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1.0 INTRODUCTION 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 1 - Introduction 
Revision: 0 

The environmental investigation and remediation at Naval Base Charleston (NA VBASE) are 2 

required by the Hazardous and Solid Waste Amendments (HSW A) portion of the Resource 3 

Conservation and Recovery Act (RCRA) Part B permit (permit number: SCO 170 022 560) 4 

(South Carolina Department of Health and Environmental Control [SCDHEC], May 4, 1990). s 

These conditions are consistent with the RCRA Corrective Action Program, whose objectives are 6 

to evaluate the nature and extent of any hazardous waste or constituent releases, and to identify, 1 

develop, and implement appropriate corrective measures to protect human health and the s 

environment. The Fuel Distribution System (FDS) at NA VBASE encompasses the entire pipeline 9 

distribution system and many petroleum-related sites in Zones F and G, and traverses areas on 10 

Zones E, F, and G. The FDS was originally included in the RCRA Facility Investigation (RPI) 11 

for Zone G. However, because the initial sampling results indicated that contamination is 12 

• primarily petroleum-related, most of the FDS was transferred to the SCDHEC Underground 13 

Storage Tank (UST) program. The decision to transfer the FDS was agreed on by representatives 14 

from the U.S. Navy Southern Division Naval Facilities Engineering Command 1s 

(SOUTHNAVFACENGCOM), U.S. Environmental Protection Agency (USEPA) and SCDHEC. 16 

This FDS Contamination Assessment Report (CAR), prepared by EnSafe Inc. (EnSafe), addresses 11 

the field investigation and contamination assessment results of the FDS at NA VBASE. 1s 

• 

1.1 NA VBASE Description and Background 19 

Location 20 

NA VBASE is in the city of North Charleston, on the banks of the Cooper River in Charleston 21 

County, South Carolina (Figure 1-1). This installation consists of two major areas: an 22 

undeveloped dredged materials area on the east bank of the Cooper River on Daniel Island in 23 

Berkeley County, and a developed area on the west bank of the Cooper River. 24 
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The developed portion of the base is on a peninsula bounded on the west by the Ashley River and 

on the east by the Cooper River. Major commands that once occupied areas of the base include 2 

Charleston Naval Shipyard, Fleet Ballistic Missile Submarine Training Center, Fleet and Industrial 3 

Supply Center (FISC), Fleet and Mine Warfare Training Center, Naval Regional Medical Center 4 

Charleston, and Naval Station Charleston. NA VBASE also included the degaussing station in s 

downtown Charleston, the Shipboard Electronics System Evaluation Facility (SESE) on Sullivan's 6 

Island, and the Naval Station Annex next to the Charleston Air Force Base. 1 

The areas surrounding NA VBASE are mature urban, having long been developed for commercial, s 

industrial, and residential land usage. Commercial areas are primarily west of NA VBASE; 9 

industrial areas lie primarily north of NA VBASE and along the west bank of Shipyard Creek. 10 

• The area west of Shipyard Creek is primarily industrial and has been for many years. Railways 11 

have served the area since the early 1900s. The presence of railways, when combined with nearby 12 

waterways, has made the area ideal for industry. While ownership has changed over time, the 13 

land adjacent to NA VBASE remains dedicated to chemical, fertilizer, oil refining, metallurgy, and 14 

• 

lumber operations. 15 

In contrast, the east bank of the Cooper River is undeveloped and contains extensive wetlands, 16 

particularly along Clouter Creek and Thomas Island. Active dredge material disposal areas are 11 

located on Navy property between the Cooper River and Clouter Creek. 18 

llistory 19 

In 1901, the U.S. Navy acquired 2,250 acres near Charleston to build a naval shipyard, and the 20 

first naval officer was assigned duty in early 1902. A work force was organized, the Navy yard 21 

surveyed, and construction of buildings and a dry dock began. The dry dock was finished in 1909, 22 

along with several other brick buildings and the main power plant. With a work force of 23 

1.3 



• 
Fuel Distribution System Contamina.tion Assessment Report 

NA VBASE Charleston 
Section 1 - Introduction 

Revision: 0 

approximately 300 civilians, the first ship was placed in drydock and work began on fleet vessels 

in 1910. World War I brought about an expansion of the yard, land area, and work force, but 2 

employment levels dropped after the war. Work increased again at the yard beginning in 1933 3 

when a larger workload, principally in construction of several Coast Guard tugs, a Coast Guard 4 

cutter, and a Navy gunboat, created the need for more facilities and a much larger work force. s 

Civilian employment peaked in 1943 with almost 26,000 employees divided among three daily 6 

shifts. In 1956, construction began on new piers, barracks, and buildings for mine warfare ships 1 

and personnel. Later in the decade, Charleston became a major home port for combat ships and s 

submarines of the U.S. Atlantic Fleet. 9 

Base Closure 10 

• In 1993, NA VBASE Charleston was added to the list of bases scheduled for closure under the 11 

Base Realignment and Closure Act (BRAC), which regulates the base closures and transition of 12 

property to the community. Since the April 1, 1993 closure, operations have been curtailed and 13 

environmental cleanup has begun to make the property available for redevelopment. 14 

• 

1.2 Investigative Zone Delineation 15 

Due to the size of the base and the level of detail required for investigations, NA VBASE has been 16 

divided into 12 investigative zones, identified as Zones A throughL (Figure 1-2). The Restoration 11 

Advisory Board (RAB) and the Building Economic Solutions Together (BEST) committees ranked 1s 

the investigation and cleanup priority of the zones. In 1994, BEST was replaced by the Charleston 19 

Naval Complex Redevelopment Authority (RDA), which has authority to establish leases for the 20 

transferred property. The FDS includes all pipelines, tanks and structures used to store and 21 

distribute fuel from the FISC fuel system within NA VBASE. This includes tanks, pumping 22 

systems, and abandoned pipelines. Portions of the FDS are located in Zones E, F, and G. 23 
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Objective 2 

The objective of this CAR is to present the site background and history, investigative 3 

methodology, and contamination assessment results of the field investigation in order to prepare 4 

a Corrective Action Plan (CAP) for petroleum contamination related to the FDS. s 

Field Investigation Scope 6 

Ten Solid Waste Management Units (SWMUs) or Areas of Concern (AOCs) associated with the 1 

FDS were identified through the RCRA Facility Assessment (RFA) process, as discussed in the s 

Final RCRA Facility Assessment for Naval Base Charleston (EnSafe/ Allen and Hoshall [E/ A&H], 9 

June 6, 1995). Identification of potential SWMUs and AOCs was based on the best information 10 

available at that time and is subject to change should more information become available. 11 

• Originally intended to be included in the Draft Zone G RF! Report (EnSafe, February 1998), the 12 

FDS was separated from the RFI process for evaluation under the South Carolina petroleum 13 

program. This CAR presents the results of this evaluation. Newly identified AOC 709 (Area 16) 14 

a portion of AOC 613 (Area 17) and SWMU 24, which were originally associated with the FDS, 15 

were retained in the RFI due to RCRA constituents detected during the FDS. The remaining nine 16 

SWMUs and AOCs associated with the FDS are described in Table 1.1. Figure 1-3 identifies the 17 

layout of the FDS. The Final Zones D, F and G RFI Work Plan (El A&H, June 13, 1996) outlined 18 

an investigative strategy for the FDS. Included in this report is a discussion of the analytical 19 

results from the FDS field investigation. Two additional areas were identified subsequent to the 20 

RFI. Area 19 was identified adjacent to the south of Building 98 during closure activities of UST 21 

148, which is part of AOC 623. Area 20, located at the northeast corner of AOC 626 was 22 

identified during cleaning and closure of the FDS pipelines. 23 
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Number 

AOe623 
Concrete Tank, Building 98 

AOC625 
Sludge Pumphouse, Building 
3901B 

AOe627 
Oil Spill Area at Hobson 
Avenue and Viaduct Road 

AOC 631 
Fueling Pier Kilo (K) 

Notes: 

Fuel Distribution System Contamination Assessment Report 
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Table I.I 
AOC Descriptions 

Fuel Distribution System 

Location is scene of various fuel spills 
throughout the history of the FDS. Soil 
and utilities have been impacted.• 

Facility supports transfer of petroleum 
products and ~o and from 
barges and ve'ssersaiong Pier Kilo.• 

Materials Released, 
Stored, or Disposed 

Residual Petroleum Products 
(Bunker C, Navy Special Fuel 
Oil) 

Petroleum Products, BTEX, 
voes, Metals 

Petroleum Products, BTEX, 
voes, PeBs, Metals 

Petroleum Products, BTEX, 
VOCs, PCBs, Metals, Creosote 

Potential 
Pathways 

Soil 
Groundwater 
Utility ways 

Soil 
Groundwater 
Surface water 
Utility ways 

Soil 
Groundwater 
Surface water 
Utility ways 

Soil 
Groundwater 

a Described in the Final RCRA Facility Assessment, Volume II, June 6, 1995 . 
b Described in the Final RCRA Facility Assessment, Volume I, June 6, 1995. 
SWMU 24 was retained in the RFI due to RCRA waste oil constituents detected. 
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Various investigations of limited scope have been conducted, concentrating efforts on individual 2 

components of the FDS. In 1992, S&ME, Inc., assessed the level of Total Petroleum 3 

Hydrocarbon (TPH) contamination associated with the 18-inch pipeline along Hobson Avenue and 4 

' 
Viaduct Road. The investigation identified three areas of elevated TPH concentration along the s 

pipeline route at the approximate depth of groundwater (6 feet below ground surface [bgs]). The 6 

areas are delineated as: the northwest corner of Building 98 and the intersection of Viaduct and 1 

Hobson roads (S&ME, 1992). A summary of the findings is presented in the results section for s 

Areas 19 and 20. 9 

Following a release of diesel fuel from the FDS in 1994, an interim measures remedial action was 10 

performed on a portion of the FDS located near the intersection of Hobson Avenue and Viaduct 11 

• Road, the northeast corner of AOC 626. The action was designed to remove petroleum 12 

contaminated soil and install a product recovery system (Supervisor of Shipbuilding (SUPSHIP), 13 

May 1997). 14 

• 

In July 1995, a Site Characterization and Analysis Penetrometer System (SCAPS) investigation 1s 

of AOC 626, at the Naval Supply Center Fuel Farm was conducted by the Naval Facilities 16 

Engineering Service Center (NFESC) using laser induced fluorescence (LIF) technology. 11 

Thirty-three SCAPS pushes were completed and eight soil samples were collected for analysis to 1s 

define the extent of polynuclear aromatic hydrocarbon (P AH) contamination surrounding the Fuel 19 

Farm. The investigation identified low concentrations of fuel (by EPA Method 8015 Modified) 20 

in the SCAPS push locations (NFESC April 1996). The findings relevant to Area 20 are presented 21 

in Section 4. 22 

The NA VBASE Environmental Detachment completed closure of UST 148 in July 1997. 23 

UST 148 was a stripper tank which serviced Building 98, a pumphouse for the FDS. During 24 
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closure and removal of the concrete UST, free product and oily soil were observed throughout the 

excavation. The excavation was backfilled with clean soil (SUPSHIP, July 1997). A summary 2 

of the findings is contained in the discussion of Area 19 in Section 4. Section 5 presents 3 

recommendations for additional assessment. 4 

1.5 CAR Organization 5 

To facilitate review, this CAR has been formatted to discuss overall technical approach, physical 6 

setting, evaluation methodologies, investigation results, and conclusions and recommendations. 1 

The report outline is sequenced as follows: s 

• 1.0 Introduction 9 

• 2.0 NA VBASE Physical Setting 10 

• 3.0 Field Investigation Methodology 11 

• 4.0 Investigation Results 12 

• 5.0 Conclusions and Preliminary Recommendations 13 

• 6.0 References 14 

• 7.0 Signatory Requirement 15 

1.10 
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2 

2.1.1 Regional Physiographic and Geologic Description 3 

NA VBASE is in the Lower South Carolina Coastal Plain Physiographic Province, on the 4 

Cooper River side of the Charleston Peninsula, which is formed by the confluence of the Cooper s 

and Ashley rivers. Topography in the area is typical of the South Carolina lower coastal plain, 6 

with low-relief plains broken only by the meandering courses of sluggish streams and rivers 1 

flowing seaward past occasional marine terrace escarpments. NA VBASE is essentially flat. s 

Elevations range from just over 20 feet above mean sea level (msl) in the northwest part of the 9 

base to sea level at the Cooper River. Most of the original topography at NA VBASE has been 10 

modified by activities such as dredge spoil deposition. The southern end of the base was originally 11 

tidal marsh drained by Shipyard Creek and its tributaries. The original elevations in other portions 12 

• of the base were only slightly higher. The land surface at NA VBASE has been elevated with 13 

increments of both solid wastes and dredged materials (primarily the latter) over the last 93 years. 14 

The majority of NA VBASE remains within the 100-year flood zone ofless than 10 feet above msl. 1s 

• 

Charleston area geology is typical of the southern Atlantic Coastal Plain. Cretaceous and younger 16 

sediments thicken seaward and are underlain by older igneous and metamorphic basement rock. 11 

Surface exposures at NA VBASE, in the limited areas that remain undisturbed, consist of 1s 

Quaternary-age sands, silts, and clays of high organic content (Weems and Lemon, 1993). 19 

Tertiary-age sediments immediately underlie the younger Quaternary-age deposits. Erosional 20 

remnants of late Tertiary (Pliocene to Miocene) formations may be encountered at various 21 

locations. However, the mid-Tertiary-age (Oligocene to Eocene) Cooper Group is pervasive 22 

beneath NA VBASE. The Cooper Group consists of the following in increasing age: the Ashley, 23 

Parker's Ferry, and Harleyville formations. Of particular importance in this group is the Ashley 24 

Formation, which was previously referred to as the Cooper Marl in most NA VBASE reports and 2s 

regional geologic literature. The Ashley Formation is a pale green to olive-brown, sandy, 26 
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phosphatic limestone or marl, locally muddy and/or sandy. In the Charleston vicinity, the Ashley 

Formation is encountered at a depth of approximately 30 to 70 feet bgs. The relief of the top of 2 

the Ashley Formation is associated with an erosional basin (Park, 1985). Park identifies the entire 3 

Cooper Group, of which the Ashley Formation is a member and hydrologically similar, as being 4 

· approximately 300 feet thick. s 

Surface soil at NA VBASE has been extensively disturbed. Much of NA VBASE, particularly the 6 

southern portion, has been filled with dredged materials from the Cooper River and Shipyard 1 

Creek. The dredged materials are an unsorted mixture of sands, silts, and clays. Most of the s 

remainder of the base has been either filled or reworked. Native soil is the fine-grained silt, silty 9 

sand, and clay typical of terrigenous tidal marsh environments. Sand lenses are present in 10 

localized areas, but are generally only a few feet thick in the upper 5 to 10 feet of the subsurface. 11 

2.1.2 Regional Hydrologic and Hydrogeologic Description 12 

Parts of the southern portion of NA VBASE are drained by Shipyard Creek, while northern areas 13 

are drained by N oisette Creek. The drainage basins of both waterways are tributaries of the 14 

Cooper River, which include areas other than NA VBASE. Surface drainage over the remainder 1s 

of NA VBASE flows directly into the Cooper River, which discharges into Charleston Harbor. 16 

Shipyard Creek, a small tidal tributary approximately 2 miles long, flows southeast along the 11 

southwestern boundary of NA VBASE, to its confluence with the Cooper River opposite the 1s 

southern tip of Daniel Island. Piers line the western shore of the Cooper River's lower mile, while 19 

the entire length of the eastern shore is bounded by tidal marshland. 20 

N oisette Creek, which transects the northern portion of NA VB ASE and separates Zones A and B, 21 

is a tidal tributary approximately 2.5 miles long. The creek flows nearly due east from its 22 

headwaters in the city of North Charleston and empties into the Cooper River. Surface water 23 
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elevations in the creek, recorded during February and August 1996 groundwater-level 

measurement events, showed a 5-foot average change in elevation from low to high tide. 2 

Groundwater occurs under water table or poorly confined conditions within the Quaternary 3 

deposits overlying the Tertiary-age Cooper Group. Aquifer transmissivities are generally less than 4 

1,000 square feet per day (ff/day), and well yields range from zero to 200 gallons per minute s 

(gpm). This groundwater contains high concentrations of iron and is commonly acidic at shallow 6 

depths (Park, 1985). 1 

The Cooper Group is hydrologically significant mainly because of its low permeability. In most s 

locales, its sandy, finely granular limestone produces little or no water and acts as a confining unit 9 

causing artesian conditions in the underlying Santee Limestone (Park, 1985). 10 

The Santee Limestone aquifer is typically artesian, except in outcrop areas. Yields from wells in 11 

the Santee are typically less than 300 gpm (Park, 1985). 12 

2.1.3 Regional Climate 13 

Data in this section, including temperature and wind data in Tables 2.1 and 2.2, were obtained 14 

from the S.C. SEA Grant Consortium, 1992. Charleston Harbor area climate is typically mild 1s 

compared to other areas farther inland. The mountains in the northern portion of the state block 16 

cold air masses from the northwest, and the Bermuda high-pressure system limits the progress of 11 

cold fronts into the area. These conditions produce relatively mild, temperate winters. Summers 1s 

are hot and humid, but relatively moderate with regard to temperature extremes. Moderate 19 

summer temperatures are largely due to the influence of the Gulf Stream. 20 

The average monthly air temperatures for the Charleston area are presented in Table 2.1. The 21 

temperatures are generally moderated by marine influences and are often 2 °C to 3 °C lower in the 22 
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with annual averages of 101 clear days, 115 partly cloudy days, and 149 cloudy days. The mean 

monthly clear, partly cloudy, and cloudy days for the area are also presented in Table 2.2. 2 

The primary concern in climate extremes is the occurrence of tropical cyclones or hurricanes. 3 

Hurricanes frequent the east coast of the United States and almost always have some effect on the 4 

weather around Charleston Harbor. Hurricanes normally occur between August and December. s 

The last hurricane to make landfall in the Charleston area was Hurricane Hugo, a Class IV 6 

hurricane which struck Charleston in September 1989, causing severe damage. Tornados are 1 

extremely rare in the vicinity but have occurred in the inland portions of Charleston County. s 

2.2 FDS Geologic Investigation 9 

2.2.1 NA VBASE Geologic Investigation 10 

• Geologic and stratigraphic information has been obtained from Cone Penetrometer Testing (CPT) 11 

and soil and monitoring well borings installed during the RFis for Zones A, B, C, D, E, F, G, 12 

H and I. Data for the FDS investigation have been included in the geologic and hydrogeologic 13 

assessment presented in this report. A total of 54 monitoring wells were installed during the FDS 14 

groundwater investigation. Well construction information for these wells is presented in Table 1s 

2.3. Figure 2-1 depicts the FDS monitoring well locations. Lithologic samples collected during 16 

drilling were classified and logged by an EnSafe geologist as described in the approved Final 11 

Comprehensive Sampling and Analysis Plan (CSAP) RCRA Facility Investigation (Revision No: 02) 1s 

(E/A&H, July 30, 1996a). 19 
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Well 

FDS02A 

FDS02C 

• FDS03B 

FDS04A 

FDS04C 

FDS05B 

FDS06B 

FDS07A 

FDS07C 

FDS08A 

• FDS08C 

Date 

117/97 

1/10/97 

1/8/97 

118197 

1/10/97 

1/22/97 

1/11197 

1/11197 

1/14/97 

TOC 
Elevation 

7.57 

7.00 

10.19 

9.42 

9.06 

5.44 

4.50 

16.68 

16.05 
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Table2.3 
Monitoring Well Construction Data 

Fuel Distribution System 

Construction Depths (ft bgs) 

7.88 7.1 11.4 12.0 

7.10 7.3 11.6 12.2 

7.68 7.1 11.4 12.0 

6.92 7.1 11.4 12.0 

5.96 12.2 

7.04 6.1 10.4 11.0 

5.71 6.8 16.4 17.0 

4.65 5.1 9.4 10.0 

16.86 10.6 20.0 20.5 

13.81 8.2 17.6 18.2 

2.7 

GWElev. 
Low Tide 

3.77 

3.82 

4.26 

4.17 

0.74 

4.24 

-0.60 

8.26 

12.81 

GWElev. 
High Tide 

4.22 

3.88 

4.21 

4.18 

0.99 

4.18 

-0.35 

8.51 

12.70 
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Well 

FDS09B 

FDSlOA 

FDSlOC 

FDSllB 

• 

FDS16B 

FDS17A 

• 

Date 

1/13/97 

1112/97 

1/13/97 

1/21/97 

1/23/97 

1/22/97 

TOC 
Elevation 

4.76 

5.33 

6.06 

7.17 

8.19 

9.32 
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Table2.3 
Monitoring Well Construction Data 

Fuel Distribution System 

Ground 
Surface 

Elevation 

4.70 

5.53 

6.30 

7.41 

8.43 

9.56 

Construction Depths (ft bgs) 

5.8 15.4 16.0 

7.9 17.5 18.0 

8.2 17.6 18.2 

4.9 14.5 15.0 

6.9 16.5 17.0 

4.8 14.4 15.0 

2.8 

GWElev. 
Low Tide 

3.42 

2.93 

3.27 

3.62 

5.68 

4.99 

3.45 

2.95 

3.28 

3.56 

5.68 

5.05 
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2.2.2.1 Tertiary-Age Sediments 2 

Ashley Formation 3 

The Ashley Formation, the youngest member of the Oligocene-age Cooper Group, was not 4 

encountered during the FDS investigation. The Ashley Formation (Ta) was deposited in an s 

open-marine shelf environment during a rise in sea level in the late Oligocene (Weems and 6 

Lemon, 1993). The Ta is an olive-yellow to olive-brown, tight, slightly calcareous, clayey silt 1 

with varying amounts of very fine to fine-grained sand that decreases rapidly with depth. s 

Due to successive sea level transgression-regression (rise and fall) sequences during late Tertiary 9 

and early Quaternary time, extensive erosion has· removed many of the marine and terrigenous 10 

deposits overlying the Ta (Weems and Lemon, 1993). u 

Marks Head Formation 12 

The Marks Head Formation (Tmh) is a Miocene-age marginal-marine lagoon deposit that 13 

stratigraphically overlies two other units (Edisto and Chandlers Bridge Formation) that were 14 

deposited on top of the Ta during Tertiary time. The Tmh is thought to have filled an erosional 1s 

valley in early Miocene time during a sea stand lower than that of today (Weems and 16 

Lemon, 1993). However, successive erosive events removed much of the Chandlers Bridge, 11 

Edisto, and Tmh formations at NA VBASE. 1s 

2.2.2.2 Quaternary-Age Sediments 19 

The Quaternary Period began 1. 6 million years ago with the Pleistocene Epoch and continues with 20 

the Holocene (Recent) Epoch, from 65,000 years ago to the present. During Quaternary time, 21 

several sea transgressions-regressions resulted in a jumbled network of terrace complexes 22 

composed of varied depositional environments such as barrier islands, backbarrier lagoons, tidal 23 

• inlets, and shallow-ocean-marine shelf systems. Due to regional crustal uplift in the Charleston 24 
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region during the Quaternary, many barrier to backbarrier deposits from high sea-level stands are 

preserved as terraces; however, succeeding transgressions reworked the shallow-marine shelf 2 

deposits on the seaward side of each older barrier ridge or island (Weems and Lemon, 1993). The 3 

result of this erosional and redepositional process of older sediments is a subsequently younger 4 

sequence of deposits on the seaward side of the previous coastal deposit (Weems and s 

Lemon, 1993). Therefore, it can be difficult to determine discrete formational units within the 6 

Quaternary system. 1 

Throughout the FDS investigation area, Quaternary-age sediments extend from the top of Tertiary- s 

age sediments (Tmh, where present, or Ta) to just below ground surface. These sediments 9 

primarily comprise the Pleistocene-age Wando Formation (deposited 70,000 to 130,000 years 10 

ago), which are overlain by Holocene-age sand and clay deposits. In general, the W ando 11 

deposition encompasses three distinct high sea-level stands in the late Pleistocene (Weems and 12 

Lemon, 1993). As a result, Wando composition consists of repeating sequences of clayey sand 13 

and clay deposits overlying barrier sand deposits which, in turn, overlie fossiliferous shelf-sand 14 

deposits. In Holocene time, rivers and streams downcut these sediment sequences, leaving scours 1s 

that have become filled with clay and silty sand deposits typical of low energy environments. 16 

These younger deposits may resemble Wando-age deposits and further complicate the 11 

interpretation of local geology. 1s 

2.2.3 Soil 19 

Due to extensive surface soil disturbance at NA VBASE during its operational history, 20 

approximately the upper 5 feet of the subsurface are typically a mixture of artificial fill and native 21 

sediments. 22 
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1 

Water levels in the FDS wells were measured during low- and high-tides on April 29, 1997. 2 

Groundwater elevation data are presented on Table 2.3. Since the Zone G RFI included the 3 

majority of the FDS in its groundwater flow analyses, groundwater flow for the FDS is discussed 4 

relative to Zone G. Figures 2-2 and 2-3 depict the overall shallow groundwater potentiometric s 

surface during low- and high-tide along that portion of the FDS in Zone G. Both maps indicate 6 

that shallow groundwater flow in the surficial aquifer is highly variable in gradient and direction. 1 

Groundwater flow at the specific areas of interest is presented in Section 4. s 

2.13 
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For clarity, not all shallow wells located 
in zone G are presented in this figure. 
Grey scaled wells are not included in table 2-3. 
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FIGURE 2-2 
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LEGEND 
0 ADJACENT EXISTING MONITORING 

WELL NOT INSTALLED BY ENSAFE 
~ ADJACENT GRID-BASED 

SHALLOW MONITORING WELL 
._ ADJACENT SHALLOW MONITORING WELL 
a GRID-BASED SHALLOW MONITORING WELL 
., SHALLOW MONITORING WELL 
$ EXISTING SHALLOW MONITORING WELL 

INSTALLED PRIOR TO RFI INVESTIGATION 
6.53 WATER LEVEL ELEVATION (MSL) 

--- GROUNDWATER ELEVATION CONTOUR 
(CONTOUR INTERVAL = 1 FT.) 

