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ABBREVIATIONS, ACRONYMS, AND SYMBOLS

The following abbreviations, acronyms, and units of measurement are used in this report.

°C Degrees Celsius

ng’kg Micrograms per Kilogram

pg/L Micrograms per Liter

pmho/cm Micro Siemens per Centimeter

%D Percent Difference

%RSD Percent Relative Standard Deviation
AA Atomic Absorption

AF Air Force

AOC Area of Concemn

AST Aboveground Storage Tank

ATM Applied Technology and Management, Inc.
BCT Base Closure Team

BEHP bis(2-ethylhexyl)phthalate

BEQ benzo(a)pyrene Equivalent Quotient
BKG Background Concentration

BMP Best Management Practices

BOD Biochemical Oxygen Demand

BTEX Benzene, Toluene, Ethyl-benzene, Xylene
CAS Chemical Abstract Service

CCC Calibration Check Compound

CEC Cation Exchange Capacity

CFR Code of Federal Regulations

CFS Cubic Feet per Second

CH4 Methane

CIA Controlled Industrial Area

CLP Contract Laboratory Program

CMS Corrective Measures Study

CNC Charleston Naval Complex

CNSY Charleston Naval Shipyard

CO2 Carbon Dioxide

COC Chemical of Concern

COPC Chemical of Potential Concern

CSI Confirmatory Sampling Investigation
CWP Center for Watershed Protection

DB Drainage Basin

DDD Dichlorodiphenyldichloroethane
DDE 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene

DDT Dichloro-Diphenyl-Trichlorethane
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DET Navy Environmental Detachment

DMA Dredge Material Area

DNAPL Dense Non-aqueous Phase Liquid
DO Dissolved Oxygen

DQO Data Quality Objective

DRMO Defense Reutilization Marketing Office
DRO Diesel Range Organics

E/A&H EnSafe/Allen and Hoshall

EBS Environmental Baseline Survey
EBSL Environmental Baseline Survey for Lease
ECT Environmental Consulting and Technology, Inc.
EMC Event Mean Concentration

EPA Environmental Protection Agency
FBM Fleet Ballistic Missile

FDS Fuel Distribution System

ft Feet

g Gram

GIS Geographic Information System
GRO Gasoline Range Organics

GW Groundwater

ICAP Inductively Coupled Argon Plasma
ICP Inductively Coupled Plasma

M Interim Measure

IMS Interim Stabilization Measure

LCS Laboratory Control Sample

LF Linear Feet

LNAPL Light Non-aqueous Phase Liquid
MCL Maximum Contaminant Level
MDL Method Detection Limit

mg/kg Milligrams Per Kilogram

mg/L Milligrams Per Liter

mi’ Square Miles

mL Milliliter

MNA Monitored Natural Attenuation
MSL Mean Sea Level

m’/sec cubic meters per second

NA Not Applicable

ND Not Detected

NEESA Naval Energy and Environmental Support Activity
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NFA No Further Action

ng Nanogram

NH; Ammonia

NL No Listed SWMU/AOC

NL Not Listed

NOAA National Oceanic and Atmospheric Administration
NO, Nitrite

NO; Nitrate

NPDES National Pollutant Discharge Elimination System
NR Not Reported

NR Not Required

NRC National Response Center

NRCS Natural Resources Conservation Service

NTU Nephelometric Turbidity Units

NWS Naval Weapons Station

OIA Other Impacted Areas

OpP Organophosphorous

OSWER Office of Solid Waste and Emergency Response
OVA Organic Vapor Analysis

OwWS Oil/Water Separator

PAH Poly Aromatic Hydrocarbon

PCB Polychlorinated Biphenyl

PE Performance Evaluation

POL Petroleum, Oil, and Lubricant

PPM Parts Per Million

PPT Parts Per Thousand

PQL Practical Quantitation Limit

PST Petroleum Storage Tank

QA/QC Quality Assurance/Quality Control

RBC Risk-Based Concentration

RCRA Resource Conservation and Recovery Act

RF Response Factor

RFA RCRA Facility Assessment

RFI RCRA Facility Investigation

RGO Remedial Goal Option

RRF Relative Response Factor

RTC Reserve Training Center

SAA Satellite Accumulation Area

SB Surface Boring

SCDHEC South Carolina Department of Health and Environmental Control

SCDNR South Carolina Department of Natural Resources
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SCE&G South Carolina Electric and Gas

SCHWMR South Carolina Hazardous Waste Management Regulations
SCL Seaboard Coast Line

SCPSA South Carolina Public Service Authority
SDG Sample Delivery Group

SGC Soil Gas Confirmation

SIMA Shore Intermediate Maintenance Activity
SLERA Screening-Level Ecological Risk Assessment
SPA State Ports Authority

SPCC System Performance Calibration Compounds
SPORTENVDETCHASN Environmental Detachment

SPLP Synthetic Precipitation Leaching Procedure
SSv Sediment Screening Value

STDEV Standard Deviation

SU Standard Unit

SUPSHIP Supervisor of Shipbuilding, Conversion and Repair
SVOC Semi-volatile Organic Compound

SWMU Solid Waste Management Unit

TAL Target Analyte List

TCLP Toxicity Characteristic Leachate Procedure
TDS Total Dissolved Solids

TKN Total Kjeldahl Nitrogen

TOC Total Organic Carbon

TPH Total Petroleum Hydrocarbons

TSS Total Suspended Solids

UCL Upper Confidence Limit

USACE United States Army Corps of Engineers
USAF United States Air Force

USCG United States Coast Guard

USEPA United States Environmental Protection Agency
USFWS United States Fish and Wildlife Service
USGS United States Geological Survey

USN United States Navy

UST Underground Storage Tank

VOC Volatile Organic Compound

WTM Watershed Treatment Model

WWTS Wastewater Treatment System
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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). Ina 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

protocols outlined in the USEPA 1997 guidance document for Superfund, Process for Designing and
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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 the Cooper River. Storm water effluent

sample detections were evaluated for COPCs and compared with CNC site data to evaluate upland
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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:

1a)

1b)

Ic)

1d)

Waste being introduced directly into a storm sewer catch basin, and migrating via

the storm sewer pipeline to Zone J;

Storm water runoff transporting contaminated media into a storm sewer catch

basin, and migrating via the storm sewer pipeline to Zone J;

Contaminated groundwater being intercepted by and entering a low-integrity

storm sewer pipeline and migrating via the storm sewer pipeline to Zone J; or

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 the Cooper River during periods of precipitation that occurred at low tide to prevent

inclusion of surface water in the sample. The storm water drainage basins (DB) sampled for this

report are:
DBI
DB2
DB3
DBI18
DB20
DB22
DB23
DB26
DB27
DB28
DB30
DB30A
DB30C
DB31
DB32

DB33
DB34
DB35
DB36
DB37
DB38
DB39
DB40
DB41
DB42A
DB43B
DB44
DB45
DB47
DB47A
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DB47B
DB48
DB48A/48G
DB48H
DB49

DB51
DB51C
DBS53



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. The following lists storm water drainage basins that warrant further investigation of

the specified COPCs and linkages:

Drainage Basin Potential Storm Water COPCs Upland Linkage
DB 3 Lead Soil
Mercury Soil and Groundwater
Vanadium Soil
DB 20 Aluminum Groundwater
Bis(2-Ethylhexyl)phthalate Soil
Iron Soil and Groundwater
Lead Soil
Zinc Soil
DB 30 Copper Soil and Groundwater
Nickel Soil and Groundwater
DB 37 Benzo(g,h,i)perylene Soil
DB 41 Aluminum Soil
Iron Soil
DB 45 Bartum Soil
Beryllium Soil
Cobalt Soil
Lead Soil
Nickel Soil
Vanadium Soil
DB 47 Bis(2-Ethylhexyl)phthalate Soil
DB 51 Bis(2-Ethylhexyl)phthalate Release and Soil
Copper Soil
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Hydrodynamic evaluation of the Cooper River was 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. Hydrodynamics of
the Charleston Harbor Estuary system are dominated by the tidal currents generated by tidal
propagation. Tidal flow measurement studies were conducted in 1996 for the Charleston Harbor
Estuary and tributaries. Tidal flow (averaged over the tidal cycle) in the Cooper River was
estimated to be 18 times the freshwater flow. Water diversion projects and dredging operations
performed in the estuary have affected hydrodynamics in the Cooper River and Charleston Harbor
Estuary. Freshwater diversion projects have resulted in changes to density stratification in the
estuary and sediment load, while dredging operations have affected river and harbor bathymetric
contours which affect the complex tidal current patterns that are responsive to tide range, shoreline
geometry, river cross-sectional area, bottom roughness, and freshwater discharges. Tidal currents in
the Charleston Harbor Estuary were found to have significant spatial variability. Therefore, the
pathway and fate of a pollutant spill in the estuary can be highly variable, depending on location of
the spill, time history of the spill, and tidal currents after the spill. Sediment originating from the
area adjacent to the Charleston Harbor Estuary can be transported over a large area in the form of
either suspended load or bed load, and can be deposited or accumulated in various parts of the

estuary because of the complex tidal current and circulation pattern in the Charleston Harbor Estuary

Runoff analysis performed on CNC determined that total runoff volume from CNC and adjacent
offsite area for a 24-hour, 25-year storm is 497 acre-ft, which is approximately 0.5 percent of the
total tidal flow volume in the Cooper River within one tidal cycle (12.4 hours). The total runoff
volume for a 24-hour, 100-year storm is 658 acre-ft is about 0.6 percent of the Cooper River tidal

flow volume within one tidal cycle.
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1.0 INTRODUCTION

The purpose of the Zone J RFL 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 have 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 addendum report evaluates the storm
water migration pathways and identifies COPCs, hydrodynamics of the Cooper River as part of the

Zone J estuary system, and data gaps that will be addressed in the future.

Section 2 describes transportation mechanisms of contaminants in the Cooper River. Preliminary
hydrodynamic modeling will also aid in the predictions of contaminant fate and transport entering
Zone J water bodies. Section 3 details the data quality objectives (DQOs) and the appropriate
guidance for the RFT at CNC. Section 4 includes discussions on CNC drainage basin evaluations for
Cooper River. Evaluations will include descriptions of drainage basins and associated

AOCs/SWMU s, previous site investigations, storm water effluent data evaluation, COPCs and
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upland terrestrial unit source identification, and possible data gaps. Section 5 describes historical
releases of contaminants into the Cooper River. Section 6 summarizes the conclusion of each
drainage basin summary relating to storm water evaluations, and Section 7 is a compilation of

references.

Unique to this report is the creation of a website that will contain project documents and figures,
milestones, schedules, and an interactive information system that includes historical analytical data
and geological features of the CNC. The website was created to provide access to data and
documents on a real-time basis with the ability to review from a remote access. Instructions on how
to utilize the website information system are included in Appendix B. Initial login access will be
established by contacting Charlie Vernoy, Task Order Manager, at 843-884-0029 or at

cvernoy@ensafe.com.  System Coordinator is Zac Odom and can be reached by email at

zodom{@ensafe.com.
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2.0 HYDRODYNAMICS OF THE COOPER RIVER AND CHARLESTON HARBOR
ESTUARY

The Charleston Harbor Estuary is a complex tidal estuarine system that is comprised of the

Charleston Harbor, Cooper River, Ashley River, Wando River, and other small tributaries. It en-
compasses more than 100 square miles (miz) of coastal marshlands and open water habitat. The
hydrodynamics of the Charleston Harbor Estuary system are mostly dominated by the tidal cur-
rents generated by the tidal propagation. Although the freshwater inflows play a secondary role
in the hydrodynamics in the estuary, it has an important effect on water quality, salinity distribu-
tion, and aquatic habitat in the system. The freshwater flow also has important effects on long-

term transport and flushing of the pollutants.

2.1  Freshwater Inflow

Cooper River is the largest freshwater source of the Charleston Harbor Estuary and has experi-
enced the greatest anthropogenic impact compared to other tributaries. In its original state, the
Cooper River was a small tidal river with an average freshwater flow rate of 70 cubic feet per
second (cfs) (2 cubic meters per second [m*/sec]) (Conrads, et. al., 1997); the combined dis-
charge of the Ashley, Cooper, and Wando Rivers was only 353 cfs (10 m’/sec). (U.S. Army
Corps of Engineers [USACE], 1966).

In 1942, the South Carolina Public Service Authority (SCPSA) completed the first diversion pro-
ject 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 percent of the freshwater flow from the Santee River was directed to the Cooper River (Little,
1974, Kjerfve, 1976; Kjerfve and Magill, 1990; USACE, 1975). The diversion project increased
the Cooper River drainage area to 15,700 mi® (Neiheisel and Weaver, 1967) and consequently
increased the average freshwater flow into the Cooper River to approximately 15,600 cfs
(442 m3/sec) (Kjerfve, 1976). This reduced mean salinity in the harbor from 30.0 to 16.8 parts
per thousand (ppt) (Zelter, 1953). The freshwater diversion also resulted in greater density strati-

fication in the estuary. In addition, the increased sediment load to the Cooper River, associated
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with the increased freshwater flow, caused significant sedimentation in the Cooper River. As a

result, significant dredging was required to maintain the navigation channel.

To alleviate the shoaling problems attributed to the 1942 diversion project and still maintain the
potential for hydroelectric power generation, the USACE completed the Cooper River Rediver-
sion Project in August 1985. This project redirected approximately 70 percent 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. Since rediversion, the monthly mean flow into the Cooper River
has been reduced to approximately 4,500 cfs. According to Cooney et al. (1996), the mean an-
nual flows from Pinopolis Dam to the West Branch Cooper River were 5,470 and 5,270 cfs in
1993 and 1994, respectively. The USACE estimated a reduction in shoaling by 40 to 70 percent

after the rediversion project was complete.

2.2 Tides

According to the tide tables published by NOAA (2002a), the mean tidal range at Fort Sumter
near the Charleston Harbor entrance is 5.09 feet (ft) and the spring tide range is 5.90 ft. Table 2.1
presents the tide ranges and phases at various locations in Charleston Harbor and the Cooper
River. It indicates that the tide range is amplified when the tidal wave propagates from the harbor
entrance up the Cooper River. The tide range reaches its maximum near the north entrance of the
Clouter Creek, about 3.3 miles north of the Noisette Creek, where the mean and spring tide
ranges are 5.48 and 6.36 feet (ft), respectively. Further upstream from this location, the tide
range is gradually dampened. The mean and spring tide ranges in the West Branch Cooper River
at Pimlico are 1.70 and 1.97 ft, respectively. The tidal phase lag between Fort Sumter and the
north entrance of Clouter Creek at low tide is within 20 minutes. The phase lag at Pimlico is

3.9 hours.
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Table 2.1 Tidal Ranges and Phases in Charleston Harbor/Cooper River
Mean Tide Spring Phase
Range Tide Range Lag
Station (ft) (ft) (hours)
Fort Sumter 5.09 5.90 -0.02
Charleston (Customhouse Wharf) 5.27 6.11 0.00
Shipyard Creek 5.30 6.10 033
Cooper River at Clouter Creek, north entrance 5.40 6.26 0.32
Cooper River at Clouter Creek, south entrance 5.48 6.36 0.55
Cooper River at Snow Point 5.36 6.22 0.75
Cooper River at General Dynamics Pier 4.37 5.07 1.42
Cooper River at Dupon, Dean Hall 343 3.98 2.12
Cooper River at Old Rice Mill, West Branch 2.60 3.02 293
Cooper River at Pimlico, West Branch 1.70 1.97 3.90

Note: Phase lag is relative to the tide phase at Customhouse.

Source: NOAA, 2002a.

Table 2.2 presents the tidal ranges and phases in the Ashley River. The mean and spring tide
ranges at South Ashley Bridge are 5.34 and 6.19 ft, respectively. The tide range is amplified
when tide propagates up the river due to the effects of the standing wave, or wave reflection off
the upstream boundary. The mean and spring tide ranges at Greggs Landing are 6.06 and 7.03 ft,
respectively, where the phase lag is 1.70 hours behind that at the Customhouse Wharf.

Table 2.3 presents the tidal ranges and phases in the Wando River. The mean and spring tide
ranges at Hobcaw Point are 5.76 and 6.68 ft, respectively. Similar to the Cooper River and Ash-
ley River, the tide range for the Wando River is amplified while propagating upstream. It reaches
the maximum near the Big Paradise Island where the mean and spring tide ranges are 6.54 and

7.59 ft, respectively, and the phase lag is 1.4 hours behind that at the Customhouse Wharf.

2.3 Tidal Currents
The tidal current pattern in the Charleston Harbor Estuary is quite complex and is affected by
tide range, bathymetry, shoreline geometry, river cross-sectional area, bottom roughness, and

freshwater discharges. For demonstration purposes, Figures 2-1 through 2-8 depict the current
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pattern in the estuary at 1.5-hour intervals throughout a complete tidal cycle. The current vectors
were produced by Tides & Currents, a commercial software created by Nobeltec Corporation

(2002).

Table 2.4 presents the average peak flood and ebb current speeds and phase lags at selected loca-
tions in Charleston Harbor and the Cooper River as reported by NOAA (2002b). It shows that
the current pattern is much more complex than the distribution of tidal ranges and has significant
spatial variability, especially in the harbor. In general, the peak ebb current speed is greater than
the peak flood current speed, except at the Hog Island Channel located northwest of the Crab
Bank, the Folly Island Channel north of Ft. Johnson at Middle Ground, and the Cove between
Crab Bank and Sullivans Island. The tidal current information also shows that there is a net
counter-clockwise circulation in the harbor. The counter-clockwise residual current is depicted
by a stronger ebb current and weaker flood current in the western and southern portion of the

harbor (South Channel, Custom House Reach, and Town Creek).

In contrast, a stronger flood current and weaker ebb current is observed in the eastern portion of
the harbor (Folly Reach, Shutes Reach, Horse Reach, Hog Island Reach, and east of Drum Is-
land). Therefore the ebb current is much stronger than the flood current in the western portion of
the harbor (e.g., the ebb current speed is more than three times of the flood current speed in
Town Creek), and the difference between flood and ebb current speeds is reduced in the eastern
portion of the harbor. The strongest flood current occurs at Horse Reach (1.4 knots), and the
strongest ebb current occurs at Town Creek above the bridge (2.5 knots) and at the South Chan-
nel 0.8 mile east-northeast of Ft. Johnson (2.6 knots).

The weakest flood current occurs at Drum Island Reach at Buoy “45” (0.6 knots) and near Ship-
yard Creek entrance (0.5 knots). The weakest ebb current occurs at Hog Island Channel and the
Cove near Crab Bank (0.8 and 0.9 knots, respectively). Similarly, Tables 2.5 and 2.6 present the

average peak flood/ebb tidal currents in Ashley River and Wando River, respectively.
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Table 2.2 Tidal Ranges and Phases in Ashley River
Mean Tide Spring Phase
Range Tide Range Lag
Station (ft) (ft) (hours)
Fort Sumter 5.09 5.90 -0.02
Ashley River at South Ashley Bridge 5.34 6.19 0.12
Ashley River at Duck Island 5.60 6.50 0.28
Ashley River at Cosgrove Bridge 5.62 6.52 0.30
Ashley River at Drayton, Bee’s Ferry 5.76 6.68 0.65
Ashley River at Magnolia Gardens 5.79 6.72 0.90
Ashley River at Greggs Landing, Matceba Gardens 6.06 7.03 1.70
Note: The phase lag is relative to the tide phase at Customhouse.
Source: NOAA, 2002a.
Table 2.3 Tidal Ranges and Phases in Wando River
Mean Tide Spring Phase
Range Tide Range Lag
Station (ft) (ft) (hours)
Fort Sumter 5.09 5.90 -0.02
Wando River at Hobcaw Point 5.76 6.68 0.18
Wando River at Parker Island 5.76 6.68 0.47
Wando River at Cainhoy 6.15 7.13 0.50
Wando River at Big Paradise Island 6.54 7.59 0.87
Wando River at Woodville 6.30 7.30 1.37
Note: The phase lag is relative to the tide phase at Customhouse.
Source: NOAA, 2002a.
Table 2.4 Tidal Current Velocities and Phases in Charleston Harbor and Cooper River
Average Peak  Average Peak
Flood Ebb Phase Lag
Velocity Velocity at Low Slack
Station (knots) (knots) (hours)
Charleston Harbor Entrance, between jetties 1.8 1.8 -0.02
Charleston Harbor off Ft. Sumter 1.7 2.0 0.00
South Channel at Buoy "32" 0.8 1.0 -0.02
South Channel, 0.8 mile ENE of Ft. Johnson 0.8 2.6 0.72
South Channel, 0.4 mile NW of Ft. Johnson 0.7 1.9 1.17
The Cove, entrance on the Cove Range 1.2 0.9 0.47
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Table 2.4 Tidal Current Velocities and Phases in Charleston Harbor and Cooper River
Average Peak  Average Peak
Flood Ebb Phase Lag
Velocity Velocity at Low Slack
Station (knots) (knots) (hours)

Shutes Reach, Buoy "8" 1.3 1.5 0.30
Hog Island Channel 0.8 0.8 -0.65
Folly Reach at Buoy "5" 1.2 1.6 0.03
Folly Reach north of Ft. Johnson 1.2 1.1 -0.85
0.6 miles SW of Castle Pinckney 0.7 1.3 -0.35
0.4 miles west of Shutes Folly Island 0.8 2.2 0.88
Customhouse Reach off Customhouse 1.0 1.3 0.82
Customhouse Reach 1.0 1.8 0.77
Horse Reach 1.4 1.9 0.60
Hog Island Reach, Buoy "12" 1.2 1.3 022
Drum Island, east of bridge 1.2 2.0 0.50
Town Creek Lower Reach ' 1.1 2.2 0.57
Town Creek, 0.2 mile above bridge 0.8 2.5 1.10
Drum Island Reach at Buoy "45" 0.6 1.0 0.43
Cooper River, (.2 mile above Drum Island 1.1 2.4 1.20
Cooper River at Daniel Island Reach, Buoy "48" 1.2 1.3 1.02
Cooper River at Shipyard Creek entrance 0.5 1.5 0.68
Cooper River at Daniel Island Reach 13 23 1.48
Cooper River at Daniel Island Bend 1.2 2.1 0.92
Cooper River at North Charleston 1.1 1.7 1.43
Cooper River at Filbin Creek Reach 1.2 1.8 1.52
Cooper River at Filbin Creek Reach, Buoy "58" 1.1 1.3 1.30
Cooper River at Ordnance Reach 1.0 1.2 1.58
Cooper River at Yellow House Creek 0.7 1.4 2.10
Cooper River at 1 mile NW of Yellow House Landing 0.7 1.8 243
Cooper River at SE of Woods Point 0.8 1.0 1.80
Cooper River at Woods Point 0.9 1.4 2.68
Cooper River at 0.5 mile North of Snow Point 1.1 1.4 2.25
Cooper River off Amoco Pier 0.7 0.9 2.15
Cooper River at 0.5 mile below Moreland 1.9 2.0 3.54
Cooper River at | mile below Hagan Island 1.3 1.4 3.54
Cooper River at 0.4 mile SW of the "Tee" 1.0 1.7 4.37
Cooper River at the "Tee" 0.9 1.0 3.00
Cooper River at Childsbury, Seaboard Coast Line (SCL)

Railroad Bridge 0.7 1.7 4.72

Note: Phase lag is relative to the phase at Charleston Harbor off Ft. Sumter.

