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EXECUTIVE SUMMARY 

Tetra Tech, Inc. (Tetra Tech) prepared this remedial investigation (RI)/Resource Conservation and 

Recovery Act (RCRA) facility investigation (RFI) Addendum report to summarize field activities conducted 

in the Spring of 2005 at the former Morale, Welfare and Recreation (MWR) Drying Cleaning Facility 

[Site 45/Solid Waste Management Unit (SWMU) 45], located at the Marine Corps Recruit Depot (MCRD) 

Parris Island, South Carolina.  Other information, as available from other sources [e.g. United States 

Geologic Survey (USGS) and GSI Environmental], has also been incorporated.  This report was prepared 

for the United States Navy (Navy) Southern Division (SOUTHDIV) Naval Facilities Engineering Command 

(NAVFAC) under Contract Task Order (CTO) 0335, for the Comprehensive Long-Term Environmental 

Action Navy (CLEAN) III Contract Number N62467-94-D-0888.  This RFI Addendum adds to the body of 

knowledge discussed in more detail in the Site 45 – Former MWR Dry Cleaning Facility RI/RFI Report 

prepared in December 2004 (Tetra Tech, 2004a). 

 

The objectives of this RFI Addendum investigation were to further characterize the nature and extent of 

contaminant migration in groundwater caused by past releases at Site 45.  Data collected during this 

investigation was used to assess the human health risks associated with intrusion of VOCs into buildings.   

 

Field investigation activities for this phase of the Site 45 investigation were performed from February 

through April 2005.  Primary activities consisted of membrane interface probe (MIP) screening, installation 

of 15 temporary wells, installation of 29 permanent wells, groundwater sampling of 62 wells (existing and 

newly installed), water-level measurements, data collection for vapor intrusion modeling, surveying and 

investigation-derived waste (IDW) management.  The USGS investigation was completed from 2007 to 

2009, and the GSI Environmental investigation was conducted in June and July 2009.  

 

Key conclusions and recommendations developed during the Site 45 RFI Addendum are summarized as 

follows. 

 

• PCE and its degradation products (TCE, cis-1,2-DCE, total 1,2-DCE and VC) were detected in the 

surficial upper and surficial lower aquifers at numerous locations above the most stringent regulatory 

screening criteria.  The concentrations in the deep wells were below screening levels indicating 

contamination is not migrating vertically to any great extent with a maximum cis-1,2-DCE “detected” 

concentration of 2.0J µg/L at MW-07D during the RI Addendum sampling.  USGS sampling results 

similarly show concentrations in the deep wells are below screening levels, with all VOCs detections 

being less than 1 µg/L.  
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• Nature and extent of contamination is well-defined with only a few areas of refinement needed.  It is 

believed that there was at least one source release (near MW08 and MW24).  It appears that the 

source of the ‘southern plume’ is leakage from an abandoned sanitary sewer line near the southeast 

corner of the new dry cleaner building.  Any further refinement, if necessary, could be accomplished 

as part of future phases of regulatory activity at this Site.  

 

• Additional data may be necessary to evaluate the potential remedies in a Feasibility Study.  On-going 

pilot testing at the source area will provide additional data points for the evaluation.  Ongoing pilot 

testing activities will be statused in the Feasibility Study for Site 45. 

 

• Based on the following, evaluation of groundwater remedial solutions appears warranted:  

 

- Likelihood of a DNAPL pool serving as a continuing source of groundwater contamination, 

 

- Likelihood of a continuing release from a segment of abandoned sanitary sewer near the south-

east corner of the new dry cleaner building, 

 

- Potential risk of impact to surface waters from contaminated groundwater infiltration to the storm 

sewer network, 

 

- Potential vapor intrusion issues at the current dry cleaners, Building 293, and/or hypothetical 

vapor intrusion risk to structures associated with future development of the site. 

 

• Groundwater contamination results in potential human health risks and pathways that need to be 

mitigated.  A Feasibility Study will follow to present possible remedial alternatives.  

 

• Sediment and surface water will be discussed separately rather than in this RFI Addendum, as not 

enough data exists at this time to make conclusions or be able to proceed with the CERCLA process.  

 



REVISION 4 
APRIL 2012 

090503/P 1-1 CTO 0335 

1.0  INTRODUCTION 

1.1 PURPOSE OF REPORT 

Tetra Tech, Inc. (Tetra Tech) prepared this Remedial Investigation (RI) Addendum report to summarize 

field activities conducted in the Spring of 2005 at the former Morale, Welfare and Recreation (MWR) 

Drying Cleaning Facility [Site 45/Solid Waste Management Unit (SWMU) 45], located at the Marine Corps 

Recruit Depot (MCRD) Parris Island, South Carolina.  This report was prepared for the United States 

Navy (Navy) Southern Division (SOUTHDIV) Naval Facilities Engineering Command (NAVFAC) under 

Contract Task Order (CTO) 0335, for the Comprehensive Long-Term Environmental Action Navy 

(CLEAN) III Contract Number N62467-94-D-0888. 

 

This RI Addendum adds to the body of knowledge discussed in more detail in the Site 45 – Former MWR 

Dry Cleaning Facility RI/RFI Report prepared in December 2004 (Tetra Tech, 2004a).  Information 

provided in that report will be repeated in this Addendum only if it is necessary to understand the context 

of the work described in this Addendum.  Examples of topics that will not be repeated in this report 

include the regulatory setting, discussions of previous Site 45 investigations and pilot studies, and other 

topics similar to these. 

 

1.2 HISTORICAL INFORMATION AND OTHER INVESTIGATIONS 

1.2.1 Facility Background 

MCRD Parris Island is located along the southern coast of South Carolina, approximately 1 mile south of 

the city of Port Royal and 3 miles south of the city of Beaufort within Beaufort County.  MCRD Parris 

Island covers approximately 8,047 acres that consist of dry land, salt marshes, saltwater creeks, and 

ponds, as shown in Figure 1-1.  MCRD Parris Island is the reception and recruit training facility for the 

Marine Corps for enlisted men from states east of the Mississippi River and for enlisted women 

nationwide. 