NOTE: 
FOR CLARITY, NOT ALL SHALLOW WELLS LOCATED 
IN ZONE G ARE PRESENTED IN THIS FIGURE. 
GREY SCALED WELLS ARE NOT INCLUDED IN TABLE 2-3. 
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FIELD INVESTIGATION METHODOLOGY 

This section lists the field investigation objectives and describes the technical sampling methods, 2 

procedures, and protocols used in FDS data collection. Fieldwork was conducted in accordance 3 

with the approved final RFI work plan for Zones D, F and G, final CSAP and the USEPA 4 

Region IV Environmental Services Division, Standard Operating Procedures and Quality s 

Assurance Manual (ESDSOPQAM) (USEPA, May, 1996a). 6 

3.1 Investigation Objectives 1 

The FDS sampling strategy, as detailed in the work plan, was designed and implemented in a s 

phased approach to thoroughly screen the surface and subsurface extent of the FDS. The data was 9 

sufficient to: lo 

• 

• 

• 
• 

Characterize the facilities 11 

Define contaminant pathways and potential receptors (on and off site, where applicable) 12 

Define the nature and extent of any contamination 

Assess the need for further environmental effort 

13 

14 

Initially, the sampling and analysis objective was to provide sufficient data to meet the stated RFI 1s 

requirements. The subsequent transfer to the SCDHEC petroleum program resulted in two data 16 

gaps, and extra non-petroleum regulated parameters being collected. The data gaps were the 11 

analytes ethylene dibromide (EDB) (only analyzed with duplicate samples), and methyl-tert-butyl 1s 

ether (MTBE), (not analyzed for). The lack of EDB and MTBE analyses are not considered 19 

significant since the FDS was not used to transfer either leaded or unleaded automotive fuel. The 20 

extra parameters collected were included in the RFI analytical suite, but not listed in the SCDHEC 21 

Risk Based Screening Level (RBSL) tables for petroleum sites. 22 
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3.2 Soil Sampling 
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Soil samples were collected in two phases. One hundred fifty samples were collected during 2 

Phase I screening and analyzed for TPH (Table 3 .1). The Phase I sampling strategy was to sample 3 

surface soil around the tank farm and backfill material along the pipeline trench, at a horizontal 4 

interval of approximately 200 feet to screen for subsurface releases from the FDS. Samples were s 

generally collected between a depth of 3 and 16 feet bgs corresponding to the depth of the 6 

pipelines. In areas exhibiting elevated TPH, Phase II samples were collected and analyzed for Full 1 

Scan Analyses (FSA) metals, cyanide, pesticides/polychlorinated biphenyls (PCBs), semivolatile s 

organic compounds (SVOCs), and volatile organic compounds (VOCs). 9 

The objective of the Phase II sampling effort was to characterize the nature of subsurface soil 10 

contamination. Because releases were from subsurface pipelines installed in fill material of greater 11 

porosity than the native silt and clay, samples from this area would be more likely to exhibit the 12 

highest concentrations. The majority of the 23 Phase II samples were collected from this saturated 13 

backfill material (Table 3 .2). Eight of the 23 samples were collected concurrently with the Phase I 14 

samples based on visual evidence of petroleum contamination, and analyzed for TPH and FSA. 15 

3.2.1 Soil Sample Locations 16 

Phase I soil samples were generally collected from locations proposed in the RFI work plan, which 17 

were based on the investigation strategy outlined in Section 1.2 of that document. Locations were 18 

modified when necessary based on obvious contamination and interfering utilities. Phase II 19 

samples were collected where elevated TPH was encountered. Samples were generally collected 20 

within a 4-foot radius of the buried pipeline. 21 
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Boring Location Sample ID 

FDSSC003 FDSSC00301 

FDSSC005 FDSSC00501 

FDSSC007 FDSSC00701 

FDSSC009 

• FDSSCOll FDSSC01101 
FDSCCOllOl* 

FDSSC013 FDSSC01301 

FDSSC017 FDSSC01701 

• 
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Table3.1 
Phase I Soil Samples 

Fuel Distribution System 

Date 

9/12/96 

9/12/96 

9/12/96 

9/13/96 

9/16/96 
9/16/96 

9/16/96 

9/17/96 

3.3 

Depth 
(ft bgs) 

4-5.5 

4-5.5 

4-5 

4-6 
4-6 

4.3-5.8 

2.9-7.3 

Remarks 

No fuel odor noted 

No fuel odor noted 

Slight fuel odor noted 

Fuel odor present 

No fuel odor noted 

Fuel odor present 

No unusual observations logged 



• 
Boring Location 

FDSSC027 

FDSSC029 

FDSSC031 

FDSSC033 

• FDSSC037 

FDSSC039 

FDSSC041 

FDSSC043 

FDSSC045 

FDSSC047 

• FDSSC049 

Sample ID 

FDSSC02701 

FDSSC02901 

FDSSC03101 

FDSSC03301 

FDSSC03701 
FDSSC03702 

FDSSC03901 
FDSSC03902 

FDSSC04101 
FDSSC04102 

FDSSC04501 

FDSSC04701 

FDSSC04901 
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Table 3.1 
Phase I Soil Samples 

Fuel Distribution System 

Date 

9/18/96 

9/18/96 

9/19/96 

9/19/96 

9/20/96 
9/20/96 

9/20/96 
9120196 

9/20/96 
9/20/96 

9/22/96 

9/22/96 

9/22/96 

9/22/96 

3.4 

Depth 
(ft bgs) 

5-7 

4.5-6.5 

4.2-6.2 

5-7 

7-8.5 
12-14 

8-10 
10.5-12.5 

5-7 
12-14 

5.8-7.6 

13-15 

14-16 

14-16 

Remarks 

No fuel odor noted 

Slight fuel odor noted 

No fuel odor noted 

Smelled like petroleum 

No unusual observations logged 

Sulfur odor noted 

No fuel odor noted 

No unusual observations logged 

Petroleum odor with sheen 

No unusual observations logged 
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Boring Location Sample ID 

FDSSC050 FDSSC05001 

FDSSC054 FDSSC05401 

FDSSC056 FDSSC05601 

FDSSC058 FDSSC05801 

• FDSSC060 FDSSC06001 

FDSSC062 FDSSC06201 

FDSSC064 FDSSC06401 

FDSSC070 FDSSC07001 

FDSSC072 FDSSC07201 

FDSSC074 FDSSC07401 

• 
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Table3.1 
Phase I Soil Samples 

Fuel Distribution System 

Date 

9/23/96 

9/23/96 

9/23/96 

9/24/96 

9/24/96 

9125196 

9130196 

9130196 

10/01196 

10/01/96 

3.5 

Depth 
(ft bgs) 

7.7-9.7 

11-13 

unlogged 

4-10 

4-6 

6.5-8.5 

8-10 

9-11 

Remarks 

No unusual observations logged 

No unusual observations logged 

No unusual observations logged 

No unusual observations logged 

No unusual observations logged 

No unusual observations logged 

No unusual observations logged 

No unusual observations logged 



• 
Boring Location 

FDSSC076 

FDSSC080 

FDSSC082 

• 

FDSSC092 

FDSSC096 

FDSSC098 

• 

Sample ID 

FDSSC07601 

FDSSC08001 
FDSCC08001 * 

FDSSC08201 

FDSSC09201 

FDSSC09601 

FDSSC09801 
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Table 3.1 
Phase I Soil Samples 

Fuel Distribution System 

Date 

10/01/96 

10/01/96 
10/01/96 

10/02/96 

10/03/96 

10/03/96 

10/03/96 

3.6 

Depth 
(ft bgs) 

6.6-8.4 

6-8 
6-8 

5.7-7.3 

6-8 

5-1 

9-11 

Remarks 

No fuel odor noted 

Fuel odor present 

No fuel odor noted 

No fuel odor noted 

No fuel odor noted 



• 
Boring Location 

FDSSClOO 

FDSSC102 

FDSSC104 

FDSSC106 

• FDSSCllO 

FDSSHOOl 

FDSSH003 

FDSSH005 

FDSSH007 

FDSSH009 

• 

Sample ID 

FDSSC10001 

FDSSC10201 

FDSSC10401 
FDSSC10402 

FDSSC10601 

FDSSC11001 

FDSSHOOlOl 

FDSSH00701 

FDSSH00901 
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Table3.1 
Phase I Soil Samples 

Fuel Distribution System 

Date 

10/04/96 

10/04/96 
10/04/96 

10/04/96 

10/05/96 

10/18/96 

10/17/96 

10/21/96 

3.7 

Depth 
(ft bgs) 

13-15 

9-11 

4-6 
9-11 

7-9 

7-9 

0-1 

0-1 

0-1 

Remarks 

No fuel odor noted 

No fuel odor noted 

No fuel odor noted 

Slight fuel odor noted 

No fuel odor noted 

NA 

NA 

NA 



• 

• 

• 

Boring Location Sample ID 

FDSSHOlO FDSSH01001 

FDSSH014 FDSSH01401 

FDSSH018 FDSSH01801 

FDSSH020 FDSSH02001 

FDSSH022 FDSSH02201 

Note 
* Indicates a duplicate sample. 
H2S = hydrogen sulfide 
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Table3.1 
Phase I Soil Samples 

Fuel Distribution System 

Date 

10/21/96 

10/17/96 

10/18/96 

10/18/96 

Depth 
(ft bgs) 

0-1 

0-1 

0-1 

0-1 

0-1 

Remarks 

NA 

NA 

NA 

NA 

NA 

Strong fuel odor noted 

All Phase I samples were analyzed for total petroleum hydrocarbons-gasoline range organics (TPH-GRO) and TPH-cliesel range organics (DRO) 
unless noted . 
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Boring Location Sample Identifier 

FDSSC058 FDSSC05801 

FDSSC065 FDSSC06501 

FDSSC067 FDSSC06701 
FDSCC06701 * 

FDSSH026 FDSSH02601 

Notes: 
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Table3.2 
Phase II Soil Samples 

Fuel Distribution System 

Date 

9124196 

9125196 

12/4/96 
12/4/96 

10/21196 

Sample Interval 
(ft bgs) 

4-6 

6.3-10.6 

8.5-10.5 
8.5-10.5 

0-1 

Remarks 

Fuel odor 

Strong fuel odor noted 

Strong fuel odor noted, 173 ppm FID 

Strong fuel odor noted 

* Duplicates were analyzed for Appendix IX parameters (metals, pesticides/PCBs, herbicides, organophosphorous (OP) pesticides, 
dioxins, SVOCs, VOCs); cyanide, and hex-chrome, Level IV. 

FID Flame ionization detector 
ppm parts per million 
Samples were analyzed using SW-846 methods (metals, pesticides/PCBs, SVOCs, VOCs) at data quality objective (DQO) Level ill. 
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3.2.2 Soil Sample Collection 
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Samples were collected from the 0- to 1- foot bgs interval where potential surface releases may 2 

have occurred, using a hand auger as detailed in Section 4.5 of the CSAP. 3 

Subsurface sampling was conducted using CPT to provide a continuous soil-type analysis, which 4 

allows the operator and field geologist to detect and distinguish between the native silt and clay s 

sediment and backfill material surrounding the pipeline. Sections 4.3.3 and 6.1.3 of the approved 6 

final CSAP describe the CPT soil sampling procedures used in the FDS investigation. This 1 

information, combined with the utility survey, which identified the approximate depth of the s 

pipeline, was used to determine the exact subsurface sample depth. The CPT logs are contained 9 

in Appendix A. The subsurface samples were collected across a 2- foot depth interval intended 10 

to bracket the depth of the pipe. Where the depth of the pipe was uncertain, or where multiple u 

pipes were stacked (necessitating a greater depth interval), samples were collected at more than 12 

one interval. 13 

3.3 Groundwater Sampling 14 

Shallow monitoring wells were installed at each location where elevated TPH was encountered 1s 

during Phase I. A total of 18 areas of potential groundwater contamination were identified for 16 

investigation, based on the Phase I/II soil investigation. Wells were typically installed within a 11 

25 to 30-foot radius of the soil sample of concern. Additional wells were installed at a greater 1s 

distance depending on the need for further delineation based on field observations. Monitoring 19 

wells were installed so that groundwater samples could be collected from the saturated backfill 20 

material surrounding the pipeline or at a comparable depth. All monitoring wells were installed 21 

in accordance with South Carolina Well Standards and Regulations (R.61-71.11) after permits 22 

were acquired from SCDHEC. 23 

3.10 
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3.3.l Monitoring Well Installation 
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A total of 54 shallow monitoring wells were installed and sampled during the FDS groundwater 2 

investigation (Table 3. 3). These wells were installed using the hollow-stem auger drilling method, 3 

in accordance with Section 5.4 of the CSAP, using 4.25-inch inside-diameter (ID) hollow-stem 4 

augers. The total well depths depended primarily on depth of the pipeline or, in areas where s 

surface releases may have occurred, the depth to groundwater. The pipeline depth along the FDS 6 

ranged from approximately 4 to 15 feet bgs. Typically, monitoring wells were installed to a depth 1 

of 10 to 15 feet bgs, with the deepest well set at 20 feet bgs. s 

A split-barrel sampler was driven ahead of the hollow-stem augers. This procedure determined 9 

borehole lithology and helped find the depth of the FDS pipeline. 10 

Monitoring wells were constructed of an appropriate length of 2-inch ID polyvinyl chloride (PVC) 11 

riser pipe attached to a 5 or 10-foot section of 0.010-inch slotted PVC well screen. After drilling 12 

to the desired depth, the riser pipe and well screen were inserted down the inside of the 13 

hollow-stem auger. Filter pack sand was added to the annular space of the borehole to 14 

approximately 2 feet above the top of the screened section. As the sand was added, the level in 1s 

the annulus was measured with a weighted tape. The hollow-stem auger sections were gradually 16 

withdrawn while the sand was being added, to allow uniform placement of the filter pack and 11 

avoid bridging and inadvertently raising the well screen and riser with the augers. To prevent the 18 

formation from collapsing on 'the well screen care was taken not to raise the hollow-stem auger 19 

sections higher than the filter pack level in the borehole. Bentonite pellets were placed from the 20 

top of the filter pack to just below ground surface, then hydrated with potable water. After 21 

allowing the bentonite to hydrate for approximately 24 hours, the surface well protector was 22 

installed. An expansion-locking well cap provided temporary protection before the surface mount 23 

was completed. Appendix B contains boring logs and monitoring well construction diagrams. 24 
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Well Number 

FDSOlB 

FDSOlD 

• 

FDS04B 

• 
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Table3.3 
FDS Groundwater Samples 

Sample Identifier 

FDSOlBOl 
FDS01B02 

FDSOlDOl* 
FDS01D02* 

FDS04B01 

Date sampled 

3.12 

1/14/97 
6/02/97 

1/15/97 
6/04/97 

Remarks 

* duplicate sample also collected 



• 
Well Number 

FDS05B 

Area6 

FDS06A 

FDS06C 

Area 7 

FDS07A 

• FDS07C 

FDSOSB 

• 
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Table3.3 
FDS Groundwater Samples 

Sample Identifier 

FDS05B01 
FDS05B02 

FDS06A01 

FDS06C01 
FDS06C02 

FDS07A01 

FDS07C01 
FDS07C02 

FDS08B01 
FDS08B02 

Date sampled 

3.13 

1/17/97 
6105197 

1/20/97 
5/30/97 

1117/97 
6/09/97 

1/25/97 
6109197 

Remarks 

Area 6 associated with FDSSC013; elevated 

Area 7 associated with FDSSC030; elevated 



• 
Well Number 

FDSlOB 

FDSllB 

• FDS12B 

Area 13 

FDS13A 

FDS13E 

Area 14 

FDS14C 

• 
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Table 3.3 
FDS Groundwater Samples 

Sample Identifier 

FDSlOBOl 

FDSllBOl 
FDS11B02 

FDS12B01 
FDS12B02 

FDS13A01 

FDS13C01 

FDS13E01 
FDS13E02 

FDS14C01 
FDS14C02 

Date sampled 

3.14 

1/28/97 
6111197 

1/27/97 
6/11/97 

1/27/97 

1/28/97 
6/13/97 

1/21197 
6/13/97 

Remarks 



• 

• 

• 

Well Number 

Area 15 

FDS15B 

Area 16 

FDS16B 

Area 17 

FDS17B 

Area 18 

FDS18A 

Notes: 
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Table 3.3 
FDS Groundwater Samples 

Sample Identifier 

FDS15B01 
FDS15B02 

FDS16B01 
FDS16B02 

FDS17B01 
FDS17B02 

FDS18A01 
FDS18A02 

Date sampled 

1/28/97 
6/16/97 

1/29/97 
6/16/97 

1/28/97 
6/17/97 

1/29/97 
6/27/97 

Remarks 

Area 18 associated with FDSSC114; 
elevated TPH-GRO/inorganics 

* Duplicates; analyzed for Appendix IX parameters (metals, pesticides/PCBs, herbicides, OP pesticides, dioxins, SVOCs, VOCs); cyanide, 
and hex-chrome, at DQO Level IV. 

Samples were analyzed using SW-846 methods (metals, pesticides/PCBs, SVOCs, VOCs) at DQO Level m. First-round samples were also 
analyzed for cyanide. 

3.3.2 Monitoring Well Protector Construction 

The well protectors installed were either the flush-mount (manhole) type, or above-grade 2 

protective casing type, depending on the well location. Well protectors were installed in 3 

accordance with Section 5 .4 of the CSAP. 4 

3.15 
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Flush-mount well protectors were installed in vehicle traffic areas such as roadways or parking 

lots. Above-grade steel protective casings were installed at all other areas. In the case of flush 2 

mounts, a 2- by 2-foot section of surface material, typically concrete or asphalt, was removed from 3 

around the borehole to approximately 6 inches deep. An 8-inch ID by 8-inch deep flush-mount 4 

projector with a bolt-down access cover was then placed over the capped well. The top of the s 

completed well cover was generally constructed 2 inches above the adjacent ground surface. 6 

Concrete was added to the 2- by 2-foot excavated area and mounded to provide a sloped surface 1 

away from the cover. A monitoring well identification tag listing the well number, date installed, s 

drilling subcontractor, total well depth, and depth to groundwater was mounted onto the sloped 9 

concrete surface of each flush-mount pad. Expansion caps and keyed-alike locks were placed on 10 

each of these monitoring wells. 11 

• Above-grade well protectors were prepared by installing a 3 .5- foot long section of 4-inch ID steel 12 

protective surface casing over the PVC riser pipe. Care was taken not to compromise the integrity 13 

of the bentonite seal overlying the filter pack. The protective casings were hinged approximately 14 

6 inches from the top to allow access to the top of the PVC riser pipe. The hinged covers for each 15 

above-grade protective casing were designed to allow for security locking. A 4- by 4-foot 16 

concrete pad approximately 6 to 8 inches thick was then constructed around each protective casing. 17 

Weep holes were drilled through the well protector at a height that would not allow water to rise 18 

above the top of the well. A 3-inch diameter steel bumper post filled with concrete was set at each 19 

comer of the pad. A monitoring well identification tag, listing the well number, date installed, 20 

drilling subcontractor, total well depth, and depth to groundwater was mounted onto the hinged 21 

cover of each above-grade well protector pad. Each hinged cover was secured with a keyed-alike 22 

lock. 23 
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3.3.3 Monitoring Well Development 1 

Monitoring well development consisted of initially stressing the filter pack by surging and 2 

pumping until turbidity was reduced as much as practical and specific conductance, pH, and 3 

temperature were stabilized as described below. Monitoring wells were developed according to 4 

Section 5 .5 of the CSAP. s 

Surging Procedures: 6 

1. 

2. 

3 . 

4. 

5. 

Decontaminated PVC rods were attached to a 2-inch diameter surge block. 1 

The surge block was lowered into the monitoring well screen section. s 

The surge block was then raised and lowered repeatedly so groundwater would be surged 9 

in and out of the monitoring weJl screen. 10 

Surging was conducted for approximately 10 minutes per well. 11 

The surge block was removed from the well for decontamination. 12 

Shallow Well Pumping Procedures: 13 

1. Decontaminated Teflon tubing was lowered into the well. 14 

2. The tubing was attached to a peristaltic pump at the surface and pumping was begun. 15 

3. If the productivity of the monitoring well was low, it was alternately pumped then left idle 16 

to recover. 17 

3.17 
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4. Monitoring wells were developed until the water column was as free of turbidity as 1 

possible given the subsurface conditions, and until the following parameters were stabilized 2 

to satisfy the following criteria. 3 

Temperature: within ± l .0°C 4 

pH: within ± 0.5 standard unit s 

Conductivity: within ± 10% from the duplicate 6 

Turbidity: generally between 10 and 30 nephelometric turbidity units (NTUs) or 1 

relatively stable(± 15 NTU) s 

At least three well volumes of groundwater were removed from each well during development. 9 

3.3.4 Groundwater Sample Collection 10 

Groundwater samples were collected from well locations and analyzed for the parameters listed 11 

in the work plan. Each well was sampled twice. Groundwater was sampled in accordance with 12 

Section 6 of the CSAP. The following discussion briefly summarizes the site-specific methods 13 

applied for the FDS. 14 

Groundwater sample collection followed these steps: 15 

1. Wells were allowed to recover for at least three days after development. 16 

2. Decontaminated sampling equipment and supplies were transported to the monitoring well. 17 

3. A temporary work area was established by placing plastic sheeting around each well. 18 

Personal protective equipment (PPE) was donned in accordance with the approved Health 19 

and Safety Plan (HASP). 20 
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The condition and security of the monitoring well were recorded in the field logbook. The 

security casing was unlocked and the well cap removed. Headspac~ was immediately 2 

measured for VOCs using a flame ionization detector (FID), which was also used to 3 

monitor the breathing zone before and during sampling. 4 

5. Depth to water and total well depth were measured with an oil/water interface probe if s 

organic vapor analyzer (OVA) readings exceeding background, odor, or other indicators 6 

suggested a light nonaqueous phase liquid (LNAPL) on the water surface. Otherwise, a 1 

water-level meter was used. All measurements were recorded to the nearest 0.01 foot. s 

Static water level was measured from the top of casing at a permanent datum point notched 9 

in the well casing. Well volumes were calculated, and all measurements and observations 10 

recorded in the field logbook. All equipment was decontaminated before reuse. 11 

6. New decontaminated Teflon tubing was installed in the well. The tubing extended into the 12 

well and, if water level was sufficient, positioned above the screened interval. A 13 

peristaltic pump was positioned at the surface, and the tubing mounted through the pump. 14 

Groundwater was purged into graduated buckets or containers to measure volume 1s 

removed, which was recorded in the field logbook. 16 

7. Each well was purged of at least three well casing volumes of water. Temperature, pH, 11 

specific conductance, and turbidity were measured after each volume of water was 1s 

removed. A well was considered stabilized for sampling when three consecutive 19 

temperature, specific conductance, and pH readings met the criteria outlined for well 20 

development in Section 5 of the CSAP. Turbidity was monitored until the reading was less 21 

than 10 NTUs or lowered as much as practical, and no less than five well casing volumes 22 

of water were removed. Wells that were purged dry due to slow recovery were sampled 23 

after 12 hours of recovery. Lithologic variabilities prevented purging some wells to less 24 
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than 10 NTUs. For example, in wells installed in areas with increased silt content, it was 

typically more difficult to achieve a turbidity of less than 10 NTUs. 2 

8. After purging, groundwater samples were collected according to the analytical parameters 3 

proposed for each monitoring well. Samples for VOC analyses were collected first by 4 

capping the tubing and raising it from the well, and then allowing the contents to drain into s 

the sample containers. A precleaned transfer bottle, equipped with an airtight cap 6 

containing an inlet and outlet, was then assembled to collect all other sample containers. 1 

Once this system was established, the vacuum created allowed collection of groundwater, s 

which was directly poured into the appropriate sample container. Where additional 9 

volumes were needed, the transfer bottle was filled repeatedly. 10 

3.4 Sample Management 

3.4.1 Sample Identification 

11 

12 

All samples collected during the FDS investigation were identified using the 10-character scheme 13 

outlined in Section 11.4 of the approved final CSAP. This scheme identifies the samples by site, 14 

sample matrix, location, and sample depth. The first three characters identify the site where the 1s 

sample was collected. The fourth and fifth characters identify the sample medium or quality 16 

control (QC) code. Characters six through eight designate sampling location: boring or well 11 

number, sampling station, trench number, existing well identification, and others. The ninth and 1s 

tenth characters represent sample-specific identification such as depth to the nearest foot, depth 19 

interval, sampling event (for water samples), and others. 20 

The following characters were used to identify specific media for sample identification during the 21 

FDS investigation: CPT soil samples - SC, and groundwater samples - GW (GW is not used 22 

as a well location identifier on maps and tables in this report). 23 
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All site samples were analyzed per USEP A SW-846 methods at data quality objective (DQO) 2 

Level ill by Southwest Laboratories, Inc., of Broken Arrow, Oklahoma, unless otherwise noted. 3 

Analytical methods for soil and groundwater samples included: 4 

Phase I soil samples: s 

• 

• 

TPH-Gasoline Range Organics (GRO) 

TPH-Diesel Range Organics (DRO) 

Phase II soil samples, and groundwater samples: 

• voes 

• SVOCs 

• PCBs 

• Cyanide 

• Metals 

USEPA Method 8015 

USEPA Method 8015 

USEPA Method 8260 

USEPA Method 8270 

USEPA Method 8080 

USEPA Method 9010 

USEPA Method 6010 

6 

7 

8 

9 

10 

11 

12 

13 

Approximately 10 % of the samples collected for each medium were duplicated and submitted for 14 

Appendix IX analytical parameters at DQO Level IV. These additional samples were collected 1s 

to fulfill quality assurance (QA)/QC standards while cost-effectively analyzing additional 16 

parameters. In addition to analyses for VOC, SVOC, pesticide, PCB, metal, and cyanide 11 

constituents, Appendix IX samples included: 18 

• Hexavalent chromium USEPA Method 7196 19 

• Dioxins/Dibenzofurans USEPA Method 8290 20 

• Herbicides USEPA Method 8150 21 

• Organophosphorous (OP) pesticides USEPA Method 8140 22 

• Ethylene dibromide (EDB) USEPA Method 8260 23 
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3.4.3 Sample Preparation, Packaging, and Shipment · 1 

Section 11 of the CSAP details procedures for sample preparation, packaging, and shipment. The 2 

following is a brief overview of these procedures. 3 

For soil, sample material was transferred from the sampler to a stainless-steel bowl with a 4 

stainless-steel spoon. VOC samples were transferred directly to the container and filled with zero s 

headspace to reduce volatilization. Soil for all other analyses was homogenized with a stainless- 6 

steel spoon and placed into appropriate containers. Any remaining soil was returned to the 1 

borehole. Bentonite pellets, hydrated in place with American Society for Testing and Materials s 

(ASTM) Type III water, were used to backfill any remaining space. 9 

Groundwater samples were preserved according to laboratory criteria for parameters being 10 

• analyzed. Appropriate labels and custody seals were completed and affixed to each sample bottle. 11 

Immediately after sample collection and identification, sample containers were placed on ice in 12 

coolers. Records of sampling were entered in a dedicated field logbook, and a master logbook 13 

• 

placed in a fireproof safe in the site trailer. 14 

Soil and groundwater sample containers were individually custody-sealed, encased in protective 1s 

bubble wrap, double-bagged in waterproof resealable plastic bags, and placed on ice in a cooler 16 

to ensure proper preservation at 4 °C during shipment. All sample information was recorded on 11 

a preprinted chain-of-custody form, which was then affixed to the top inside surface of the cooler. 1s 

Temperature blanks were included with each shipment to monitor sample temperature upon 19 

arrival. 20 

After recording sample numbers, analyses, times, date, and an air-bill shipping number on an 21 

official shipping log, the coolers were shipped priority overnight via FedEx to the contracted 22 

laboratory. 23 
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Soil CPT locations were surveyed by the Global Positioning System (GPS). Monitoring well 2 

locations and elevations were determined by conventional plane surveying techniques. The 3 

horizontal and vertical control were established from existing monumentation on NA VBASE, with 4 

horizontal datum from North American Datum 1983 and vertical datum from National Geodetic s 

Vertical Datum 1929. All traverse closures exceeded 1/20,000. No data corrections were 6 

required as part of the monitoring well survey. 1 

3.6 Aquifer Characterization 8 

High and low-tide water level runs were conducted for all FDS wells and adjacent AOC and 9 

SWMU site wells. This was done to characterize groundwater elevation and flow direction in the 10 

surficial aquifer beneath the individual areas of investigation. 11 

3.7 Decontamination Procedures 12 

Decontamination was conducted in accordance with Section 15 of the CSAP. A brief discussion 13 

of the FDS decontamination procedures is listed below. 14 

3.7.1 Decontamination Area Setup 1s 

The decontamination area contains a concrete pad sloped to direct wash runoff into a catch basin, 16 

from which liquids were pumped regularly into the tanker. Equipment was cleaned on sawhorses 11 

or auger racks above the concrete surface. When field cleaning of equipment was necessary, 1s 

plastic sheeting was placed on the ground to contain any spills. 19 

I 

3. 7 .2 Cross-Contamination Prevention 20 

The following procedures were implemented during sampling activities to reduce 21 

cross-contamination risk. 22 
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Fresh disposable outer gloves were donned before handling sampling equipment . 

