasons described below.

7.5.21 Benthic Invertebrates

Clams, amphipods, polychaetes, and other benthic invertebrates occur in the Zone J estuarine water
bodies. Benthic invertebrates can be exposed to sediment contaminants through ingestion and direct
contact. They can accumulate sediment contaminants that can then be transferred to higher trophic level
organisms when consumed. Benthic invertebrates serve as prey items for higher trophic level organisms

such as birds and mammals.

7.5.2.2 Piscivorous Birds and Mammals

Shipyard and Noisette Creeks provide habitat for a variety of birds and mammals. Chemicals such as
organochlorine pesticides, PCBs, and certain metals could potentially bioaccumulate in benthic
invertebrates and could then be transferred through ingestion to higher trophic level organisms such as
birds and mammals. To the extent that this pathway is complete, birds and mammals that forage in
Shipyard and Noisette Creeks could be exposed to bioaccumulative chemicals through the food chain.
The areas of contamination in Shipyard and Noisette Creeks are small, so any potential risk via the food
chain is assumed to be minor. Similarly, the Cooper River at CNC is heavily industrialized, so piscivorous
birds and mammals do not forage in this portion of the river to any significant extent. Nevertheless, as a
conservative measure, the protection of piscivorous birds and mammals from adverse effects of site-
related contaminants on growth, survival, and reproduction will be an assessment endpoint for
bioaccumulative COPCs. The term “piscivorous” is used here in a broad sense to describe birds and
mammals that prey not only upon fish, but on a variety of crustaceans, mollusks, and other sediment-

dwelling organisms.
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Piscivorous birds that forage in Zone J water bodies include wading birds such as herons and egrets.

Piscivorous mammals such as the river otter and mink undoubtedly forage in Shipyard and Noisette

Creeks, as do raccoons. The raccoon is often thought of as piscivorous, and it does consume aquatic

organisms, but the majority of its diet typically consists of non-aquatic animal and plant tissues (USEPA,
1993c).

Piscivorous birds and mammals that forage in Zone J water bodies could be exposed to sediment
contaminants through direct contact, incidental ingestion of sediment, and consumption of contaminated

food items.

7.5.2.3 Other Potential Endpoints

As indicated in USEPA guidance (USEPA, 1997c¢), it is not practical to directly evaluate risks to all of the
individual components of the ecosystem. Instead, assessment endpoints focus the risk assessment on
particular components of the ecosystem that will tend to yield the highest risks; this should provide

protection for endpoints that have lower risks.

The Navy has worked closely with SCDHEC, USEPA, and other Natural Resource Trustees during more
than 12 years of investigations at CNC. Data from these investigations have served to narrow the focus
of this ecological risk assessment on potential risks to benthic invertebrates and piscivorous birds and
mammals. Thus, amphibians, reptiles, herbivores, and omnivores were not selected as assessment

endpoints.

7524 Measurement Endpoints

Measurement endpoints for benthic invertebrates in Step 3A of the baseline ecological risk assessment
are similar to those in the screening level assessment: chemical concentrations in sediment that are
associated with adverse effects on growth, survival, and reproduction of benthic organisms. The
measurement endpoints are represented by USEPA Region 4 sediment ESVs. Other sediment

guidelines were also used where applicable.

Measurement endpoints for piscivorous birds and mammals were chemical doses associated with
adverse impacts on survival, growth, and reproduction. Food-chain modeling was conducted to estimate
ingested doses of sediment COPCs that are known to bioaccumulate or biomagnify, and the estimated
doses of contaminants in sediment and food items were then compared to threshold oral toxicity values.
The mink and green heron (Butorides virescens) were selected as representative ecological receptors for
food-chain modeling. The methods used to model the doses that representative piscivorous receptors

could receive, as well as the selection of toxicity reference values (TRVs), are presented in Appendix Q1,
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and were taken from the Zone J QAPP (TtNUS, 2008). Calculation spreadsheets for the representative

receptors and a step-by-step example of how food chain HQs were calculated are also provided in
Appendix Q1.

Various fish, mollusk, and crustacean species are present in the Zone J water bodies. Attempts could be
made to evaluate potential risks to these organisms by estimating the ingested doses for representative
species, and then comparing doses to threshold oral toxicity values. However, there is substantial
uncertainty inherent with this approach regarding factors such as food ingestion rates and toxicity
thresholds. Instead, the evaluation of potential sediment-associated risks to these organisms was
evaluated by the comparison of Zone J sediment concentrations to USEPA Region 4 ESVs; the ESVs are
conservative in character and are based on toxicity tests using a variety of sediment organisms.
Therefore, food chain modeling for fish, mollusk, and crustacean species was deemed unnecessary, and
in accordance with the Zone J QAPP (TtNUS, 2008), was not conducted.

7.5.3 Conceptual Exposure Model

The site conceptual exposure model is designed to illustrate the potentially exposed receptor populations
and applicable exposure pathways based on the physical nature of the site and the potential contaminant
source areas. The contaminant transport pathways for Zone J are shown schematically in Figure 7-1.
These pathways describe the movement from sources of contamination to potential ecological receptors;

the linkage of these items is the conceptual site model.

Contaminants at most SWMUs and AOCs at CNC were originally released onto soil and could have been
transported into Zone J water bodies by overland sheet flow, by the storm water drainage system, or by
infiltration into groundwater and subsequent seepage into surface water and sediment (Figure 7-1). The
extent to which each of these transport pathways contributes, or has contributed, contaminants to Zone J
is beyond the scope of this report. However, the topography of CNC, the extensive pavement at many
SWMUs and AOCs, and the overall absence of visible erosion features suggest that sheet flow and

erosion have not been significant transport/release mechanisms.

Figure 7-1 indicates that Zone J sediment contaminants originated as soil contamination. While this is
believed to be largely true, the possibility that contaminants have been released directly into surface

water bodies cannot be ruled out.

The soil cover of vegetation and pavement throughout most CNC upland areas precludes the wind
erosion and volatilization pathways. Because Zone J consists of portions of the Cooper River, Shipyard
Creek, and Noisette Creek, and does not include upland areas, the direct contact of receptors with

contaminated soil is not a complete pathway (Figure 7-1). A final caveat applicable to Figure 7-1 is that

120910/P 7-16 CTOs 0017 and 0104



REVISION 3

MAY 2013

although ecological receptors at Zone J could be exposed to contaminants in surface water, previous

investigations have indicated that surface water concentrations at Zone J are similar to surface water

concentrations throughout the harbor, and ecological risks posed by CNC-related chemicals in surface

water are negligible (see Section 4.0). Because of this, the surface water exposure pathway is shown in
Figure 7-1 as being incomplete.

7.5.4 Step 3A Risk Characterization and Discussion: Noisette Creek

Potential risks to benthic receptors in Noisette Creek are discussed in Section 7.5.4.1 and potential risks

to piscivorous wildlife via the food chain are discussed in Section 7.5.4.2.

7541 Potential Risks to Benthic Organisms

7.5.4.1.1 Semivolatile Organic Compounds

PAHs

Ten individual PAHs plus total PAHs were identified as COPCs (Table 7-2). PAH concentrations were
lowest in sample NOIM001103, which was collected at the most upstream of the three sample locations
(Figure 4-1). PAH concentrations in the most downstream sample (NOIM001203) tended to be similar or
slightly higher than in the center sample (NOIM000403). Although some PAH ESVs were exceeded,

maximum screening HQs for COPCs were not particularly elevated, ranging from 1.1 to 4.5 (Table 7-2).

Concentrations of the 10 PAH COPCs tended to be lower at sample location JNOIM0004 in 2008 than in
1997, and concentrations were generally similar (or within a factor of 2) to concentrations at this location
in 2005 (Table 4-3).

PAHs almost always occur in field-collected sediments as a mixture of compounds, and the toxicity of
PAHSs is typically assumed to be additive, so evaluating PAH toxicity in sediment by examining total PAH
concentrations is especially useful when, as at Zone J, several PAHs were detected at concentrations
exceeding their respective screening values. In addition, the bioavailability of many nonpolar organic
compounds (e.g., PAHSs) is reduced in the presence of higher concentrations of total organic carbon.
With these factors in mind, Schwartz (1999) evaluated several existing sediment quality guidelines for
PAHs in marine and estuarine sediments and developed consensus sediment guidelines for threshold,
median, and extreme effects concentrations of total PAHs. The consensus guidelines for total PAHs
were normalized to organic carbon (OC) by Schwartz (1999) to facilitate comparisons among sediment

guidelines and because of the important role of OC in determining PAH bioavailability, and are as follows:
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¢ threshold effects concentration: 290 pg/g OC
o median effects concentration: 1,800 ug/g OC

o extreme effects concentration: 10,000 ug/g OC

Based on the toxicity database with which the above consensus guidelines were generated, total PAH
concentrations less than the threshold effects concentration are unlikely to cause adverse effects on
benthic ecosystems, while values greater than the extreme effects concentration indicate virtual certainty
of adverse effects (Schwartz, 1999). The region of greatest uncertainty lies between the threshold effects
concentration and the extreme effects concentration, where a broad gradient of sediment contamination
occurs along which effects are increasingly more probable. The median effects concentration is simply a
point near the middle of this gradient and is not intended to separate acceptable from unacceptable
conditions (Schwartz, 1999).

Total organic carbon (TOC) in Noisette Creek samples ranged from 25,000 mg/kg to 37,000 mg/kg
(Table 4-2), which equates to 2.5 to 3.7 percent. Total PAHs in the same samples ranged from about
4,230 ug/kg to 7,464 pg/kg on a whole-sediment basis (Table 7-2). On an OC basis, total PAH
concentrations in Noisette Creek samples ranged from 114 pg/g to 299 ug/g (Table 7-5). Total PAH
concentrations in samples NOIMO000403 (193 ug/g OC) and NOIM001103 (114 ug/g OC) were
considerably less than the 290 ug/g OC threshold effects concentration, indicating that PAHs in the
vicinity of these two samples are unlikely to pose risks to benthic organisms. The total PAH concentration
in sample NOIM001203 (299 ug/g OC) slightly exceeded the threshold effects concentration, while the
total PAH concentration in the duplicate of sample NOIM001203 (254 ug/g OC) and the average of the
sample and its duplicate (277 ug/g OC) were less than the threshold effects concentration. Thus, based
on the average total PAH value in NOIM001203 and its duplicate, potential risk is unlikely. An additional
indication of negligible PAH-related risks is that the Schwartz (1999) guidelines are based on 13 PAH
compounds [acenaphthene, acenapththylene, anthracene, fluorene, 2-methylnaphthalene, naphthalene,
phenanthrene, benzo(a)anthracene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
and pyrene], while total PAHs in Table 7-5 are based on 17 PAH compounds (the 13 above plus
2-methylnaphthalene, benzo(g,h,i)perylene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene).
Excluding concentrations of these last four compounds, the total PAH concentration in NOIM001203
would be 6,920 ug/kg whole sediment, which equates to 277 ug/g OC, less than the 290 ug/g OC

threshold effects concentration.

In summary, although some PAH ESVs were exceeded in Noisette Creek samples, maximum screening
HQs for COPCs were not particularly elevated, with a maximum HQ of 4.5 (Table 7-2). When normalized
on an organic carbon basis, the sediment data indicate that PAHs at the three Noisette Creek locations

are unlikely to cause adverse effects to benthic communities.
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BEHP

BEHP was detected in Noisette Creek sample NOIM001103 (240 pg/kg), but was not detected in the two
other samples (Table 7-2). Phthalates are common environmental contaminants due to their use in
plastics, and are relatively persistent in the environment (Gibbons and Alexander, 1989). Phthalates can
also be an artifact of the laboratory analytical methods. The value in sample NOIM001103 exceeded the
166 pg/kg background value and the 182 ug/kg ESV, but the screening HQ was relatively low (HQ = 1.3,
Table 7-2). The ESV is a threshold effects level (TEL) value established by MacDonald (1994). The TEL
is defined as the concentration below which sediment-associated contaminants are not considered to
represent significant hazards, the Probable Effects Level (PEL) is the concentration above which adverse
effects are probable, and concentrations between the TEL and the PEL represent a range in which
adverse biological effects are possible, but it is difficult to predict the occurrence and/or severity of effects
of concentrations between the TEL and the PEL (MacDonald, 1994). The PEL for BEHP is 2647 pg/kg
(MacDonald, 1994). Because bis(2-ethylhexyl)phthalate was not detected in the two most downstream
samples, and since the single detected value on slightly exceeded the TEL and was well below the PEL,

potential risk posed by this compound is probably minimal.

7.5.4.1.2 Pesticides

The pesticide 4,4-DDD was detected at all three sample locations with concentrations exceeding the
3.3 pg/’kg ESV in two samples, and a maximum screening HQ of 1.8 (Table 7-6). 4,4’-DDE was detected
in only one sample, and its concentration (3.6 ug/kg) barely exceeded the 3.3 ug/kg ESV. 4,4’-DDT was
not detected in any Noisette Creek sample, and MDLs for this compound were low relative to the
3.3 yg’kg ESV, ranging from 0.67 to 0.97 pg/kg (Appendix O). Total DDT (the sum of detected
concentrations of individual DDT isomers) ranged from 3.8 to 6.4 ug/kg, exceeding the ESV in all three
samples, with a maximum screening HQ of 1.9 (Table 7-6). Total DDT concentrations using one-half the
sample-specific MDLs to represent non-detected samples are not shown in Tables 7-2 or 7-6, but
calculating total DDT using this method (see Appendix O for MDLs) yielded total DDT values ranging from
4.6 to 7.0 ug/kg. Because MDLs were low and the data set is comprised of only four samples (three plus
a duplicate), total DDT concentrations using non-detected compounds are similar to values derived using

detected concentrations only.

DDT isomers were not detected at sample location JNOIM0004 in 1997 or 2005, but detection limits were
higher in 1997 and 2005 than in 2008 (Table 4-3).

DDT isomers were not detected in sediment at any of the 10 locations in Charleston Harbor that were

sampled to determine regional reference (background) values. MDLs for 4,4-DDD and 4,4’-DDE in
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background samples ranged from 4.3 to 11 pg/kg (Table 7-1); detected concentrations of these
compounds in Noisette Creek ranged from 2.8 to 6 yg/kg. Therefore, the Noisette Creek values are not
elevated relative to background detection limits, but a precise comparison of Noisette Creek
concentrations of these pesticides to background values is hindered by the slightly higher detection limits

in the background samples.

In the absence of background values for Charleston Harbor, comparing sediment contaminant data to the
National Status and Trends/Mussel Watch (NS&T/MW) data is useful. Daskalakis and O’Connor (1995)
used the NS&T/MW data to compile a coastal sediment database of chemical concentrations for nearly
13,500 sediment samples collected along the continental US coast, and generated “high” sediment
reference values. The “high” reference values were set as the geometric mean plus one standard
deviation in the NS&T/MW database. The NS&T/MW “high” value for total DDT in sediment is 22 pg/kg
(Daskalakis and O’Connor, 1995); this value is considered to be an elevated concentration for total DDT
(Daskalakis and O’Connor, 1995). Similar reference values for individual DDT isomers were not
established by Daskalakis and O’Connor (1995). Total DDT values in Noisette Creek samples ranged
from 3.8 to 6.4 pyg/kg (using detects only) or 4.6 to 7.0 pyg/kg (using one-half MDLs to represent non-
detects), which are considerably less than the 22 ug/kg NS&T/MW “high” value for total DDT.

MacDonald’s (1994) PEL values for 4,4'-DDD, 4,4’-DDE, and total DDT are 7.81 pg/kg, 374 ug/kg, and
51.7 ug/kg, respectively. Noisette Creek concentrations were less than these PELs; and for 4,4’-DDE
and total DDT, concentrations were much less than the PELs. As mentioned previously, it is difficult to
predict the occurrence and/or severity of effects of concentrations between the TEL and the PEL, which is

the case for Noisette Creek pesticide data.

In summary, maximum screening HQs for DDT isomers were low in Noisette Creek samples, with a
maximum HQ of 1.9. All concentrations of DDT isomers in Noisette Creek were less than or within the
range of detection limits (4.3 to 11 pg/kg) in background samples from Charleston Harbor, and the
maximum total DDT value using one-half the MDLs to represent non-detected isomers (7.0 ug/kg) was
well below 22 pg/kg, a value considered to represent elevated concentrations in the NS&T/MW coastal
data set. Thus, potential risks to benthic receptors are probably not significant, and are indicative of

regional conditions due to historical usage in the vicinity of Charleston Harbor.

7.5.4.1.3 Inorganics

Copper, mercury, selenium, thallium, and zinc were COPCs in sediment (Table 7-2).
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Copper

The copper concentration was less than the ESV in sample NOIM001103 (the most upstream sample).
The concentration in sample NOIM000403 (the center sample) was 19.9 mg/kg, which was similar to the
value at the same location in 2005 and considerably less than in 1997 (Table 4-3). The 2008 value of
19.9 mg/kg barely exceeded the 18.7 mg/kg ESV (HQ = 1.06).

The copper concentration in the most downstream sample (NOIM001203) was 42.8 mg/kg and was
39.7 mg/kg in the duplicate, with a maximum screening HQ of 2.3 (Figure 4-1 and Table 7-2). The
18.7 mg/kg ESV is the TEL, the PEL for copper is 108 mg/kg (MacDonald, 1994). The 42.8 mg/kg
maximum concentration was well below the PEL value for copper. The maximum screening HQ of 2.3 is
not especially high, but since the maximum concentration was between the TEL and the PEL, the

occurrence and/or severity of effects to benthic receptors is uncertain.

Mercury

Mercury concentrations exceeded the ESV, which is the TEL (MacDonald, 1994), only in the duplicate of
NOIMO001203 (the most downstream sample). Concentrations were similar to background values and
were less than the ESV in other samples (Table 7-6). The mercury concentration in sample NOIM001203
was 0.1 mg/kg (Table 4-2); the eleven-fold difference between the analytical results of this sample
compared to its duplicate (1.1 mg/kg) cannot be explained. The 1.1 mg/kg value exceeds the
0.696 mg/kg PEL of MacDonald (1994). The average of this sample and its duplicate is 0.6 mg/kg, which
is less than the PEL.

In summary, mercury poses no risk to benthic receptors in the vicinity of samples NOIM001103 and
NOIMO000403. The mercury concentration in the most downstream sample (NOIM001203) was less than
the ESV in the original sample, exceeded the PEL in the sample duplicate, and the average of the original
sample and duplicate was less than the PEL. The difference between the concentration in the original
sample and the concentration in the duplicate sample results in uncertainty regarding potential mercury-
related risk in the vicinity of sample NOIM001203.

Selenium and Thallium

There are no Region 4 ESVs for selenium or thallium. Selenium was detected in two Noisette Creek
samples (0.23 and 0.32 mg/kg), and thallium was detected in one sample (0.19 mg/kg). Neither of these
metals was detected at any of the 10 background locations. MDLs for selenium in background samples
ranged from 1.2 to 3.3 mg/kg, and MDLs for thallium in background samples ranged from 1.8 to
4.7 mg/kg (Table 7-1). The NS&T/MW “high” value for selenium in coastal sediment is 0.92 mg/kg
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(Daskalakis and O’Connor, 1995); a “high” value for thallium was not provided by Daskalakis and
O’Connor (1995).

Screening values for evaluating direct toxicity to marine benthic receptors are limited for selenium and
thallium. Buchman (2008) has reviewed numerous sources and generated NOAA’s Screening Quick
Reference Tables (SQuiRTs). The SQuiRTs provide a spectrum of screening concentrations for
inorganic and organic contaminants in various environmental media. The only marine sediment guideline
provided by Buchman (2008) for selenium is an apparent effects threshold (AET) for marine amphipods of
1.0 mg/kg. The AET is the concentration of a given chemical above which biological effects are always
expected to occur. AETs are not meant to be used as screening values, because toxicity might have
been observed in some samples at values below the AET. Nevertheless, it should be noted that
selenium values in Noisette Creek were less than the AET. Buchman (2008) did not provide sediment

guidelines for thallium so impacts from thallium could not be determined.

The absence of sediment ESVs and toxicity thresholds for selenium and thallium precludes an evaluation
of potential adverse effects on benthic receptors. However, selenium concentrations were less than the
NS&T/MW *“high” value and the AET, and maximum concentrations of both metals were less than the
lowest MDLs in background samples, suggesting that concentrations in Noisette Creek are not elevated

relative to background conditions.

Zinc

Like mercury, zinc concentrations exceeded the ESV in the duplicate of NOIM001203, and were less than
the ESV in other samples. The zinc concentration in sample NOIM001203 was 62.7 mg/kg and was
158 mg/kg in the duplicate sample (Table 4-2). The duplicate concentration did not greatly exceed the
ESV (HQ = 1.3). The ESV is the TEL; the PEL for zinc is 271 mg/kg (MacDonald, 1994). The average of
sample NOIM001203 and its duplicate is 110 mg/kg, which is less than the ESV.

The sediment data indicate that zinc poses no risk to benthic receptors in the vicinity of samples
NOIMO001103 and NOIM000403. The zinc concentration in the most downstream sample (NOIM001203)
was less than the ESV in the original sample and in the average of the sample and its duplicate, and only
slightly exceeded the ESV in duplicate sample (HQ = 1.3). Thus, potential risk to benthic receptors is
negligible.

7.5.4.2 Potential Risks to Wildlife via the Food Chain

Bioaccumulative COPCs in Noisette Creek sediment consisted of 4,4’-DDD, 4,4’-DDE, total DDT, copper,

mercury, selenium, and zinc. Food-chain modeling was conducted to evaluate potential risks to

120910/P 7-22 CTOs 0017 and 0104



REVISION 3

MAY 2013

representative piscivorous receptors from ingested doses of these chemicals. See Appendix Q1 for
methodology used to evaluate risk via the food chain, and for a description of the conservative and

average scenarios used in the evaluation.

Based on maximum detected concentrations and conservative assumptions for body weights and
ingestion rates, food chain HQs based on No Observed Adverse Effects Levels (NOAELs) exceeded 1.0
for copper, mercury, and zinc (Table 7-7). HQs were highest for mercury, with an HQ of 77.8 for the
green heron and an HQ of 12.6 for the mink. The elevated food chain HQs for mercury are driven largely
by the 1.1 mg/kg maximum concentration that was detected in the duplicate of sample NOIM001203. As
discussed in Section 7.5.4.1.3, the mercury concentration was eleven times higher in the duplicate than in
the corresponding sample NOIM001203. In the average scenario, all food chain HQs were less than 1.0
for the mink, while copper and mercury NOAEL HQs exceeded 1.0 for the green heron (Table 7-8). All
green heron Lowest Observed Adverse Effects Level (LOAEL) HQs were less than 1.0 in the average

scenario.

The average food chain scenario (Table 7-8) provides a less conservative evaluation of risk compared to
the maximum food chain scenario, although it is still conservative. The food chain HQs in Table 7-7 and
the food chain HQs exceeding 1 in Table 7-8 assume an area use factor (AUF) of 1.0, meaning the
representative receptors are assumed to forage exclusively in the area where samples were collected.
Piscivorous birds and mammals forage over large areas and would obtain only a fraction of their food
from the Noisette Creek area where samples were collected. With this in mind, and since all food chain
HQs were less than 1.0 for the mink in the average scenario, potential risks via the food chain to

piscivorous mammals represented by the mink are negligible.

In the average food chain scenario, and assuming an AUF of 1.0, copper and mercury HQs exceeded 1.0
for piscivorous birds represented by the green heron (Table 7-8). An animal’'s AUF can be defined as the
ratio of the area of contamination to the area used by the animal (USEPA, 1997c). An estimate of the
AUF for a green heron foraging in Noisette Creek can be determined as follows. A “worst case”
approximation of the area of contamination for mercury, which is the COPC with the highest food chain
HQ for the green heron, would be that the area of mercury-contaminated sediment extends from sample
NOIM001203 (the location of the maximum mercury sediment concentration) all the way to the
confluence of the creek and the Cooper River. Note that mercury concentrations in three Cooper River
sediment samples (Figure 4-3 and Table 4-6) were less than the sediment ESV for mercury. Thus, any
potential source of sediment mercury contamination in Noisette Creek has not resulted in contamination
in the Cooper River, which justifies using the mouth of Noisette Creek (rather than farther into the river) to
determine the maximum extent of potential mercury contaminated-sediment when calculating an AUF for

the green heron. Sediment mercury concentrations were less than background and less than the ESV in
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the two samples collected immediately upstream of sample NOIM001203 (Table 4-2). Thus, a
conservative estimate of the area of mercury contamination in sediment is the area from sample
NOIMO001203 to the mouth of Noisette Creek. A piscivorous bird such as the green heron could forage in
Noisette Creek as well as in the marsh on either side of the creek. With this in mind, an aerial photograph
of the area in question was obtained from Google Earth (Appendix Q2, Figure Q-1. The meandering
boundary on Figure Q-1 represents the approximate upland edge of the estuarine marsh along the north
and south shorelines of the creek. The diagonal line comprising the western boundary of the area on
Figure Q-1 represents the upstream extent of potential mercury contamination. The acreage of the area
in Figure Q-1 is approximately 7.5 acres, or 8.0 acres when the small triangular area at the mouth of the
creek is included. As shown in Figure Q-1, the precise location of the confluence of Noisette Creek and
the Cooper River is difficult to determine, so as a conservative measure, it will be assumed that the area
of marsh and creek from NOIM001203 to the mouth of the creek is 8 acres. The estimated home range
for a green heron is 245 acres (Appendix Q1). An AUF for the green heron would therefore be 8 acres +
245 acres, or 0.033.

Although precise AUFs for piscivorous birds foraging in Noisette Creek cannot be determined, and any
assigned AUFs are speculative, the AUF described above is a reasonably conservative estimate based
on available literature. All green heron HQs in Table 7-8 are less than 1.0 when the above AUF is

incorporated.

In summary, all food chain HQs for DDT isomers and selenium were less than 1.0 in the maximum
scenario, so these COPCs pose no risk to piscivorous receptors represented by the mink and green
heron. In the average scenario, all food chain HQs were less than 1.0 for the mink, and for the green
heron, HQs greater than 1.0 were limited to copper (HQ = 1.3) and mercury (HQ = 6.3). The green heron
food chain HQs for copper and mercury were low considering that piscivorous birds forage over much
larger areas than that represented by the area from which samples were collected. There is some
uncertainty in the evaluation of mercury due to the difference between the concentrations in the original
sample NOIM001203 and the duplicate sample, but because piscivorous receptors forage over large
areas, and because mercury concentrations were much lower in other Noisette Creek samples, the
resulting uncertainty is not significant, and potential risk to piscivorous birds and mammals posed by

mercury and other bioaccumulative COPCs is minor.

7.54.3 Summary and Conclusions

Concentrations of several chemicals in Noisette Creek sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Based on considerations in the COPC refinement step,
potential risks to benthic invertebrates posed by SVOCs, pesticides, PCBs, and inorganics are minimal.

Bioaccumulative COPCs do not pose risks to piscivorous birds and mammals in Noisette Creek.
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7.5.5 Step 3A Risk Characterization and Discussion: Shipyard Creek

Potential risks to benthic receptors in Shipyard Creek are discussed in Section 7.5.5.1 and potential risks

to piscivorous wildlife via the food chain are discussed in Section 7.5.5.2.

7.5.51 Potential Risks to Benthic Organisms

7.5.5.1.1 Semivolatile Organic Compounds

PAHs

Nine individual PAHs plus total PAHs were COPCs (Table 7-3). PAH concentrations tended to be lowest
in sample 009M001603, which was the most downstream of the three samples (Figure 4-2). PAH
concentrations in the center sample (009M000403) tended to be similar to those in the upstream sample
(009MO001703), with the most notable exception being that that benzo(b)fluoranthene was higher in
sample 009M001703 (1,500 pg/kg) than in sample 009M000403 (950 ug/kg) (Table 4-4). Although some
PAH ESVs were exceeded, screening HQs greater than 1.0 were not particularly elevated, ranging from
1.7 to 3.8 (Table 7-3).

Concentrations of the nine PAHs that were COPCs were greater at sample location HO09M0004 in 2008
than in 2005, with differences between years being greatest for pyrene, at 1,200 ug/kg in 2008 compared
to 230 ug/kg in 2005 (Table 4-5). Detection limits in the sample collected from the same location in 1994
were so high that comparisons to 1994 data are not possible, except for fluoranthene, which was the only
PAH detected in 1994 from location HO0O9MO0004. The fluoranthene concentration in 1994 was
9,500 pg/kg, and was lower at the same location in 2005 and 2008 (Table 4-5).

The three sediment samples collected in Shipyard Creek were silty and high in organic carbon, with OC
values of 4.7 to 9.1 percent (Table 7-5). On an OC basis, total PAH concentrations in Shipyard Creek
samples ranged from 45 to 114 ug/g (Table 7-5); these values are less than the 290 ug/g OC threshold
effects concentration, indicating that PAHs in the Shipyard Creek samples are unlikely to pose risks to
benthic organisms. See Section 7.5.4.1.1 for an explanation of toxicity guidelines for total PAHs based

on organic carbon.

BEHP

BEHP was detected in all three Shipyard Creek samples. Concentrations ranged from 540 to 750 ug/kg,
compared to an ESV of 182 ug/kg and a background value of 166 ug/kg (Table 7-9). The ESV is a TEL
value established by MacDonald (1994). The PEL for bis(2-ethylhexyl)phthalate is 2,647 pg/kg
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(MacDonald, 1994). All concentrations in Shipyard Creek fall in the region of values in which “it is difficult

to predict the occurrence and/or severity of effects” (MacDonald, 1994).
Phthalates are common environmental contaminants due to their use in plastics, and are relatively
persistent in the environment. The Shipyard Creek data indicate that potential risk to benthic receptors

cannot be ruled out, but the maximum HQ of 4.1 is not especially high.

7.5.5.1.2 Pesticides and PCBs

4.4’-DDE

4,4'-DDE was detected in all three samples. Concentrations ranged from 6.6 to 25 ug/kg (Table 7-3),
compared to an ESV of 3.3 pg/kg, with a maximum screening HQ of 7.6 (Table 7-3). Other DDT isomers

were not detected in Shipyard Creek samples; MDLs for DDT isomers are provided in Appendix O.

DDT isomers were not detected in background sediment, and MDLs for 4,4’-DDE in background samples
ranged from 4.3 to 11 ug/kg (Table 7-1). 4,4-DDE concentrations in Shipyard Creek samples were
6.6 pg/kg, 12 pg/kg, and 25 ug/kg (Table 4-4), so two of the Shipyard Creek values (especially the
maximum value of 25 ug/kg in sample 009M001603) were elevated relative to MDLs in background
samples. The 25 ug/kg value was also slightly elevated relative to the NS&T/MW “high” reference value
for total DDT in sediment of 22 ug/kg (Daskalakis and O’Connor, 1995).

In summary, 4,4’-DDE was the only DDT isomer detected in Shipyard Creek. The maximum HQ was 7.6.
The maximum detected concentration of 25 ug/kg was elevated relative to background data from
Charleston Harbor and NS&T/MW data. The 4,4’-DDE concentration in all three samples exceeded the
3.3 pg/kg ESV and the 2.07 pug/kg TEL of MacDonald (1994). The maximum concentration of 25 pg/kg
was considerably less than the 374 ug/kg PEL, but it is difficult to predict the occurrence and/or severity
of effects of concentrations between the TEL and the PEL. DDT isomers were not detected at sample
location HO09MO0O004 in 2005, and MDLs for DDT isomers in the sample from that location ranged from
7.3 to 8.1 pg/kg. The 4,4'-DDE concentration from sample location HO09MO0004 in 1994 was 110 pg/kg
and the 4,4-DDD concentration in 1994 was 41 ug/kg in the same sample (Table 4-5). Thus,

concentrations of DDT isomers were much lower in 2008 less than in 1994.

Dieldrin

Dieldrin was detected only in sample 009M000403, which was the central of three samples in Shipyard
Creek. The non-detects in the nearby upstream and downstream samples indicate that contamination is

limited to a small area.
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Dieldrin was not detected in background samples, but the range of MDLs in background samples (5 to
13 ug/kg) encompassed the 9.1 ug/kg detected value, preventing a complete comparison to background
conditions in Charleston Harbor. The 9.1 ug/kg value is elevated, however, relative to the NS&T/MW
“high” value for total dieldrin (sum of aldrin plus dieldrin) in sediment of 2.9 ug/kg (Daskalakis and
O’Connor, 1995). Dieldrin was not detected at sample location HO09M0004 in 1994 and 2005, but
detection limits in the earlier samples exceeded 9.1 pg/kg, which prevents conclusions regarding

comparisons to the earlier sampling events.