Source: NOAA, 2002b.
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2.4  Tidal Flows

The U.S. Geological Survey (USGS) conducted tidal flow measurements at eight transects in the
Charleston Harbor Estuary in September 1996: three in the Cooper River above Drum Island,
two near Drum Island, two in the Wando River, and one in the Ashley River. The purpose of the
flow measurements was to support the hydrodynamic calibration of a two-dimensional model
development financed by Charleston Public Works Commission and the Cooper River Water
Users Association (Applied Technology and Management, Inc. [ATM], 1999). Table 2.7 pre-
sents the maximum flood and ebb flow at those transects measured on two separate days. The
data indicate that the maximum flood and ebb tidal flows in the Cooper River at Daniel Island
Bend were approximately 150,000 and 160,000 cfs, respectively, and the maximum flood and
ebb flows for Cooper River and Wando River combined (at Drum Island) were 320,000 and
360,000 cfs, respectively. As stated in Section 2.1, the annual average freshwater flows of the
Cooper River were 5,470 and 5,270 cfs in 1993 and 1994, respectively. Therefore, the peak tidal
flow in the Cooper River was approximately 29 times the average freshwater flow. The tidal
flow averaged over the tidal cycle was estimated to be 18 times the average freshwater flow in

the Cooper River.

Table 2.5 Tidal Current Velocities and Phases in Ashley River

Average Peak  Average Peak

Flood Ebb Phase Lag
Velocity Velocity at Low Slack
Station (knots) (knots) (hours)
Ashley River SW of Battery 1.2 1.8 0.27
Ashley River off Wappoo Creek 1.1 1.2 0.12
Ashley River at highway bridge 1.2 1.1 -0.15
Ashley River at 0.1 mile below SCL railroad bridge 1.0 1.1 -0.10
Ashley River at 1.5 mile above SCL railroad bridge 1.2 1.5 0.37
Ashley River at State Highway 7 bridge 1.0 1.0 0.10
Ashley River at 0.1 mile east of West Marsh Island 0.7 1.0 0.38
Ashley River at Bees Ferry Bridge 1.9 23 1.22

Note: Phase lag is relative to the phase at Charleston Harbor off Ft. Sumter

Source: NOAA, 2002b.
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Table 2.6 Tidal Current Velocities and Phases in Wando River
Average Peak Average
Flood Peak Ebb Phase Lag
Velocity Velocity at Low Slack
Station (knots) (knots) (hours)
Wando River at 0.2 mile NW of Ramley Point 1.3 1.8 -0.23
Wando River at Upper Reach, Turning Basin 1.0 12 -0.23
Wando River at Rathall Creek Entrance 1.3 1.7 0.42
Wando River off Nowell Creek, Buoy "19" 0.8 1.0 -0.13
Wando River at 0.2 mile above Horbeck Creek entrance 1.0 09 0.47
Wando River at 2.5 miles north of Horbeck Creek 0.8 1.3 0.50

Note: Phase lag is relative to the phase at Charleston Harbor off Ft. Sumter.

Source: NOAA, 2002b.

Table 2.7 Flow Measurements in Charleston Harbor Estuary (September 18 through 27, 1996)

Maximum Maximum
Flood Flow Ebb Flow
Location (cfs) (cfs)

Cooper River at Marker 104 600,000 700,000
Cooper River at Woods Point 800,000 100,000
Cooper River at Daniel Bend Island 150,000 160,000
Cooper River at US 17 Bridge 240,000 270,000
Town Creek at US 17 Bridge 800,000 900,000
Wando River at Cainhoy 65,000 50,000
Wando River near Nowell Creck 130,000 150,000
Ashley River above Old Town 60,000 65,000

Source: ATM, 1999.

2.5  Circulation and Tidal Excursion

As shown in Section 2.3, the current pattern in the Charleston Harbor Estuary is quite complex
due to the spatial variability of the bathymetry and shoreline boundary geometry. Therefore, the
pathway and fate of a pollutant spill in the estuary can be highly variable, depending on the loca-
tion of the spill, time history of the spill, and the tidal currents during and after the spill. For ex-

ample, a pollutant release from the CNC can travel upstream and downstream in the Cooper
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River and Charleston Harbor Estuary and be dispersed over a large area. Conversely, pollutant
spills, occurring at various locations in the estuary, even at a great distance from CNC, may be
transported by tidal current and migrate to the water bodies adjacent to CNC. To estimate the
spatial migration limit of a potential pollutant release from CNC, a tidal excursion analysis was
conducted and presented in Section 7.2 of the Zone J RFI Storm Water Effluent Evaluation Re-

port.

The excursion analysis indicates that if a pollutant is released at the northern boundary of the
CNC property at low slackwater, it will be transported upstream in the Cooper River by a flood
tide. Under average tidal conditions, the upstream limit of the pollutant transport will be ap-
proximately 4.3 miles from the point of release and about 1.2 miles north of the Yellow House
Creek entrance, where high slackwater occurs upon the arrival of the pollutant. Although the du-
ration of the flood tide at a fixed location is about 6.5 to 7 hours, the particle travel time from
low tide to high tide is somewhat longer because of the effect of the tidal phase lag along the
path of the transport. The computed upstream travel time in the Cooper River during an average
tidal condition is approximately 7.5 hours. After the pollutant reaches its upstream excursion
limit at high tide, it will reverse its transport direction and migrate downstream when ebb tide

occurs.

The ebb tide transport pattern of a pollutant released near CNC is more complex than the flood
tide transport because the current pattern in the Charleston Harbor is spatially varying and a pol-
lutant plume may be spread out and follow various migration pathways. Part of the pollutant
plume will travel south via Town Creek, and the remainder of the plume will travel southeast via

Drum Island Reach.

As described in Section 2.3, the ebb current is much stronger in the western part of the harbor.
The pollutant transported through Town Creek along the western estuary will move rapidly to-
ward the harbor entrance. It is computed that the center of the western plume, originating at

southern CNC, will reach Ft. Sumter when low slack tide occurs. Part of the leading plume will
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be flushed and dispersed into the Atlantic Ocean, while the remaining plume will reverse its

transport direction and move upstream during the next flood tide.

The flood tide may bring the pollutant into the Schooner Creek estuary near Morris Island
through the inlet between Ft. Sumter and Cummings Point. Part of the returning plume will be
pushed into the Ashley River during the flood tide. The computed upstream excursion limit in
the Ashley River is about 3.5 miles from the entrance of the river, or near the SCL railroad

bridge.

The pollutant plume from CNC moving through the Drum Island Reach and Hog Island Reach in
the eastern estuary will be transported at a slower rate. It was computed that the ebbing plume
that originated at southern CNC would reach its limit of transport during an ebb tide at a location
about 0.5 mile southeast of the Crab Bank or about 1 mile before Ft. Moultrie near the harbor
entrance. During the next flood tide, the pollutant plume will be turned upstream and can be dis-
persed to the Mt. Pleasant channel and Hog Island channel near Crab Bank. The plume can also
be transported into the Wando River by a strong flood current. It was computed that the upstream
limit of the flood tide excursion in the Wando River during average tidal conditions is about

5.6 miles from the river entrance, or near the entrance of Nowell Creek.

The pollutant plume will continue moving up and down the estuary by flood and ebb tide cycles
until it is flushed out of the harbor by the net downstream transport or be diluted to negligible

concentrations by tidal flows.

2.6  Water Quality

Water quality data in the Cooper River were collected by the South Carolina Department of
Health and Environmental Control at several locations including Cooper River above Shipyard
Creck (MD-45), Cooper River at Noisette Creek (MD-773), and Cooper River at 1-526
(MD-248). Tables 2.8 through 2.10 present the water quality data summary at MD-045, MD-773,
and MD-248, respectively.
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Table 2.8 Water Quality Data at Cooper River above Shipyard Creek (MD-045), 1999-2000

Number of
Parameter Unit Mean  Minimum Maximum Stdev  Samples

Alkalinity, Carbonate as CaCO; mg/L 73.06 56 100 11.55 18
Biochemical Oxygen Demand (BOD) mg/L 0.54 ND 1.6 0.50 18
Cadmium pg/L ND ND ND NA 7
Chromium ug/L ND ND ND NA 7
Copper pg/L ND ND ND NA 7
DO mg/L 6.48 4.71 9.44 1.46 20
Iron pg/L 305.7 ND 770 189.5 7
Lead pg/L ND ND ND NA 7
Manganese pg/L 10 ND 20 6.71 7
Mercury pg/L ND ND ND NA 7
Nickel pg/L ND ND ND NA 7
Nitrogen, ammonia (NH;) mg/L 0.15 ND 0.38 0.12 17
Nitrogen, Kjeldahl mg/L 0.29 ND 0.51 0.12 22
Nitrogen, Nitrite (NO,) + Nitrate (NO;)  mg/L 0.084 0.04 0.25 0.049 22
pH su 7.68 7.38 8.18 0.20 20
Phosphorus as P mg/L 0.049 ND 0.11 0.0295 21
Salinity ppt 17.6 8 28 53 21
Specific conductance pmho/cm 25,567 14,000 40,000 7,279 21
Temperature, water °C 21.8 12 31 6.3 21
Total Fecal Coliform #/100mL 40.6 2 130 41.7 17
Total Organic Carbon (TOC) mg/L 334 2.5 5.1 0.96 7
Turbidity NTU 991 1.7 55 13.61 18
Zinc ng/L 5.71 ND 20 7.87 7

Notes:

°C = Degrees Celsius

ug/L = micrograms per liter

pmho/cm = micro siemens per centimeter

mg/L = milligrams per liter

NA = Not Applicable

ND = Not Detected — Zero values were used for the mean and standard deviation computations
NTU = Nephelometric Turbidity Units

ppt = parts per thousand

STDEV = Standard Deviation

su Standard Unit

Source: Environmental Consulting Technology, Inc. (ECT), 2002.
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Table 2.9 Water Quality Data at Cooper River at Noisette Creek (MD-773), 1993
Number of
Parameter Unit Mean Minimum Maximum Stdev Samples
Dissolved oxygen (DO) mg/L 5.71 3.80 7.20 1.18 99
Chlorophyll a pg/L 3.10 1.20 6.13 1.42 15
Nitrogen, ammonia (NH;) mg/L 0.051 0.050 0.060 0.0022 20
Unionized ammonia mg/L 0.0014 0.00063 0.00367 0.00077 15
Nitrogen, Kjeldahl mg/L 0.47 0.27 0.74 0.15 20
Nitrogen, Nitrite (NO,) + Nitrate (NOs) mg/L 0.107 0.070 0.140 0.021 20
pH su 7.62 7.20 8.20 0.26 15
Phosphorus as P mg/L 0.09 0.02 0.32 0.066 20
Salinity ppt 17.77 10.00 26.20 5.03 100
Specific conductance pmho/cm 26,808 25 43,800 7,642 100
Temperature, water °C 23.66 19.90 30.00 4.37 100
Source: ECT, 2002.
Table 2.10 Water Quality Data at Cooper River at 1-526 (MD-248), 1999-2000
Mini- Maxi- Number of
Parameter Unit Mean mum mum Stdev Samples

Alkalinity, Carbonate as CaCOs mg/L 60.37 41 73 8.74 19

BOD mg/L 0.49 ND 1.1 0.42 19

Cadmium ng/L ND ND ND NA

Chromium ng/L ND ND ND NA

Copper pg/L ND ND ND NA

DO mg/L 6.53 4.50 9.39 1.52 22

Iron pg/L 262.9 ND 430 141.6 7

Lead ng/L ND ND ND NA 7

Manganese pg/L 14.29 ND 30 8.89 7

Mercury pg/L ND ND ND NA

Nickel pg/L ND ND ND NA

Nitrogen, ammonia (NH;) mg/L 0.15 ND 0.27 0.08 19

Nitrogen, Kjeldahl mg/L 0.32 ND 0.5 0.12 22

Nitrogen, Nitrite (NO,) + Nitrate

(NO») mg/L 0.082 0.04 0.17 0.031 22

pH su 7.66 7.17 8.40 0.28 21
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Table 2.10 Water Quality Data at Cooper River at I-526 (MD-248), 1999-2000
Mini- Maxi- Number of
Parameter Unit Mean mum mum Stdev Samples

Phosphorus as P mg/L 0.050 ND 0.14 0.0322 21
Salinity ppt 12.6 5 21 4.2 23
Specitic conductance pmho/cm 18,869 9,000 31,000 6,019 23
Temperature, water °C 214 11.5 31 6.2 23
Total Fecal Coliform #/100 mL 333 7 140 30.7 19
Total Organic Carbon (TOC) mg/L 3.77 1.7 10 2.13 7
Turbidity NTU 5.09 1.7 10 224 19
Zinc pg/L 15.71 ND 50 17.18 7

Source: ECT, 2002.

Salinity monitoring has been conducted by USGS in the Cooper River at Army Depot near North
Charleston since 1992. Continuous salinity data were recorded near water surface and near bot-
tom. Statistical analysis of the salinity data indicated that the average near-surface salinity was
11.3 ppt and varied from 0.1 to 26.4 ppt. The average near-bottom salinity was 14.3 ppt and var-
ied from 0.3 to 33.9 ppt. The average daily salinity fluctuation near-surface was 10.8 ppt, and the
average daily salinity fluctuation near-bottom was 12.1 ppt. The average salinity difference from
near-surface to near-bottom was 2.9 ppt. The data showed that the daily changes in salinity were

much greater than vertical salinity stratification.

2.7  Drainage

Drainage basins were delineated based on information contained in the CNC drainage evaluation
(Davis and Floyd, 1998), the North Charleston drainage inventory (Davis and Floyd, 1980), and
USGS quadrangles. The delineated basins are presented on Figure 2-9. The total area that drains
into the Cooper River along the CNC shoreline fronting the river is approximately 1,326 acres,
including tidal marsh areas, and 440 acres of offsite drainage area. Tidal marsh areas comprise
approximately 37 acres within the CNC property and 7 acres offsite. Therefore, the total upland
drainage area (minus tidal marsh area) that drains into Cooper River basin along the property

boundary is approximately 1,282 acres. About 849 acres of the upland drainage area is located
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within the CNC property, comprising about 66 percent of the total upland drainage area. The re-

maining offsite upland drainage area (433 acres) is located within the City of North Charleston.

There are 86 storm water outfalls in the Cooper River basin within CNC boundary. The inven-
tory of these outfalls is presented in Table 2.11. Runoff from offsite drainage areas drain into the

Cooper River via Outfall 37, a 42- by 60-inch box culvert.

A major factor in the determination of the diluting and flushing capacity of a tidal river is the
quantity (volume and rate) of storm water runoft which enters the river as compared to the mag-
nitude of the tidal water exchange in the river. Estimates of storm water runoff were calculated
for comparison with tidal flows in the river. Estimates of runoff volumes and peak flow rates
were prepared for annual average rainfall volume; the mean storm event; and larger, infrequent

storm events.

Table 2.11 Cooper River Storm Water Outfall Inventory

Drainage
Drainage Diameter  Area
Basin ID Outfall ID (inches)  (acres) Sample ID Comments
1 1 18 6.967 EFF001
2 2 18 3.501 EFF005
3 3 18 16.426 EFF006
4 4 18 2.791  No effluent sample collected
5 5 12 5424  No effluent sample collected
6 6 36 1.594  No effluent sample collected
7 7 18 1.692  No effluent sample collected
g 8 18 2169  No effluent sample collected
SA SA 12 0.143  No effluent sample collected
15 15 6 0.68 No effluent sample collected
16 16 4 0.16  No effluent sample collected
17 17 8 1.00 No effluent sample collected
18 18 18 8.44 EFFO013
19 19 20 13.23  No effluent sample collected
20 20 60 75.96 EFF014
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Table 2.11 Cooper River Storm Water Outfall Inventory

Drainage
Drainage Diameter  Area
Basin ID Outfall ID (inches)  (acres) Sample ID Comments
21 21 12 0.84 No effluent sample collected
22 22 30 7.50 EFFO015
23 23 30 22.13 EFF016
24 24 24 1.20 No effluent sample collected
25 25 24 1.74 No effluent sample collected
26 26 30 2.23 EFFO017
27 27 18 8.50 EFF018
28 28 36 74.72 EFF019
28A ) B 4.14 No effluent collected Discharges to Outfall 28
29 29 18 265 No effluent collected
30 30 48 33.16 EFF020
30-B } : 0.20 No effluent collected Discharges to Outfall 30
30-C } ' 0.17 No effluent collected Discharges to Outfall 30
30A 30A 12 0.22 EFF021
31 31 30 3.06 EFF022
32 32 30 6.57 EFF023
33 33 18 4.99 EFF024
33A 33A 8 0.61 No effluent sample collected
34 34 30 36.46 EFF025
34A 34A 8 0.56 No effluent sample collected
34B 34B 12 0.84 No effluent sample collected
35 35 30 19.09 EFF026
36 36 14 2.99 EFF027
37 37 42X 60 8.88 EFF028
37A - - 9.45 No effluent sample collected Discharges to Outfall 37
37B - - 11.53  No effluent sample collected Discharges to Outfall 37
37C - - 6.23 No effluent sample collected Discharges to Outfall 37
37D - - 6.38 No effluent sample collected Discharges to Outfall 37
38 38 36 21.94 EFF029
39 39 10 0.55 EFF030
40 40 18 2.56 EFF031
41 41 18 5.85 EFF032
42 42 18 0.49 No effluent sample collected
42A 42A 12 0.79 EFF033
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Table 2.11 Cooper River Storm Water Outfall Inventory

Drainage
Drainage Diameter  Area
Basin ID Outfall ID (inches)  (acres) Sample ID Comments
43 43 54 20.56 EFF034, EFF035
43A - - 5.78 No effluent sample collected
43B 43B 24 - EFF037
43A - 36 - EFF036
44 44 18 8.02 EFF038
45 45 18 10.81 EFF039
44/46A 44/46A - 9.61 No effluent sample collected
45A 45A 15 - No effluent sample collected
45B 45B - - No effluent sample collected
45C 45C - - No effluent sample collected
45D 45D 15 - No effluent sample collected
46A 46A 15 - No effluent sample collected
46 46 2-20 4.36 No effluent sample collected
46-B 46-B 15 0.51 No effluent sample collected
EFF040, EFF041, EFF042,
47 47 69 X 69 89.68 EFF043
47A 47A 8 1.54 EFF044
47B 47B 8 1.66 EFF045
48 48 54 27.57 EFF046, EFF047, EFF048
48A/48G 10.84  No effluent sample collected
' 48A 15 EFF049
' 48B 15 EFF050
' 48C 15 EFF051
' 48D 15 EFF052
' 48E 15 EFF053
' 48F 15 EFF054
' 48G 15 EFF055
48H 48H 18 2.49 EFF056
481-48M 1.81 No effluent sample collected
, 481 12 No effluent sample collected
, 48] 12 No effluent sample collected
. 48K 12 No effluent sample collected
, 48L 15 No effluent sample collected
, ASM 12 No effluent sample collected
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Table 2.11 Cooper River Storm Water Outfall Inventory
Drainage
Drainage Diameter  Area
Basin ID OQutfall ID (inches)  (acres) Sample ID Comments
49 49 54 20.58 EFF057
49A/49C 737 No effluent sample collected
, 49A 12 No effluent sample collected
, 49B 18 No effluent sample collected
, 49C 15 No effluent sample collected
50 50 Ditch 325 No effluent sample collected
51 51 48 28.59 EFF058
S1-A SI-A 18 330 No effluent sample collected
S1-B 51-B 20 3.92 No effluent sample collected
51-C 51-C 18 9.17 ~ EFF059
51-D 51-D 18 2.49 EFF060
S51-E 51-E 18 4.10 EFF061
51-F 51-F - 26.09 EFF062
51-G 51-G ) 18.86 No effluent sample collected
51-1 51.1 ) 16.61 No effluent sample collected
53 - - 10.02 EFF070 Discharges to Outfall 37

Runoff estimates require an evaluation of the area’s rainfall statistics, topography, and drainage
infrastructure for the determination of drainage basins, and land cover including estimates of im-
pervious surface area. These evaluations were carried out for the Cooper River basins within the

project area. Details and results of the evaluation are presented in the following sections.