• Only Teflon, glass, or stainless-steel spray bottles/pressurized containers were used to 2 

apply decontamination fluids. Each solution was kept in a separate container. 3 

• All necessary decontaminated field equipment was transported to the sampling location to 4 

minimize the need for field cleaning. s 

3.7.3 Nonsampling Equipment 6 

Nonsampling equipment used during the FDS investigation included only CPT and drill rigs. The 1 

rigs were decontaminated using the following procedures: s 

1. A high-pressure hot water and/or steam wash was used first. 9 

2. Equipment components that contact sample material were scrubbed with a laboratory-grade 10 

detergent and clean water wash solution. 11 

3. Equipment was rinsed with clean water. 12 

3. 7 .4 Sampling Equipment 13 

Sampling equipment includes any downhole equipment and sampling tools not dedicated to the 14 

sample location. Hollow downhole equipment or equipment with holes that could transmit water is 

or drilling fluids were cleaned on the inside and outside. The decontamination procedure is as 16 

follows: 17 

1. Protective gloves were donned before decontaminating the equipment. 18 
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Items were washed and scrubbed with a laboratory-grade detergent and clean water 

wash solution or sprayed with high-pressure steam. 2 

3. Equipment was rinsed with ASTM Type ill water. 3 

4. Equipment was rinsed twice with pesticide-grade isopropyl alcohol. 4 

5. Equipment was rinsed with ASTM Type ill water. s 

6. Equipment was air dried. If weather prohibited air drying, the isopropyl alcohol rinse was 6 

7 . 

8. 

repeated and the item was rinsed twice with ASTM Type ill wat~r. 7 

Items were wrapped in aluminum foil or plastic sheeting if the equipment was to be stored s 

or transported. 9 

Augers and drill rods were covered in clean plastic following decontamination. 10 
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The contamination assessment results for the FDS include 150 Phase I subsurface soil samples, 2 

23 Phase II subsurface soil, and 54 shallow groundwater samples. Phase I soil samples were 3 

analyzed for TPH-GRO and DRO to screen for petroleum contamination. These results were 4 

compared to a conservative concentration of 50 micrograms per kilogram (µg/kg) GRO or s 

50 milligrams per kilogram (mg/kg) DRO to identify impacted areas. 6 

Phase II soil samples, collected from areas identified during Phase I, were analyzed for FSA 1 

parameters to characterize the nature of the contaminants. The monitoring well samples were also s 

analyzed for FSA parameters. Each well was sampled twice. For purposes of this CAR, 9 

applicable chemicals of concern (COCs) were compared to the RBSLs for soil and groundwater, 10 

as specified in South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, 11 

• January 5, 1998). This document details South Carolina's petroleum program relative to 12 

determining the need for corrective action. The RBSLs for sandy soil, less than 5 feet to 13 

groundwater, were used for comparison to subsurface soil results. Two groundwater sampling 14 

events were included in this assessment. The second, most recent sampling event was compared 1s 

• 

to the RBSLs. Parameters without a designated RBSL were compared as follows: 16 

• For soil, non-RBSL parameters were compared to the soil-to-groundwater screening levels 11 

(SSLs), used in the draft Zone G RFI Report. These levels were determined using Soil 1s 

Screening Guidance, Technical Background Document (USEPA, 1996b). Inorganics in 19 

soil were also compared to the Zone G soil background concentrations, found in the draft 20 

Zone G RFI Report. 21 

• For groundwater, non-RBSL parameters were compared to the tap water risk-based 22 

concentrations (RBCs) with a target hazard quotient (THQ) of 0.1 as presented in the 23 

USEPA Region ill Risk Based Concentration Table (USEPA, October 22, 1997). 24 
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lnorganics in groundwater were compared to the Zone G groundwater background 

concentrations, found in the draft Zone G RFI Report. 2 

4.1 Phase I 3 

A total of 150 Phase I soil screening samples were collected and analyzed for TPH, as described 4 

in Section 3 of this CAR. Figure 2-1 presents the locations of the soil samples. Table 4.1 s 

presents the Phase I sample analytical results; complete analytical results are contained in 6 

Appendix C. Ninety-nine samples exhibited detectable TPH concentrations. Ninety-six exhibited 1 

TPH-GRO, while only three showed TPH-DRO. Of these, 18 exhibited concentrations which s 

either exceeded the conservative arbitrary screening value of 50 mg/kg DR0/50 µg!kg GRO, or 9 

appeared to be grossly contaminated based on visual observation. These 18 locations, (indicated 10 

in bold type in the table), were advanced to Phase II for specific constituent soil analysis and 11 

• monitoring well installation and sampling. Where duplicate samples were collected the results 12 

were averaged with the original. Sample FDSSC05101 exhibited a TPH-GRO of 77.6 µg/kg, 13 

while the duplicate reported 7 .9 µglkg. To ensure a conservative approach, this area was included 14 

in Phase II based on the original result. The area identified by sample FDSSC05801 was advanced 1s 

to Phase II based on odor and visual petroleum contamination. Phase I sampling identified 16 

18 areas of potential impact from the FDS which advanced to Phase II soil and groundwater 11 

sampling. Table 4.1 correlates the Phase I sample results with the area designation. Subsequent 1s 

to Phase II sampling, two other areas, 19 and 20, were identified for inclusion in this CAR. 19 
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FDSSC00201 

• FDSSC00601 

FDSSC02101 

FDSSC02301 • 
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Table4.1 
Phase I 

Detected Soil TPH Concentrations 
Fuel Distribution System 

Result 

16300.00 

9.00 

12.40 

14.00 

4.3 

Area 

Area 1 
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FDSSC02501 

FDSSC02801 

FDSSC03001 

FDSSC03602 

• FDSSC03702 

FDSSC03902 

FDSSC04202 

FDSSC04401 

FDSSC04701 

FDSSC04901 

FDSSC05101 
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Table4.1 
Phase I 

Detected Soil TPH Concentrations 
Fuel Distribution System 

Result 

10.00 

25.50 

9.00 

15.00 

20.30 

24.00 

21.50 

35.80 

19000.00 

42.753 

4.4 

Area 

Areas 

Area 11 
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FDSSC05201 

FDSSC05401 

FDSSC05801 

FDSSC06001 

• FDSSC06401 

FDSSC06601 

FDSSC06801 

FDSSC07001 

FDSSC07301 

FDSSC07701 

FDSSC08201 

FDSSC08401 

FDSSC08901 • 
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Table4.1 
Phase I 

Detected Soil TPH Concentrations 
Fuel Distribution System 

Result 

8.56 

16.80 

10.oob 

21.00 

8.00 

67.00 

18.00 

15.00 

15.00 

11.50 

8.00 

7.00 

35.00 

4.5 

Area 

Area9 

Area 13 
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Sample ID 

FDSSC09702 

FDSSC10501 

FDSSHOOlOl 

FDSSH01201 

FDSSH02201 

FDSSH02601 

Notes: 
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Table4.1 
Phase I 

Detected Soil TPH Concentrations 
Fuel Distribution System 

Result 

87.00 

42.00 

10.00 

9.00 

10.00 

20.00 

Area 

Area 16 

a Average of original duplicate concentrations. Original sample concentration was 77.6 µg/kg. 
b Based on visual observation of gross contamination. 
Bolded concentrations exceed 50 µg/kg (GRO) or 50 mg/kg (DRO) . 
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Area 1 was identified by Phase I soil sample FDSSC00201 (collected from the 4.5 to 5.5 feet bgs 2 

depth interval). This area of potential impact is near the northeast comer of Building 123, which 3 

faces Hobson Avenue as shown on Figure 1-3. An aboveground storage tank (AST) sits 4 

approximately 70 feet east of the building. Soil sample FDSSC00101 was collected near the AST s 

to evaluate its potential impact, but no significant impact was indicated. The Cooper River lies 6 

approximately 110 feet to the north. The soil boring associated with this area, FDSSC00201, is 1 

about 20 feet east of the northeast comer of Building 123. Four shallow monitoring wells s 

(FDSOlA, FDSOlB, FDSOlC, and FDSOlD) were initially installed around this location to detect 9 

possible petroleum constituents that may have migrated to groundwater. Upon discovering free 10 

product in FDSOlA, a fifth well (FDSOlE) was installed near the northwest corner of Building 123 11 

to further delineate downgradient groundwater petroleum contamination. Figure 4.2-1 presents the 12 

soil and groundwater sampling locations for Area 1. 13 

4.2.1 Site Geology and Hydrogeology 14 

Based on borings advanced at this site, the general stratigraphy at Area 1 is comprised of silty sand 1s 

and gravel fill from land surface to 2 feet bgs, overlying alternating intervals of dark gray to black 16 

silty organic clay, and silty clayey sand, to a depth of 10 feet bgs. Petroleum odors were noted 11 

on soil samples collected from 0 to 6 feet bgs at monitoring well boring FDSOlA. Appendix B 1s 

contains boring logs and monitoring well construction diagrams for Area 1. 19 

Shallow groundwater at Area 1 generally occurs from 2.3 to 3.8 feet bgs. Figures 4.2-2 and 4.2-3 20 

depict the shallow groundwater potentiometric surface and inferred flow direction for the site 21 

during low- and high-tide, respectively. Shallow groundwater flow direction changes only slightly 22 

between tidal stages. Well FDSOlE provides downgradient coverage during low-tide. But during 23 

high-tide, flow changes to a more southwesterly direction. Consequently, it appears as though no 24 

4.2.1 
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clear downgradient well exists for the high-tide flow regime. Water level elevations at Area 1 

vary greatly with the tide from 0.0 to 1.16 feet. Maximum average calculated groundwater 2 

velocity (utilizing the steepest gradient at the site) was 0.193 feet per day (feet/day) based on an 3 

average porosity (0.359) and representative hydraulic conductivity (7.7 feet/day) determined 4 

during the Zone G RPI (EnSafe, February 1998). s 

4.2.2 Nature of Contamination in Subsurface Soil 6 

Area 1 subsurface soil analytical results are summarized in Table 4.2.1. No surface soil samples 1 

were collected in Area 1. Appendix C contains a complete analytical data report for all FDS s 

samples. 9 

TPH-GRO in Subsurface Soil 10 

• The Phase I soil sample FDSSC00201 exhibited 16,300 µg/kg of TPH-GRO, prompting 11 

subsequent Phase II soil and groundwater sampling at Area 1. Soil samples FDSSCOOlOl and 12 

FDSSC00301 adjacent to Area 1 identified no significant TPH contamination.. 13 

• 

Volatile Organic Compounds in Subsurface Soil 14 

Four VOCs were detected in subsurface soil at Area 1. All compounds detected were present at 1s 

concentrations far below their soil RBSLs or SSLs, if no RBSL is available. 16 

Semivolatile Organic Compounds in Subsurface Soil 17 

Eight SVOCs were detected in Area 1 subsurface soil. A total naphthalene concentration of 1s 

1,360 µg/kg exceeded its RBSL of 210 µg/kg. This sum is comprised of 2-methylnaphthalene 19 

(940 µg/kg) and naphthalene (420 µg/kg). Both of these concentrations are far below their SSLs. 20 

No other SVOC RBSL or SSL was exceeded. 21 
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Parameters 

Xylene (Total) 

• Chrysene 

Phenanthrene 

Arsenic (As) 

Beryllium (Be) 

Chromium (Cr) 

Copper (Cu) 
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Table4.2.1 
Analytes Detected in Subsurface Soil 

Area 1 

Location 

FDSSC00201 

FDSSC00201 

FDSSC00201 

FDSSC00201 

FDSSC00201 

FDSSC00201 

Fuel Distribution System 

Subsurface 
Cone. 

36 

50 

980 

10.8 

0.78 

17.7 

4.2.6 

RBSL/SSL 

42471/148000 

12998/160000 

NL/1380000 

NL/29 

NL/63 

NL/1000000 

Subsurface 
Background 

NA 

NA 

NA 

1s.s• 

1.63 

43.4a 
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Volatile Organic Compounds in Shallow Groundwater 

Four VOCs were detected in samples from well FDSOlA during both sampling events, but 2 

concentrations were slightly lower in the second event. Benzene was detected at a concentration 3 

equal to the RBSL during the first event. Benzene was below the RBSL, but still exceeded the tap 4 

water RBC during the second sampling event. None of the VOCs detected during the second and s 

most recent sampling event exceeded their groundwater RBSLs. 6 

Semivolatile Organic Compounds in Shallow Groundwater 1 

Fifteen PAHs and two other SVOCs, benzoic acid and dibenzofuran, were detected in Area 1 s 

groundwater samples. Anthracene, acenaphthene, fluoranthene, fluorene, 2-methylnaphthalene, 9 

phenanthrene, and pyrene exceeded their respective RBSLs in monitoring well FDSOlA during 10 

the second sampling event. Concentrations of acenaphthene and naphthalene also exceeded their 11 

respective RBSLs in well FDSOlB during the second sampling event. Consequently, the RBSL 12 

• for total P AHs was also exceeded in samples from FDSOlA and FDSOlB. The tap water RBC for 13 

dibenzofuran was also exceeded during both sampling events in well FDSOlA. No RBSL exists 14 

for dibenzofuran. Figure 4.2-4 presents the distribution of PAHs detected in groundwater during 1s 

• 

the second most recent sampling event at Area 1. 16 

lnorganics in Shallow Groundwater 17 

Twenty-two metals plus cyanide were detected in Area 1 shallow groundwater samples, but no 1s 

RBSLs for groundwater metals were exceeded. Concentrations of beryllium, manganese, and 19 

thallium exceeded their tap water RBCs in the second sampling event. No background was 20 

established for beryllium or thallium. Although concentrations of manganese exceeded the RBC, 21 

they were below the Zone G background value. 22 
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Parameters 

Xylene (Total) 

• Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Fluoranthene 

lndeno(l ,2,3-cd)pyrene 

Naphthalene 
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Table4.2.2 
Analytes Detected in Shallow Groundwater 

Areal 

Location 

FDSOlA 

FDSOlA 

FDSOlA 

FDSOlA 

FDSOlA 

FDSOlA 

FDSOlA 
FDSOlB 

Fuel Distribution System 

First 
Sampling 

Event 

280 

16 

7 

3 

50 

39 
ND 

4.2.9 

Second 
Sampling 

Event 

230 

13 

6 

2 

34 

ND 
23 

RBSL/Tap Water 
RBC 

{µg/L) 

10000/1200 

10/1100 

10/9.2E-02 

10/9.2E-03 

10/150 

10/9.2E-02 

10/150 

Shallow 
Background 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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Parameters 

Dibenzofuran 

• 
Barium(Ba) 

Cadmium (Cd) 

Chromium (Cr) 
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Table 4.2.2 
Analytes Detected in Shallow Groundwater 

Areal 

Location 

FDSOlA 

FDSOlA 
FDSOlB 
FDSOlC 
FDSOlD 

Fuel Distribution System 

First 
Sampling 

Event 

32 

21.1 
14.8 
31 

27.2 

4.2.10 

Second 
Sampling 

Event 

25 

RBSL/Tap Water 
RBC 

(µg/L) 

NL/15 

2000/260 

100/18 

Shallow 
Background 

NA 

31 

0.53 

3.88 
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Copper (Cu) 

Iron (Fe) 

• Magnesium (Mg) 

Mercury (Hg) 

Potassium (K) 

Sodium (Na) 
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Table4.2.2 
Analytes Detected in Shallow Groundwater 

Area 1 

Location 

FDSOlA 
FDSOlB 
FDSOlC 
FDSOlD 
FDSOlE 

FDSOlA 
FDSOlB 
FDSOlC 
FDSOlD 
FDSOlE 

FDSOlD 

FDSOlA 
FDSOlB 
FDSOlC 
FDSOlD 
FDSOlE 

FDSOlA 
FDSOlB 
FDSOlC 
FDSOlD 
FDS01E 

Fuel Distribution System 

First 
Sampling 

Event 

2.8 
0.61 

2670 
4670 

11900 
7685 
1410 

22800 
17500 
34700 
79500 
9960 

0.1 

17200 
29800 
20100 
48300 
8780 

161000 
116000 
170000 
338000 
114000 

4.2.11 

Second 
Sampling 

Event 

2.7 
ND 

2230 
6070 
7110 
6780 
930 

15800 
12500 
37500 
74500 
9080 

ND 

8810 
27200 
33700 
45450 
8120 

63300 
96500 

325000 
357500 
79800 

RBSL/Tap Water 
RBC Shallow 

(µg/L} Background 

NL/13000 8.33 

NL/NL NL 

NL/NL NL 

2/1.1 ND 

NL/NL NL 

NL/NL NL 
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Table4.2.2 
Analytes Detected in Shallow Groundwater 

Areal 
Fuel Distribution System 

First Second RBSL/Tap Water 
Sampling Sampling RBC Shallow 

Parameters Location Event Event (µg!L) Background 

Tin (Sn) FDSOlD 2. 7 ND NL/2200 ND 

Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
µg/L Micrograms per liter 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ==0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth . 
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Areas 2, 3, 4, 5, and 6 were identified by soil samples FDSSC01201 (collected from the 6.8 feet 2 

bgs depth interval), FDSSC01401 (6 to 7.5 feet bgs depth interval), FDSSCOllOl (4 to 6 feet bgs 3 

depth interval), FDSSC01601(6.to7.5 feet bgs depth interval), and FDSSC01301 (4.3 to 5.8 feet 4 

bgs depth interval), respectively. These areas of potential impact, grouped together for discussion s 

because of their proximity, are all in the vicinity of Building 132, which was investigated during 6 

the Zone G RFI as AOC 638. Building 132 is on the northeast corner of Hobson Avenue and 1 

Brumby Street. The Cooper River lies approximately 400 feet to the east. To investigate potential s 

groundwater petroleum contamination, 14 shallow monitoring wells were installed at this 9 

combined site. Because of the proximity to AOC 638, the shallow well installed for this site's RFI 10 

(638001) was included in the groundwater investigation. Figure 4.3-1 presents the soil and 11 

groundwater sampling locations for the combined Areas 2, 3, 4, 5, and 6. 12 

13 

4.3.1 Site Geology and Hydrogeology 14 

Based on well borings, the general stratigraphy at the combined site is brown silty, sandy clay, 1s 

to a depth of approximately 3 feet bgs. This material overlies alternating intervals of tan, brown, 16 

and black sand, tan to olive green to gray silt, and gray to black organic clay, to a depth of 11 

approximately 12 feet bgs. Petroleum odors and/or stains were noted in stratigraphic soil samples 1s 

collected from 5 to 7 feet bgs at well borings FDS02A, FDS04A, and FDS06A. Appendix B 19 

contains boring logs and monitoring well construction diagrams for wells associated with Areas 2, 20 

3, 4, 5, and 6. 21 

22 

Shallow groundwater at Areas 2, 3, 4, 5, and 6 occurs from less than 2.8 to 5.2 feet bgs. 23 

Figures 4.3-2 and 4.3-3 depict the shallow groundwater potentiometric surface and inferred flow 24 

direction for the site during low- and high-tides, respectively. The overall shallow groundwater 2s 

flow patterns are relatively consistent, with only minor localized variations between tidal stages. 26 

27 

4.3.l 
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Tidal influences appear strong with groundwater elevation changes ranging from 0.01to0.99 feet. 

Maximum average calculated groundwater velocity (utilizing the steepest gradient) was 2.30 2 

feet/day based on an average porosity (0.359) and representative hydqmlic conductivity 3 

(6.1 feet/day) determined during the Zone G RFI (EnSafe, February 1998). 4 

5 

4.3.2 Nature of Contamination in Subsurface Soil 6 

Analytes detected in Areas 2, 3, 4, 5, and 6 subsurface soil are summarized in Table 4.3.1. No 1 

surface soil samples were collected in these combines areas. Appendix C contains a complete s 

analytical data report for all FDS samples. 9 

10 

TPH-GRO in Subsurface Soil 11 

The Phase I sample results from the borings associated with these combined areas ranged from 12 

• 61.8 µg/kg of TPH-GRO at FDSSC01101 to 124,000 µglkg at FDSSC01301, prompting 13 

subsequent Phase II soil and groundwater sampling. Nearby samples FDSSC00901, 14 

FDSSC02701, and FDSSC02801 identified no significant TPH contamination. 1s 

• 

16 

Volatile Organic Compounds in Subsurface Soil 17 

Five VOCs were detected in subsurface soil at Areas 2, 3, 4, 5, and 6. A benzene concentration 1s 

of 100 µg/kg at FDSSC01201 exceeded its RBSL of 5 µglkg, and its SSL of 30 µg/kg. All other 19 

VOC concentrations were far below their RBSLs or SSLs. Figure 4.3-4 presents the BTEX 20 

concentrations detected in soil at these combined areas. 21 

22 

23 
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Table4.3.l 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, 5 and 6 

Location 

FDSSC01301 

Fuel Distribution System 

Subsurface 
Cone. 

84 

4.3.6 

RBSL/SSL 

NL/930000 

Subsurface 
Background 

NA 
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Table4.3.1 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, S and 6 

Location 

FDSSCOllOl 
FDSSC01201 
FDSSC01301 
FDSSC01401 

Fuel Distribution System 

Subsurface 
Cone. 

4.3.7 

NL/29 1s.s• 

NL/63 1.63 
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Calcium (Ca) 

Cobalt (Co) 

• Iron (Fe) 

Magnesium (Mg) 

Mercury (Hg) 
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Table4.3.1 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, 5 and 6 

Location 

FDSSC01101 
FDSSC01201 
FDSSC01301 
FDSSC01401 

FDSSC01101 
FDSSC01201 
FDSSC01301 
FDSSC01401 

FDSSC01101 
FDSSC01201 
FDSSC01301 
FDSSC01401 

FDSSC01101 
FDSSC01201 
FDSSC01301 
FDSSC01401 

FDSSC01101 
FDSSC01201 
FDSSC01301 
FDSSC01401 
FDSSC01601 

Fuel Distribution System 

Subsurface 
Cone. 

.19 

.21 

.17 

.45 

.67 

4.3.8 

RBSL/SSL 

NL/NL 

NL/2000 

NL/NL 

NL/NL 

NL/2.1 

Subsurface 
Background 

NL 

8.14 

NL 

NL 

0.31 



• 

• 

• 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.1 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, 5 and 6 
Fuel Distribution System 

Subsurface Subsurface 
Parameters Location Cone. RBSL/SSL Background 

Potassium (K) FDSSC01101 1680 NL/NL NL 
FDSSC01301 2450 
FDSSC01401 2140 
FDSSC01601 3370 

Sodium (Na) FDSSC01101 1380 NL/NL NL 
FDSSC01201 1450 
FDSSC01301 3090 
FDSSC01401 2380 
FDSSC01601 10600 

Zinc (Zn) FDSSC01101 69.4 NL/12000 145 
FDSSC01201 264 
FDSSCOl301 92.5 
FDSSC01401 . 91.5 
FDSSC01601 150 

Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and soil-to-groundwater SSLs 
(DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations . 

4.3.9 
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Semivolatile Organic Compounds in Subsurface Soil 1 

Twenty SVOCs, were detected in subsurface soil in these combined areas. The greatest number 2 

of SVOC concentrations (18) occurred in sample FDSSC01301, while the fewest occurrences 3 

(four) were detected in sample FDSSC01601. The RBSL for total naphthalenes (210 µg/kg) was 4 

exceeded at FDSSC01201 and FDSSC01301. The total naphthalene concentration at FDSSC01201 s 

(159,000 µg/kg) was derived by summing the concentrations of 2-methylnaphthalene 6 

(120,000 µg/kg). and naphthalene (39,000 µg/kg) at this location. The total naphthalene 1 

concentration at FDSSC01201 also exceeded the SSL for naphthalenes, 84,000 µglkg. Likewise, s 

total naphthalenes at FDSSC01301 (5,490 µg/kg) were derived by the same method (summing 9 

5,200 µglkg and 290 µglkg for 2-methylnaphthalene and naphthalene, respectively). All other 10 

SVOC concentrations were far below their RBSLs or SSLs. Figure 4.3-5 presents the distribution 11 

of naphthalenes in soil at Areas 2, 3, 4, 5, and 6. 12 

PCBs in Subsurface Soil 13 

Aroclor-1260 was detected at FDSSC01201 at a concentration below its SSL. No RBSL is listed 14 

for Aroclor. 1s 

lnorganics in Subsurface Soil 16 

Twenty metals were detected in subsurface soil at Areas 2, 3, 4, 5, and 6. No RBSLs are listed 11 

for these metals. All metal concentrations were below their SSLs. 1s 

4.3.3 Nature of Contamination in Shallow Groundwater 19 

Analytes detected in shallow groundwater at Areas 2, 3, 4, 5, and 6 are summarized in 20 

Table 4.3.2. No free product was observed in the combined area monitoring wells. FDS well 21 

data are based on sampling events conducted in January and June of 1997. For monitoring 22 

well 638001, data are taken from sampling events in November of 1996 and May 1997. 23 

Appendix C contains a complete analytical data report for all FDS samples. 24 

4.3.11 



80 

SCALE 

LEGEND 

0 80 

FEET 

FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 

• '··--..• .., ·' 

1271 
<.::) /,/~ ............... . 