 

1.2.2 Site 45 Background and History 

Prior to 2001, Site 45 – MWR Dry Cleaning Facility was in a building located in the Main Post area of 

MCRD Parris Island, between Panama Street to the north, Kyushu Street to the south, and Samoa Street 

to the east (Figure 1-2).  West of the facility are currently other commercial establishments, including a 

cobbler, a tailor, a coin-operated laundry facility, and a new dry cleaning facility.  South of the facility is 

Building 293, attorneys’ offices.  
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Four above-ground storage tanks were situated along the northern side of the former building.  These 

tanks were first put into place in 1988, following the removal of an underground storage system (located 

at approximately the same location) where hydrocarbon cleaning solvents were previously stored.  The 

former dry-cleaning facility began operations in the 1950s, thus the USTs were most likely in operation 

from the 1950s through the mid-1980s.  The new storage tanks are positioned within a concrete catch 

basin used to contain any overflow during tank filling.  

 

On March 11, 1994, a tetrachloroethene [also known as perchloroethlyene (PCE)] spill of unknown 

quantity was released into soil near the above ground PCE storage tanks of Site 45.  It was reported that 

one of the tanks was overfilled, causing the liquid PCE to spill onto the concrete catch basin and 

subsequently to the surrounding surface soil.  Contaminated soil was excavated, and an interim remedial 

action was initiated.  It is also believed that many smaller spills have occurred in the vicinity of the tanks 

(northern plume), and due to precipitation and infiltration, PCE from these smaller spills could have been 

released into the soil as well.   

 

In late 1997, the dry-cleaning operations were moved to a new facility, approximately 130 ft west of the 

former dry-cleaning building (USGS, 2009). With the move to a new facility, the dry-cleaning operation 

switched from using PCE as the cleaning solvent to using a non-hazardous hydrocarbon-based cleaner 

(ExxonMobil DF-2000®) that contains no chlorinated solvents, and the equipment was replaced with 

refrigeration for recirculation and recovery of the solvent (Center for Waste Minimization, 2000).  In early 

2001, the main dry cleaning building, solvent tanks, and other related structures were demolished and 

removed from the site.   

 

Investigations in 2005 and 2006 showed a second groundwater contamination plume of chlorinated 

solvents, known as the southern plume, south and southwest of the former dry-cleaning facility, appearing 

to originate from the direction of the new dry-cleaning facility.  The southern plume consists of 

groundwater contamination extending southeastward from an area approximately 40 feet from the 

southeastern corner of the new dry-cleaning facility to about the intersection of Samoa Street and the 

driveway into the parking lot for Building 293.  The two plumes of groundwater contamination present are 

apparently intermingling in downgradient areas.  

 

Currently, the site is a vacant lot covered with mowed grass.  Some isolated shrubs and trees are also 

present.  Physical features remaining at the site consist of three above-ground extraction well housing 

units (approximately 2 feet by 2 feet by 3 feet) and one groundwater treatment system shed 

(approximately 10 feet by 20 feet).  
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Tetrachloroethene (PCE), is a chlorinated hydrocarbon used in many commercial applications including 

chemical syntheses, dry cleaning, and metal degreasing.  It is a nonflammable volatile organic compound 

(VOC) that can leach into groundwater if released into the environment.  United States Environmental 

Protection Agency (USEPA) studies have shown that elevated levels of oral PCE intake by biological 

receptors may have significant impacts on neurological, renal, and hepatic functions and may also, 

through natural metabolic processes, cause genetic aberrations leading to higher cancer risks. 

 

The objectives of this RI Addendum investigation are to further characterize the nature and extent of 

contaminant migration in groundwater caused by past PCE releases at Site 45.  Data collected during this 

investigation were used to update and refine plume migration models and to assess the human health 

risks associated with intrusion of VOCs into buildings.  The risks to human and ecological receptors have 

already been evaluated in the RI/RFI for Site 45 (Tetra Tech, 2004).  Based on information collected in 

this investigation, along with existing data, future actions at the site (including potential remedial actions) 

will be evaluated and determined. 

 

The surficial (upper and lower) groundwater flow at Site 45 is primarily to the south-southeast whereas 

the deep groundwater flow at Site 45 is generally to the southwest.  The surficial groundwater flow is 

consistent with the 2001 field event.  The leading edge of the Site 45 groundwater plume is approximately 

800 feet from the marsh in the direction of groundwater flow.  Based on 5 years of monitoring data from 

1996 through 2001, there was no obvious migration of groundwater contamination.  However, sampling at 

one location in early 2003 did indicate that some downgradient migration had occurred, which resulted in 

the need for this RI Addendum investigation for VOCs.   

 

1.2.3 United States Geological Survey Storm Sewer Investigation and Related Investigations 

The United Stated Geological Survey (USGS), in cooperation with the NAVFAC Southeast, began 

investigations at the site in 2006 to examine the role that sewer lines play in contaminant source, 

distribution, attenuation, and transport in both the northern and southern plumes, further delineate 

contamination in the southern plume, and examine natural attenuation aspects of groundwater 

contamination in the southern plume (USGS, 2009).  During the investigation it was determined that most 

of the groundwater contamination near the new dry-cleaning facility is present from a few feet below 

ground surface (bgs) to about 11.5 ft bgs. Within that interval, most of the contamination is at a depth of 

about 8 to 11.5 ft bgs, with the greatest concentrations near the bottom of that interval. Although the 

southern plume spatially originates from the new dry-cleaning facility, the new dry-cleaning facility is not 

likely the source of the contamination. Engineering blueprints, flow testing, and video imaging of sanitary 

sewers at the site, as well as the lack of a viable contaminant source at the new dry-cleaning facility, 

indicated that the contaminant source in the southern plume was a leak from a sanitary sewer in the 

vicinity of the new dry-cleaning facility.  
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Once in the aquifer, contamination in both the northern and southern plumes is transported 

southeastward, where most of the dissolved contamination is intercepted by leaky storm sewers. 