Land Cover

Using the available geographic information system (GIS) coverage for the CNC, the area of im-
pervious cover and open space was computed. Land cover characteristics outside of the CNC
were determined using aerial photographs, USGS quadrangles, and the SCDNR land use/land
cover GIS data. The following table provides a break down of land cover characteristics in the

Cooper River drainage basin.
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Commercial 171 acres
Residential 262 acres
Open space (within CNC) 318 acres
Marsh 44 acres
Impervious (within CNC) 524 acres
Gravel 17 acres

Rainfall

Charleston County receives on average approximately 51 inches of rainfall per year. This is
based on records maintained by the SCDNR Office of Climatology. The SCDNR has compiled
rainfall data records from 1930 to 2000. The USEPA has also compiled data for selected regions
of the country and determined mean rainfall event statistics for these regions as part of National
Poltutant Discharge Elimination System (NPDES) storm water sampling protocol development.
The mean storm event for the southeast region of the country including Charleston was deter-
mined to be 0.75 inches of rainfall (Urban Targeting and Best Management Practices [BMP] Se-
lection, EPA Region 5, November 1990). Using the most current National Weather Service data,
the Natural Resources Conservation Service (NRCS) has compiled infrequent-event rainfall
amounts. The following table presents the rainfall depths of 24-hour storm events for various re-

turn periods (2 to 100 years) for the Charleston, South Carolina, area.

Return Period Rainfall Depth
(years) (inches)
2 4.6
5 5.9
10 6.8
25 7.8
50 8.8
100 10

Surface Runoff Estimates

Peak runoff rates for a number of storm events were determined using the NRCS Technical Re-
lease No. 55 (TR55) methodology. Runoff volumes were computed using NRCS methodology

for all storm events except for the mean rainfall event in which runoff volumes for the mean
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rainfall event were computed using the rational method. A summary of surface runoff to the

Cooper River along the CNC shoreline is presented in Table 2.12.

On an annual average basis, the average runoff rate to the Cooper River along the CNC shoreline
is estimated to be 5.1 cfs, of which approximately 3.4 cfs is contributed by the CNC property.
The annual average runoff rate of 5.1 cfs comprises approximately 0.1 percent of the total fresh-

water flow in the Cooper River.

The peak runoff rates presented in Table 2.12 represent the direct runoff from the land surface
and do not represent the peak discharge rates at the storm water outfalls. The peak outfall dis-
charge rates will be smaller than the peak surface runoff rates because the discharge from the
drainage conveyance system is attenuated by hydraulic routing and storage effects and is con-

strained by the physical size of the storm water pipes and outfall structures.

Table 2.12 Summary of Surface Runoff to Cooper River along the CNC Shoreline

Mean Return Period (Years)

Event 2 5 10 25 50 100
Rainfall (inches) 0.75 4.6 59 6.8 7.8 8.8 10
Peak Runoff Rate (cfs) — 1,939 2,607 3,065 3,568 4,077 4,685
Total Runoff Volume (acre-ft) 53.0 385.8 5247 6218 7303  839.1 970.2
Runoff from CNC (acre-ft) 349 2654 3588 4240  496.7 589.6 657.4

Source: ECT, 2002.

The runoff analysis indicates that the total runoff volume from CNC and the adjacent offsite area
for a 24-hour, 25-year storm is 497 acre-ft, which is approximately 0.5 percent of the total tidal
flow volume in the Cooper River within one tidal cycle (12.4 hours). The total runoff volume for
a 24-hour, 100-year storm (658 acre-ft) is about 0.6 percent of the Cooper River tidal flow vol-

ume within one tidal cycle.
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Runoff estimates were also made for the drainage basins of several individual outfalls of various
sizes in the CNC. These outfalls were selected according to their large contributing drainage area
as compared to other outfalls of the same size. The selected outfalls represent a cross section of
the outfalls along CNC shoreline that may cause the most severe impacts to the Cooper River
water quality. Surface runoff estimates were computed in the same manner as described above.
Table 2.13 presents the runoff summary associated with the selected outfalls. The values repre-
sent surface runoff and do not take into account any attenuation due to storm sewers or any other
hydraulic structures. A full hydrologic and hydraulic model would be necessary to accurately
determine peak discharge rates and is outside the scope of this study; however, the peak runoff

estimates presented in Table 2.13 represent a worst-case hydraulic loading to the Cooper River.

Estimates of long-term sediment loads into the Cooper River from CNC were performed using
the Watershed Treatment Model (WTM), developed by the Center for Watershed Protection
(CWP) as part of an EPA grant. WTM was developed to assist watershed managers in assessing
pollutant loads in their watershed and effective BMPs to reduce them. Pollutant loads for urban
areas are estimated using the constant concentration method in which loads are characterized as
a product of estimated flows and event mean concentrations (EMCs). The estimated wet season
and annual rainfall in the project area is 20.2 and 52 inches, respectively. The WTM uses com-
piled storm water pollutant EMC data from a number of studies conducted throughout the United
States by the CWP. These data were used in the computation of estimated long-term sediment

loads from CNC into the Cooper River.

The sediment loads were estimated using only primary sources (storm water runoff). They did
not account for any possible secondary sources such as illicit connections, stream erosion, and
active construction. They also did not account for any storm water treatment processes (BMPs)
which would reduce loadings. Based on analysis of aerial photographs, BMP implementation in

the basin appears to be minimal.
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The estimated long-term annual average sediment loads to the Cooper River along CNC shore-
line is 700,000 pounds per year, and the long-term average wet-season sediment load is

280,000 pounds per wet season.

Assuming a sediment bulk density of 90 pounds per cubic feet, the estimated annual sediment

load to the Cooper River is 288 cubic yards per year.

Sediment in the storm water runoff is composed of soil material with various grain sizes, ranging
from fine clay to coarse sand. Fine clay particles can be kept in suspension in the water column
by fluid turbulence and be carried significant distances. Silt material may be transported as a
suspended load by tidal flow for a distance until it settles to the bottom. From then on, it is trans-
ported by currents in the form of bed load. Coarse sand and gravel are usually deposited to the

river bottom in the vicinity of outfall.
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Table 2.13 Surface Runoff Summary for Drainage Basins Associated with Selected Outfalls
Peak Runoff Rate (cfs) Total Runoff Volume (acre-ft)
Pipe Drainage Return Period (Years) Return Period (Years)
Outfall Size Area
ID (inches) (acres) 2 5 10 25 50 100 2 5 10 25 50 100
19 20 13.2 25 32 37 42 47 54 4.7 6.1 7.1 8.2 9.3 10.6
20 60 76.0 127 169 198 230 262 301 22.8 30.8 36.3 42.6 48.8 56.4
28 36 78.9 137 181 211 243 277 316 25.0 334 393 458 52.3 60.1
34 30 36.5 66 86 99 114 130 147 12.2 16.1 18.9 21.9 24.9 28.5
37 42 X 60 525.7 792 1,088 1,291 1,516 1,739 2010 1398 193.7 2316 2740 316.7 368.2
45 18 10.8 19 25 29 33 38 43 34 4.6 5.4 6.3 7.2 8.2
47 69 X 69 89.7 148 198 232 269 307 352 26.9 363 42.9 503 57.7 66.5

Source: ECT, 2002.
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Based on the sediment grain size distribution information for urban runoff provided by the
USEPA (1983), Wanielista and Yousef (1993) compiled a table that relates the percentage of
sediment mass in storm water to the average settling velocity as presented in Table 2-14. The
settling times of the sediment particles for each size category in 40 ft of water (the typical depth
in the Cooper River near CNC) are also shown in Table 2-14. It indicates that 40 percent of
sediment constituting the finest grain sizes may be transported in suspension almost indefinitely
until it reaches and stays in quiescent water for a long period of time. The median 20 percent of
the sediment grain sizes found in storm water can be transported and dispersed by currents for
multiple tide cycles and be deposited to the bottom over a wide area. The next 20 percent of the
coarser material can be deposited to the bottom within one tidal cycle at a large distance (up to
6 miles) from the outfall. Only 20 percent, representing the largest sediment particles can be de-

posited within 1 mile from the outfall.

Table 2.14 Percentage of Particle Mass in Storm water as Related to Average Settling Velocity

Cumulative Percent of Mass in Average Settling Velocity Settling Time in 40 ft of Water
Urban Runoff (feet/hour) (hour)
0to 20 0.03 1,670
20 to 40 0.33 152
40 to 60 1.5 27
60 to 80 7 5.7
80 to 100 70 0.6

Sources: Wanielista and Yousef, 1993.

USEPA, 1983.

ECT, 2002.
Because of the complex tidal current and circulation pattern in the Charleston Harbor Estuary, as
described in Sections 1.3 and 1.5, the sediments originating from CNC can be transported over a
large area in the form of either suspended load or bed load. The sediment can be deposited or
accumulated in various parts of the estuary. The highest probability of deposition, or accretion,
will likely occur in areas with low tidal energy. These low energy zones may include the dry
dock area in Zone E, the Shipyard Creek, and near-shore shallow area in Zone I, Middle Ground
southeast of the Shutes Follow Island, shallow area near the Crab Bank, Hog Island Channel, Mt.

Pleasant Channel, and the embayment near Morris Island.
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3.0 DATA VALIDATION
3.1 Introduction

Section 4.1 of the Zone A RFI Report (EnSafe, April 1998) defines the DQOs used for the Zone J
investigation. For the RFI at Zone J, analytical Level III data for semivolatile organic
compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), target analyte list (TAL)
metals, and cyanide were deemed appropriate for the intended data uses: drainage basin storm
water  characterization,  ecological risk  assessment, and corrective  measure
determinations/design. For the Zone J Storm Water Effluent Evaluation Report Addendum,
samples collected from 38 drainage basins with storm water runoff associated with the Cooper

River were analyzed.

Appendix A includes the complete analytical data reports, data validation reports and chain of

custodies for the Zone J RFI.

It should be noted that in September 1993, the USEPA replaced the 1987 guidance with an
updated manual, Data Quality Objectives Process for Superfund, Interim Final Guidance,
EPA/540/G-93/071 (USEPA, September 1993), which stated, “This guidance replaces the earlier
guidance EPA 540/G-87/003, Office of Solid Waste and Emergency Response (OSWER)
Directive 9355.0-7B and the five analytical levels introduced in that document.” As a result, the

five analytical data levels were reduced to two — screening data and definitive data.

Definitive data (formerly Levels III and IV) are defined as analytical data generated using
rigorous analytical methods, such as approved USEPA reference methods. These data are
analyte-specific, with confirmation of analyte identity and concentration. These approved
methods produce tangible raw data (e.g., chromatograms, spectra, digital values, etc.) in paper
printouts or computer-generated electronic files.  Analytical or total measurement error
(precision) must be determined for data to be definitive (USEPA, September 1993). As a result,
the data collected at Zone J were defined as definitive data per the most recent USEPA guidance

but will still be referred to as Level III throughout the report to avoid confusion.
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3.2  Validation Summary

This section presents the quality assurance/quality control (QA/QC) evaluation of the data
produced from the analysis of storm water effluent samples collected in Zone J during the RFI.
This evaluation will verify that the appropriate QA/QC elements were followed and/or
completed (e.g., method requirements, documentation, etc.) to identify and/or characterize any
problems with the data set, and ultimately to determine the usability of the analytical data for site

characterization, risk assessment, and corrective measure determinations.

Examples of definitive data (formerly Level I and IV) QA/QC elements are as follows:

. Sample documentation (verified time of sample receipt, extraction and holding times)
. Chain of custody

. Initial and continuing calibration

. Determination and documentation of detection limits

. Analyte(s) identification

. Analyte(s) quantification

. QC blanks (trip, method, rinsate)

. Matrix spike recoveries

. Performance evaluation (PE) samples (when specified)
. Analytical method precision

. Total measurement error determination

Cooper River storm water effluent samples were collected from January 2002 to September 2002
and analyzed by Severn Trent Laboratories/Savannah, Georgia facility, a SCDHEC certified
laboratory. In accordance with the approved work plan, sample analyses followed the guidance
in the USEPA Test Methods for Evaluating Solid Waste, SW-846 (USEPA, 1992) and Title 40
Code of Federal Regulations (CFR) Part 264. Table 3.1 summarizes the analytical methods and
DQO laboratory deliverables.

Table 3.1
Charleston Naval Complex Analytical Program

Full Scan/Appendix IX Data Quality
Analytical Methods Level Method Reference
SVOCs 111 SW-846 8270C
PCBs 11T SW-846 8081A/8082
Target Analyte List Metals 111 SW-846 6010B/7470A/7471A
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Table 3.1
Charleston Naval Complex Analytical Program

Full Scan/Appendix IX Data Quality
Analytical Methods Level Method Reference
Cyanide 111 USEPA 9012B
Salinity* 111 Standard Method 2520B

Notes:
* Salinity method was not originally listed as a parameter to be analyzed in the Point of Entry Effluent Evaluation Work Plan.
Salinity was later added to distinguish storm water effluent runoff from tidal influence. TAL Metals include tin.

The methods listed in Table 3.1 are from:

. USEPA OSWER, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
(SW-846), Third Edition, Update III, November 1997.

. American Public Health Association, Standard Methods for the Examination of Water
and Wastewater, 19" edition.

Third-party independent data validation of all analytical work by Heartland Environmental
Services, Inc. based on the QC criteria developed for USEPA Contract Laboratory Program
(CLP). The third—party validator's function was to assess the quality and reliability of the data to
determine its usability, documenting any mitigating factors such as noncompliance with

methods, possible matrix interferences, and laboratory blank contamination.

3.3  Organic Evaluation Criteria

Section 4.2.1 of the Zone A RFI Report discusses the organic evaluation criteria as they apply to
the Zone J storm water effluent investigation. These include holding times, instrument
performance standards, surrogate spike recoveries, instrument calibration, matrix
spikes/duplicates, laboratory control samples and laboratory duplicates, blank analysis, field—

derived blank analyses, and internal performance standards.
3.4  Diluted Samples

There were no samples diluted due to high concentrations of contamination during the Cooper

River storm water evaluation.

33



Zone J RFI Storm Water Effluent Evaluation Report Addendum
Charleston Naval Complex, Charleston, SC

Revision 0

December 2002

3.5 Inorganic Evaluation Criteria

Section 4.2.2 of the Zone A RFI Report discusses the inorganic evaluation criteria as they apply
to the Zone J investigation. These include holding times; instrument calibration; blank analysis;
inductively coupled argon plasma (ICAP) interference check samples; laboratory control samples
(LCS); spike sample analyses; laboratory duplicates; ICAP serial dilutions; and atomic

absorption (AA) analysis, duplicate injections, and postdigestion spikes.

3.6 Zone J Data Validation Reports

A complete copy of the Zone J data validation reports for the evaluations described above is
included in Appendix A for review. During the data validation review of Zone J storm water
analyses, site—specific deficiencies and/or problems were noted in the semivolatile and metals
methods. The following sections present analytes detected in blank samples analyzed during the

storm water investigation.

3.7 Blank Data

Cooper River

SDG NBCJ02 — metals method
1. Aluminum, calcium, copper, manganese, sodium, zinc in the equipment blank

2. Aluminum, arsenic, barium, beryllium, calcium, copper, lead, potassium, selenium,
tin, and zinc in the laboratory blank. Aluminum blank results (155 micrograms per
liter [pg/L]) impacted sample CAPOO1 associated with this sample delivery group
(SDG). The aluminum results were 18 ,g/L, and after data validation the results
were reported as non-detect.

SDG NBCJ03 — metals method

1. Arsenic, calcium, lead, mercury, sodium, and zinc in the laboratory blank. Lead
results in the laboratory blank (16.5 g/L) impacted one sample (EFF058) associated
with this SDG. The lead result was 4.3 ;g/L in the sample and after data validation
was implemented the final results were reported as non-detect.
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SDG NBCJ04 — metals method
1. Calcium, manganese, and nickel in the laboratory blank. Blank data did not impact
the associated sample data for this SDG.
SDG NBCJ05 — metals method
1. Aluminum, barium, cadmium, calcium, copper, magnesium, and zinc in the

laboratory blank. Copper results in the blank data (2.79 ,,g/L) impacted the following
samples: EFF01, EFF41, EFF42, EFF47. The copper results were 7.8,,g/L, 5.5 ng/L,
6.2 ug/L, and 6.3 ,g/L in the samples, respectively, and after data validation was
implemented the final results were reported as non-detect. . Zinc results in the blank
data (16.7 1,g/L) impacted samples EFF42 and EFF47. The zinc results were 71 ,g/L
and 57 ,g/L in the samples, respectively, and after data validation was implemented
the final results were reported as non-detect.

SDG NBCJ06 — metals method

1. Aluminum, beryllium, and zinc in the laboratory blank. Beryllium results in the
blank data (2.9 ,g/L) impacted the following samples: EFF013, EFF019, EFFO031,
EFF034, EFF035, EFF044, EFF047, and EFF057. The beryllium results were 0.54
ug/L, 0.60 ,g/L, 0.35 ,g/L, 0.38 ,g/L, 0.43 ,g/L, 0.32 ng/L, 0.33,g/L, and 0.34
ug/L, respectively, and after data validation was implemented the final results wee
reported as non-detect.

SDG NBCJ08 — metals method

1. Aluminum, arsenic, calcium, copper, iron, magnesium, selenium, sodium, thallium,
vanadium, and zinc in the laboratory blank. Blank data did not impact the samples
associated with this SDG.

SDG NBCJ09— metals method

l. Calcium, cobalt, copper, silver, and sodium in the laboratory blank. Blank data did
not impact the samples associated with this SDG.

SDG NBCJ10— metals method

1. Aluminum, calcium, selenium, sodium, thallium, and zinc in the laboratory blank.
Blank data did not impact the samples associated with this SDG.
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SDG NBCJ10— semivolatiles method
1. Bis(2 Ethylhexy)phthalate and di-n-butylphthalate in the laboratory blank. Blank
data did not impact the samples associated with this SDG.
SDG NBCJ11— metals method

1. Calcium and copper in the laboratory blank. Blank data did not impact the samples
associated with this SDG.

SDG NBCJ11— semivolatiles method
L. Benzo(g,h,i)perylene in the laboratory blank. Blank data did not impact the samples
associated with this SDG.
SDG NBCJ12— metals method
1. Aluminum, arsenic, calcium and selenium in the laboratory blank. Selenium results
in the blank data (27.1 4g/L) impacted the following samples to report results as non-

detect: EFF039, EFF049, EFF052, and EFF053. Non-validated results were reported
as 4,g/L, 6.4 4g/L, 3.5 ug/L, and 8.3 ,,g/L respectively.

SDG NBCJ13— metals method
1. Calcium and copper in the laboratory blank. Blank data did not impact samples
associated with this SDG.
SDG NBCJ14— metals method
1. Calcium, copper, tin, and zinc in the laboratory blank. Tin results in the blank data
(3.07 ng/L) impacted sample EFF028 to be reported as non-detect. The non-
validated tin result for EFF028 was 4.9 ,g/L.
SDG NBCJ16— metals method
I. Calcium, copper, and lead in the laboratory blank Cooper and lead results in the
blank data impacted sample EFF016 results to be reported as non-detect. The non-

validated copper and lead results for EFF016 were 22 ,g/L and 7.4 pg/L.,
respectively.
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3.8  Method Detection Limit (MDL)
The MDL is the minimum concentration above zero that an analyte can be detected with 99%
confidence. Tables 3.2 through 3.5 show the MDL study from Severn Trent
Laboratories/Savannah.