/ ..... .. 

< > 
210 ~~)"(; 

-··-· -- •. 

TOTAL NAPHTHALENES. 159000': 
2-METHYLNAPHTHALENE -120000 
NAPHTHALENE 39000- .. 

FIGURE 4.3-5 
AREAS 2, 3, 4, 5, AND 6 

NAPHTHALENES IN SOIL 

DWG DATE:06/01/98 DWG NAME:2907N017 



• 
Parameters 

• Benzoic Acid 

• 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

Location 

First 
Sampling 

Event 

4.3.13 

1 
1 
1 
2 

Second 
Sampling 

Event 

ND 
ND 
ND 
ND 

RBSL/Tap 
WaterRBC 

(µg/L) 
Shallow 

Background 
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Table4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

Location 

FDS02B 
FDS02C 
FDS04A 
FDS04B 
FDS04C 
FDSOSA 
FDS05B 

First 
Sampling 

Event 

4.3.14 

Second 
Sampling 

Event 

ND 
ND 
23.4 
ND 
ND 
ND 
ND 

RB SL/Tap 
WaterRBC 

(µg/L) 

NL/1.5 

Shallow 
Background 

4.85 
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Table4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

First Second RB SL/Tap 
Sampling Sampling WaterRBC Shallow 

Location Event Event (µg/L) Background 

23.8 16.4 2000/260 31 
94 128 

83.l 33.7 
38 24.8 

32.3 30.3 
36.3 25 
38.4 23.8 
32.5 14.6 
23.3 21.3 
28.2 17 
30.9 45.3 
37.7 33.1 
35.1 19.7 
28.9 38.2 
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Table4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

First Second RBSL/Tap 
Sampling Sampling WaterRBC Shallow 

Location Event Event (µg/L) Background 

FDS02A 4.4 100/18 3.88 
FDS02C 1.2 
FDS03B ND 
FDS03C ND 
FDS04B 1.2 
FDSOSA 1.4 
FDSOSB 11 
FDS06A 4.8 
FDS06B 1.2 
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Table 4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

First Second RB SL/Tap 
Sampling Sampling WaterRBC Shallow 

Location Event Event (µg/L) Background 

6680 5870 NL/NL NL 
3110 1615 
2870 5930 
2130 5410 
1450 11700 
974 4340 

2540 3600 
4030 6330 
3400 3880 
3370 2810 
13600 25600 
7590 7970 
189 6270 

3550 1240 
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Table4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distrib,ution System 

First Second RBSL/Tap 
Sampling Sampling WaterRBC Shallow 

Location Event Event (µg/L) Background 

FDS02A 1 2/1.1 ND 
FDS02C ND 
FDS03C ND 

4.3.18 
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Table4.3.2 
Analytes Detected in Shallow Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

Location 

638001 
FDS02A 
FDS02C 
FDS03B 
FDS03C 
FDS04A 
FDS04C 

First 
Sampling 

Event 

ND 
6.75 
5.1 
3 

5.7 
ND 
ND 

4.3.19 

Second 
Sampling 

Event 

ND 
ND 
ND 

2 
1.4 
1.1 
ND 
1.4 
1.3 
4.2 
1.7 

Shallow 

NL/0.29 ND 
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Notes: 
NL Not listed 
NA Not applicable 
ND = Not detected 
NT = Not taken 
µg/L = Micrograms per liter 
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RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Balded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth. 

Volatile Organic Compounds in Shallow Groundwater 

Two VOCs were detected in groundwater samples at Areas 2, 3, 4, 5, and 6. Neither compound 2 

has an assigned RBSL. Chlorobenzene was detected at 6 µg!L in the second sampling event from 3 

well FDS06B, at a concentration exceeding the tap water RBC of 3.9 µg/L. Chlorobenzene was 4 

not detected in the first sample collected from this well. Styrene was detected in FDS03B in both s 

the first and second sampling events at 1 µg/L, far below its tap water RBC of 160 µg/L. 6 

Semivolatile Organic Compounds in Shallow Groundwater 1 

Twelve SVOCs, including four PAHs, were detected in groundwater samples from Areas 2, 3, s 

4, 5, and 6. The RBSL for 2-methylnaphthalene (10 µg/L) was exceeded at well FDS06B 9 

(85 µg/L) during the first sampling event, and was also detected at this well in the second 10 

sampling event but at a significantly lower concentration (10 µg/L) which equaled the RBSL. The 11 

RBSL for total P AHs (25 µg/L) was exceeded during both sampling events at well FDS06B 12 

(104 µg/L and 27 µg/L, respectively). Total PAHs dropped significantly between the two 13 

sampling events. Total PAH concentrations were attained by collectively summing all PAH 14 

constituent concentrations from each well. Figure 4.3-6 presents the distribution of total and 1s 

individual PAHs in groundwater at Areas 2, 3, 4, 5, and 6. Pentachlorophenol was detected in 16 

well FDDS03A. No RBSL is available for pentachlorophenol. The tap water RBC for 11 

pentachlorophenol (0.56 µg/L) was exceeded at FDS03A (1 µg/L) during the second sampling 18 

event, but was not detected in the first sampling event. 19 

4.3.20 
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Twenty-four metals plus cyanide were detected in groundwater samples from Areas 2, 3, 4, 5, and 2 

6, but no RBSLs for metals in groundwater were exceeded. However, concentrations of 3 

antimony, beryllium, manganese, and thallium exceeded their tap water RBCs in the second 4 

sampling event. Antimony exceeded its shallow background of 4.85 µg/L in the second sampling s 

event in well FDS04A with a detection of 23 .4 µg!L. Although concentrations of manganese 6 

exceeded the RBC, they were below the Zone G background value. No background was 1 

established for beryllium or thallium. s 

4.3.22 
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Area 7 is associated with soil sample FDSSC03001 (collected from the 4 to 5.5 feet bgs depth 2 

interval). This area of potential impact is located along Hobson A venue, where the road passes 3 

Building 224. The Cooper River lies approximately 1,000 feet to the east. To investigate 4 

potential petroleum groundwater contamination, four shallow monitoring wells were installed: two s 

along the east side of Hobson Avenue across from Building 224, one in a fenced parking lot on 6 

the east side of Building 224 facing Hobson Avenue, and a fourth well in a large parking lot across 1 

Hobson Avenue from Building 224. Figure 4.4-1 presents the soil boring and monitoring well s 

locations for Area 7. 9 

10 

4.4.1 Site Geology and Hyclrogeology 11 

Based on well borings advanced at this site, the general stratigraphy at Area 7 is tan silty, gravely, 12 

• sandy soil to a depth of approximately 4 feet bgs, which overlies alternating intervals of tan, olive, 13 

dark gray, and black silt, sand, and organic clay to a depth of approximately 18 feet bgs. 14 

Appendix B contains boring logs and monitoring well construction diagrams for Area 7 wells. 1s 

• 

16 

Shallow groundwater at Area 7 occurs from 0.33 to 6.3 feet bgs. Figures 4.4-2 and 4.4-3 depict 11 

the shallow groundwater potentiometric surface and hiferred flow direction for the site during low- 1s 

and high-tide respectively. Shallow groundwater flow direction and gradient were consistent 19 

between tidal stages. Tidal variations of groundwater elevation range from 0 .. 1 to 0.44 feet. 20 

Maximum average calculated groundwater velocity (utilizing the steepest gradient) was 0.228 21 

feet/day based on an average porosity (0.359) and representative hydraulic conductivity (0.37 22 

feet/day) determined during the Zone G RFI (EnSafe, February 1998). 23 

4.4.1 
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4.4.2 Nature of Contamination in Subsurface Soil 

Analytes detected in Area 7 subsurface soil samples are summarized in Table 4.4.1. Appendix C 2 

contains a complete analytical data report for all FDS samples. 3 

4 

TPH-DRO/GRO in Subsurface Soil 5 

The Phase I soil sample FDSSC03001 exhibited TPH-DRO of 102 mg/kg, prompting subsequent 6 

Phase II soil and groundwater sampling within Area 7. TPH-GRO was also detected, at 9 µglkg, 1 

in this sample. Nearby samples FDSSC02101 and FDSSC02401 identified no significant TPH s 

contamination. 9 

10 

Volatile Organic Compounds in Subsurface Soil 11 

No VOCs were detected in subsurface soil samples at Area 7. 12 

13 

Semivolatile Organic Compounds in Subsurface Soil 14 

Eleven SVOCs were detected in Area 7 subsurface soil. All SVOC detections in Area 7 15 

subsurface soil were far below their soil RBSLs (or SSLs if no RBSL is available). 16 

17 

Inorganics in Subsurface Soil 1s 

Nineteen metals were detected in Area 7 subsurface soil samples. No soil RBSLs are available 19 

for the inorganics detected. Arsenic slightly exceeded its SSL and Zone G background 20 

concentration. No other inorganic SSLs were exceeded. 21 

22 

4.4.3 Nature of Contamination in Shallow Groundwater 23 

Analytes detected in Area 7 shallow groundwater samples are summarized in Table 4.4.2. No free 24 

product was observed in Area 7 monitoring wells. Appendix C contains a complete analytical data 25 

report for all FDS samples. 26 

4.4.5 
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Table4.4.l 
Analytes Detected in Subsurface Soil 

Area 7 

Location 

FDSSC03001 

FDSSC03001 

FDSSC03001 

FDSSC03001 

FDSSC03001 

FDSSC03001 

Fuel Distribution System 

Subsurface 
Cone. 

76 

94 

74 

47.3 

34.6 

55.1 

4.4.6 

RBSL/SSL 

29097/5000 

12998/160000 

NL/14000 

NL/1000000 

NL/920 

NL/400 

Subsurface 
Background 

NA 

NA 

NA 

43.4' 

32.6 

66.3 
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Table 4.4.2 
Analytes Detected in Shallow Groundwater 

Area7 

Location 

FDS07B 
FDS07C 
FDS07D 

FDS07D 

FDS07B 
FDS07D 

FDS07A 
FDS07C 

Fuel Distribution System 

First 
Sampling 

Event 

ND 
ND 
51 

2 

ND 
ND 

3 
5 

Second 
Sampling Event 

4.4.8 

2 
1 

71 

5 

3 
24 

ND 
1 

RBSL/Tap Water 
RBC 

(µg/L) 

10/220 

1011100 

10/150 

NL/15000 

Shallow 
Background 

NA 

NA 

NA 

NA 
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Table4.4.2 
Analytes Detected in Shallow Groundwater 

Area7 

Location 

FDS07A 
FDS07B 
FDS07C 
FDS07D 

FDS07B 
FDS07C 
FDS07D 

FDS07A 
FDS07B 
FDS07C 
FDS07D 

FDS07A 
FDS07B 
FDS07C 

FDS07A 
FDS07B 
FDS07C 
FDS07D 

Fuel Distribution System 

First 
Sampling 

Event 

9.7 
3.6 
7.6 
5.1 

0.45 
0.59 
0.91 

165000 
220000 
218000 
281000 

1.5 
ND 
ND 
3 

1820 
68700 
66600 

503000 
440000 
586000 
562000 

Second 
Sampling Event 

4.4.9 

8.3 
5.5 
8.0 
11.1 

ND 
ND 
ND 

251000 
204000 
221000 
307000 

1.7 
1.1 
1.4 

889000 
409000 
497000 
474000 

RBSL/Tap Water 
RBC Shallow 

(µg/L) Background 

50/4.5E-02 17.8 

NL/1.6E-02 ND 

NL/NL NL 

NL/220 1.45 

NL/NL NL 

NL/NL NL 
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Table4.4.2 
Analytes Detected in Shallow Groundwater 

Area7 

Location 

FDS07A 
FDS07B 
FDS07C 
FDS07D 

FDS07A 
FDS07B 
FDS07D 

FDS07A 
FDS07B 

FDS07A 
FDS07B 
FDS07C 

FDS07A 
FDS07B 
FDS07C 
FDS07D 

Fuel Distribution System 

First 
Sampling Second 

Event 

170 
1240 
991 
835 

6.4 
2.9 
4.4 

ND 
ND 

ND 
8 

9.9 

8.9 
2 

3.5 
2.3 

Sampling Event 

4.4.10 

222 
1120 
820 
1080 

2.6 
ND 
ND 

1.7 
1.4 

10.5 
2.2 
7.6 
5.2 

RBSL/Tap Water 
RBC Shallow 

(µg/L) Background 

NL/84 2906 

NL/73 4.08 

5/18 1.65 

NL/0.29 ND 

NL/26 15.4 
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Notes: 
NL Not listed 
NA Not applicable 
NT = Not taken 
ND = Not detected 
µgfL = Micrograms per liter 
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RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth. 

Volatile Organic Compounds in Shallow Groundwater 

No VOCs were detected in shallow groundwater at Area 7. 2 

Semivolatile Organic Compounds in Shallow Groundwater 3 

Twelve SVOCs, including eight PAHs, were detected in Area 7 groundwater samples. During 4 

the second sampling event, acenaphthene, fluorene, naphthalene, and phenanthrene each exceeded s 

its RBSL for individual P AHs (10 µg/L) at well FDS07D. Concentrations of these analytes were 6 

71 µg/L, 30 µg/L, 24 µg/L, and 20 µg/L, respectively. The total PAH concentration at well 1 

FDS07D (156 µg/L), obtained by summing all P AH concentrations in this well, also exceeded the s 

RBSL for total P AHs (25µg/L). Concentrations of P AHs increased between the first and second 9 

sampling events. Dibenzofuran was also detected at well FDS07D during the second sampling 10 

event (16 µg/L) above its tap water RBC (15 µg/L). No RBSL is available for dibenzofuran. 11 

Figure 4 .4-4 presents the distribution of P AHs in groundwater at Area 7. 12 

lnorganics in Shallow Groundwater 13 

Twenty-one metals plus cyanide were detected in Area 7 groundwater samples, but no RBSLs for 14 

groundwater metals were exceeded. Concentrations of aluminum, manganese, and thallium 1s 

exceeded their respective tap water RBCs in the second sampling event. 16 

Aluminum exceeded its background concentration and tap water RBC in one sample. Although 11 

concentrations of manganese exceeded its RBC, they were all below the Zone G background 1s 

values. No background was established for thallium. 19 

4.4.11 
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Area 8 is associated with soil sample FDSSC04701 (collected from the 14 to 16 feet bgs depth 2 

interval) and FDSSC47A01 (13.5 to 15.5 feet bgs). This area of potential impact is north of the 3 

Viaduct Road overpass, along a road ramp. The Cooper River lies approximately 1,700 feet to 4 

the east. To investigate potential petroleum groundwater contamination, three shallow monitoring s 

wells were installed: two in the grassy median north of the road ramp, and one on the southern 6 

edge of the athletic field north of the site. Figure 4.5-1 presents the soil boring and monitoring 1 

well locations for Area 8. ..- s 

9 

4.5.1 Site Geology and Hydrogeology 10 

Based on well borings, the general stratigraphy at Area 8 is brown to gray silty, clayey sandy soil u 

fill to a depth of approximately 5 feet bgs at location FDS08A. In contrast, a brown stiff, silty 12 

• clay was observed from 0 to 2 feet bgs at location FDS08C. Alternating intervals of brown to 13 

dark gray to black silt, sand, and organic clay underlie the surficial soil to a depth of 14 

approximately 20 feet bgs. Strong petroleum odors were noted in stratigraphic soil samples 1s 

collected from 11 feet bgs at boring FDS08B. Appendix B contains boring logs and monitoring 16 

• 

well construction diagrams for Area 8. 17 

18 

Shallow groundwater at Area 8 occurs from 1 to 8.6 feet bgs. Figures 4.5-2 and 4.5-3 depict the 19 

shallow groundwater potentiometric surface and inferred flow direction for the site during low- 20 

and high-tide, respectively. Shallow groundwater flow direction and gradient are consistent 21 

between tidal stages. Groundwater elevation changes due to tidal variation are minor, ranging 22 

from 0.11 to 0.36 feet. Maximum average calculated groundwater velocity (utilizing the steepest 23 

gradient) was 0.891 feet/day based on an average porosity (0.359) and representative hydraulic 24 

conductivity (3.9 feet/day) determined during the Zone G RFI (EnSafe, February 1998). 2s 

26 

4.5.1 
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4.5.2 Nature of Contamination in Subsurface Soil 1 

Analytes detected in Area 8 subsurface soil are summarized in Table 4. 5 .1. Appendix C contains 2 

a complete analytical data report for all FDS samples. 3 

4 

TPH-GRO in Subsurface Soil 5 

The Phase I soil sample FDSSC04701exhibited19,000 µglkg TPH-GRO, prompting subsequent 6 

Phase II soil and groundwater sampling at Area 8. Nearby samples FDSSC04601, FDSSH00701, 1 

and FDSSH00801 identifed no significant TPH contamination. 8 

9 

Volatile Organic Compounds in Subsurface Soil 10 

Toluene was the only VOC detected in Area 8 subsurface soil, at a concentration far below its 11 

RBSL. 12 

• Ll 

• 

Semivolatile Organic Compounds in Subsurface Soil 14 

Ten SVOCs, were detected in Area 8 subsurface soil. The RBSL for total naphthalenes 1s 

(210 µg/kg) was exceeded in FDSSC47 AOl. The total naphthalene concentration at this location 16 

(5,210 µg/kg) was derived by summing the concentrations of2-methylnaphthalene (5,100 µg/kg) 11 

and naphthalene (110 µg/kg) detected. All other SVOC concentrations were far below their 1s 

RBSLs if available and SSLs. 19 

20 

Inorganics in Subsurface Soil 21 

Eighteen metals were detected in Area 8 subsurface soil. No soil RBSLs are available for the 22 

inorganics detected. All metal concentrations were below their SSLs and Zone G background 23 

concentrations with the exception of arsenic which only very slightly exceeded background. 24 

4.5.5 
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Table4.5.1 
Analytes Detected in Subsurface Soil 

Areas 

Location 

FDSSC47A01 

FDSSC47A01 

FDSSC47A01 

FDSSC47A01 

FDSSC47A01 

Fuel Distribution System 

Subsurface 
Cone. 

430 

300 

1600 

30.3 

4.5.6 

RBSL/SSL 

NL/570000 

73084/2000 

NL/1380000 

NL/63 

NL/400 

Subsurface 
Background 

NA 

NA 

NA 

NA 

1.63 

66.3 
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Table 4.5.1 
Analytes Detected in Subsurface Soil 

Areas 
Fuel Distribution System 

Subsurface Subsurface 
Parameters Location Cone. RBSL/SSL Background 

Manganese (Mn) FDSSC47A01 186 NL/1100 291 

Potassium (K) FDSSC47A01 1870 NL/NL NL 

Sodium (Na) FDSSC47A01 2300 NL/NL NL 

Zinc (Zn) FDSSC47A01 77.9 NL/12000 145 

Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and soil-to-groundwater SSLs 
(DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) were used as reference concentrations. 
Balded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. 

4.5.3 Nature of Contamination in Shallow Groundwater 

Analytes detected in Area 8 shallow groundwater samples are summarized in Table 4.5 .2. No free 2 

product was observed in Area 8 monitoring wells. Appendix C contains a complete analytical data 3 

report for all FDS samples. 4 

4.5.7 
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Table4.5.2 
Analytes Detected in Shallow Groundwater 

Areas 

Location 

FDS08B 

FDS08B 

FDS08B 

FDS08C 

FDS08B 

FDS08B 

FDS08A 
FDS08B 
FDS08C 

FDS08A 
FDS08B 
FDS08C 

Fuel Distribution System 

First 
Sampling 

Event 

17 

6 

2 

ND 

4 

ND 

54.4 
179 
131 

88100 
83800 
170000 

4.5.8 

Second 
Sampling 

Event 

6 

4 

2 

3 

2 

2.7 

22.2 
89.8 
72.6 

76500 
90000 

244000 

RBSL/Tap Water 
RBC 

(µg/L) 

10/220 

10/150 

10/150 

NL/1100 

NL/15 

NL/1.5 

2000/260 

NL/NL 

Shallow 
Background 

NA 

NA 

NA 

NA 

NA 

4.85 

31 

NL 
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Cobalt (Co) 

Iron (Fe) 

Magnesium (Mg) 

• 
Nickel (Ni) 

Silver (Ag) 

Zinc (Zn) 
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Table4.5.2 
Analytes Detected in Shallow Groundwater 

Areas 

Location 

FDS08A 
FDS08B 
FDS08C 

FDS08A 
FDS08B 
FDS08C 

FDS08A 
FDS08B 
FDS08C 

FDS08C 

FDC08A 

Fuel Distribution System 

First 
Sampling 

Event 

15500 
3040 
828 

41900 
160000 
169000 

8 
13 

5.8 

ND 

36 

4.5.9 

Second 
Sampling 

Event 

8630 
23800 
1445 

37600 
157000 
127500 

1 
1.6 

0.88 

1.4 

ND 

NL/NL NL 

NL/NL NL 

NL/73 4.08 

5/18 1.65 

NL/1100 15.6 
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Notes: 
NL Not listed 
NA = Not applicable 
ND = Not detected 
µg/L = Micrograms per liter 
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RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=O.l) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth. 

Volatile Organic Compounds in Groundwater 

No VOCs were detected in groundwater at Area 8. 2 

Semivolatile Organic Compounds in Groundwater 3 

Twelve SVOCs, including seven P AHs, were detected in Area 8 groundwater samples. The RBSL 4 

for total P AHs was exceeded during the first, but not the second most recent, sampling event. No s 

other groundwater SVOC concentrations exceeded individual RBSLs or tap water RBCs. 6 

Inorganics in Groundwater 1 

Twenty metals were detected in Area 8 groundwater samples, but no RBSLs were exceeded. s 

Concentrations of antimony, manganese, and thallium exceeded their tap water RBCs in the second 9 

sampling event. Although concentrations of antimony and manganese exceeded RBCs, all these lo 

concentrations were below the Zone G background value. No background was established for 11 

thallium. 12 

4.5.10 
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Areas 9 and 10 are associated with soil sample FDSSC05801 (collected from the 5 to 9 feet bgs 2 

depth interval) and FDSSC05501 ( 4 to 10 feet bgs), respectively. These areas of potential impact 3 

are immediately southwest of Fueling Pier Kilo (AOC 631). The Cooper River lies approximately 4 

200 feet to the east. · To investigate potential petroleum groundwater contamination, six shallow s 

monitoring wells were installed within the two areas. The three wells for Area 9 were installed 6 

around boring FDSSC05801, which was advanced southwest of the two 50,000-gallon petroleum 1 

storage tanks associated with Pier Kilo. Three Area 10 wells were associated with sample s 

FDSSC05501, these wells are situated along the eastern edge of River Road South, where this road 9 

passes Fueling Pier Kilo. Because of the proximity of shallow well 620003 (AOC 620 10 

investigated during the Zone F RFI), analytical data from this well was included and reviewed 11 

relative to this investigation. Figure 4.6-1 presents the soil boring and monitoring well locations 12 

for Areas 9 and 10. 13 

4.6.1 Site Geology and Hydrogeology 14 

Based on well borings advanced at this site, the general stratigraphy at Areas 9 and 10 is dark 1s 

brown to black clayey, sandy soil to approximately 5 feet bgs, overlying alternating intervals of 16 

tan to olive, gray to black silt, sand and organic clay to a depth of approximately 20 feet bgs. No 11 

petroleum odors or stains were noted in soil samples from monitoring well borings. Appendix B 1s 

contains boring logs and monitoring well construction diagrams for these wells. 19 

Shallow groundwater at Areas 9 and 10 occurs from 1.25 to 3 .0 feet bgs. Figures 4.6-2 and 4.6-3 20 

depict the shallow groundwater potentiometric surface and inferred flow direction for the site 21 

during low- and high-tide respectively. The overall flow direction was consistent between tides. 22 

The gradient was less during high-tide. Changes in groundwater elevation between tides were less 23 

than 0.35 feet. 24 
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Maximum average calculated groundwater velocity (utilizing the steepest gradient) was 

0.008 feet/day based on an average porosity (0.359) and hydraulic conductivity (0.37 feet/day) 2 

determined during the Zone G RPI (EnSafe, February 1998). 3 

4.6.2 Nature of Contamination in Subsurface Soil 4 

Analytes detected in subsurface soil at Area 9 and 10 are summarized in Table 4. 6 .1. Appendix C s 

contains a complete analytical data report for all FDS samples. 6 

TPH-GRO in Subsurface Soil 1 

The Phase I samples at Area 9 and 10 showed TPH-GRO concentrations of 63.7 µglkg at s 

FDSSC05501and10 µg/kg at FDSSC05801. FDSSC05501 was advanced to Phase II based on 9 

elevated TPH. FDSSC05801 was advanced to Phase II based on visual observations. Nearby 10 

• samples FDSSC03801, FDSSC03901, FDSSC04001, FDSSC04101, FDSSC05701, FDSSC05901, 11 

• 

FDSSC06001, and FDSSC06201 identified no significant TPH contamination. 12 

Volatile Organic Compounds in Subsurface Soil 13 

Toluene was the only VOC detected in subsurface soil at Area 9 and 10, at a concentration far 14 

below its RBSL and SSL. 15 

Semivolatile Organic Compounds in Subsurface Soil 16 

Twelve SVOCs were detected in subsurface soil at Area 9 and 10. The RBSL for total 11 

naphthalenes (210 µg/kg) was slightly exceeded at FDCSC05801. The total naphthalene 1s 

concentration at this location (250 µg/kg) represents only 2-methylnaphthalene. All other SVOC 19 

concentrations were far below their RBSLs and SSLs. Figure 4.6-4 presents the distribution of 20 

naphthalenes in soil at Area 9 and 10. 21 

4.6.5 



• 
Parameters Location 

• 

• 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.6.1 
Analytes Detected in Subsurface Soil 
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Fuel Distribution System 
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Table 4.6.1 
Analytes Detected in Subsurface Soil 

Areas9 & 10 
Fuel Distribution System 

Subsurface 
Cone. RBSL/SSL 

Subsurface 
Background 

Iron (Fe) FDSSC05501 2560 NL/NL NL 
FDSSC05801 6960 

Magnesium (Mg) FDSSC05501 534 NL/NL NL 
FDSSC05801 1670 

Nickel (Ni) FDSSC05501 2.4 NL/130 18.3 

:tr~m~MrnH~rrr:r::t1t:r1:t:t:::':J:ffi§§ff9~~!!~'.::J::::::;::rr:r:1:1:::::::t:J:::1§.1r::1@tttr1::::111:::r1i11n.itti1tr:1:::1ritt:1:r::1.1::riI1i1tr: 
Sodium (Na) FDSSC05501 478 NL/NL NL 

FDSSC05801 2370 

Zinc (Zn) FDSSC05501 5.5 NL/12000 145 

Notes: 
a Background value for non-clay samples 
ND = Not detected 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and soil-to-groundwater SSLs 
(DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations . 
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Three pesticides were detected in subsurface soil at Area 9 and 10. No RBSLs are available for 2 

pesticides in soil. Concentrations of 4,4' -DDE, alpha-chlordane, and gamma-chlordane were 3 

detected at FDSSCOS801 below SSLs. 4 

lnorganics in Subsurface Soil s 

Eighteen metals were detected in subsurface soil at Area 9 and 10. No soil RBSLs are available. 6 

All detected metals concentrations were below SS Ls and Zone G background concentrations. 1 

4.6.3 Nature of Contamination in Shallow Groundwater s 

Analytes detected in groundwater at Areas 9 and 10 are summarized in Table 4.6.2. No free 9 

product was observed in these wells. Appendix C contains a complete analytical data report for 10 

• all FDS samples. For Area 9 and 10, the FDS well data are based on two sampling events, 11 

January and June of 1997. Data for monitoring well 620003 are taken from sampling in May and 12 

September of 1997. 13 

• 

Volatile Organic Compounds in Shallow Groundwater 14 

Acetone and xylene were the only VOCs detected in Area 9 and 10 groundwater. These 1s 

parameters were detected in the most recent FDS09C samples at concentrations far below RBSLs 16 

and tap water RBCs. 11 

Semivolatile Organic Compounds in Shallow Groundwater 18 

Acenaphthene, benzoic acid, and 4-chloro-3-methylphenol were detected in Area 9 and 10 19 

groundwater, from well 620003 adjacent to Areas 9 and 10, at concentrations far below RBSLs 20 

and tap water RBCs. Total PAHs was also far below the RBSL. 21 
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Table4.6.2 
Analytes Detected in Shallow Groundwater 

Areas9 & 10 

Location 

620003 
FDSlOA 
FDSlOC 

Fuel Distribution System 

RBSL/Tap Water 
First 

Sampling Event 
Second Sampling RBC 

ND 
ND 
ND 

4.6.10 

Event (µg/L) 

100/18 

Shallow 
Background 

4.85 

3.88 
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Table4.6.2 
Analytes Detected in Shallow Groundwater 

Areas9 & 10 

Location 

FDS09A 
FDS09B 
FDS09C 
FDSlOA 
FDSlOB 

620003 
FDS09A 
FDS09B 
FDS09C 
FDSlOA 
FDSlOB 

620003 
FDS09A 
FDS09B 
FDS09C 
FDSlOA 
FDSlOB 

Fuel Distribution System 

RBSL/Tap Water 
Second Sampling RBC 

Event (µ.g/L) 

ND NL/220 
ND 
ND 
ND 
ND 

16800 
195000 
47300 
190000 
85800 
131000 

4.6.11 

Shallow 
Background 

1.45 

2906 

NL 
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Table4.6.2 
Analytes Detected in Shallow Groundwater 

Areas 9 & 10 

Location 

Fuel Distribution System 

RBSL/Tap Water 
First 

Sampling Event 
Second Sampling RBC 

Event (µg/L) 
Shallow 

Background 

Sodium (Na) 620003 75900 71400 NL/NL NL 
FDS09A 5320000 4380000 
FDS09B 472000 394000 · 
FDS09C 5260000 4710000 
FDSlOA 2370000 2150000 
FDSlOB 3550000 2940000 
FDSlOC 3050000 2920000 

Vanadium (V) FDS09A 4.7 3.6 NL/26 15.4 
FDS09B 2.0 1.7 
FDS09C 3.4 1.7 
FDSlOA 2.6 ND 
FDSlOB 3.6 1.8 
FDSlOC 3.3 2.7 

=,.:;zrn&:&1mt::m::::::::::::11r::trm:::::::t1:1tmttfil?.$.jJi!Atrrrrrrrti7~Y.ttttttimt::::::rtliiiMtt1:mn=n1n1t®tf:11m1nrnrn::r::::::1::::::::t~i§:tttnt: 

Notes: 
1 Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 

2 (USEPA, 1995). 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
TCDD Tetrachlorodibenzo-p-dioxin 
TEQ TCDD equivalency quotient 
µg/L Micrograms per liter 
pg/L Picograms per liter 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Balded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone Gare based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth. 