According to the USGS report, because the storm sewers at Site 45 range in diameter from 12 to 

36 inches and a tidal change of greater than 3 ft takes place in some of the storm sewers at Site 45, the 

VOCs entering the storm sewers are substantially diluted upon entry. Volatilization probably also removes 

some of the VOC contamination in the storm sewers. During outgoing tides, the diluted contamination in 

the storm sewer is transported southward and discharges to Ballast Creek (USGS, 2009).  The USGS 

report is included as Appendix A, and results are discussed further in this report when they are related.   

 

It is possible that the sediments and surface water have been impacted by contamination in other ways.  

For example, historical releases of PCE product may have been transported down the storm sewers, 

either at the time of release, or from soil/subsurface soil sources prior to the initial clean-up efforts.  

Product transported down the storm drains and deposited into the marsh could have impacted sediments 

in the outfall area.    

 

1.2.4 GSI Environmental Vapor Intrusion Study 

GSI Environmental Vapor Intrusion, in cooperation with the NAVFAC Southeast, began investigations at 

the site in 2009 to complete a vapor screening study at Site 45.  The difference in attenuation factors 

between radon and PCE detected suggests that the vast majority of the PCE inside the building is coming 

from inside the building.  Several other VOCs were detected in the indoor air at concentrations greater 

than those in the ambient air samples.  The GSI Environmental data tables are included as Appendix B 

and the results are discussed and used in the vapor intrusion risk assessment in Section further in this 

report when they are related.  

 
1.3 REPORT ORGANIZATION 

This report is divided into seven sections.  Section 1.0, Introduction, provides historic information about 

MCRD Parris Island and Site 45 in particular.  Section 2.0, Environmental Setting, provides geological 

and geographical information about MCRD Parris Island and the surrounding areas.  Section 3.0, 

Investigation Summary, summarizes the sampling program and presents the Site 45 geology and 

hydrogeology based on the field results.  Section 4.0, Nature and Extent of Contamination, addresses the 

updated nature and extent of groundwater contamination.  Section 5.0, Contaminant Fate and Transport, 

describes the chemical and physical properties of the analytes positively detected at Site 45.  Section 6.0, 

Human Health Risk Assessment presents the methodology and results of the human health risk 

assessment for vapor intrusion.  Section 7.0, Conclusions and Recommendations, focuses on the 

proposed actions and remedies, if any, to address identified risks.  Appendices A through O provide 
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supporting documentation for the field investigation and supplemental information for the evaluation of 

results. 
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2.0  ENVIRONMENTAL SETTING 

This section contains general information about the environmental setting common to all the sites 

currently under investigation at MCRD Parris Island.  A comprehensive discussion of the environmental 

setting at the MCRD can be found in the Master Work Plan (B&R Environmental 1998) or the Initial 

Assessment Study (IAS) (NEESA, 1986). 

 

2.1 CLIMATE 

MCRD Parris Island is in the southernmost region of South Carolina, where the climate is milder than 

elsewhere in the state.  This low-lying coastal area has numerous islands, inlets, streams, and marshes 

and a temperature regime that clearly reflects the influences of its maritime and southern location.  The 

climate is subtropical, with long and hot summers followed by short and mild winters.  Precipitation is 

abundant, averaging about 49 inches per year and remaining within the range of 40 to 58 inches during 

most years.  Precipitation in the amount of 0.1 inch or more falls on an average of about 77 days per 

year.  The annual distribution shows a major monthly maximum of about 7 inches in July and a major 

monthly minimum of about 2 inches in November.  The period from April through October, which includes 

the growing season for most crops in this area, receives an average of about 34 inches of rain, about 

70 percent of the annual total. 

 

2.2 TOPOGRAPHY 

MCRD Parris Island lies in the Lower Coastal Plain physiographic province.  Elevations range from sea 

level to 22 feet above mean sea level (msl); the elevation at Site 45 ranges from approximately 6 to 9 feet 

above msl.  The Depot consists of Parris Island (the largest and most developed island), seven smaller, 

named islands, many small unnamed islands, salt marshes, and related tidal creeks.  Because of the low 

elevation, most of the Depot is within the 100-year flood plain.  The majority of the area of Parris Island 

north of Ballast Creek, the east-central area of Page Field, and the central part of Horse Island are the 

only surfaces above the 100-year flood plain (NEESA, 1986). 

 

The Depot covers 8,047 acres:  1,502 acres are devoted to forest management; 744 acres are grass and 

facilities; 4,344 acres are saltwater marsh; and the remainder consists of creeks, ponds, and causeways.  

Dry land makes up 3,274 acres (NEESA, 1986). 

 

2.3 SURFACE WATER DRAINAGE 

Drainage off the land surface is to the nearest surface water body.  Three generally east-west trending 

creeks drain much of the Depot.  Archers Creek, at the northern boundary of the Depot, connects Battery 
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Creek to the north with the Broad River to the west of Parris Island.  Ribbon Creek drains the area 

between Horse and Parris Islands and flows westward into the Broad River.  Ballast Creek drains the 

middle of Parris Island and flows eastward into the Beaufort River.  Surface water at Site 45 drains into 

base storm sewers and then into Ballast Creek.  Smaller unnamed creeks drain the areas west and east 

of Page Field. 

 

The Beaufort and Broad Rivers meet at the southern end of Parris Island to form Port Royal Sound, which 

extends about 4 miles southeastward to the Atlantic Ocean.  A 1998 aerial photograph of the major 

portions of Parris Island, including Site 45 is shown on Figure 1-1. 

 

2.4 SOIL 

Soil at MCRD Parris Island has been mapped by the U.S. Soil Conservation Service as both individual 

soil and groupings of soil (units).  The Depot has been mapped as having 15 individual soil types, but only 

eight types are present beneath sites currently under investigation.  Three soil units have been mapped 

for the Depot (the Wando-Seabrook-Seewee, Coosaw-Williman-Ridgeland, Bohicket-Capers-Handsboro 

Soil Unit).  A further discussion of the soil and soil units identified at the MCRD can be found in the 

Master Work Plan for MCRD Parris Island (B&R Environmental, 1998) or the IAS (NEESA, 1986). 