Table 3.2

Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for SVOCs

PQLs MDLs
Water Soil Water Soil
Compound CAS Number (ug/L) (ug’kg) (ug/L) (ug/kg)

Semivolatile
Test Code: MS500
Method: SW846 8270, 823rd Edition, Nov. 1986, PQL Table II, Rev.0, Sept. 1986
Matrix: Water—Soil -
Extract Volume: 1000 mL - 30g
Initial Calibration: 20-50-100-120-160 ng,%RSD for CCC = 30%, SPCC=97RF > 0.05
Continuing Calibration: 50 ng, %D = 25% for CCC, SPCC = RF > 0.05100
Phenol 108-95-2 10 330 0.28 42.0
bis(2—chloroethyl)ether 111444 10 330 0.44 26.0
2—Chlorophenol 95-57-8 10 330 0.24 32.0
1,3-Dichlorobenzene 541-73-1 10 330 0.32 31.0
1,4-Dichlorobenzene 106—46-7 10 330 0.29 27.0
1,2-Dichlorobenzene 95-50-1 10 330 0.31 24.0
2-Methylphenol 95-48-7 10 330 0.29 32.0
bis(2—chloroisopropyl)ether 108-60-1 10 330 0.23 33.0
4-Methylphenol 106-44-5 10 330 0.71 42.0
N-Nitroso-di—n—propylamine 621-64-7 10 330 0.29 32.0
Hexachloroethane 67-72-1 10 330 0.32 24.0
Isophorone 78-59-1 10 330 0.37 26.0
Nitrobenzene 98-95-3 10 330 0.31 27.0
2-Nitrophenol 88-75-5 10 330 0.36 19.0
2,4-Dimethylphenol 105-67-9 10 330 0.39 28.0
bis(2—chloroethoxy)methane 111-91-1 10 330 0.26 29.0
2,4-Dichlorophenol 120-83-2 10 330 0.66 31.0
1,2,4-Trichlorobenzene 120-82-1 10 330 0.36 22.0
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Table 3.2
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for SVOCs
PQLs MDLs
Water Seil Water Seil
Compound CAS Number (ug/L) (ug/kg) (ug/L) (ug/kg)

Naphthalene 91-20-3 10 330 0.36 25.0
4—Chloroaniline 106-47-8 10 330 0.98 37.0
Hexachlorobutadiene 87-68-3 10 330 0.35 23.0
4-Chloro—3-methylphenol 59-50-7 10 330 0.33 49.0
2-Methylnaphthalene 91-57-6 10 330 033 320
Hexachlorocyclopentadiene 77-47-4 10 330 24 51.0
2,4,6-Trichlorophenol 88-06-2 10 330 0.35 20.0
2,4,5-Trichlorophenol 95-95-4 25 830 0.74 29.0
2—Chloronaphthalene 91-58-7 10 330 0.39 24.0
2-Nitroaniline 88-744 25 830 53 42.0
Dimethylphthalate 131-11-3 10 330 0.39 25.0
Acenaphthylene 208-96-8 10 330 0.33 21.0
2,6-Dinitroltoluene 606-20-2 10 330 0.34 29.0
3—Nitroaniline 99-09-2 25 830 5.0 320
Acenaphthene 83-32-9 10 330 0.25 29.0
2,4-Dinitrophenol 51-28-5 25 830 0.80 150.0
4-Nitrophenol 100-02-7 25 830 4.9 160.0
Dibenzofuran 132-64-9 10 330 0.29 30.0
2,4-Dinitrotoluene 121-14-2 10 330 0.41 40.0
Diethylphthalate 84-66-2 10 330 0.47 320
Fluorene 86-73-7 10 330 0.38 31.0
4—Chlorophenyl-phenylther 7005-72-3 10 330 0.66 28 .0
4-Nitroaniline 100-01-6 25 830 7.7 42.0
4,6-Dinitro-2-methylphenol 534-52-1 25 830 5.0 200.0
N-nitrosodiphenylamine 86-30-6 10 330 5.4 25.0
4-Bromophenyl-phenylether 101-55-3 10 330 0.35 24.0
Hexachlorobenzene 118-74-1 10 330 0.19 45.0
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Table 3.2
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for SVOCs
PQLs MDLs
Water Soil Water Seil
Compound CAS Number (ug/L) (ug/kg) (ug/L) (ug/kg)

Pentachlorophenol 87-86-5 25 830 4.0 180.0
Phenanthrene 85-01-8 10 330 0.33 17.0
Anthracene 120-12-7 10 330 0.33 21.0
Di—n-butylphthalate 84-74-2 10 330 0.26 28.0
Fluoranthene 206—44-0 10 330 0.33 31.0
Pyrene 129-00-0 10 330 0.53 63.0
Buytylbenzylphthalate 85-68-7 10 330 0.41 42.0
Benzo(a)anthracene 56-55-3 10 330 0.30 20.0
3,3'-Dichlorobenzidine 91-94-1 10 330 4.4 150.0
Chrysene 218-1-9 10 330 0.44 21.0
bis(2—ethylhexyl)phthalate 117-81-7 10 330 0.48 45.0
Di—n—octylphthalate 117-84-0 10 330 0.35 54.0
Benzo(b)fluoranthene 205-99-2 10 330 0.28 23.0
Benzo(k)fluoranthene 207-08-9 10 330 0.72 26.0
Benzo(a)pyrene 50-32-8 10 330 0.41 29.0
Indeno(1,2,3-cd)pyrene 193-39-5 10 330 0.56 67.0
Dibenz(a,h)anthracene 53-70-3 10 330 0.80 52.0
Benzo(g,h,i)perylene 191-24-2 10 330 0.68 26.0

Notes:

CAS = Chemical Abstracts Service

CCC = Calibration Check Compounds

g = grams

MDL = Method Detection Limit

mL = milliliters

ng = panograms

PQL = Practical Quantitation Limit

RF = Response Factor

RRF = Relative Response Factor

SPCC = System Performance Calibration Compounds

%D = Percent difference

%RSD = Percent Relative Standard Deviation

ngkg = micrograms per kilogram
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Table 3.3
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for Pesticides/PCB
PQLs MDLs

Water Seil Water Soil
Compound CAS Number (ug/L) (ug/kg) (ug/L) (ug/kg)
Pesticide/PCB
Test Code: GC800
Method: SW846 8080A, 3rd Edition, Nov. 1986
Matrix: Water-Soil
Extract Volume: 1000 mL - 30g
Initial Calibration: 5 point calibration, %RSD=20%
Continuing Calibration: Single point calibration, %D = 15%
alpha—BHC 319-84-6 0.04 1.3 0.0079 0.13
beta-BHC 319-85-7 0.04 1.3 0.0074 0.62
delta-BHC 319-86-8 0.04 1.3 0.012 0.083
gamma-BHC(Lindane) 58-89-9 0.04 1.3 0.0074 0.57
Heptachlor 76—44-8 0.04 1.3 0.0062 0.20
Aldrin 309-00-2 0.04 1.3 0.0099 0.15
Heptachlor epoxide 1024-57-3 0.04 1.3 0.0069 0.12
Endosulfan [ 959-98-8 0.04 1.3 0.0094 0.14
Dieldrin 60-57-1 0.08 2.5 0.012 0.24
4,4-DDE 72-55-9 0.08 2.5 0.014 0.24
Endrin 72-20-8 0.08 2.5 0.014 0.42
Endosulfan IT 33213-65-9 0.08 2.5 0.018 0.43
44'-DDD 72-54-8 0.08 2.5 0.018 035
Endosulfan sulfate 1031-07-8 0.08 2.5 0.020 0.44
44-DDT 50-29-3 0.08 2.5 0.017 0.35
Methoxychlor 72-43-5 0.38 12.5 0.038 0.51
Endrin ketone 53494-70-5 0.08 2.5 0.020 0.65
Endrin aldehyde 7421-36-3 0.08 25 0.021 0.24
alpha—Chlordane 5193-71-9 0.04 1.3 0.0076 0.23
gamma—Chlordane 5103-74-2 0.04 1.3 0.0074 0.20
Toxaphene 8001-35-2 2.5 83 1.0 33
Aroclor-1016 12674-11-2 1 33 0.21 5.7
Aroclor-1221 11104-28-2 1 33 0.36 7.6

3.10



Zone J RFI Storm Water Effluent Evaluation Report Addendum
Charleston Naval Complex, Charleston, SC

Revision 0
December 2002
Table 3.3
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for Pesticides/PCB
PQLs MDLs
Water Soil Water Seil
Compound CAS Number (ug/L) (ug/kg) (ug/L) (ug’kg)
Aroclor-1232 11141-16-5 1 33 0.095 3.5
Aroclor-1242 53469-21-9 1 33 0.20 6.5
Aroclor-1248 12672-29-6 1 33 0.13 59
Aroclor-1254 11097-69-1 1 33 022 8.2
Aroclor-1260 11096-82-5 1 33 0.11 8.0
Table 3.4
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for
Metals by Low—Level Inductively Coupled Plasma (ICP) Method
PQLs MDLs
Water Soil Water Seil

Compound CAS Number (ug/L) (mg/kg) (ug/L) (mg/kg)

Metals reporting limits by Low Level ICP

Method: SW846 Third Edition, Nov. 1986, Method 6010A

Matrix: Water—Soil

Extract Volume:100mL - 1g

Initial Calibration: 0-500pg/L — varies

Continuing Calibration: ‘2 high standard

Aluminum 7429-90-5 200.0 10 9.6 379

Antimony 7440-36-0 20.0 1.5 3.0 5.0

Arsenic 7440-38-2 10.0 1.0 3.5 2.8

Barium 7440-39-3 10.0 1.0 0.30 0.8

Beryllium 7440-41-7 4.0 0.3 0.1 0.9

Cadmium 7440-43-9 5.0 0.3 0.5 0.8

Calcium 7440-70-2 500.0 50.0 4.6 55.4

Chromium 7440-47-3 10.0 0.5 0.9 1.2

Cobalt 7440-48—4 10.0 1.0 1.0 1.6

Copper 7440-50-8 20.0 0.7 1.0 22

Iron 7439-89-6 50.0 10.0 16.5 244

Lead 7439-92-1 5.0 0.3 1.6 2.6
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Table 3.4
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for
Metals by Low—Level Inductively Coupled Plasma (ICP) Method
PQLs MDLs

Water Soil Water Soil
Compound CAS Number (ug/L) (mg/kg) (ug/L) (mg/kg)
Magnesium 7439954 500.0 50.0 6.8 45.5
Manganese 7439-96-5 10.0 04 0.20 0.6
Nickel 7440-02-0 40 1.0 13 23
Potassium 7440-09-7 1000.0 100.0 20.0 148.0
Selenium 7782-49-2 10.0 0.5 3.5 33
Silver 7440-22-4 10.0 1.0 0.70 1.4
Sodium 7440-23-5 - 500.0 100.0 173.9 165.0
Thallium 7440-28-0 10.0 1.0 4.5 5.0
Tin 7440-31-5 50.0 5.0 4.2 16.2
Vanadium 7440-62-2 10.0 0.6 0.9 1.1
Zinc 744—66—-6 20.0 2.0 1.0 4.2

Table 3.5
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for Mercury by Cold Vapors

PQLs MDLs
Water Seil Water Seil
Compound CAS Number (ug/L) (mg/kg) (ug/L) (mg/kg)
Mercury by Cold Vapors
Test Code: MT310
Method: SW846 Third Edition, Nov. 1986
Matrix: Water—Soil
Extract Volume: 100mL - 0.6g
Initial Calibration: 0-10.0 pg/L
Continuing Calibration: ' high standard
Mercury 7439-97-6 0.20 0.033 0.10 0.008
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Table 3.6
Zone J Storm Water Effluent Evaluation Addendum
Severn Trent Laboratories/Savannah Method Detection Limit Study for Miscellaneous Inorganics

PQLs MDLs
Water Soil Water Soil
Compound Method (ug/L) (mg/kg) (ng/L) (mg/kg)
Miscellaneous Inorganic Analyses
Test Code: Methods various
Method:
Matrix: Water—Soil
Extract Volume:
Initial Calibration:
Continuing Calibration:
Cyanide (Total) SW846-9010 5.0 2.13 0.010 0.07

3.13



Zone J RFI Storm Water Effluent Evaluation Report Addendum
Charleston Naval Complex, Charleston, SC

Revision 0

December 2002

4.0 DRAINAGE BASIN EVALUATIONS

Section 4 summarizes the CNC drainage basins that discharge into the Cooper River. Seventy-
two drainage basins discharge to the Cooper River; however, only 39 drainage basins containing
upland SWMUs/AOCs and storm water drainage features were evaluated for storm water
effluent contamination. Storm water effluent samples were collected from a variety of storm

water drainage features which included manholes, catch basins and drainage ditches.

Based on risk management decisions, storm water effluent samples were compared to the Zone J
screening criteria.  Screening level criteria for surface soil and shallow groundwater samples
were used to identify possible upland sources to establish a linkage with the effluent samples.
The following table describes the order and type of screening criteria for each sample media for

the pathway evaluations:

Table 4.0
Zone J Screening Criteria for Sample Media
Sediment/Surface Soil Shallow Groundwater Effluent Samples
1. Zone-specific Background 1. Zone-specific Background 1. Reference Concentrations
(inorganics and selected poly (inorganics and selected PAHs (inorganics)
aromatic hydrocarbons (PAHs) only)
only)
2. Sediment Screening Values 2. Chronic Saltwater Water 2. Chronic Saltwater Water
(SSV, USEPA Region 1V) Quality Screening Values Quality Screening Values
(USEPA Region 1V) (USEPA Region V)
3. Acute Saltwater Water Quality | 3. Acute Saltwater Water Quality
Screening Values (USEPA Screening Values (USEPA
Region IV) Region IV)
4. MCLs for Groundwater 4. MCLs for Groundwater

4.1 Drainage Basin Evaluations for Cooper River

There are 72 drainage basins that discharge into Cooper River. Thirty nine of those 72 have
upland SWMU/AOCs associated with them. Storm water effluent samples were collected from
the 39 drainage basins to evaluate potential contaminants that may be discharging into the
Cooper River. A total of 54 storm water effluent samples were collected to characterize those
drainage basins. Table 4.1 summarizes the drainage basins associated with the Cooper River,

and Figure 4-1 illustrates Cooper River drainage basins and outfalls.

4.1
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Table 4.1
Cooper River Drainage Basins
Charleston Naval Complex, Charleston, South Carolina
Storm Water Effluent Storm Water Location
Drainage Basin Zone SWMU/AOC Sample ID (Catch basin/Manhole)
1 A 2 EFF001 1-B
38
39
2 A 2 EFF005 2-A
3 A 2 CAPOO1 3-A
504 EFF006 3-B
4 A 2 NR NA
506
5 A NL NR NA
6 A NL NR NA
7 A NL NR NA
8 A NL NR NA
8A A 37 NR NA
15 B NL ' NR NA
16 B NL NR NA
17 B NL NR NA
18 B 507 EFFO013 18-A
19 B NL NR NA
20 C 47 EFF014 20/5
508
511
513
515
516
517
518
519
E 53
525
526
21 E 54 NR NA
S21
22 E 54 EFF015 22/6
528
S21
23 E 22 EFFO016 23/2
23
25
37
63
65
67
70
530
531
538
539
540
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Table 4.1
Cooper River Drainage Basins
Charleston Naval Complex, Charleston, South Carolina

Storm Water Effluent Storm Water Location
Drainage Basin Zone SWMU/AOC Sample ID (Catch basin/Manhole)

541
542
543
544
548
549
550
554
NL NR NA
NL NR NA
65 EFF017 26-B
550
27 E 25 EFF018 27/1-A
549 '
551
552
559
28 C 520 EFF019 28/8
522
523
E 559
28A E 170
171
559
29 E NL NR NA
30 E &3 EFF020 30/4
84
87
145
170
171
172
173
559
560
561
562
563
564
566
567
569
570
572
573
574
576
578

24
25
26

mm o
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Table 4.1
Cooper River Drainage Basins
Charleston Naval Complex, Charleston, South Carolina

Storm Water Effluent Storm Water Location
Drainage Basin Zone SWMU/AOC Sample ID (Catch basin/Manhole)

579
580
567 EFF021 30A-A
NL NR NA
NL NR NA
566 EFF022 31/5
567
145 EFF023 3272
576
583
33 E 37 EFF024 33/1
97
586
33A E NL “ NR NA
34 E 100 EFF025 34/5
102
504
F 109
607
609
34A NONE NL NR NA
34B E 102 NR NA
35 E 102 EFF026 35/1
590
596
F 504
613
596 EFF027 36/1
598
504 EFF028 3773
613 EFF072 37 LINE
37
FDS
611
3
24
FDS
37C F 607
609
611
613
37D NONE NL
38 E 504 EFF029 38/4
602
603
F 4
504
613

30A

30B

30C
31

esBlesMesMes!

32

o]

m™

36

37

[ NesNes!

37A

37B

Q-

44
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Table 4.1
Cooper River Drainage Basins
Charleston Naval Complex, Charleston, South Carolina

Storm Water Effluent Storm Water Location
Drainage Basin Zone SWMU/AOC Sample ID (Catch basin/Manhole)

616
617
619
620
G 37
633
FDS
39 E 106 EFF030 39/1-A
40 E 106 EFF031 40-B
602
603
41 E 5 EFF032 41-A
18
604
605
36
620
FDS
NL NR NA
FDS EFF033 42A-A
36 EFF034 43/3-C
619 EFF035 Ditch near 43/2-A
620
6
7
628
633
635
FDS
43A G 8 EFF036 43A-A
43B G 120 EFF037 43A-F
638
FDS
44 G 8 EFF038 44-A1
636
638
FDS
45 G 642 EFF039 45/1
643
FDS
46 G NL NR NA
44/46-A G 37 NR NA
643
FDS
46B NONE NL NR NA
47 H 13 EFF040 47/5/1A
17 EFF041 47/4-D
19 EFF042 47/5/4

T

42
42A
43

mTOQQ

Q
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Table 4.1
Cooper River Drainage Basins
Charleston Naval Complex, Charleston, South Carolina
Storm Water Effluent Storm Water Location
Drainage Basin Zone SWMU/AOC Sample ID (Catch basin/Manhole)
37 EFF043 47/8
653
655
656
659
G07
G38
SGC
I 671
672
673
47A I 177 EFF044 47/A-A
RTC
47B I 37 ' EFF045 47B-B
48 H 13 EFF046 48/1/1
37 EFF047 48/1-A
136 EFF048 48/3
178
660
663
665
G80
SGC
1 679
RTC
48/48-G 1 675 EFF049 48A-Al
676 EFF050 48B-Al
677 EFF051 48C-A
678 EFF052 48D-A
679 EFF053 48E-A
680 EFF054 48F-A
680 EFF055 48G-A
48H I 681 EFF056 48H-A
48-1/48M i NL NR NA
NL NR NA
NL NR NA
NL NR NA
NL NR NA
49 H 37 EFF057 49/5
666
G80
I 37
680
681
49-A/49-C NONE NL NR NA
50 NONE NL NR NA
51 H 17 EFF058 51/4
138 EFF071 DITCH-51
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Drainage Basin

Zone

Table 4.1

Cooper River Drainage Basins

Charleston Naval Complex, Charleston, South Carolina

SWMU/AOC

Storm Water Effluent
Sample ID

Storm Water Location
(Catch basin/Manhole)

S51A
51B
51C

51D
51E
SIF

51G
511

53

Clouter Island

F

G
K

661
662
667
685
NL
687
DMA
688
688
12
690
DMA
690
14
15
37
670
684
684
685
DMA
611
FDS
FDS
Clouter

NR
NR
EFF059

NR
NR
NR

NR
NR

EFF070

NR

NA
NA
Ditch-51C

NA
NA
NA

NA
NA

53

NA

Notes:
DMA
FDS

= Dredge Material Area
= Fuel Distribution System

NL = No Listed SWMU/AOC
NR = Not Required according to the Zone J Point of Entry Work Plan

RTC
SGC

= Reserve Training Center
= Soil Gas Confirmation
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4.2 Drainage Basin 1

Drainage Basin 1 encompasses approximately seven acres within Zone A in the northern section
of the CNC. Land cover within the drainage basin consists of approximately 70% unpaved
surfaces (i.c., mostly gravel), 10% paved surfaces and 20% buildings. Storm water runoff within
the drainage basin is directed to at least one of eight catch basins connected to storm sewer

pipelines that discharge into the Cooper River at Outfall 1.

Figure 4-2 illustrates the area encompassing Drainage Basin 1 and associated RCRA sites, storm

water effluent locations and storm water drainage features.

4.2.1 Potential Source Areas '

A review of the listing of sites found in Appendix A of the Part B Permit indicates there are three
SWMUs/AOCs that are partly or completely within the boundary of Drainage Basin 1. The sites
and their current RFI status are listed in Table 4.2.1. These sites include SWMU 2 (Lead
Contamination Area), SWMU 38 (Miscellaneous Storage), and SWMU 39 (Petroleum, Oil, and
Lubricant (POL) Drum Storage). For this drainage basin assessment the majority of SWMU 2
resides in Drainage Basins 2 and 3 with only a small portion transcending the northeast boundary

of Drainage Basin 1.

Table 4.2.1
Drainage Basin 1 SWMUs/AOCs
Charleston Naval Complex, Charleston, South Carolina

SWMU/AOC Site Name RCRA Permit Status
SWMU 2 Lead Contamination Area &Fé’AI)IVI complete; CMS complete; No further action
SWMU 38 Miscellaneous Storage RFI Compllete, Interim Measure (IM) Complete,
CMS ongoing
SWMU 39 POL Drum Storage RFI Complete, CMS ongoing

4.2.1.1 SWMU 2
Site Description and History

SWMU 2 consists of salvage bin No. 3 and the adjacent paved ground surface at the Defense
Reutilization Marketing Office (DRMO) facility. The area was used to store recovered lead

from lead-acid submarine batteries from the mid-1960s until 1984. Electrodes and associated

4.8
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internal metallic components were removed from the battery jars in the battery electrode
treatment area at SWMU 35 in Zone E. Recovered materials were then placed on a railcar and
transferred to the DRMO area for storage and eventual sale to a salvage contractor. The site had
been designated for an RFI because of the historical lead concentrations in surrounding media
and extensive sampling has been conducted at SWMU 2 from 1986 to 2002. Due to possible
contaminant migration via surface water runoff from Hurricane Hugo in 1989, the investigation

area for SWMU 2 had been expanded to cover a larger area, which also included SWMU 1.

Soil was sampled in 1986 from the DRMO site and in 1993 samples were collected to investigate
soil and groundwater near SWMU2 to determine if Hurricane Hugo impacted the lead
distribution onsite in 1989. Additionally, 11 sediment samples were collected from the Cooper
River and storm sewer system in the vicinity. Two of the sediment samples were collected from
catch basins within the boundaries of Drainage Basin 1. The RFI, conducted between October
1995 and January 1997, revealed elevated lead levels in the soil above clean levels established by
the BCT. Based on RFI analytical results and the risk assessment, several COCs requiring
further evaluation through the CMS process were identified for surface soil and shallow
groundwater. An IM was performed to remove lead-contaminated soils and concrete after the

RFI was complete.

Previous Investigations

A summary of investigative activities performed at SWMU 2 is presented in Table 4.2.2, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.
Detailed discussions and results for RFI activities prior to 2000 are presented in the Final Zone A

RFI Report (EnSafe, 1998).

Table 4.2.2
Summary of SWMU 2 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
Final October Soil samples were collected for
Contamination 1986 screening purposes.