Dioxins in Groundwater 

Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin equivalency quotient [TCDD TEQ] ) was detected 2 

in the first groundwater sampling event at well FDS09B, far below its tap water RBC. No RBSL 3 

is available for this compound. Dioxin was not analyzed for during the second sampling event. 4 
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Twenty-one metals plus cyanide were detected in groundwater samples associated with Area 9 and 2 

10. No RBSLs for groundwater metals were exceeded at Area 9 and 10. Concentrations of 3 

manganese, thallium, and zinc exceeded their tap water RBCs in the second sampling event. 4 

Although concentrations of manganese exceeded the tap water RBC, they were below the Zone G s 

background value. No background or RBSL was established for thallium. Concentrations of zinc 6 

detected during both events exceeded the tap water RBC and Zone G background. No RBSL was 1 

established for zinc, the source of which is not known. s 
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Area 11 is associated with soil sample FDSSC05101 (collected from the 5.7 to 7.4 feet bgs depth 2 

interval). This area of potential impact is at the intersection of Thirteenth Street and Hobson 3 

Avenue. The Cooper River lies approximately 1,200 feet to the east. To investigate potential 4 

petroleum groundwater contamination, three shallow monitoring wells were installed in this area: s 

two on the east side of Hobson A venue at the intersection with Thirteenth Street, and one on the 6 

west side of Hobson A venue directly across from the intersection. Because of the proximity of 1 

shallow well 619003 (AOC 619 investigated during the Zone F RPI), analytical data from this well s 

was included and reviewed relative to this investigation. Figure 4. 7-1 presents the soil boring and 9 

monitoring well locations for Area 11. 10 

4. 7 .1 Site Geology and Hydrogeology 11 

• Based on well borings advanced at this site, the general stratigraphy at Area 11 is brown to gray 12 

to black sand with varying amounts of silt and clay. This soil lies beneath a considerable thickness 13 

of asphalt. Petroleum odors were noted in stratigraphic soil samples collected from 5 feet bgs at 14 

well borings FDSllA and FDSllB. Appendix B contains boring logs and monitoring well 1s 

• 

construction diagrams for these wells. 16 

Shallow groundwater at Area 11 generally occurs from 3.8 to 4.25 feet bgs. Figures 4.7-2 and 11 

4.7-3 depict the shallow groundwater potentiometric surface and inferred flow direction for the 1s 

site during low- and high-tides, respectively. The overall flow direction and gradient were 19 

consistent between tidal stages. Tidal variation was less than 0.12 foot. Maximum average 20 

calculated groundwater velocity (utilizing the steepest gradient) was 0.018 feet/day based on an 21 

average porosity (0.359) and representative hydraulic conductivity (0.37 feet/day) determined 22 

during the Zone G RPI (EnSafe, February 1998). 23 

4.7.1 



SYSTEM 
-x-x-x-x-x- FIGURE 4.7-1 

AREA 11 
SOIL AND GROUNDWATER 

SAMPLE LOCATIONS 

DWG DATE: 06/02/98 DWG NAME:2907N007 



'<:~f!r< 
... ~ ~'\,.., ~ .. 

NM 

• 

FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 

• 

····· 
··~ 

SCALE FEET 

FIGURE 4.7-2 
AREA 11 

SHALLOW GROUNDWATER 
LOW-TIDE POTENTIOMETRIC MAP 

·~ .... 

DWG DATE:06/30/98 DWG NAME:2907N030 



-x-x-x-x-x-

NM 

Shallow Monitoring Well 
Valve 
Fence 
Diesel Line 
Fuel Line 
Sludge Line 
Contour Interval = 0.25 Feet 
Arrow Indicates Flow Direction 
Water Level Not Measured 
Durin This Event 

• 

FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 

l 
l 

\ 

• 

80 0 80 

SCALE FEET 

FIGURE 4. 7-3 
AREA 11 

SHALLOW GROUNDWATER 
HIGH-TIDE POTENTIOMETRIC MAP 

DWG DATE:06/29/98 DWG NAME:2907N031 



• 

• 

• 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

4. 7 .2 Nature of Contamination in Subsurface Soil 1 

Analytes detected in Area 11 subsurface soil are summarized in Table 4. 7 .1. Appen~ix C contains 2 

a complete analytical data report for all FDS samples. 3 

TPH-GRO in Subsurface Soil 4 

The Phase I sample results for soil boring FDSSC05101 detected 42. 75 µglkg of TPH-GRO. This s 

value was determined by averaging the primary result (77. 6 µg/kg) with the duplicate (7. 9 µg/kg). 6 

To ensure a conservative investigation, subsequent Phase II soil and groundwater sampling was 1 

performed. Nearby soil samples FDSSC03501, FDSSH03001, and FDSSH03101 detected no s 

significant TPH contamination. 9 

Volatile Organic Compounds in Subsurface Soil 10 

No VOCs were detected in subsurface soil at Area 11. 11 

Semivolatile Organic Compounds in Subsurface Soil 12 

Two SVOCs, bis(2-ethylhexyl)phthalate and chrysene, were detected in subsurface soil at 13 

FDSSC05101. Chrysene was present at a concentration below its RBSL. No RBSL is available 14 

for bis(2-ethyl(hexyl)phthalate. Which was detected at a concentration far below the SSL. 1s 

Inorganics in Subsurface Soil 16 

Eighteen metals were detected in subsurface soil at Area 11. No RBSLs are available for metals 11 

in soil. All detected metals concentrations were below their SSLs and Zone G background 18 

concentrations. 19 
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Table4.7.1 
Analytes Detected in Subsurface Soil 

Area 11 

Location 

FDSSC05101 

FDSSC05101 

FDSSC05101 

FDSSC05101 

FDSSC05101 

Fuel Distribution System 

Subsurface 
Cone. 

80 

0.05 

2.6 

0.41 

9.9 

4.7.6 

RBSL/SSL 

12998/160000 

NL/8 

NL/920 

NL/0.95 

NL/12000 

Subsurface 
Background 

NA 

0.48 

32.6 

0.95 

145 
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Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
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RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and soil-to-groundwater SSLs 
(DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. 

4.7.3 Nature of Contamination in Shallow Groundwater 

Analytes detected in Area 11 groundwater are summarized in Table 4. 7 .2. No free product was 2 

observed in Area 11 monitoring wells. Appendix C contains a complete analytical data report for 3 

all FDS samples. Area 11, FDS well data are based on sampling in January and June of 1997. 4 

For monitoring well 619003, data are from November 1996 and May 1997 sampling events. s 

Volatile Organic Compounds in Shallow Groundwater 6 

Two voes, chloromethane and toluene, were detected in Area 11 groundwater during the first 1 

sampling event only. No voes were detected during the second, most recent sampling event. s 

No RBSL is available for chloromethane in groundwater. ebloromethane exceeded its tap water 9 

RBe in the first sampling event. 10 

Semivolatile Organic Compounds in Shallow Groundwater 11 

Nine SVOes, including five PAHs, were detected in Area 11 groundwater samples. No SVOe 12 

RBSLs were exceeded. The tap water RBC for aniline was exceeded in the duplicate sample 13 

collected from FDSlle during the first sampling event. No RBSL is available for aniline in 14 

groundwater. Aniline was not analyzed for during the second sampling event. No other tap water 1s 

RBes were exceeded in this event. 16 
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Table 4.7.2 
Analytes Detected in Shallow Groundwater 

Area 11 

Location 

FDS11C 

FDS11A 
619003 

619003 

619003 

FDS11A 
FDS11C 

FDSllC 
619003 

FDSllA 
FDSllB 
FDSllC 
619003 

Fuel Distribution System 

First 
Sampling 

Event 

1 

1.0 
2.0 

3.0 

2.0 

7 
ND 

ND 
6.0 

5.1 
4.2 
4.0 
ND 

4.7.8 

Second 
Sampling 

Event 

ND 

2.0 
ND 

ND 

ND 

ND 
19 

2.0 
ND 

ND 
ND 
ND 
4.9 

RBSL/Tap Water 
RBC 

(µg/L) 

1000/75 

10/220 

10/150 

10/150 

NL/15000 

NL/18 

NL/1.5 

Shallow 
Background 

NA 

NA 

NA 

NA 

NA 

NA 

4.85 
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Table4.7.2 
Analytes Detected in Shallow Groundwater 

Area 11 

Location 

FDSllA 
FDSllB 
FDSllC 

FDSllA 
FDS11B 
FDSllC 
619003 

619003 

FDS11A 
FDSllB 
FDSllC 
619003 

FDSllA 
FDSllB 
FDSllC 
619003 

FDSllA 
FDSllB 
FDS11C 
619003 

Fuel Distribution System 

First 
Sampling 

Event 

101000 
93200 
125500 
205000 

ND 

2260 
15800 
7690 
32000 

300 
913 
527 

0.96 
3 
1 

ND 

4.7.9 

Second 
Sampling 

Event 

27.9 
54 

51.1 

105000 
84500 
77800 

200000 

1.4 

2920 
17300 
7120 
17000 

ND 
ND 
ND 
1.5 

2000/260 

NL/NL 

NL/220 

NL/NL 

NL/84 

NL/73 

Shallow 
Background 

31 

NL 

1.45 

NL 

2,906 

4.08 
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Table 4.7.2 
Analytes Detected in Shallow Groundwater 

Area 11 
Fuel Distribution System 

First Second RBSL/Tap Water 
Sampling Sampling RBC Shallow 

Parameters Location Event Event (µg/L) Background 

Sodium (Na) FDSllA 380000 185000 NL/NL NL 
FDS11B 587000 433000 
FDSllC 908000 1030000 
619003 3840000 4600000 

Tin (Sn) FDSllC 3.3 ND NL/2200 ND 

Notes: 
1 Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 

(USEPA, 1995). 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
µg/L Micrograms per liter 
pg/L Picograms per liter 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentratio~. 
Balded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth. 

Dioxins in Shallow Groundwater 

Dioxin (2,3, 7 ,8-TCDD TEQ) was detected in Area 11 groundwater during the first sampling event 2 

in the duplicate sample from well FDS 11 C. This analyte was detected at a concentration far below 3 

the tap water RBC. 4 
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1 

Eighteen metals plus cyanide were detected in Area 11 groundwater samples. No RBSLs for 2 

metals were exceeded in shallow groundwater at Area 11. Antimony, beryllium, and manganese 3 

exceeded their tap water RBCs during the second sampling event. Antimony was detected 4 

exceeding its tap water RBC in the three Area 11 wells during the initial sampling event, but not s 

in these same wells during the second event. Well 619003 exhibited elevated antimony during the 6 

second event. All antimony concentrations were below or very near the Zone G background, 1 

suggesting these are ambient concentrations. Beryllium was also detected in 619003 above its tap s 

water RBC. No background was established for beryllium in Zone G. Although concentrations 9 

of manganese exceeded the tap water RBC, all concentrations were below the Zone G background 10 

value. Thallium exceeded the tap water RBC during the first sampling event from well 619003, 11 

but was not detected in the second sampling event. No background value was established for 12 

thallium. 13 
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1 

Areas 12, 13, and 14 are associated with soil samples FDSSC06501 (collected from the 6.3 to 10.6 2 

feet bgs depth interval), FDSSC06601 (collected from the 8.5 to 10.5 feet bgs depth interval), and 3 

FDSSC06701 (collected from the 8.5 to 10.5 feet bgs depth interval), respectively. These areas 4 

of potential impact, were grouped together for discussion due to their proximity. They are located 5 

in the NA VBASE Recreation Area, near the west boundary fence. The Cooper River lies 6 

approximately 2,000 feet to the east. To investigate potential groundwater petroleum 1 

contamination, 10 shallow monitoring wells were ~talled in the combined area. Because of the s 

proximity of shallow grid-well GDG002 (investigated during the Zone G RFI), situated 9 

approximately 100 feet southeast of Areas 12, 13, and 14, analytical data from this well were 10 

included and reviewed relative to this investigation. Figure 4.8-1 presents the soil boring and 11 

monitoring well locations for Areas 12, 13, and 14. 12 

4.8.1 Site Geology and Hydrogeology 13 

Based on well borings advanced at this site, the general stratigraphy at Areas 12, 13, and 14 is 14 

brown to gray silty, clayey, and sandy soil to a depth of approximately 4 feet bgs, overlying 15 

alternating intervals of brown to gray silt, sand, and organic clay to a depth of approximately 16 

17 feet bgs. Petroleum odors were noted in stratigraphic soil samples collected from 5 feet bgs 11 

at boring FDS12A. Appendix B contains boring logs and monitoring well construction diagrams 1s 

for these wells. 19 

Shallow groundwater at Areas 12, 13, and 14 occurs from 1.18 to 3.48 feet bgs. Figures 4.8-2 20 

and 4.8-3 depict the shallow groundwater potentiometric surface and inferred flow direction for 21 

the site during low- and high-tide respectively. Shallow groundwater flow direction and gradient 22 

were consistent between tidal stages. Tidal variation ranges from 0.00 to 0.12 feet. Maximum 23 

average calculated groundwater velocity (utilizing the steepest gradient) was 0.015 feet/day based 24 

on an average porosity (0.359) and representative hydraulic conductivity (0.32 feet/day) 25 

determined during the Zone G RFI (EnSafe, February 1998). 26 

4.8.1 
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4.8.2 Nature of Contamination in Subsurface Soil 

Analytes detected in the combined area subsurface soil samples are summarized in Table 4.8.1. 2 

Appendix. C contains a complete analytical data report for all FDS samples. 3 

TPH-GRO in Subsurface Soil 4 

The Phase I sample results for soil borings FDSSC06501, FDSSC06601, and FDSSC06701 s 

exhibited TPH-GRO of 147 µg/kg, 67 µglkg, and 106 µg/kg, respectively, prompting subsequent 6 

Phase II soil and groundwater sampling. Nearby samples FDSSC06801, FDSSH01201, 1 

FDSSH01301, and FDSSH01401 identified no significant TPH contamination. s 

Volatile Organic Compounds in Subsurface Soil 9 

Carbon disulfide, toluene and xylene were the only VOCs detected in subsurface soil at the 10 

• combined areas. All concentrations were far below their RBSLs or SSLs, if no RBSL was 11 

• 

available. 12 

Semivolatile Organic Compounds in Subsurface Soil 13 

Eighteen SVOCs were detected in subsurface soil at Areas 12, 13, and 14. The RBSL for total 14 

naphthalenes (210 µg/kg) was exceeded at FDCSC06601 and FDSSC06701. The total naphthalene 1s 

concentration at FDSSC06601 (6,500 µg/kg) was derived by summing the concentrations for 16 

2-methylnaphthalene (3, 100 µg/kg) and naphthalene (3 ,400 µg/kg) at this location. Total 11 

naphthalene at FDSSC06701(4,700 µg/kg) represents only the 2-methylnaphthalene concentration. 1s 

All other SVOC concentrations were far below their RBSLs or SSLs if no RBSLs were available. 19 

Figure 4.8-4 presents the distribution of naphthalenes in soil at the combined area. 20 

4.8.5 
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Table4.8.1 
Analytes Detected in Subsurface Soil 

Areas 12, 13, & 14 
Fuel Distribution System 

Subsurface 
Location Cone. 

FDSSC06701 45 

4.8.7 

RBSL/SSL 

NL/10000000 

Subsurface 
Background 

NA 
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Fluoranthene 

• 
Arsenic (As) 

Chromium (Cr) 

Lead (Pb) 
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Table4.8.1 
Analytes Detected in Subsurface Soil 

Areas 12, 13, & 14 

Location 

FDSSC06501 
FDSSC06601 
FDSSC06701 

Fuel Distribution System 

Subsurface 
Cone. 

120 
6000 

42.9 
28.2 
27.6 

4.8.8 

RBSL/SSL 

NL/4300000 

NL/400 

Subsurface 
Background 

NA 

66.3 
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Table 4.8.l 
Analytes Detected in Subsurface Soil 

Areas 12, 13, & 14 
Fuel Distribution System 

Subsurface 
Location Cone. 

FDSSC06501 4840 
FDSSC06601 6460 
FDSSC06701 2585 

RBSL/SSL 

NL/NL 

Subsurface 
Background 

NL 

Mercury (Hg) FDSSC06501 .22 NL/2.1 0.31 
FDSSC06601 .2 
FDSSC06701 .175 

Potassium (K) FDSSC06501 2580 NL/NL NL 
FDSSC06601 2260 
FDSSC06701 1455 

Sodium (Na) FDSSC06601 5770 NL/NL NL 
FDSSC06701 2340 

i'5M#i.®.iM@I.}.::::i:111::i:::::1::::::r@tIIt:::::1:WJ&§@®.~9.tf tt:t:t:::::::r::::1:[@i&::::i:::::::::t:::::::::::::::tllilim!Q.i.~§,::::::::M:m:ttlI@Itll'tMi~~~l::itttt:lt~ 
Vanadium (V) FDSSC06501 69.1 NL/6000 72.5 

FDSSC06601 30.2 
FDSSC06701 34.8 

-
Notes: 
1 Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 

(USEPA, 1995). 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
ng/kg Nanograms per kilogram 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and soil-to-groundwater SSLs 
(DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations . 

4.8.9 
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Dioxin (2,3,7,8-TCDD TEQ) was detected in subsurface soil at Areas 12, 13, and 14. The 2 

detection was at FDSSC06701, at a concentration far below its SSL. No RBSL is available for 3 

~~in~. 4 

lnorganics in Subsurface Soil s 

Twenty-one metals were detected in subsurface soil at Areas 12, 13, and 14. No soil RBSLs are 6 

available for inorganics. All detected metals concentrations were below their SSLs. 1 

Concentrations of aluminum and manganese exceeded the Zone G background concentrations. s 

4.8.3 Nature of Contamination in Shallow Groundwater 9 

Analytes detected in Areas 12, 13, and 14 groundwater are summarized in Table 4.8.2. No free 10 

• product was observed in the combined area wells. Appendix C contains a complete analytical data 11 

report for all FDS samples. FDS well data are based on sampling events in January and June of 12 

1997. For monitoring well GDG002, data are from November 1996 and June 1997 sampling 13 

• 

events. 14 

Volatile Organic Compounds in Shallow Groundwater 15 

No VOCs were detected in Areas 12, 13, and 14 groundwater. 16 

Semivolatile Organic Compounds in Shallow Groundwater 11 

Three SVOCs, 2-methylnaphthalene, 4-nitrophenol, and benzoic acid, were detected in 1s 

groundwater at concentrations below their RBSLs or if unavailable tap water RBCs. Total PAHs 19 

were below the RBSL of 25 µ,g/L. 20 

4.8.10 
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Table4.8.2 
Analytes Detected in Shallow Groundwater 

Areas 12, 13, & 14 
Fuel Distribution System 

First 
Sampling Event 

Second Sampling 
Event 

RBSL/Tap Water 
RBC 

(µg/L} 
Shallow 

Background 

Semivolatile Organic Compounds (µg!L) 

:::::m.~mrM@Httt:::::::::::::r:r::::t:t?ttttt.i?.$.@W.t:1t:::::::r1ttt:m:::t::::tttt:::r:r:==1:::r::tirn11:r?t:r1t:1:1r\:mt.lMt:tr1t1~:1:1r11rtm.mt:::1r1:1r 
2-Methylnaphthalene FDS13A 1 5 10/150 NA 

:ui;mMfoMMrm:r11:::::::::::=m:::frn:::::r:r::w.:$.~1.N.:11:1:::::1=:::::1:1::m.1u1=:=:rrrr:::=:f::r:r::ir:::M:r::::::::::::r::rn::rn::rn1:::::::r::::::&m@1:::1:::::::11::::1::r:rn::::::::rn:rntw.11r::11:1: 
Benzoic acid FDS13A 2 ND NL/15000 NA 

FDS13B 2 ND 
FDS14A ND 2 
FDS14B ND 1 

lnorganics (µg/L) 

Aluminum (Al) FDS12A 514 288 NL/3700 692 
FDS12B ND 213 
FDS13A 1360 692 
FDS13B 787 74:4 
FDS13C 1730 1600 
FDS13D 1850 2820 
FDS13E 215 1290 
FDS14A ND 2940 
FDS14B ND 201 
FDS14C 738 250 
GDG002 176 ND 

Arsenic (As) 6.55 22.95 50/0.045 17.8 

Beryllium (Be) FDS13B 
FDS13C 
FDS14C 

28 49.3 
27 210 
5.2 16.8 
3.9 6 
ND 
22.S 
50.3 
6.9 
14 

.45 

.53 

.64 

4.8.11 

16.7 
29.9 
21.8 
22.S 
24.9 

ND 
ND 
ND 

NL/0.016 ND 
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Table4.8.2 
Analytes Detected in Shallow Groundwater 

Areas 12, 13, & 14 
Fuel Distribution System 

First Second Sampling 
Sampling Event Event 

ND .46 
ND .52 
ND .44 
ND .68 
ND .31 
ND .41 

4.8.12 

RBSL/Tap Water 
RBC Shallow 

(µg/L) Background 

5/1.8 0.53 
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Parameters 

Iron (Fe) 

• 

Nickel (Ni) 

• 

Location 

FDS12A 
FDS12B 
FDS13A 
FDS13B 
FDS13C 
FDS13D 
FDS13E 
FDS14A 
FDS14B 
FDS14C 

FDS13C 
FDS13D 
FDS13E 
FDS14A 
FDS14B 
FDS14C 
GDG002 
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Table4.8.2 
Analytes Detected in Shallow Groundwater 

Areas 12, 13, & 14 
Fuel Distribution System 

First 
Sampling Event 

10800 
18500 
14700 
2110 
73800 
4640 
10700 
20100 
4240 
2830 

Second Sampling 
Event 

7.9 
2.2 
.82 
4.8 
1.4 
2.3 
ND 

4.8.13 

RBSL/Tap Water 
RBC 

(µg/L) 

NL/NL 

Shallow 
Background 

NL 

4.08 
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Parameters Location 

Potassium (K) 

• 
Thallium (Tl) FDS12A 

FDS12B 
FDS13A 
FDS13B 
FDS13D 
FDS14A 
FDS14B 
FDS14C 

Zinc (Zn) FDS12A 
FDS12B 
FDS13A 
FDS13C 
FDS13D 
FDS14A 

• 
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Table4.8.2 
Analytes Detected in Shallow Groundwater 

Areas 12, 13, & 14 
Fuel Distribution System 

First Second Sampling 
Sampling Event Event 

7140 5935 
41200 43900 
75200 42100 
123000 86500 
40300 30300 
3610 2910 

57400 67000 
91500 109000 
90000 81600 
63100 94300 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 8.4 
ND 16.3 
ND 7.8 
ND 21.7 
ND 12.9 
ND 10.4 

4.8.14 

RBSL/Tap Water 
RBC Shallow 

(µ.g/L) Background 

NL/NL NL 

NL/0.29 ND 

NL/1100 15.6 



• 

• 

• 

Notes: 
NL = Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
µg/L Micrograms per liter 
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RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Balded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth. 