 

2.5 GEOLOGY 

Four geological units are present in the Beaufort-Jasper County Area.  These units from the youngest 

(Pleistocene age) to the oldest (Eocene age) are the Pleistocene sands and clays, Hawthorn Formation, 

Cooper Marl, and Santee Limestone.  A further discussion of the descriptive and structural geology of the 

Beaufort-Jasper County area can be found in the Master Work Plan for MCRD Parris Island (B&R 

Environmental, 1998) or the IAS (NEESA, 1986).  The geology of Site 45 is further discussed in 

Section 3.3. 

 

2.6 HYDROGEOLOGY 

Two primary aquifers are present within the Beaufort-Jasper County Area: the surficial aquifer and the 

Floridan Aquifer.  These aquifers are generally separated by the Hawthorn Formation and Cooper Marl, 

which act as confining units to the underlying Floridan Aquifer.   

 

In the MCRD Parris Island area, the shallow, unconfined aquifer generally consists of permeable, fine to 

medium, Pleistocene age sands and clays.  Surface relief is relatively low.  The area is drained by fresh 

and brackish-water streams inland and by tidal streams along the coast.  The water table in the MCRD 

Parris Island area usually ranges from 0 to 10 feet bgs and is most commonly found at a depth of 
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3 feet bgs.  Water-table fluctuations are a function of recharge, evaporation, and transpiration and have 

been observed to be as great as 6.5 feet at some locations (Glowacz, et al., 1980).  The direction of 

groundwater flow in the upper portion of the shallow surficial aquifer is generally toward the nearest 

surface water body, such as a pond, river, tidal creek, or the ocean.  Recent groundwater contour maps 

are provided at the end of Section 3. 

 

In the Beaufort-Jasper County Area, the Floridan Aquifer system occurs near land surface, and confining 

beds vary from essentially 0 to more than 150 feet in thickness.  Groundwater in the Floridan Aquifer 

occurs in solutionally enlarged openings or cavities in the limestone.  In general, groundwater occurs in a 

series of broadly defined water-bearing (permeable) zones that serve as aquifers and are separated by 

less permeable bedrock.  Two hydrogeologic zones within the Floridan Aquifer lie beneath the MCRD 

Parris Island area.  These two hydrogeologic units consist of a 200-foot-thick Upper Hydrogeologic Unit 

that contains an upper permeable zone and an 800-foot-thick Lower Hydrogeologic Unit that has a 

somewhat lower permeability compared to the Upper Unit. 

 

A further discussion of the hydrogeological characteristics of the Beaufort-Jasper County area can be 

found in the Master Work Plan for MCRD Parris Island (B&R Environmental, 1998).  The hydrogeology of 

Site 45 is detailed in Section 3.4. 

 

2.7 ECOLOGY 

General discussions on the ecoystems present and threatened and endangered plants and animals that 

occur or potentially occur on MCRD Parris Island can be found in the Master Work Plan for MCRD Parris 

Island (B&R Environmental, 1998) or the IAS (NEESA, 1986).  

 

Specific ecology information about Site 45 includes that it is located in a highly developed portion of 

MCRD Parris Island.  The site consists of a small area (40 feet by 120 feet) of turf grass.  Paved streets 

border the site on three sides, and a building borders the site on the fourth side (Figure 1-2).  Parking lots, 

streets, buildings, and construction areas are located in the immediate area surrounding the site.  Five 

cabbage palms (Sabal palmetto), one slash pine (Pinus elliottii), and eight small ornamental shrubs occur 

as roadside plants immediately beyond the periphery of the site.  Thus, Site 45 and the adjacent areas 

provide only limited terrestrial habitat of poor quality in a developed (urban-type) setting.  Ecological 

receptors that occur at Site 45 consist of those typically found in urban areas, such as terrestrial 

invertebrates and lizards.  Various songbirds occasionally forage on the site.  Mammals at the site are 

probably limited to rodents such as the black rat and house mouse.  No signs of moles (Talpidae) were 

observed in several visits by Tetra Tech biologists.  
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No surface water bodies or wetlands are present or within the immediate area of the site.  The terrain is 

flat, and surface water runoff in the vicinity is collected by the storm sewer system.  The nearest surface 

water body is a shallow tidal marsh approximately 900 feet south-southeast of the site.   

 

The marsh is dominated by cordgrass (Spartina alterniflora).  Black needlerush (Juncus roemerianus) is 

also present in the marsh, and seashore saltgrass (Distichlis spicata) and glasswort (Salicornia virginica) 

occur in portions of the marsh/upland boundary.  A narrow wooded area occurs immediately upslope of 

the marsh.  The wooded area is dominated by slash pine and loblolly pine (Pinus taeda), with an 

understory of various shrubby species.  The marsh provides habitat for a variety of fauna, such as fish 

and crustaceans, as well as several species of animals that prey upon the fish and crustaceans.  Various 

shorebirds and wintering waterfowl forage in the marsh. 

 

Based on information collected to date, the groundwater exposure route is negligible for ecological 

receptors at this time. 

 

In summary, Site 45 provides only 0.1 acre of terrestrial habitat in an industrial setting.  Terrestrial habitat 

consists of mowed turf grass and receptors consist of species acclimated to urban and industrial 

conditions.  A complete exposure pathway has three components: a source of contaminants that can be 

released to the environment; a route of contaminant transport through an environmental medium; and an 

exposure or contact point for an ecological receptor.  The poor habitat, the urban/industrial nature of the 

area, and the small size of Site 45 result in an exposure pathway that is essentially incomplete.  