4.9
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Table 4.2.2

Summary of SWMU 2 Investigations

Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
and Exposure
Assessment for Round 1 Round 1
lead Soil: Groundwater:
Contamination 45 surface borings (0 to 0.5 feet) No Groundwater Samples
within the 10 subsurface borings (26 samples Collected.
DRMO collected at various intervals)
(Environmental (SS-1 - SS-35,B1 —B10): Lead
Science and
engineering)
1993 sampling 1993 After Hurricane Hugo impacted the lead
event distribution onsite in 1989, soil,
E/A&H groundwater, and sediment samples
were collected in 1993 to determine the
impact around SWMU 2.
Round 1 Round 1
Soil: Groundwater:
22 surface borings (0 to 1 foot) 6 shallow wells
20 subsurface borings (3 to 5 feet) (Charleston Naval Shipyard
(S02SB001 — S02SB023): metals and [CNSY]0201 — CNSY0206):
cyanide metals and cyanide
(3 duplicates collected for same (2 duplicates collected for
parameters) same parameters)
Sediment:
11 sediments collected; 4 of those were
collected from catch basins
(S02MO0001 - S02M0004): metals and
cyanide
Final Zones A 1995-1997  Site soil and groundwater investigation
and B RFI
(EnSafe) Round 1 Round 1
Seil: Groundwater:
24 surface borings (0 to 1 foot) 6 shallow wells
20 subsurface borings (3 to 5 feet) (002001 — 002006): metals
(002SB001 — 0025B015; 002SB019;
002SB023 — 002SB030 ): metals
(6 duplicates collected for herbicides,
hexavalent chromium, organophosphate
[OP] pesticides, and metals)
Final Zones A 1995-1997  Round 2 Round 2
and B RFI Soil: Groundwater:
(EnSafe) 16 surface borings (0 to 1 foot) 6 shallow wells

14 subsurface borings (3 to 5 feet)
(0028B016 - 002SB018; 002SB020 —
002SB022; 002SB031 — 002SB041):

metals

(3 duplicates collected for same

parameters and/or herbicides,

4.10
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Table 4.2.2
Summary of SWMU 2 Investigations

Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
hexavalent chromium, OP pesticides,
and metals)
Final Zones A 1995-1997  Round 3 Round 3
and B RFI Seil: Groundwater:
(EnSafe) No Soil Samples Collected. 6 shallow wells
(002001 — 002006): metals
Final Zones A 1995-1997  Round 4 Round 4
and B RFI Soil: Groundwater:
(EnSafe) No Soil Samples Collected. 5 shallow wells
(002001 — 002004; 002006):
metals, Total Dissolved Solids
(TDS), chloride, and sulfate
CMS (EnSafe) 1998-1999  Soil and shallow groundwater
investigation
Round 1 Round 1
Soil: Groundwater:
34 surface borings (0 to 1 foot) 5 shallow wells
(002SBCO1 - 002SBC04): Total Lead (002002, 002003, 002007, and
(002SBCO11A - 002SBC41A): 002008): chloride, metals,
Synthetic Precipitation Leaching and TDS
Procedure (SPLP) metals (002004): chloride, metals,
(002SBCO011B - 002SBC041B): pesticides, and TDS
Toxicity Characteristic Leachate
Procedure (TCLP) metals
M 1999 Soil investigation
Report states that 19 samples were
actually samples for TCLP Total Lead
CH2M-Jones 2002 Groundwater investigation
Round 1 Round 1
Soil: Groundwater:

No Soil Sample Collected.

1 shallow well
(002004): Volatile Organic
Compound (VOC)

Nature and Extent of Contaminants

Approximately 175 sample locations associated with SWMU 2 were evaluated for the presence
of contaminants between 1986 and 2002. Of these 175, approximately 11 locations are within
the boundaries of Drainage Basin 1. Surface, subsurface, and groundwater samples were
collected and analyzed for various constituents in order to delineate the nature and extent of

potential contamination at the site. During the RFI, arsenic, beryllium, and lead in soil and lead
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in groundwater were identified as COPCs. Detections of lead in groundwater occurred in only
one (002005) of six wells and were determined to be attributed to high lead concentrations in the
surrounding soil. Given that lead was not detected in any of the other monitoring wells onsite,
indicating contamination migration was not occurring, groundwater was not considered an
immediate concern at the site. Based on the analytical results and the human health risk
assessment for the combined site, a CMS was recommended for both soil and shallow
groundwater at SWMU 2. Based on the analytes detected and the overall surface flow in the

area, it was also recommended that the CMS investigation include SWMU 1.

4.2.1.2 SWMU 38
Site Description and History

SWMU 38 is the site where a former storage yard was associated with Buildings 1605 and 1604
for approximately 50 years. The gravel storage area, bordered by a chain-link fence, originally
belonged to the supply department and later became part of DRMO, which used the area for
storage of empty drums. The site is north of Building 1605, near the northern boundary of CNC
which borders the Hess Oil Inc. tank farm, and because of possible concerns from petroleum
constituents migrating on site, the scope of the investigation included assessment of potential

petroleum releases from offsite.

Previous Investigations

A summary of investigative activities performed at SWMU 38 is presented in Table 4.2.3, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.
Detailed discussions and results of RFI activities prior to 2000 are presented in the Final Zone A

RFI Report (EnSafe, 1998).

Table 4.2.3
Summary of SWMU 38 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

RFI (EnSafe) 1995-1997  Site soil and groundwater
investigation

4.12
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Table 4.2.3
Summary of SWMU 38 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

Round 1 Round 1
Soil: Groundwater:
6 surface borings (0 to 1 foot) 2 shallow wells
3 subsurface borings (3 to 5 feet) (038001, 038002): VOCs, SVOCs,
(038SB001 — 038SB006): VOCs, metals, pesticides/PCBs, TPH
SVOCs, metals, pesticides/PCBs, and
Total Petroleum Hydrocarbons (TPH)
(2 duplicates collected for same
parameters plus herbicides,
hexavalent chromium, OP pesticides,
and dioxins)

RFI (EnSafe) 1995-1997  Round 2 Round 2
Soil: Groundwater:
4 surface borings (0 to 1 foot) 2 shallow wells
4 subsurface borings (3 to 5 feet) (038001, 038002): metals,
(038SB007 - 038SB010): pesticides/PCBs;
Pesticides/PCBs
(1 duplicate collected for same
parameters)

RFI (EnSafe) 1995-1997 Round 3 Round 3
Soil: Groundwater:
4 surface borings (0 to 1 foot) 2 shallow wells
(038SB011 — 038SB014): (038001, 038002): metals,
Pesticides/PCBs pesticides/PCBs, TDS, sulfate,

chloride

RFI (EnSafe) 1995-1997 Round 4 Round 4

Soil: Groundwater:

CMS (EnSafe)

CMS (EnSafe)

CH2M-Jones

CH2M-Jones

1998-1999

1998-1999

2001-2002

2001

2001

No Soil Samples Collected.

Round 1
Soil:
No Soil Samples Collected.

Round 2
Soil:
No Soil Samples Collected.

Soil and groundwater investigation

Round 1

Seil:

3 surface borings (0 to 1 foot)
(038SB015, 038SB016): PCBs
(038SBO017): Pesticides
Round 2

Soil:

4.13

2 shallow wells

(038001, 038002): metals,
pesticides/PCBs, TDS, sulfate,
chloride

Round 1

Groundwater:

1 shallow well

(038003): metals,
pesticides/PCBs, TDS, chloride
Round 2

Groundwater:

1 shallow well

(038003): Pesticides/PCBs

Round 1
Groundwater:

1 shallow well
(038001): Pesticides

Round 2
Groundwater:
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Table 4.2.3
Summary of SWMU 38 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
1 surface boring (0 to 1 foot) No Groundwater Samples
(038SB023): Pesticides/PCBs Collected.
5 subsurface borings (3 to 5 feet)
(038SB018 — 0385SB022): Pesticides
CH2M-Jones 2002 Round 3 Round 3
Soil: Groundwater:
3 surface borings (0 to 1 foot) No Groundwater Samples
(038SB024 — 0385B026): PCBs Collected.
CH2M-Jones 2002 Round 4 Round 4
Seil: Groundwater:
No Soil Samples Collected. 4 shallow wells
(038001): VOCs
(038003 — 038005): VOCs,
pesticides
CH2M-Jones 2002 Round 5 Round 5
Seil: Groundwater:
No Soil Samples Collected. 1 shallow well
(038001): Pesticides
CH2M-Jones 2002 Round 6 Round 6
Soil: Groundwater:

4 shallow wells
(038001, 038003 — 038005):
VOCs, SVOCs, pesticides

No Soil Samples Collected.

Nature and Extent of Contaminants

Approximately 30 sample locations associated with SWMU 38 were evaluated for the presence
of contaminants between 1995 and 2002. All sample locations are within the boundaries of
Drainage Basin 1. Surface, subsurface, and groundwater samples were collected and analyzed
for various constituents in order to delineate the nature and extent of potential contamination at
the site. During the RFI aluminum, arsenic, Aroclor-1260, 4,4’-Dichlorodiphenyldichloroethane
(DDD), 4,4’-1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE), 4,4’-Dicholoro-Diphenyl-
Trichlorethane (DDT), and TPH in soil; and 4,4’-DDD, 4,4’-DDT, and thallium in shallow
groundwater were identified as COPCs. Based on the analytical results and the human health
risk assessment for the site, a CMS was recommended for both soil and shallow groundwater at

SWMU 38.
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4.2.1.3 SWMU 39
Site Description and History

SWMU 39 refers to a former POL drum storage area situated north of Building 1604, near the
northern boundary of CNC. Currently, the portion of the site adjacent to Building 1604 is paved,
while the portion that continues north to the property boundary is gravel-covered. Due to the
close proximity of the Hess Oil Inc. tank farm to the property boundary, the potential for
petroleum releases from offsite sources to impact CNC property was included in the scope of the

site investigation.

Previous Investigations

A summary of investigative activities performed at SWMU 39 is presented in Table 4.2.4, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.
Detailed discussions and results for RFI activities prior to 2000 are presented in the Final Zone A

RFI Report (EnSafe, 1998).

Table 4.2.4
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

RFI (EnSafe) 1995-1997  Site soil and groundwater
investigation
Round 1 Round 1
Soil: Groundwater:
15 surface borings (0 to 1 foot) 5 shallow wells
15 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs,
(039SB001 — 039SB015): VOCs, SVOCs, metals, pesticides/PCBs,
SVOCs, metals, pesticides/PCBs, and TPH
TPH (1duplicate collected for same
(2 duplicates collected for same parameters plus herbicides,

parameters plus herbicides, cyanide, cyanide, OP pesticides, chloride,
hexavalent chromium, OP pesticides, sulfate, dioxins, hexavalent

and dioxins) chromium, and TDS)
RFI (EnSafe) 1995-1997  Round 2 Round 2

Soil: Groundwater:

25 surface borings (0 to 1 foot) 5 shallow wells

25 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs
(039SB016 — 039SB018, 039SB0290,

and 039SB025): TPH and

pesticides/PCBs
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Table 4.2.4
Summary of SWMU 39 Investigations

Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

(039SB022 — 039SB024, and

039SB038): TPH and SVOCs

(039SB019, 039SB021, 039SB026 —

039SB037, and 039SB039 —

039SB040): TPH

(1 duplicate collected for same

parameters plus herbicides, cyanide,

hexavalent chromium, OP pesticides,

and dioxins)

RFI (EnSafe) 1995-1997  Round 3 Round 3

Seil: Groundwater:

3 surface borings (0 to 1 foot) 5 shallow wells

3 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs,

(039SB041 — 039SB043): VOCs SVOCs, metals, and hexavalent

‘ chromium
(1 duplicate collected for same
parameters plus cyanide and
dioxins)
RFI (EnSafe) 1995-1997  Round 4 Round 4

Soil: Groundwater:

No Soil Samples Collected. 5 shallow wells
(039001 - 039003,): VOCs,
SVOCs, metals, chloride, sulfate,
hexavalent chromium, and TDS
(039004 and 039005): VOCs,
SVOCs, metals, chloride, sulfate,
hexavalent chromium, dioxins, and
TDS
(1duplicate collected for same
parameters)

RFI (EnSafe) 1995-1997 Round 5 Round 5

Soil: Groundwater:

No Soil Samples Collected. 10 additional wells installed and
sampled (1996)-of which there
were 7 shallow wells:

7 shallow wells
(039006 - 039012): VOCs
RFI (EnSafe) 1995-1997  Round 6 Round 6

Soil: Groundwater:

1 biased sample 7 additional wells installed and

(039SB10102): VOCS and SVOCs sampled (1996)

RFI (EnSafe) 1995-1997  Round 7 Round 7
Soil: Groundwater:

No Soil Samples Collected.
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Activity

Table 4.2.4
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Date Description/Samples/Locations

RFI (EnSafe)

RFI (EnSafe)

RFI (EnSafe)

RFI (EnSafe)

1995-1997

1995-1997

1995-1997

1995-1997

Round 8
Soil:

No Soil Samples Collected.

Round 10
Soil:

No Soil Samples Collected.

Round 11
Soil:

No Soil Samples Collected.

Round 12
Soil:

No Soil Samples Collected.
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(039003): VOCs, SVOCs, metals,
chloride, sulfate and TDS
(039004): VOCs, SVOCs, metals,
chloride, sulfate dioxins, and TDS
(039005): VOCs, SVOCs, metals,
chloride, sulfate, pesticides/PCBs,
cyanide, dioxins, and TPH
(039006 - 039012): VOCs,
SVOCs, metals, chloride, sulfate,
dioxins, and TDS

(2 duplicates collected for VOCs,
SVOCs, chloride, sulfate, metals,
dioxins, and TDS)

Round 8

Groundwater:

5 additional wells installed and
sampled (1997)- of which there
were 3 shallow wells.

3 shallow wells

(039013 - 039015): VOCs,
SVOCs, metals, pesticides/PCBs,
and cyanide

Round 10

Groundwater:

7 shallow wells

(039008 - 039010, 039012, and
039013): VOCs, SVOCs, metals,
chloride, sulfate, dioxins, TDS, and
TPH

(039014 and 039015): VOCs,
SVOCs, alkalinity, ammonia,
chloride, cyanide, ferrous iron,
nitrate, phosphorous, sulfate,
sulfide, BOD, metals, and
pesticides/PCBs

(1 duplicate collected for VOCs,
SVOCs, chloride, sulfate, dioxins,
metals, TDS, and TPH)

Round 11

Groundwater:

10 shallow wells

(039006 - 039015): VOCs and
SVOCs

(2 duplicates collected for same
parameters)

Round 12

Groundwater:

10 shallow wells



Zone J RFI Storm Water Effluent Evaluation Report Addendum
Charleston Naval Complex, Charleston, SC

Revision 0

December 2002

Activity

Table 4.2.4
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Date Description/Samples/Locations

MNA (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

CMS (EnSafe)

1998-1999

1998-1999

1998-1999

1998-1999

1998-1999

Round 1
Soil:
No Soil Samples Collected.

Round 2
Soil:
No Soil Samples Collected.

Round 3
Soil:
No Soil Samples Collected.

Round 4
Soil:
No Soil Samples Collected.

Round 1

Soil:

15 surface borings (0 to 1 foot)
(039SB047 - 039SB061): VOCs,
SVOCs, and metals

(1 duplicate collected for same
parameters)
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(039006 - 039015): VOCs,
SVOCs, and metals

(1 duplicate for same parameters)
Round 1

Groundwater:

15 shallow wells

(039001 - 039015): VOCs, TOC,
and sulfate

Round 2

Groundwater:

14 shallow wells

(039001 - 039014): VOCs, Total
Kjeldahl Nitrogen (TKN), TOC,
nitrate, phosphorous, sulfate, and
sulfide

12 additional wells installed and
sampled (1998)- of which there
were 4 shallow wells

4 shallow wells

(039016 - 039019): VOCs, TKN,
TOC, nitrate, phosphorous, sulfate,
and sulfide

Round 3

Groundwater:

Confirmatory Sampling

5 shallow wells

(039009, 039016 - 039019): VOCs

6 additional wells installed and
sampled (1999)- of which there
were 2 shallow wells

2 shallow wells

(039020 and 039021): VOCs
Round 4

Groundwater:

19 shallow wells

(039001 - 039014, 039016, 039018
- 039021): VOCs, TOC, alkalinity,
iron, sulfate, nitrate, and sulfide
Round 1

Groundwater:

19 shallow wells

(039001 - 039019): chloride,
metals, and TDS

(2 duplicates collected for same
parameters)
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Table 4.2.4
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina
Activity Date Description/Samples/Locations
CMS (EnSafe) 1998-1999  Round 2 Round 2
Seil: Groundwater:
No Soil Samples Collected. 1 multi-level well installed and
sampled (1999)
(039024 M): VOCs
CH2M-Jones 2001-2002  Groundwater investigation
2001 Round 1 Round 1
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): VOCs,
metals, general chemistry, Methane
(CH4)/Carbon Dioxide (CO2)
CH2M-Jones 2001 Round 2 Round 2
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): metals,
general chemistry, CH4/CO2
CH2M-Jones 2001 Round 3 Round 3
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): VOCs,
metals, general chemistry,
CH4/CO2
CH2M-Jones 2001 Round 4 Round 4
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 - 039013): VOCs, metals,
general chemistry, CH4/CO2
CH2M-Jones 2002 Round 5 Round 5
Seil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): VOCs,
metals, general chemistry,
CH4/CO2
CH2M-Jones 2002 Round 6 Round 6
Soil: Groundwater:

No Soil Samples Collected

(039006 — 039007): VOCs

Nature and Extent of Contaminants

Approximately 81 sample locations associated with SWMU 39 were evaluated for the presence

of contaminants between 1995 and 2002. Of these 81, approximately 65 sample locations are

within the boundaries of Drainage Basin 1. Surface, subsurface and groundwater samples were

collected and analyzed for various constituents in order to delineate the nature and extent of
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potential contamination at the site. During the RFI benzo(a)pyrene Equivalent Quotients
(BEQs), beryllium and Arochlor 1260 in soil; and VOCs and inorganics in groundwater were

identified as COPCs.

4.2.2 Storm Water Effluent Evaluation
A storm water effluent sample was collected at catch basin 1-B on February 7, 2002 to determine
if constituents are migrating from the SWMUSs/AOCs associated with Drainage Basin 1 into the

Cooper River. Analytical detections for sample EFF001 are presented in Table 4.2.5.

Table 4.2.5
Storm Water Effluent Sampling Results
Drainage Basin 1

Screening Value (ug/L)
Catch Chronic
Basin/ Saltwater
Drainage  Manhole  Sample Concentration Reference Screening Potential
Basin ID ID Parameter (ng/L) Concentration Value COPC
1 1-B EFF001  Aluminum 200 3,277 NL No
Barium 19 60.13 NL No
Calcium* 29,000 53,455 NL No
Chromium 1.20 13 50 No
Iron 440 4,134 NL No
Lead 4.50 33.63 8.50 No
Magnesium* 1,200 49,255 NL No
Manganese 14 74.52 NL No
Potassium* 1,100 23,678 NL No
Sodium* 3,100 395,333 NL No
Vanadium 2.60 15.59 NL No
Zinc 150 307.83 86 No
Notes:
NL Not Listed

Parameter is considered an essential nutrient; therefore, it will not be evaluated as a potential COPC.
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4.2.3 Pathway Evaluation
There were no potential storm water effluent COPCs identified for Drainage Basin 1 that require
further characterization; therefore, contaminant migration pathway scenarios (la through 1d) do

not require further evaluation.
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4.3 Drainage Basin 2

Drainage Basin 2 encompasses approximately 3.5 acres within Zone A in the northern section of
the CNC. Land cover within the basin consists of approximately 60% paved surfaces and 40%
covered by building foundations. All storm water runoff within the drainage basin is directed to
at least one of the 10 catch basins connected to storm sewer pipelines that discharge into the

Cooper River at Outfall 2.

Figure 4-3 illustrates the area encompassing Drainage Basin 2 and associated RCRA sites, storm

water effluent locations and storm water drainage features.

4.3.1 Potential Source Areas _

A review of the listings of sites found in Appendix A of the Part B Permit indicates there are two
SWMUSs/AOCs within the boundary of Drainage Basin 2. The sites, SWMU 2 (Lead
Contamination Area) and SWMU 39 (POL Drum Storage), are listed in Table 4.3.1 with the
current status of the site. The boundary of SWMU 2 transcends the boundary of Drainage Basin
2 along the west side where it extends into Drainage Basin 1-A to the north into Drainage Basin
1, and also to the south where it crosses into Drainage Basin 3. The majority of SWMU 39
resides in Drainage Basins 1 and 1-A; however, one sample location is within the boundaries of

Drainage Basin 2.

Table 4.3.1
Drainage Basin 2 SWMUs/AOCs
Charleston Naval Complex, Charleston, South Carolina

SWMU/AQC Site Name RCRA Permit Status
SWMU 2 Lead Contamination Area RFI; IM complete; CMS complete; NFA
SWMU 39 POL Drum Storage RFI Complete, CMS ongoing

4.3.1.1 SWMU 2
Site Description and History

SWMU 2 consists of salvage bin No. 3 and the adjacent paved ground surface at the DRMO
facility. The area was used to store recovered lead from lead-acid submarine batteries from the

mid-1960s until 1984. Electrodes and associated internal metallic components were removed
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from the battery jars in the battery electrode treatment area at SWMU 5 in Zone E. Recovered
materials were then placed on a railcar and transferred to the DRMO area for storage and
eventual sale to a salvage contractor. The site had been designated for an RFI because of the
historical lead concentrations in surrounding media and extensive sampling has been conducted
at SWMU 2 from 1986 to 2002. Due to possible contaminant migration via surface water runoff
from Hurricane Hugo in 1989, the investigation area for SWMU 2 had been expanded to cover a

larger area, which also includes SWMU 1.

Soil was sampled in 1986 from the DRO site and in 1993 samples were collected to investigate
soil and groundwater near SWMU 2 after Hurricane Hugo impacted the lead distribution onsite
in 1989. Additionally, 11 sediment samples were collected from the Cooper River and storm
sewer system in the vicinity. Two of the sediment samples were collected from catch basins
within the boundaries of Drainage Basin 2. The RFI, conducted between October 1995 and
January 1997, revealed elevated lead levels in the soil above clean levels established by CNC.
Based on RFI analytical results and the risk assessment, several chemicals of concern (COCs)
requiring further evaluation through the CMS process were identified for surface soil and
shallow groundwater. An IM was performed in 1999 to remove lead-contaminated soils and

concrete after the RFI was complete.