The single detected concentration (9.1 ug/kg) exceeded the 3.3 pug/kg ESV. The 9.1 pg/kg concentration
is approximately 450 times greater than the 0.02 ug/kg Effects Range-Low (ER-L) value derived by Long
and Morgan (1991) and is 12.7 times greater than the 0.715 pg/kg TEL of MacDonald (1994). The
detected value also exceeds the 8 pg/kg ER-M (Long and Morgan, 1991) and the 4.3 pg/kg PEL
(MacDonald 1994).

The 9.1 pg/kg concentration exceeds the ER-M and PEL, which normally indicates probable adverse
effects to benthic receptors. However, the bioavailability of dieldrin is reduced in the presence of higher
concentrations of organic carbon. With this in mind, USEPA (2003) has developed sediment benchmarks
for dieldrin using an equilibrium partitioning approach that accounts for the varying biological availability of
chemicals in different sediments. Using the final chronic value from the Water Quality Criterion for
dieldrin as the toxicity benchmark, USEPA (2003) derived dieldrin concentrations in freshwater sediment
and saltwater sediment that are intended to be protective of benthic organisms. This concentration is
12 ug/g OC for dieldrin in freshwater sediments and 28 ug/g OC for dieldrin in saltwater sediments; these
benchmarks are concentrations below which adverse effects to benthic organisms are not expected
(USEPA, 2003). Because organic carbon is the factor controlling the bioavailability of nonionic organic
compounds (such as dieldrin) in sediments, the dieldrin sediment benchmarks were developed on an
organic carbon basis rather than on a dry weight basis. When the chemical concentrations in sediments
are reported as dry weight concentrations and organic carbon data are available, it is best to convert the
sediment concentrations to ug chemical/g OC (USEPA, 2003). As explained on page 5-2 of the USEPA
(2003) dieldrin document, the conversion from dry weight to organic carbon—normalized concentration
can be made using the following formula: pg dieldrin/g OC = ug dieldrin/g dry wt x 100 + % OC. Using
this formula, and an OC value of 47,000 mg/kg (or 4.7 percent) in sample 009M000403 (Table 7-5), and a
dieldrin concentration of 9.1 ug/kg (which equates to 0.0091 pg/g) in the same sample, the 9.1 ug/kg
concentration equates to 0.194 ug dieldrin/g OC. This value is well below the 28 ug/g OC benchmark for
dieldrin in saltwater sediments. Therefore, adverse effects to benthic organisms are not expected from
dieldrin in sample 009M000403.
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In summary, dieldrin is an organochlorine insecticide that is no longer used but is known to be extremely

persistent in soil and sediment. Dieldrin was detected only in sample 009M000403, which was the

center-most of three samples in Shipyard Creek. The non-detects in the nearby upstream and

downstream samples indicate that contamination is limited to a small area. Shipyard Creek sediment

samples are high in organic carbon, which reduces the bioavailability of dieldrin. Based on USEPA'’s

(2003) guidance document for dieldrin sediment benchmarks, adverse effects to benthic organisms are
not expected from dieldrin in sample 009M000403.

PCBs

Aroclor-1260 was the only PCB detected in Shipyard Creek. It was detected in all three samples, and
concentrations ranged from 150 to 210 pg/kg, with a maximum HQ of 6.4 (Table 7-3). Detected
concentrations of Aroclor-1260 in all three samples exceeded the 21.6 pug/kg TEL for total PCBs, and
concentrations in two samples (HO09MO0016 and HOO9MO0017) exceeded the 189 ug/kg PEL for total
PCBs (MacDonald, 1994). Thus, the data indicates probable adverse effects to benthic receptors in the

vicinity of these two samples. There are no TELs or PELs for individual Aroclors.

PCBs were not detected in background samples, but MDLs for Aroclor-1260 in background samples
ranged from 92 to 240 ug/kg; this range encompasses the detected values in Shipyard Creek, precluding
a complete comparison to background conditions in Charleston Harbor. All three Shipyard Creek values
are elevated, however, relative to the NS&T/MW “high” value for total PCBs in sediment of 80 pg/kg
(Daskalakis and O’Connor, 1995).

The Aroclor-1260 concentration at sample location HO09M0004 in 2008 was 150 ug/kg. Aroclor-1260
was not detected at the same location in 2005, but the MDL in 2005 (170 pg/kg) was higher than the
detected value in 2008. In 1994, the Aroclor-1260 concentration at the same location was 770 ug/kg, and
three other Aroclors were also detected there in 1994, at concentrations ranging from 200 to 3000 ug/kg
(Table 4-5).

In summary, Aroclor-1260 was the only PCB detected in Shipyard Creek. Detected concentrations in two
samples (HOO9M0016 and HO09MO017) exceeded the PEL, which is a value above which probable
effects to benthic receptors are indicated. PCBs are no longer manufactured or used in the United
States, but the higher chlorinated PCBs (such as Aroclor-1260) are extremely persistent in sediment.
Aroclor-1260 concentrations in 2008 are less than one-third of the concentration from the same vicinity in
1994, and three other Aroclors that were elevated in 1994 were not detected in 2008 (Table 4-5).
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7.5.5.1.3 Inorganics

Fourteen metals were COPCs in sediment (Table 7-3) and are discussed below.

Arsenic

Arsenic concentrations exceeded the background value only in sample 009M001703 (the most upstream
sample), with a screening HQ of 2.7 (Table 7-9). The 7.24 mg/kg ESV is the TEL, the PEL for arsenic is
41.6 mg/kg (MacDonald, 1994). The maximum screening HQ of 2.7 is not especially high, and the
maximum concentration of 19.8 mg/kg is well below the PEL, but since the maximum concentration is
between the TEL and the PEL, the occurrence and/or severity of effects to benthic receptors is uncertain.
The 19.8 mg/kg maximum concentration was not substantially higher than the maximum concentration in

background samples of 15 mg/kg (Table 7-1).

Chromium

Chromium concentrations exceeded the ESV and background value in all three samples, with a maximum
screening HQ of 6.4 (Table 7-9). The concentration in sample HO09M0004 (the center sample) was
89.5 mg/kg, compared to 160 mg/kg in 2005 and 291 mg/kg in 1994 at the same location (Table 4-5).
Chromium concentrations in two samples (HO09MO0016 at 219 mg/kg and HOO9MO0017 at 336 mg/kg)
exceeded the 160 mg/kg PEL (MacDonald, 1994). Thus, the data indicates probable adverse effects to

benthic receptors in the vicinity of these two samples.

Copper

Copper concentrations exceeded the ESV and background value in all three samples, with a maximum
screening HQ of 7.1 (Table 7-9). The concentration in sample HO09M0004 (the center sample) was
56.4 mg/kg, which was similar to the value at the same location in 2005 and slightly less than one-half of
the concentration in 1994 (Table 4-5). The copper concentration in the upstream sample (HO09M00017)
was 133 mg/kg, which exceeded the 108 mg/kg PEL value (MacDonald, 1994). Thus, the data indicates

probable adverse effects to benthic receptors in the vicinity of this sample.

Lead

Lead concentrations exceeded the ESV and background value in all three samples, with a maximum
screening HQ of 4.7 (Table 7-9). The concentration in sample HO09M0004 (the center sample) was
55.7 mg/kg, which was similar to the value at the same location in 2005 and about one-half of the

concentration in 1994 (Table 4-5). The lead concentration in the upstream sample (HO09MO00017) was
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142 mg/kg, which exceeded the 112 mg/kg PEL value (MacDonald, 1994). Thus, the data indicate

probable adverse effects to benthic receptors in the vicinity of this sample.

Mercury

Mercury concentrations ranged from 0.22 to 0.45 mg/kg and exceeded the ESV (which is the TEL) and
background value in all three samples, with a maximum screening HQ of 3.5 (Table 7-9). Concentrations
in all three samples collected in 2008 were similar to the value at location HOO9MO0004 in 1994 (Table 4-5)
and were less than the 0.696 mg/kg PEL of MacDonald (1994). The maximum screening HQ of 3.5 is not
especially high, but since the mercury concentrations in all three samples are between the TEL and the

PEL, the occurrence and/or severity of effects to benthic receptors is uncertain.

Nickel

Nickel concentrations exceeded the ESV and background value in two samples, with a maximum
screening HQ of 2.1 (Table 7-9). Concentrations in all three samples collected in 2008 were similar to the
value at location HOO9MO0004 in 1994 and 2005 (Table 4-5) and were less than the 42.8 mg/kg PEL of
MacDonald (1994). As was the case for mercury, the maximum screening HQ of 2.1 is not especially
high, but since the nickel concentrations in two samples are between the TEL and the PEL, the

occurrence and/or severity of effects to benthic receptors is uncertain.

Zinc

Zinc concentrations ranged from 150 to 494 mg/kg and exceeded the ESV (which is the TEL) and
background value in all three samples, with a maximum screening HQ of 4.0 (Table 7-9). The
concentration in sample HOO9M0004 (the center sample) was less than concentrations at the same
location in 1994 and 2005 (Table 4-5). The zinc concentration in the upstream sample (HO09MO0017 at
494 mg/kg exceeded the 271 mg/kg PEL of MacDonald (1994). Thus, the data indicate probable adverse

effects to benthic receptors in the vicinity of this sample.

Other Inorganics

USEPA Region 4 does not have ESVs for aluminum, barium, cobalt, iron, selenium, thallium, and
vanadium, which were COPCs in Shipyard Creek. Screening values for evaluating direct toxicity to
marine benthic receptors are sparse for these metals. NOAA’s SQuIRT tables provide a threshold effects
level of 130.1 mg/kg for barium in marine sediment (Buchman, 2008). The maximum barium in Shipyard

Creek sediment was 86.6 mg/kg (Table 7-9), indicating negligible risk to benthic receptors for barium.
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Buchman (2008) did not provide sediment guidelines for thallium. Detected concentrations of thallium in

Shipyard Creek ranged from 0.28 to 0.42 mg/kg. Thallium was not detected in background samples, but

MDLs in background samples ranged from 1.8 to 4.7 mg/kg, so thallium was not elevated relative to
background MDLs.

SQuIRT tables provide AETs of 18,000 mg/kg for aluminum, 10 mg/kg for cobalt, 220,000 mg/kg for iron,
1.0 mg/kg for selenium, and 57 mg/kg for vanadium (Buchman, 2008). The AET is the concentration of a
given chemical above which biological effects are always expected to occur. AETs are not meant to be
used as screening values, because toxicity might have been observed in some samples at values below
the AET. Nevertheless, it should be noted that concentrations of cobalt, iron, and selenium in all three
Shipyard Creek samples were less than their respective AETs. Vanadium concentrations exceeded the
57 mg/kg AET in one sample, at 62.2 mg/kg; this was the only sample that exceeded the 48.8 mg/kg
background value, but it only barely exceeded the maximum background concentration of 61 mg/kg. Iron
concentrations exceeded the 23,600 mg/kg background value in only one sample, at 33,900 mg/kg,
compared to a maximum background concentration of 33,000 mg/kg. Aluminum concentrations
exceeded the 21,440 mg/kg background value in two samples, but it exceeded the maximum background

concentration (27,000) mg/kg in only one sample.

Concentrations of cobalt exceeded the background value (6.4 mg/kg) in one Shipyard Creek sample
(HO09MO0017 at 7.4 mg/kg), but were within the range of background values (0.49 to 8.4 mg, Table 7-1).

Selenium was not detected in background samples, but MDLs for selenium in background samples
ranged from 1.2 to 3.3 mg/kg (Table 7-1), which exceeded the range of detected values in Shipyard
Creek of 0.53 to 0.89 mg/kg (Table 7-9). The NS&T/MW “high” value for selenium in coastal sediment is
0.92 mg/kg (Daskalakis and O’Connor, 1995); selenium concentrations in Shipyard Creek were less than
this value. Daskalakis and O’Connor (1995) did not provide “high” values for the other six metals

discussed in this section.

In summary, sediment toxicity thresholds are limited for aluminum, cobalt, iron, selenium, thallium, and
vanadium, resulting in uncertainty regarding potential risks to benthic receptors posed by these
inorganics. However, concentrations of cobalt, selenium, and thallium in Shipyard Creek do not appear to
be site-related, and instead are indicative of regional conditions in the vicinity of Charleston Harbor.
Maximum concentrations of aluminum, iron, and vanadium exceeded background values, but were not
notably greater than maximum background concentrations, so there is uncertainty regarding whether

potential risks posed by these inorganics are site-related.
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7.5.5.2 Potential Risks to Wildlife via the Food Chain

Bioaccumulative COPCs in Shipyard Creek sediment consisted of 4,4-DDE, dieldrin, Aroclor-1260,
arsenic, chromium, copper, lead, mercury, nickel, selenium, and zinc. Based on maximum detected
concentrations and conservative assumptions for body weights and food ingestion, food chain NOAEL
HQs exceeded 1.0 for arsenic, chromium, copper, lead, mercury, nickel, and zinc (Table 7-10). Food
chain NOAEL HQs in the average scenario exceeded 1.0 for chromium, copper, mercury, and zinc, and

all LOAEL HQs in the average scenario were less than 1.0 (Table 7-11).

The food chain HQs in Table 7-10 and the food chain HQs exceeding 1 in Table 7-11 are based on AUFs
of 1.0, meaning the representative receptors are assumed to forage exclusively in the area where
samples were collected. However, piscivorous birds and mammals forage over large areas and would
obtain only a small fraction of their food from the area within which the Shipyard Creek samples were

collected.

NOAEL HQs for chromium, copper, mercury, and zinc exceeded 1.0 for the green heron in the average
scenario assuming an AUF of 1, with HQs ranging from 1.2 for zinc to 9.3 for mercury (Table 7-11).
Shipyard Creek originates at the eastern edge of a marsh approximately 1400 feet upstream from where
sediment samples were collected in 2008 (see Google Earth printout in Appendix Q3). Because
sediment samples have not been recently collected upstream of where the 2008 samples were collected,
a “worst case” approximation of the area of contamination for chromium, copper, mercury, and zinc
assumes that that contaminated sediment extends from the three locations sampled in 2008 all the way to
the headwaters of the creek, a distance of 1400 feet. A piscivorous bird such as the green heron could
forage in the creek as well as in the marsh on either side of the creek. The width of the creek and
adjacent marsh is approximately 25 to 30 feet at the headwaters of the creek and widens to
approximately 70 feet where sediment samples were collected in 2008. The acreage of the creek and
adjacent marsh in the area in question is approximately 57,650 square feet, or 1.32 acres. The estimated
home range for a green heron is 245 acres (Appendix Q1). An AUF for the green heron would be
1.32 acres + 245 acres, or 0.01. All green heron HQs in Tables 7-10 and 7-11 would be less than 1.0 if
the AUF of 0.01 was incorporated. Therefore, bioaccumulative COPCs in Shipyard Creek pose minimal

potential risks to piscivorous receptors represented by the green heron.

In the average scenario, the copper HQ of 1.05 (based on an AUF of 1) only slightly exceeded 1.0 for the
mink, and other HQs were less than 1.0 for the mink (Table 7-11). As discussed in Appendix Q1, the
smallest home range reported for a mink is 19 acres, but mink home ranges typically vary from 640 to
over 4,000 acres. Using a 19 acre home range, the mink AUF would be 1.32 acre + 19 acres, or 0.07.
Appendix Q1 also presents mink foraging data in terms of streamside length. Specifically, mink typically

forage within approximately 0.6 to 1.9 miles of streamside habitats. The midpoint of this range is
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1.25 miles, or 6,600 feet. A mink AUF using stream length instead of area for Shipyard Creek can be

calculated as 1400 feet + 6,600 feet, or approximately 0.21. The copper NOAEL HQ for mink would be
well below 1.0 if either the 0.07 AUF or the 0.21 AUF was incorporated (Table 7-11).

In a technical memorandum entitled Preliminary Results of Zone J Sampling (EnSafe, 1997), the Navy
presented the results of initial sampling activities in various water bodies at CNC, including sediment
analytical data for samples 009M000201 and 009MO000301, which were located upstream of where
samples were collected in 2008 for the current RFI. The data for the two upstream samples from the
EnSafe (1997) report are included in Appendix Q3 and a portion of the data for those two samples is
summarized in Table Q3-1 of Appendix Q3. Inclusion of sediment data from the two upstream samples
(009M000201 and 009M000301) would not significantly alter the results of the average food chain model

scenario.

In summary, all food chain HQs for pesticides and PCBs were less than 1.0 in the conservative scenario
(Table 7-10) were less than 1.0, so these COPCs pose no risks to piscivorous receptors represented by
the mink and green heron. In the average scenario, food chain NOAEL HQs greater than 1.0 were limited
to copper for the mink, and chromium, copper, mercury, and zinc for the green heron (Table 7-11). All
food chain HQs for the mink and green heron were low considering that piscivorous mammals and birds
forage over much larger areas than the area of potential sediment contamination, and all food chain HQs
in the average scenario would be less than 1.0 if AUFs were incorporated. With this in mind,
bioaccumulative COPCs in Shipyard Creek pose minimal potential risks to piscivorous receptors

represented by the mink and green heron.

7.5.5.3 Summary and Conclusions

7.5.5.3.1 Potential Risks to Benthic Organisms

Concentrations of several chemicals in Shipyard Creek sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Based on considerations in the COPC refinement step,
potential risks to benthic invertebrates posed by SVOCs are minimal. The maximum detected
concentration of 4,4’-DDE (25 ug/kg) exceeds background data, and falls between the 2.07 ug/kg TEL
and the 374 pg/kg PEL, so the degree of potential risk is uncertain. A factor for risk managers to consider
is that concentrations of DDT isomers in Shipyard Creek in 2008 are much lower than in 1994. Dieldrin
was detected in one sample, but based on USEPA’s (2003) guidance document for dieldrin sediment

benchmarks, adverse effects to benthic organisms are not expected from dieldrin.

Concentrations of Aroclor-1260, chromium, copper, lead, and zinc exceeded their respective PEL values

in one or two samples, suggesting probable adverse effects to benthic receptors. Aroclor-1260
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concentrations in 2008 are less than one-third of the concentration from the same vicinity in 1994, and
three other Aroclors that were elevated in 1994 were not detected in 2008 (Table 4-5). Concentrations of
chromium, lead, and zinc in 2008 were less than concentrations from the same location in 1994 and
2005; the copper concentration in 2008 was less than in 1994 and was about the same as in 2005
(Table 4-5). There is some uncertainty in the evaluation of potential risks posed by some inorganics,

especially aluminum, iron, and vanadium, due to the absence of toxicity guidelines.

7.5.5.3.2 Considerations Regarding Contaminant Sources

The decision of whether to carry the ERA for Shipyard Creek beyond Step 3A involves risk management
and thus will be determined by risk managers. This section presents information regarding sites that
were previously known or probable sources of sediment contamination in Shipyard Creek, and is intended
to assist the risk managers so that a decision regarding further assessment or no further action can be

made.

The Macalloy Corporation ferrochromium manufacturing facility, located on the west bank of Shipyard
Creek, operated from 1941 until 1998. Wastes generated by the facility during the ferrochromium
manufacturing process included chromium, arsenic, lead, barium, manganese, mercury, and zinc
(EnSafe, 2003a; 2003d). Macalloy maintained four surface water discharge points into Shipyard Creek
under an NPDES permit, and repeatedly exceeded its NPDES permit limits for total chromium and
hexavalent chromium (USEPA, 1999b) as well as for lead and other contaminants (EnSafe, 2003a).
Cleanup of the Macalloy site was completed in 2006 (NOAA, 2009).

The following SWMUs and AOCs at CNC are located in drainage basins that discharge surface water
runoff, either through outfalls or sheetflow, into Shipyard Creek: SWMUs 8, 9, 11, 19, 20, 24, 121, 159,
and 196; and AOCs 633, 634, 636, 637, 649, 650, 651, 654, 670, 689, 690, and 706 (EnSafe, 2003a;
2003d). These sites have been remediated, but could have previously contributed contaminants to
Shipyard Creek. SWMUs and AOCs with chemicals of concern (COCs) consisting of Aroclor-1260,

chromium, copper, lead, and/or zinc are discussed below.

SWMU 8, located about 800 feet north of the upper portion of Shipyard Creek, contained three unlined oil
sludge pits. In 1997, 26,533 tons of contaminated soil were removed from SWMU 8. Surface soil COCs
at SWMU 8 included Aroclor-1260 and chromium (CH2M-Jones, 2004a).

SWMU 9 includes a 120-acre closed landfill. Approximately 2400 feet of the former landfill borders the
upper portion of Shipyard Creek (CH2M-Jones, 2004b). SWMUs 19, 20, and 121, and AOCs 637, 649,
650, and 651 are located within the landfill footprint. The SWMU 9 landfill was used for the disposal of

industrial and domestic solid wastes generated at CNC from the 1930s until the early 1970s. The landfill
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was closed by placing a soil cover over the entire landfill area. PCBs, including Aroclor-1260, were COCs

in SWMU 9 soil. The RFI report for SWMU 19 (Solid Waste Transfer Station) identified Aroclor-1260,
copper, zinc, and other metals as surface soil COCs (CH2M-Jones, 2004b).

AOC 670 is a former outdoor trap and skeet range within SWMU 14, and is approximately 1200 feet
northeast of the middle portion of Shipyard Creek. A portion of AOC 670 lies within a drainage basin that
discharges to Shipyard Creek (EnSafe, 2003a). Soil COCs included Aroclor-1260 and lead. Removal of
contaminated soil occurred in 2002 (CH2M-Jones, 2004a).

AOC 633, located approximately 1000 feet north of the upper reach of Shipyard Creek, consists of an
electrical substation and surrounding area. Several historical releases of PCBs have been reported for
the site. Soil contaminated by PCBs (including Aroclor-1260) was removed during 2001 and 2002
(CH2M-Jones, 2004c).

In summary, COPCs posing the greatest potential risks to benthic receptors in Shipyard Creek are
Aroclor-1260, chromium, copper, lead, and zinc, since sediment concentrations of these chemicals
exceeded their respective PEL values in one or two samples. However, the presumed sources of these
COPCs have been remediated, and sediment concentrations of these COPCs were lower in 2008 than
concentrations from the same location in 1994. With this in mind, and since sediment contamination is

limited to a small area, further evaluation of Shipyard Creek sediment does not appear to be warranted.

7.5.5.3.3 Potential Risks to Wildlife via the Food Chain

Bioaccumulative COPCs do not pose significant risks to piscivorous birds and mammals in Shipyard
Creek.

7.5.6 Step 3A Risk Characterization and Discussion: Cooper River

Potential risks to benthic receptors in the Cooper River are discussed in Section 7.5.6.1 and potential

risks to piscivorous wildlife via the food chain are discussed in Section 7.5.6.2.

7.5.6.1 Potential Risks to Benthic Organisms

7.5.6.1.1 Semivolatile Organic Compounds

PAHs

Thirteen individual PAHs plus total PAHs were COPCs (Table 7-4). PAH concentrations were highest in

sample 556M000503, which was the southernmost of the three samples in the Cooper River, and were

120910/P 7-35 CTOs 0017 and 0104



REVISION 3

MAY 2013

lowest in sample 054M000103, the northernmost of the three samples (Table 4-6 and Figure 4-3).

Concentrations of some PAHs were quite high in sample 556M000503; for example, the concentration of

fluoranthene in this sample was 41,000 ug/kg, with a screening HQ of 124 (Table 7-12). The high

concentrations of PAHs in sample 556M000503 and corresponding sample dilutions required for

laboratory analysis resulted in detection limits being elevated in this sample compared to other samples
(Table 4-6).

Comparisons of PAH concentrations over time at the three Cooper River locations are hindered by high
detection limits in previous samples, but overall, concentrations at location E054M0001 and E556M0007
were highest in 1995 (Tables 4-7 and 4-9) and concentrations at location E556M0005 were highest in
2008 (Table 4-8).

The gross physical characteristics of sediment sample 054M000103 (the northern river sample) were
different than the other two river samples. The sample, collected in shallow water about 40 feet offshore,
was brownish-grey silty sand. Samples 556M000703 and 556M000503, on the other hand, were black
and very silty, with a “jelly-like” consistency and petroleum odor. Sample 556M000703 was collected
near dry dock #5 about five feet from the concrete seawall/dock at a depth of 20 feet. Sample
556M000503 was collected adjacent to a concrete piling at a depth of 12 feet. The different physical
characteristics of sample 054M000103 compared to the other two samples are reflected by the organic
carbon content and solids content in the three samples. The TOC was 7,100 mg/kg (0.7 percent) in
sample 054M000103 but was 46,000 mg/kg and 56,000 mg/kg (4.6 and 5.6 percent) in the other two
samples (Table 7-5). Sample 054M000103 was 78 percent total solids, while the other two samples were
24 percent solids (Appendix O and Table 4-6).

On an organic carbon basis, total PAH concentrations in Cooper River samples ranged from 158 to
2462 ug/g (Table 7-5); concentrations in samples 054M000103 and 556M000703 were less than the
Schwartz (1999) threshold effects concentration of 290 ug/g OC, indicating that PAHs in these two
samples are unlikely to pose risks to benthic organisms. The 2,462 pg/g OC value in sample
556M000503 exceeded the 290 pg/g OC threshold effects concentration and the 1800 pg/g OC median
effects concentration (Schwartz, 1999), indicating that PAHs in this sample pose potential risks to benthic
organisms. The 2,462 pg/g OC value in this sample was well below the 10,000 pug/g OC extreme effects
concentration (Schwartz, 1999). See Section 7.5.4.1.1 for an explanation of toxicity guidelines for total

PAHs based on organic carbon.
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7.5.6.1.2 Pesticides and PCBs

4.4°-DDD

4,4-DDD was detected in sample 556M000503 at a concentration of 4.8 ug/kg (HQ = 1.5), and was not
detected in the other two samples (Table 7-4). Other DDT isomers were not detected in Cooper River

samples.

DDT isomers were not detected in background sediment, and MDLs for 4,4’-DDD in background samples
ranged from 4.3 to 11 ug/kg (Table 7-1). The 4,4-DDD concentration of 4.8 ug/kg in sample
556M000503 is not elevated relative to the background MDLs, and the total DDT concentration in this
sample calculated using one-half the sample-specific MDLs to represent non-detected isomers would be
6.5 ug/kg. This value is well below the NS&T/MW “high” value for total DDT in sediment of 22 ug/kg
(Daskalakis and O’Connor, 1995).

The single detected value of 4.8 ug/kg in sample 556M000503 exceeded the 1.22 pg/kg TEL but was less
than the 7.81 pg/kg PEL of MacDonald (1994). It is difficult to predict the occurrence and/or severity of
effects of concentrations between the TEL and the PEL. DDT isomers were not detected at the same
sample location in 1995 or 2005, but detection limits were much higher than in 2008 (Table 4-8),

precluding a comparison to previous sampling events.

In summary, 4,4’-DDD was the only DDT isomer detected in the Cooper River; its maximum screening
HQ of 1.5 was not particularly high. The detected concentration of 4.8 ug/kg was within the range of
detection limits (4.3 to 11 pg/kg) in background samples from Charleston Harbor, and the estimated total
DDT value (6.5 pg/kg) was well below 22 pg/kg, a value considered to represent elevated concentrations
in the NS&T/MW coastal data set. Thus, potential risks to benthic receptors are not significant, and any

potential risks are not site-related and are probably related to historical usage of DDT in the watershed.

PCBs

Aroclor-1260 was detected in sample 054M000103 at a concentration of 94 pg/kg (HQ = 2.8), and was
not detected in the other two samples (Table 7-4). Other Aroclors were not detected in Cooper River
samples. The 94 ug/kg concentration of Aroclor-1260 exceeded the 21.6 ug/kg TEL for total PCBs, so
risk to benthic receptors cannot be ruled out, but the concentration was less than the 189 pg/kg PEL
(MacDonald, 1994).
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Aroclors were not detected at the same sample location in 2005, but detection limits were much higher in
2005 than in 2008, and Aroclors were not analyzed at this location in 1995 (Table 4-7), hindering a

comparison to previous sampling events.

PCBs were not detected in background samples, but MDLs for Aroclor-1260 in background samples
ranged from 92 to 240 ug/kg; this range encompasses the single detected value of 94 ug/kg in the
Cooper River, precluding a complete comparison to background conditions in Charleston Harbor.
However, the 94 ug/kg value is slightly elevated relative to the NS&T/MW “high” value of 80 ug/kg for total
PCBs in sediment (Daskalakis and O’Connor, 1995).

In summary, Aroclor-260 was detected in one of three Cooper River samples and was the only PCB
detected in the river. The 94 ug/kg value is elevated relative to data collected from coastal US locations,
and fell between the TEL and the PEL, which indicates potential risk to benthic receptors. PCBs are no
longer manufactured or used in the United States, but the higher chlorinated PCBs (such as

Aroclor-1260) are extremely persistent in sediment.

7.5.6.1.3 Inorganics

Thirteen metals were COPCs in sediment (Table 7-4) and are discussed below.

Arsenic

Arsenic concentrations exceeded the 12.0 mg/kg background value in sample 556M000703 (17.6 mg/kg)
and sample 556M000503 (20.5 mg/kg). The concentrations in the two associated sample locations were
approximately the same as in 2005 and greater than in 1995 (Tables 4-8 and 4-9). Although the
maximum screening HQ of 2.8 is not especially high, the two detected concentrations exceed the
7.24 mg/kg TEL, so potential risk to benthic receptors cannot be ruled out. Concentrations were less than
the 41.6 mg/kg PEL (MacDonald, 1994).

Chromium

Chromium concentrations exceeded the ESV and background value in two samples, with a maximum
screening HQ of 1.3 (Table 7-12). The two highest concentrations were 57.9 and 68.4 mg/kg, compared
to a background value of 43.5 mg/kg and a 56 mg/kg maximum value in background samples (Table 7-1).
The relatively low maximum HQ and similarity to background values suggest that site-related risk posed

by chromium is probably not significant.
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Copper

Copper concentrations exceeded the ESV and background value in all three samples, with a maximum
screening HQ of 20.6 (Table 7-12). Copper concentrations in 1995 and 2005 versus 2008 show no clear
trends (Tables 4-7 through 4-9). The copper concentration in the upstream sample (054M000103 at
386 mg/kg) and the middle sample (556M000703 at 148 mg/kg) exceeded the 108 mg/kg PEL value
(MacDonald, 1994). Thus, the data indicates probable adverse effects to benthic receptors in the vicinity
of these two samples.

Lead

Lead concentrations exceeded the ESV and background value in two samples, with a maximum
screening HQ of 4.9 (Table 7-12). The lead concentration in the south sample (556M000503) was
40.5 mg/kg, which slightly exceeded the TEL of 30.2 mg/kg. The concentration in the north sample
(054M000103) was 147 mg/kg, which exceeded the 112 mg/kg PEL value. Thus, the data indicate

probable adverse effects to benthic receptors in the vicinity of this sample.

Nickel

Nickel concentrations exceeded the ESV and background value in three samples, with a maximum
screening HQ of 2.1 (Table 7-9). Concentrations in all three samples were less than the 42.8 mg/kg PEL
of MacDonald (1994). As was the case for chromium and arsenic, the maximum screening HQ of 2.1 is
not especially high, but since the nickel concentrations in three samples are between the TEL and the

PEL, the occurrence and/or severity of effects to benthic receptors is uncertain.

Zinc

Zinc concentrations exceeded the ESV and background value in two samples, with a maximum screening
HQ of 6.7 (Table 7-12). The zinc concentration in the middle sample (556M000703) was 144 mg/kg,
which only slightly exceeded the TEL of 124 mg/kg. The concentration in the north sample
(054M000103) was 826 mg/kg, which exceeded the 271 mg/kg PEL value. Thus, the data indicate

probable adverse effects to benthic receptors in the vicinity of this sample.

Other Inorganics

USEPA Region 4 does not have ESVs for aluminum, barium, cobalt, iron, manganese, selenium, and
vanadium, which were COPCs in Cooper River. Screening values for evaluating direct toxicity to marine

benthic receptors are sparse for these metals. NOAA’s SQUIRT tables provide a threshold effects level of
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130.1 mg/kg for barium in marine sediment (Buchman, 2008). The maximum barium in river sediment

was 85.7 mg/kg (Table 7-12), indicating negligible risk to benthic receptors for barium.

SQUIRT tables provide AETs of 18,000 mg/kg for aluminum, 10 mg/kg for cobalt, 220,000 mg/kg for iron,
260 mg/kg for manganese, 1.0 mg/kg for selenium, and 57 mg/kg for vanadium (Buchman, 2008). AETs
are not meant to be used as screening values, because toxicity might have been observed in some
samples at values below the AET, which is the concentration above which biological effects are expected
to occur. Nevertheless, it should be noted that concentrations of cobalt, iron, and selenium in all three
Cooper River samples did not exceed their respective AETs. Concentrations of aluminum, manganese,
and vanadium exceeded their respective AETs in samples 556M000503 and 556M000703. Vanadium
concentrations in these two samples (66 mg/kg and 80.1 mg/kg) only slightly exceeded the maximum

background concentration of 61 mg/kg.