lnorganics in Shallow Groundwater 

Twenty-two metals plus cyanide were detected in groundwater samples at Areas 12, 13, and 14. 2 

Arsenic was the only metal which exceeded its RBSL. The RBSL, tap water RBC and background 3 

for arsenic were exceeded during the second sampling event at location FDS13A (210 µg/L). 4 

Antimony exceeded its tap water RBC in the second sampling event at GDG002. This s 

concentration was below the Zone G shallow groundwater background concentration. Beryllium 6 

exceeded the tap water RBC during the first sampling event, but was not detected in the second 1 

sampling event. Manganese exceeded its tap water RBC in 10of11 wells at the combined area s 

during the second sampling event. However, only two of these locations, FDS12A and FDS12B, 9 

also exceeded the Zone G shallow groundwater background concentration. Thallium exceeded the 10 

tap water RBC in eight of 11 wells in the first sampling event, but was not detected during the 11 

second. Figure 4.8-5 depicts the distribution of arsenic in groundwater at Areas 12, 13, and 14. 12 

4.8.15 
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i 

Area 15 is associated with hand-augered sample FDSSH02301 (collected from the 0 to 1 feet bgs 2 

depth interval). Surface soil was collected at this area because a surficial release was the most 3 

likely means of potential impact. This area is immediately north of AOC 622, the Ballast Water 4 

Treatment Facility at Building 3926, and adjacent to Petroleum Storage Tank 3901-A. The s 

Cooper River lies approximately 1,400 feet to the east. To investigate potential petroleum 6 

groundwater contamination, three shallow monitoring wells were installed. Wells were installed 1 

northwest and southwest of Petroleum Storage Tank 3901-A. Figure 4. 9-1 presents the soil boring s 

and monitoring well locations for Area 15. 9 

4.9.1 Site Geology and Hydrogeology 10 

Based on well borings advanced at this site, the general stratigraphy at Area 15 is brown clayey, 11 

• silty soil to a depth of approximately 5 feet bgs, overlying alternating intervals of brown to gray 12 

sa~d, and gray silty, sandy organic clay to approximately 17 feet bgs. Petroleum odors were noted 13 

in stratigraphic soil samples collected from 7 to 10 feet bgs at borings FDS15A and FDS15C. 14 

Appendix B contains boring logs and monitoring well construction diagrams for Area 15 wells. 15 

• 

Shallow groundwater at Area 15 occurs from approximately 5.07 to 6. 71 feet bgs. Figures 4.9-2 16 

and 4.9-3 depict the shallow groundwater potentiometric surface and inferred flow direction for 17 

the site during low- and high-tides, respectively. Shallow groundwater flow direction was 18 

consistent during tidal stages. The gradient during high-tide was almost twice as steep as the low- 19 

tide. Tidal variation was relatively low at less than 0.27 feet. Maximum average calculated 20 

groundwater velocity (utilizing the steepest gradient) was 0.004 feet/day based on an average 21 

porosity (0.359) and representative hydraulic conductivity (0.32 feet/day) determined during the 22 

Zone G RFI (EnSafe, February 1998). 23 

4.9.1 
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4.9.2 Nature of Contamination in Surface Soil 

Analytes detected in Area 15 surface soil are summarized in Table 4.9.1. Appendix C contains 2 

a complete analytical data report for all FDS samples. 3 

TPH-GRO in Surface Soil 4 

The Phase I sample results for soil sample FDSSH02301 exhibited 501 µg/kg of TPH-GRO, s 

prompting subsequent Phase II soil and groundwater sampling within Area 15. Nearby subsurface 6 

samples FDSSC06401, FDSSC07101, FDSSC07601, FDSSC07801, FDSSC07901 and 1 

FDSSC08401 identified no significant TPH contamination. s 

Volatile Organic Compounds in Surface Soil 9 

Six VOCs were detected in surface soil at Area 15, at concentrations far below RBSLs or SSLs 10 

if no RBSL is available. 11 

Semivolatile Organic Compounds in Surface Soil 12 

Six SVOCs were detected in surface soil at Area 15. No individual SVOC or the total naphthalene 13· 

concentrations exceed RBSLs. The total naphthalene concentration at FDSSH02301 (8,500 µg/kg) 14 

was derived by summing the concentrations of 2-methylnaphthalene (6, 800 µg/kg) and naphthalene 1s 

(1, 700 µg/kg) at this location. All other SVOC concentrations were far below their RBSLs if 16 

available or the SSLs. 17 

Pesticides in Surface Soil 18 

Three pesticides were detected in surface soil at Area 15. No RBSLs are established for 19 

pesticides. Concentrations of endrin, heptachlor, and gamma-chlordane were detected at 20 

FDSSH02301, at concentrations far below their SSLs. 21 

4.9.5 
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Parameters Location 

l, l, 1-Trichloroethane FDSSH02301 

Tetrachloroethene 

Xylene (Total) FDSSH02301 

• 
Chrysene FDSSH02301 

Phenanthrene FDSSH02301 

Heptachlor FDSSH02301 

Arsenic (As) FDSSH02301 

Cadmium (Cd) FDSSH02301 

• 
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Table4.9.1 
Analytes Detected in Surface Soil 

Area 15 
Fuel Distribution System 

Surface 
Cone. 

48 

1800 

240 

1900 

5.3 

1.8 

0.19 

4.9.6 

RBSL/SSL 

NL/2000 

160000000/148000 

88000/160000 

NL/1380000 

NL/23000 

NL/29 

NL/8 

Surface 
Background 

NA 

NA 

NA 

NA 

NA 

17.2 

1.07 
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Table4.9.1 
Analytes Detected in Surface Soil 

Area 15 
Fuel Distribution System 

Surface 
Cone. RB SL/SSL 

Surface 
Background 

Chromium (Cr) FDSSH02301 9.3 NL/1000000 42.8 

Iron (Fe) FDSSH02301 4,860 NL/NL NL 

Magnesium (Mg) FDSSH02301 499 NL/NL NL 

Mercury (Hg) FDSSH02301 0.o7 NL/2.1 1.03 

Potassium (K) FDSSH02301 240 NL/NL NL 

Vanadium (V) FDSSH02301 10.6 NL/6000 60.9 

Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBS Ls for ingestion or dermal contact with surficial soil from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, 
January 5, 1998) and soil-to-groundwater SSLs (DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) 
were used as reference concentrations. 
Balded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone Gare based on twice the mean of grid sample concentrations. 

lnorganics in Surface Soil 

Seventeen metals were detected in the surface soil sample collected at Area 15. No RBSLs exist 2 

for metals detected in soil. All detected metals concentrations were below their SSLs and Zone G 3 

background concentrations. 4 

4.9.7 
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4.9.3 Nature of Contamination in Shallow Groundwater 

Analytes in Area 15 groundwater are summarized in Table 4.9.2. No free product was observed 2 

in Area 15 monitoring wells. Appendix e contains a complete analytical data report for all FDS 3 

samples. 4 

Volatile Organic Compounds in Shallow Groundwater 5 

Two VOes were detected in Area 15 groundwater samples during the first sample event. No 6 

VOe RBSLs were exceeded in Area 15 groundwater samples. Toluene detected below the RBSL 1 

and tap water RBe during the first sampling· event, was not detected during the second, most s 

recent event. Chlorobenzene was detected above the tap water RBe during the initial sampling 9 

event but was not detected during the second. No RBSL is available for chlorobenzene. No other 10 

voes were detected in groundwater at Area 15. 11 

Semivolatile Organic Compounds in Shallow Groundwater 12 

Three SVOes, phenol, 4-methylphenol, and benzoic acid, were detected at Area 15. No SVOC 13 

RBSLs were exceeded in Area 15 groundwater samples. Although 4-methylphenol was detected 14 

at FDSlSA above its tap water RBC in this sampling event, its concentration dropped below the 15 

tap water RBe during the second event. Phenol and benzoic acid were detected in the first event 16 

only. No RBSLs are available for these compounds. 17 

Pesticides in Shallow Groundwater 18 

One pesticide, beta-BHe, exceeded the tap water RBe at FDS15A during the first sampling event, 19 

but was not detected in the second event. No RBSL is available for beta-BHC. 20 

Inorganics in Shallow Groundwater 21 

Sixteen metals plus cyanide were detected in Area 15 groundwater samples. No RBSL for 22 

groundwater metals were exceeded at Area 15. Manganese exceeded its tap water RBC in all three 23 

4.9.8 
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Parameters Location 

Chlorobenzene FDS15A 

Semivolatile Organic Compounds (µg/L) 

Phenol 

Benzoic acid 

In.organics (µg/L) 

Aluminum (Al) 

Arsenic (As) 

Cyanide (CN) 

FDS15A 

FDS15A 

FDS15A 
FDS15B 
FDS15C 

FDS15A 

FDS15A 
FDS15B 
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Table4.9.2 
Analytes Detected in Shallow Groundwater 

Area 15 
Fuel Distribution System 

First Second Sampling 
Sampling Event Event 

6 ND 

6 

100 
3,010 
962 

3 
7 

4.9.9 

ND 

ND 

503 
209 
474 

26.7 

NT 
NT 

RBSL/Tap Water 
RBC 

(µg/L) 

NL/3.9 

NL/2200 

NL/15000 

NL/3700 

5010.045 

NL/NL 

NL/73 

Shallow 
Background 

NA 

NA 

NA 

692 

17.8 

NL 

3.8 
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Parameters 

Iron (Fe) 

Manganese (Mn) 

Potassium (K) 

Thallium (Tl) 

Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
µg!L Micrograms per liter 

Location 

FDS15A 
FDS15B 
FDS15C 

FDS15A 
FDS15B 
FDS15C 

FDS15C 
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Table4.9.2 
Analytes Detected in Shallow Groundwater 

Area15 
Fuel Distribution System 

First Second Sampling 
Sampling Event Event 

4920 6620 
2060 675 
1920 3040 

721 515 
1050 813 
806 465 

3.3 

5130 
8050 
3450 

ND 

RBSL!Tap Water 
RBC 

(µg!L) 

NLINL 

NLl84 

NLI0.29 

Shallow 
Background 

NL 

2906 

ND 

RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Balded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth . 
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Area 15 monitoring wells during both sampling events. Although concentrations of manganese 

exceeded the tap water RBC, all these concentrations were far below the Zone G background 2 

value. Antimony and thallium concentrations exceeded the tap water RBC during the first sampling 3 

event from FDS15C, but were not detected during the second sampling event. Antimony 4 

concentrations were below the Zone G background. No background value was determined for s 

thallium. 6 
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Area 16 is associated with soil samples FDSSC09701 (collected from the 7 to 9 feet bgs depth 2 

interval) and FDSSC09702 (collected from the 9 to 11 feet bgs depth interval). This area of 3 

potential impact is on the west side of Hobson A venue, across the road from and west of 4 

Building 1172. The Cooper River lies approximately 1,200 feet to the east. To investigate s 

potential petroleum groundwater contamination, three shallow monitoring wells were installed in 6 

this area: two along the west side of Hobson Avenue in the area described, and one to the south 1 

in a grassy median between Borie Street and Ballfield 1405. Figure 4.10-1 presents the soil and s 

groundwater sampling locations for Area 16. 9 

Analytical data from Area 16 shallow monitoring wells identified RCRA COCs. Consequently, 10 

the NA VBASE Project Team decided to evaluate this area using the RFI process. The area has 11 

• since been designated as AOC 709. This site will be discussed in an addendum to the Zone F RFI 12 

report. 13 

• 4.10.1 
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1 

Area 17 is associated with sample FDSSC09501 (collected from the 7 to 9 feet bgs depth interval). 2 

This area of potential impact is east of AOCs 613 and 615, and SWMU 175, which were 3 

investigated during the Zone F RFI. The Cooper River lies approximately 450 feet to the east. 4 

To investigate potential petroleum groundwater contamination, two shallow monitoring wells were s 

installed in this area. Because of its close proximity to Area 17, analytical data from shallow well 6 

GEL014 (investigated during the RFI for AOCs 613, 615 and SWMU 175), was included in the 1 

investigation. Well GEL014 was of particular interest to the FDS investigation, because it s 

contained free petroleum product when sampled during the Zone F RFI. Figure 4.11-1 presents 9 

the soil boring and monitoring well locations for Area 17. 10 

Analytical data from Area 11 shallow monitoring wells identified RCRA COCs. Consequently, 11 

• the NA VBASE Project Team decided to evaluate this area using the RFI process. This area will 12 

be discussed relative to AOCs 613 and 615 and SWMU 175 in an addendum to the Zone F RFI 13 

report. 14 

• 4.11.1 
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Area 18 is associated with sample FDSSCl 1401 (collected from the 3 to 5 feet bgs depth interval). 2 

This area of potential impact is along the waterfront of the Cooper River, in Zone E is 3 

immediately east of Building 247 and north of Dry Dock 5. To investigate potential petroleum 4 

groundwater contamination, one shallow monitoring well was installed. Because of the proximity s 

of shallow grid-well GDE012 (investigated during the Zone E RPI), situated approximately 6 

150 feet southeast of Area 18, analytical data from this well were included in the investigation of 1 

Area 18. Figure 4.12-1 presents the soil boring and monitoring well locations for Area 18. s 

4.12.1 Site Geology and Hyclrogeology 9 

Based on well borings advanced at this site, the general stratigraphy at Area 18 is brown to gray 10 

silty, clayey sand to a depth of approximately 7 feet bgs, overlying gray organic clay with fine u 

• sand and silt, to a depth of approximately 12 feet bgs. No petroleum stain or odor was noted in 12 

stratigraphic soil samples collected from these locations. Appendix B contains boring logs and 13 

• 

monitoring well construction diagrams for Area 18 wells. 14 

15 

Shallow groundwater at Area 18 occurs at approximately 6.29 feet bgs. In this area of 16 

NAVBASE, groundwater elevation and flow are controlled by the adjacent Cooper River. 11 

Consequently flow is toward the river through the quay wall. By design, the dry dock walls are 1s 

substantially more competent, further substantiating flow to the river. The Zone E RPI contains 19 

a more detailed discussion of flow and gradient in this area. 20 

4.12.2 Nature of Contamination in Subsurface Soil 21 

Analytes detected in Area 18 subsurface soil are summarized in Table 4.12.1. Appendix C 22 

contains a complete analytical data report for all FDS samples. 23 

4.12.1 
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Benzo(k)fluoranthene 

Benzo(g,h,i)perylene 

• bis(2-Ethylhexyl)phthalate (BEHP) 

Diethylphthalate 

Phenanthrene 

Arsenic (As) 

Beryllium (Be) 

Chromium (Cr) 

Copper (Cu) 

• Iron (Fe) 
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Table 4.12.1 
Analytes Detected in Subsurface Soil 

Area 18 
Fuel Distribution System 

Location 

FDSSC11401 

FDSSC11401 

FDSSC11401 

FDSSC11401 

FDSSC11401 

FDSSC11401 

FDSSC11401 

FDSSC11401 

Subsurface 
Cone. 

87 

55 

46 

74 

130 

1.7 

7.3 

4,850 

4.12.3 

RBSL/SSL 

231109/49000 

NL/4.66E+08 

NL/3600000 

NL/470000 

NL/1380000 

NL/29 

NL/920 

NL/NL 

Subsurface 
Background 

NA 

NA 

NA 

NA 

NA 

15.5" 

43.4" 

32.6 

NL 
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Table 4.12.1 
Analytes Detected in Subsurface Soil 

Area 18 

Location 

Fuel Distribution System 

Subsurface 
Cone. RBSL/SSL 

Subsurface 
Background 

Lead (Pb) FDSSC11401 9.9 NL/400 66.3 

Manganese (Mn) FDSSC11401 51 NL/1100 291 

Potassium (K) FDSSC11401 443 NL/NL NL 

Vanadium (V) FDSSC11401 13.2 NL/6000 72.5 

Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and soil-to-groundwater SSLs 
(DAF=20) from the Soil Screening Guidance: Technical Background Document (USEPA, 1996b) were used as reference concentrations. 
Bolded concentrations exceed RBSL or the SSL (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. 

TPH-DRO in Subsurface Soil 

The Phase I sample results from soil boring FDSSC11401 exhibited 336 mg/kg of TPH-DRO, 2 

prompting subsequent Phase II soil and groundwater sampling within Area 18. Nearby sample 3 

FDSSC11501 identified no significant TPH contamination. 4 

Volatile Organic Compounds in Subsurface Soil 5 

No VOCs were detected in subsurface soil at Area 18. 6 

4.12.4 
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Semivolatile Organic Compounds in Subsurface Soil 

Thirteen SVOCs, including 10 PAHs, were detected in subsurface soil at Area 18. All SVOC 2 

concentrations were far below their soil RBSLs and SSLs. 3 

lnorganics in Subsurface Soil 4 

Seventeen metals plus cyanide were detected in subsurface soil at Area 18. All detections were s 

below their SSLs and Zone G background concentrations. 6 

4.12.3 Nature of Contamination in Shallow Groundwater 1 

Analytes detected inArea 17 groundwater are summarized in Table 4.12.2. No free product was s 

observed in the Area 18 monitoring wells. Appendix C contains a complete analytical data report 9 

for all FDS samples. 10 

Volatile Organic Compounds in Shallow Groundwater 

No VOCs were detected in groundwater at Area 18. 

Semivolatile Organic Compounds in Shallow Ground"'.'ater 

11 

12 

13 

Two SVOCs, benzoic acid and pentachlorophenol, were detected in the second sampling event at 14 

Area 18. Neither of these compounds has an RBSL assigned. Pentachlorophenol exceeded its tap 1s 

water RBC during the second sampling event at FDS18A. 16 

lnorganics in Shallow Groundwater 17 

Eighteen metals plus cyanide were detected in groundwater samples at Area 18. No RBSLs for 18 

metals in groundwater were exceeded at Area 18. Antimony and vanadium exceeded their tap 19 

water RBCs and Zone G background concentrations during the second sampling event at FDS18A. 20 

4.12.5 
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Parameters 

Pentachlorophenol 

Inorganics (µg/L) 

Aluminum (Al) 

Arsenic (As) 

• 
Chromium (Cr) 

Copper (Cu) 

Iron (Fe) 

Magnesium (Mg) 

Nickel (Ni) 

• Sodium (Na) 

Location 

FDS18A 

GDE012 
FDS18A 

FDS18A 

GDE012 
FDS18A 

GDE012 

GDE012 
FDS18A 

GDE012 
FDS18A 

GDE012 
FDS18A 

GDE012 
FDS18A 
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Table 4.12.2 
Analytes Detected in Shallow Groundwater 

Area 18 
Fuel Distribution System 

RBSL/Tap Water 
First 

Sampling Event 
Second Sampling RBC 

ND 

1620 
2070 

6.20 

2.4 
4.5 

ND 

7610 
1720 

149000 
234000 

1.4 
7 

1760000 
2200000 

4.12.6 

Event (µg/L) 

10.00 

2020 
15.5 

3.70 

103000 
186000 

ND 
5.6 

1140000 
1750000 

NL/0.56 

NL/3700 

5010.045 

100/18 

NL/13000 

NL/NL 

NL/NL 

NL/73 

NL/NL 

Shallow 
Background 

NA 

692 

17.8 

3.88 

8.33 

NL 

NL 

4.08 

NL 
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Parameters 

Vanadium (V) 

Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 

Location 

GDE012 
FDS18A 

µg/L Micrograms per liter 
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Table 4.12.2 
Analytes Detected in Shallow Groundwater 

Area 18 
Fuel Distribution System 

First 
Sampling Event 

3.4 
44.1 

RBSL/Tap Water 
Second Sampling RBC 

Event (µg/L) 

4.2 NL/26 
37 

Shallow 
Background 

15.4 

RBSLs from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SCDHEC, January 5, 1998) and tap water RBCs (THQ=0.1) 
from Risk Based Concentration Table (USEPA, October 22, 1997) were used as reference concentrations. 
Balded concentrations exceed RBSL or the tap water RBC (if no RBSL is available). 
All background values for Zone G are based on twice the mean of grid sample concentrations. Background values for groundwater are based on 
two sampling rounds in two wells at each depth . 

Beryllium also exceeded its RBC during the second sampling event,. No background 

concentration is available for beryllium in Zone G. The tap water RBC for manganese was 2 

exceeded in both Area 18 wells during both sampling events. However, all manganese 3 

concentrations were below the Zone G shallow groundwater background. 4 

4.12.7 
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Area 19 was identified, subsequent to the RFI, as requiring additional assessment during removal 2 

of UST 148, a stripper tank associated with the FDS pumphouse at Building 98, AOC 623. The 3 

area is located along the south side of Hobson Avenue, west of Slarrow Road. Figure 4.13-1 4 

presents the Area 19 features. s 

S&ME, Inc. investigated TPH contamination in soil along a pipeline between Building 98 and 6 

Hobson Avenue in 1992. The investigation identified two areas of elevated TPH concentrations 1 

north and west of the building. Appendix D contains the S&ME report. s 

In August 1996, the Environmental Detachment Charleston initiated assessment and closure of 9 

UST 148. UST 148 was a poured concrete structure designed to temporarily hold fuel oil from 10 

• the pumphouse in Building 98 while repairs and maintenance were performed on the pipeline. The 11 

tank was determined to be structurally sound prior to demolition. No spills or releases were 12 

documented from the UST. During removal, free product and oily soil were observed throughout 13 

the excavation. The area most contaminated was associated with the piping to Building 98. 14 

Following removal of the UST, the excavation remained open and collected rainwater runoff. The 1s 

excavation was restricted and periodically inspected. No free product was observed, but an oil 16 

sheen was present. In July 1997, the water was removed and the excavation backfilled with clean 11 

• 

fill. Appendix E contains the assessment and closure report for UST 148. 18 

Area 19 was added to the FDS investigation in 1998 after the investigation of the other areas was 19 

complete. The objective of the Area 19 additional investigation will be to identify the extent of 20 

free product, if detected, and to assess the impact to soil and groundwater. 21 

4.13.1 
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Prior to initiation of further assessment activities at Area 19, a Contamination Assessment Plan 

will be developed and submitted for SCDHEC approval. The results and recommendations of the 2 

assessment will be included in either the final contamination assessment report, or an addendum 3 

to the report. 4 
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Area 20 was identified as requiring additional assessment during interim measures (IM) activities 2 

related to a fuel release near the corner of Hobson A venue and Viaduct Road. The area is at the 3 

northeast corner of AOC 626, the Naval Supply Center Fuel Farm at NA VBASE. Figure 4.14-1 4 

presents the of Area 20 features. s 

In September 1994, an unspecified volume of diesel fuel was released from the FDS at the 6 

southwest corner of Hobson A venue and Viaduct Road. An existing leak in a fuel supply line was 1 

identified when a pressure test, associated with cleaning and closure of the pipelines, resulted in s 

an eruption of oil and water at the surface. An IM was initiated to remove the impacted soil and 9 

implement a product recovery system. At completion of the IM in February 1997, 450 cubic 10 

yards of soil had been removed. Initial pumping recovered approximately 300 gallons of product. 11 

Appendix F contains a completion report of the IM. 12 

A previous investigation of petroleum contamination near AOC 626 was conducted in 1995 using 13 

the Navy's SCAPS. Thirty-three SCAPS sample pushes were completed, and eight soil samples 14 

were collected and analyzed for confirmation. The results identified limited petroleum 1s 

contamination. Appendix G contains the SCAPS Site Characterization Report. 16 

Area 20 was added to the FDS investigation in 1998 after investigation of the other areas was 11 

complete. The objectives of the Area 20 additional investigation will be to identify the extent of 1s 

free product, and to assess impact to soil and groundwater. 19 

Prior to initiation of further assessment activities at Area 20, a contamination assessment plan will 20 

be developed and submitted for SCDHEC approval. The results of the assessment and 21 

recommendations for corrective action will be included in either the final contamination assessment 22 

report, or an addendum to the report . 23 

4.14.1 
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CONCLUSIONS AND PRELIMINARY RECOMMENDATIONS 

The contamination assessment of the FDS was conducted to determine which areas pose 2 

unacceptable risk to human health and the environment, and will require corrective action. The 3 

conclusions reached for each site are based on a technical data evaluation following procedures 4 

outlined in the NA VBASE Charleston Comprehensive RF! Work Plan (E/A&H, July 30, 1996b) s 

and the South Carolina Risk-Based Corrective Action for Petroleum Releases guidance document. 6 

The NA VBASE Charleston project team has established a conservative protocol for using risk- 1 

and hazard-based thresholds to make preliminary recommendations. The recommendations will s . 

included no further action, additional assessment or monitoring, and risk-based corrective action. 9 

Preliminary recommendations for all areas investigated in the FDS are summarized in Table 5 .1. 10 

The following subsections summarize the affected media, analytical results, and recommendations 11 

for each area. 12 

5.1 Area 1 13 

Area 1 exhibits soil and groundwater contamination associated with the FDS. At soil sample 14 

location FDSSC002, the RBSL for total naphthalenes was exceeded. This was the only RBSL 1s 

exceedence in Area 1 soil. 16 

Although total naphthalenes exceeded the RBSL, the greatest risk is to groundwater, which will 11 

be monitored. Also, since the FDS pipelines have been cleaned and closed, the potential source 1s 

of continuing soil contamination has been removed. Intrinsic corrective action is recommended 19 

for Area 1 soil. 20 
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Area 15 

Area 19 
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TableS.l 
Conclusions and Recommendations 

Fuel Distribution System 

Soil -No further action 
Groundwater -No further action 

Soil - No further action 
Groundwater -No further action 

Soil - Additional assessment 
Groundwater - Additional assessment 

A thin ( < 0.5 feet thick) layer of free product was recently observed in monitoring well FDSOlA. 1 

When the water levels were measured in April 1997, the free product was approximately 4.5 feet 2 

thick. This decrease is most likely due to the fact that the distribution system is no longer in 3 

service and the continuing product source has been removed. 4 

The RBS Ls for total P AHs and eight individual P AHs were exceeded in groundwater samples s 

from two Area 1 monitoring wells. The greatest concentrations and number of P AH exceedences 6 

occurred in well FDSOlA, which was installed in the pipeline backfill material downgradient of 1 
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the soil sample location. With the exception of fluorene, all concentrations from well FDSOlA 

decreased between the first and second sampling events. Monitoring well FDSOlB exhibited 2 

RBSL exceedences of total P AHs and two individual P AHs. It is important to note that the P AH 3 

concentrations in FDSOlB increased between sampling events, suggesting plume migration to the 4 

well. No other groundwater RBSLs were exceeded at Area 1. s 

To fill a potential data gap, an additional shallow monitoring well is proposed downgradient (high- 6 

tide) of FDSOlA. This well is intended to help determine the extent of groundwater 1 

contamination. Figure 5-1 presents the proposed shallow well location. In addition, all Area 1 s 

wells will be resampled for RBSL parameters, checked for free product and water levels recorded. 9 

If no parameters exceed RBSLs and the product is gone, intrinsic remediation is recommended. 10 