Previous Investigations

A summary of investigative activities performed at SWMU 2 is presented in Table 4.3.2, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.
Detailed discussions and results for RFI activities prior to 2000 are presented in the Final Zone A4

RFI Report.

Table 4.3.2
Summary of SWMU 2 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
Final October Soil samples were collected for screening
Contamination 1986 purposes.

and Exposure
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Table 4.3.2
Summary of SWMU 2 Investigations
Charleston Naval Complex, Charleston, South Carolina
Activity Date Description/Samples/Locations
Assessment for Round 1 Round 1
lead Soil: Groundwater:
Contamination 45 surface borings (0 to 0.5 feet) No Groundwater Samples
within the DRMO 10 subsurface borings (26 samples Collected.
(Environmental collected at various intervals)
Science and (SS-1- SS-35,B1 -B10): Lead
engineering)
1993 sampling 1993 After Hurricane Hugo impacted the lead
event distribution onsite in 1989, soil,
E/A&H groundwater, and sediment samples were
collected in 1993 to determine the impact
around SWMU 2.
Round 1 Round 1
Soil: ' Groundwater:
22 surface borings (0 to 1 foot) 6 shallow wells
20 subsurface borings (3 to 5 feet) (CNSY0201 — CNSY0206):
(S02SB001 - S02SB023): metals and metals and cyanide
cyanide (2 duplicates collected for same
(3 duplicates collected for same parameters)
parameters)
Sediment:
11 sediments collected; 4 of those were
collected from catch basins
(S02M0001 — S02M0004): metals and
cyanide
Final Zones A and  1995-1997  Site soil and groundwater investigation
B RFI (EnSafe)
Round 1 Round 1
Soil: Groundwater:
24 surface borings (0 to 1 foot) 6 shallow wells
20 subsurface borings (3 to 5 feet) (002001 — 002006): metals
(002SB001 — 002SB015; 002SB019;
002SB023 — 002SB030 ): metals
(6 duplicates collected for herbicides,
hexavalent chromium, OP pesticides, and
metals)
Final Zones A and  1995-1997  Round 2 Round 2
B RFI (EnSafe) Soil: Groundwater:
16 surface borings (0 to 1 foot) 6 shallow wells
14 subsurface borings (3 to 5 feet) (002001 — 002006): metals
(002SB016 — 002SB018; 002SB020 —
002SB022; 002SB031 — 002SB041):
metals
(3 duplicates collected for same
parameters and/or herbicides, hexavalent
chromium, OP pesticides, and metals)
Final Zones A and  1995-1997 Round 3 Round 3
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Table 4.3.2
Summary of SWMU 2 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
B RFI (EnSafe) Soil: Groundwater:
No Soil Samples Collected. 6 shallow wells
(002001 — 002006): metals
Final Zones A and  1995-1997  Round 4 Round 4
B RFI (EnSafe) Soil: Groundwater:
No Soil Samples Collected. 5 shallow wells
(002001 — 002004; 002006):
metals, TDS, chloride, and
sulfate
CMS (EnSafe) 1998-1999  Soil and shallow groundwater
investigation
Round 1 Round 1
Soil: Groundwater:
34 surface borings (0 to 1 foot) 5 shallow wells
(002SBCO1 —002SBC04): Total Lead (002002, 002003, 002007, and
(002SBCO11A — 002SBC41A): 002008): chloride, metals, and
SPLP metals TDS
30 subsurface borings (3 to5 feet) (002004): chloride, metals,
(002SBCO011B — 002SBC041B): pesticides, and TDS
TCLP metals
M 1999 Soil investigation
Report states that 19 samples were
actually samples for TCLP Total Lead
CH2M-Jones 2002 Groundwater investigation
Round 1 Round 1
Seil: Groundwater:

No Soil Sample Collected.

1 shallow well
(002004): VOC

Nature and Extent of Contaminants

Approximately 175 sample locations associated with SWMU 2 were evaluated for the presence
of contaminants between 1986 and 2002. Of these 175, approximately 18 locations are within
the boundaries of Drainage Basin 2. Surface, subsurface, and groundwater samples were
collected and analyzed for various constituents in order to delineate the nature and extent of
potential contamination at the site. During the RFI arsenic, beryllium, and lead in soil and lead
in groundwater were identified as COPCs. Detections of lead in groundwater occurred in only

one (002005) of six wells and were determined to be attributed to high lead concentrations in the

surrounding soil. Given that lead was not detected in any of the other monitoring wells onsite,
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indicating contamination migration was not occurring, groundwater was not considered an
immediate concern at the site. Based on the analytical results and the human health risk
assessment for the combined site, a CMS was recommended for both soil and shallow
groundwater at SWMU 2. Based on the analytes detected and the overall surface flow in the

area, it was also recommended that the CMS investigation include SWMU 1.

43.1.2 SWMU 39
Site Description and History

SWMU 39 refers to a former POL drum storage area situated north of Building 1604, near the
northern boundary of the CNC. That portion of the site adjoining the south, east, and west sides
of Building 1604 is paved, while the portion that continues north to the property boundary is
gravel-covered. The potential for petroleum releases from offsite sources to impact the CNC
property was included in the scope of the site investigation due to the close proximity of the Hess

Oil Inc. tank farm to the property boundary.

Previous Investigations

A summary of investigative activities performed at SWMU 39 is presented in Table 4.3.3, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations, and analytical methods performed during each phase of the investigation.
Detailed discussions and results of RFI activities prior to 2000 are presented in the Final Zone A

RFI Report.

Table 4.3.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

RFI (EnSafe) 1995-1997  Site soil and groundwater
investigation.
Round 1 Round 1
Soil: Groundwater:
15 surface borings (0 to 1 foot) 5 shallow wells
15 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs,
(039SB001 - 039SB015): VOCs, SVOCs, metals, pesticides/PCBs,
SVOCs, metals, pesticides/PCBs, and TPH
TPH (1 duplicate collected for same
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Table 4.3.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

(2 duplicates collected for same parameters plus herbicides,

parameters plus herbicides, cyanide, cyanide, OP pesticides, chloride,

hexavalent chromium, OP pesticides, sulfate, dioxins, hexavalent

and dioxins) chromium, and TDS)

RFT (EnSafe) 1995-1997  Round 2 Round 2

Soil: Groundwater:

25 surface borings (0 to 1 foot) 5 shallow wells

25 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs

(039SB0O16 — 039SB018, 039SB020,

and 039SB025): TPH and

pesticides/PCBs

(039SB022 - 039SB024, and

039SB038): TPH and SVOCs

(039SB019, 039SB021, 039SB026 —

039SB037, and 039SB039 —

039SB040): TPH

(1 duplicate collected for same

parameters plus herbicides, cyanide,

hexavalent chromium, OP pesticides,

and dioxins)

RFI (EnSafe) 1995-1997  Round 3 Round 3

Soil: Groundwater:

3 surface borings (0 to 1 foot) 5 shallow wells

3 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs,

(039SB041 — 039SB043): VOCs SVOCs, metals, and hexavalent
chromium
(1 duplicate collected for same
parameters plus cyanide and
dioxins)

RFI (EnSafe) 1995-1997  Round 4 Round 4

Soil: Groundwater:

No Soil Samples Collected. 5 shallow wells
(039001 - 039003,): VOCs,
SVOCs, metals, chloride, sulfate,
hexavalent chromium, and TDS
(039004 and 039005): VOCs,
SVOCs, metals, chloride, sulfate,
hexavalent chromium, dioxins, and
TDS
(1duplicate collected for same
parameters)

RFI (EnSafe) 1995-1997 Round 5 Round 5

Seil: Groundwater:

No Soil Samples Collected. 10 additional wells installed and
sampled (1996) of which there
were 7 shallow wells
(039006 - 039012): VOCs

RFI (EnSafe) 1995-1997  Round 6 Round 6
Soil: Groundwater:
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Table 4.3.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
1 biased sample No Groundwater Samples
(039SB10102): VOCS and SVOCs Collected.
RFI (EnSafe) 1995-1997 Round 7 Round 7
Soil: Groundwater:
No Soil Samples Collected. 12 shallow wells

(039001, 039002): VOCs, SVOCs,
metals, chloride, sulfate,
hexavalent chromium, dioxins, and
TDS

(039003): VOCs, SVOCs, metals,
chloride, sulfate and TDS
(039004): VOCs, SVOCs, metals,
chloride, sulfate dioxins, and TDS
(039005): VOCs, SVOCs, metals,
chloride, sulfate, pesticides/PCBs,
cyanide, dioxins, and TPH
(039006 - 039012): VOCs,
SVOCs, metals, chloride, sulfate,
dioxins, and TDS

(2 duplicates collected for VOCs,
SVOCs, chloride, sulfate, metals,
dioxins, and TDS)

RFI (EnSafe) 1995-1997  Round 8 Round 8
Soil: Groundwater:
No Soil Samples Collected. No Groundwater Samples
Collected.
RFI (EnSafe) 1995-1997  Round 9 Round 9
Soil: Groundwater:
No Soil Samples Collected. 3 shallow wells

(039013 - 039015): VOCs,
SVOCs, metals, pesticides/PCBs,
and cyanide

RFI (EnSafe) 1995-1997  Round 10 Round 10
Soil: Groundwater:
No Soil Samples Collected. 7 shallow wells

(039008 - 039010, 039012, and
039013): VOCs, SVOCs, metals,
chloride, sulfate, dioxins, TDS, and
TPH

(039014 and 039015): VOCs,
SVOCs, alkalinity, ammonia,
chloride, cyanide, ferrous iron,
nitrate, phosphorous, sulfate,
sulfide, BOD, metals, and
pesticides/PCBs

(1 duplicate collected for VOCs,
SVOCs, chloride, sulfate, dioxins,
metals, TDS, and TPH)
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Activity

Table 4.3.3

Summary of SWMU 39 Investigations

Charleston Naval Complex, Charleston, South Carolina

Date

Description/Samples/Locations

RFI (EnSafe)

RFI (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

CMS (EnSafe)

1995-1997

1995-1997

1998-1999

1998-1999

1998-1999

1998-1999

Round 11
Soil:

No Soil Samples Collected.

Round 12
Soil:

No Soil Samples Collected.

Round 1
Soil:

No Soil Samples Collected.

Round 2
Soil:

No Soil Samples Collected.

Round 3
Soil:

No Soil Samples Collected.

Round 1
Soil:

4.29

Round 11

Groundwater:

10 shallow wells

(039006 - 039015): VOCs and
SVOCs

(2 duplicates collected for same
parameters)

Round 12

Groundwater:

10 shallow wells

(039006 - 039015): VOCs,
SVOCs, and metals

(1 duplicate for same parameters)
Round 1

Groundwater:

15 shallow wells

(039001 - 039015): VOCs, TOC,
and sulfate

Round 2

Groundwater:

14 shallow wells

(039001 - 039014): VOCs, TKN,
TOC, nitrate, phosphorous, sulfate,
and sulfide

12 additional wells installed and
sampled (1998) of which there
were 4 shallow wells

(039016 - 039019): VOCs, TKN,
TOC, nitrate, phosphorous, sulfate,
and sulfide

(MNA Round 2 Confirmatory
Sampling):

5 shallow wells

(039009, 039016 - 039019): VOCs

6 additional wells installed and
sampled (1999) of which there
were 2 shallow wells

(039020 and 039021): VOCs
Round 3

Groundwater:

19 shallow wells

(039001 - 039014, 039016, 039018
- 039021): VOCs, TOC, alkalinity,
iron, sulfate, nitrate, and sulfide
Round 1

Groundwater:
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Table 4.3.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

—

15 surface borings (0 to 1 foot)
(039SB047 - 039SB061): VOCs,
SVOCs, and metals

(1 duplicate collected for same

19 shallow wells

(039001 - 039019): chloride,
metals, and TDS

(2 duplicates collected for same

parameters) parameters)
CMS (EnSafe) 1998-1999  Round 2 Round 2
Seil: Groundwater:
No Soil Samples Collected. 1 multi-level well installed and
sampled (1999)
(039024 M): VOCs
CH2M-Jones 2001 Round 1 Round 1
Soil Groundwater
One surface boring (0 to 1 foot) No Groundwater Sample
(GDLSB02201): SVOCs, metals Collected.
CH2M-Jones 2002 Round 1 ’ Round 1
Soil Groundwater
No Soil Samples Collected 1 shallow well
(039023): VOCs, CH4, CO2.
Notes:
MNA = Monitored Natural Attenuation

Nature and Extent of Contaminants

Approximately 81 sample locations associated with SWMU 39 were evaluated for the presence
of contaminants between 1995 and 2002. Of these 81, only one shallow monitoring well is
within the boundaries of Drainage Basin 2. Surface, subsurface and groundwater samples were
collected and analyzed for various constituents in order to delineate the nature and extent of
potential contamination at the site. During the RFI BEQs, beryllium and Arochlor 1260 in soil

and VOCs and inorganics in groundwater were identified as COPCs.

4.3.2 Storm Water Effluent Evaluation
A storm water effluent sample was collected at manhole 2-A on February 7, 2002 to determine if
constituents are migrating from SWMUs/AOCs associated with Drainage Basin 2 into the

Cooper River. Analytical detections for sample EFF005 are presented in Table 4.3.4.
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Table 4.3.4
Storm Water Effluent Sampling Results
Drainage Basin 2
Screening Value (ug/L)
Catch Chronic
Basin/ Saltwater
Drainage  Manhole Sample Concentration Reference Screening  Potential
Basin 1D ID Parameter (ng/L) Concentration Value COPC

2 2-A EFF005 Aluminum 520 3,277 NL No
Antimony 6.00 5.93 NL Yes
Barium 7.60 60.31 NL No
Cadmium 0.52 1.29 9.30 No
Calcium* 20,000 53,455 NL No
Chromium 2.40 13.00 50 No
Copper 12 41.98 2.90 No
Iron 870 4,134 NL No
Lead 15 33.63 8.50 No
Magnesium* 6,300 49,255 NL No
Manganese 20 74.52 NL No
Nickel 1.80 5.14 8.30 No
Potassium* 2,500 23,678 NL No
Sodium* 51,000 395,333 NL No
Vanadium 8.50 15.59 NL No
Zinc 73 307.83 86 No
bis(2-Ethylhexyl)
phthalate 4.00 NL NL Yes
Pentachlorophenol 14 NL 7.90 Yes

Notes:

*

4.3.3 Pathway Evaluation

= Parameter is considered an essential nutrient; therefore, it will not be evaluated as a potential COPC.

Data collected during the investigative activities summarized above were used to evaluate the

storm water contaminant migration pathway scenarios described in Section 2.1.2 of the Zone J

RFI Storm Water Effluent Evaluation Report and to determine the applicability of each scenario

to Drainage Basin 2. Table 4.3.5 summarizes the migration pathway scenarios.
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Table 4.3.5
Storm Water Contaminant Migration Pathway Scenario Summary
Drainage Basin 2
Scenario Pathway Description Is Pathway Complete?
la waste=dcatch basin=pstorm water drainage pipeline=»Zone J No
1b waste in sheet flow=pcatch basin=pstorm water drainage No

pipeline=$Zone J

lc storm water drainage pipeline intercepting contaminated No
groundwater (infiltration)=pZone J

1d cross connect exists from the sanitary sewer system to the No
storm sewer system=pZone J

4.3.3.1 Scenario 1a

Scenario la evaluates the direct release of waste into a catch basin which subsequently travels
through the storm water drainage pipeline into Zone J water bodies. No releases impacting the
storm water sewer system within the boundaries of Drainage Basin 2 were discovered during
review of environmental incident reports that were maintained by the former CNSY
Environmental Office Code 106 between the time period from 1982 until base closure in 1996,
and Environmental Baseline Survey (EBS) reports prepared for property transfer. Therefore, this

pathway is considered incomplete.

4.3.3.2 Scenario 1b

Scenario 1b evaluates movement of contaminants via sheet flow to catch basins, transport of
those chemicals from catch basins to storm water drainage pipelines and release into Zone J
water bodies from drainage basin outfalls. The pathway evaluation shows that one of 10 catch

basins are near surface soil sample locations associated with existing SWMUs or AOCs.

Comparison of the analytical results from surface soil samples near these drainage features to
Zone A background concentrations and the ecological risk based screening criteria did identify
two sample locations which have the potential to provide an upland source of antimony in the
storm sewer system. Soil boring location 002SB009 had a detection of 18 mg/kg which
exceeded the background surface soil screening value of 12 mg/kg for antimony, as did soil

boring location 002SBO015 with a detection of 13.3 mg/kg; however, these locations are bounded
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by locations with non-detects for antimony prior to entry into the storm sewer system. There
were no potential upland sources identified for bis(2-Ethylhexyl)phthalate and

pentachlorophenol in the storm sewer system.

4.3.3.3 Scenario 1c¢

Scenario 1c evaluates storm water drainage pipeline intercepting contaminated groundwater
(infiltration) which discharges to Zone J water bodies. Potential COPCs were identified if
constituent concentrations exceeded Zone J screening criteria in the downgradient well(s) and
were identified on both sides of a storm water sewer line. When potential COPCs were
identified the maximum values were presented for the evaluation process. This is a conservative
approach that will identify potentially problematic areas for a more detailed assessment, which
includes reviewing groundwater flow patterns to see if localized groundwater depressions are
present, which could indicate an area where infiltration is occurring, long term trends in the data
sets, data from surrounding well points, etc. All rounds of groundwater data collected within
Drainage Basin 2 were reviewed. The preliminary evaluation did not identify any groundwater
contaminated with antimony intercepting the storm water drainage pipeline within Drainage
Basin 2; however, a detection 2 pg/L for bis(2-Ethylhexyl)phthalate was detected at 039006
which is an upgradient monitoring well. There are no groundwater screening values for this
compound. The compound was not detected in any down gradient monitoring wells; therefore,
an upland source linkage does not exist for bis(2-Ethylhexyl)phthalate. A detection of 2 pug/L for
pentachlorophenol was detected at 039011 which is located in the northwest corner pf Zone A.
The compound was not detected in any down gradient monitoring well, therefore an upland

source linkage does not exist.

4.3.3.4 Scenario 1d

Scenario 1d evaluates if cross connects exist between the sanitary and storm sewer systems,
thereby identifying a possible pathway for waste to enter Zone J water bodies. Information
obtained from the Davis and Floyd Study and the Zone L RFI Report (EnSafe, December 1998)

indicates that there are no cross-connects present in Drainage Basin 2.
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4.3.4 Summary of Potential COPCs
There are no potential COPCs for Drainage Basin 2 due to a lack of an upland terrestrial source

identification.
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44  Drainage Basin 3

Drainage Basin 3 encompasses approximately 16.43 acres within Zone A in the north section of
the CNC along the Cooper River. Land cover within the drainage basin consists of
approximately 50% unpaved surfaces (i.e., mostly grass), 30% paved surfaces and 20%
buildings. Most storm water runoff within the drainage basin is directed to a storm sewer

pipeline with 15 catch basins that discharges to the Cooper River via Outfall 3.

Figure 4-4 illustrates the area encompassing Drainage Basin 3 and associated RCRA sites, storm

water effluent locations and storm water drainage features.

4.4.1 Potential Source Areas

A review of the listing of sites in Appendix A of the Part B permit indicates that there are two
SWMUs/AOCs that are partly or completely within the boundary of Drainage Basin 3. The
sites, SWMU 2 (Lead Contamination Area) and SWMU 39 (POL Drum Storage), are listed in
Table 4.4.1, along with its current status. The boundary of SWMU 2 (Lead Contamination Area)
transcends the boundary of Drainage Basin 2 along the west side where it extends into Drainage
Basin 1-A, to the north into Drainage Basin 1, and also to the south where it crosses into
Drainage Basin 3. The majority of SWMU 39 resides in Drainage Basins 1 and 1-A; however,

one sample location is within the boundaries of Drainage Basin 3.

Table 4.4.1
Drainage Basin 3 SWMUs/AOCs
Charleston Naval Complex, Charleston, South Carolina

SWMU/AOC Site Name RCRA Permit Status
SWMU 2 Lead Contaminated Area RFI complete; IM complete; CMS complete; NFA
SWMU 39 POL Drum Storage RFI Complete, CMS ongoing

4.4.1.1 SWMU 2
Site Description and History

SWMU 2 consists of salvage bin No. 3 and the adjacent paved ground surface at the DRMO
facility. The area was used to store recovered lead from lead-acid submarine batteries from the

mid-1960s until 1984. Electrodes and associated internal metallic components were removed
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from the battery jars in the battery electrode treatment area at SWMU 5 in Zone E. Recovered
materials were then placed on a railcar and transferred to the DRMO area for storage and
eventual sale to a salvage contractor. The site had been designated for an RFI because of the
historical lead concentrations in surrounding media and extensive sampling has been conducted
at SWMU 2 from 1986 to 2002. Due to possible contaminant migration via surface water runoff
from Hurricane Hugo in 1989, the investigation area for SWMU 2 had been expanded to cover a

larger area, which also included SWMU 1.

Soil was sampled in 1986 from the DRMO site and in 1993 samples were collected to investigate
soil and groundwater near SWMU2 to determine if Hurricane Hugo impacted the lead
distribution onsite in 1989. Additionally, 11 sediment samples were collected from the Cooper
River and storm sewer system in the vicinity. The RFI, conducted between October 1995 and
January 1997, revealed elevated lead levels in the soil above clean levels established by CNC.
Based on RFI analytical results and the risk assessment, several COCs requiring further
evaluation through the CMS process were identified for surface soil and shallow groundwater.
An IM was performed in 1999 to remove lead-contaminated soils and concrete after the RFI was

complete.