Selenium was not detected in background samples, but MDLs for selenium in background samples
ranged from 1.2 to 3.3 mg/kg (Table 7-1), which exceeded the range of detected values in the Cooper
River of 0.65 to 0.77 mg/kg (Table 7-12). The NS&T/MW “high” value for selenium in coastal sediment is
0.92 mg/kg (Daskalakis and O’Connor, 1995); selenium concentrations in Cooper River were less than
this value. Daskalakis and O’Connor (1995) did not provide “high” values for the other six metals

discussed in this section.

In summary, sediment toxicity thresholds are limited for aluminum, cobalt, iron, manganese, selenium,
and vanadium, resulting in uncertainty regarding potential risks to benthic receptors posed by these
inorganics. However, selenium concentrations do not appear to be site-related, and instead are indicative
of regional conditions in the vicinity of Charleston Harbor. Concentrations of aluminum, manganese, and
vanadium in samples 556M000503 and 556M000703 exceeded their background values and their AETSs,

which are concentrations above which adverse effects are could occur.

7.5.6.2 Potential Risks to Wildlife via the Food Chain

Bioaccumulative COPCs in Cooper River sediment consisted of 4,4’-DDD, Aroclor-1260, arsenic,
chromium, copper, lead, nickel, selenium, and zinc. Based on maximum detected concentrations and
conservative assumptions for body weights, food consumption, and sediment ingestion, food chain
NOAEL HQs for the mink and green heron exceeded 1.0 for arsenic, chromium, copper, lead, nickel, and
zinc (Table 7-13). Food chain NOAEL HQs in the average scenario (assuming an AUF of 1) exceeded
1.0 for copper (mink and green heron) and zinc (green heron), and the green heron LOAEL HQ exceeded
1.0 for copper (Table 7-14).
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The highest HQs were for copper, with a NOAEL HQ of 45 for the mink and 78 for the green heron

(Table 7-13); these HQs are based on the maximum copper concentration of 386 mg/kg in sample

054M000103 (Figure 4-3). The copper concentration was 148 mg/kg in sample 556M000703 and
43.5 mg/kg in 556M000503.

The food chain HQs in Table 7-13 and the food chain HQs exceeding 1 in Table 7-14 incorporate AUFs of
1.0, meaning the representative receptors are assumed to forage exclusively in the contaminated area
where samples were collected. Site-specific AUFs for the Cooper River samples cannot be estimated
using the same approach used for the Noisette and Shipyard data sets. Sample location E054M0001 is
approximately 2,000 feet from sample location E556M0007, which is about 3,000 feet from location
E556MO0005 (Figures 1-4 and 4-3). Thus, the three Cooper River samples represent three discrete areas,
unlike the Noisette and Shipyard data sets, which each represent a single area. Another difference
between the Cooper River data set and the Noisette and Shipyard data sets is that two of the three river
sample locations (E556M007 and E556MO0005) are in heavily industrialized areas where foraging by
piscivorous birds is uncommon, and foraging by piscivorous mammals is rare or non-existent.
Furthermore, samples from these two locations were collected in deep water (12 feet and 20 feet deep),
where there would be little or no exposure to sediment contaminants by piscivorous birds and mammals.
Because of the depth and surrounding industrial conditions, sediment contaminants at sample locations

E556M007 and E556M0005 do not pose significant risks to piscivorous birds and mammals.

Sample 054M000103, the most upstream of the three river samples, was in shallower water and in a less
industrialized area where exposure by piscivorous birds and mammals to sediment contaminants could
occur. Any estimated AUF associated with the sample from location E054M00001 is speculative,
especially since only a single sample was collected here, but as an example, if the contaminated area at
location E054M00001 is one acre in size, a mink AUF could be calculated as 1 acre + 19 acres (see
Section 7.5.4.2), or 0.05. Similarly, an AUF for the green heron would be 1 acre + 245 acres, or 0.004.
All HQs in Table 7-14 would be less than 1.0 using these AUFs.

As mentioned above, the water depth and surrounding industrial conditions prevent significant exposure
of piscivorous birds and mammals to sediment contaminants in benthic organisms at sample locations
E556M007 and E556M0005. With this in mind, an alternate approach to evaluating risks to piscivorous
receptors using the food chain model would be to use only the sediment data from sample 054M000103,
the sample in shallow water and in a less industrialized area where exposure by piscivorous birds and
mammals to sediment contaminants is more likely to occur. This sample was responsible for the
maximum Cooper River concentrations of COPCs such as copper, lead, nickel, and zinc (Table 4-6).
Using only the data from sample 054M000103, an AUF of 1, and conservative assumptions for body

weight, food consumption, and sediment ingestion, chemicals with food chain HQs greater than 1.0
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consisted of chromium, copper, lead, nickel, and zinc (Table 7-15). Note that the food chain HQ values
with an AUF of 1 in Table 7-15 for copper, lead, nickel, and zinc are the same as food chain HQ values in
Table 7-13, because Table 7-13 is based on maximum Cooper River sediment concentrations, which
were measured in sample 054M000103. Using the data from sample 054M000103, an AUF of 1, and
less conservative assumptions for body weight, food consumption, and sediment ingestion, chemicals
with food chain NOAEL HQs greater than 1.0 consisted of copper for the mink, and copper, lead, and zinc
for the green heron (Table 7-16). All HQs in Table 7-15 would be less than 1.0 using the AUFs discussed
in the preceding paragraph, except the mink NOAEL HQ for copper in the conservative scenario would be
45.4 x 0.05 = 2.3. All HQs in Table 7-16 would be less than 1.0 using the AUFs discussed in the previous
paragraph. A contaminated area of more than one acre at location E054M00001 would result in
proportionately higher HQs while a contaminated area of less than one acre would result in

proportionately lower HQs.

7.5.6.3 Summary and Conclusions

Concentrations of several chemicals in Cooper River sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. PAHs pose potential risks to benthic invertebrates in sample
556M000503, the southernmost (farthest downstream) sample. Aroclor-1260 was detected only in
sample 054M000103, the northernmost (farthest upstream) sample. The Aroclor-1260 concentration
(94 ug/kg) is elevated relative to data collected from coastal US locations, and falls between the

21.6 ug/kg TEL and the 189 pg/kg PEL, so the degree of potential risk is uncertain.

Concentrations of copper, lead, and zinc exceeded their respective PEL values in one or two samples,
indicating probable adverse effects to benthic receptors. Specifically, copper concentrations exceeded
the PEL in samples 054M000103 and 556M000703, and concentrations of lead and zinc exceeded their
PELs in sample 054M000103. There is some uncertainty in the evaluation of potential risks posed by
some inorganics, especially aluminum, manganese, and vanadium due to the absence of toxicity

guidelines.

Bioaccumulative COPCs do not pose significant risks to piscivorous birds and mammals in the Cooper

River.

A factor for risk managers to consider is that Cooper River samples 054M000103, 556M000703 and
556M000503 are located in an industrial shipyard that is periodically dredged for ship traffic (see
Section 1.4). Dredged sediments from the shipyard at CNC are typically placed in an upland confined
disposal facility (CDF) on Clouter Island. Therefore, any potential ecological risk posed by sediment
contamination in the vicinity of these three samples will be mitigated by maintenance dredging. However,

some animals (especially birds) forage in the Clouter Island CDF, so contaminated dredge spoil from the
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vicinities of samples 054M000103, 556M000703 and 556M000503 could conceivably pose risks to birds
and mammals that forage in the Clouter Island CDF. Potential risks to foraging animals would be
reduced if contaminated dredge material that is deposited on Clouter Island is mixed with dredge spoil

from less-contaminated areas. This would have the effect of diluting concentrations of contaminants.

To evaluate the likelihood of dilution, copies of three documents were obtained that were prepared as part
of the USACE dredge permit application process. Portions of all three documents are included in
Appendix Q4. GEL (2010) presents sediment data collected from the vicinities of seven piers (Piers C, D,
F, H, S, T, and U). Piers C, D, F, and H correspond, roughly, to sample locations 054M0001 and
556M0007. Pier J is approximately 800 feet north (upstream) of sample location 556M0005. WPC
(2011) presents sediment data collected from the vicinities of six piers at the Veterans Terminal, which is
slightly south of sample location 556M0005. ANAMAR (2011) presents sediment data collected from the
vicinity of Pier P, which is approximately 3,000 feet downstream of sample location 556M0005. The
sediment data from GEL (2010), WPC (2011), and ANAMAR (2011), as well as the data from samples
054M000103, 556M000703 and 556M000503, are summarized in Table Q4-1 of Appendix Q4. Table
Q4-1 indicates that for most chemicals, concentrations in sediment samples collected for the dredge
permits were lower (often greatly so) than in samples 054M000103, 556M000703, and 556M000503.
Arsenic and chromium concentrations in samples 054M000103, 556M000703, and 556M000503
overlapped somewhat with samples collected for the dredge permits, but for other chemicals,
concentrations tended to be much less in samples collected for the dredge permits. PAHSs, copper, lead,
and zinc were the COPCs of greatest concern in Cooper River samples collected for the RFI
(concentrations in one or more samples exceeded PEL values), and concentrations of these COPCs
were lower in samples collected for the dredge permits than in Cooper River samples 054M000103,
556M000703, and 556M000503 collected for the RFIl. With this information in mind, it is likely that dredge
spoil from the vicinity of 054M0001, 556M0007, and 556M0005 would be diluted by sediments (dredge
spoil) from other (less contaminated) areas when dredge spoil is deposited on Clouter Island, and
therefore, exposure by ecological receptors to contaminated dredge spoil from the vicinities of sample
locations 054M0001, 556M0007, and 556M0005 would be mitigated by this dilution. Estimating final

concentrations (after dilution) of dredge spoil is beyond the scope of this study.

7.6 UNCERTAINTIES

Uncertainty is associated with all aspects of the ecological assessment methodology presented in the
preceding sections. Some uncertainties were discussed in Sections 7.5.4 through 7.5.6. This section

provides a summary of the uncertainties, and focuses on those that have not been previously discussed.

A notable uncertainty for the Zone J ecological risk assessment is the source of the sediment COPCs,

especially for the Cooper River data set. Most of the CNC waterfront along the Cooper River is
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industrialized, consisting of humerous piers and dry docks. CNC currently supports several private and

federal facilities that use the docks and piers, including Detyens Shipyards, Charleston International Port,

Charleston Shipbuilders, Inc., NOAA, and the U.S. Coast Guard. Concentrations of COPCs such as

PAHs could be related to discharges from vessels rather than contaminants associated with upland
SWMUs and AOCs at CNC.

Grain size was not measured in sediment samples collected in 2008. Sediment grain size is related to
water velocity; as velocity decreases, smaller particles settle out. Therefore, grain size indicates whether
samples were collected from areas where fine particles (clays and silts) have settled. Many contaminants
adhere to particle surfaces, so fine particles are likely to contain more contaminants per unit of mass, and
grain size can be an indicator whether samples were collected from areas of expected contamination. In
general, sediment in a depositional area will have more than 50 percent fines. The lack of grain size data
is not a significant shortcoming for the current Zone J evaluation. Previous studies at Zone J have

documented the fact that the five areas sampled in 2008 are areas of maximum sediment contamination.

Surface water samples were not collected concurrently with the sediment samples collected in 2008.
Because of wind action, tides, and currents, the surface waters of Zone J are mixed to some extent, and
less variability in contaminant concentrations among surface water samples would be expected.
Sediments integrate pollutants over time and often indicate a history of contamination to a greater extent
than surface water. Furthermore, evaluations of surface water samples collected during previous
investigations have indicated that surface water concentrations at Zone J are similar to surface water
concentrations throughout the harbor, and ecological risks posed by CNC-related chemicals in surface
water are negligible (see Section 4.0). Therefore, the BCT decided that sampling activities conducted in
2008 would not include surface water. The uncertainty resulting from the absence of current surface

water data is not significant in the ecological risk assessment.

Most sediment ESVs are not based on toxicity to reptiles and amphibians. As a result, there is

uncertainty regarding potential risks to reptiles and amphibians.

There is uncertainty involving potential cumulative toxicity when concentrations of multiple chemicals
exceed their ESVs. In Shipyard Creek for example, concentrations of several metals were highest in
sample 009M001703. Hazard indices for metals were not calculated since the toxic mechanisms of
metals are complex and it is difficult to ascertain the degree to which metals "produce effects by the same
toxic mechanism” (USEPA, 1997c). In summary, the potential for cumulative toxicity to benthic receptors

exists in some sample locations at Zone J. The sample locations represent small areas, however.
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The potential for cumulative toxicity for wide-ranging receptors such as piscivorous birds and mammals
can be a concern, especially when data sets are evaluated separately, such as at Zone J. Nine samples
were collected at Zone J and were evaluated as three data sets of three samples each rather than one
data set of nine samples. Birds and mammals could be exposed to contaminants at multiple sample
locations. Nevertheless, the resulting uncertainty associated with the food chain HQs at Zone J is
believed to be minor since the nine samples represent a very small area relative to the home range or

foraging area of piscivorous birds and mammals.

There is no standard approach for calculating total PAH concentrations when some PAHs are not
detected, and uncertainty will exist if non-detected PAHs are assigned values of 0, one-half the reporting
limit, or any other commonly used value. In addition, there is no standard list of PAHs with which to
calculate total PAH concentrations. Total PAHs values were calculated using two methods for the Zone J
ecological risk assessment. In one method, total PAHs are the sum of detected PAH concentrations
(non-detected PAH compounds were ignored). In the second method, total PAHs were calculated as the
sum of concentrations of the 17 individual PAH compounds that were included in the laboratory analysis,
and one-half the sample specific MDL was to represent nondetected compounds. Due to the low MDLs
in the laboratory analyses, there was very little difference in the resulting calculations of total PAHs, so

the resulting uncertainty is minimal.

The choice of representative receptors for the food chain modeling results in some uncertainty. The
Cooper River at Zone J provides poor habitat for piscivorous birds and mammals, and the extent to which
such receptors utilize the area is uncertain. Under current habitat conditions, the food chain HQs for the

Cooper River data set are believed to overestimate risk to piscivorous birds and mammals.

Laboratory-derived NOAELs and LOAELs might not adequately represent toxicity thresholds for
piscivorous receptors under field conditions. In addition, NOAELs and LOAELs for species used in
toxicity tests and reported in the literature might not adequately represent toxicity thresholds for other

species. These uncertainties may overestimate or underestimate potential risks.

The chemical dose to piscivorous wildlife was calculated using an equation that incorporated ingestion
rates, body weights, and other factors. These factors were obtained from literature studies or predicted
using various equations. Ingestion rates and body weights vary between species, especially between

species inhabiting different areas.
Site-specific tissue samples from fish and benthic invertebrates were not collected as part of this

investigation. Therefore, chemical concentrations in tissues of these receptors were estimated using

BSAFs in order to obtain exposure point concentrations in food items of piscivorous receptors. These
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bioaccumulation factors were derived from the literature, and do not take into account site-specific factors
such as pH that can affect bioaccumulation. The estimated tissue concentrations of organic chemicals,
however, do incorporate lipid contents and sediment TOC into the estimation of chemical concentrations
in tissue. Even so, there are uncertainties as to the actual bioaccumulation of organic chemicals in tissue

samples.

Sediment ESVs used in the screening level ecological risk assessment were “screening values”
established by USEPA Region 4 (USEPA, 2001c). Some Region 4 sediment screening values are
“effects values” and some are contract laboratory program practical quantification limits (CLP PQLs)
(USEPA, 2001c). Specifically, if the CLP PQL is greater than the effects value, the CLP PQL is used as
the screening value. Following USEPA Region 4 guidance, the screening step uses the “screening
values” in Table 3 of USEPA (2001c). Effects values (e.g., TELs, ER-Ls) were used to evaluate COPCs
in the COPC Refinement Step of the Zone J ecological risk assessment, as per USEPA Region 4

guidance, so any uncertainty resulting from this methodology is minimal.

There is uncertainty in the likelihood of risk to benthic receptors when contaminant concentrations exceed
a particular toxicity threshold (such as a TEL) but are less than a probable effects threshold (such as a
PEL). A rough guide for determining the likelihood of risk is to examine whether a concentration slightly
exceeds the TEL or greatly exceeds the TEL; obviously, higher concentrations pose more risk than lower
concentrations.  Nevertheless, is difficult to predict the occurrence and/or severity of effects of

concentrations between the TEL and the PEL.
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TABLE 7-1

ZONE J

PAGE 1 OF 2
Range of Average Range of
Chemical® Detected ESV | BSLM000101| BSLM000201( BSLM000301 | BSLM000401 | BSLM000501 | BSLM000601 ( BSLM000701 | BSLM000801 | BSLM000901 | BSLM001001
V. Value® | Nondetects
alues

Inorganics (mg/kg)
Aluminum 1600-27000 10720 - NA 27000 19000 7700 1600 7900 4300 8300 14000 12000 5400
Arsenic 0.98-15 6.0 - 7.24 15 11 3.8 0.98 J 5.9 2.4 3.6 9 5.2 3.2
Barium 8.8-30 17.3 - NA 30 27 9.7 9.4 11 18 18 25 16 8.8
Calcium 3000-140000 26630 - NA 3100 16000 19000 3000 40000 6400 4800 140000 19000 15000
Chromium 4.5-56 21.8 - 52.3 56 42 16 4.5 17 10 15 21 23 13
Cobalt 0.49-8.4 3.2 - NA 7.4 8.4 1.8 0.49 J 2 1.2 J 1.9 3.4 3.9 1.3 J
Copper 1.1-16 7.5 - 18.7 7.7 16 5.9 1.1 J 4.3 3.2 5.9 15 13 2.4 J
Iron 1800-33000 11800 - NA 33000 22000 7900 1800 8900 5000 8600 14000 11000 5800
Lead 2.7-21 9.0 - 30.2 14 15 6.7 2.7 4.9 4.3 8.6 21 9.8 3.4
Magnesium 530-7100 3213 - NA 7100 6300 2200 530 2800 1600 2100 3900 3700 1900
Manganese 33-240 108 - NA 240 180 74 33 97 41 57 160 140 58
Mercury 0.0053-0.11 0.036 - 0.13 0.035 |J| 0.059 |J 0.031 J| 0.0053 [Jf[ o0.016 |[J]| 0.018 [J 0.034 0.11 0.045 0.0078 |J
Nickel 1.1-15 6.2 - 15.9 15 12 J 5.2 J 1.1 J 4.8 J 2.4 J 4.6 J 6.9 J 6.9 J 3.2 J
Potassium 240-4200 1523 - NA 4200 2800 970 240 1200 690 1000 1800 1500 830
Selenium ND 0.9 1.2-3.3 NA 2.3 U 3.3 U 1.5 U 1.2 U 1.4 U 1.4 U 1.4 U 1.9 U 1.8 U 1.3 U
Sodium 2000-14000 6940 - NA 10000 14000 5100 2000 6400 4600 5300 9900 7900 4200
Thallium ND 1.3 1.8-4.7 NA 3.3 U 4.7 U 2.1 U 1.8 U 2.1 U 2.1 U 2.0 U 2.7 U 2.7 U 1.9 U
Vanadium 4.2-61 24.4 - NA 61 43 17 4.2 18 11 21 32 25 12
Zinc 9.7-64 35.8 - 124 53 64 25 9.7 21 18 40 60 43 24
Pesticides and PCBs (ug/kg)
4,4-DDD ND 3.1 4.3-11 3.3 8.5 U 11 U 5.6 U 4.3 U 5.1 U 4.8 U 5.0 U 6.3 U 6.9 U 4.4 U
4,4-DDE ND 3.1 4.3-11 3.3 8.5 U 11 U 5.6 U 4.3 U 5.1 U 4.8 U 5.0 U 6.3 U 6.9 U 4.4 u
4,4-DDT ND 2.8 3.9-10 3.3 7.6 U 10 U 5 U 3.9 U 4.6 U 4.4 U 4.5 U 5.7 U 6.2 U 4.0 u
Dieldrin ND 3.6 5-13 3.3 9.9 U 13 U 6.5 U 5.0 U 5.9 U 5.6 U 5.9 U 7.4 U 8.0 U 5.2 u
PCB-1260 ND 66.4 92 - 240 33 180 U 240 U 120 U 92 U 110 U 100 U 110 U 130 U 150 U 95 ]
Semivolatile Organic Compounds (ug/kg)
2-Methylnaphthalene ND 25 35-90 330 68 U 90 U 44 U 35 U 41 U 39 U 40 U 51 U 55 U 36 U
Acenaphthene ND 20 27-71 330 54 U 71 U 35 U 27 U 32 U 31 U 32 U 40 U 44 U 28 u
Acenaphthylene 69 23 24 -64 330 48 u 64 u 31 U 24 U 29 U 27 U 29 U 36 U 69 J 25 u
Anthracene 88 30 33-86 330 65 u 86 U 43 U 33 U 39 U 37 U 39 U 48 U 88 J 34 U
Benzo[a]anthracene 230 52 45-120 330 87 u 120 u 57 u 45 u 53 u 50 U 52 u 65 U 230 J 46 U
Benzo[a]pyrene 140-380 68 27-71 330 54 U 71 U 35 U 27 U 32 U 31 U 32 U 140 J 380 J 28 u
Benzo[b]fluoranthene 170-420 80 37-98 NA 73 U 98 U 48 U 37 U 44 U 42 U 44 U 170 J 420 J 38 u
Benzo[g,h,i]perylene 69-200 46 33-86 NA 65 U 86 U 43 U 33 U 39 U 37 U 39 U 69 J 200 J 34 U
Benzo[K]fluoranthene 140-330 77 52 - 140 NA 100 U 140 U 67 U 52 U 61 U 58 U 60 u 140 J 330 J 53 u
Bis(2-ethylhexyl)phthalate 58-180 83 61-80 182 140 J 170 J 70 U 58 J 65 U 61 U 65 J 80 U 180 J 81 J
Chrysene 94-120 73 36-71 330 71 u 94 J 46 U 36 U 42 U 40 U 42 U 120 J 360 J 37 u
Dibenz(a,h)anthracene ND 25 35-90 330 78 U 90 U 44 U 35 U 41 U 39 U 40 U 51 U 55 U 36 u
Fluoranthene 52-380 71 37-73 330 73 u 110 J 48 U 37 U 52 J 42 U 44 u 55 U 380 J 38 u
Fluorene ND 23 32-83 330 62 U 83 U 41 U 32 U 37 U 36 U 37 U 46 U 50 U 33 u
Indeno[1,2,3-cd]pyrene 61-190 46 37-98 NA 73 u 98 u 48 U 37 U 44 U 42 U 44 U 61 J 190 J 38 U
Naphthalene ND 20 27-71 330 54 u 71 u 35 U 27 U 32 U 31 U 32 U 40 U 44 U 28 U
Phenanthrene ND 30 42-110 330 82 U 110 U 54 U 42 U 49 U 47 U 49 U 61 U 66 U 43 U
Pyrene 50-510 89 29 - 56 330 56 U 170 J 37 U 29 U 50 J 32 U 34 U 52 J 510 J 30 u
Total PAHs (detects only)® - 438.5 27 - 140 1684 - 374 - - 102 - - 752 3157 -
Total PAHs (ND=% MDL)"® - 796.6 27 - 140 1684 [ 581.5 1013 378 294 409.5 330.5 344.5 998.5 3314 302.5
Notes
ESV: Ecological screening value.

NA: Ecological screening value not available.

ND: Not detected in background samples.
U: Non Detect; U values shown here are method detection limits (MDLs); see footnote #1.

J: Estimated value; the analyte was positively identified but its concentration was less than the reporting limit (RL) but greater than MDL.
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(1) Data are from Table 3-1 of Spectra Tech (2006) except U values shown here are MDLs from Appendix A of the Spectra Tech (2006) report; U values in Table 3-1 of Spectra Tech (2006) are RLs.

(2) Chemicals in this table are those detected in Zone J samples collected in April 2008, except that 4,4'-DDT was not detected in Zone J samples in 2008; 4,4'-DDT is included here to indicate sample-specific MDLs
of this compound . See Table 3-1 of Spectra Tech (2006) and Appendix A of Spectra Tech (2006) for full background analytical dataset.

) Average of all samples calculated using %2 the sample specific MDL for nondetected samples.

) Sample-specific MDLs in nondetect samples.

) Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).

) Total PAHs = the sum of concentrations of individual PAH compounds using %2 the sample specific MDL to represent nondetected compounds.

o U W
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ECOLOGICAL CHEMICALS OF POTENTIAL CONCERN
NOISETTE CREEK SEDIMENT

ZONE J

CHARLESTON NAVAL COMPLEX
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PAGE 1 OF 2
. Frequency Range of De.teCtﬁ? LocaFlon of Range of |Background Ecologl_cal Hazard COPC Rationale for
Chemical of Detection Concentrations Maximum Nondetects?|  Value® Screening Quotient ® |(Yes/No) COPC
Minimum | Maximum | Concentration | 010 ¢ ¢CtS alue Value uotien Selection ©®
Semivolatile Organic Compounds (ug/kg)
2-METHYLNAPHTHALENE 1/3 16 16 JNOIM0011 19 - 27 ND 330 0.05 No BSV
ACENAPHTHENE 1/3 18 18 JNOIM0004 7.1-14 ND 330 0.05 No BSV
ACENAPHTHYLENE 3/3 15 34 JNOIM0004 - 45.1 330 0.1 No BSV
ANTHRACENE 3/3 58 170 JNOIM0012 - 60 330 0.5 No BSV
BENZO(A)ANTHRACENE 3/3 460 810 JNOIM0012 - 103.5 330 2.5 Yes ASV & ABG
BENZO(A)PYRENE 3/3 330 540 JNOIM0012 - 135 330 1.6 Yes ASV & ABG
BENZO(B)FLUORANTHENE 3/3 790 1200 JNOIMO0004 - 160.4 NA NA Yes ABG
BENZO(G,H,|)PERYLENE 3/3 150 250 JNOIM0012 - 91.4 NA NA Yes ABG
BENZO(K)FLUORANTHENE 3/3 170 380 JNOIM0012 - 153.1 NA NA Yes ABG
BIS(2-ETHYLHEXYL)PHTHALATE| 1/3 240 240 JNOIM0011 16 - 23 166.4 182 1.3 Yes ASV & ABG
CHRYSENE 3/3 390 690 JNOIM0012 - 146.2 330 2.1 Yes ASV & ABG
DIBENZO(A,H) ANTHRACENE 1/3 76 76 JNOIM0012 18 - 37 ND 330 0.2 No BSV
FLUORANTHENE 3/3 720 1500 JNOIM0012 - 142.1 330 4.5 Yes ASV & ABG
FLUORENE 3/3 11 30 JNOIM0012 - ND 330 0.1 No BSV
INDENO(1,2,3-CD)PYRENE 3/3 170 260 JNOIM0012 - 92.6 NA NA Yes ABG
PHENANTHRENE 3/3 160 370 JNOIM0012 - ND 330 1.1 Yes ASV
PYRENE 3/3 770 1200 JNOIM0004 - 178.2 330 3.6 Yes ASV & ABG
TOTAL PAHSs (detects only)® 3/3 4210 7414 JNOIM0012 - 877 1684 4.4 Yes ASV & ABG
TOTAL PAHs (ND = % MDL)"” 3/3 4230 7464 JNOIM0012 - 1593 1684 4.4 Yes ASV & ABG
Pesticides/PCBs (ug/kg)
4,4'-DDD 3/3 2.8 6 JNOIM0012 - ND 3.3 1.8 Yes ASV
4,4'-DDE 1/3 3.6 3.6 JNOIM0011 0.69 - 0.93 ND 3.3 1.1 Yes ASV
TOTAL DDT 3/3 3.8 6.4 JNOIM0011 - - 3.3 1.9 Yes ASV
Inorganics (mg/kg)
ALUMINUM 3/3 6540 14000 JNOIM0012 - 21440 NA NA No BBG
ARSENIC 3/3 5 9.2 JNOIM0012 - 12.0 7.24 1.3 No BBG
BARIUM 3/3 8.5 221 JNOIM0012 - 34.6 NA NA No BBG
CALCIUM 3/3 5330 47700 JNOIM0004 - 53260 NA NA No Nutrient
CHROMIUM 1/3 27 27 JNOIMO0012 0.03 43.5 52.3 0.5 No BSV
COBALT 2/3 2.8 4.1 JNOIM0012 0.02 6.4 NA NA No BBG
COPPER 3/3 10.3 42.8 JNOIM0012 - 14.9 18.7 2.3 Yes ASV & ABG
IRON 3/3 6310 11900 JNOIM0012 - 23600 NA NA No BBG
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. Frequency Range of De.teCtﬁ? LocaFlon of Range of |Background Ecologl_cal Hazard COPC Rationale for
Chemical of Detection Concentrations Maximum Nondetects?|  Value® Screening Quotient ® |(Yes/No) COPC
Minimum | Maximum | Concentration | on@St€Cts alue Value uotien Selection ©®
LEAD 3/3 10.9 28.9 JNOIM0012 - 18.1 30.2 0.96 No BSV
MAGNESIUM 3/3 1600 2700 JNOIM0012 - 6426 NA NA No Nutrient
MANGANESE 3/3 39.4 78.5 JNOIM0012 - 216 NA NA No BBG
MERCURY 3/3 0.05 1.1 JNOIM0012 - 0.07 0.13 8.5 Yes ASV & ABG
NICKEL 3/3 3.5 8.3 JNOIM0012 - 12.4 15.9 0.5 No BSV
POTASSIUM 3/3 661 1300 JNOIM0012 - 3046 NA NA No Nutrient
SELENIUM 2/3 0.23 0.32 JNOIM0012 0.19 ND NA NA Yes | ESV & BG NA
SODIUM 3/3 4350 6940 JNOIM0012 - 13880 NA NA No Nutrient
THALLIUM 1/3 0.19 0.19 JNOIM0004 0.17 - 0.23 ND NA NA Yes | ESV & BG NA
VANADIUM 3/3 11.4 21.8 JNOIM0012 - 48.8 NA NA No BBG
ZINC 3/3 29.7 158 JNOIM0012 - 71.5 124 1.3 Yes ASV & ABG
Footnotes:

NA: Ecological screening value not available.

(1) Sample NOIM0012 and its duplicate were considered as two separate samples when determining the minimum and maximum concentrations, but as one sample
when determining the frequency of detection.

(2) Sample-specific method detection limits.

(3) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2006); ND indicates that
the analyte was not detected in any of the 10 reference samples.

(4) Hazard quotient = maximum detected concentration + ecological screening value.

(5) COPC rationale codes:
For selection as a COPC:

ASV & ABG: Maximum detected concentration exceeded the ecological screening value and exceeded the background value (background defined in footnote 3).
ASV: Maximum detected concentration exceeded the ecological screening value; analyte was not detected in any of 10 reference samples.

ABG: Maximum detected concentration exceeded the background value, and ecological screening value not available.

ESV & BG NA: Ecological screening value not available and analyte was not detected in any of 10 reference samples.

For elimination as a COPC:

BSV: Maximum detected concentration was equal to or less than the ecological screening value.
BBG: Maximum detected concentration was less than the background value.
Nutrient: Calcium, magnesium, potassium, and sodium are nutrients that were not considered to be COPCs.
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Frequency | Range of Detected | | ocation of R Ecological Rationale for
Chemical of Concentrations Maximum ange of | Background Screening Hazard copc COPC
. — - . |Nondetects| value® Quotient ®|(Yes/No) .