Therefore, with the possible exception of receptors such as soil invertebrates, the potential for ecological 

impacts from site-related contaminants does not exist, and the terrestrial exposure pathway was not 

evaluated further.  Potential effects to soil invertebrates (if any) would be limited to an extremely small 

area and would not be ecologically significant.  The USGS report indicates that groundwater 

contamination is migrating through the storm drains to the marsh.  Further surface water and sediment 

sampling is required to determine if there are potential ecological impacts at the site.     
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3.0  INVESTIGATION SUMMARY 

Field investigation activities for this phase of the SWMU 45 (Site 45) investigation were performed from 

February through April 2005.  Primary activities consisted of membrane interface probing (MIP), screened 

interval sampling, temporary well installation, permanent well installation, water-level measurements, 

groundwater sampling, data collection for vapor intrusion modeling, surveying and investigation-derived 

waste (IDW) management. 

 

3.1 RI/RFI ADDENDUM INVESTIGATION OBJECTIVES 

Field activities were conducted in accordance with the Site/SWMU 45 RI/RFI Addendum Work Plan for 

Marine Corps Recruit Depot, Parris Island, South Carolina (Tetra Tech, 2004b).  These field activities 

supported the collection of data to meet the following objectives: 

 

• Further characterize the nature and extent of contaminant migration in groundwater caused by past 

chlorinated solvent releases at Site 45. 

 

• Assess the human health risks associated with intrusion of select VOCs into buildings.  The overall 

risks to human and ecological receptors have already been evaluated in the RI/RFI for Site 45. 

 

Based on the project objectives listed above, a summary of the field investigation activities and the 

rationale for these activities is presented in Table 3-1. 

 

Information collected during the investigation was used to supplement existing information at Site 45.  

The following sections discuss the field activities conducted and additional information gained regarding 

the site-specific geologic and hydrogeologic setting at Site 45.  The layout of Site 45 is shown in 

Figure 1-2. 

 

3.2 RI/RFI ADDENDUM FIELD INVESTIGATION 

The following sub-sections discuss the field activities conducted at Site 45 conducted during the February 

through April 2005 RI Addendum investigation 

 

3.2.1 Membrane Interface Probe (MIP) 

MIP was employed as the first step in the investigation to provide real-time, continuous vertical profiling of 

VOC contaminant levels at Site 45.  Results were used to guide placement of borings and wells without 

the need for collecting and analyzing samples at a fixed-base laboratory.  
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Forty-nine (49) MIP points (SB101 to SB149) including two contingency points (SB201 and SB202) were 

advanced by Vironex, Inc.  The MIP point sampling tools were advanced using direct push technology 

(DPT), which used hydraulic pressure and/or percussion hammers to advance the boring.  MIP/soil 

conductivity (SC) logging was used in conjunction with DPT drilling to collect real-time, continuous VOC-

related data and soil conductivity data in the vadose and saturated zone.  A single upgradient MIP point 

(SB101) was advanced and logged to 30 feet below ground surface (bgs), through the peat/clay layer to 

obtain a baseline for the site.  This boring was backfilled with cement grout upon completion of data 

gathering.  The balance of the MIP points were advanced approximately 20 to 22 feet bgs to the top of the 

peat/clay layer to minimize the potential for the migration of contaminants to deeper zones. Locations of the 

MIP points are shown on Figure 3-1. 

   

Tetra Tech collaborated daily with the subcontractor to correlate MIP readings with previously collected 

soil lithologic data.  Daily data printouts were provided for the parameters listed below at each MIP boring 

(see Appendix C): 

 

• Conductivity 

• Probe advance rate 

• Temperature 

• FID response 

• Electron capture detector (ECD) response 

• PID response 

 

Plots were made for each of the six (6) dependent variables listed above (y-axis) versus the depth of the 

probe in feet (x-axis) at each MIP location.  Based on the MIP data, a total of 15 temporary monitoring 

wells were located and installed as discussed below in Section 3.2.3 

 

Upon completion, each MIP point was abandoned from the bottom of the boring to the ground surface 

with cement/bentonite grout in accordance with SCDHEC regulations. 

 

3.2.2 Screened Interval Sampling 

After the MIP/SC work and the temporary wells were completed, soil samples were collected from the 

screened interval using split-spoon sampling.  Four monitoring wells (PAI-45-MW22-SU, 

PAI-45-MW22-SL, PAI-45MW21-SU, and PAI-45MW21-SL) were selected to obtain representative 

samples from the screened intervals.  These samples were submitted directly to the Navy, which will 

proceed with analyses to support microbial studies not related to this report. 
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3.2.3 Temporary Well Installation 

The MIP results were used to establish locations for installation of fifteen DPT temporary well points as 

shown in Figure 3-2.  The temporary well points consisted of 1-inch diameter PVC screen and riser pipe 

having a slot size of approximately 0.010 inch.  Continuous soil boring logs were recorded from the 

deepest well of each cluster for the purpose describing soil lithology using DPT macro core sampling 

techniques.  DNAPL screening was performed using a field-screening, ultraviolet unit on selected 

subsurface soil samples.  The samples to be screened for DNAPL were selected based on the locations 

of elevated photo-ionization readings.  These DNAPL results (all negative) were recorded on the 

temporary monitoring well boring logs presented in Appendix D, and in the field log book notes from the 

investigation. 

 

During temporary well construction, PVC screens and risers were installed through the open borehole to 

sample-specific depths.  No temporary wells were advanced through the peat/clay layer.  Well screen 

depths were determined based on MIP results.  The SCDHEC approval letter for installation of monitoring 

wells and temporary monitoring well diagrams, including screened intervals are presented in Appendix E. 

 

At each temporary well, groundwater was purged and sampled using a peristaltic pump.  Measurements 

of the pH, temperature, turbidity, and specific conductivity were recorded during the purging process.  The 

temporary wells were purged prior to sampling until a minimum of three well volumes were removed, and 

stabilization of successive pH, conductivity, and turbidity measurements (per well purging SOPs), or a 

maximum of 10 well volumes was removed. Chain of Custody forms and analytical data are presented in 

Appendix F. 