Previous Investigations

A summary of investigative activities performed at SWMU 2 is presented in Table 4.4.2, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.
Detailed discussions and results for RFI activities prior to 2000 are presented in the Final Zone A

RFI Report.

Table 4.4.2
Summary of SWMU 2 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
Final October Soil samples were collected for screening
Contamination and 1986 purposes.

Exposure
Assessment for Round 1 Round 1
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Table 4.4.2

Summary of SWMU 2 Investigations

Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
lead Contamination Soil: Groundwater:
within the DRMO 45 surface borings (0 to 0.5 feet) No Groundwater Samples
(Environmental 10 subsurface borings (26 samples Collected.
Science and collected at various intervals)
Engineering) (S8S-1- SS8-35,Bt —BI10): Lead
1993 sampling 1993 After Hurricane Hugo impacted the lead
event distribution onsite in 1989, soil,
EnSafe/Allen & groundwater, and sediment samples were
Hoshall collected in 1993 to determine the impact
around SWMU 2.
Round 1 Round 1
Soil: Groundwater:
22 surface borings (0 to 1 foot) 6 shallow wells
20 subsurface borings (3 to 5 feet) (CNSY0201 — CNSY0206):
(S02SB001 — S02SB023): metals and metals and cyanide
cyanide (2 duplicates collected for same
(3 duplicates collected for same parameters)
parameters)
Sediment:
11 sediments collected; 4 of those were
collected from catch basins
(S02M0001 — S02M0004): metals and
cyanide
Final Zones A and 1995-1997  Site soil and groundwater investigation
B RFI (EnSafe)
Round 1 Round 1
Soil: Groundwater:
24 surface borings (0 to 1 foot) 6 shallow wells
20 subsurface borings (3 to 5 feet) (002001 — 002006): metals
(002SB001 — 0025SB015; 002SB019;
002SB023 — 002SB030): metals
(6 duplicates collected for herbicides,
hexavalent chromium, OP pesticides, and
metals)
Final Zones A and 1995-1997 Round 2 Round 2
B RFI (EnSafe) Soil: Groundwater:
16 surface borings (0 to 1 foot) 6 shallow wells
14 subsurface borings (3 to 5 feet) (002001 — 002006): metals
(002SB016 — 002SB018; 002SB020 —
002SB022; 002SB031 — 002SB041):
metals
(3 duplicates collected for same
parameters and/or herbicides, hexavalent
chromium, OP pesticides, and metals)
Final Zones A and 1995-1997 Round 3 Round 3
B RFI (EnSafe) Soil: Groundwater:

No Soil Samples Collected.
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Table 4.4.2
Summary of SWMU 2 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
(002001 — 002006): metals
Final Zones A and 1995-1997 Round 4 Round 4
B RFI (EnSafe) Soil: Groundwater:
No Soil Samples Collected. 5 shallow wells
(002001 — 002004; 002006):
metals, TDS, chloride, and
sulfate
CMS (EnSafe) 1998-1999  Soil and shallow groundwater
investigation
Round 1 Round 1
Seil: Groundwater:
34 surface borings (0 to 1 foot) Five shallow wells
(002SBCO1 — 002SBC04): Total Lead (002002, 002003, 002007, and
(002SBCO11A - 002SBC41A): 002008): chloride, metals, and
SPLP metals TDS
(002SBCO11B - 002SBC041B): (002004): chloride, metals,
TCLP metals pesticides, and TDS
M 1999 Soil investigation
Report states that 19 samples were
actually samples for TCLP Total Lead
CH2M-Jones 2002 Groundwater investigation
Round 1 Round 1
Seil: Groundwater:

No Soil Sample Collected.

1 shallow well

(002004): VOC

Nature and Extent of Contaminants

Approximately 175 sample locations associated with SWMU 2 were evaluated for the presence
of contaminants between 1986 and 2002. Of these 175, approximately 62 locations are within
the boundaries of Drainage Basin 3. Surface, subsurface, and groundwater samples were
collected and analyzed for various constituents in order to delineate the nature and extent of
potential contamination at the site. During the RFI, arsenic, beryllium, and lead in soil and lead
in groundwater were identified as chemicals of potential concern (COPCs). Detections of lead in
groundwater occurred in only one (002005) of six wells and were determined to be attributed to
high lead concentrations in the surrounding soil. Given that lead was not detected in any of the
other monitoring wells onsite, indicating contamination migration was not occurring,

groundwater was not considered an immediate concern at the site. Based on the analytical
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results and the human health risk assessment for the combined site, a CMS was recommended
for both soil and shallow groundwater at SWMU 2. Based on the analytes detected and the
overall surface flow in the area, it was also recommended that the CMS investigation include

SWMU 1.

44.1.2 SWMU 39
Site Description and History

SWMU 39 refers to a former POL drum storage area situated north of Building 1604, near the
northern boundary of CNC. Currently, the portion of the site adjacent to Building 1604 is paved,
while the portion that continues north to the property boundary is gravel-covered. Due to the
close proximity of the Hess Oil Inc. tank farm to the property boundary, the potential for
petroleum releases from offsite sources to impact CNC property was included in the scope of the

site investigation.

Previous Investigations

A summary of investigative activities performed at SWMU 39 is presented in Table 4.4.3, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.
Detailed discussions and results for RFI activities prior to 2000 are presented in the Final Zone A4

RFI Report.

Table 4.4.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations

RFI (EnSafe) 1995-1997  Site soil and groundwater
investigation
Round 1 Round 1
Soil: Groundwater:
15 surface borings (0 to 1 foot) 5 shallow wells
15 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs,
(039SB001 — 039SB015): VOCs, SVOCs, metals, pesticides/PCBs,
SVOCs, metals, pesticides/PCBs, and TPH
TPH (1duplicate collected for same
(2 duplicates collected for same parameters plus herbicides,
parameters plus herbicides, cyanide, cyanide, OP pesticides, chloride,

hexavalent chromium, OP pesticides, sulfate, dioxins, hexavalent
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Table 4.4.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
and dioxins) chromium, and TDS)
RFI (EnSafe) 1995-1997  Round 2 Round 2

Soil: Groundwater:

25 surface borings (0 to 1 foot) 5 shallow wells

25 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs

(039SB016 — 039SB018, 039SB020,

and 039SB025): TPH and

pesticides/PCBs

(039SB022 - 039SB024, and

039SB038): TPH and SVOCs

(039SB019, 039SB021, 039SB026 —

039SB037, and 039SB039 —

039SB040): TPH

(1 duplicate collected for same

parameters plus herbicides, cyanide,

hexavalent chromium, OP pesticides,

and dioxins)

RFI (EnSafe) 1995-1997  Round 3 Round 3

Soil: Groundwater:

3 surface borings (0 to 1 foot) 5 shallow wells

3 subsurface borings (3 to 5 feet) (039001 - 039005): VOCs,

(039SB041 — 039SB043): VOCs SVOCs, metals, and hexavalent
chromium
(1 duplicate collected for same
parameters plus cyanide and
dioxins)

RFI (EnSafe) 1995-1997  Round 4 Round 4

Soil: Groundwater:

No Soil Samples Collected. 5 shallow wells
(039001 - 039003,): VOCs,
SVOCs, metals, chloride, sulfate,
hexavalent chromium, and TDS
(039004 and 039005): VOCs,
SVOCs, metals, chloride, sulfate,
hexavalent chromium, dioxins, and
TDS
(1duplicate collected for same
parameters)

RFI (EnSafe) 1995-1997  Round 5 Round 5

Soil: Groundwater:

No Soil Samples Collected. 10 additional wells installed and
sampled (1996)-of which there
were 7 shallow wells:

7 shallow wells
(039006 - 039012): VOCs
RFI (EnSafe) 1995-1997  Round 6 Round 6
Soil: Groundwater:
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Table 4.4.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina
Activity Date Description/Samples/Locations
1 biased sample 7 additional wells installed and

(039SB10102): VOCS and SVOCs sampled (1996)-of which there
were no shallow wells installed.

RFI (EnSafe) 1995-1997  Round 7 Round 7
Soil: Groundwater:
No Soil Samples Collected. 12 shallow wells

(039001, 039002): VOCs, SVOCs,
metals, chloride, sulfate,
hexavalent chromium, dioxins, and
TDS

(039003): VOCs, SVOCs, metals,
chloride, sulfate and TDS
(039004): VOCs, SVOCs, metals,
chloride, sulfate, dioxins, and TDS
(039005): VOCs, SVOCs, metals,
chloride, sulfate, pesticides/PCBs,
cyanide, dioxins, and TPH
(039006 - 039012): VOCs,
SVOCs, metals, chloride, sulfate,
dioxins, and TDS

(2 duplicates collected for VOCs,
SVOCs, chloride, sulfate, metals,
dioxins, and TDS)

RFI (EnSafe) 1995-1997  Round 8 Round 8
Seil: Groundwater:
No Soil Samples Collected. 5 additional wells installed and

sampled (1997)- of which there
were 3 shallow wells.

3 shallow wells

(039013 - 039015): VOCs,
SVOCs, metals, pesticides/PCBs,
and cyanide

RFI (EnSafe) 1995-1997  Round 10 Round 10
Soil: Groundwater:
No Soil Samples Collected. 7 shallow wells

(039008 - 039010, 039012, and
039013): VOCs, SVOCs, metals,
chloride, sulfate, dioxins, TDS, and
TPH

(039014 and 039015): VOCs,
SVOCs, alkalinity, ammonia,
chloride, cyanide, ferrous iron,
nitrate, phosphorous, sulfate,
sulfide, BOD, metals, and
pesticides/PCBs

(1 duplicate collected for VOCs,
SVOCs, chloride, sulfate, dioxins,
metals, TDS, and TPH)
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Activity

Table 4.4.3

Summary of SWMU 39 Investigations

Charleston Naval Complex, Charleston, South Carolina

Date Description/Samples/Locations

RFI (EnSafe)

RFI (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

MNA (EnSafe)

1995-1997 Round 11
Soil:

No Soil Samples Collected.

1995-1997 Round 12
Soil:

No Soil Samples Collected.

1998-1999  Round 1
Soil:

No Soil Samples Collected.

1998-1999  Round 2
Soil:

No Soil Samples Collected.

1998-1999  Round 3
Soil:

No Soil Samples Collected.

1998-1999  Round 4
Soil:

No Soil Samples Collected.
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Round 11

Groundwater:

10 shallow wells

(039006 - 039015): VOCs and
SVOCs

(2 duplicates collected for same
parameters)

Round 12

Groundwater:

10 shallow wells

(039006 - 039015): VOCs,
SVOCs, and metals

(1 duplicate for same parameters)
Round 1

Groundwater:

15 shallow wells

(039001 - 039015): VOCs, TOC,
and sulfate

Round 2

Groundwater:

14 shallow wells

(039001 - 039014): VOCs, TKN,
TOC, nitrate, phosphorous, sulfate,
and sulfide

12 additional wells installed and
sampled (1998)- of which there
were 4 shallow wells

4 shallow wells

(039016 - 039019): VOCs, TKN,
TOC, nitrate, phosphorous, sulfate,
and sulfide

Round 3

Groundwater:

Confirmatory Sampling

5 shallow wells

(039009, 039016 - 039019): VOCs

6 additional wells installed and
sampled (1999)- of which there
were 2 shallow wells

2 shallow wells

(039020 and 039021): VOCs
Round 4

Groundwater:

19 shallow wells

(039001 - 039014, 039016, 039018
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Activity

Table 4.4.3
Summary of SWMU 39 Investigations
Charleston Naval Complex, Charleston, South Carolina

Date Description/Samples/Locations

CMS (EnSafe)

CMS (EnSafe)

CH2M-Jones

CH2M-Jones

CH2M-Jones

CH2M-Jones

CH2M-Jones

CH2M-Jones

No Soil Samples Collected

-039021): VOCs, TOC, alkalinity,
iron, sulfate, nitrate, and sulfide

1998-1999  Round 1 Round 1
Soil: Groundwater:
15 surface borings (0 to 1 foot) 19 shallow wells
(039SB047 — 039SB061): VOCs, (039001 - 039019): chloride,
SVOCs, and metals metals, and TDS
(1 duplicate collected for same (2 duplicates collected for same
parameters) parameters)
1998-1999  Round 2 Round 2
Soil: Groundwater:
No Soil Samples Collected. 1 multi-level well installed and
sampled (1999)
(039024 M): VOCs
2001-2002  Groundwater investigation
2001 Round 1 Round 1
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 - 039013): VOCs,
metals, general chemistry,
CH4/CO2
2001 Round 2 Round 2
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): metals,
general chemistry, CH4/CO2
2001 Round 3 Round 3
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): VOCs,
metals, general chemistry,
methane, and carbon dioxide
2001 Round 4 Round 4
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): VOCs, metals,
general chemistry, CH4/CO2
2002 Round 5 Round 5
Soil: Groundwater:
No Soil Samples Collected 2 shallow wells
(039012 — 039013): VOCs,
metals, general chemistry,
methane, and carbon dioxide
2002 Round 6 Round 6
Seil: Groundwater:

(039006 — 039007): VOCs
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Nature and Extent of Contaminants

Approximately 81 sample locations associated with SWMU 39 were evaluated for the presence
of contaminants between 1995 and 2002. Of these 81, approximately 7 sample locations are
within the boundaries of Drainage Basin 3. Surface, subsurface and groundwater samples were
collected and analyzed for various constituents in order to delineate the nature and extent of
potential contamination at the site. During the RFI BEQs, beryllium and Arochlor 1260 in soil;

and VOCs and inorganics in groundwater were identified as COPCs.

44.2 Storm Water Effluent Evaluation

Two storm water effluent samples were collected at catch basin 3-A and catch basin 3-B on
January 15 and February 7, 2002, respectively to determine if constituents are migrating from the
SWMUs/AOCs associated with Drainage Basin>3 into the Cooper River. Analytical detections
for samples EFF006 and CAPOO1 are presented in Table 4.4.4. CAP0O1 was a capped location

that collected storm water runoff from the surrounding area.

Table 4.4.4
Storm Water Effluent Sampling Results
Drainage Basin 3

Screening Value (ng/L)
Catch Chronic
Basin/ Saltwater
Drainage  Manhole Sample Concentration Reference Screening  Potential
Basin ID ID Parameter (ng/L) Concentration Value COPC
3 3-B EFF006 Aluminum 1,200 3,277 NL No
Barium 17 60.31 NL No
Cadmium 0.60 1.29 9.30 No
Calcium* 66,000 53,455 NL No
Chromium 4.70 13 50 No
Cobalt 1.40 2.00 NL No
Copper 34 41.98 290 No
Tron 2,100 4,134 NL No
Lead 80 33.63 8.50 Yes
Magnesium* 10,000 49,255 NL No
Manganese 41 74.52 NL No
Nickel 4.50 5.14 8.30 No
Potassium* 5,100 23,678 NL No
Sodium* 81,000 395,333 NL No
Vanadium 8.80 15.59 NL No
Zinc 51 307.83 86 No
Pentachloro- 14 NL 7.90 Yes
phenol
3-A CAPOO1 Aluminum 250 3,277 NL No
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Table 4.4.4
Storm Water Effluent Sampling Results
Drainage Basin 3
Screening Value (ng/L)
Catch Chronic
Basin/ Saltwater
Drainage  Manhole Sample Concentration Reference Screening  Potential
Basin ID 1D Parameter (ng/L) Concentration Value COPC
Arsenic 35 6.88 36 No
Barium 5.60- 60.31 NL No
Calcium* 19,000 53,455 NL No
Chromium 11 13 50 No
Iron 190 4,134 NL No
Lead 4.30 33.63 8.50 No
Magnesium* 560 49,255 NL No
Manganese 4.20 74.52 NL No
Nickel 3.10 5.14 8.30 No
Potassium™* 10,000 23,678 NL No
Sodium* 21,000 395,333 NL No
Thallium 5.20 5.77 21.30 No
Vanadium 21 15.59 NL Yes
Zinc 28 307.83 86 No
Mercury 0.22 NL 0.025 Yes
bis(2-
Ethylhexyl) 1.40 NL NL Yes
phthalate
Cyanide 5.40 16.33 1.00 No
Notes:
* = Parameter is considered an essential nutrient; therefore, it will not be evaluated as a potential COPC.

4.4.3 Pathway Evaluation

Data collected during the investigative activities summarized above were used to evaluate the
storm water contaminant migration pathway scenarios described in Section 2.1.2 of the Zone J
RFI Storm Water Effluent Evaluation Report to determine the applicability of each scenario to

Drainage Basin 3. Table 4.4.5 summarizes the migration pathway scenarios.

Table 4.4.5
Storm Water Contaminant Migration Pathway Scenario Summary
Drainage Basin 3

Scenario Pathway Description Is Pathway Complete?
la waste=pcatch basin=pstorm water drainage pipeline=$Zone J No
1b waste in sheet flow=pcatch basin=dstorm water drainage Yes
pipeline=$Zone J
le storm water drainage pipeline intercepting contaminated Yes
groundwater (infiltration)=#Zone J
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Table 4.4.5
Storm Water Contaminant Migration Pathway Scenario Summary
Drainage Basin 3
Scenario Pathway Description Is Pathway Complete?

1d cross connect exists from the sanitary sewer system to the No
storm sewer system=»Zone J

4.4.3.1 Scenario 1a

Scenario la evaluates the direct release of waste into a catch basin which subsequently travels
through the storm water drainage pipeline into Zone J water bodies. No releases impacting the
storm water sewer system within the boundaries of Drainage Basin 3 were discovered during
review of environmental incident reports that were maintained by the former CNSY
Environmental Office Code 106 between the time period from 1982 until base closure in 1996,
and EBS reports prepared for property transfer. Therefore, this pathway is considered

incomplete.

4.4.3.2 Scenario 1b

Scenario 1b evaluates movement of contaminants via sheet flow to catch basins, transport of
those chemicals from catch basins to storm water drainage pipelines and release into Zone J
water bodies from drainage basin outfalls. The pathway evaluation shows that within the
drainage basin, seven of 15 catch basins are located near sample locations associated with

existing SWMUs or AOCs.

Comparison of the analytical results from surface soil samples near these drainage features to
Zone A background concentrations and the ecological risk-based screening criteria identified
multiple locations exist (Figure 4-4A), which have the potential to provide an upland source
consistent with the COPCs identified in Table 4.4.4. A summary of this evaluation is provided
in Table 4.4.6.
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Table 4.4.6
Drainage Basin 3
Scenario 1b Catch Basin Evaluation
Charleston Naval Complex, Charleston, South Carolina
Distance (ft)
Catch Surface Soil Concentration Screening to
Basin Sample ID COPCs (mg/kg) Level (mg/kg) Catch Basin

3-B 002SB020 Mercury 1.90 0.20 (BKG) 105.7
Lead 3,870 72 (BKG) 105.7
3-C 002SB021 Mercury 2.60 0.20 (BKG) 108.5
Lead 584 72 (BKG) 108.5

002SB022 Mercury 1.30 0.20 (BKG) 94.8

Lead 162 72 (BKG) 94.8

S02SBO11 Mercury 15 0.20 (BKG) 49.5

Lead 1,600 72 (BKG) 49.5

S02SB021 Mercury 0.41 0.20 (BKG) 121.8

Lead : 480 72 (BKG) 121.8

3-D 002SB023 Mercury 0.60 0.20 (BKG) 59.0
Lead 427 72 (BKG) 59.0

002SB039 Lead 326 72 (BKQG) 102.7

S02SBO012 Lead 160 72 (BKG) 40.2

S02SB021 Lead 480 72 (BKG) 99.8

S02SB021 Lead 480 72 (BKG) 99.8

Mercury 0.41 0.20 (BKG) 99.8

3-E 002SB028 Lead 1,500 72 (BKG) 73.8
Vanadium 114 32 (BKG) 73.8
3-F *002SB029 Lead 1,050 72 (BKG) 124.9
Vanadium 50.8 32 (BKG) 124.9

3-M *002SB034 Lead 190 72 (BKQG) 36.1

Notes:
BKG Background Concentration

*
[/l

Samples are located under pavement. Associated contaminants are not likely be transported to storm water

via this scenario.

Evaluation of surface soil data to determine possible upland terrestrial source identification with
EFF006 and CAP001 COPCs revealed that lead, mercury, and vanadium were detected in
surface soil above screening criteria at locations within 30 to 125 feet of several catch basins
These locations are not bounded by non-detects. Therefore, the pathway is complete for the
above three COPCs. There were no potential upland sources identified for bis(2-
Ethylhexyl)phthalate and pentachlorophenol. Additional characterization will be required to

reduce the uncertainty of these locations as potential sources due to the distances involved with
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the surface soil locations presented in the above table. The COPCs identified will be further
evaluated during the COPC Refinement process for the Cooper River SLERA.

4.4.3.3 Scenario 1c

Scenario lc¢ evaluates storm water drainage pipeline intercepting contaminated groundwater
(infiltration) which discharges to Zone J water bodies. Potential COPCs were identified if
constituent concentrations exceeded Zone J screening criteria in the downgradient well(s) and
were identified on both sides of a storm water sewer line. When potential COPCs were
identified the maximum values were presented for the evaluation process. This is a conservative
approach that will identify potentially problematic areas for a more detailed assessment, which
includes reviewing groundwater flow patterns to see if localized groundwater depressions are
present, which could indicate an area where infiltration is occurring, long term trends in the data
sets, data from surrounding well points, etc. All rounds of groundwater data collected within
Drainage Basin 3 were reviewed. There is a groundwater divide across Drainage Basin 3
extending from the southwest to northeast corners of the drainage basin. This divide causes
groundwater on the western side of Drainage Basin 3 to flow to the northwest. Therefore the
northern arm of the storm water drain line leading to Outfall 3 passes through the groundwater
flow path between wells 039007 and 039013. Mercury was the only potential COPC that had
concentrations exceeding the shallow groundwater background screening criteria. Table 4.4.7
summarizes the mercury detections in groundwater in wells 039007 and 039011. Figure 4-4B

illustrates the groundwater locations.