If after the initial resampling RBSLs are still exceeded, a risk assessment will be performed to u 

• determine if the groundwater poses an unacceptable human health risk. If free product remains 12 

in the well, corrective action will be implemented. If risk exceeds the 10-6 threshold, groundwater 13 

corrective action will be initiated. If risk is below the acceptable criteria, intrinsic remediation 14 

• 

with monitoring will be recommended. 15 

5.2 Areas 2, 3, 4, 5, and 6 16 

Areas 2, 3, 4, 5, and 6 exhibit limited soil and groundwater contamination associated with the 17 

FDS. The soil RBSL and SSL for benzene were exceeded at FDSSC01201. In addition, the soil 18 

RBSL for total naphthalenes was exceeded at locations FDSSC012 and FDSSC013. Although 19 

benzene exceeded its soil RBSL and SSL at FDSSC01201, it was not detected in site groundwater. 20 

Benzene was also not detected in soil or groundwater samples at SWMU 8 and AOC 636, an RFI 21 

site immediately to the south which was investigated during the Zone G RFI. To mitigate the 22 

threat to groundwater, soil near FDSSC01201 should be remediated/removed. Intrinsic 23 

remediation is an appropriate corrective action for other impacted soil in the combined areas. 24 

Figure 5-2 presents the area of the proposed removal. 25 
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No free-phase petroleum was observed in any of the combined area monitoring wells. The only 

RBSL exceeded in the site groundwater samples was the total PAHs detached in well FDS06B. 2 

A comparison of first and second sampling event analytical results shows a significant reduction 3 

in total P AHs. 4 

To fill a potential data gap, an additional shallow well is proposed downgradient of soil sample s 

FDSSC01201. This well is intended to determine ifthe benzene and total naphthalenes in soil are 6 

leaching to groundwater. Figure 5-2 also shows the proposed location of this well. In addition, 1 

all wells in the combined area will be resampled for RBSL parameters and water levels recorded. s 

If P AH concentrations remain above the RBSL, a human health risk assessment will be performed 9 

to determine if the groundwater poses an unacceptable risk. If risk exceeds the 10-6 threshold, 10 

groundwater remediation will be recommended. If risk is below acceptable levels, intrinsic 11 

remediation with monitoring will be recommended. 12 

5.3 Area 7 13 

Area 7 exhibits no attributable soil contamination associated with the FDS. No soil RBSLs were 14 

exceeded at location FDSSC00301. Comparison of arsenic at this location to its site-specific SSL 1s 

reveals a leaching threat to shallow groundwater. However, arsenic concentrations detected in 16 

Area 7 groundwater samples were all below both the groundwater RBSL and Zone G shallow 11 

groundwater background concentration for arsenic. 18 

No free-phase petroleum was observed in Area 7 monitoring wells. The RBSLs for total PAHs 19 

and four individual PAHs were exceeded in well FDS07D, which is upgradient (approximately 20 

100 feet) of the FDS pipeline corridor. This well is also upgradient of RFI sites SWMUs 6 and 21 

7 and AOC 635. This is the only Area 7 well exhibiting RBSL exceedences, the source of which 22 

is unknown. Because of the distance from the FDS, no soil borings were advanced to correlate 23 

• potential soil contamination with the parameters detected in FDS07D. 24 
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Additional assessment, is recommended at Area 7. Surface and subsurface soil samples should 

be collected, as shown on Figure 5-3, to identify a source. Also one of these borings should be 2 

converted to a shallow monitoring well to quantify upgradient water quality. A comprehensive 3 

water level measurement should also be performed at Area 7 and adjacent RFI wells to confirm 4 

the groundwater flow regime. Once the new well is installed and developed, all Area 7 wells s 

should be resampled and analyzed for SVOC parameters. Further recommendations will depend 6 

on the results of the activities proposed. 1 

5.4 Area 8 8 

Area 8 exhibits limited soil contamination attributable to the FDS. Total naphthalenes at 9 

FDSSC47A01 was the only soil RBSL exceedance detected. Intrinsic corrective action is 10 

recommended for Area 8 soil. 11 

No groundwater RBSLs were exceeded during the second, most recent sampling event. 12 

Comparison of first and second event analytical results reveals a significant decrease in individual 13 

and total P AHs. An additional shallow monitoring well is proposed to determine if SVOCs have 14 

impacted groundwater downgradient of FDSSC47 AOl. Figure 5-4 presents the proposed well 1s 

location. This new well will be sampled for RBSL parameters only, and an Area 8 comprehensive 16 

water level measurement will be performed. If sampling results are below RBSLs, no further 11 

action will be recommended for Area 8 groundwater. If concentrations exceed RBSLs, a human 1s 

health risk assessment will be performed. 19 

5.5 Areas 9 and 10 20 

Areas 9 and 10 exhibit very limited soil contamination potentially attributable to the FDS. The 21 

total naphthalenes concentration of 250 µg/kg detected at FDSSC05801 only slightly exceeded the 22 
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RBSL of 210 µg/kg. This was the only soil exceedance at the combined site. Intrinsic 1 

remediation is recommended to address the total naphthalenes detected in soil. No groundwater 2 

RBSLs were exceeded. No further action is recommended for groundwater at the combined site. 3 

5.6 Area 11 4 

Area 11 exhibits no soil or groundwater contamination attributable to the FDS. No soil or s 

groundwater RBSLs were exceeded in any Area 11 samples. No further action is recommended 6 

for soil and groundwater in thls area. 1 

5. 7 Areas 12, 13, and 14 s 

Areas 12, 13, and 14 exhibit limited soil contamination attributable to the FDS. The soil RBSL 9 

for total naphthalenes was exceeded at only two locations. No other soil RBSL was exceeded. 10 

• No individual naphthalene SSLs were exceeded, suggesting low probability of leaching to 11 

groundwater. Intrinsic corrective action is recommended to address the soil at Areas 12, 13, and 12 

• 

14. 13 

The groundwater RBSL for arsenic was exceeded in the second sampling event at one Area 13 14 

well, FDS13A. A preliminary risk assessment determined a risk to human health of approximately 1s 

5E-03 based on thls single arsenic detection. When compared to the previous arsenic 16 

concentration at this well, the detection of 210 µg/L seems anomalous. No other groundwater 11 

RBSLs were exceeded in any of the Areas 12, 13, and 14 monitoring wells. Although wells 1s 

FDS13B and FDS14B are directly downgradient of the soil locations that exhibited elevated total 19 

naphthalenes, neither of these wells detected any naphthalene compounds. Monitoring well 20 

FDS13A should be resampled for arsenic, if the result is below the RBSL no further action will 21 

be recommended for groundwater. 22 
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Area 15 exhibits no soil or groundwater contamination associated with the FDS. No surface soil 2 

or groundwater RBSLs were exceeded in any of the Area 15 samples. No further action is 3 

recommended for soil and groundwater at Area 5. 4 

5.9 Area 18 5 

Area 18 exhibits no soil or groundwater contamination attributable to the FDS. No soil or 6 

groundwater RBSLs were exceeded in this area. No further action is recommended for Area 18 1 

soil and groundwater. s 

5.10 Area 19 9 

Soil contamination related to the former UST is documented by previous investigations at Area 19, 10 

however, the impact on groundwater quality has not been determined. Additional assessment of 11 

soil and groundwater at this site is recommended to assess the UST' s impact. Prior to initiation 12 

of assessment activities, a contamination assessment plan will be developed and submitted to 13 

SCDHEC for approval. The results and recommendations from this assessment will be included 14 

in either the final CAR or an addendum. 15 

5.11 Area 20 16 

Soil contamination related to the former UST is documented by previous investigations at Area 20, 11 

but the impact on groundwater quality has not been determined. Additional assessment of soil and 1s 

groundwater at this site is recommended to assess the UST' s impact. Before such assessment 19 

begins, a contamination assessment plan will be developed and submitted to SCDHEC for 20 

approval. The results and recommendations from this assessment will be included in either the 21 

final CAR or an addendum. 22 
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Table4.1.1 
Analytes Detected in Subsurface Soil 
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Location 

Fuel Distribution System 

Subsurface 
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Parameters 

Table4.1.1 
Analytes Detected in Subsurface Soil 

Areal 
Fuel Distnl>ution System 

Lead (Pb) FDSSC00201 6.8 

!il~lllf illlt~:lf illllll!l!lllf i!:llill//llf lilill!llllJ//l//!f j/!!jlf /1/lllilll~!lllf,llll!l:llllff :!llllf 11111111111111111111111:1111111111::1!1ill!!!l!:il" 

Manganese (Mn) FDSSC00201 124 

1:11111,~f!'ilfll:i:i:l:11::11~l!,!:1:11:111:1:111:::11111:1111:11r;1111r1111111111111!ll~ll!lilllilllll!:11111111111111::111111111:1111111111:111111111:1111111L. 
Potassium (K) FDSSC00201 952 

:1.··.~~l'=lill:l:il,il!\illll::1:111:11111:1:111:1:1111111ilillll:l:ill:il!l\l:l'llllllllllillll!i!illlil!lil!l!ll!lilllll!llllllllllll!lll:ll:llilliii!:'.:'.,:,:,,,,,,,,:;'ff;:}:::ff:;:, .. 
Vanadium 01) FDSSC00201 32.2 

:.))12.~~Ji!t m::=1;::111~~:11;~:;111;1:~11lliiiif i!fii1fl:1~111~~~~~f~1;i;:~iiii.i.~:~11;,i.111&001~~1i:::;:;i.:i~i::11:;i.:i;1:r.i;;r,:w= 

Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 

NL 

''\lJ,\\lllll:lli:!li!illlili!!!l!ill!:!:l!lllli!i~l!lii!i!lliil!lli!llliJ!i!i:llill!l:l1:11 
72.5 

,J)ii~::1111:~::;1::1i11111r~;1111m111111:;11~;1t:111;;1:11:;:;1;;1;1:i:Ji~:1:1:1::1; 

RBSLs from the Carolina Risk-Base 
SSLs(DAF 
Bolded con 
All backg 

(SDEHC, January 5, 1998) and generic soil-to-groundwater 
cument (USEP A, 1996) werp u

1

sed as reference concentrations. 
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Parameters Location 

Naphthalene FDSOlA 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areal 
Fuel Distribution System 

First 
Sampling 

Event 

4.1 

Second 
Sampli:gg 
Ev6 

ND 10/150 NA 



FDSOlA 
FDSOlB 
FDSOlD 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areal 
Fuel Distribution System 

1 
ND 
3.8 

4.2 

100/18 3.88 



Parameters Location 

Copper (Cu) 

Iron (Fe) 

Sodium (Na) FDSOlA 
FDSOlB 
FDSOlC 
FDSOlD 
FDSOlE 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areal 
Fuel Distribution System 

First 
Sampling 

Event 

161000 
116000 
170000 
338000 
114000 

4.3 

Second 
Sampliijg 

Ev •. 

63300 
96500 

325000 
357500 
79800 

NL/NL 

Shallow 
Background 

NL 

NL 



Fuel Distributi.on System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areal 

Notes: 
NL 
NA 
ND 
NT 

Not listed 
Not applicable 
Not detected 

= Nottaken 
µg/L Micrograms per liter 
RBSLs from the South Carolina Ris~Based Corrective A 
from risk based concentration table (USEPA, Octa 
Bolded concentrations exceed RBSL or the Tap 
All background values for Zone Gare based on tw• 
on two sampling rounds in two wells at ea h d 

Fuel Distribution System 

Background values for groundwater are based 

' 

4.4 
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Toluene 

Butylbenzylphthalate 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charkston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.1 
Analytes Detected. in Subsurface Soil 

Areas 2, 3, 4, 5 and 6 gh 
Aili.WW" 

Location 

FDSSC01301 

Fuel Distnoution System 

Subsurface 
Cone. 

84 

4.1 

NL/930000 

;;v Subsurface 
Background 

NA 



Fuel Distribution System Contamiruition Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.1 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, 5 and 6 
Fuel Distribution System 

4.2 



Fuel Distribution System Contamination Assessment Report 
NA VBASE Chilrkston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.1 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, 5 and 6 
Fuel Distribution System 

Subsurface 
Cone. 

4.3 



Parameters 

Potassium (K) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.l 
Analytes Detected in Subsurface Soil 

Areas 2, 3, 4, S and 6 

Location 

FDSSC01101 
FDSSC01301 
FDSSC01401 
FDSSC01601 

Fuel Distribution System 

Subsurface 
Cone. 

1680 
2450 
2140 
3370 

,.RBSL/SSL 

.:;:~:~!~.~i~li~~~~ijiJ.j'J.JjjJJ.ljjjjJJ.JjjjjjJJjJJJ.JjJj.! .. 'l".Jl.!:J!jij.jijij!:,".::l:!,,,·1·1,111111~1~1·1~JJ.:J .. :J,j .... ,J.J:,i.JjJJ:,.! .. :l:.:.:J.,,.IJl:if~~jjj:J:l!iJij::ij1°:·:1:':J:·:r 
Sodium (Na) FDSSC01101 1380 

FDSSC01201 1450 
FDSSC01301 3090 
FDSSC01401 2380 
FDSSC01601 10600 ''ii" 