 

Upon completion of the groundwater sampling at each location, the well point was removed, and the 

boring was abandoned by pressure grouting from the bottom of the boring to the ground surface, as 

described in Section 3.2.1 

 

3.2.4 Permanent Monitoring Well Installation 

Twenty-nine (29) permanent monitoring wells were installed and constructed in accordance with all 

applicable State of South Carolina regulations (e.g., Code of Laws of South Carolina 2002, Regulation 

61-71 Well Standards) and Volume II of the Master Work Plan (B&R, 1998).  The locations of these wells 

are shown on Figure 3-3.  As with the MIP locations and temporary monitoring wells, a formal request 

letter was submitted to SCDHEC prior to advancement of the permanent wells.  Following well 

installation, a monitoring well record was submitted to SCDHEC.   
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Twenty-nine monitoring wells (25 shallow [split between surficial upper and lower] and 4 deep) were 

drilled and installed at Site 45 during this field effort. The monitoring wells were installed in accordance 

with the Work Plan (Tetra Tech, 2004b) and screened using field data (MIP logging) and/or available 

historical data, temporary well data, and information obtained through conversations with the Navy.  

Shallow wells fell into two categories: 

 

1. Wells screened in the upper portion of the surficial aquifer (nominally 7 to 9 feet bgs) were 

denoted as "SU" (surficial upper). 

 

2. Wells screened in the lower portion of the surficial aquifer immediately above the peat/clay layer 

(nominally 15 to 16 feet bgs) were denoted as "SL" (surficial lower). 

 

Wells screened within the deep portion of the surficial aquifer below the peat/clay layer were denoted as 

"D" (deep).   

 

Boreholes for lower surficial monitoring wells were advanced to the top of the semi-confining unit 

underlying the surficial aquifer.  That is, the bottom of the screened interval for each of the lower surficial 

monitoring wells was placed even with, or slightly below, the top of the peat/clay layer.  Deep well screens 

were placed entirely below the bottom of the peat/clay layer.  Soil boring logs were maintained for the 

purpose of soil lithology and for determination of depth to confining unit.  DNAPL screening was 

performed as described in Section 3.2.3 on selected samples collected within the source area (northern 

portion of the former dry cleaning facility) and at locations with high PID measurements.  All DNAPL 

screening results were observed to be negative. 

 

Surficial upper (SU) and lower surficial monitoring wells (SL) were installed using 4.25-inch hollow-stem 

augers to the desired depth.  The monitoring wells were installed through the augers upon completion of 

each boring.  For the deep surficial aquifer monitoring wells (D), a 6-inch steel casing was set and 

grouted into the peat/clay confining layer by using large-diameter hollow-stem augers.  The grout was 

allowed to set for a minimum of 24 hours, then drilling proceeded through the 6-inch casing with mud 

rotary methods to the final depth of the borehole.  Based on regional experience, the drilling 

subcontractor felt that mud rotary would be more effective for advancing the well boring through the clay 

confining layer and the set-in-place 6-inch casing to install the actual well to the final depth.  This method 

was utilized in order to ensure that contaminant migration from the upper surficial aquifer down to the 

deeper zone would not occur during well installation.  During monitoring well installation, discreet intervals 

of the boring were sampled for lithology to the termination depth of the boring.  When the final depth was 

reached, the monitoring well was installed through the hollow-stem augers.  Table 3-2 provides 
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groundwater monitoring well construction information for the permanent wells installed during this 

investigation. 

 

All wells were constructed with certified clean well construction material.  Monitoring wells were 

constructed of 2-inch inside diameter (ID), flush-threaded polyvinyl chloride (PVC) well screen and flush-

threaded PVC well casing riser.  PVC material consisted of National Sanitation Foundation (NSF) 

Standard 14 as specified in U.S. EPA's EISOPQAM (1996).  Well screens for shallow surficial aquifer 

monitoring wells were 5-feet long depending on placement interval based on lithology encountered during 

drilling, with 0.010-inch openings.  One exception to this was PAI-45-MW23-SU, which had a well screen 

that was 7-feet long.  Well screens for deep surficial aquifer monitoring wells were 10-feet long with 

0.010-inch openings. 

  

A primary filter pack of clean silica sand was installed from approximately 3 to 6 inches below the bottom 

of the well to a minimum of 2 feet above the top of the well screen using a No. 1 Drilling Services Inc. 

(DSI) sand.  A minimum 2-foot-thick seal of 100 percent sodium bentonite pellets was installed directly 

above the primary filter pack and allowed to hydrate in accordance with the manufacturer's 

recommendations.  The annular space above the bentonite seal was grouted with neat cement or a 

bentonite/cement mixture from the top of the bentonite seal to a point at least 2 feet bgs.  The concrete 

used to form the pad filled the remaining annular space.   

 

Permanent monitoring wells were installed as at-grade wells.  An at-grade protective steel casing 

equipped with a sealing, locking cap was installed around all wells.  At-grade covers were installed in 

accordance with SCDHEC requirements.  Monitoring well construction diagrams for both the shallow and 

the deep wells are presented in Appendix G. 

 

A 4-inch by 4-inch aluminum identification plate (when available) will be affixed to each well and will 

contain the following information: 

 

• Well identification number 

• Date of construction 

• Name of consultant 

• Depth of well 

• Screened interval 

• Top of casing elevation 

• Northing of well 

• Easting of well 

• Reference datum 
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• Well information contact 

 

A boring log was maintained as described in the Master FSP for each soil boring by the Tetra Tech field 

geologist.  In the case of well cluster drilling, soil boring logs were maintained solely for the deepest 

boring at each well cluster.  Field screening and head-space analysis results and a lithologic description 

of each soil sample was recorded on the boring log.  The soil samples from the deep borings were 

examined to determine if the Hawthorn Formation was present.  Regionally, the Hawthorne Formation 

forms a significant confining unit.  At a minimum, the information outlined in the Master FSP (B&R, 1998) 

was recorded on the boring log for each boring.  Boring Logs are presented in Appendix H. 

 

Prior to sampling, all monitoring wells were developed to remove formation cuttings (as well as any 

residual drilling fluids), as described in the Master FSP, Volume II (B&R, 1998). Well Development forms 

are also included in Appendix I. 