Detection | Minimum | Maximum | Concentration Value Selection ¥
Semivolatile Organic Compounds (ug/kg)
2-METHYLNAPHTHALENE 3/3 18 30 009M001703 - ND 330 0.09 No BSV
ACENAPHTHENE 3/3 9.6 44 009M000403 - ND 330 0.1 No BSV
ACENAPHTHYLENE 3/3 20 56 009M001703 - 45.1 330 0.2 No BSV
ANTHRACENE 3/3 48 110 009M000403 - 60 330 0.3 No BSV
BENZO(A)ANTHRACENE 3/3 260 580 009M001703 - 103.5 330 1.8 Yes ASV & ABG
BENZO(A)PYRENE 3/3 170 560 009M001703 - 135 330 1.7 Yes ASV & ABG
BENZO(B)FLUORANTHENE 3/3 460 1500 009M001703 - 160.4 NA NA Yes ABG
BENZO(G,H,|)PERYLENE 3/3 99 330 009M001703 - 91.4 NA NA Yes ABG
BENZO(K)FLUORANTHENE 3/3 100 400 009M001703 - 153.1 NA NA Yes ABG
BIS(2-ETHYLHEXYL)PHTHALATE 3/3 540 750 009M001603 - 166.4 182 4.1 Yes ASV & ABG
CHRYSENE 3/3 190 560 009M001703 - 146.2 330 1.7 Yes ASV & ABG
FLUORANTHENE 3/3 370 860 009M001703 - 1421 330 2.6 Yes ASV & ABG
FLUORENE 3/3 13 33 009M000403 - ND 330 0.1 No BSV
INDENO(1,2,3-CD)PYRENE 3/3 100 320 009M001703 - 92.6 NA NA Yes ABG
NAPHTHALENE 1/3 7.5 7.5 009M001603 13-16 ND 330 0.02 No BSV
PHENANTHRENE 3/3 90 280 009M000403 - ND 330 0.8 No BSV
PYRENE 3/3 620 1200 009M000403 - 178.2 330 3.6 Yes ASV & ABG
TOTAL PAHSs (detects only)® 3/3 2579 6426 009M001703 - 877 1684 3.8 Yes ASV & ABG
TOTAL PAHs (ND = % MDL)® 3/3 2586 6447 009M001703 - 1593 1684 3.8 Yes ASV & ABG
Pesticides/PCBs (ug/kg)
4,4'-DDE 3/3 6.6 25 009M001603 - ND 3.3 7.6 Yes ASV
AROCLOR-1260 3/3 150 210 009M001603 - ND 33" 6.4 Yes ASV
DIELDRIN 1/3 9.1 9.1 009M000403 1.3-14 ND 3.3 2.8 Yes ASV
Inorganics (mg/kg)
ALUMINUM 3/3 12700 32900 009M001703 - 21440 NA NA Yes ABG
ARSENIC 3/3 6.9 19.8 009M001703 - 12.0 7.24 2.7 Yes ASV & ABG
BARIUM 3/3 44 1 86.6 009M001703 - 34.6 NA NA Yes ABG
CALCIUM 3/3 24800 37200 009M001703 - 53260 NA NA No Nutrient
CHROMIUM 3/3 89.5 336 009M001703 - 43.5 52.3 6.4 Yes ASV & ABG
COBALT 3/3 2.5 7.4 009M001703 - 6.4 NA NA Yes ABG
COPPER 3/3 56.4 133 009M001703 - 14.9 18.7 71 Yes ASV & ABG
IRON 3/3 11800 33900 009M001703 - 23600 NA NA Yes ABG
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. Frequency Range of Det.ected LocaFion of Range of | Background Ecologi_cal Hazard COPC Rationale for
Chemical of Concentrations Maximum ) @ Screening ot G| (Yes/N COPC
Detection | Minimum | Maximum | Concentration | Nondetects Value Value |Quotient ™ (Yes/No) Selection ¥
LEAD 3/3 55.7 142 009M001703 - 18.1 30.2 4.7 Yes ASV & ABG
MAGNESIUM 3/3 3230 9300 009M001703 - 6426 NA NA No Nutrient
MANGANESE 3/3 78.3 201 009M001703 - 216 NA NA No BBG
MERCURY 313 0.22 0.45 009M000403 - 0.07 0.13 3.5 Yes ASV & ABG
NICKEL 313 12.3 32.8 009M001703 - 12.4 15.9 21 Yes ASV & ABG
POTASSIUM 313 1280 3540 009M001703 - 3046 NA NA No Nutrient
SELENIUM 313 0.53 0.89 009M001603 - ND NA NA Yes | ESV & BG NA
SODIUM 3/3 5700 16400 009M001703 - 13880 NA NA No Nutrient
THALLIUM 2/3 0.28 0.42 009M001603 0.38 ND NA NA Yes | ESV & BG NA
VANADIUM 3/3 22.6 62.2 009M001703 - 48.8 NA NA Yes ABG
ZINC 3/3 150 494 009M001703 - 715 124 4.0 Yes ASV & ABG
Footnotes:

NA: Ecological screening value not available.
(1) Sample-specific method detection limits.
(2) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2006); ND indicates that
the analyte was not detected in any of the 10 reference samples.
(3) Hazard quotient = maximum detected concentration + ecological screening value
(4) COPC rationale codes:
For selection as a COPC:
ASV & ABG: Maximum detected concentration exceeded the ecological screening value and exceeded the background value (background defined in footnote 2).
ASV: Maximum detected concentration exceeded the ecological screening value; analyte was not detected in any of 10 reference samples.
ABG: Maximum detected concentration exceeded the background value, and ecological screening value not available.
ESV & BG NA: Ecological screening value not available and analyte was not detected in any of 10 reference samples.
For elimination as a COPC:
BSV: Maximum detected concentration was equal to or less than the ecological screening value.
BBG: Maximum detected concentration was less than the background value.
Nutrient: Calcium, magnesium, potassium, and sodium are nutrients that were not considered to be COPCs.
(5) Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).
(6) Total PAHs = the sum of concentrations of individual PAH compounds using %z the sample specific MDL to represent nondetected compounds.
(7) ESV for total PCBs.
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_ Frequency | Range of Det_ected Loca?ion of Range of |Background Ecologi.cal Hazard coPC Rationale for
Chemical of Concentrations Maximum ) 2 | Screening ont @ | (Yes/N COPC

Detection |Minimum | Maximum | Concentration Nondetects Value Value | Quotient ™| (Yes/No) Selection ¥
Semivolatile Organic Compounds (ug/kg)
2-METHYLNAPHTHALENE 1/3 5.2 5.2 054M000103 46 - 580 ND 330 0.02 No BSV
ACENAPHTHENE 2/3 7 1400 556M000503 24 ND 330 4.2 Yes ASV
ACENAPHTHYLENE 2/3 3.9 72 556M000703 280 45.1 330 0.2 No BSV
ANTHRACENE 3/3 64 2400 556M000503 - 60 330 7.3 Yes ASV & ABG
BENZO(A)ANTHRACENE 3/3 190 5800 556M000503 - 103.5 330 17.6 Yes ASV & ABG
BENZO(A)PYRENE 3/3 120 2500 556M000503 - 135 330 7.6 Yes ASV & ABG
BENZO(B)FLUORANTHENE 3/3 250 5400 556M000503 - 160.4 NA NA Yes ABG
BENZO(G,H,)PERYLENE 3/3 51 780 556M000503 - 91.4 NA NA Yes ABG
BENZO(K)FLUORANTHENE 3/3 82 1200 556M000503 - 153.1 NA NA Yes ABG
CHRYSENE 3/3 170 5100 556M000503 - 146.2 330 15.5 Yes ASV & ABG
DIBENZO(A,H) ANTHRACENE| 2/3 11 68 556M000703 780 ND 330 0.2 No BSV
FLUORANTHENE 3/3 330 41000 556M000503 - 142.1 330 124.2 Yes ASV & ABG
FLUORENE 2/3 14 2200 556M000503 27 ND 330 6.7 Yes ASV
INDENO(1,2,3-CD)PYRENE 2/3 50 280 556M000703 910 92.6 NA NA Yes ABG
NAPHTHALENE 1/3 2.7 2.7 054M000103 30-370 ND 330 0.01 No BSV
PHENANTHRENE 3/3 97 18000 556M000503 - ND 330 54.5 Yes ASV
PYRENE 3/3 300 26000 556M000503 - 178.2 330 78.8 Yes ASV & ABG
TOTAL PAHSs (detects only)® 3/3 1761 111780 | 556M000503 - 877 1684 66.4 Yes ASV & ABG
TOTAL PAHSs (ND = % MDL)® 3/3 1761 113240 | 556M000503 - 1593 1684 67.2 Yes ASV & ABG
Pesticides/PCBs (ug/kg)
4,4'-DDD 1/3 4.8 4.8 556M000503 0.73-24 ND 3.3 1.5 Yes ASV
AROCLOR-1260 1/3 94 94 054M000103 29 ND 33" 2.8 Yes ASV
Inorganics (mg/kg)
ALUMINUM 3/3 5900 47700 556M000503 - 21440 NA NA Yes ABG
ARSENIC 3/3 2.1 20.5 556M000503 - 12.0 7.24 2.8 Yes ASV & ABG
BARIUM 3/3 44.6 85.7 054M000103 - 34.6 NA NA Yes ABG
CALCIUM 3/3 9330 31200 556M000703 - 53260 NA NA No Nutrient
CHROMIUM 3/3 37 68.4 556M000503 - 43.5 52.3 1.3 Yes ASV & ABG
COBALT 3/3 8.4 10 054M000103 - 6.4 NA NA Yes ABG
COPPER 3/3 43.5 386 054M000103 - 14.9 18.7 20.6 Yes ASV & ABG
IRON 3/3 10200 36700 556M000503 - 23600 NA NA Yes ABG




TABLE 7-4

ECOLOGICAL CHEMICALS OF POTENTIAL CONCERN
COOPER RIVER SEDIMENT
ZONE J

CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

PAGE 2 OF 2
_ Frequency | Range of Det_ected Loca?ion of Range of |Background Ecologi.cal Hazard coPC Rationale for
Chemical of Concentrations Maximum ) 2 | Screening ont @ | (Yes/N COPC
Detection |Minimum | Maximum | Concentration Nondetects Value Value | Quotient ™| (Yes/No) Selection ¥

LEAD 3/3 21 147 054M000103 - 18.1 30.2 4.9 Yes ASV & ABG
MAGNESIUM 3/3 2040 10600 556M000503 - 6426 NA NA No Nutrient
MANGANESE 3/3 196 494 556M000503 - 216 NA NA Yes ABG
MERCURY 3/3 0.06 0.11 054M000103 - 0.07 0.13 0.8 No BSV
NICKEL 3/3 20 32.6 054M000103 - 12.4 15.9 2.1 Yes ASV & ABG
POTASSIUM 3/3 634 4540 556M000503 - 3046 NA NA No Nutrient
SELENIUM 2/3 0.65 0.77 556M000703 0.14 ND NA NA Yes ESV & BG NA
SODIUM 3/3 2220 25300 556M000703 - 13880 NA NA No Nutrient
VANADIUM 3/3 5 80.1 556M000503 - 48.8 NA NA Yes ABG
ZINC 3/3 95.8 826 054M000103 - 71.5 124 6.7 Yes ASV & ABG
Footnotes:

NA: Ecological screening value not available.

(1) Sample-specific method detection limits.
(2) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2006); ND indicates that

the analyte was not detected in any of the 10 reference samples.
(3) Hazard quotient = maximum detected concentration + ecological screening value.
(4) COPC rationale codes:
For selection as a COPC:

ASV & ABG: Maximum detected concentration exceeded the ecological screening value and exceeded the background value (background defined in footnote 2).
ASV: Maximum detected concentration exceeded the ecological screening value; analyte was not detected in any of 10 reference samples.
ABG: Maximum detected concentration exceeded the background value, and ecological screening value not available.
ESV & BG NA: Ecological screening value not available and analyte was not detected in any of 10 reference samples.

For elimination as a COPC:

BSV: Maximum detected concentration was equal to or less than the ecological screening value.
Nutrient: Calcium, magnesium, potassium, and sodium are nutrients that were not considered to be COPCs.
(5) Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).
(6) Total PAHs = the sum of concentrations of individual PAH compounds using %2 the sample specific MDL to represent nondetected compounds.

(7) ESV for total PCBs.




TABLE 7-5

TOTAL PAH CONCENTRATIONS ON AN ORGANIC CARBON BASIS
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Total PAHs |Total Organic Total PAHs (ug/g
Sample (ng/kg dry Carbon o ic Carbom®
weight)" (mglkg) rganic Carbon)

Noisette Creek
NOIM000403 6164 32000 193
NOIM001103 4230 37000 114
NOIM001203 7464 25000 299
NOIM001203-Dup 6612 26000 254
Shipyard Creek
009M000403 5360 47000 114
009M001603 2586 58000 45
009M001703 6447 91000 71
Cooper River
054M000103 1761 7100 248
556M000503 113240 46000 2462
556M000703 8824 56000 158
Footnotes:

(1) Total PAHs = the sum of concentrations of 17 individual compounds, using
Y2 the sample specific method detection limit (MDL) for non-detected

compounds.

(2) Calculated as total PAH concentration (ug/kg dry wt) + total organic carbon
(mg/kg), then multiplying by 1000 to convert to pg/g.




TABLE 7-6

DATA SUMMARY FOR ECOLOGICAL CHEMICALS OF POTENTIAL CONCERN
NOISETTE CREEK SEDIMENT
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Range of . Number of
. Detected Loca.tlon of Range of Average (Background Detects > Number of [ Number of
Chemical Fop" c | Maximum @ 1.4) ®) ESV | HQ® Back o |Nondetects| Detects >
onf:entratlons Concentration Nondetects Conc. Value ackgroun > ESV ESV
Min. | Max. Value

Semivolatile Organic Compounds (ug/kg)
BENZO(A)ANTHRACENE 3/3 460 810 JNOIMO0012 - 650 103.5 330 2.5 3 - 3
BENZO(A)PYRENE 3/3 330 540 JNOIMO0012 - 455 135 330 1.6 3 - 3
BENZO(B)FLUORANTHENE 3/3 790 1200 | JNOIMO0004 - 1047 160.4 NA NA 3 - -
BENZO(G,H,I)PERYLENE 3/3 150 250 JNOIMO0012 - 198 91.4 NA NA 3 - -
BENZO(K)FLUORANTHENE 3/3 170 380 JNOIM0012 - 273 153.1 NA NA 3 - -
BIS(2-ETHYLHEXYL)PHTHALATE| 1/3 240 240 JNOIMO0011 16 - 23 87 166.4 182 1.3 1 0 1
CHRYSENE 3/3 390 690 JNOIMO0012 - 527 146.2 330 2.1 3 - 3
FLUORANTHENE 3/3 720 1500 [ JNOIMO0012 - 1023 1421 330 4.5 3 - 3
INDENOQO(1,2,3-CD)PYRENE 3/3 170 260 JNOIMO0012 - 215 92.6 NA NA 3 - -
PHENANTHRENE 3/3 160 370 JNOIMO0012 - 203 ND 330 1.1 - - 0"
PYRENE 3/3 770 1200 [ JNOIM0004 - 1023 178.2 330 3.6 3 - 3
TOTAL PAHs (detects only)® 3/3 4210 7414 | JNOIM0012 - 5792 877 1684 4.4 3 - 3
TOTAL PAHs (ND = % MDL)® 3/3 4230 | 7464 | JINOIMO0012 - 5811 1593 1684 | 4.4 3 - 3
Pesticides/PCBs (ug/kg)
4,4'-DDD 3/3 2.8 6 JNOIMO0012 - 4.2 ND 3.3 1.8 - - 2
4,4'-DDE 1/3 3.6 3.6 JNOIMO0011 0.69 - 0.93 1.4 ND 3.3 1.1 - 0 1
TOTAL DDT 3/3 3.8 6.4 JNOIMO0011 - 5.4 - 3.3 1.9 - 3
Inorganics (mg/kg)
COPPER 3/3 10.3 42.8 JNOIMO0012 - 23.3 14.9 18.7 2.3 2 -
MERCURY 3/3 0.05 1.1 JNOIMO0012 - 0.24 0.07 0.13 8.5 1 - 1
SELENIUM 2/3 0.23 0.32 JNOIMO0012 0.19 0.21 ND NA NA - - -
THALLIUM 1/3 0.19 0.19 JNOIMO0004 0.17 - 0.23 0.13 ND NA NA - - -
ZINC 3/3 29.7 158 JNOIMO0012 - 75.6 71.5 124 1.3 2 - 0"
Footnotes:

FOD: Frequency of detection

ESV: Ecological screening value

NA: Ecological screening value not available.

(1) Sample NOIM0012 and its duplicate were considered as one sample.

(2) Sample NOIM0012 and its duplicate were considered as two separate samples when determining the minimum and maximum concentrations.

(3) Sample-specific method detection limits in non-detect samples.

(4) Average of all samples calculated using 72 the sample-specific method detection limit for nondetected samples.

(5) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2006); ND indicates that the analyte
was not detected in any of the 10 reference samples.

(6) Hazard quotient (HQ) = maximum detected concentration + ecological screening value.

(7) Detected concentrations exceeded the ESV in sample NOIM0012 but were less than the ESV in the duplicate sample and in the average of the sample and duplicate.

(8) Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).

(9) Total PAHs = the sum of concentrations of individual PAH compounds using 2 the sample specific MDL to represent nondetected compounds.




TABLE 7-7

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - CONSERVATIVE SCENARIO
NOISETTE CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Green Heron | Green Heron

HQNOAEL HQLOAEL HQNOAEL HQLOAEL

Pesticides

4,4'-DDD 0.006 0.0002 0.005 0.0004

4,4'-DDE 0.1 0.002 0.1 0.01

Total DDT 0.2 0.004 0.1 0.01

Inorganics

Copper

Mercury

Selenium

Zinc

Notes:

Cells are shaded if the HQ is greater than 1.0.
HQ - Ecological Hazard Quotient
NOAEL - No Observed Adverse Effects Level

LOAEL - Lowest Observed Adverse Effects Level




TABLE 7-8

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - AVERAGE SCENARIO
NOISETTE CREEK - ZONE J

CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Green Heron | Green Heron | Green Heron
emiea HOworer™ | HQuome™ | HOuorer” | HOworer® |  HQuoper”

Pesticides
4,4'-DDD 0.001 0.00003 0.003 - 0.0002
4,4'-DDE 0.01 0.0003 0.03 - 0.002
Total DDT 0.04 0.001 0.1 - 0.01
Inorganics
Copper 0.3 0.02 1.3 0.04 0.2
Mercury 0.4 0.1 6.3 0.2 0.6
Selenium 0.1 0.01 0.1 - 0.04
Zinc 0.1 0.02 0.3 - 0.1
Notes:

Cells are shaded if the HQ is greater than 1.0.
HQ - Ecological Hazard Quotient
NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level
(1) HQs in this column incorporate an area use factor (AUF; the ratio of the contaminated
area to the area used by the animal) of 1. Thus, the HQs in this column are based on
the assumption that the representative receptors forage exclusively in the contaminated
area where samples were collected.
(2) HQs in this column were calculated using a site-specific green heron AUF of 0.033 (see
fourth paragraph of Section 7.5.4.2). Example for mercury HQpoag.: 6.3 x 0.033 = 0.2.

HQs are shown in this column only for chemicals with HQs greater than 1 in the preceding column.




TABLE 7-9

DATA SUMMARY FOR ECOLOGICAL CHEMICALS OF POTENTIAL CONCERN

SHIPYARD CREEK SEDIMENT

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Ea:gic: Location of Ranage of | Average |Backaround l\ll)umber gf Number of | Number
Chemical FOD | etectec Maximum 9 (1) ?2) 9 @ ESV | HQ® etects Nondetect | of Detects
oncentrations . Nondetects'’| Conc. Value Background
- Concentration s > ESV > ESV
Min. | Max. Value
Semivolatile Organic Compounds (ng/kg)
BENZO(A)ANTHRACENE 3/3 260 580 009M001703 - 443 103.5 330 1.8 3 - 2
BENZO(A)PYRENE 3/3 170 560 009M001703 - 383 135 330 1.7 3 - 2
BENZO(B)FLUORANTHENE 3/3 460 1500 [ 009M001703 - 970 160.4 NA NA 3 - -
BENZO(G,H,|)PERYLENE 3/3 99 330 009M001703 - 210 91.4 NA NA 3 - -
BENZO(K)FLUORANTHENE 3/3 100 400 009M001703 - 233 153.1 NA NA 2 - -
BIS(2-ETHYLHEXYL)PHTHALATE|[ 3/3 540 750 009M001603 - 640 166.4 182 4.1 3 - 3
CHRYSENE 3/3 190 560 009M001703 - 370 146.2 330 1.7 3 - 2
FLUORANTHENE 3/3 370 860 009M001703 - 683 142.1 330 2.6 3 - 3
INDENO(1,2,3-CD)PYRENE 3/3 100 320 009M001703 - 200 92.6 NA NA 3 - -
PYRENE 3/3 620 1200 | 009M000403 - 940 178.2 330 3.6 3 - 3
TOTAL PAHs (detects only)® 3/3 | 2579 | 6426 | 009M001703 - 4780 877 1684 | 3.8 3 - 3
TOTAL PAHs (ND = % MDL)® 3/3 | 2586 | 6447 [ 009M001703 - 4798 1593 1684 | 3.8 3 - 3
Pesticides/PCBs (ug/kg)
4,4'-DDE 3/3 6.6 25 009M001603 - 14.5 ND 3.3 7.6 - - 3
AROCLOR-1260 3/3 150 210 009M001603 - 187 ND 331 6.4 - - 3
DIELDRIN 1/3 9.1 9.1 009M000403 1.3-1.4 3.5 ND 3.3 2.8 - 0 1
Inorganics (mg/kg)
ALUMINUM 3/3 | 12700 [ 32900 | 009M001703 - 23667 21440 NA NA 2 - -
ARSENIC 3/3 6.9 19.8 | 009M001703 - 12.9 12.0 7.24 2.7 1 - 2
BARIUM 3/3 441 86.6 | 009M001703 - 60.5 34.6 NA NA 3 - -
CHROMIUM 3/3 89.5 336 009M001703 - 214.8 43.5 52.3 6.4 3 - 3
COBALT 3/3 2.5 74 009M001703 - 4.8 6.4 NA NA 1 - -
COPPER 3/3 56.4 133 009M001703 - 89.4 14.9 18.7 7.1 3 - 3
IRON 3/3 | 11800 [ 33900 | 009M001703 - 23100 23600 NA NA 1 - -
LEAD 3/3 55.7 142 009M001703 - 86.5 18.1 30.2 4.7 3 - 3
MERCURY 3/3 0.22 0.45 | 009M000403 - 0.4 0.07 0.13 3.5 3 - 3
NICKEL 3/3 12.3 32.8 | 009M001703 - 22.5 12.4 15.9 2.1 2 - 2
SELENIUM 3/3 0.53 0.89 | 009M001603 - 0.76 ND NA NA - - -
THALLIUM 2/3 0.28 0.42 009M001603 0.38 0.30 ND NA NA - - -
VANADIUM 3/3 22.6 62.2 009M001703 - 43.8 48.8 NA NA 1 - -
ZINC 3/3 150 494 009M001703 - 283 71.5 124 4.0 3 - 3
Footnotes:

FOD: Frequency of detection
ESV: Ecological screening value

NA: Ecological screening value not available.
(1) Sample-specific method detection limits.
(2) Average of all samples calculated using %2 the sample-specific method detection limit for nondetected samples.
(3) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2006); ND indicates that the analyte
was not detected in any of the 10 reference samples.
(4) Hazard quotient (HQ) = maximum detected concentration + ecological screening value

(5) Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).

(6) Total PAHs = the sum of concentrations of individual PAH compounds using %2 the sample specific MDL to represent nondetected compounds.

(7) ESV for total PCBs.




TABLE 7-10

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - CONSERVATIVE SCENARIO
SHIPYARD CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Chemical

Mink
HQnoaeL

Mink
HQ oaeL

Green Heron
HQNOAEL

Green Heron
HQLOAEL

Pesticides and PCBs

4,4-DDE

0.3

0.01

0.2

0.02

Dieldrin

0.3

0.003

0.1

0.01

Aroclor-1260

0.6

0.1

0.1

Inorganics

Arsenic

Chromium

Copper

Lead

Mercury

Nickel

Selenium

Zinc

Notes:

Cells are shaded if the HQ is greater than 1.0.
HQ - Ecological Hazard Quotient
NOAEL - No Observed Adverse Effects Level

LOAEL - Lowest Observed Adverse Effects Level

0.5




TABLE 7-11

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - AVERAGE SCENARIO
SHIPYARD CREEK - ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Mink Green Heron | Green Heron | Green Heron
ST | HOworer™ | HOwoser® | HQuoper™ | HOuoper™ | HQuoaer™ | HQuone

Pesticides and PCBs
4,4'-DDE 0.1 - 0.001 0.1 - 0.01
Dieldrin 0.03 - 0.0004 0.02 - 0.002
Aroclor-1260 0.2 - 0.04 0.5 - 0.1
Inorganics
Arsenic 0.1 - 0.03 0.2 - 0.1
Chromium 0.7 - 0.03 0.02 0.3
Copper 0.2 0.1 0.1 0.6
Lead 0.1 - 0.003 - 0.03
Mercury 0.5 - 0.1 0.1 0.9
Nickel 0.3 - 0.04 . - 0.1
Selenium 0.2 - 0.1 04 - 0.1
Zinc 0.3 - 0.1 0.01 0.5
Notes:

Cells are shaded if the HQ is greater than 1.0.
HQ - Ecological Hazard Quotient

NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level

(1) HQs in this column incorporate an area use factor (AUF; the ratio of the contaminated area to the
area used by the animal) of 1. Thus, the HQs in this column are based on the assumption that
the representative receptors forage exclusively in the contaminated area where samples were collected.
(2) HQs in this column were calculated using a site-specific mink AUF of 0.21 (see fourth paragraph of
Section 7.5.5.2). Example for copper HQuoagr: 1.05 x0.21 = 0.2. HQs are shown in this column

only for chemicals with HQs greater than 1 in the preceding column.

(3) HQs in this column were calculated using a site-specific green heron AUF of 0.01 (see
third paragraph of Section 7.5.5.2). Example for mercury HQuopgei: 9.3 x 0.01 = 0.09. HQs are

shown in this column only for chemicals with HQs greater than 1 in the preceding column.




TABLE 7-12

DATA SUMMARY FOR ECOLOGICAL CHEMICALS OF POTENTIAL CONCERN

COOPER RIVER SEDIMENT

ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Range of Location of Range of Number of Number of | Number of
Chemical FOD Detected Maximum |Nondetects" Averag(]: Backgro(t;)nd ESV | HQ¥ Detects > |\ detects| Detects >
Concentrations c trati ) Conc. Value Background > ESV ESV
Min. Max. oncentration Value
Semivolatile Organic Compounds (ug/kg)
ACENAPHTHENE 2/3 7 1400 556M000503 24 473 ND 330 4.2 - 0 1
ANTHRACENE 3/3 64 2400 556M000503 - 888 60 330 7.3 3 - 1
BENZO(A)ANTHRACENE 3/3 190 5800 556M000503 - 2210 103.5 330 17.6 3 - 2
BENZO(A)PYRENE 3/3 120 2500 556M000503 - 1153 135 330 7.6 2 - 2
BENZO(B)FLUORANTHENE 3/3 250 5400 556M000503 - 2450 160.4 NA NA 3 - -
BENZO(G,H,)PERYLENE 3/3 51 780 556M000503 - 367 91.4 NA NA 2 - -
BENZO(K)FLUORANTHENE 3/3 82 1200 556M000503 - 614 153.1 NA NA 2 - -
CHRYSENE 3/3 170 5100 556M000503 - 2050 146.2 330 15.5 3 - 2
FLUORANTHENE 3/3 330 41000 | 556M000503 - 13960 142.1 330 | 124.2 3 - 2
FLUORENE 2/3 14 2200 556M000503 27 742 ND 330 6.7 - 0 1
INDENO(1,2,3-CD)PYRENE 2/3 50 280 556M000703 910 262 92.6 NA NA 1 - -
PHENANTHRENE 3/3 97 18000 [ 556M000503 - 6069 ND 330 54.5 - - 1
PYRENE 3/3 300 26000 | 556M000503 - 9633 178.2 330 78.8 3 - 2
TOTAL PAHSs (detects only)® 3/3 1761 | 111780 | 556M000503 - 40766 877 1684 | 66.4 3 - 3
TOTAL PAHs (ND =% MDL)® | 3/3 | 1761 | 113240 | 556M000503 - 41275 1593 1684 | 67.2 3 - 3
Pesticides/PCBs (ug/kg)
4,4'-DDD 13 4.8 4.8 556M000503 0.73-24 2.1 ND 3.3 1.5 - 0 1
AROCLOR-1260 13 94 94 054M000103 29 41 ND 33" 2.8 - 0 1
Inorganics (mg/kg)
ALUMINUM 3/3 5900 | 47700 | 556M000503 - 30467 21440 NA NA 2 - -
ARSENIC 3/3 2.1 20.5 556M000503 - 134 12.016 7.24 2.8 2 - 2
BARIUM 3/3 44.6 85.7 054M000103 - 58.3 34.58 NA NA 3 - -
CHROMIUM 3/3 37 68.4 556M000503 - 54.4 43.5 52.3 1.3 2 - 2
COBALT 3/3 8.4 10 054M000103 - 9.2 6.4 NA NA 3 - -
COPPER 3/3 43.5 386 054M000103 - 192.5 14.9 18.7 20.6 3 - 3
IRON 3/3 [10200| 36700 [ 556M000503 - 25800 23600 NA NA 2 - -
LEAD 3/3 21 147 054M000103 - 69.5 18.08 30.2 4.9 3 - 2
MANGANESE 3/3 196 494 556M000503 - 358 216 NA NA 2 - 0
NICKEL 3/3 20 32.6 054M000103 - 25.2 124 15.9 2.1 3 - 3
SELENIUM 2/3 0.65 0.77 556M000703 0.14 0.50 ND NA NA - - -
VANADIUM 3/3 5 80.1 556M000503 - 50.4 48.8 NA NA 2 - -
ZINC 3/3 95.8 826 054M000103 - 355.3 71.5 124 6.7 3 - 2
Footnotes:

FOD: Frequency of detection
ESV: Ecological screening value

NA: Ecological screening value not available.
(1) Sample-specific method detection limits.
(2) Average of all samples calculated using % the sample-specific method detection limit for nondetected samples.
(3) Twice the average concentration in sediment samples collected from 10 reference locations in Charleston Harbor (Spectra Tech 2006); ND indicates that the analyte
was not detected in any of the 10 reference samples.

(4
(5
(6
(7

ESV for total PCBs.

Hazard quotient (HQ) = maximum detected concentration + ecological screening value.
Total PAHs = the sum of detected concentrations of individual PAH compounds (non-detected compounds ignored).
Total PAHs = the sum of concentrations of individual PAH compounds using % the sample specific MDL to represent nondetected compounds.




TABLE 7-13

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - CONSERVATIVE SCENARIO

COOPER RIVER - ZONE J

CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Green Heron | Green Heron

HQNOAEL HQLOAEL HQNOAEL HQLOAEL

Pesticides and PCBs

4,4'-DDD 0.004 0.0001 0.003 0.0003

Aroclor-1260 0.5 0.1 0.5 0.05

Inorganics

Arsenic 0.5

Chromium 0.4

Copper

Lead

Nickel

Selenium

Zinc

Notes:

Cells are shaded if the HQ is greater than 1.0.
HQ - Ecological Hazard Quotient
NOAEL - No Observed Adverse Effects Level

LOAEL - Lowest Observed Adverse Effects Level




TABLE 7-14

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - AVERAGE SCENARIO
COOPER RIVER - ZONE J

CHARLESTON NAVAL COMPLEX

NORTH CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Mink Green Heron | Green Heron | Green Heron | Green Heron
ST | HOone™ | HOoaer® | HOuome™ | HQuone™ | HQuonet™ | HQuowe™ | HQuone®

Pesticides and PCBs
4,4'-DDD 0.001 - 0.00002 0.001 - 0.0001 -
Aroclor-1260 0.1 - 0.01 0.2 - 0.02 -
Inorganics
Arsenic 0.1 - 0.03 0.2 - 0.1 -
Chromium 0.2 - 0.01 04 - 0.1 -
Copper__ |NFENNN 01 | 02
Lead 0.1 - 0.002 0.7 - 0.03 -
Nickel 0.3 - 0.04 0.3 - 0.1 -
Selenium 0.2 - 0.03 0.3 - 0.1 -
Zinc 0.4 - 0.1 0.01 0.6 -
Notes:

Cells are shaded if the HQ is greater than 1.0.
HQ - Ecological Hazard Quotient
NOAEL - No Observed Adverse Effects Level

LOAEL - Lowest Observed Adverse Effects Level

(1) HQs in this column incorporate an area use factor (AUF; the ratio of the contaminated area to the

area used by the animal) of 1. Thus, the HQs in this column are based on the assumption that
the representative receptors forage exclusively in the contaminated area where samples were collected.

(2) HQs in this column were calculated using a site-specific mink AUF of 0.05 (see fourth paragraph of
Section 7.5.6.2). Example for copper (mink) HQuoagL: 2.3 x 0.05 = 0.1.

only for chemicals with HQs greater than 1 in the preceding column.
(3) HQs in this column were calculated using a site-specific green heron AUF of 0.004 (see fourth
paragraph of Section 7.5.6.2). Example for copper (green heron) HQyoag : 10.8 x 0.004 = 0.04. HQs are

shown in this column only for chemicals with HQs greater than 1 in the preceding column.

HQs are shown in this column




TABLE 7-15

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - CONSERVATIVE SCENARIO"
COOPER RIVER SAMPLE 054M000103
ZONE J
CHARLESTON NAVAL COMPLEX
CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Mink Mink Green Heron | Green Heron | Green Heron | Green Heron
emiea HOwoser® | HOuoper™ | HQome® | HQuoaer® | HOwore® | HQuomer® | HQuoae® | HQuope®

Pesticides and PCBs
4,4'-DDD ND ND ND ND ND ND ND ND
Aroclor-1260 0.5 - 0.1 - 0.5 - 0.05 -
Inorganics
Arsenic 0.2 - 0.04 - 0.11 - 0.1 -
Chromium . 0.04 0.004 0.2 -
Copper 0.3 0.04
Lead 0.04 0.3 -
Nickel 0.01 0.6 -
Selenium ND ND ND
Zinc 0.1 0.02
Notes:

Cells are shaded if the HQ is greater than 1.0.