~'~~~ ;:''ii~c .• (i~~::rwr1r:rn::::t:%'tt:;rmmttt:::~ii~~ii;iit%i:~::I~~~,. .... ,.,,,,:::=:,,,.. 
145 

~~~~~~!~~.~1A1r 
FDSSC01~1MM 
FDSSCOf:!lfil}fW 

Notes: 

d Corre \:::Petroleum Releases (SDEHC, January 5, 1998) and generic soil-to-groundwater 
Guitian Background Document (USEP A, 1996) were used as reference concentrations. 

L (ifno:(IBSL is available). 
twice the means of the grid sample concentrations. 

4.4 



,. : 

I 
I 

I 
I 

I 
I 

-~ .. 

.. ·--- .. 

l ... 

I , ; 

rr···""·---;~e 
1 I ,1 •• ,. 

! ' f': .. •· 
I I 
' I 

I I 

: ·' I ," 

I I 
/ I 

I I 

I I 
I I 
I I 

... ... _j I 
.. ...... __ '-••>H,I 

- ..•. k., 

BENZENE 
TOLUENE 

I 
I 
I 

I 
,,·-h ............ ,/ 

ND 
ND 

ETHYl'...BENZENE ND 
XYLE-NE 

I I i • .... 1 

I 

f 
I 

I 
I 
I 

ND 

I 
I 
I 

I 
I 
I 

I 

/"'';· 
/ 

..... ·---...... 
------·-·-............. 

\ I 

r 

l 
j 
f 
i 
i 
f 
I 
f 
I 
I 
I 
I 

I I 
I I 

I I 
i I 

•,.., • . .... ..,.) I 
,_ 

I ........ --.................... __ _ 
I /' -.., 

I ---........._~ 

I 
I 
I 

,· 
I 

I 
I 

I 
I 

r·. 

...... _, ·~ 

; 
I 

· ........... ·' 

/ 
I 
I 

I 

I 
I 

/' ... ;· ... ~ .. --...... 
I / I . ...._,,,,.., __ ., .... 

I I I., .. ·' ;' 
I I L .!. '=) j 

I I ··- ... , . I 
l ...... __ --; ... ! 

· ..... __ ,,. ""' ... t..:.!f'-.:... .. / 

/,.·····"' ·~: 

I ~----
' I 

I I/........, 

f /L.J 
I ~, , .... _ ... 

! I I j 
r-.. f-._ I I I 

· · .: .. ·: I I I . :~·-t : 
I /11 i 

BENZENE 
TOLUENE 

LEGEND 

• Soil Boring 
-x-x-x-x-x- Fence 
---------- Diesel Line 
-- - -- Fuel Line 
- - - - - Sludge Line 
ND=Not Detected 
All Concentrations in ug/kg 
Soil RBSL for Benzene = 5 ug/kg 
Soil RBSL for Toluene = 1622 ug/kg 
Soil RBSL for Ethylbenzene = 1260 ug/kg 
Soil RBSL for Xylene = 42471 ug/kg 
(SCDHEC, January 5, 1998) 

ND 
17 

ETHYLBENZENE ND 
XYLENE 

SCALE 

ND 

FEET 

FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C . DWG 

-
BENZENE ~·eo_. 
TOLUENE 430 
ETHYLBENZENE 740 
XYLENE 3700 

FIGURE 4.3-4 
AREAS 2, 3, 4, 5, AND 6 

BTEX IN SOIL 

DATE:06/01/98 

0 
n 

· 2907N016 



. --. !"·· ·-

I . 
I 

, .... , .. 

.:· J ! . ..,,. __ 

::· , 

I 
I 

I 

' 

:~-.. _ 

{ 

' - ' --
' I 

I I 
I I 
' I I I 

I I 

/ I 
I I 

I I 
I I 
I I 
I I 

I I 
- -- ... f / 

,r····· 

1-- / 

·'/<:: · .. ::.:··_ :/ 

I .. ' 
I I 

I I 
' I 

/ .. ..! 
I 

I 
I 
I 

I 
I 

) 
/ .! .. -. I 

;" ·' I I 
! I 

I I 
I I 

I I ......... ,, 
·•·I 

I. 

! ·-. 

/ 

,' 

...... _ 
---·-· 

............... -............... ._._.., __ ........ 
80 

SCALE 

LEGEND 

• Soil Boring 
-x-x-•-•-•- Fence 
---------- Diesel Line 
-- - -- Fuel Line 
- - - - - - Sludge Line 
All Concentrations in ug/kg 
Soil RBSL for Total Naphthalenes = 
(SCDHEC, January 5, 1998) 

0 80 

FEET 

.... ...... . .. ~...._ ........... 

TOTAL NAPHTHALENE;S. 159000'' 
2-METHYLNAPHTHALENE -120000 
NAPHTHALENE 39000--

FIGURE 4.3-5 
AREAS 2, 3, 4, 5, AND 6 

NAPHTHALENES IN SOIL 

-
,_ 

FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. DWG DATE:06/01 98 DWG NAME:2907N017 



3: 
J) 

-< 
~ 
OJ 
I 

t--'­
IJ) 
IJ) 
OJ 

.. 
f\) 
t--'-

1J 

Sl 
Jl 

/'• ........ :: : 
/:' r'\.,,;; ' ' 
U Mr"' 

A 

, 

I 

/ 
/ 

/'· .. 
I i 

1.., .•.. ,...... i ; 
...... .. i / 

......... j .' --....... ...i 
/ ......................... / 

............... 

/ 
I 

.................. 
'•, ............... 

/ // 
,! ~. 

/ 
f / 7 /' ~~~':-----: 

' J I • "' .( ' I f ,/ '-. ...... ... ...... : 
'·.... I .. , .,I i''· .... i 

., i.:/'ifi 
i ,' .... ~' 

.......... 

} 'i , ...... , 
• •' { • j 
.( ............. ...... l:.r ..... / / / 

....... ..iJt,'. / 
} J,, f ... ...,, ... 

........... .......... 80 

SCALE 

LEGEND 

• Q 
-H-,..-x-K-x-

--­
'1-,_" ... ----­

....... 
', ... 

':...,,\\. 

'\ ....... 
. ,_ 
·, 
" ..... ....... 

', 
" '-(. Z'f. 

Soil Boring 
Shallow Monitoring 
Fence 
Diesel Line 
Fuel Line 
Sludge Line 

~FDS048 
~ F!?.1~4C 
~~---·· 

0 80 

FEET 

FDSSC01201 e 
FDS02AQ 

-s.s7 

j ;:~ 7' 
... -·.. .. .. 
· ..... · ·' / ···· ..... 

Well ·~ ........... ,,./' 

.... J 
..... · 

FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C. 

FIGURE 4.3-;' z_ 
AREAS 2, 3, 4, 5, AND 6 
SOIL AND GROUNDWATER 

SAMPLE LOCATIONS 

07N003 



.. 
N ,._,. 

.D 

.D 
>: 

D 
. I 

..... ::: ... --... i l 
........ : ..... ,! : ...... 

I : 
/ .: 

i : ............ } { 

,. .......... 
i 

', 
• '! 

'-......... 

. . ~· ........ 
........... 

· .. ~ 
'\ . 

......... .. 
· ...... ~ 

80 

'!,"· ... ~ 
· ... 
\. 

• . 
.... \.! 

LEGEND 

• Q 
-K-Jll:-~-J:-

0 

Soil Boring 
Shallow Monitoring 
Fence 
Diesel Line 
Fuel Line 
Sludge Line 

FDS02A~ 
80 3.72 

............. _,! 

............ --, 
-~ /'::1~ 

FEET 
FUEL DISTRIBUTION SYSTEM 
CONTAMINATION 
ASSESSMENT REPORT 
NAVAL BASE CHARLESTON 
CHARLESTON, S.C . 

FIGURE 4.3-;,-3 
AREAS 2, 3, 4, 5, AND 6 
SOIL AND GROUNDWATER 

SAMPLE LOCATIONS 

............ 

~ 
(J1 .. 

1J . 



Parameters 

Benzoic Acid 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

Location 

First 
Sampling 

Event 

Second 
,Sampling 

h4.\¥vent 
Shallow 

Background 

NA 

.,_,.,;Jf 1::1::::,1::11!1!illlllll!ll!ll!llll!lllllllilll!lll!lll!l!!lllllllilllllllllllll!llilllll 

ND 1 NU730 NA 

....... r::::i:::;::i::iii)i)'i!IJiii!i@inif;};mmt:::;@I::@:Nmi![i!iii!HiiiI[KiimM&~f.li~Ili!)ji!ii\iiK:m:m:w*i:::i:II:I:I 
S06B 2 2 NU15 NA 

··=·=·:::!~::~@~2~~!1l1!1l1MM!i@ii!Mi¥1t1:i:::UI1J1HlI:~:@:i::::tt::rn:::::I:::]i1!1:\W.g9.jil!I1!I1!II1EMl~\~@III1!ii}I 
FDS03A ND 1 NL/0.56 NA 

,,i@ltJB.0.2%1tflifi:ftt::rmfift'!=!ltKb!iifiliiliMi1lfltf!t!Nilliffii&lJfi:jJi:):f:::r:::t@tlWtlfil 
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Parameters 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

Location 

First 
Sampling 

Event 

4.2 

Second 
-~am piing 

.&filW:vent 
Shallow 

Background 



Parameters 

Barium (Ba) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, 5, and 6 
Fuel Distribution System 

Location 

638001 
FDS02A 
FDS02B 
FDS02C 
FDS03A 
FDS03B 
FDS03C 
FDS04A 
FDS04B 
FDS04C 
FDSOSA 

First 
Sampling 

Event 

23.8 
94 

83.l 
38 

32.3 
36.3 
38.4 
32.5 

Second 
,Sampling 

A°&Wvent 

28.2~'@,}" ~t 
30.9 ~< 

4.3 

Shallow 
Background 



Parameters 

Chromium (Cr) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, S, and 6 
Fuel Distribution System 

Location 

First 
Sampling 

Event 

4.4 

Shallow 
Background 

3.88 I 

~ 

NL/13000 8.33 



Parameters 

Iron (Fe) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, s, and 6 
Fuel Distribution System 

Location 

638001 
FDS02A 
FDS02B 
FDS02C 
FDS03A 
FDS03B 
FDS03C 
FDS04A 
FDS04B 
FDS04C 
FDSOSA 
FDSOSB 

First 
Sampling 

Event 

Second 
_,~am piing 

,Mfu(i:vent if 
~4mtF's810 

(~w~l~~~~ · 1615 
6680 
3110 
2870 Lr, 

'ooo 
''il:s;:::•·. 163000 

182000 
83600 
87200 
112000 
171000 
395000 
84900 
44700 

4.5 

Shallow 
Background 



Fuel Distributi.on System Contaminati.on Assessment Report 
NA VBASE Charleston 

Secti.on 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, s, and 6 
Fuel Distribution System 

First Second 
Sampling ~am piing Shallow 

Parameters Location Event Akl!;vent Background 
===========================================.:§l~==== 

Mercury (Hg) FDS02A .16 /@~jWW>' 1 -~~ ND 4? 

5~ :XI~ / 

Potassium (K) 146000 NUNL NL 
146000 
58400 
82200 
47600 
80900 
86200 
51300 
55400 
73200 

89700 46600 
178000 149000 
52300 44100 
33200 35300 

J;P FDS06C 95800 72100 

.·.=====::i:::::::::::~J.?:§21.\N:::rt:t:::1:::::::1:1:§:1:~=::1m:::1r:::1::::::::1:tfilitt1:1:1:1:1:1~P.t:1§:t::r::1:1rttt::::t.;:~:t::::1r::::1: 
FDS05A 1.2 1.3 5/18 ' 1.65 

4.6 



Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areas 2, 3, 4, s, and 6 
Fuel Distribution System 

l\WU4A 
Ff>S04B 
FDS04C 
FDSOSA 
FDSOSB 
FDS06A 
FDS06B 

4.7 

3 
1.9 
6.1 
2 

15.4 



Notes: 
NL 
NA == 
ND == 
NT 

Not listed 
Not applicable 
Not detected 
Not taken 

µg/L == Micrograms per liter 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: O 

RBSLs from the South Carolina Risk-Based CorrectiYe Action for Petroleum Releases (SDEHC, January 5, 1.· 
from risk based concentration table (USEP A, October 22, 1997) were used as reference ~centration\!_ 
Balded concentrations exceed RBSL or the Tap Water RBC (if no RBSL is available). A@!'<:l::. " 
AU background values for Zone Gare based on twice the means of the grid sample con '"' Back 
on two sampling rounds in two wells at each depth. 

4.8 
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Parameters 

Copper (Cu) 

Lead (Pb) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.1 
Analytes Detected in Subsurface Soil 

Area7 

Location 

FDSSC03001 

FDSSC03001 

Fuel Distribution System 

Subsurface 
Cone. 

34.6 

55.1 

4.1 

NL/920 32.6 

NL/400 66.3 



Parameters 

Notes: 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.1 
Analytes Detected in Subsurface Soil 

Location 

Area7 
Fuel Distribution System 

Subsurface 
Cone. 

1.26 

.·:=:;,:;;;1111111111111111111111111111111

1
11:1111111:1:!i:!j!:!:ll:::ll!l!i!llllllll:

1
f!lli

1
lli

1
lll: 

72.5 

::d!i!ii!i!ii!i!i!i!i!i!i!ii!iiiiiiiiiii!i!ii!ii!i!i!i!ii!ii~ii!ii!i!i!i~i~iiiii!iiiiiiiii!i!iiiiiiiii!ii!!ii!!i~iii)iiiii!ii 

ctionfor leases (SDEHC, January 5, 199S) and generic soil-to-groundwater 
hnical Background Document (USEP A, 1996) were used as reference concentrations. 

Lis available). 
' of the grid sample concentrations. 

4.2 
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Fluorene 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.2 
Analytes Detected in Groundwater 

Area 7 
Fuel Distribution System 

First 
Sampling 

Event 

4.1 

(~ 

RBSL/TaA_ter 
Shallow 

Background 



Parameters 

Arsenic (As) 

Magnesium (Mg) 

Location 

FDS07A 
FDS07B 
FDS07C 
FDS07D 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.3.2 
Analytes Detected in Groundwater 

Area 7 
Fnel Distnlmtion System 

First 
Sampling 

Event 

503000 
440000 
586000 
562000 

Second ~ 
Sampling Ev~, 

4.2 

889000 
409000 
497000 
474000 

»;, 
RBSL/Ta ~· 

NUNL NL 



FDS07C 

Fuel Distribution System Contami.nation Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table 4.3.2 
Analytes Detected in Groundwater 

Area 7 
Fuel Distribution System 

8.2 

4.3 

15.6 



Notes: 
NL Not listed 
NA Not applicable 
NT Not taken 
ND Not detected 
µg/L Micrograms per liter 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

RBSLs from the South Carolina Risk-Based Co"ectiveActionfor Petroleum Releases (SDEHC, January 5, 1 
from risk based concentration table (USEPA, October 22, 1997) were used as reference centratio 
Bolded concentrations exceed RBSL or the Tap Water RBC (if no RBSL is available) .. 
All background values for Zone Gare based on twice the means of the grid sample co 
on two sampling rounds in two wells at each depth. 

4.4 
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Copper (Cu) 

Lead (Pb) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charkston 

Section 4 - Investigation Results 
Revision: 0 

Table4.4.1 
Analytes Detected. in Subsurface Soil 

Areas 

Location 

FDSSC47A01 

FDSSC47A01 

Fuel Distribution System 

Subsurface 
Cone. 

18.9 

30.3 

4.1 

NL/920 32.6 

NU400 66.3 



Parameters 

Potassium (K) 

Fuel Distribution System Contarmnation Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.4.1 
Analytes Detected in Subsurface Soil 

Areas 

Location 

FDSSC47A01 

Fu.el Distribution System 

Subsurface 
Cone. 

1870 

,j:::~ll~ll~~l'=':i:i1:ilit111il'l1lll1lil\l;ll[lil!ll~lll1llli!f ifll1lll:lli~ll.lllltl~~f:~llllllll1lililillllillilllllllililllll:li:llll,llll:l,l:l:!l;:u: 
Sodium (Na) FDSSC47 AOl 2300 NL 

'JjJ~!~~~~fflii~;:i:jj))!'l;~jll:i1liilJ:J]:i;::jji:i:!Jijijililf:iiiJljl_:;:jjJ!:::·:~::;ll~~l!~l!tl~lJj;(lillllJillilllj~;l::llJlllllifW'it?:t"'·'::·:·:<·:.,.,,,,,,,,,,., ... ,,., .. ,,,,.,,,.. ;;;:;[ il:l:~illll~iillllllll~l~f IJ~lllll::l:lll:illlif llllll:ll!!ll:l 
Zinc(Zn) FDSSC47A01 

Notes: 
a Background value for non-clay samples ."" 
NL Not listed 
NA Not applicable 
µg/kg = Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBSLs from the Carolina Risk-Bar 
SSLs(DAF= 
Bolded con 
All backg 

4.2 

145 

s (SDEHC, January S, 1998) and generic soil-to-groundwater 
cument (USEP A, 1996) wer~ used as reference concentrations. 
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Parameters Location 

011001 
FDS08A 
FDS08B 
FDS08C 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.4.2 
Analytes Detected in Groundwater 

Areas 
Fu.el Distribution System 

First 
Sampling 

Event 

21.8 
54.4 
179 
131 

4.1 

18.l 
22.2 
89.8 
72.6 

2000/260 31 



Parameters Location 

Calcium (Ca) 

Iron (Fe) 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.4.2 
Analytes Detected in Groundwater 

Areas 
Fuel Distribution System 

First 
Sampling 

Event 

4.2 

Shallow 
Background 

NL 

NL 



Parameters 

Thallium (fl) 

Zinc (Zn) 

Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
µg/L Micrograms per liter 

Location 

FDS08A 
FDS08B 
FDS08C 

FDC08A 

RBSLs from the SoUJh Carolina Risk-Based Co"ective A 
from risk based concentration table (USEP A, Octa 
Balded concentrations exceed RBSL or the Tap 
All background values for Zone G are based on 
on two sampling rounds in two wells at ea 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4.4.2 
Analytes Detected in Groundwater 

Areas 
Fuel Distribution System 

First 
Sampling 

Event 

4.1 
5.8 
8.4 

36 

4.3 

Shallow 
Background 

ND JP 
4J~w 

~ 
15.6 

"-q~~,iMMti> 
.... :,i;~ 

Background values for groundwater are based 
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Location 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4. 
Analytes Detected in Subsurface Soil 

Areas9 & 10 
Fuel Distribution System 

Subsurface 
Cone. 

4.1 



Fuel Distribution System Contami:nation Assessment Report 
NA VBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Parameters Location 

Table4. 
Analytes Detected m Subsurface Soil 

Areas9 & 10 
Fuel Distribution System 

Subsurface 
Cone. 

Iron (Fe) FDSSCOSSOl 2560 
FDSSCOS801 6960 

[~~11.1i11ii:1·1,:=1:1li![lilllll~;'!lll::111111:1111~1111=11=11:llllll~ill;1~=:,::::1111i:.1.:~·,·1:1::.··::·11:·i1:1·1,:1·i1:::·;·1i11~.'l:ll·~1111=~·;\1!if :' 
FDSSCOSSOl 534 t@l 
FDSSCOS801 1670 ~mm:::, 

lllliill.l~il""_,l~lill:,!1.·1;iil.l;l.lllt,lill:l!:~111~1.1i~!lli.ilil"1l~111:11:·11:::~i.1l,~.~ij:ilflil=iifllilli.llli,.l:li1!:l:ll~:i 

Magnesium (Mg) 

Nickel (Ni) FDSSC05501 2.4 

:::!ig~~~fil#.&.It.9.\:i:i:i:i%:::::::::::i:::::i~ii:;::~m::;~;@::::&m§i:l~§,9!rii:::f ::::::m::Iff1:::~ii:1@{1::1§.1:::::::::::::::iPr-.... 
Sodium (Na) FDSSC05501 478 

FDSSC05801 2370 

::.r:11~~~1-.1~i1i·1ii:::[;,;1~.Ji==1·1··1r i:i11iJ1~11111J1111:~1!1111~·~!'"''''~111111~:1:=1~111111:11:::r===== 
Zinc n FDSSC05501 

Notes: 
a 
ND 
NL 
NA 
µg/kg 
mg/kg 
"RBSLsfrom 
SSLs(DAF 
Bolded con 

leases (SDEHC, January 5, 1998) and generic soil-to-groundwater 
chnical. Ba Document (USEP A, 1996) were used as reference concentrations. 

SL is available). 
All background ns of the grid sample concentrations. 

'-
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Parameters 

Chromium (Cr) 

Location 

620003 
FDSlOA 
FDSlOC 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areas9 &10 
Fuel Distribution System 

First Second Sampling 
Sam Jin Event Event 

ND 
ND 
ND 

4.1 

1.4 
2.2 
2.5 

100/18 3.88 



Silver (Ag) FDS09B 
FDSlOA 
FDSlOB 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areas9 & 10 
Fuel Distribution System 

4.2 

1.9 
ND 
1.1 



Fuel Distribution System Contamination Assessment Report 
NA VBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Areas9 &10 
Fuel Distribution System 

First 
Parameters Location Sam lin Event 

Thallium (TI) 620003 5.2 
FDS09A ND 
FDS09B ND 
FDS09C ND 
FDSlOA ND 

NL/1100 15.6 

Notes: 
1 Calculated from methods described i ce to RAGS: Human Health Risk Assessment, Bulletin 2 

(USEP 1995). 
Not. 

N 

PetroleumReleases (SDEHC, January 5, 1998) and tap water RBCs {THQ=0.1) 
. , 1997) were used as reference concentrations. 

Water C (ifno RBSL is available) . 
. the means of the grid sample concentrations. Background values for groundwater are based 

'-
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Parameters 

Zinc (Zn) 

Fuel Distribudon System Contarrdnadon Assessment Report 
NAVBASE Charleston 

Secdon 4 - Investigation Results 
Revision: 0 

Table4.6.1 
Analytes Detected in Subsurface Soil 

Areall 
Fuel Distribution System 

Subsurface 
Location Cone. 

FDSSC05101 9.9 NL/12000 145 

4.1 



Notes: 
a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

RBSL<l from the South Carolina Risk-Based Corrective Action for Petroleum Releases (SDEHC, January 5, 
SSLs (DAF=20) from the Soil Screening Guidance: Teclmical Background Document <U: , A, 1996) 
Balded concentrations exceed RBSL or the SSL (if no RBSL is available). v •• b. 
All background values for Zone Gare based on twice the means of the grid sample ..... . "'lions. 
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Parameters Location 

Volatile Organic Compounds (µg!L) 
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Revision: 0 

Table4.6.2 
Analytes Detected in Groundwater 

Areall 
Fuel Distnlmtion System 

First 
Sampling 

Event 
Shallow 

Background 

::::::~,~~-~~l~iiiiilii:i!i!!liii:1:1:i:;:::iiiiliii:iiiiiliii:iiii:::1::::::!i!ii::::1:1:::1::1!:11::1::1:~~1111:1:111:111:11111:1:11:1::11::1:1i::1:::i:111:1!~~ilii!j!jlj!i!iijijiliiiililii:!i!iilii!ii 
Toluene FDSllC 1 

4.1 

2.0 
ND 

:::::::::=:,:;·;;;;;;;:1:111111111·1iillllll!lllllilllllllllllll!ill!l!llllllill!ll!llili
1
111llllliillll

1
iiillllllllil 

NA 

NU18 NA 

NL/1.5 4.85 



FDSllA 
FDSUB 
FDSllC 
619003 
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Table4.6.2 
Analytes Detected in Groundwater 

Areall 
Fuel Distribution Systeni 

First 

0.96 
3 
1 

ND 

4.2 

ND 
ND 
ND 
1.5 

NL 

NU73 4.08 



Parameters Location 
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Table4.6.2 
Analytes Detected in Groundwater 

Areall 
Fuel Distribution System 

First 
Sampling 

Event 

-Sodium (Na) 

Notes: 
1 

FDSUA 
FDSllB 
FDSUC 
619003 

380000 
587000 
908000 

3840000 

. ··:::tl=~:!lil!ll!illill:!!jll!!llll!!!!lil\\j!\!j\j!l!ll!l!illllll\jl:l:11ii:i1:11:1i;:11: 
?~"200 ND 

~ 
ce to RAGS: Human Healrh Risk Assessment, Bulletin 2 

Petroleum Releases (SDEHC, January 5, 1998) and tap water RBCs (I'HQ==0.1) 
, Octo ·, 1997) were used as reference concentrations. 

Water RBC (if no RBSL is available). 
'. the means of the grid sample concentrations. Background values for groundwater are based 

,_ 
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Di-n-octyl phthalate 
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Table4. 
Analytes Detected in Subsurface Soil 

Areas 12, 13, & 14 
Fuel Distribution System 

Subsurface 
Location Cone. 

NA 

.. ,·,~@tIE}Ni.il$.w~FHittHtttfaHiidhiii1.IIiJHfjiI 
NA 

NA 

NL/10000000 NA 

4.1 



Iron (Fe) 
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Table4. 
Analytes Detected in Subsurface Soil 

Areas 12, 13, & 14 
Fuel Distribution System 
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Parameters 
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Table4 • 
.Analytes Detected in Subsurface Soil 

Areas 12, 13, & 14 
Fuel Distribution System 

Subsurface 
Location Cone. 

Magnesium (Mg) FDSSC06501 4840 NL 
FDSSC06601 6460 
FDSSC06701 2585 

-Mercury (Hg) FDSSC06501 .22 
FDSSC06601 .2 
FDSSC06701 .175 

11111~ 
Potassium (K) FDSSC06501 NL 

FDSSC06601 
FDSSC06701 

Sodium (Na) 5 NL 

Notes: 
1 

.::::!Iililil!l.l.fil¥.~!i!Ili![!iiit@::1l::tII!I19.~~~!i!i!imi:1:iI!i!iml 
NU6000 72.5 

tii!!!jllllljlllilllilillllliilllllllllllllilllllllillllllllllllilllilllilllllllilllililililllililililililllllililililllilillllllllilllllllllllllllllill\llllilllililllillili 

Supplemental Guidance to RAGS: Human Health Risk Assessment; Bulletin 2 

ased Corrective Action for Petroleum Releases (SDEHC, January 5, 1998) and generic soil-to-groundwater 
ening Guidance: Technical Background Document (USEP A, 1996) were used as reference concentrations. 

SL or the SSL (if no RBSL is available). 
e Gare based on twice the means of the grid sample concentrations. 
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Parameters Location 

Fuel Distribution System Contami,nation Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected in Groundwater 

Areas 12, 13, & 14 
Fuel Distribution System 

First 
Sampling Event 

Shallow 
Background 

tm~~rr.~~1r1rJ1tr1tr1r1r:@m~j:~imr11111ittnr1r1rtr1r1r1r:11. 
2-Methylnaphthalene FDS13A 1 

:::::m®.®.P.Mfl~~iI:Iliiiii!i!iI!fI!Ig!f.4.::::::::i::1:r:1i:::t:i!It:::i::ri1:1:1:1::::::i::= 
Benzoic acid FDS13A 2 

FDS13B 2 
FDS14A ND 
FDS14B ND 

Inorganics (µgfL) 

Aluminum (AI) FDS12A 
FDS12B 
FDS13A 
FDS13B 
FDS13C 
FDS13D 
FDS13E 
FDS14A 
FDS14B 
FDS14C 
GDG002 

692 

:::1111i1·:~lll:::i=:=:::::=:::·i::=:=::;=1.:::::1::=:=::_1·:.=·::,'i::11:lii·!-1~:~~:::::::r .... :.Ji:ll:l:l.·1·::::::1:1:1:1:::1:!.!:·:·il::·i:::1,.=.l:i:·::1::1ill:ll::'·ll .. :ll
1
:::1:il:ll:i:illilllllillli

1
Ji:l:

1
.i:f:lllilililll:l:::::l:l:l,::ii! ..... ::111:111 

Beryllium (Be) FDS13B 
FDS13C 
FDS14C 

22.95 5010,o45 11.8 
49.3 
210 
16.8 

6 
16.7 

5 29.9 
.3 21.8 

6.9 22.5 
14 24.9 
7.8 10 

.45 ND NL/0.016 ND 

.53 ND 

.64 ND 

4.1 
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Table4. 
Analytes Detected in Groundwater 

Areas 12, 13, & 14 
Fuel Distnlmtion System 
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Table4. 
Analytes Detected in Groundwater 

Areas 12, 13, & 14 
Fnel Distribution System 

First 

4.3 



Parameters Location 

Potassium (K) 

Fuel Distribution System Contamination Assessment Report 
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Revision: 0 

Table4. 
Analytes Detected in Groundwater 

Areas 12, 13, & 14 
Fuel Distribution System 

First 
Sampling Event 

7140 
41200 
75200 
123000 
40300 
3610 
57400 
91500 
90000 

ND 
ND 
ND 
ND 
ND 

4.4 

16.3 
7.8 
21.7 
12.9 
10.4 

Shallow 
Background 

NL 



Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
µg/L Micrograms per liter 

Fuel Distribution System Contaminadon Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

RBSLs from the South Carolina Risk-Based Corrective Actionfor Petroleum Releases (SDEHC, January 5, 1 
from risk based concentration table (USEP A, October 22, 1997) were used as reference tratio 
Balded concentrations exceed RBSL or the Tap Water RBC (if no RBSL is availabl 
All background values for Zone G are based on twice the means of the grid sample con 
on two sampling rounds in two wells at each depth. 

4.5 
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Parameters Location 

Cadmium (Cd) FDSSH02301 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected in Surface Soil 

ArealS 
Fuel Distribution System 

Surface 
Cone. 

0.19 

4.1 

NL/8 

Surface 
ackground 

NA 

1.07 



Parameters 

Chromium (Cr) 

Notes: 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected in Surface Soil 

Area 15 
Fuel Distribution System 

Surface 
Location Cone. 

FDSSH02301 9.3 

NL 

··::;=tt::::::1:1:1:1:1:1:1:1:1:1:1:::::::::::::1:1:1:::::::::1:1:1:::1:1Jllllili:ililili:illlllli:lilll:iiliiililillil 

1.03 

,jjj[j::::1:111::i:i,lii!:1:::1:1:1:11111::1::1111111:1::11111!llllli!ilil:!iljlillliliiill:llilililllllllllil 

NL 

60.9 

-=\:::::::::j:::::j:N~~looi:::::::::::i::::::::::::::f::::I::::I:::::::j:::::::f:::~:~i.l!Iif I!II!I!I: 

etroleumReleases (SDEHC, January S, 1998) and generic soil-to-groundwater 
"dance: ical Background DocumenJ (USEP A, 1996) were used as reference concentrations. 

(if no RBSL is available). 
!;wice the means of the grid sample concentrations. 
~ ... 

4.2 



Location 

Cadmium (Cd) FDSSH02301 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected. in Surface Soil 

Area 15 
Fuel Distribution System 

Surface 
Cone. 

0.19 

4.1 

NA 

NUS 1.07 



Parameters Location 

Chromium (Cr) FDSSH02301 

Vanadium 01) 

Fuel Distribution System Contami.nation Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected in Surface Soil 

Area15 
Fuel Distribution System 

Surface 
Cone. 

9.3 

1.03 

.;::::i:::::::1:1:1:1:1:1:1:1:::1:1:Ji!ililii!Ji!ilililili!ilil!lil~ilii:l:i:J:iilil!iilil:i:'ilil!iiliiii!lii 
NL 

:.::::1t~::=:=:===h=,:::::::1:::::::::::::::::::1:::::::::::::::::::::I::::::::::::::::::::::::m1I!:=:::::=:::::· 

Notes: 

surficial e South Carolina Risk-Based Corrective Action/or Petroleum Releases (SDEHC, 
r SSLs ~;,,,20) from the Soil Screening Guidance: Technical Background Document (USEP A, 

no RBSL is available). 
ice the means of the grid sample concentrations. 
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Parameters 

Magnesium (Mg) 

Nickel (Ni) 

Sodium (Na) 

Location 

FDS15A 
FDS15B 
FDS15C 

FDS15A 
FDS15B 
FDS15C 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected in Groundwater 

ArealS 
Fuel Distribution System 

First 
Sampling Event 

12200 
26200 
19300 

1.6 
1.1 
1.6 

NL/NL 

NL/26 

Shallow 
Background 

4.08 

NL 

15.4 

d CorrectiveActionfor PetroleumReleases (SDEHC, January 5, 1998) and tap water RBCs (THQ=0.1) 
based concentration SEP A, October 22, 1997) were used as reference concentrations. 

centrations ex~~---· Lor the Tap Water RBC (if no RBSL is available). 
values for. ··,:;~are based on twice the means of the grid sample concentrations. Background values for groundwater are based 

'Wo wells at each depth. 
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Indeno(l ,2,3-cd)pyrene 
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Table4. 
Analytes Detected in Subsurface Soil 

Area 16 
4%­·tp· 

Location 

FDSSC09701 

Fuel Distribution System 

Subsurface 
Cone. 

110 

4.1 

NU14000 

· Subsurface 
Background 

NA 



Parameters 

Fuel Distribution System Contamination Assessment Report 
NA VBASE Clzarleston 

Section 4 - Investigative Results 
Revision: 0 

Table4. 
Analytes Detected in Subsurface Soil 

Area16 
Fuel Distribution System 

Subsurface 
Location Cone. 

FDSSC09701 260 

4.2 



Notes: 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

1 Calculated from methods described in USEP A Interim Supplemental Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 
(USEPA, 1995). 

a Background value for non-clay samples 
NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram .A, -~=· 

/k N kil '"'"''""'.; ""'' ng g = anograms per ogram ·-*NWN~· '"''lw:>: *t-W.~1.~m~ 
RBSI..s from the South Carolina Risk-Based Correclive Action.for Petroleum Releases (SD8b'anuary 5, l~~i=H•c soil-to-groundwat~M: 
SSLs (DAF=20) from the Soil Screening Guidance: Technical BackgroundDocumJl.jffejsEPA, 1996),~~m.Thr~··~' .nee concentrati~}f 
Bolded concentrations exceed RBSL or the SSL (if no RBSL is available). $Hf Af'fl' "'~\, .,.,._,. .A@F 
All background values for Zone Gare based on twice the means of the grid sam centratio!J!f/'. ' \JV 
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Parameters 

Antimony (Sb) 

Magnesium (Mg) 

Location 

FDS16A 
FDS16B 
FDS16C 

Fuel Distribution System Contamination Assessment Report 
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Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected. in Groundwater 

Area16 
Fuel Distribution System 

First 
Sampling Event 

62100 
157000 
366000 

4.1 

43700 
146000 
477000 

NL/NL 

Shallow 
Background 

4.85 

NL 



Parameters Location 

Fuel Distribution System Conta:nUnation Assessment Report 
NAVBASE Charleston 

Section 4 - Investigative Results 
Revision: 0 

Table4.1.2 
Analytes Detected in Groundwater 

Area16 
Fuel Distribution System 

First 
Sampling Event 

·-Nickel (Ni) FDS16A 4.7 
FDS16B 
FDS16C 

5.3 
4.9 

ND 

-.. 
1.65 

.~ 

NL/1100 15.6 

· e Action for Petroleum Releases (SDEHC, January 5, 1998) and tap water RBCs (THQ=0.1) 
, October 22, 1997) were used as reference concentrations. 

e Tap Water RBC (if no RBSL is available). 
on twice the means of the grid sample concentrations. Background values for groundwater are based 

.. s at each depth. 
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Beryllium (Be) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 
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Revision: 0 

Table4. 
Analytes Detected in Subsurface Soil 

Area17 
Fuel Distribution System 

Location 

FDSSC09501 

Subsurface 
Cone. 

0.37 

4.1 

NU4200000 NA 

NU63 1.63 



Parameters 

Chromium (Cr) 

Copper (Cu) 

Fuel Distribution System Contamination Assessment Report 
NAVBASE Charleston 

Section 4 - Investigation Results 
Revision: 0 

Table4. 
Analytes Detected in Subsurface Soil 

Area17 
Fuel Distribution System 

Location 

FDSSC09501 

FDSSC09501 

Subsurface 
Cone. 

18.3 

-:Jrg~,m~~:·:.o.:.:.:::_::·_:·:·::=1=::·=:1_:1:1:111:1:11:11:::1111111:1:11::1::1::11::=:1::::11:111:::1:1:·:::::::1:1:111:1m~11111~1:1:,:11:::::1::::·:1:::::1:1:11:111111:1111111!111111111:, 
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Zinc Zn 

Notes: 
a 
NL 
NA 
µg/kg = 
mg/kg 
RBSLsfrom 
SSLs(D 
Bolded 
All b 

NL/12000 145 

)'):' 

'veAciionfor Petroleum Releases (SDEHC, January S, 1998) and generic soil-to-groundwater 
: Technical Background DocumenJ (USEP A, 1996) were used as reference concentrations. 

f no RBSL is available). 
n twice the means of the grid sample concentrations. 
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Table4.1.2 
Analytes Detected in Groundwater 

Area17 
Fuel Distnlmtion System 

First 
Sampling 

Event 

4.1 

Shallow 
Background 
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Barium (Ba) 

Selenium (Se) GEL014 
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Table4.1.2 
Analytes Detected in Groundwater 

Area17 
Fuel Distribution System 

First 
Sampling 

Event 

0.8 4.9 

4.2 

50118 

Shallow 
Background 

4.3 
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Table4.1.2 
Analytes Detected in Groundwater 

Area17 
Fuel Distribution System 

First 
Sampling 

Event 

-Vanadium (V) GEL014 
FDS17A 
FDS17B 

5.2 
1.2 
1.6 

::t:t~~;~~'&aj::::::::::r:::::~;:~:;:::::::::::::;::::::::;ill::::::::::;:::t.i::1;:::;;:::11~~~::::::::::::::~::::::::::::::~::;1::::~:::::::ij::::1::::::::::1:::~~::;;::;:1:~;:~::::::::;;;:c,,~,,,, 

Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 
µgfL Micrograms per liter 
RBSLs from the SoUlh Carolina Risk-Based Correelive Acti 
from risk based concentration table (USEPA, Octo 
Balded concentrations exceed RBSL or the Tap 
All background values for Z.One G are based on tw 
on two sampling rounds in two wells at each d 

'W' 

4.3 

y 5, 1998) and tap water RBCs (THQ=O.l) 
ncentrations. 
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Table4. 
Analytes Detected in Subsurface Soil 

Area 18 
Fuel Distribution System 

Location 

FDSSC11401 

FDSSC11401 

Subsurface 
Cone. 

7.3 

4,850 

4.1 

NL/NL NL 



Parameters 

Sodium (Na) 
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Table4. 
Analytes Detected in Subsurface Soil 

Area18 
Fuel Distribution System 

Location 

FDSSC11401 

Subsurface 
Cone. 

NL 

"'\:::;!!tll!ii:l:i:l!lilliillllllllll=lllllltl~!jl;illllllji):1illllli;i1lllllllll 
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a Background value for non-clay samples r NL Not listed 
NA Not applicable 
µg/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
RBSLs from the South Carolina Risk-Based 
SSI..s (DAF=20) 
Balded conce 
All backg 

~ 

4.2 

EHC, January 5, 1998) and generic soil-to-groundwater 
nJ (USEP A, 1996) were used as reference concentrations. 
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Parameters 

Pentachlorophenol 

Inorganics (µg/L) 

Aluminum (Al) 

Sodium (Na) 

Location 

FDS18A 

GDE012 
FDS18A 

GDE012 
FDS18A 
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Table4. 
Analytes Detected in Groundwater 

Area18 
Fuel Distribution System 

First 
Sampling Event 

ND 

1.4 
7 

1760000 
2200000 

4.1 

ND 
5.6 

1140000 
1750000 

NL/73 4.08 

NL/NL NL 
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Table4. 
Analytes Detected in Groundwater 

Area 18 
Fuel Distribution System 

Parameters 

Zinc(Zn) 

Notes: 
NL Not listed 
NA Not applicable 
ND Not detected 
NT Not taken 

Location 

GDE012 
FDS18A 

µg/L Micrograms per liter 

First 
Sampling Event 

ND 
41.9 

RBSLs from the Sou!h Carolina Risk-Based Corrective Action for P. 
from risk based concentration table (USEP A, October 22, 199 
Balded concentrations exceed RBSL or the Tap Water RB 
All background values for Zone G are based on twice the mea 
on two sampling rounds in two wells at each depth. ,, 

.;> ........ 

4.2 

8) and tap water RBCs (THQ=0.1) 

ckground values for groundwater are based 
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