 

3.2.5 Groundwater Sampling 

Groundwater sampling was performed in the temporary wells, select permanent existing wells and all of 

the newly installed wells. The 15 temporary wells, 15 existing wells and 29 newly installed wells were 

sampled in February, March and April of 2005.  This section describes the sampling equipment and 

techniques used for groundwater sample collection. Groundwater sampling locations for this investigation 

are shown on Figure 3-4.  Table 3-3 provides the groundwater summary statistics, including a frequency 

of detection (FOD) summary for all parameters analyzed.  Table 3-4 is a summary of positive detections 

compared to applicable criteria and Table 3-5 is a complete listing of all analytical results. 

 

3.2.5.1 Temporary Monitoring Well Sampling 

A total of 15 groundwater samples were collected from the temporary wells.  Groundwater sampling was 

performed using a peristaltic pump and pre-cleaned disposable tubing.  The tubing was lowered in the 

temporary well to approximately the midpoint to bottom one-third of the well screen.  The wells were then 

purged in accordance with the low-flow sampling techniques specified in the approved work plan.  Water- 

level data and water quality parameters, such as temperature, pH, specific conductivity, turbidity, 

dissolved oxygen, and salinity, were collected during purging of the monitoring wells and recorded on 

Low-Flow Purge Data Sheets and Groundwater Sample Log Sheets (included in Appendix J). The 

groundwater sample from each well was collected by reducing the flow to minimize volatilization of the 

sample and collecting the sample in the appropriate containers directly from the tubing after it passed 

through the peristaltic pump.  All the temporary wells were sampled for quick-turnaround VOC analyses.  

A summary of the positive detections for parameters analyzed is provided in Table 3-4. 
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3.2.5.2 Permanent Monitoring Well Sampling 

Eighteen (18) groundwater samples were collected from pre-existing monitoring wells and twenty nine 

(29) groundwater samples were collected from the newly installed monitoring wells.  All 47 locations were 

sampled for VOCs. 

 

Groundwater sampling for the permanent wells was similar to that of the temporary wells.  Peristaltic 

pumps with pre-cleaned disposable tubing were used to purge the wells.  Prior to purging, the intake of 

the sampling tube was placed approximately between the midpoint of the screen and the bottom of the 

well. Purging was performed using the low-flow technique described in the work plan. 

 

The groundwater samples were analyzed in a fixed-base laboratory for VOCs.  General water quality 

parameters (including dissolved oxygen, salinity, temperature, pH, and turbidity) were also measured and 

are included on the Sample Log Sheets provided in Appendix K.  Data validation letters for samples 

collected as part of this investigation are provided in Appendix L. 

 

3.2.6 Water-Level Measurements 

One round of synoptic water-level measurements was collected from all newly installed permanent 

monitoring wells, specific existing monitoring wells, and  existing piezometers to determine groundwater 

flow direction.  Figures 3-5 through 3-7 show groundwater (potentiometric) contours and general 

groundwater directions for upper surficial, lower surficial and deep water-bearing zones measured as part 

of this investigation.  Appendix M contains copies of the field groundwater level measurement sheets.  

 

All water-level measurements were taken within a short time period (maximum 4 hours) of consistent 

weather conditions to minimize atmospheric/precipitation effects on groundwater levels.  Measurements 

were taken with an electric water-level indicator using the top of the well riser as the reference point for 

determining depths to water.  Water-level measurements were recorded to the nearest 0.01 foot on a 

groundwater level measurement form.  

 

3.2.7 Decontamination 

Decontamination of major equipment and sampling equipment was in accordance with the Master FSP 

(B&R, 1998) and SOP SA-7.1, Decontamination of Field Equipment and Waste Handling.  An area for the 

decontamination pad for major equipment and a source of potable water for steam washing was arranged 

by the Field Operations Leader (FOL) through MCRD personnel.   
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3.2.8 Waste Handling 

All solid and liquid wastes generated as a result of this investigation were handled in accordance with the 

procedures described in Section 2.11 of the Master FSP (B&R, 1998) and SOP SA-7.1, Decontamination 

of Field Equipment and Waste Handling. 

 

Soil cuttings were placed in a roll-off box.  These cuttings were disposed off site.  Well development water 

and purged water was collected in a 5000 gallon bulk tank.  Based on previous test results, from previous 

investigations, the water was taken off site for disposal.  Decontamination water was also collected in the 

bulk tank, and then processed as the well development and purged water. 

 

3.2.9 Data Collection for Vapor Intrusion Model 

To gather input data for the Vapor Intrusion Model, the following was conducted or obtained: 

 

• Inspection of Building 293 revealed that it has a “crawl space” that goes below grade, however 

access to this area was not possible.  It was locked, marked and labeled because of the presence of 

asbestos.  Photos of the building are provided in Appendix N. 

 

• Survey points for Building 293 were obtained for use in determining location with regard to 

contaminant plumes and dimensions. 

 

3.2.10 Surveying 

All MIP locations, temporary wells, and permanent groundwater monitoring wells were surveyed.  The 

corner locations of Building 293 and the Thrift Shop were also surveyed.  A few of the existing wells were 

also surveyed as check of previously surveyed data. 

 

The North American Datum (NAD) 1983 was used as the horizontal datum.  Sample locations were 

surveyed to the nearest 0.10-foot.  Vertical elevations will be referenced to 1988 National Geodetic 

Vertical Datum (NGVD).  Elevations for the monitoring wells were determined at the measuring point 

where the uncapped PVC well riser pipe is notched and at the top of the protective casing, to the nearest 

0.01 foot.  For all sample locations, including monitoring wells, ground surface elevations were surveyed 

to the nearest 0.01 foot. 
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3.3 SITE-SPECIFIC GEOLOGY 

Geologic conditions at Site 45 were characterized as part of the 2001 and 2005 field investigations.  

Subsurface materials at Site 45 were visually classified based on split-spoon samples collected during the 

drilling of test borings and the temporary and permanent monitoring wells and from existing well data.    