HQ - Ecological Hazard Quotient

NOAEL - No Observed Adverse Effects Level

LOAEL - Lowest Observed Adverse Effects Level

ND - Chemical not detected in this sample.

(1) Using conservative assumptions for body weight, food consumption, and sediment ingestion (see Appendix Q1).

(2) HQs in this column incorporate an area use factor (AUF; the ratio of the contaminated area to the area used by the animal) of 1.
Thus, the HQs in this column are based on the assumption that the representative receptors forage exclusively in the contaminated
area where sample 054M000103 was collected.

(3) HQs in this column were calculated using a site-specific mink AUF of 0.05 (see fourth paragraph of Section 7.5.6.2). Example for
copper (mink) HQyoagL: 45.4 x 0.05 = 2.3. HQs are shown in this column only for chemicals with HQs greater than 1 in the preceding column.

(4) HQs in this column were calculated using a site-specific green heron AUF of 0.004 (see fourth paragraph of Section 7.5.6.2). Example for
copper (green heron) HQuoae : 78.3 x0.004 = 0.3. HQs are shown only for chemicals with HQs greater than 1 in the preceding column.



TABLE 7-16

FOOD CHAIN MODEL - ECOLOGICAL HAZARD QUOTIENTS
PISCIVOROUS RECEPTORS - AVERAGE SCENARIO!"
COOPER RIVER SAMPLE 054M000103
ZONE J
CHARLESTON NAVAL COMPLEX
CHARLESTON, SOUTH CAROLINA

Chemical Mink Mink Mink Green Heron Green Heron Green Heron Green Heron
emiea HOwoser® | HQwoner® HQ, ope,® HQyose? HQyose ! HQ,ope,® HQyope,

Pesticides and PCBs
4,4'-DDD ND ND ND ND ND ND ND
Aroclor-1260 0.2 - 0.03 0.5 - 0.05 -
Inorganics
Arsenic 0.02 - 0.00 0.03 - 0.01 -
Chromium 0.1 - 0.005 0.3 - 0.1 -
Copper 0.2 03 21.7 0.09 0.01
Lead 0.2 - 0.005 15 0.01 0.06 -
Nickel 0.4 - 0.05 0.4 - 0.1 -
Selenium ND ND ND ND ND ND ND
Zinc 0.9 - 0.2 0.01 0.01
Notes:

Cells are shaded if the HQ is greater than 1.0.

HQ - Ecological Hazard Quotient

NOAEL - No Observed Adverse Effects Level

LOAEL - Lowest Observed Adverse Effects Level

ND - Chemical not detected in this sample.

(1) Using less conservative assumptions for body weight, food consumption, and sediment ingestion (see Appendix Q1).

(2) HQs in this column incorporate an area use factor (AUF; the ratio of the contaminated area to the area used by the animal) of 1.
Thus, the HQs in this column are based on the assumption that the representative receptors forage exclusively in the contaminated
area where sample 054M000103 was collected.

(3) HQs in this column were calculated using a site-specific mink AUF of 0.05 (see fourth paragraph of Section 7.5.6.2). Example for
copper (mink) HQyoagL: 4.5 x 0.05 = 0.2. HQs are shown in this column only for chemicals with HQs greater than 1 in the preceding column.

(4) HQs in this column were calculated using a site-specific green heron AUF of 0.004 (see fourth paragraph of Section 7.5.6.2). Example for
copper (green heron) HQuoae: 21.7 x 0.004 = 0.09. HQs are shown only for chemicals with HQs greater than 1 in the preceding column.



FIGURE 7-1

ECOLOGICAL CONCEPTUAL SITE MODEL
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA
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Note: See Section 7.5.3 for an explanation of why the surface water exposure pathway is shown as incomplete,
as well as a discussion of other aspects of this conceptual model.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

8.1 SUMMARY OF HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS

8.1.1 Baseline Human Health Risk Assessment Summary

The baseline HHRA for Zone J was performed to characterize the potential risks to likely human receptors
under current and potential future land use scenarios. Potential receptors retained for quantitative
evaluation consisted of current/future recreational fishermen. Fish tissue concentrations (estimated using

sediment concentrations) were evaluated in the assessment.

8.1.1.1 Summary of Cancer and Non-Cancer Risk Estimates — Reasonable Maximum Exposure

Scenario

Cumulative Hls for recreational fishermen under the RME scenario for Noisette Creek and Shipyard
Creek are less than unity (1). The cumulative HI for the recreational fisherman (HI = 2) in Cooper River
exceeded unity. However, the Hls calculated on a target organ/target effect specific basis were all less
than unity. Consequently, adverse non-carcinogenic effects are not anticipated for recreational fishermen
consuming fish form Noisette Creek, Shipyard Creek, or the Cooper River under the conditions defined in

the exposure assessment.

Cumulative ILCRs for recreational fisherman consuming fish from Noisette Creek and Shipyard Creek
were less than or within the USEPA’s target risk range of 10 to 10°. The cumulative ILCR for Cooper

Riveris 1 x 10™.

8.1.1.2 Summary of Cancer and Non-Cancer Risk Estimates — Central Tendency Exposure

Scenario

Cumulative Hls for the recreational fisherman under the CTE scenario for Noisette Creek, Shipyard
Creek, and the Cooper River are less than or equal to unity. Consequently, adverse non-carcinogenic
effects are not anticipated for recreational fishermen consuming fish from Noisette Creek, Shipyard

Creek, or the Cooper River under the conditions defined in the exposure assessment.

Cumulative ILCRs for recreational fisherman at Noisette Creek, Shipyard Creek, and Cooper River were
less than or within the USEPA’s target risk range of 104 to 10.
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8.1.1.3 Summary of Risks from Lead

Lead was not a COPC in Noisette Creek sediment. Recreational fishermen’s exposures to lead in
Shipyard Creek and Cooper River fish were evaluated using a version of the USEPA’s Technical Review
Workgroup (TRW) Adult Lead Model (ALM) adapted for fish ingestion. The average fish lead
concentration of 1.54 ug/g for Shipyard Creek results in a geometric mean blood lead level of
approximately 3.2 ug/dL. The average fish lead concentration of 1.23 ug/g for Cooper River results in a
geometric mean blood lead level of approximately 2.8 ug/dL. These results do not exceed the USEPA
benchmark goal of 10 pg/dL. The probability that the blood lead levels of a fetus of a childbearing female
angler would exceed 10 pg/L is 4.2 percent for Shipyard Creek and 2.9 percent for Cooper River.

8.1.2 Ecological Risk Assessment Summary

The ERA for Zone J consisted of Steps 1 and 2 and the initial portion of Step 3 of the eight-step ERA
process described by USEPA (1997). These three steps are as follows:

e Step1 Screening-Level Problem Formulation and Ecological Effects Evaluation
e Step2 Screening-Level Exposure Estimate and Risk Calculation

e Step 3A Refinement of Preliminary COPCs

Zone J consists of the portions of Noisette Creek, Shipyard Creek, and the Cooper River that adjoin CNC.
Noisette Creek and Shipyard Creek are tidal tributaries of the Cooper River, and all three water bodies
are within the Charleston Harbor estuary. Zone J does not include terrestrial habitat. The portions of
Noisette and Shipyard Creeks that are adjacent to CNC provide habitat for a variety of fish, crustaceans,
mollusks, as well as wildlife such as birds and mammals. Most of the CNC waterfront along the Cooper
River is industrialized, consisting of piers and dry docks, and the waterfront along the Cooper River in

these areas is protected by a wooden and/or concrete seawall.

Numerous contaminant sources have been associated with CNC and have potentially contributed to
sediment contamination in Noisette Creek, Shipyard Creek, and the Cooper River. The former
Charleston Navy Base operated major industrial shops and generated waste materials such as paint
wastes, solvents, boiler cleaning solutions, acids, and sludge from metal plating at the ship pretreatment
facility. CNC currently supports several private and federal facilities that use the docks and piers,
including Detyens Shipyards, Charleston International Port, Charleston Shipbuilders, Inc., NOAA, and the
U.S. Coast Guard. The Zone J water bodies receive storm water runoff and other inputs from numerous

point and nonpoint discharges, including several NPDES outfalls.
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Benthic invertebrates in Zone J water bodies could be exposed to site-related chemicals through direct
contact with sediment. Wildlife such as piscivorous birds and piscivorous mammals could feed on biota
that have accumulated contaminants from sediment and could incidentally ingest contaminated sediment
while foraging. Thus, the ecological endpoints evaluated in the ecological risk assessments were benthic

receptors (i.e., sediment-dwelling invertebrates), and piscivorous birds and mammals.

Evaluations of surface water samples collected during previous investigations at Zone J have indicated
that surface water concentrations at Zone J are similar to surface water concentrations throughout the
harbor, and ecological risks posed by CNC-related chemicals in Zone J surface water are negligible (see

Section 4). Therefore, the ecological risk assessment did not include an evaluation of surface water data.

Previous evaluations indicated that a potential for adverse ecological effects potentially linked to CNC
landside sites exists in five areas at Zone J, and the BRAC Cleanup Team determined that a more
thorough assessment was warranted for these areas. The five areas consist of three locations in the
Cooper River, one location in Noisette Creek, and one location in Shipyard Creek. A total of nine
sediment samples and one field duplicate were collected on April 30, 2008 from the five areas for the
current sediment evaluation. Three samples were collected from the Cooper River, three samples and a
field duplicate were collected in Noisette Creek, and three samples were collected in Shipyard Creek.
Separate ecological risk assessments were conducted for the Cooper River, Shipyard Creek, and
Noisette Creek. The ecological risk assessment methodology was the same for each of the three water

bodies.

8.1.2.1 Noisette Creek

Concentrations of several chemicals in Noisette Creek sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Based on considerations in the COPC refinement step,
potential risks to benthic invertebrates posed by SVOCs, pesticides, PCBs, and inorganics are minimal.

Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in Noisette Creek.

8.1.2.2 Shipyard Creek

Concentrations of several chemicals in Shipyard Creek sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. Based on considerations in the COPC refinement step,

potential risks to benthic invertebrates posed by SVOCs are minimal.
Concentrations of two pesticides (dieldrin and 4,4’-DDE) exceeded ecological screening values. Dieldrin

was detected in one sample, but based on USEPA’s (2003) guidance document for dieldrin sediment

benchmarks, adverse effects to benthic organisms are not expected from dieldrin. The maximum
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detected concentration of 4,4-DDE (25 pg/kg) exceeded background data, and falls between the

2.07 pyg/kg TEL and the 374 pg/kg PEL, so the degree of potential risk is uncertain. Concentrations of
DDT isomers in Shipyard Creek in 2008 were much lower than in 1994.

Concentrations Aroclor-1260, chromium, copper, lead, and zinc exceeded their respective PEL values in
one or two samples, suggesting probable adverse effects to benthic receptors.  Aroclor-1260
concentrations in 2008 were less than one-third of the concentration from the same vicinity in 1994, and
three other Aroclors that were elevated in 1994 were not detected in 2008. Concentrations of chromium,
lead, and zinc in 2008 were less than concentrations from the same location in 1994 and 2005; the
copper concentration in 2008 was less than in 1994 and was about the same as in 2005. A review of
reports describing remediation activities at sites in the Shipyard Creek drainage basin (Section 7.5.5.3.2)
indicates that the likely sources of Aroclor-1260, chromium, copper, lead, zinc, and other COPCs in
Shipyard Creek have been remediated. Because the of this, and since sediment data indicate that
concentrations of the primary COPCs have decreased since the 1990s, impacts to the marsh and aquatic
habitat that would result from sediment remediation might represent more of a threat to ecological

communities than existing contamination.

Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in Shipyard Creek.

8.1.2.3 Cooper River

Concentrations of several chemicals in Cooper River sediment exceeded ecological screening values,
indicating potential risk to benthic receptors. PAHs pose potential risks to benthic invertebrates in sample
556M000503, the southernmost (farthest downstream) sample. Aroclor-1260 was detected only in
sample 054M000103, the northernmost (farthest upstream) sample. The Aroclor-1260 concentration
(94 ug/kg) is elevated relative to data collected from coastal US locations, and falls between the

21.6 yg/kg TEL and the 189 pg/kg PEL, so the degree of potential risk is uncertain.

Copper concentrations exceeded the PEL in samples 054M000103 and 556M000703, while
concentrations of lead and zinc exceeded their PELs in sample 054M000103; the PEL exceedances
indicate probable adverse effects to benthic receptors. There is some uncertainty in the evaluation of
potential risks posed by some inorganics, especially aluminum, manganese, and vanadium, due to the

absence of toxicity guidelines.

A factor for risk managers to consider is samples that all three Cooper River sample locations
(054M0001, 556M0007 and 556M0005) are in an industrial shipyard that is periodically dredged for ship
traffic. It is likely that dredge spoil from the vicinity of 054M0001, 556M0007, and 556M0005 would be

mixed with sediments (dredge spoil) from other (less contaminated) areas when dredge spoil is deposited
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on Clouter Island (see Section 7.5.6.3), effectively diluting contamination in sediment. Therefore,
exposure of ecological receptors to contaminated dredge spoil from the vicinities of samples 054M0001,
556M0007, and 556M0005 would be mitigated by this dilution. Due to the periodic dredging of these
locations, further sediment evaluation based on potential risks to benthic receptors or remediation of

sediments is not warranted.

Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in the Cooper River.

8.2 CONCLUSIONS AND RECOMMENDATIONS

The HHRA for Zone J indicates the following:

e Carcinogenic effects are not anticipated for recreational fishermen consuming fish from Noisette

Creek, Shipyard Creek, or the Cooper River, under the CTE and RME scenarios.

¢ Non-carcinogenic effects are not anticipated for recreational fishermen consuming fish from Noisette

Creek, Shipyard Creek, or the Cooper River under the CTE and RME scenarios.

The ERA for Zone J indicates the following:

e Potential risks to benthic invertebrates, piscivorous birds, and piscivorous mammals in Noisette Creek

are minimal.

e Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in Shipyard Creek.
Some COPCs (particularly, Aroclor-1260, chromium, copper, lead, and zinc) pose risks to benthic
receptors in Shipyard Creek. The probable sources of these COPCs have been remediated, and
sediment concentrations of COPCs in Shipyard Creek tended to be lower in 2008 than in 1994. In

addition, sediment contamination is limited to a small area.

e Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in the Cooper River.
Some COPCs (particularly, PAHs, copper, and zinc) pose risks to benthic receptors in the Cooper
River. All three Cooper River sample locations are in an industrial shipyard that is periodically
dredged for ship traffic.

In conclusion, the Zone J HHRA and ERA indicate that further evaluation or remedial action based on

human health or ecological risks is not warranted for sediment in Noisette Creek, Shipyard Creek, or the

Cooper River (Table 8-1). With this in mind, further evaluation or remedial action is not warranted for
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potential, historical sediment contamination resulting from wastes associated with AOCs, 555, 556, 557,

691, and 692 (see Section 1.3.2).

Finally, wastes associated with AOC 695 in Zone K pose negligible risks to human health or the
environment (see Appendix R), so further evaluation or remedial action based on human health or

ecological risks is not warranted for sediment at AOC 695.
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TABLE 81

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS
ZONE J
CHARLESTON NAVAL COMPLEX
NORTH CHARLESTON, SOUTH CAROLINA

Human Health Risk Assessment
Summary

Carcinogenic effects are not anticipated for recreational fishermen consuming fish from Noisette Creek,
Shipyard Creek, or the Cooper River, under both the CTE and RME scenarios.

Non-carcinogenic effects are not anticipated for recreational fishermen consuming fish from Noisette Creek,
Shipyard Creek, or the Cooper River under both the CTE and RME scenarios.

Ecological Risk Assessment
Summary

Potential risks to benthic invertebrates, piscivorous birds, and piscivorous mammals in Noisette Creek are
minimal.

Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammals in Shipyard Creek. Some
COPCs (particularly, Aroclor-1260, chromium, copper, lead, and zinc) pose risks to benthic receptors in
Shipyard Creek. The probable sources of these COPCs have been remediated, and sediment
concentrations of COPCs in Shipyard Creek tended to be less in 2008 than in 1994. In addition, sediment
contamination is limited to a small area.

Bioaccumulative COPCs pose minimal risks to piscivorous birds and mammails in the Cooper River. Some
COPCs (particularly, PAHs, copper, and zinc) pose risks to benthic receptors in the Cooper River. All three
Cooper River sample locations are in an industrial shipyard that is periodically dredged for ship traffic.

Further evaluation or remedial action based on human health or ecological risks is not warranted for
sediment in Noisette Creek, Shipyard Creek, or the Cooper River. Thus, further evaluation or remedial
action is not warranted for potential, historical sediment contamination resulting from wastes associated with

Conclusions AOCs, 555, 556, 557, 691, and 692 (see Section 1.3.2).
Wastes associated with AOC 695 in Zone K pose negligible risks to human health or the environment (see
Appendix R), so further evaluation or remedial action based on human health or ecological risks is not
warranted for sediment at AOC 695.

Abbreviations:

AOC: Area of Concern

COPC: Contaminant of Potential Concern

CTE: Central Tendency Exposure

RME Reasonable Maximum Exposure

COPC: Contaminant of Potential Concern
PAH Polycyclic Aromatic Hydrocarbon
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Evaluation of Reference Values of Off-Site Locations for
Zone ] Stormwater Effluent Evaluation Report at CNC

PREPARED FOR: CNC BCT and Zone J Trustees
PREPARED BY: EnSafe Inc.

DATE: May 6, 2002

Introduction

As central components of the local watershed, the Zone J water bodies receive stormwater runoff
and other inputs from the majority of surrounding upland areas, including the Charleston Naval
Complex (CNC), via numerous point and non-point source discharges. Point source discharge
means a discharge which is released to the waters by a discernible, confined and discrete
conveyance, includiﬁg but not limited to a pipe, ditch, channel, tunnel, conduit, well, discrete
fissure, container, rolling stock, concentrated animal feeding operation, vessel, or other floating
craft from which waste is or may be discharged and regulated under the National Pollutant
Discharge Elimination System (NPDES) program. Runoff pollution (technically known as non-
point source pollution) occurs when rain or irrigation water flowing over hard surfaces, or loose
soil, picks up pollutants and deposits them into the nearest lake, creek, estuary or groundwater

supply. Currently, most non-point source discharges are not subjected to regulatory oversight.

According to USEPA (Guidance Manual for Preparations of NPDES Permit, 1991), it is
recognized that stormwater runoff carries pollutants draining off streets and parking lots,
construction and industrial sites, and mining, logging, and agricultural areas. Through natural or
manmade conveyances, the runoff is channeled into and transported by gravity flow through a
wide Variéty of drainage facilities. Runoff may purge accumulated pollutants out of gutters, catch
basins, storm sewers, and drainage channels. Runoff eventually ends up in surface waters such as
creeks, rivers, estuaries, bays and oceans. Runoff from urban and industrial areas has been

considered as a non-point source of pollution.
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In the Zone J Point of Entry Effluent Sampling Work Plan, it was determined that data from 18
non-point source stormwater samples from watersheds not influenced by CNC would be
evaluated and used to calculate reference (background) concentration values as part of the
stormwater effluent migration pathway scenario. The non-point source stormwater samples
results are of naturally occurring conditions and/or associated with anthropogenic activities, and
will be used to establish a baseline data set for comparison to CNC stormwater effluent samples
to delineate contaminants that are attributable to CNC contamination of the water bodies. The
goal was to collect stormwater for analysis from reference locations within these areas displaying
similar watershed characteristics, i.e., types, sizes, sources, land uses and discharges, to those
observed on the CNC property. The data collected from the reference locations are to be used as

screening criteria/action levels during Step 3 of the Baseline Ecological Risk Assessment (ERA).

Tidal Excursion Zone/Map

Due to the dynamic estuarine system around Charleston Harbor, tide currents’around the CNC
were studied to determine the tidal excursion zones and areas for possible reference point
locations. &wtidal excursion is the net horizontal distance traversed:by a water particie during %
@ide cycle .of one flood and.onaselb. Through hydrodynamic modeling, an excursion zone was
established for the Charleston Harbor. During a tidal cycle, a particle released at CNC into the
Cooper River at peak low tide can travel upstream for six hours. Similarly, a particle released at
peak high tide can travel downstream for six hours. The estimated upstream tidal excursion into
the Cooper River is about 4.5 miles and the downstream excursion will reach the entrance of the
harbor, meaning that some particles released at CNC can be flushed out of the harbor during one
tidal cycle. The upstream limit of tidal excursion on the Cooper River is located between the
U.S. Naval Weapons Station and the discharge point of Goose Creek into the Cooper River. In
addition to the Cooper River tidal excursion, a particle released at CNC can be transported into
the Wando and Ashley Rivers by the tides with the limits of the upstream transport into the rivers
of about five miles from their entrances. The zone extends up the Wando River towards the north

side of Daniel Island and upstream on the Ashley River just north of the James Island connector

2
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and Highway 17. Conversely, the water bodies associated with Zone J can also be receptors of
particles from Ashley and Wando Rivers and Charleston Harbor. Figures 1 and 2 show the ebb

and flow tide currents within the tidal excursion zone for the rivers around Charleston Harbor.

Reference Location Selection

Public Works officials identified 58 stormwater discharge displaying similar watershed
characteristics to those observed on CNC property. Maps obtained from these municipalities
indicated that the following water bodies are potentially influenced by stormwater runoff: Goose
Creek, Filbin Creek, Noisette Creek, Shipyard Creek, Cooper River, Ashley River, Hobcaw
Creek, Wando River, and Shem Creek. An offsite reconnaissance/field survey was conducted to
evaluate the 58 potential reference-sampling locations identified during the interviews with
Public Works officials. A site visit was made to each location in order to collect information
concerning physical characteristics impacting sampling potential. A ranking system was
implemented and characteristics evaluated included: structure type, structure size, location,
surrounding land use, tidal influence, presence of an alternate structure, time of day sample may

be collected, traffic influence, accessibility, and presence of retention structure.

The following sites, shown in Table 1, were chosen as reference locations for the effluent
stormwater. These locations were evaluated to determine acreage size, discharge to specific

water body, land use classification, and types of businesses in operation relative to CNC past

operations.
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e Date of
Municipality Lefes 0 g Acres Landuse Sample 1D Rain Event
City of Hanahan  Dom/ YOpel 20.67 - Residential REF001 - 1-6-02
lanktorn | 41.46 Commercial/Industrial REF002 1-14-02
Lemour ] 63.75 .Commercial/Industrial 'REF003 1-25-02
smmeree Cirel Sa o _
' Eas! 18.66 Residential/Commercial REF004 1-25-02
City of North 1 | 344.72  Residential/Commercial REF005 1-14-02
Charleston Lilli om
ha 71.86 Residential/Commercial REF009 1-6-02
Food Han
h: leight 11.53 Residential/Commercial REF010 1-25-02
success Street
anbiidg ue/ k/Cooper River 88.17 Residential/ REFO011 2-7-02
i Av Commercial/Industrial
City of -
Charleston Ashley Mu 58.13 . ' Commercial REF012° . 2-7-02
City Marina 53.65 Commercial 'REF013 1-14-02
King - 132.08-. Residential/Commercial  REF014 1-14-02
Marke! 1 '69.55 . Residential/Commercial ~ REF015 1-14-02
Town of Mount loman I 62.44 Residential/Commercial REF016 1-14-02
Pleasant
Jlockbusier VI 97.81 Commercial REF017 1-6-02
wy.
id 54.28 Residential/Industrial REF018 1-6-02
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Table 1
Reference Locations

Date of

Water Body Receiving
Municipality  Reference Location Discharge Acres Landuse Sample ID Rain Event
Charleston Naval | : ] ;
Complex Drainage Basin. 6 Cooper River LS 3.94 . ""f.\ s _ R 1-6-02
Drainage Basin 9 - goisette Creek/Cooper River 3.07 R 7 3-2-02
REF008 . 215602

Cooper River © 20.63

Drainage Basin 28 =
North Charleston
Discharge:

Industrial

5
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Analytical Results
A third party validator has validated the data for the 18 reference samples. Appendix A

summarizes the results of the analytical data for the reference locations. Results for organic
constituents were of low frequency and detection levels; therefore, background values for
organic constituents were not calculated. Data for the inorganic constituents shows that six
different reference locations had the maximum concentrations reported, with REF014 reporting
the most values: 16 out of 23 detected constituents. Of the 23 constituents detected, seven
(copper, cyanide, lead, mercury, nickel, silver and zinc) have saltwater surface water screening
values. Maximum concentrations for copper, lead, mercury, and nickel were reported at REF014,
and maximum concentrations for cyanide, silver and zinc were reported at REF013, REF015,
and REF008, respectively, with detections exceeding corresponding regulatory values.

Frequencies of detections for mercury, silver, and nickel were low; mercury and silver each had

one detection and nickel had two.

Of particular note is the inorganic data from the King/Meeting Street location (REF014) that has
the most COPCs identified. City of Charleston Public Works Department was unclear whether
stormwater lines between established drainage basins for King and Meeting Streets connected
with each other. Therefore, a composite of the two outfalls was collected. On January 14, 2002,
. during a low tide rainfall event, field personnel observed a low tide water line several feet below
the outfall discharge from the seawall, and a steady outbound flow of stormwater effluent was
discharging from the outfall pipes. Personnel also noted that the stormwater effluent discharging
from the King Street outfall was clear in color with some suspended sediment; however, the
discharge at the Meeting Street outfall was black in color with suspended sediment resembling
dissolved marsh clay. During the preliminary site evaluations prior to the January 2002 rainfall,

it was also noted that dark water was discharging from the Meeting Street outfall and clear water
from the King Street outfall.
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Statistical Approach

Background concentrations for surface water samples collected for Zone J at the Charleston
Naval Complex were calculated using the “2 times the mean concentration method” (*2 X
mean”) outlined in Region IV's Supplemental Guidance to Risk Assessment Guidance for
Superfund (RAGS) (USEPA, 1995) and the upper tolerance limit (UTL) method presented in
Statistical Guidance for Groundwater Monitoring Data at RCRA Facilities (USEPA, 1989;
1992). The text below describes each method.

Data Evaluation

Prior to calculation of the “2 X mean” and UTLs, summary statistics were calculated on the 18
stormwater effluent reference samples. Table 2 summarizes the following statistics for this data
group: minimum/maximum concentrations, average detected concentrations, average
concentrations calculated using detected concentrations and one-half the quantitation limit,

detection frequency, and percentage of nondetects. These statistics were used to determine the
best data distribution.

Handling of Nondetect Data
The percentage of nondetect values (data with “U” or “UJ” qualifiers) was calculated for each
 Inorganic in the data set to determine the statistical method to be used to obtain the UTL. The

procedures for handling nondetects are as follows:

. If less than 50% of all values in a data set are nondetect, then each nondetect is replaced
by half its reported detection limit (i.e., half of the U-qualified value). The statistical
distribution of the data was then examined for normality. If the original or log-
transformed data values were normally distributed, a parametric UTL was calculated; if

not, a nonparametric UTL was determined.
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J If nondetects exceeded 50%, a nonparametric UTL (i.e., a tolerance limit not based on a
normal distribution) was used. To obtain the desired levels of coverage and confidence,

the highest observed value in the data set was used as the nonparametric UTL (USEPA,
1992).

For background concentrations calculated using Region IV guidance (“2 times the mean
concentration method”), one-half the quantitation limit was used for all nondetect values before

the mean was calculated. Table 3 shows the “2 times the mean concentration method”.

Tests for Normality
As explained above, if less than 50% of all reported values of an inorganic analyte in a data set
are nondetect, calculation of a parametric UTL may be possible. After replacing each nondetect
value by half its reported quantitation limit, the most representative distribution of the data was
determined (nontransformed or log-transformed). These tools are used to determine normality,
but results are questionable with small sample sizes, i.e., less than 20 to 30 observations
(USEPA, 1992). As a result, professional judgment was the final arbiter of whether a data set

was determined to be normally or lognormally distributed. Each statistical tool used is defined

below.

Shapiro-Wilk Test

The Shapiro-Wilk test indicates whether a data set has a normal distribution by comparing a
calculated W-statistic with an appropriate tabulated value of W. The null hypothesis is that the
data set is normally distributed, while the alternate hypothesis is that the population is non-
normal. Details concerning the calculation of the W-statistic are presented in Gilbert, 1987 and
WDOE, 1992. The Washington Department of Ecology (WDOE) program MTCAStat Version
3.0 was used to determine whether data sets were normally or lognormally distributed. The

program can be obtained at http://www.ecy.wa.gov/programs/tcp/tools/toolmain html.
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All units are micrograms per liter (pg/L).

1 Average concentration calculated using the detected concentration and ¥; the sample quantitation limit (SQL).
2 pata distribution determined using probability plots and/or the Shapiro-Wilk test (Gilbert, 1987).

Data distribution definitions:
Lognormal indicates the logtransformed data are nomnally distributed.
Undetermined indicates that nonparametric UTL considered because nondetects exceed 50%.
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Table 2
Chemicals Detected in Stormwater Reference Samples
Charleston Naval Complex, South Carolina
Average
Detected Detection Average Detected Concentration (%

Chemical Concentration Range Frequency Concentration SQLs)' Data Distribution® Percent Nondetect
Aluminum 79 - 11000 18/ 18 1639 1639 lognormal 0
Antimony 33 - 5d 3/18 42 3.0 undetermined 83
Arsenic 56 - 13 4/ 18 79 34 undetermined 78
Barium 34 - 170 18/ 18 30.2 30.2 lognormal 0
Beryllium 0.1 - 048 2/ 18 0.290 0.207 undetermined 89
Cadmium 0.89 - 22 2/18 L5 0.6 undetermined 89
Calcium 3400 — 130000 18/ 18 26728 26728 lognormal 0
Chromium 098 - 21 18718 6.5 6.5 lognormal 0
Cobalt I - 3.200 3/18 2.4 1 undetermined 83
Copper 45 - 170 10/ 18 347 21 lognormal 44
Iron 290 -~ 9700 187 18 2067 2067 lognormal 0
Lead t.8 ~ 100 16 / 18 18.6 16.8 lognormal 11
Magnesium 310 - 290000 18/ 18 24628 24628 lognormal 0
Manganese 4.4 - 100 18/ 18 373 373 lognormal 0
Nickel 1.7 - 9.1 11/ 18 3.8 2.6 undetermined 39
Potassium 310 - 120000 18718 11839 11839 lognormal 0
Silver 44 - 44 1718 44 1.2 undetermined 94
Sodium 1900 - 2300000 18/ 18 197667 197667 lognormal 0
Thallium 46 - 4.6 1/18 4.6 29 undetermined 94
Vanadium 1.5 - 32 18/ 18 7.8 78 lognormal 0
Zinc 13 - 1300 18718 154 154 lognomal 0
Mercury 0.18 - 0.18 1718 0.180 0.057 undetermined 94
Cyanide, Total 56 — 49 5/ 18 16.4 8 undetermined 72
Noles:
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Table 3
Summary of the “2 Times the Mean Concentration Method” for Stormwater Reference Samples
Charleston Naval Complex, South Carolina

Sampte ID Aluminum_Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead Magnesium Manganese Nickel
Il

REF00! 380 15 L.75 9 0.05 0.25 14000 1.6 0.5 13 290 1.9 1600 0.65
REF002 2500 1.5 L.75 14 0.05 0.25 18000 53 0.5 1.2 2300 44 560 21 3.6
REF(03 1600 1.9 1.35 46 0.15 0.25 51000 3.7 04 83 1600 355 2500 76 32
REF004 3100 4.3 245 170 0.15 0.89 27000 14 04 44 4900 47 1500 62 8.3
REF005 1300 1.5 6.1 44 0.05 0.25 24000 99 0.5 12 2200 22 3300 51 23
REF006 310 1.5 1.75 34 0.05 0.25 7400 12 0.5 1.7 440 28 13000 7.8 0.65
REF007 760 1.9 1.35 5.7 0.15 0.25 9600 1.1 04 4500 660 1.1 1000 44 0.85
REF008 970 L.5 1.75 16 0.05 22 4900 43 0.5 12 1400 21 530 28 26
REF009 79 1.5 1.75 29 0.05 0.25 37000 0.98 0.5 22 1300 1.8 2000 35 0.65
REF010 1100 1.9 1.35 21 0.15 0.25 18000 29 0.4 40 4000 15 14000 80 1.7
REFO11 1250 10 5 285 0.1 25 44500 20.5 5 9.850 1650 12 27000 36.5 2.55
REF012 750 10 5 30 2 25 33000 6.4 1 27 1300 7.9 46000 36 24
REF013 660 1.5 6.7 12 0.05 0.25 5500 6.3 0.5 66 730 82 2600 19 2.5
REFOI14 11000 33 13 55 048 0.25 130000 21 3.2 70 9700 100 290000 100 9.1
REF015 1300 5.1 5.6 26 0.05 0.25 34000 6.9 2.2 65 1700 44 36000 36 33
REF016 550 15 1.75 14 0.05 0.25 6800 59 05 85 810 3.1 610 16 0.65
REF017 290 1.5 L.75 6.2 0.05 0.25 3400 1.6 0.5 21 330 49 310 12 0.65
REF018 1600 15 L.75 13 0.05 0.25 13000 34 0.5 22 1900 2 790 39 0.65
Frequency of Hits 18/18 3/18 418 18/18 2/18 2/18 18/18 18/18 3/18 10/18 18/18 16/18 18/18 18/18 11/18
Mean 1639 297 3.44 30.2 0.21 0.64 26728 6.5 1 21 2067 16.8 24628 373 2.57
2x Mean 3278 593 6.88 60.3 041 1.29 53456 13 2 42 4134 33.6 49256 74.5 5.14
Notes:

All units are micrograms per liter (ng/L).