Table 4.4.7
Drainage Basin 3
Scenario 1¢ Evaluation
Charleston Naval Complex, Charleston, South Carolina

Drainage COPCs Consistent with Concentration Screening Value  Distance to Storm Water
Basin Well ID EFF006 (ug/L) (ng/L) Line
3 039007 Mercury 0.30 0.025 (BKG) 12 ft. upgradient
039013 Mercury 0.17 0.025 (BKG) 21 ft down gradient
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4.4.3.4 Scenario 1d

Scenario 1d evaluates if cross connects exist between the sanitary and storm sewer systems,
thereby identifying a possible pathway for waste to enter Zone J water bodies. Information
obtained from the Davis and Floyd Study and the Zone L RFI Report indicates that there are no

cross-connects present in Drainage Basin 3.

4.4.4 Summary of Potential COPCs
Table 4.4.8 summarizes the potential COPCs that have been included for further characterization

during the COPC Refinement process for the Cooper River.

Table 4.4.8
Summary of Potential COPCs
Drainage Basin 3

Potential COPC Pathway of Concern
Lead Scenario 1b
T Scenari.o 1b
Scenario ¢
Vanadium Scenario 1b
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4.5 Drainage Basin 18

Drainage Basin 18 encompasses approximately 8.44 acres within Zone B in the north section of
the CNC on the Cooper River. Land cover within the drainage basin consists of approximately
88% unpaved surfaces (i.e., mostly grass), 10% paved surfaces and 2% buildings. Most storm
water runoff within the drainage basin is directed to one of eleven catch basins connected to
storm sewer pipelines that discharge to the Cooper River via Outfall 18. Some sheet flow from

the western portion of the drainage basin flows directly into the Cooper River.

Figure 4-5 illustrates the area encompassing Drainage Basin 18 and associated RCRA sites,

storm water effluent locations and storm water drainage features.

4.5.1 Potential Source Areas

A review of the listing of sites in Appendix A of the Part B permit indicates that there is one
AOC that is primarily within the boundary of Drainage Basin 18. The site is listed in Table
4.5.1, along with its current status. An investigation of AOC 507 was conducted that determined
no further remedial action was warranted. Though AOC 507 current status is NFA, a storm
water effluent sample was collected for comparison to reference location values presented in the

Zone J RFI Storm Water Effluent Evaluation Report.

Table 4.5.1
Drainage Basin 18 SWMUs/AOCs
Charleston Naval Complex, Charleston, South Carolina

SWMU/AOC Site Name RCRA Permit Status
AOC 507 Oil Storehouse NFA

4.5.1.1 AOC 507
Site Description and History

AOC 507 is former Building 1010; an oil storehouse built on the former CNC golf course and
was demolished more than 80 years ago. Due to the period of operation, it is unlikely that
containment and spill cleanup procedures were in place. A review of historical maps and
drawings indicated that the structure was at the end of a cul-de-sac. Another small structure of

unknown construction date is currently in the vicinity. Because this information was discovered
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after the June 1995 RFA Report, the AOC 507 investigation area was relocated to the actual
location of Building 1010. The relocation of the AOC investigation area was also included in the

Final Zone B RFI Report (EnSafe/Allen&Hoshall, November 1996).

Materials of concern, identified in the Final Zone B RFI Report, at AOC 507 included POLs.
Because AOC 507 is in the former residential and golf course portion of Zone B, current and
future land users were identified as potential receptors that might be exposed to site
contaminants. There was also a concern that since the Cooper River is approximately 300 feet

from the site there was a potential for exposure to biological receptors.

To fulfill CSI objectives, soil was sampled in accordance with the Final Zones A and B RFI
Work Plan, (EnSafe/Allen & Hoshall, September 1995) to confirm whether any contamination

resulted from onsite activities at AOC 507.

Previous Investigations

A summary of investigative activities performed at AOC 507 is presented in Table 4.5.2, which
contains the date of the activities, number of soil and shallow groundwater samples collected,
sample locations and analytical methods performed during each phase of the investigation.

Detailed discussions and results are presented in the Final Zone B RFI Report.

Table 4.5.2
Summary of AOC 507 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
RFI (EnSafe) 1995-1996  Site soil investigation
Round 1 Round 1
Soil: Groundwater:
5 surface borings (0 to | foot) No Groundwater Samples
5 subsurface borings (3 to 5 feet) Collected.

(507SB001 - 507SB005): VOCs,
SVOCs, metals

(1 duplicate collected for same
parameters plus herbicides, cyanide,
hexavalent chromium, OP pesticides,
and dioxins)
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Table 4.5.2
Summary of AOC 507 Investigations
Charleston Naval Complex, Charleston, South Carolina
Activity Date Description/Samples/Locations
RFI (EnSafe) 1995-1996  Round 2 Round 2
Soil: Groundwater:
5 surface borings (0 to 1 foot) No Groundwater Samples
(507SB006-507SB010): Collected.
SVOCs
RFI (EnSafe) 1995-1996  Round 3 Round 3
Soil: Groundwater:
3 surface borings (0 to 1 foot) No Groundwater Samples
(507SB011-507SB013): Collected.
SVOCs

Nature and Extent of Contaminants

Approximately 13 sample locations associated with AOC 507 were evaluated for the presence of
contaminants in October 1995, March 1996, and June 1996. All sample locations are within the
boundaries of Drainage Basin 18. Surface and subsurface samples were collected and analyzed
for various constituents in order to delineate the nature and extent of potential contamination at

the site attributable to possible spills occurring in the area.

The Zone B RFI was conducted to determine if AOC 507 posed unacceptable risk to human
health or the environment (ecological concerns) and if it will require additional evaluation under
the CMS. Based upon the degree of contamination, the limited habitat within Zone B, and the
limited migration pathways to ecological habitats of concern, human and ecological risks related

to Zone B were considered to be minimal.

4.5.2 Storm Water Effluent Evaluation

A storm water effluent sample was collected at catch basin 18-A on March 2, 2002 to determine
if constituents are migrating from the SWMUs/AOCs associated with Drainage Basin 18 into the
Cooper River. Analytical detections for sample EFF013 are presented in Table 4.5.3.

452



Zone J RFI Storm Water Effluent Evaluation Report Addendum
Charleston Naval Complex, Charleston, SC

Revision 0
December 2002
Table 4.5.3
Storm Water Effluent Sampling Results
Drainage Basin 18
Screening Value (pg/L)
Catch Chronic
Basin/ Saltwater
Drainage  Manhole Sample Concentration Reference Screening Potential
Basin ID ID Parameter (ng/L) Concentration Value COPC

18 18-A EFF013  Aluminum 1,200 3,277 NL No
Arsenic 3.90 6.88 36 No
Barium 9.90 60.31 NL No
Calcium* 66,000 53,455 NL No
Chromium 2.20 13 50 No
Copper 8.70 41.98 2.90 No
Iron 1,500 4,134 NL No
Lead 4.70 33.63 8.50 No
Magnesium* 93,000 49,255 NL No
Manganese 39 74.52 NL No
Nickel 2.10 5.14 8.30 No
Potassium* 41,000 23,678 NL No
Sodium* 800,000 395,333 NL No
Vanadium 5.30 15.59 NL No
Zinc 44 307.83 NL No
Mercury 0.12 NL 0.025 Yes
SMrethgplisagt 4.30 NL NL Yes
(0-Cresol)

Notes:
i = Parameter is considered an essential nutrient; therefore, it will not be evaluated as a potential COPC.

4.5.3 Pathway Evaluation

Data collected during the investigative activities summarized above were used to evaluate the

contaminant migration pathway scenarios described in Section 2.1.2 of the Zone J RFI Storm

Water Effluent Evaluation Report and to determine the applicability of each scenario to Drainage

Basin 18. Table 4.5.4 summarizes the migration pathway scenarios.
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Table 4.5.4
Storm Water Contaminant Migration Pathway Scenario Summary
Drainage Basin 18
Scenario Pathway Description Is Pathway Complete?
la waste=pcatch basin=#storm water drainage pipeline=»Zone J No
b waste in sheet flow=dcatch basin=pstorm water drainage No

pipeline=»Zone J

le storm water drainage pipeline intercepting contaminated No
groundwater (infiltration)=$Zone J

1d cross connect exists from the sanitary sewer system to the No
storm sewer system=pZone J

4.5.3.1 Scenario 1a

Scenario la evaluates the direct release of waste into a catch basin which subsequently travels
through the storm water drainage pipeline into Zone J water bodies. No releases impacting the
storm water sewer system within the boundaries of Drainage Basin 18 were discovered during
review of environmental incident reports that were maintained by the former CNSY
Environmental Office Code 106 between the time period from 1982 until base closure in 1996,
and EBS reports prepared for property transfer. Therefore, this pathway is considered

incomplete.

4.5.3.2 Scenario 1b

Scenario 1b evaluates movement of contaminants via sheet flow to catch basins, transport of
those chemicals from catch basins to storm water drainage pipelines and release into Zone J
water bodies from drainage basin outfalls. The pathway evaluation shows that one of 11 catch

basins are near surface soil sample locations associated with existing SWMUs or AOCs.

Comparison of the analytical results from surface soil samples near these drainage features to
Zone B background concentrations and the ecological risk based screening criteria did not
identify existing areas which have the potential to provide an upland source of mercury or 2-

methylphenol (0-Cresol) in the storm sewer system.
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4.5.3.3 Scenario 1¢

Scenario lc¢ evaluates storm water drainage pipeline intercepting contaminated groundwater
(infiltration) which discharges to Zone J water bodies. Potential COPCs were identified if
constituent concentrations exceeded Zone J screening criteria in the downgradient well(s) and
were identified on both sides of a storm water sewer line. When potential COPCs were
identified the maximum values were presented for the evaluation process. This is a conservative
approach that will identify potentially problematic areas for a more detailed assessment, which
includes reviewing groundwater flow patterns to see if localized groundwater depressions are
present, which could indicate an area where infiltration is occurring, long term trends in the data
sets, data from surrounding well points, etc. There was no groundwater data collected within

Drainage Basin 18 associated with AOC 507.

4.5.3.4 Scenario 1d

Scenario 1d evaluates if cross connects exist between the sanitary and storm sewer systems,
thereby identifying a possible pathway for waste to enter Zone J water bodies. Information
obtained from the Davis and Floyd Study and the Zone L RFI Report indicates that there are no

cross-connects present in Drainage Basin 18.
4.5.4 Summary of Potential COPCs

There are no potential COPCs for Drainage Basin 18 due to a lack of an upland terrestrial source

identification.
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4.6 Drainage Basin 20

Drainage Basin 20 encompasses approximately 76 acres within Zones B, C, and E in the north
section of the CNC. Land cover within the drainage basin consists of approximately 55%
unpaved surfaces, 20% paved surfaces, and 25% buildings. Storm water runoff within the
drainage basin is directed to approximately 185 catch basins that discharge to the Cooper River

via Outfall 20.

Figure 4-6 illustrates the area encompassing Drainage Basin 20 and associated RCRA sites,

storm water effluent locations and storm water drainage features.

4.6.1 Potential Source Areas

A review of the listing of sites in Appendix A of the Part B permit indicates that there are twelve
SWMUs/AOCs that are partly or completely within the boundary of Drainage Basin 20. Each
site is listed in Table 4.6.1, along with its current status. Five sites (SWMU 53, AOC 513, AOC
515, AOC 519 and AOC 525) had been designated as no further action sites prior to Zone J data
collection and were not included in the Zone J data evaluation. The remaining seven sites include
SWMU 47 (Burning Dump), AOC 508 (Former Incinerator), AOC 511 (Oil House), AOC 516
(Building 233 Wash Area), AOC 517 (Indoor Firing Range), AOC 518 (Coal Storage Bins), and
AOC 526 (Building 212 Paint Area). Note that due to their proximity to each other, AOC 516
and SWMU 47 are assessed together; and AOC 508 and AOC 511 are assessed together.

Table 4.6.1
Drainage Basin 20 SWMUs/AOCs
Charleston Naval Complex, Charleston, South Carolina

SWMU/AOC Site Name RCRA Permit Status
SWMU 47 Burning Dump RFI Complete; CMS Work Plan; NFA
SWMU 53 Building 212 SAA Draft RF1 Report
AOC 508 Former Incinerator Draft RFI Report; CMS Report; NFA
AOC 511 Oil House Draft RFI Report; CMS Report; NFA
AOC 513 Former Morgue RFI Complete, NFA
AOC 515 Former Incinerator & Paint Shop Draft RFI Report
AOC 516 Building 233 Wash Area RFI Complete; IM Completion Report; NFA
AOC 517 Indoor Firing Range Draft RFI Report; CMS Work Plan
AOCS518 Coal Storage Bins RFI Complete; CMS Work Completion Report; NFA
AOC 519 Former Boilerhouse RFI Complete, NFA
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Table 4.6.1
Drainage Basin 20 SWMUs/AOCs
Charleston Naval Complex, Charleston, South Carolina

SWMU/AOC Site Name RCRA Permit Status
AOC 525 Paint Shop, Building 223 Draft RFI Report ; RFI Report Addendum
AOC 526 Building 212 Paint Area Draft RFI Report

4.6.1.1 SWMU 47/A0C 516
Site Description and History

SWMU 47 was a burning dump in the late 1920s where various types of wastes (including
medical waste) were reportedly burned. Petroleum releases have also been reported onsite.
SWMU 47 includes Buildings NSC-64, NSC-66, and NSC-67 and the surrounding asphalt and
grassed areas as well as the property north of Tumbull Avenue where former Building NH-1137
was located (prior to demolition) and its associated parking lot and grassed areas. The RFI
focused on site environmental medial potentially impacted by products of incomplete

combustion and residual petroleum hydrocarbons.

AOC 516 is immediately west of SWMU 47 and includes Building 233. This area was used for
spray washing vehicles and equipment from 1972 until the 1980s. Prior to the base closure in the
spring of 1996, AOC 516 was used for recharging lead-acid batteries. Chemicals of potential

concern included lead and other inorganics, solvents, acids, and petroleum hydrocarbons.

Previous Investigations

A summary of investigative activities performed at SWMU 47/A0C 516 is presented in Table
4.6.2, which contains the date of activities, number of soil and shallow groundwater samples
collected, sample locations, and analytical methods performed during each phase of the
investigation. Detailed discussions and results are presented in the Zone C RFI Report (EnSafe,

1997).

Table 4.6.2
Summary of SWMU 47/AO0C 516 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
RFI (EnSafe) 1995-1996  Site soil and groundwater
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Table 4.6.2

Summary of SWMU 47/A0C 516 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
investigation
Round 1 Round 1
Seil: Groundwater:
16 surface borings (0 to 1 foot) 14 shallow wells
13 subsurface borings (3 to 5 feet) (047001 — 013 and 015): VOCs,
(047SB001 - 013, and 015; SVOCs, metals, pesticides/PCBs,
516SB001 — 002): VOCs, SVOCs, TPH, and cyanide
metals, pesticides/PCBs, TPH, (2 duplicates collected for same
cyanide parameters plus herbicides, OP
(2 duplicates collected for same pesticides, dioxins and hexavalent
parameters plus herbicides, chromium)
hexavalent chromium, OP pesticides,
and dioxins)
RFI (EnSafe) 1995-1996  Round 2 Round 2
Soil: Groundwater:
8 surface borings (0 to 1 foot) 14 shallow wells
(047SB016 — 023): SVOCs (047001 — 013 and 015): VOCs,
(2 duplicates collected for same SVOCs, metals, pesticides/PCBs,
parameter) TPH, and cyanide
(1 duplicate collected for same
parameters)
RFI (EnSafe) 1995-1996  Round 3 Round 3
Soil: Groundwater:
No Soil Samples Collected. 14 shallow wells
(047001 — 013 and 015): VOCs,
SVOCs, metals, pesticides/PCBs,
TPH, and cyanide
(1 duplicate collected for same
parameters)
RFI (EnSafe) 1995-1996  Round 4 Round 4
Soil: Groundwater:
No Soil Samples Collected. 14 shallow wells
(047001 — 013 and 015): VOCs,
SVOCs, metals, pesticides/PCBs,
TPH, and cyanide
(1 duplicate collected for same
parameters)
CMS (EnSafe) 1999 Round 1 Round 1
Soil: Groundwater:
9 surface borings (0 to 1 foot) 2 shallow wells
9 subsurface borings (3 to 5 feet) (047001 & 047011): Total
(516SBCO1 — 516SBC04): Lead and  Suspended Solids (TSS) and metals
arsenic (filtered and unfiltered)
(516SBCO0S — 516SBC09): Dioxins
CMS (EnSafe) 1999 Round 2 Round 2
Soil: Groundwater:

No Soil Samples Collected.

1 shallow well (047011): metals
(filtered and unfiltered}
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Nature and Extent of Contaminants

Approximately 47 sample locations associated with SWMU 47/A0C 516 were evaluated for the
presence of contaminants between 1995 and 1999. Of these 47, approximately 45 sample
locations are within the boundaries of Drainage Basin 20. Of particular interest were detections
of arsenic and BEQs in surface soil; and arsenic in groundwater. Subsequent evaluations as part
of the CMS determined that neither BEQs nor arsenic were present in soil at levels to warrant
remedial action; however, a localized area of lead contamination in soil was identified during the
investigation. Soil excavation and removal to eliminate lead concentrations exceeding the
residential risk threshold (400 mg/kg) was recommended for the area. It was also recommended
that prior to remedial goal development pertaining to groundwater, subsequent sampling should

be performed to confirm the presence of arsenic in this media.

4.6.1.2 AOC 508/A0C 511
Site Description and History

AOC 508 refers to the former site of an incinerator operated at the CNC from 1922 to 1929.
Specifications and operating practices associated with the incinerator are unknown. Currently,
the site is a grass-covered area approximately 75-feet x 75-feet in size, located along Avenue H,

north of Building 762.

AOQC 511 refers to the former site of an oil storehouse, which was in operation from 1922 to late
1954. Specifications and operating practices associated with the storehouse are unknown.

Currently, this site is a small, grass-covered area located between AOC 508 and Building 762.

In May 1998, the DET removed an underground storage tank at this combined site. The 1,000-
gallon tank had been used to store heating fuel oil over an approximately 20 year period. Upon
completion of removal activities, the Navy Environmental Detachment (DET) issued a
completion report indicating that the removal action had successfully mitigated benzene, toluene,
ethyl-benzene, xylene (BTEX) and PAH concentration concerns and that no further remedial

actions were warranted at the site.
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Previous Investigations

A summary of investigative activities performed at AOC 508/AOC 511 is presented in Table
4.6.3, which contains the date of the activities, number of soil and shallow groundwater samples
collected, sample locations and analytical methods performed during each phase of the

investigation. Detailed discussions and results are presented in the Final Zone C RFI Report.

Table 4.6.3
Summary of AOC S08/A0C 511 Investigations
Charleston Naval Complex, Charleston, South Carolina

Activity Date Description/Samples/Locations
RFI (EnSafe) 1995-1997 Round 1 Round 1
Soil: Groundwater:
12 surface borings (0 to 1 foot) No Groundwater Samples
6 subsurface borings (3 to 5 feet) Collected.

(508SB001 — 508SB006, 511SB001 -
511SB006): VOCs, SVOCs, metals,
cyanide, pesticides/PCBs, and TPH
(2 duplicates collected for same
parameters plus herbicides, dioxins,
hexavalent chromium, and OP

pesticides
RFI (EnSafe) 1995-1997  Round 2 Round 2
Seil: Groundwater:
7 surface borings (0 to 1 foot) No Groundwater Samples

(508SB007 — 508SB009, 511SB007 — Collected.
511SB010): SVOCs, metals, and

pesticides/PCBs
RFI (EnSafe) 1995-1997 Round 3 Round 3
Seil: Groundwater:
No Soil Samples Collected. Two shallow wells
(508003): Pesticides/PCBs
(511002): VOCs, SVOCs, and
pesticides/PCBs
IM (DET) 1998 Removal of 1,000-gallon fuel oil tank  No data available for review.
and surrounding soil due to presence
of BTEX and PAHs. According to
the completion report, contamination
was successfully removed.
CMS (EnSafe) 1999 Round 1 Round 1
Seil: Groundwater:
4 surface borings (0 to 1 foot) No Groundwater Samples
4 subsurface borings (3 to 5 feet) Collected.

(508SBCO01 — 508SBC04): Dieldrin
(1 duplicate collected for same
parameters)
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Nature and Extent of Contaminants

Approximately 25 sample locations associated with AOC 508/AOC 511 were evaluated for the
presence of contaminants between 1995 and 1999. Of these 25, approximately 18 sample
locations are within the boundaries of Drainage Basin 20. Surface, subsurface and groundwater
samples were collected and analyzed for various constituents in order to delineate the nature and
extent of potential contamination. Of particular interest were detections of BEQs, chlordane,
dieldrin, and DDT in surface soil. Subsequent evaluations as part of the CMS indicated that the
interim measure removal action had been successful in mitigating risk associated with the site.
Based on data generated during the CMS, no further action was recommended for AOC

508/A0C 511.

4.6.1.3 AOC 517
Site Description and History

AOC 517 is the former Indoor Firing Range, Building M-192, which operated from 1959 until

1974. Waste generated at this site consisted of spent lead slugs from the pistol range.

Previous Investigations

A summary of investigative activities performed at AOC 517 is presented in Table 4.6.4, which
contains the date of the activities, number of soil and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>