10
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Charleston Naval Complex, South Carolina

Table 3
Summary of the “2 Times the Mean Concentration Method” for Stormwater Reference Samples

Sample ID Potassium Silver Sodium Thallium Vanadium Zinc Mercury Cyanide
REF001 2500 0.35 11000 4.6 22 i3 0.05 5
REF002 910 0.35 2000 2.25 9.1 63 0.05 5
REF003 1900 0.7 6500 3.15 6.2 86 0.05 5
REF004 3400 0.7 8900 3.15 14 240 0.05 5
REF005 2500 0.35 20000 225 6.2 140 0.05 6.8
REF006 6300 0.35 120000 225 42 69 0.05 5
REF007 1400 0.7 1900 3.15 26 19 0.05 5
REF008 740 035 3600 225 11 1300 0.05 5
REF009 2100 0.35 9900 225 1.5 35 0.05 5
REF010 6200 0.7 100000 3.15 6.2 120 0.05 5
REF011 17000 S 250000 5 5.85 855 - 005 5.6
REF012 22000 5 400000 5 5.8 91 0.05 86
REF013 2100 0.35 23000 2.25 9.5 94 0.05 49
REF014 120000 0.35 2300000 2.25 32 99 0.18 5
REF015 22000 44 290000 225 84 150 0.05 5
REF016 770 035 6200 225 4.2 59 0.05 12
REF017 310 035 2000 225 27 57 0.05 5
REF018 980 0.35 3000 2.25 8.7 50 0.05 5

Frequency of Hits 18/18 118 18/18 1/18 18/18 18/18 1118 5/18

Mean 11839 1.17 197667 289 78 154 0.06 8.17

2x Mean 23679 234 395333 5.77 15.6 308 0.11 16.3
Notes:

All units are micrograms per liter (ug/L).

11
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The MTCAStat program performs the W test on both the untransformed and log-transformed

values if the sample size does not exceed 50.

Probability Plot Method

The probability plot of a normally or lognormally distributed data set should follow a straight
line, i.e., correlation coefficient (%) should be greater than 0.90. If the line is curved, the data set
is non-normal. The MTCAStat program evaluates data for lognormality and normality using the
normal probability plot method. As a measure of how well the log-transformed and
untransformed data fit a straight line, the r* values are calculated and displayed. A good fit
(defined as r* »0.900) for the logtransformed data is consistent with the default assumption of a
lognormal distribution. If this criterion is not met, the r* for the untransformed data is used to
test for a normal distribution. An ¢ is not calculated and displayed if the regression analysis of

variance F-value is non-significant at the p = 0.05 level or cannot be calculated.

Output from the MTCAStat program can be provided upon request for all sample data. Each

metal has the normality output as a table and two figures that graph the probability plots for the
normal and lognormal cases.

Calculation of UTL

After the transformation of the data has been established and the data set is determined to be
normally distributed, a parametric UTL is calculated for each analyte. The UTL represents the
upper limit of a tolerance interval for a given data set. The tolerance limits calculated in this
background study represent one-sided UTLs with 95% coverage and 95% confidence. A one-
sided UTL with 95% coverage and 95% confidence allows the user to assume that there is a 95%

certainty that a given value is higher than 95% of the possible sample values from the population.

A one-sided UTL is calculated as shown in Equation 1, where x is the mean of the data, s is the

standard deviation, and K is the one-sided normal tolerance factor based on the frequency of the

12
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data set. K is found in several statistical handbooks, including Gilbert (1987, Table A3); o is

0.05, pis 0.95. Kis 2.54 for 18 samples. Equation 1: UTLm(x)=;c+sK lap -

The calculated UTLs for Zone J are shown in Table 4. REF014 was initially evaluated for
exclusion from the reference value data set; however, the results showed that except for calcium,
magnesium, manganese, and sodium, the removal of the sample data did not cause an order of

magnitude change in “the 2 times the mean” or UTL calculations.

13
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Table 4
Summary of the UTLs for Stormwater Reference Samples
Charleston Naval Complex, South Carolina
Standard Tolerance
Mean (X) Data Type of UTL Deviation (s) Factor (k) UTL

Chemical n (ng/L) Transformation Calculated” (unitless) (unitless) (ng/L)
Aluminum 18 1,639 lognormal parametric 2,461 2.543 7,896
Antimony 18 2.97 undetermined nonparametric NA NA 5.1
Arsenic 18 3.44 undetermined nonparametric NA NA 13
Barium 18 30.2 lognormal parametric 379 2.543 127
Beryllium 18 0.21 undetermined nonparametric NA NA 0.48
Cadmium 18 0.64 undetermined nonparametric NA NA 2.2
Calcium 18 26,728 lognormal parametric 29,519 2.543 101,795
Chromium 18 6.50 lognormal parametric 6.17 2.543 22.2
Cobalt 18 1 undetermined nonparametric NA NA 32
Copper 18 21.0 lognormal parametric 247 2.543 83.8
Iron 18 2,067 lognormal parametric 2,255 2.543 7,802
Lead 18 16.8 lognormal parametric 249 2.543 80.2
Magnesium 18 24,628 lognormal parametric 67,617 2.543 196,577
Manganese 18 373 lognormal parametric 27.1 2.543 106
Nickel 18 2.57 undetermined nonparametric NA NA 9.1
Potassium 18 11,839 lognormal parametric 27,922 2.543 82,844
Silver 18 1.17 undetermined nonparametric NA NA 44
Sodium 18 197,667 lognormal parametric 537,918 2.543 1,565,591
Thallium 18 2.89 undetermined nonparametric NA NA 4.6
Vanadium 18 7.80 lognormal parametric 6.88 2.543 253
Zinc 18 154 lognormal parametric 291 2.543 894
Mercury 18 0.06 undetermined nonparametric NA NA 0.18
Cyanide 18 8.2 undetermined nonparametric NA NA 49
Notes:

a = The parametric UTL for lognormally distributed data calculated using equation: UTL = X + k(s).

where X is the mean concentration, k is the tolerance factor (a = 0.05, p = 0.95), and s is the standard

deviation. Nonparametric UTLs were set equal to the maximum detected concentration.
n = number of samples

14
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Conclusions

Conceptual Approach

The overall determination of reference values for Zone J had to take a unique approach from
conventional methods. Because a goal of the RFI is to determine the CNC’s contribution to
contamination of the surrounding water bodies through stormwater runoff, it was necessary
to identify other possible routes of stormwater contaminant migration, to quantify stormwater

runoff from these routes, and to eventually compare results to runoff from CNC migration

routes.

Tidal Excursion

Providing one set of reference values is more defensible because of the tidal excursion zones
of the surrounding water bodies. Though distribution of the data shows a majority of the
maximum concentrations and the number of Saltwater-Surface Water Screening Values are

located in the City of Charleston, the water bodies surrounding CNC can be receptors of
particles from the rivers surrounding the City of Charleston.

Statistical Approach

Review of the background concentrations in Table 5 generally shows the “2 X mean” values
are more conservative for the two methods. Values for antimony, thallium, and cyanide are
higher using the “2 X mean” method, but the rate of frequency of these constituents for
stormwater effluent samples collected to date (36 samples, detections only), as shown in
Table 6, is low. Antimony, which does not have a Saltwater-Surface Water Screening Value,
was detected in two samples and exceeded background in one sample (EFF005); and
cyanide, which has a screening value of 1 pg/L, was detected in one sample and did not

exceed background. The screening value for thallium is 21.3 pg/L, and none of the results

exceeded the screening value.

15
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Data Comparison

Table 6 summarizes the CNC stormwater effluent onsite constituents detected, compares the
results to Region IV Saltwater Surface Water Chronic Screening Values, identifies COPCs,
and compares the results to inorganic reference values. Based on the information provided in
this memorandum and the fact that the “2 X the mean” method is more conservative, “2 X

mean” reference values should be utilized in the screening process during the COPC
refinement stage of the ERA.

16
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Table 5

Comparison of Calculated Background Concentrations
Charleston Naval Complex, South Carolina

Chemical 2x Mean UTLs
Aluminum 3277.67 7896.48
Antimony 5.93 5.10
Arsenic 6.88 13.00
Barium 60.31 126.50
Beryllium 0.41 0.48
Cadmium 1.29 2.20
Calcium 53455.56 101795.06
Chromiuvm 13.00 22.19
Cobalt 2.00 3.20
Copper 41.98 83.83
Iron 4134.44 7801.59
Lead 33.63 80.21
Magnesium 49255.56 196576.60
Manganese 74.52 106.18
Nickel 5.14 9.10
Potassium 23678.89 82844.16
Silver 2.34 4.40
Sodium 395333.33 1565591.49
Thallium 5.77 4.60
Vanadium 15.59 25.30
Zinc 307.83 893.78
Cyanide, Total 16.33 0.18

Notes: All units are microgram per liter (ug/L).

17
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME D /L) VALUE __ #OF COPCs __ VALUE REMAINING

2,4-Dimethylphenol

2-Methylphenol (o-Cresol) EFF045 5.2 NV 6 NV 6

EFF013 4.3
EFF041 0.9
EFF047 0.8
EFF042 0.7
EFF040 0.38

'3&4-Methylphenol (mé&p-

EFF044 0.065 0.025 1

Acenaphthene

327

Alminum FFO11 13000

EFF004 4500
EFF014 3600
EFF040 2300
EFF002 1700
EFF006 1200
EFF010 1200
EFF013 1200
EFF035 970
EFF068 930

18
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME ID (ng/L) VALUE # OF COPCs VALUE REMAINING
Aluminum EFF065 900
EFF066 810
EFF069 570
EFF005 520
EFF067 520
EFF034 440
EFF041 320
EFF044 320
EFF048 260
CAPO001 250
EFF057 250
EFF058 240
EFF012 230
EFF064 220
EFF001 200
EFF007 200
EFF009 170
EFF008 140
EFF043 140
EFF063 140
EFF003 120
EFF019 98
EFF042 86
EFF045 84
EFF031 51

EFF047 36

19



- ERISAFE
TECHNICAL MEMORANDUM - Draft Revision 1 ;
Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME ID (ng/L) VALUE  #OF COPCs VALUE ~ REMAINING
Antimony . EFF005 6 NV 2 5.93 1
EFF012 4.4 ; .
Arsenic EFFO11 190 36 1 ' 6.88 1
CAP0O1 35
EFF019 15
EFF012 5.2
EFF034 4.8
EFF014 4
EFF013 3.9
EFF048 34
Barium EFF011 120 NV 36 '60.3 2
EFF067 100 : 2
EFF068 44
" ‘EFF014 44
EFF012 41
‘EFF066 26
'EFF065 26
EFF004 25
EFF002 23 -
EFF010 22 b
* EFF064 20
EFF035. 20
'EFF001 19
EFF006. 17
EFF069 13
EFF058 13
' EFF042 13
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME ID (ng/L) VALUE # OF COPCs VALUE REMAINING
Barium EFF003 12 ;
EFF040 11 :
- EFF048 9.9 %
EFF013 9.9
EFF041 8.7
EFF007 8.5
EFF009 8.2
EFF034 8.1
EFF063 7.6
EFF005 7.6
EFF057 7.1
CAP001 5.6
EFF043 ety ¥
EFF019 4.2
EFF031 - 3.6
EFF008 . 3.6
EFF044 34
~EFF045 .© 33
_EFF047 ' - 2.6 .
Benzo(a)pyrene EFF041 1.3 NV 2 NV
EFF040 0.95
Benzo(b)fluoranthene EFF041 15 NV 5 F ey e NV
EFF040 1.2 : et
~EFF008 0.39 ¥
Benzo(g,h,i)perylene EFF041 0.75 NV 1 NV

21
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME ID (ng/L) VALUE _ #OF COPCs VALUE REMAINING
Benzo(k)fluoranthene ‘BFF041 1.6 NV 2 DIV 2
EFF040 1.1 .
Beryllium EFF011 4.5 NV 3 041 1
EFF004 0.16
EFF014 0.15
bis(2-Ethylhexyl)phthalate EFF019 16 NV (¥ . NV 11
EFF005 4 :
EFF002 2.6
EFF014 2.6
'CAPOO! 1.4
EFF040. 12 s
EFFO058 L1 o sipag
EFF042 _0.69 > ‘ : %
'EFF057 0.66 5o
EFF009 - -0.63 '
"EFF041 0.62
Cadmium EFF011 33 9.3 0 1.29 0
EFF012 2.7
EFF067 0.61
EFF006 0.6
EFF005 0.52
Calcium EFFO11 260000 NV SLE36 -53456 6
EFF012 160000 A :
EFF067 70000

EFF006 66000
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1D (ng/L) VALUE __ #OF COPCs VALUE REMAINING
Calcium EFFO013 66000 - : AiEes . R
EFF058 61000 Yo o
EFF014 50000 525
*EFF010 47000
'EFF068 44000
. EFF057 43000
" EFF063 42000
EFF065 40000 :
EFF035 39000 :
EFFO09--: . 34000
r 29000 i
z 29000 R
E 24000
i 23000 *
! 23000 .
i 23000 :
- - 20000 =
20000 i, ‘
. 20000 k
°20000 :
19600
16000
14000
12000
19300
CEF043 79200,
“.EFF03]1 "~ .6900. =%+ 3
'EFF019 5800 f : o
EFF044 5700 e 7
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Table 6
Summary of COPCs of Stormwater Effluent Samples

SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME ID (pg/L) 'ALUE # OF COPCs VALUE REMAINING
Calcium EFF041 3500 : : : !
EFF008 3200 e
EFF047 2900 ; oA
Carbazole EFF040 0.56 NV 1 NV 1
Chromium EFF011 31 50 0 13 e )
CAP001 11 ek L
EFF014 11 v s
EFF040 6.6
EFF002 5.9
'EFF004 5.6
“EFF006 4.7 i ae ;
EFF019- 4.6 G % S ST S
EFF068° .. 33" Bl iy,

‘BFF065 "3

'EFE010., 3,029 i oifbin,
. ~EFF066 " 2.6 : _
- “EFF005 2.4
' EFF034 2.4 =
' BFRO3S i 4023 £ :..
EFF013 2.2 i
'EFF041. 2 _
| EFF048 =g h |
ek ‘BFFOSS . '. 5 2 P - L3 A'J"_‘; L= - w : Ik;
EFF064 = = 2 . . M
“EFF069 17 :
EFF012 15 % .

EFF067- + 1.5

24
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 11 (ug/L) VALUE # OF COPCs YALUE REMAINING
Chromium BFFQD] 1.2° : e it
EFF043 1.1
EFF(42 0.96
EFF057- 0.95
Chrysene EFF040 2.2 NV 2 NV 2
EFF041 21
Cobalt EFF(11 2.8 § NV 4 S &gt e g b
EFF006 1.4 : L A L Y
-EFFQ14 1.2
EFF048. - 0.96 .
Copper EFFO011] 130 2.9 29 42 1
EFF012 37
EFF014 35
EFF031 35
EFF006 34
EFF008 30
EFF068 25
EFF019 16
EFF048 14
EFF004 13
EFF005 12
EFF065 12
EFF035 10
EFF044 10
EFF066 10
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1D (ng/L) VALUE _ #OF COPCs _ VALUE REMAINING

Copper EFF067 10

EFF003 9.5

EFF013 8.7

EFF047 7.1

EFF010 6.9

EFF058 6.5

EFF064 5.8

EFF045 5.4

EFF069 5.2

EFF034 5

EFF007 4.8

EFF009 4.5

EFF057 4.5

EFF063 3.8
Cyanide, Total ‘CAPOO1" 54 T - 163 : 0
' A el : ‘ o
Dibenzofuran EFF058 0.94 NV 1 NV 1
Endosulfan sulfate “EFF040 0.053 R S U e
Fluoranthene EFF040 o 1.6 3 NV 3

EFF041 4.1

EFF058 L7
Fluorene EFF058 04 i NV T LT B ANV Lissa
Heptachlor EFF012 0.014 0.0036 1 N g
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1D (ng/L) VALUE # OF COPCs VALUE REMAINING
Indeno(1,2,3-cd)pyrene EFF041 0.62 NV 23 2 NV o 1
'EFF008 0.59 -
[ron EFFO011 180000 NV 36 4134 2
EFF014 5100
EFF006 2100
EFF040 1800
EFF004 1600
EFF013 1500
EFF002 1300
EFF068 1000
EFF010 910
EFF005 870
EFF065 790
EFF066 780
EFFO035 710
EFF063 670
EFF064 580
EFF034 520
EFF069 520
EFF067 510
EFF001 440
EFF007 300
EFF048 290
EFF058 290
EFF009 280
EFF041 280
EFF012 270
EFF043 220
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Table 6

Summary of COPCs of Stormwater Effluent Samples

SAMPLE RESULTS SCREENING

REFERENCE # OF EXCEEDANCES

COMPOUND NAME ID (ug/L) VALUE __ # OF COPCs VALUE REMAINING

Iron CAPO001 190
EFF003 190

EFF019 190

EFF057 190

EFF044 160

EFF042 140

EFF045 95

EFF008 92

EFFO031 74

EFF047 55

Lead EFF006 80 8.5 33.6

EFF014 38

EFF041 25

EFF002 18

EFF005 15

EFF012 15

EFF040 9.6

EFF008 7.8

EFF068 7.5

EFF035 6.1

EFF004 5.5

. EFF065 5.4

EFF011 4.9

EFF066- 4.9

EFFO013 - 4.7

“EFF001 45

EFF048 44

CAP001 4.3
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME ID (ng/L) VALUE # OF COPCs VALUE REMAINING
Lead EFF019 33 : - _

EFF064 3.1

EFF042 2.7

EFF034 25

EFF069 25

EFF057 24

Magnesium EFF012 100000 NV 36 49256 2

EFF013 93000
EFF058 47000
EFF057 40000
EFF035 36000
EFFO11 34000
EFF063 28000
EFF042 25000
EFF048 18000
EFF067 18000
EFF068 18000
EFF009 16000
EFF006 10000
EFF014 10000
EFF034 7100
EFF066 6900
EFF005 6300
EFF019 6000
EFF065 4700
EFFO10 4200
EFF064 3800
EFF043 2900
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
_ COMPOUND NAME 1D (ng/L) VALUE __ #OFCOPCs __ VALUE REMAINING
Magnesium EFF069 2500
EFF007 2100
EFF040 2100
EFF044 1800
EFF004 1600
EFF003 1300
EFF001 1200
EFF031 960
EFF002 840
CAP001 560
EFF045 520
EFF008 370
EFFO41 310
EFF047 290
Manganese EFF011 900 NV FETT e ARG 5
“EFF063 140 S T
EFF014 110 '
- EFF067 98
- EFF012 85
EFF040 73 5
EFF058 49 : R K AT e
- EFFQ06 ~ | 41 ¥ AR RS U S
EFFO13 39 : T o _ 5 ke
EFFQ68 37 i ety e A
“EBFF009 32 : et s e ot PR SRR
" EFF064 32 ARzt R i
- EFF066 27
" EFF010 25 ;
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Table 6
Summary of COPCs of Stormwater Effluent Samples

RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME (ug/L) VALUE # OF COPCs VALUE REMAINING
Manganese 23 & :
20
17
17
16

Mercury 0.22 0.025 R ;A
0.12

Methoxychlor [EFF047 0.17 0.03%, Z¥e- Tl g omiats NV

Nickel EFFO011 18 i 2 5.14
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
~_COMPOUND NAME ID (ng/L) VALUE _ #OFCOPCs _ VALUE REMAINING
Nickel EFF012 8.5
EFFO14 6
EFF006 45
CAP001 3.1
EFF068 2.6
EFF042 26
EFF010 23
EFF013 2.1
EFF058 2
EFF009 1.8
EFF005 1.8
EFF004 1.7
EFF065 13
Pentachlorophenol EFF005 4 T CERE TS NV ety 7 3
* EFF006 14 i el S A TR G,
EFF067 14 -
Phenanthrenc EFF040 2.6 NV 2 NV 2
EFF04] 2.1
Potassium ... EFF013 41000 NV ool 3e i S naRT0r Was s s 3
EFF012 . 38000 Feac it AN e D SR D e
“EFFQS8 24000 s LRI i o a
EFF035' 18000 Sy e R
EFF057 - 17000 i e e
EFF011 14000 : :
EFF063 13000 _ R : Ay
~ EFF068 13000 ; S - SRR
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mples
REFERENCE # OF EXCEEDANCES
COMPOUND NAME (ng'l) i # OF COPCs VALUE REMAINING
Potassium i Sk Ml .
9200 S ; -
8200, e e
7700
5800
5100
4400 ;
4300 ¢ '
3700 .
~3500 A
4R s -
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUNDNAME _ ID (ng/L) VALUE _ #OFCOPCs _ VALUE REMAINING
Pyrenc EFF040 3.1 NV 3 NV 3
EFF041 2.6
EFF058 0.97
Selenium . EFF064 5.6 ) : AT S ity
Sodium EFFOI3 800000 NV 7395333 2

EFF012 770000
EFF035 320000
EFF058 310000
EFF057 300000
EFF067 260000
EFF011 220000
EFF042 210000
EFF068 190000
EFF063 170000
EFF048 140000
EFF009 130000

EFF006 31000
EFF066 75000
EFF014 74000
EFF065 74000
EFF034 59000
EFF005 51000
EFF019 48000
EFF064 33000
EFF010 30000
CAPOOI1 21000
EFF043 20000
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1D (ng/L) VALUE __ #OF COPCs __ VALUE REMAINING
Sodium EFF069 14000
EFF044 9500
EFF031 8100
EFF040 6500
EFF007 6000
EFF003 4700
EFF001 3100
EFF045 2600
EFF008 2400
EFF004 2300
EFF047 2100
EFF002 1600
EFF041 1600
Thallium EFF014" - 5.5 213 0 ik §577 SRR 2
CAPO01 ~ 52 e : 0
EFF008 4652
Tin EFF009 5 NV 2 2
EFF010 4.7
Vanadium CAP001 21 “ SNV 30 e T T e S
EFF014_ 14 T s et
-EFF006 8.8 5 e e e
EFF040 8.7 L il g o it
EFF005 2 e : T S T e, A T P R S
EFF004 8.1 ERe : [ A Al
EFF045 6.6
EFF010 6.1
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1)) (ng/L) VALUE __ #OF COPCs ___ VALUE REMAINING
Vanadium EFF002 5.9 : 5
EFF065 5.4
EFF013 5.3
EFFO11 S
EFF068 47
EFF047 4.2
EFF067 4.1
EFF008 4 i
EFF035 4 .
EFF034 3.8
EFFO57 . 3.5 R
EFF058 - 34
EFF066 3.4 “
_EFF042 3.2 :
EFF031 2.9 ;,
EFF001 26
EFF064 24
EFF009 %1+ 2.3~
EFF043 2.3 =
-EFF069. .-+ 2.3
EFF048 2.2 o
EFF063 ..+ 2.2
EFF04] 1.9 :
EFF007 "= il 7 =5 5 i
EFF012 i35 1.7:%
EFF044 AL6 %
_EFF003." -~ ‘1.4 >
EFF019 44 1.4

-
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1D (ng/L) YALUE # OF COPCs VALUE REMAINING
Zinc EFFO011 530 86 12 308 3
EFF014 530
EFF012 460
EFF001 150
EFF002 140
EFF009 130
EFF040 120
EFF058 110
EFF065 110
EFF010 100
EFF007 99
EFF067 91
EFF019 74
EFF005 13
EFF003 66
EFF048 58
EFF031 57
EFF066 55
EFF006 51
EFF068 50
EFF008 47
EFF057 46
EFFO013 44
EFF063 38
EFF034 35
EFF035 33
EFF064 33
CAPO001 28
EFF004 19
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Table 6
Summary of COPCs of Stormwater Effluent Samples
SAMPLE RESULTS SCREENING REFERENCE # OF EXCEEDANCES
COMPOUND NAME 1D (ng/L) VALUE # OF COPCs VALUE REMAINING
Zinc EFF069 18
EFF044 16
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EXECUTIVE SUMMARY
The environmental investigation and remediation activities at Charleston Naval Complex (CNC) are
required by the Hazardous and Solid Waste Amendments portion of the Resource, Conservation and
Recovery Act (RCRA), Part B permit. For management purposes, CNC has been geographically
divided into 12 investigative "zones" identified as A through L. Zone J consists of portions of the
Cooper River, Shipyard Creek, Noisette Creek, and associated marsh areas. Characterizations
include evaluations of storm water discharge, sediments below the mean high water mark, and the
water bodies surrounding CNC. The main objective of the Zone J RCRA Facility Investigation

(RFI) is to assess impacts from CNC-related discharges to receptors within Zone J.

The Navy completed preliminary sampling of the water bodies in September 1997, using the
protocols and methods outlined in the Final Comprehensive Sampling and Analysis Plan
(EnSafe/Allen & Hoshall (E/A&H) July 1996) and the Zone J RFI Work Plan (E/A&H December
1996). In a December 1997 technical memorandum entitled Preliminary Results of Zone J Sampling
(EnSafe), the Navy presented the investigative approach, deviations from the Zone J work plan,
applied sampling protocols, and presented analytical results of the Zone J sampling. Numerous
zone-specific investigations of upland areas of concern/solid waste management units
(AOCs/SWMUs) were still ongoing when the 1997 Zone J sampling was completed. Therefore,
correlations between the constituents detected in Zone J and potential CNC sources were not
attempted. However, the 1997 technical memorandum did present a preliminary list of chemicals of

potential concern (COPCs) in Zone J sediments and surface waters, and a map of contaminant
distributions.

EnSafe submitted the Zone J Draft RFI Report - Part One on April 24, 2000 to the South Carolina
Department of Health and Environmental Control (SCDHEC), the South Carolina Department of
Natural Resources (SCDNR), the National Oceanic and Atmospheric Administration (NOAA), the
United States Environmental Protection Agency (USEPA), and the United States Fish and Wildlife
Service (USFWS) for their review and comment. The Part One report presented a screening-level

ecological risk assessment (SLERA) using the preliminary results of Zone J sampling and the
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protocols outlined in the USEPA 1997 guidance document for Superfund, Process for Designing and
Conducting Ecological Risk Assessments.

Comments from reviewing agencies on the Part One report addressed general approach, document
preparation, approach in evaluating lines of evidence for eliminating COPCs from further
investigation, more in-depth evaluation of linkages between CNC and Zone J and a clearer

determination of reference concentrations.

EnSafe and the Navy presented the migration pathway evaluation process to the Base Closure Team
(BCT) in September 2000, along with checklists desired to yield a more definitive assessment of
potential contaminant migration pathways and the scope of work required to complete the next phase
of the Zone J RFI. EnSafe and the Navy concluded that CNC storm water effluent data were
required to produce a reasonably definitive evaluation of the migration pathway scenarios,

particularly for contaminant transport via storm water drainage pipelines and effluent.

At the May 2001 BCT project team meeting, EnSafe presented the conceptual approach for
collecting effluent samples from CNC and reference samples from non-point-source locations offsite.
The approach was agreed upon by the project team, which decided that a scoping package would be
presented to the BCT project team prior to submittal of the Point of Entry Effluent Sampling Work
Plan to incorporate comments from the SCDHEC. The scoping package was presented at the August
2001 project team meeting where a consensus was reached that a number of reference locations

should also come from areas on base that were not influenced by an AOC/SWMU, if possible.

Evaluation of CNC storm water effluent is an interim phase of the Zone J RFI. The investigation
will continue until sufficient data is obtained to determine whether COPCs are present from the other

migration pathways and if the COPCs can be attributed to a Navy source. Data will be used to

characterize the associated impact to the receiving waters and potential receptors.

This report focuses on the CNC outfalls associated with Noisette and Shipyard Creeks. CNC outfalls

associated with the Cooper River will be addressed in the addendum report. Storm water effluent
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sample detections were evaluated for COPCs and compared with CNC site data to evaluate upland
source linkages for Scenario 1 (Transport to Zone J via Storm Water Drainage Pipeline), which
describes a release from a SWMU or AOC resulting in either:
la)  Waste being introduced directly into a storm sewer catch basin, and migrating via
the storm sewer pipeline to Zone J;
Ib)  Storm water runoff transporting contaminated media into a storm sewer catch
basin, and migrating via the storm sewer pipeline to Zone J;
lIc)  Contaminated groundwater being intercepted by and entering a low-integrity
storm sewer pipeline and migrating via the storm sewer pipeline to Zone J; or

1d)  Waste discharging directly to Zone J via sanitary/storm sewer cross connects.

Much of the CNC storm water system is influenced by tidal activity and is inundated by surface
water to some degree during high tide. Storm water effluent was collected from outfalls that
discharge into Shipyard and Noisette Creeks during periods of precipitation that occurred at low tide
to prevent inclusion of surface water in the sample. The storm water drainage basins sampled for
this report are:
Noisette Creek

o Drainage Basin 1-A

e Drainage Basin 1-B

¢ Drainage Basin 1-C

¢ Drainage Basin 10

e Drainage Basin 10-A

¢ Drainage Basin 10-B

o Drainage Basin 10-C
Shipyard Creek

o Drainage Basin 51-H

o Drainage Basin 52

o Drainage Basin 52-A
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Storm water effluent sample detections were compared against storm water effluent reference and
screening criteria, upland surface soil detections, groundwater detections, and environmental incident
and sewer cross-connect reports in determining COPCs for further evaluation and linkages to CNC
sites. Storm water Drainage Basin 10-B was the only basin with soil and groundwater linkages to a
CNC site (SWMU 44). COPCs with upland linkages at Drainage Basin 10-B consist of arsenic (soil
and groundwater), barium (groundwater), beryllium (soil), chromium (soil), cobalt (soil), copper
(soil) iron (soil and groundwater), and zinc (soil). Further investigation of these COPCs and linkages

at Drainage Basin 10-B is recommended.

Hydrodynamic evaluations of Shipyard Creek and Noisette Creek were performed as part of this
study to determine transport of CNC and non-CNC contaminants in these water bodies. This
evaluation has determined that pollutants released into the water bodies are transported both up and
down stream with the flood and ebb tides, although there is a net downstream component towards the
ocean. The tidal flushing capacity of Noisette Creek during one tidal cycle was approximated to be
88% while the diluting capacity ranged from approximately 3.7 to 1 to approximately 14.7 to 1. The
tidal flushing capacity of Shipyard Creek during one tidal cycle was approximately 9% while the
diluting capacity ranged from 8.4 to 1 to approximately 117 to 1. It was also found that Noisette
Creek is a high tidal energy environment with less hydraulic retention time than Shipyard Creek
which is a low tidal energy environment. Consequently, sediments and contaminants in Noisette
Creek tend to be flushed into the Cooper River and distributed throughout the estuary more quickly
than similar materials in Shipyard Creek which tend to be deposited and remain within the Shipyard
Creek basin. It was also determined that sediments carried into Shipyard Creek by flood tides in the
Cooper River may also be deposited within the Shipyard Creek basin.
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1.0 INTRODUCTION

The purpose of the Zone J RFI is to assess Navy-related impacts to the water bodies adjacent to the
CNC as part of the overall basewide assessment. Zone J, which consists of portions of the Cooper
River, Shipyard Creek, and Noisette Creek and their associated marsh areas, is one of CNC’s 12
interdependent RFI zones. Zone J characterizations include evaluations of storm water discharge,
sediments beyond the mean high water mark and the water bodies surrounding CNC. It is also the
only zone that is entirely within an estuarine system and with only rivers, creeks, and marshes, the
investigated components are more ecological than industrial. As such, standard industrial site
investigative protocols (monitoring well and soil boring installation, etc.) are inappropriate,

necessitating the use of a variety of preliminary investigative techniques.

To date, the Zone J RFI techniques included unbiased offshore sampling to assess the nature and
extent of sediment contamination, screening-level ecological risk assessments to determine potential
adverse effects of detected contaminants to aquatic receptors, and conceptual site models to define
potential routes of exposure. These approaches have not yielded a complete and comprehensive
evaluation of CNC impacts to the Zone J water bodies since such a broad evaluation requires a
thorough analysis of contaminant migration pathways between suspected CNC sources and Zone J.
Site-specific analytical data collected from AOCs/SWMUs during RFI and Corrective Measures
Study (CMS) activities are being evaluated and screened against ecological screening values to
complete migration pathway evaluations and determine if a possible linkage exists to the
contribution of contamination to Zone J water bodies. This report evaluates the storm water
migration pathways and off-site storm water effluent values and identifies COPCs, hydrodynamics of

the Zone J estuary system, and data gaps that will be addressed in future.

The remainder of this section presents the history of the Zone J investigation, current status, and a
description of the Charleston Harbor and Cooper River Watershed estuaries. Section 2 presents the
approach used to evaluate the potential pathways between upland CNC sites and Zone J, the
conceptual site model, the various migration pathway scenarios, and the set of screening criteria used

to identify upland contaminants that may be a Zone J concern.
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Section 3 describes the investigative objectives, sampling procedures, protocols, and analyses
implemented during data collection within Zone J. Section 4 details the data quality objectives
(DQO:s) and the appropriate guidance for the RFI at CNC. Section 5 describes the approach and

technical methods used to determine and evaluate reference concentrations for samples collected off-

site.

Section 6 includes discussions on CNC drainage basin evaluations for Shipyard and Noisette Creeks,
respectively.  Evaluations will include descriptions of drainage basins and associated
AOCs/SWMUs, previous site investigations, storm water effluent data evaluation, COPCs and

upland terrestrial unit source identification, and possible data gaps.

Section 7 describes transportation mechanisms of contaminants in Noisette and Shipyard Creeks.
Preliminary hydrodynamic modeling will also aid in the predictions of contaminant fate and transport
entering Zone J water bodies. Section 8 summarizes the conclusion of each drainage basin summary

relating to storm water evaluations, and Section 9 is a compilation of references.

1.1  Zone J RFI Investigation

Zone J is the only zone that is part of an estuarine system with its rivers, creeks, and marshes having
more ecological than industrial components. As such, standard industrial site investigative protocols
(monitoring well and soil boring installation, etc.) are inadequate and necessitated the use of a variety
of preliminary investigative techniques for the Zone J RFI. To date, these techniques included
unbiased offshore sampling to assess the nature and extent of sediment contamination, preliminary
screening-level ecological risk assessments of offshore sediments to determine potential adverse

effects of detected contaminants to aquatic receptors, and conceptual site models to define potential

routes of exposure,

To date, these approaches have not yielded a complete and comprehensive evaluation of CNC
impacts to the Zone J water bodies since such an evaluation requires a thorough analysis of

contaminant migration pathways between suspected CNC sources and Zone J.
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As a majority of the upland zone investigations reached their final phases, more investigation-
derived data has been made available, enabling the evaluation of contaminant migration pathways
and possible linkages between CNC sources and Zone J. Preliminary hydrodynamic modeling will

also aid in the predictions of contaminant fate and transport upon entering the Zone J water bodies.

1.2  Site Investigation Background and Strategy

With respect to assessing contaminant sources and fate and transport issues, Zone J is perhaps the
most complex of the RFI zones. As central components of the local watershed, the Zone J water
bodies receive storm water runoff and other inputs from the majority of surrounding upland areas,
including the CNC, via numerous point and nonpoint source discharges, including several permitted
National Pollutant Discharge Elimination System (NPDES) industrial discharges. The main
objective of the Zone J RFI is to assess impacts from CNC-related discharges to receptors within
Zone J. Given the large number and distribution of potential CNC sources, the Zone J RFI to date
has relied heavily upon a single round of extensive offshore sampling, existing data generated by
upland zone-specific investigations (see Figure 1-1), various studies conducted in the Charleston

Harbor, and a single round of CNC storm water effluent runoff sampling at multiple locations.

The large scope and extended schedule of the CNC RFIs necessitated zones being investigated and
sampled independent of other zones. With some of the larger zone investigations, it was not
uncommon for months or even years to pass between zone-specific sampling phases, which affected
the sequence of data availability for use during the Zone J investigation. Prior to the scope of the
Zone J RF1 being defined as the assessment of the surrounding water bodies, several of the initial

upland site investigations conducted small-scale, offshore sampling, adding to the complexity of the
Zone J data set.

A series of small scale, unconnected, and temporally sporadic offshore sampling events would
generate an inconsistent data set since water quality parameters such as temperature, dissolved
oxygen, salinity, pH, and total suspended solids change constantly with the tide, season, and flow
rates and often have a direct correlation to contaminants. Therefore, the Navy proceeded with the

large scale Zone J investigation to ensure a consolidated data set for the water bodies. Sampling
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would also prevent RFI delays caused by postponing offshore sampling until the completion of the

upland investigations.
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With only a portion of the upland zone-specific investigations completed or ongoing, the Navy
completed the preliminary sampling of the water bodies in September 1997, using the protocols and
methods outlined in the Final Comprehensive Sampling and Analysis Plan (E/A&H July 1996) and
the Zone J RFI Work Plan (E/A&H December 1996). In a December 1997 technical memorandum
entitled Preliminary Results of Zone J Sampling (EnSafe), the Navy presented the investigative
approach, deviations from the Zone J work plan, applied sampling protocols, and presented
analytical results of the Zone J sampling. Numerous zone-specific investigations of upland
AOCs/SWMUs were still ongoing when the 1997 Zone J sampling was completed, therefore
correlations between the constituents detected in Zone J and potential CNC sources were not
attempted. The 1997 technical memorandum did, however, present a preliminary list of COPCs in

Zone J sediments and surface waters and a map of contaminant distributions.

The data set in this preliminary report, which also included results from the smail-scale, offshore
sampling conducted as part of other zone-specific RFIs, was not intended to be a complete
assessment but did conclude that after the analysis of 126 offshore sediment samples, concentrations
at numerous locations in the Cooper River, Shipyard Creek, and Noisette Creek exceeded the
USEPA’s 1995 Region IV Waste Management Division’s Sediment Screening Values (SSVs) for

semivolatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), and/or
inorganic compounds.

On April 24, 2000, EnSafe submitted the Zone J Draft RFI Report - Part One to the SCDHEC, the
SCDNR, the NOAA, the USEPA, and the USFWS for their review and comment. The Part One
report presented a SLERA using the preliminary results of Zone J sampling and the protocols
outlined in the USEPA’s 1997 guidance document for Superfund, Process for Designing and
Conducting Ecological Risk Assessments. The SLERA included a screening-level problem

formulation, conceptual model, ecological effects evaluation, exposure estimates, and risk

calculations.

In accordance with the USEPA, a SLERA may exclude those COPCs believed to lack a complete

exposure pathway between the site and receptor species. In a preliminary attempt to determine if a
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correlation did exist between the COPCs at CNC’s upland sites and COPCs in Zone J, the Part One

report reviewed the cross-media transport (migration) discussions from relevant zone-specific RFI
reports. Based on the site-specific fate and transport evaluations in these reports, sites with the

following pathways were suspect: soil-to-groundwater, groundwater-to-surface water, and soil-to-

sediment.

The RFI reports qualitatively classified upland groundwater and soil COPCs with regards to their
anticipated potential for migrating from groundwater to surface water. A groundwater COPC was
designated as a possible surface water migrant if the maximum concentration exceeded the chronic
ambient water quality criteria (chronic Ambient Water Quality Criteria (AWQC)) for saltwater in the
USEPA’s Supplemental Guidance to Risk Assessment Guidance for Superfund: Region IV Bulletins,
Ecological Risk Assessment, (November 1995). Soil-to-sediment pathways also were addressed if
storm water runoff traveled across a site and entered an open, unlined drainage feature or storm

sewer, which ultimately discharged into a Zone J water body.

Under these conditions, surface soil concentrations at the site exceeding the USEPA’s SSVs
(November 1995) were considered a potential migration concern. Data gaps during this preliminary

assessment included parameters without a valid chronic AWQC or SSV and AOCs/SWMUs lacking

cross-media transport information.

The Part One report also presented a compilation of Zone J figures correlating the location of the
AOCs/SWMUs identified as having potential migration pathways to the Zone J sediment sample
locations with concentrations exceeding a particular SSV. This approach, however, was not intended
to confirm any linkage between a CNC site and Zone J, but merely to provide a screening level

evaluation of possible connections suggested by mutually detected contaminants.

General comments from reviewing agencies on the Part One report regarded the preparation of the
document and the Navy’s general approach, as well as specific comments evaluating the lines of
evidence the Navy proposed for eliminating COPCs from further investigation. Several comments

on the report regarded the need for the Zone J RFI to include a more in-depth evaluation of linkages
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between CNC sites and Zone J, including a thorough evaluation of potential contaminant migration
pathways. A clearer determination of Zone J reference concentrations was also requested along with

calculation of mean ER-M quotients for the reference samples to better define baseline toxicity.

1.3  Current Status

Since the Navy’s submittal of the 1997 Technical Memorandum and prior to the implementation of
the evaluation, storm water effluent samples were collected as part of the Zone J RFI. Upland zone-
specific investigations across CNC, however, have generated additional data for various
AOCs/SWMUs, allowing for better source and contaminant migration pathway determination to be
conducted. In September 2000, EnSafe and the Navy presented the migration pathway evaluation
process to the BCT along with checklists desired to yield a more definitive assessment of potential

contaminant migration pathways and the scope of work required to complete the next phase of the
Zone J RFL

After reviewing the findings of the upland RFIs and preliminary offshore sampling in Zone J, EnSafe
began evaluating potential contaminant migration pathways from known AOCs/SWMUs to Zone J.
After further refinement of the conceptual exposure model and completion of approximately half of
the drainage basin evaluations, EnSafe and the Navy concluded that CNC storm water effluent data
were required to produce a reasonably definitive evaluation of the migration pathway scenarios,

particularly for contaminant transport via storm water drainage pipelines and effluent.

At the May 2001 BCT project team meeting, EnSafe presented the conceptual approach for
collecting effluent samples from CNC and reference samples from non-point-source locations offsite.
The approach was agreed upon by the project team, which decided that a scoping package would be
presented to the BCT project team prior to submittal of the Point of Entry Effluent Sampling Work
Plan to incorporate comments from the SCDHEC. The scoping package was presented at the August
2001 project team meeting where a consensus was reached that a number of reference locations

should also come from areas on base that were not influenced by an AOC/SWMU, if possible.
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Using detailed sewer system maps, aerial photographs, and site topography, the suspected paths of
storm water runoff were traced from known AOCs/SWMUs to a particular Zone J discharge

point/area. Analysis of effluent samples from these discharge points would determine if CNC-

related contaminants are being transported to Zone J, and if so, would provide relevant data to

identify potential source(s).

As abasis of comparison, effluents from several reference locations were also sampled to establish a
baseline data set representative of non-Navy related inputs to Zone J or similar water bodies. As part
of the Zone J SLERA, effluent concentrations will also be compared to recommended ecological
screening concentrations for surface water. Effluent COPCs that exceed both the established

reference concentration and the ecological benchmark will be retained for further evaluation and risk

assessment during the remainder of the Zone J RFI.

The evaluation of CNC effluent is an interim phase of the Zone J RFI. The investigation will
continue until sufficient data is obtained to determine whether COPCs are present from the other
migration pathways, and if so, whether the COPCs can be attributed to a Navy source. Data will be

used to characterize the associated impact to the receiving waters and potential receptors.

14  Overview of the Charleston Harbor/Cooper River Watershed

The Charleston Harbor, located in the central portion of South Carolina's coastline, is formed by the
confluence of the Ashley, Cooper and Wando Rivers and their tributaries. Figure 1-2 shows the
Charleston Harbor and identifies the major water bodies and other points of interest, including the
location of the CNC. The harbor is the third largest estuarine drainage area in South Carolina. It
comprises more than 26,000 hectares of coastal marshlands and open-water habitat. The Cooper
River, Ashley River, Wando River, Town Creek and Shipyard Creek are major navigable waters
forming the Charleston Harbor. Noisette Creek, Clouter Creek, Goose Creek, Plum Creek and other
smaller creeks also feed into the Charleston Harbor system. The Atlantic Ocean entrance to the
Charleston Harbor is shaped by barrier islands and the channel jetties. This section will provide a

general description of the harbor and its surroundings as a whole, followed by information specific to
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each of the major water bodies comprising the harbor. Information is provided on the hydrodynamic

behavior of the rivers, engineering modifications impacting them, key industries that may impact the
rivers and creeks, NPDES permits and violations, surrounding marinas and boat landings and the

United States Army Corps of Engineers (USACE) permitted dredging activities.

14.1 The Charleston Harbor Estuary

As shown in Figure 1-2, the urban areas of Greater Charleston flank the majority of the harbor. Of
the three rivers that form the Charleston Harbor Estuary, the Cooper River has the densest urban
development and the largest number of industrial and port facilities. These urban areas and
industrial facilities are located primarily on the western shore and include Naval Weapons Station
Charleston, the former U. S. Navy Base (CNC), commercial facilities associated with the State Ports
Authority (SPA), and numerous private companies. The Ashley River has the second largest number
of industrial and commercial facilities, most of them located along its eastern shoreline. The Wando
River presently has the least upland development compared to the other two rivers, except in its
lower reaches. In that area on the eastern shore, the SPA maintains the Wando Terminal facility.

Several residential communities are also present and/or being developed on the eastern shore.

Large dredged material disposal areas are located on southern tip of Daniel Island, on Drum Island
and on Clouter Island. Some dredged materials have also been placed on the southern portion of the

CNC, in ZoneI. The USACE also maintains a large offshore disposal site of materials dredged from
the Charleston Harbor.

The Charleston Harbor system provides habitat for both saltwater and freshwater organisms.
Intertidal wetlands are found on the margins of the rivers and creeks forming the harbor and support
a diverse population of flora and fauna, including more than 80 species of macrophytes,
580 planktonic taxa, and over 570 macroinvertebrate and finfish species (VanDolah et al., 1990).
According to the SCDHEC, water quality for the harbor, including the Zone J water bodies, is rated
“SB”, which applies to tidal saltwaters suitable for primary and secondary contact recreation,

crabbing, and fishing, except harvesting of clams, mussels, or oysters for market purposes or human
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consumption, and suitable for the survival and propagation of a balanced indigenous aquatic

community of marine fauna and flora (SCDHEC Regulation 61-68).

The harbor supports large populations of commercially harvested white and brown shrimp and blue
crab as well as important recreational species, including red drum, spotted sea trout, flounder, spot,
Atlantic croaker, and catfish. Habitat types such as mud flats, Spartina marshes, and cattail marshes
are found, especially at the southern end of the base. Palustrine forested wetlands were identified
along Shipyard and Noisette Creeks. Most of the areas were identified as having some estuarine

influence. Less pervasive wetland habitats found on the base include palustrine scrub-shrub and

palustrine emergent wetlands.

1.4.2 Dynamics of the Charleston Harbor

The harbor estuary is a mixing zone where fresh water from upland areas flows into the sea and
meets salt water. The twice-daily ebb and flow of the tides drive mixing of salt and fresh water, as
well as the transport of sediments and potential pollutants discharged into the estuary. For the
purposes of this study, it was important to determine the area where tidal mixing could disperse
potential pollutants discharged from the CNC. Through hydrodynamic modeling, a tidal excursion
zone was established for the Charleston Harbor (Ivan Chou, Environmental Consulting Technology,
1999). The net horizontal distance traversed by a hypothetical particle placed in the water at a point
during a tide cycle of one flood tide and one ebb tide defines the tidal excursion zone for that point.
The tidal excursion zone defines the areas in the harbor that could potentially be impacted by CNC
discharges. Conversely, potential pollutants released into the excursion zone by other sources along

the Ashley, Cooper and Wando Rivers, Shipyard Creek and Charleston Harbor can also impact the
waters adjacent to the CNC.

Figure 1-2 shows yellow dashed lines indicating the upstream limits of tidal excursion zones for the
rivers in the Charleston Harbor. A particle released into the Cooper River at the CNC at low tide can
travel upstream for six hours, traveling about 4.5 miles to a point located between the U.S. Naval

Weapons Station and the discharge point of Goose Creek. Similarly, a particle released at peak high
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tide can travel downstream for six hours, reaching the entrance of the harbor. Additionaily, a particle

released at CNC at low tide can be transported about five miles into the Wando and Ashley Rivers by
the tides. The tidal excursion zone extends up the Wando River toward the north side of Daniel
Island and upstream on the Ashley River just north of the James Island connector and Highway 17.

The tidal excursion zone also extends up the entire length of Shipyard Creek and Noisette Creek.

1.4.3 Development Impacting the Charleston Harbor/Cooper River

Industrial development has modified the hydrodynamics and environmental quality of the rivers
comprising the Charleston Harbor Estuary to a significant extent. Prior to any engineering
modifications, the Ashley, Cooper and Wando Rivers were relatively small tidal rivers with natural
channels that were essentially self-maintaining. The Ashley River and the Wando River have been
modified the least, primarily by dredging deeper channels in the lower reaches of the rivers, while the

Cooper River has seen the most significant modifications of its natural state.

1.4.3.1 Cooper River Diversion/Rediversion Project

In 1942, the South Carolina Public Service Authority (SCPSA) completed the first diversion project
of the Cooper River, which was to provide hydroelectric power to the Santee-Cooper area. This
project involved construction of the Wilson Dam on the Santee River to form Lake Marion,
construction of the Pinopolis Dam at the headwaters of the Cooper River to form Lake Moultrie, and
construction of a 7.5-mile canal between the two lakes through which approximately 88% of the
freshwater flow from the Santee River was directed to the Cooper River (Little, 1974a; Kjerfve,
1976; Kjerfve and Magill, 1990; USACE, 1975). Prior to this project, the Cooper River was a small
tidal river with brackish water with a flow volume less than 417 feet® (ft) /second (s) (10 meters’ (m)
/s). This change increased the fresh water flow into the Cooper River to approximately 15,600
ft’/sec (442 m’/s) (Kjerfve, 1976) and reduced salinity in the harbor from 30.0 ppt to 16.8 ppt.
Another consequence of this massive freshwater input was the change from a tidal circulation mode

to a gravitational circulation mode with a stratified, partially mixed salinity structure.
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Prior to 1942, dredging activities in the Cooper River were minimal. Gross annual maintenance
dredging in the river channels of approximately 110,000 cubic yards (cy) was needed to maintain the
30 ft channel. However, with the change in the river’s hydrodynamics, a significant increase in the
sedimentation occurred in the Charleston Harbor, which led the USACE to expand dredging
activities for the Cooper River area. Also, in 1988 the navigation channel was deepened from 9.1
meters (m) (30 ft) to 10.6 m (35 ft). The combined effects of the increased flow and the deeper
channels resulted in greater landward transport of marine sands (Van Dolah, 1990), an increase in
suspended sediment from upland sources, scour of river bed and banks, and the disruption of the
estuarine hydrography. Due to greatly increased shoaling in the harbor system in the early 1960’s as
much as 10,000,000 cy had to be dredged per year. By 1982, 7,500,000 cy of sediment was being

removed to maintain navigation channels, costing over $5 million a year.

To alleviate the shoaling problems attributed to the 1942 diversion project but still maintain the
potential for hydroelectric power, the USACE completed the “Cooper River Rediversion Project” in
August 1985. This project redirected approximately 70% of the water flow from the Cooper River
back into the Santee River through a new 11.5-mile canal in the vicinity of St. Stephens, South

Carolina. A new 84-megawatt capacity powerhouse on the rediversion canal was completed in 1985.

Since rediversion, the monthly mean flow into the Cooper River has been reduced to approximately
4500 ft*/s. The USACE estimated shoaling to diminish by 40% to 70% after the rediversion project
was complete. The net effects of the rediversion upon sedimentation were not expected to be evident

for approximately 10 years (USACE, 1983).

Between 1985 and 1994 the USACE performed an analysis of the shoaling rates. This study
consisted of conducting bank to bank depth profiles at 117 stations in the harbor and Cooper River
and monitoring the dredging records during that period. Shoaling rates initially decreased
approximately 71% compared to the 1982 baseline and maintenance dredging decreased 70%.
However, after the Charleston Harbor and Cooper River channels were deepened in 1988, the

amount of shoaling and the maintenance dredging increased somewhat. After the deepening project,
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the shoaling rate was reduced 48% and maintenance dredging was reduced 57% from the 1982
baseline. These reductions are roughly in line with expectation for the rediversion project (USACE,
March 1998).

1.4.3.2 Ports of Charleston /

The Charleston Harbor is a modern transportation hub. Cargo shipped through Charleston’s four
state terminals disburses throughout the world. Itis the second largest container port on the East and
Gulf Coasts and the fourth largest in the nation. In 2001, the Port of Charleston SPA handled 1.5
million 20-ft. equivalent units of cargo, as well as 520,391 tons of bulk cargo and over 68,000 tons
of grain with approximately 1,500 ships and barges passing through the port. Top commodities
include automobiles and grains, food items and forest products, consumer goods and machinery,
metals, chemicals and clay products. The harbor also handles significant volumes of petroleum

products, coal, and iron ore at private terminals. The volume of cargo handled by the port has

increased from 8 % to 15% annually in past years.

Projected growth for the port indicates that additional facilities will be needed. The SPA is planning
a fifth container ship terminal to supplement the existing terminals. This terminal was planned for
the southern end of Daniel Island and would have covered both the Cooper River and Wando River
sides of lower Daniel Island. However, community support for this plan never developed and other
alternatives are now being considered. The proposal that currently seems most widely supported is
to locate the terminal on the southern portion of the CNC. Also, in late 2001, the United States
Congress approved a study to evaluate the need to deepen the harbor channels beyond 45 fi.
(Charleston Post and Courier, December 3, 2001). As these plans advance and as more and larger
ships utilize the Charleston Harbor, additional channel enlargement projects involving dredging

portions of the channel in and around the CNC will likely occur.
1.4.3.3 Charleston Naval Complex

When active, the former Charleston Navy Base was the Navy’s third largest home port, supporting

more than 70 surface vessels and submarines until 1996 when the base was officially closed. The
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CNC currently supports a number of private and federal facilities that use the docks and piers such as
Detyens Shipyards, Charleston International Port, Charleston Shipbuilders, Inc., the United States
Coast Guard (USCG), and the NOAA.

1.4.3.4 Naval Weapons Station

Naval Weapons Station Charleston, located north of the CNC, is currently an active federal
installation and a homeport to the Maritime Prepositioning Force (MPF). The MPF is a self-
sustained task force that can provide equipment and supplies for up to 17,000 Marine Corps

personnel for 30 days. The MPF ships are typically similar in size to container ships that use the
terminals at the SPA.

1.4.3.5 Urban/Industrial Development

- Urban and industrial development in the Greater Charleston area impacts the Charleston Harbor
water bodies through the discharge of treated sewage, industrial effluents and storm water carrying
nonpoint source contaminants. The lower harbor section receives point source effluents from two
large secondary sewage/wastewater treatment facilities, Plum Island and Mount Pleasant.
Additionally, numerous active industrial facilities discharge industrial effluents and storm water as
authorized by environmental permits. Other possible sources of pollution affecting the harbor

include marina facilities and boat landings, waste and bilge water from ships and runoff from

disposal areas for dredged materials.

National Pollutant Discharge Elimination System

In 1972, Congress passed amendments to the Federal Water Pollution Control Act (FWPCA),
commonly known as the Clean Water Act (CWA), to prohibit the discharge of any pollutant to
waters of the United States from a point source, unless the discharge is authorized by a NPDES
permit. Under the NPDES, all facilities that discharge pollutants from any point source into waters of
the United States are required to obtain a permit. Early efforts to improve water quality under the
NPDES program focused on reducing pollutants in discharges of industrial process wastewater and

from municipal sewage treatment plants. In 1975, the SCDHEC Bureau of Water received authority
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from the United States Environmental Protection Act to administer the NPDES Permit Program in
South Carolina. The Bureau is responsible for the permitting, compliance, monitoring, and
enforcement of the program, and NPDES permits are issued by the SCDHEC to a discharger

pursuant to regulations for all point source discharges into surface waters.

The FWPCA Amendments contained four important principles:

. The discharge of pollutants to navigable waters is not a right.

. A discharge permit is required to use public resources for waste disposal and limits the

amount of pollutants that may be discharged.

. Wastewater must be treated with the best treatment technology economically achievable,

regardless of the condition of the receiving water.

. Effluent limits must be based on treatment technology performance, but more stringent limits

may be imposed if the technology-based limits do not prevent violations of water quality

standards in the receiving water.

In response to the need for comprehensive NPDES requirements for discharges of storm water, in
1990 Congress amended the CW A to require the USEPA to establish phased NPDES requirements
for storm water discharges. The Phase I program addressed sources of storm water runoff that had
the greatest potential to negatively impact water quality. The regulations require municipal separate
storm water sewer systems (MS4s) located in municipalities of a population of 100,000 and greater
and all categories of discharges associated with industrial activity to obtain storm water NPDES
permits. Operators of the facilities, systems, and construction sites regulated under the Phase I
NPDES Storm Water Program can obtain permit coverage under an individually-tailored NPDES
permit (developed for MS4s and some industrial facilities) or a general NPDES permit (used by most

operators of industrial facilities and construction sites).

According to the USEPA (Guidance Manual for Preparations of NPDES Permit, 1991), it is

recognized that storm water runoff carries pollutants draining off streets and parking lots,
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construction and industrial sites, and mining, logging, and agricultural areas. Through natural or
manmade conveyances, the runoff is channeled into and transported by gravity flow through a wide
variety of drainage facilities. Runoff may purge accumulated pollutants out of gutters, catch basins,
storm sewers, and drainage channels. Runoff eventually ends up in surface waters such as creeks,
rivers, estuaries, bays and oceans. Runoff from urban and industrial areas has been considered as a
nonpoint source of pollution. However, most urban runoff is discharged through conveyances such
as separate storm sewers or other conveyances and depending on the size of the municipality can be

considered point sources under the CWA and are, therefore, subject to the NPDES program.

In 1999, Phase II of the storm water NPDES program was finalized and stated: construction
activities disturbing between 1 and 5 acres of land (i.e., small construction activities) and
municipalities with urbanized areas that have a population greater that 50,000 may be required to
comply with the new regulations by March 2003. Under this new regulation, the cities of Charleston
and North Charleston and the Town of Mount Pleasant, which are located within the Charleston

Harbor estuary, may have to comply with the new program.

In addition to expanding the NPDES Storm water Program, the Phase II Final Rule revises the "no
exposure” exclusion and the temporary exemption for certain industrial facilities under Phase I of the
NPDES storm water program. The industrial facility or site can obtain a “No Exposure Certification
for Exclusion from NPDES Storm water Permitting”. If a discharger can certify that a condition of
"no exposure” exists at the industrial facility or site, then NPDES permit coverage is not required for

discharge of storm water associated with industrial activities identified at 40CFR 122.26(b)(14)(i)-
(ix) and (xi).

South Carolina has about 1,200 active NPDES permits, and according to the SCDHEC in 2001, there
were 29 permitted NPDES locations to the Cooper River watershed within the excursion zone: 15to
the Cooper River, two to Goose Creek, three to Filbin Creek, four to Shipyard Creek, three in the
Charleston Harbor, and two to the Wando River. There was no information from the SCDHEC on

any permitted NPDES locations for the Ashley River within the tidal excursion zone. Through the
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Freedom of Information Act, the SCDHEC was contacted in order to receive a list of NPDES

violations located within those areas. The SCDHEC provided a list of violations from January 1,

1996 to March 29, 2001, and the above NPDES permits reported the following list of parameters:

. Oil and Grease Freon . Total Suspended Solids
. Flow in Conduit . Naphthalene

. pH . Total Chromium

. Biological Oxygen Demand 5-Day . Total Residual Chlorine
. Hexavalent Chromium . Total Lead

. Fecal Coliform . Water Temperature

. Total Cyanide . Ammonia-Nitrogen

. 48 Hour Acute Toxicity Test . Dissolved Oxygen

Additional information regarding main industries and permit violations will be discussed in Sections

1.5 for the Cooper River/Charleston Harbor and its tributaries, 1.7 for the Wando River, and 1.8 for
Shipyard Creek.

Nonpoint Source (NPS) Pollution Control

As defined in the 2002 Section 305(b) Water Quality Assessment Report for South Carolina
(SCDHEC, Bureau of Water), NPS water pollution comes from diffuse, numerous sources. Runoff
occurring after a rain event may transport sediment from plowed fields, construction sites, or logging
operations, pesticides and fertilizers from farms and lawns, motor oil and grease deposited on roads
and parking lots, or bacteria-containing water from agricultural animal facilities or malfunctioning
septic systems. The rain moves the pollutants across the land to the nearest water body or storm
drain where they may impact the water quality in creeks, rivers, lakes, estuaries and wetlands.
Nonpoint source pollution may also impact groundwaters when it is allowed to seep or percolate into
aquifers. The adverse effects of NPS pollution include: physical destruction of aquatic habitat, fish
die-offs, interference with or elimination of recreational uses of a water body (particularly lakes),

closure of shellfish beds, reduced water supply or taste and odor problems in drinking water, and
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increased potential for flooding because water bodies become choked with sediment.

Nine categories of NPS pollution that impact South Carolina’s waters are identified and described:
agriculture, forestry, urban areas, marinas and recreational boating, mining, hydrologic modification,
wetlands disturbance, land disposal/groundwater impacts, and atmospheric deposition. Technology-
based controls, or management measures, are employed to address these categorical impacts. The
NPS control program describes specific management measures for each category as well as

implementation schedules. South Carolina has the legal authority to implement all of the necessary

management measures.

In South Carolina in 2002, 79% of rivers and streams, 83% of lakes and 81% of estuaries fully
support aquatic life use. Additionally 58% of rivers and streams, 99% of lakes and 99% of estuaries
fully support recreational use. The 2002 Section 305(b) Water Quality Assessment Report for South
Carolina states that nonpoint sources, rather than point sources, are most responsible for partiél
support or nonattainment of classified uses. Shellfish waters are estuarine which require especially
high water quality. In 2002, 65.9% of the total shellfishing waters were approved, 2.4% were
conditionally approved while 18.5% were restricted and 13.2% were prohibited for shellfishing.

1.5  Cooper River

The Cooper River Watershed is located in Berkeley and Charleston counties and consists primarily
of the Cooper River and its tributaries. This complex watershed extends approximately 50 miles
from the Pinopolis Dam to the mouth of the Charleston Harbor and lies entirely within the Lower
Coastal Plain and Coastal Zone region of South Carolina. Approximately 17 miles north of its
junction with the Charleston Harbor, the Cdoper River divides into two branches: West Branch
Cooper River and East Branch Cooper River. The West Branch Cooper Riveris 17 miles long and is
a meandering natural channel flanked by extensive tidal marshes, levees and old rice fields in various
states of disrepair. The East Branch Cooper Riveris a 7.6 miles long tidal slough that flows fromts
headwaters in Hell Hole Bay to its junction with the West Branch Cooper River, commonly referred

to as the “Tee”. The water quality for the Cooper River is rated “SB” like the Charleston Harbor.
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Within the excursion zone, the Cooper River receives flow from several creeks: Goose Creek, Filbin

Creek, Noisette Creek, and Shipyard Creek. Shipyard and Noisette Creeks are Zone J waterbodies

and will be discussed in detail in sections 1.8 and 1.9.

Filbin Creek is located in Charleston County. This watershed is unable to be used for recreational
activities due to fecal coliform bacteria excursions, but aquatic life is fully supported. Goose Creek
is located in Berkeley, Charleston, and Dorchester Counties. The headwaters are dammed into the
Goose Creek Reservoir, which is used for recreation and water supply. Old Goose Creek drains into
Goose Creek as do several ponds before it flows into the Cooper River. The entire watershed is
within the boundaries of the U.S. Naval Weapons Station, Charleston. There are a total of 52.7

stream miles in this watershed and 2.7 square miles of estuarine areas.

The Cooper River, the largest Zone J water body, flows south past CNC with several areas of fringe
wetland and salt marsh bordering the less industrialized northern and southern portions of the CNC.
These sensitive wetland areas, some of which are quite expansive, are remnants of the marshland,
which once occupied the entire CNC peninsula. Instead of a quay wall, riprap has been used to

control erosion along the nonindustrialized portions of the CNC shoreline.

The Cooper River has the broadest concentration of industrial and port facilities among the three
river networks forming the Charleston Harbor estuary. The majority of the facilities are positioned
on the western shoreline and include: U.S. Navy port facilities, commercial facilities associated with
the SPA, and private companies. To accommodate the ship traffic, a navigation channel is
maintained by the USACE. The eastern shoreline of the Cooper River is largely undeveloped,

although there are several large diked disposal areas along the length of the maintained channel
(Clouter Island and Daniel Island).

Key Industries, Port Terminals, Recreation Areas (Boat Landings, Marinas)
Along the western shoreline of the Cooper River, several large industrial complexes and port

terminals are located within the established excursion zone. Some of the major industries include
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Westvaco/Sheppard Trucking, Amerada Hess, Detyens Shipyard, Allied Terminals/Charleston,

Commissioner of Public Works (CPW) water treatment plants and the North Charleston Sewer
District (NCSD)/Felix C. Davis Waste Water Treatment Plant (WWTP).

Mead-Westvaco specializes in: packaging, coated and specialty papers, consumer and office

products and specialty chemicals.

Amerada Hess, a petroleum products company, ships and receives quantities of petroleum

products from their terminal facilities.

RM Engineered Products specializes in: automotive insulation, sealing products, braided
packings, gasket sheets, insulation sleeving, thermal insulation, rubber sheet, missile insulation,
ablative rubber, missel insulation, pump packings, valve packings, pump and valve packings,
compression packings, exhaust insulation, insulation sleeving, abrasion resistant sleeving,
insulation tape, silicone rubber, tadpole tape, door seals, gasket sheet, coated cloth, coated fabric,
slit rubber, rocket motor insulation, aircraft seals, teflon, viton, fluorel, heat shields, fluid sealing,
industrial textiles, neoprene, valve rings, hot gas seals, firewall, firewall seals, vee-rings, v-rings,
firesleeving, fire sleeving, epdm rubber, high temperature, sleeving, tape, welding cloth,
conveyor belting, asbestos substitute, asbestos replacement, aerospace, elastomers, stretch tape,
stretchtape, fiberglass, exhaust, gasket fabricator, hostile environment protection, anti-corrosion,

anti-heat, anti-cold, and flame retardant fabric.

Equilon/Motiva has a lubricant plant located in Charleston. Motiva Enterprises refines and
markets gasoline and other petroleum products under both the Shell and Texaco brand names in
all or parts of 26 Eastern and Gulf Coast states and Washington, D.C. Motiva Commercial is a
leading marketer of distillate fuels, petroleum coke, and sulfur. It offers a full range of diesel
fuel and heating oil products at a network of terminals throughout the East Coast and Gulf Coast

areas of the United States. Motiva Commercial also offers mobile fleet fueling.
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¢ Koch companies are involved in trading, refining, asphalt, natural gas, gas liquids, chemicals,
plastics, chemical technology equipment, minerals, fertilizers, ranching, and finance businesses,

as well as a host of new, technology-oriented ventures. In Charleston, Koch maintains a

materials refining company.

e Charleston Shipbuilders, Inc. subleases property along the water front of the former Navy

Shipyard. Their operations included ship repairs, overhaul, and maintenance.

e Allied Terminals, Inc. is a bulk liquid terminal and tank storage industry. This facility has
several large tanks for liquid storage (capacity 24,000 tons) and can unload up to 10 tank cars ata
time on two railroad tracks with truck service available.

e The NCSD/Felix C. Davis WWTP is located near the mouth of the Cooper River.

e Romney Street Landfill is also located near the mouth of the Cooper River.

e Columbus Street Terminal is the SPA’s largest terminal with 3,875 continuous feet of berth
space located on the Charleston Peninsula. The terminal handles container, common breakbulk,

bulk, rolling stock, heavy-lift, and project cargo.

e Union Pier Terminal is located on the Charleston Peninsula and has 2,470 continuous feet of

berth space. The terminal is dedicated to breakbulk and Roll On/Roll Off (RO/RO) cargo.

e North Charleston Terminal is located north of CNC and has 2,500 feet of berth space and handles
breakbulk and RO/RO cargo and one dedicated grain elevator berth.

In addition to the industrial areas, there are six public and private marina and boat landings with

access to Cooper River. Table 1.1 below lists the marinas and boat landings to the Cooper River.
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Table 1.1
Marinas and Boat Landings
with Access to the Cooper River
Marina/Boat Land@g Water Body Location Within Excursion Zone?
_ Chal_,'lestoana'rbor' Marina at Patriots Point - " Cooper R.wer Ny o Yes. - S
Charleston Maritime Center Cooper River Yes
Cooper River Manna = C00pc_1;-'_‘River. ST  Yes
Virginia Avenue Park (a.k.a. Filbin Creek '
Boat Landing, Plymouth Park, Ralph M. Filbin Creek Yes
Hendricks Park) o
John R. Bettis Boat Landing Goose Creek Yes
Bushy Park, Dam #1 Boat Landing Cooper River No

NPDES Locations Discharging to the Charleston Harbor, Cooper River and its Tributaries

Within the excursion zone, there are 21 permitted NPDES locations on the Cooper River, six others

on the tributaries to the Cooper River, and five NPDES locations to Charleston Harbor. Table 1.2

below lists the active NPDES permits for the Cooper River and its tributaries.

Table 1.2
Permitted NPDES Locations
Charleston Harbor, Cooper River and Tributaries
Industry/Companl Discharges To Within the Excursion Zone?

City of Hanahan/ . L L TR AL
Berkeley County. Water & Goose Creek - Yes -
Sanitation Authority S i
Commissioner of Public Works

(CPW) / Hanahan Water Goose Creek Yes

Treatment Plant (WTP)

Allied Terminals Cooper River Yes.

Westvaco Cooper River Yes

Amerada Hess/North Cooper River Yes

Amerada Hess/South Cooper River Yes

Equilon Lubricants Cooper River Yes

Koch Refining Cooper River Yes
U.S.Navy-CNC Cooper River Yes

RM Engineering Prod. Cooper River Yes

124



Zone J RFI Storm Water Effluent Evaluation Report
Charleston Naval Complex, Charleston, SC

Revision 0
October 2002
Table 1.2
Permitted NPDES Locations
Charleston Harbor, Cooper River and Tributaries
Industry/Company Discharges To ‘ Within the Excursion Zone?
’ NCSD/Fehx C. Davis WWTP - Cooper River. A " Yes e L
vMarathon Ashland FilEin Crcek Yes
ootk it ~ FibinCreek e
Westvaco Corp./Chas. Filbin Creek Yes
Charlestq_n_ ShipiauxiLdefs, Inc. Cooper River - .?':.V-IYGS,E |
IC.:IhSar ll::sat?c'))rlllNaval Weapons Station Cooper River Yes
, Detyens Shlpyard-Dry Dock#S .. Coopei‘Rivel"* . Yes v 'T
CPW/Damel Island WWTP Cooper vaer | ”Y.cs. o
Evenmg Post Pubhshmg Co.’ Cooper R1ver Tnbutary Yes R
Bayer Corp. / Bushy Park Cooper River No
US Navy/Weapons St'atibn " _Cboper Ri\'(eri" L | No e
E.L Dupont/Cooper River Cooper River No
Jacobs Applied Technology, Inc '-Coop¢r Rivér ’ No
Amoco Chemicals/Cooper River Cooper River No
BCW&SAIwaer Bei'ke'ley WTP . Cooper River | ‘No
Nucor Steel/Bcrkeley Plant Cooper River No
Mt. Pleasant WTP #2 Charleston Harbor  Yes
Mit. Pleasant WTP #1 Charlestén Harbor Yes
ML Pleasant WTP #3 Charleston Harbor Yes :
Mt. Pleasant/Center Street Charleston Harbor Yes
CPW/Plum Island WWTP Charleston Harbor Yes

NPDES Permit Violations for the Charleston Harbor and Cooper River Estuary

Various pollution sources are affecting the Charleston Harbor system. Table 1.3 below lists the

violations reported by the SCDHEC at the various locations within the excursion zone during the

time period of January 1, 1996 through March 29, 2001.
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Table 1.3
Permitted NPDES Locations with Violations
within the CNC Excursion Zone of the
Charleston Harbor and the Cooper River Estuary
Violation Dates: 01/01/96 to 03/29/01
Indust:;y/Companx v Dischgge_s To Violation Parameter Number of Violations

Chevron Products Cooper River Qil and Grease Freon 10
Allied Terminals Cooper River Oil and Grease Freon 8

Westvaco Cooper River Flow in Conduit | 14
pH 2

Total Suspended Solids’ 3

BOD-5Day 1
Amerada Hess/North Cooper River Naphthalene 2

Equilon Lubricants Cooper River Oil and Grease Freon 1
Koch Refining Cooper River Qil and Grease Freon 4
U.S. Navy-CNC Cooper River Oil and Grease Fr.eoﬁ ' 2.
| pH 1
Total Suspended Solids 5
RM Engineering Prod. Cooper River Oil and Grease Freon 1
pH 2
Total Suspended Solids 6
BOD-5 Day 4
Welix C. Davis Cooper River Fecal Coliform 12
Flow in Conduit 2
48-Hour Acute 2
pH 2
Mt. Pleasant WTP Charleston Harbor pH 1
Ian:rleston Shipbuilders, Cooper River pH 4
Total Suspended Solids 2
gzif;ss Shipyard-Dry Cooper River Oil and Grease Freon 3
pH 2
Total Suspended Solids 11
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Table 1.3
Permitted NPDES Locations with Violations
within the CNC Excursion Zone of the
Charleston Harbor and the Cooper River Estuary
Violation Dates: 01/01/96 to 03/29/01

Industry/Company Discharges To Violation Parameter Number of Violations
BOD-5 Day 2

- BOD-5Day’
. Dissolved Oxygen
" Ammonia-Nitrogen

1.6  Ashley River

The Ashley River flows approximately 31 miles from its headwaters in Cypress Swamp in Berkeley
County to its junction with the Intracoastal Waterway on the south side of the Charleston Peninsula
where it empties into the lower harbor basin. The river basin drains a 216 square-mile area of marsh
and lowlands spread out over Berkeley and Charleston Counties. Depths of the natural channel in
the river range from 5.9 feet to 36 feet and are influenced by tidal action throughout the river’s entire
length. Water quality in the Ashley River is rated “SA” throughout the study area. This rating
applies to tidal salt waters suitable for aquatic life support and primary and secondary recreation,
except harvesting clams, mussels, or oysters for human consumption. “SA” waters must maintain an
average daily dissolved oxygen concentration of 5 milligrams per liter (mg/L) or higher and have

median coliform concentrations of 200 colonies/100 ml or less.

The Ashley River has the second largest number of industrial and commercial facilities, which are
located on the eastern shoreline. Much of the remaining upland areas on both sides of the river

support residential developments.
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The Ashley River was not affected by the rediversion project above its juncture with the harbor basin

because it is not connected to the Cooper River at any point. The shoaling problems on the Cooper
River are not experienced on the Ashley River; however, the tidal excursion zone for the Ashley
River extends just north of Shipyard Creek on the Cooper River. Particles could be transported from

the Ashley River to the Cooper River area during a tide cycle and vice versa.

Key Industries, Ports Terminals, Recreation Areas (Boat Landings, Marinas)

The Ashley River has the second largest number of industrial and commercial facilities, most of
them located along the eastern shoreline. Much of the remaining upland area on both sides of the
river supports residential developments. The river flows past Old Dorchester State Park, Middleton
Gardens, Magnolia Garden and Charles Towne Landing State Park. It also receives flow from the
Charleston U.S. Air Force Base and the Charleston Municipal Airport. Within the excursion zone,
development consists of residential, light commercial and recreational facilities (marinas and boat

landings). Table 1.4 below lists the marinas and boat landings with access to the Ashley River.

Table 1.4
Marinas and Boat Landings
with Access to the Ashley River

Marina/Boat Landing Water Body Location Within Ex=cursion Zone?
AshleyMarina -~ .. CAshleyRiver - .. Yes. =
Charleston Municipal Marina (Cify Mﬁna) A#hley Rivef‘ o | Yes
:Riplcy’s Lighf Mafihé o _ o _‘ Ashlelever : s o ,‘ :  ' o Yes _

Country Farm Boat Landing Ashley River | No
Dolphin Cove Marina ‘ Ashley River - ' " No
Duncan’s Boat Harbor Ashley River No
Wando Woods Boat Landing | Ashley River - No-
Pier Point Boat Landing Church Creek No
E;ﬁg:;i:af:ﬁd?g Landing (aka, W. : Elliot Cut : No
Wappoo Cut Boat Landing Wappoo Cut No
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NPDES Locations

Three municipal sources (Town of Summerville, Charleston CPW, Dorchester Public Works), the

Middleton Inn, and four industrial are located on the Ashley River, none of which fall within the

excursion zone.

1.7 Wando River

The Wando River flows approximately 24 miles from its headwaters in Iron (T'on) Swamp in
Charleston County to its junction with the Cooper River on the north side of the Charleston
Peninsula. The river basin drains a 194 square mile area of marsh and lowlands, and its depth ranges
from 5 ft to 42 ft within its natural channel. The Wando River is influenced by tidal action
throughout its entire length, and estuarine waters extend into the creeks, which form the upper limits
of this river. Water quality in the Wando River was recently upgraded to “SA” above the Wando
Terminal. This rating applies to tidal salt waters suitable for aquatic life support and primary and
secondary recreation, except harvesting clams, mussels, or oysters for human consumption. “SA”
waters must maintain an average daily dissolved oxygen concentration of 5 mg/L or higher and have
median coliform concentrations of 200 colonies/100 ml or less. Water quality in the lower portion of
the Wando River is rated “SB” with daily average dissolved oxygen concentrations at 4 mg/L. or
greater. At the base of the watershed near the Town of Mount Pleasant, Hobcaw Creek (Lake
Woodlawn) and Molasses Creek enter the Wando River. The water quality rating for these creeks is
“SFH”. “SFH” waters must maintain a daily dissolved oxygen concentration of 5 mg/L and have
median fecal coliform concentrations of 14 colonies/100 ml or less. Mostly residential and some

minor industrial areas discharge to Hobcaw and Molasses Creeks.

The Wando River has the least number of upland developments. Its lower reaches support a port
terminal, but the majority remains residential communities with some recreational uses. The Wando
River was minimally affected by the rediversion project of the Cooper River; however, its
hydrography is greatly influenced by the Cooper River as a result of mixing at the confluence of

these two rivers and from Beresford Creek.
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Key Industrials, Port Terminals, Recreation Areas (Boat Landings, Marinas)

This river presently has the least upland development compared to the other two river systems,
except in its lower reaches. In that area, the SPA maintains the Wando Terminal Facility, which is
located on the eastern shoreline and has 3,800 continuous feet of berth space. The Wando Terminal
is the port’s largest terminal in terms of volume and physical size. Several residential developments
also exist, which are either already present or being developed on this shoreline. Large diked
disposal areas are located on Daniel Island, which forms the western shoreline of the Wando River.
The only other industrial facility on this river is Detyens Shipyard located in Cainhoy beyond the

excursion zone upper limits. Table 1.5 below lists the marinas and boat landings with access to the
Wando River.

Table 1.5
Marinas and Boat Landings
with Access to the Wando River

Marina/Boat Landing Water Body Location Within Excursion Zone?
Hobcaw View Marina .~ .~ _ ~ 'HobcawCreek . - oo o Yesi
Remley’s Point Boat Landing Wando River _ » ~ Yes
Daniel Island Marina o Wando River - 7 Yes
Paradise Island Boat Landing Wando River o No
Halsey Cannon Boatyard ‘Wando River - o 'Ne-

NPDES Locations

Table 1.6 below lists the two active NPDES permits located on the Wando River, and both are minor
industrial effluent discharges. Molasses Creek, a tributary to the Wando River, receives discharge
from the NPDES permit for Cooper Hall Retirement facility’s heating, ventilating and air-
conditioning (HVAC) system. This is the only permitted location within the excursion zone. The

other permit is for Detyens Shipyard in Cainhoy, which is located beyond the boundaries of the

excursion zone for the Wando River.
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Table 1.6
Permitted NPDES Locations
Wando River and Tributaries
_ Industry/Company » Discharges To Within Excursion Zone?
_;-CobperHaliRetirgme’nt _. o R 'Mo‘lavsvSes Cre_ék : - ' 1 . Yes f‘i-f"il
Detyens Shipyard/Wando Yard Wando River No

1.8  Shipyard Creek
Shipyard Creek is a 61-acre drainage creek that discharges to the lower Cooper River. The
southwestern property boundary of CNC is bordered by the eastern shoreline of Shipyard Creek.

Several industrial sites border the western shoreline of Shipyard Creek. The water quality within
Shipyard Creek is “SB”.

The estuarine intertidal and subtidal marsh habitat along the shorelines of this half-mile creek is as
large as the open water habitat with areas of unconsolidated shore and bottom. Marsh vegetation is
typical for the area and consists primarily of cordgrass (Spartina spp.). The mudflats and scrub-
shrub vegetation of the wetland and intertidal zone provide foraging habitat for numerous avian
species, including northern harriers (Circus cyaneus), black-crowned night herons (Nycticorax

nycticorax), marsh wrens (Cistothorus palustris), egrets (Egretta spp.), white ibis (Eudocimus

albus), as well as fiddler crabs (Uca spp.).

Along the creek are several points of tidal conveyance to and from onshore wetlands and
drainageways at CNC. Fewer such areas were present on the opposite shore. The southern wetlands

were also less widespread due to the construction of the shipyard and several industrial piers.

In addition to the cordgrass wetland within the creek, riparian vegetation is present along both
shorelines, including southern hackberry, mulberry, wax myrtle, and tallowtrees. Wildlife observed
in or near the creek during site visits included numerous wading birds, such as green-backed heron,
snowy egret, and great blue heron. Seagulls, brown pelicans, kingfisher, red-tailed hawks, and

osprey also forage in the open waters and nest in surrounding treetops. Boat-tailed grackle and red-
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wing blackbirds forage throughout the wetland vegetation. Small fish and turtles were seen in the
open water portions, and fiddler crabs were abundant in the wetland mudflats during low tide.

Mammals such as muskrats, river otters, marsh rabbits, raccoons, and opossums also forage amidst

the riparian areas.

Key Industries, Port Terminals, Recreation Areas (Boat Landings, Marinas)

Shipyard Creek has several large industrial facilities and several recreational docks located on its
waters. The CNC comprises the eastern shore line. Portions of Zones G, H, and I drain to the creek.
Currently there is a marina located at the southern most tip of the CNC where Shipyard Creek and
the Cooper River converge. Along the western shoreline of Shipyard Creek, Macalloy and Foster

Wheeler are the major industrial facilities. Other industrial businesses include Chevron Products and
Kinder Morgan Bulk Terminal.

¢ The Macalloy Corporation facility is situated on 125 acres at the headwaters of Shipyard Creek.
Surface water runoff from the Macalloy facility enters Shipyard Creek. The ferro-chrome
manufacturing facility was operated continuously by various owners from 1941 until 1998 when
alloy production ceased. The wastes generated from the facility during the ferro-chrome

manufacturing process include the following: chromium; arsenic; lead; barium; manganese;

mercury; and zinc.

o Foster Wheeler Resource Recovery Plant, the largest incinerator of municipal solid waste in
South Carolina, began providing the former Charleston Naval Shipyard with the majority of its
process steam in 1989 until the shipyard closed in 1996.

o Chevron Products Co. operates a lubrication plant located along the western shore of Shipyard

Creek. The plant is a part of the Chevron/Texaco Corporation. The Charleston Plant produces

lubricants with additives.
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e Kinder Morgan Bulk Terminal, known locally as Shipyard River Terminal (SRT), is a dry and
liquid bulk products terminal, including coal and petroleum coke. Product can be handled from
truck to rail to storage to ship or from ship to storage to truck to rail. The annual capacity for this
location is 2,500,000 tons with a design system rate of 2,500 tons/hour for coal and petroleum
coke. Storage consists of 250,000 tons open and 50,000 tons covered storage. SRT was
modified for the transfer of cement for a dedicated customer. Product is transferred from
oceangoing vessels to storage at an average rate of 7,000 tons per weather working day and
transfer of product from storage to rail cars or trucks at an average rate of 200 tons per hour per

loading spout. The annual capacity for cement will be approximately 1,500,000 tons. Two

storage domes were constructed to store the cement.

In addition to the industrial areas, the Cooper River Marina is located at the confluence of the Cooper

River and Shipyard Creek.

NPDES Locations Discharging to Shipyard Creek
Table 1.7 below lists the four permitted NPDES locations on Shipyard Creek, which are industrial

discharges.
Table 1.7
Permitted NPDES Locations
Shipyard Creek
Industry/Company Discharges To Within the Excursion Zone?

Chevron Products S Shipyard Creek ‘ g Yes - :
Macalloy Corporation Shipyard Creek Yes

Kinder Morgan Bulk Terminal Shipyard Creek : Yes

Foster Wheeler Resource Recovery Shipyard Creek Yes

NPDES Permit Violations for Shipyard Creek

Three locations on Shipyard Creek have reported permitted NPDES violations from January 1, 1996
through March 29, 2001. Table 1.8 below lists the violations.

1.33



Zone J RFI Storm Water Effluent Evaluation Report
Charleston Naval Complex, Charleston, SC

Revision 0
October 2002
Table 1.8
Permitted NPDES Locations with Violations
Shipyard Creek
Violation dates: 01/01/96 to 03/29/01
Industry/Company Discharges To Violation Parameter Number of Violatipns
Chevron Products . . - Shipyard Creek - =0i1»andGreéseFr'é_'_c_jnik’fi-g' o100
Foster Wheeler Shipyard Creek Oil and Grease Freon 4
pH 4
Water Temperature 4
Total Suspended Solids 1
Macalloy - . ShipyardCreek ., pH . . 0 4

* Hexavalent Chromi

. OilandGreaseFreon

. FecalColiform

: TotalSuspendedSolnds _ -

| 'Tbt;l_,Rééidﬁé"Ch}pvi'ii:r:_xeif RIS
-Tbt;ilLéid} - 14

1.9  Noisette Creek

Noisette Creek is a small, tidally influenced tributary that flows eastward through the CNC’s
abandoned golf course to the Cooper River. It is not a navigable water body and is not dredged. A
small pond and several acres of wetlands are associated with the creek. According to base drainage

maps, Noisette Creek receives surface and storm water runoff from the golf course as well as off-

base properties and roadways upstream in North Charleston.
Vegetation in the riparian zone along both banks is dominated by southern hackberry trees and wax
myrtle, with fewer specimens of live oak (Quercus virginiana), privet (Ligustrum sp.), eastern red

cedar (Juniperus silicicola), yaupon (Ilex vomitoria), saw palmetto (Serenoa repens), mulberry
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(Morus sp.), chokecherry (Prunus virginiana), french tamarisk (Tamarix gallica), and black willow

trees. The wetland vegetation is typical of estuarine emergent habitats with smooth cordgrass, black
needlerush, and cattail. Bird species observed include barn swallow, white egret, red-wing
blackbird, osprey, and pied-billed grebe (Podilymbus podiceps). Raccoon tracks were also observed

along the muddy shoreline. Pilings beneath the bridges accommodated numerous clusters of remnant

oyster shells.

Noisette Creek is heavily influenced by the tides with several undercut areas along the bank where
tidal flow has accelerated erosion. The banks are on average 3 to 6 feet above the water depending
on the tide. High tides occasionally combine with heavy rains to cause the tidal creek to spill over
banks and flood portions of the surrounding golf course. The brackish water in the creek is often
* turbid and the creek bottom visible only at its confluence with the Cooper River and then only at low

tide. Visible substrate within the creek consists of marl, gravel, and muck with some detritus and
debris.

Both the National Wetland Inventory and the Final Environmental Impact Statement (FEIS) (1995)
indicate that several wetland types are associated with Noisette Creek: estuarine subtidal, estuarine
intertidal, and palustrine forested. The subtidal wetlands consist of the open-water, nonvegetated
portion of Noisette Creek that remains submerged at low tide. This wetland type has been classified
as having unconsolidated bottom substrate (FEIS 1995). The intertidal wetland consists of the
frequently flooded marshes and mud flats on the margins of Noisette Creek. The near-shore areas
within these wetlands support dense stands of halophytic vegetation including smooth cordgrass

(Spartina alterniflora) with patches of saltmeadow cordgrass (Spartina patens) and black needlerush

(Juncus roemerianus).

An area at the mouth of Noisette Creek has been identified as a palustrine forested wetland. This
area abuts frequently flooded Spartina marsh and is dominated by willow and oak. Estuarine
influence in this tidal drainage is indicated by the high number of periwinkle and snail shells on the

ground. Little herbaceous vegetation is present, indicating extended inundation. A defined drainage
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channel is also present. Information regarding physical attributes, such as mean depth, was not

determined during the preliminary basewide habitat and biota survey.

1.10 Charleston Harbor and Cooper River Dredging

The shipping channels of the Charleston Harbor and the Cooper River have been dredged
periodically since colonial times. Since World War I, the Cooper River Diversion project and the
activity of both the commercial and naval port facilities have resulted in much more frequent and
extensive dredging in the Charleston Harbor, the Cooper River, Wando River, Town Creek and
Shipyard Creek. It is important to describe dredging activities as thoroughly as possible to support
future Contaminant Fate and Transport evaluations. Many of the contaminants discharged to the
Charleston Harbor system ultimately become bound to solid particles of clay or sand and are
deposited as sediment in the Zone J water bodies. Dredging activities in the Charleston Harbor

Channel system have a major impact on the transport and fate of these contaminants.

For the purposes of this evaluation, dredging activities conducted from 1985 to the present are the
primary focus. The USACE permit system provides good records for this time period and covers the
USACE harbor enlargement projects, maintenance dredging by the USACE and other miscellaneous
dredging projects conducted by the U.S. Navy, the Redevelopment Authority (RDA), and other
commercial and private entities. For this study, a thorough search was made of the USACE permit
records and other data provided by the USACE. This data presented here, although probably not all
inclusive, shows the location, frequency and extent of recent major dredging activities which affect

the Charleston Harbor in general and the Cooper River, Shipyard Creek.

Harbor Enlargement Projects:

The USACE constructed the harbor's navigation channels, turning basins, and access channels. The
main channels are from 200 to 800 feet wide and extend approximately 16 miles up the Cooper River
with extension channels serving users on the Wando River, Shipyard Creek, and Town Creek.

Figure 1-3 shows the current harbor ship channels.
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Major enlargements or expansions of the harbor channel system have occurred in the past and are
planned in the future. These projects involve removal of sediments from all areas, over the entire
length of the channel system shown in Figure 1-3. Deepening of the main channel to a project depth
of 40 feet was started in 1986 and completed in 1991. The deepening of the Wando River Extension
was completed in 1994 and Shipyard Creek in 1996. Engineering studies of the Charleston Harbor
found the design of existing channels inadequate to accommodate the dramatic changes in
Charleston's vessel fleet and the rapid growth of commodity traffic that have occurred during the last
decade. The volume of containerized cargo shipped through Charleston has increased from 8% to
15% annually, greatly exceeding all projections. Container ships now using the harbor are much
larger than in the past, requiring wider, deeper channels and longer turning radii at bends in the
rivers. For these reasons, a study to determine the feasibility of improving navigation in Charleston

Harbor was completed in February 1996.

The recommended plan called for deepening the harbor's main channels from 40 feet to 45 feet with
a2 foot overage. The plan also provided for removal of the existing contraction dike at the southern
tip of Daniel Island, deepening 16.3 miles of the Cooper River channel to 45 feet, deepening of
interior channels and turning basins to 45 feet, realigning the channel in the Shutes Folly reach in the
lower harbor, reducing the Town Creek Channel from the Cooper River bridges to Myers Bend to a
depth of 16 feet and a width of 250 feet, widening the Daniel Island Reach of the Cooper River to
875 feet at Myers Bend and tapering to a width of 600 feet at Daniel Island Bend. Additions of a

contraction dike just north of Shipyard Creek and restoration of the two existing contraction dikes

were also planned.

Implementation of this project began in March 1999 with the award of a contract to deepen the ocean
entrance of the main channel. This work was completed in 2001. The lower harbor channels,
downstream from the Cooper River Bridges, were deepened and realigned between July 1999 and
June 2001. The widening of the Daniel Island Reach was accomplished between November 1999
and Septerhber 2000. Dredging of Shipyard Creek was completed in May 2002. Future work
planned under this phase of harbor enlargement includes dredging the upper harbor channels in 2003
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and 2004. These dredging activities are detailed in Table 1-9.
Table 1.9
Charleston Harbor Enlargement Dredging
Charleston Harbor, Cooper River, Wando River and Shipyard Creek
Date Channel Depth
Reach Completed Cubic Yards (ft) Disposal Site
_-‘Oceanenh'ance-mdinf B . »‘ g ‘ : e .:, . R R
channel om0l 9738000 47 o ODMDS -
Ocean entrance -main .
channel Sept-01 1,734,000 47 ’ | ng:gl Island
Lower Hatbor —channels ~ [~ 0 g qae g e ST
 belowbridges o TeOL o 9L 4T ODMDS
Lower Harbor — channels .
 belowbridges w0l 902000 47 0 DemelBland
Shipyard Creek May-02 1,500,000 47 Clouter Island
. WendoRiver . May-02. 13100000 47 . “Clovterlsland
Upper Harbor —channels ' ' . ‘ '
" above bri dges Planned-Q?a | 3,600,000 47 | o Cloutu Is}and
Upbp'ngarbor,—chapnels‘ S .:‘: e ‘_ ' T _' R
7 abovebridges Planncd-04 2,400,000 47 P S c1°uterlsland
Notes:
ODMDS = Ocean Dredge Material Disposal Site

The SPA is planning a fifth container ship terminal to supplement the existing terminals. The
proposal that currently seems most widely supported is to locate the terminal on the southern portion
of the CNC. Also, in late 2001, the United States Congress approved a study to evaluate the need to
deepen the harbor channels beyond 45 ft (Charleston Post and Courier, December 3, 2001). As

these plans advance, and as more and larger ships utilize the Charleston Harbor, additional channel

~ enlargement dredging projects could take place. Removal of the existing finger piers and

construction of quays and turning basins for a terminal on the southern portion of the CNC will result

in removal of large amounts of sediment for the area around the CNC.

Harbor Maintenance and Miscellaneous Dredging:
The USACE also conducts periodic maintenance dredging of shoaling areas within the harbor

channels. Dredging of shoals is conducted on an as-needed basis. The primary areas where shoaling
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has typically been a problem are shown in green on Figure 1-4. The shoal number identifies these

areas. Table 1.10 below provides the dredging dates and the volume of material removed from each

shoal in the USACE maintenance dredging projects. The depth of sediment materials removed

during maintenance dredging varies across the length and width of the channel shoal area. Typically

1 to 4 feet of sediment is removed on the average; however, at some points the depth of removal may

be significantly greater. If it was provided in the USACE data, the disposal area used for the spoils is

also given.
Table 1.10
Maintenance Dredging
Charleston Harbor and Cooper River
Shoal Date Cubic Channel
Number River Station Reach Completed Yards Depth (ft) Disposal Site
Cooper River
6~ 548490TO617+11 .  ClouterCreek  10-Aug91 ~ 304947 . 43 Daniellsland
1A 804+00 TO828+491  Ordnance Reach ~ 27-Oct99 162,243 46 Clouter Istand
1A 807470 TO828+91 - OrdnanceReach 27-Oct-99 297,510 . . 46 - - Clouter Island"
1A 812490 TO 828+91 O’d“‘};‘gzlf‘mh 15-Nov-99 44,331 46 Clouter Island
1 ‘804400 TO828+91 OrdnanceReach . 11-Aug-98.- 215052 46 Clouter Island
1 807+70 TO 828+91 ~ OrdnmanceReach 0 p 00 33739 46 Clouter Island
Turning Basin
1A 812+00TOgas91  OmANEReach ) pupop ase17 42 ClowterIsland
Ordnance Reach
1 804-+00 TO 828+91 ! \ 9-Dec-96 735,617 44 Clouter Island
Turning Basin
1A 812+90TO828491  OUISERCAM  gpecos 57259 42 Clouterlsland
1 805400 TO 828491 Ordnance Reach 2-Mar-95 557,001 Not Listed Clouter Island
1A 812490 TO 828+91 O‘d“a];‘f)':]f“‘:h 27.Feb-95 49,401 4 Clouter Island
1 805400 TO 828491  Ordnance Reach  30-Oct-92 152,176 Clouter Island
2 800+42 TOS28+91 ~ OrdmanceReach ., 0 00 510,126 Clouter Island
Turning Basin
1 800+00 TO 831+83 Ordnance Reach 8-Feb-88 145,699 40 Yellow House
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Shoal
Number

River Station

Table 1.10
Maintenance Dredging
Charleston Harbor and Cooper River

Reach

Date

Completed

Cubic
Yards

Channel

oy

1A
4
4
5A-
5AL
SAL
5 AL
s
-
6C
6Pt 1
6Pt 1
o
6C

809+07 TO 826+50

774+00 TO 788400

| 6MH00TO6T1426

652+00 TO 668+00

- 468+00 TO 496400

447+00 TO 458+00

468+00 TO 500+00 *
470400 TO 500+00

500+00 TO 548+90

388+02 TO 408+00

- 310400 TO 340400 . -

388+00 TO 405+00

388+00 TO 404+00
388+00 TO 425+00
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