 

The shallow subsurface lithology of Site 45 to a depth of approximately 17 feet consists of a 

heterogeneous mixture of Pliocene- to Holocene-age sediments of the Pamplico and Waccamaw 

Formations (Bechtel Environmental Inc., 1997), consisting primarily of fine sand and silty sand with a few 

discontinuous clayey sand seams. Previous laboratory sieve analysis of samples from these deposits 

indicates that the Unified Soil Classification System (USCS) description of these sediments is SP (poorly 

graded sand) to SP/SM (poorly graded sand to silty sand).  Thin, discontinuous lenses of finer-grained 

silty clay and clayey sand were also encountered within the predominantly sandy sediments.  Please see 

Appendices D and H for the infrequent exceptions to this general description. 

 

A thin (less than 1 to 3 feet) layer of peat was encountered below the shallow sandy sediments at depths 

ranging from 17 to 21 feet below ground.  The peat was directly underlain by a 3- to 6-foot-thick clay unit, 

encountered at depths ranging from approximately 18 to 27 feet bgs.  Beneath this potential confining 

layer formed by the peat and clay, the four newly installed deep well borings encountered unconsolidated 

deposits consisting primarily of sand, clayey sand, and silty fine sand with traces of shell fragments.  Total 

depths of the deep well borings ranged from 38 to 41 feet bgs.   

 

The Miocene-age Hawthorn Formation, a regional confining unit that separates the surficial deposits from 

the underlying Floridan aquifer, reportedly underlies MCRD Parris Island at an average elevation of 

30 feet below msl.  The Hawthorn Formation is reportedly approximately 25 to 40 feet thick in the area, 

except where it has been eroded away by tidal scour and stream erosion (Bechtel Environmental Inc., 

1997).  The deep borings at Site 45 did not confirm the presence of this unit locally. 

 

3.4 SITE-SPECIFIC HYDROGEOLOGY 

The hydrogeologic conditions at Site 45 were interpreted from data obtained during the subsurface 

investigation activities, including drilling and well installation, groundwater sampling, and groundwater-

level measurements.  

 

3.4.1 Hydrogeologic Framework 

The surficial aquifer underlying Site 45 consists of the sandy Pliocene to Holocene sediments to an 

average depth of approximately 18 feet.  In general, the water table encountered within these 
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heterogeneous sediments is shallow and is typically encountered at a depth of 3 to 4 feet bgs at the site.  

Groundwater is expected to preferentially migrate through the higher permeability sandy sediments within 

the surficial aquifer.  Because of their limited areal extents, the localized silty/clayey lenses found within 

the surficial aquifer are not expected to function as significant confining units.  Localized hydraulic effects 

were observed because of silt and clay (Tetra Tech, 2004a).  Recharge to the surficial aquifer is likely to 

occur primarily through infiltration of precipitation.  

 

The peat and clayey material found underlying the surficial aquifer sediments throughout the site at 

depths ranging from 17 to 27 feet bgs is expected to function locally as a confining unit to groundwater 

flow.  Based on the results of previous laboratory hydraulic conductivity testing of six samples from this 

unit, the geometric mean vertical hydraulic conductivity for this confining unit is 0.00166 feet per day 

(5.8 x 10-7 cm/sec).  This, in combination with an average thickness of 5 to 6 feet, indicates that the unit 

significantly restricts vertical groundwater flow. 

 

The silty sand deposits that were encountered beneath the peat/clay layer form a deeper aquifer within 

the Pliocene/Holocene sediments beneath the site.  The thickness of this deeper unit is unknown 

because the Hawthorn Formation, a regional confining unit expected to directly underlie these deposits, 

was not identified in the deep borings drilled at the site.   

 

Site 45 is located within the 100-year flood plain, according to the Federal Emergency Management 

Agency (FEMA) Flood Insurance Rate Maps (1986).  

 

3.4.2 Groundwater Flow Directions 

Groundwater flow directions were established based on one round of water-level measurements collected 

in April of 2005 (Figures 3-5 through 3-7).  Groundwater flow directions in the upper portion of the surficial 

aquifer were evaluated using water-level data from –SU monitoring wells; water level data from the –SL 

wells were used to evaluate groundwater flow directions in the lower portion of the surficial aquifer; and 

water levels from the –D wells were used to evaluate groundwater flow directions in the upper portion of 

the deeper aquifer at the site.  The April 2005 round of water levels was evaluated to identify both surficial 

aquifer flow patterns and to evaluate the deeper groundwater flow pattern.  All groundwater level 

measurements discussed herein were taken under non-pumping conditions.   

 

For the upper portion of the surficial aquifer, the groundwater flow direction is to the southeast, as shown 

on Figure 3-5 (April 26, 2005 round of water levels).  Using Figure 3-5, an overall groundwater flow 

gradient of 0.005 was calculated for the upper surficial wells.  Using this gradient and data from Section 

3.0 of the Site 45 RI/RFI (Tetra Tech, 2004a), an upper surficial seepage velocity of approximately 48.7 

feet per year was calculated (see Appendix O). 
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For the lower portion of the surficial aquifer, the groundwater flow direction is also to the southeast, as 

shown on Figure 3-6 (April 26, 2005 round of water levels). Using Figure 3-6, an overall groundwater flow 

gradient of 0.006 was calculated for the lower surficial wells.  Using this gradient and data from Section 

3.0 of the Site 45 RI/RFI (Tetra Tech, 2004a), a lower surficial seepage velocity of approximately 14.6 

feet per year was calculated (see Appendix O).  The overall gradients are generally consistent across the 

study area.   In general, the water levels and the flow patterns for the upper and lower portions of the 

surficial aquifer match up closely, indicating a strong hydraulic connection. 

 

With few exceptions, vertical gradients at upper/lower surficial aquifer well clusters were minimal, with 

typical differences in water levels of less than 0.1 feet.  A notable exception to this was at well cluster 

6SU/SL, where the deeper well had a water level approximately 0.4 foot higher than the water level in the 

upper surficial aquifer well.  There was also no apparent overall pattern to the vertical head differentials in 

terms of shallow versus deep; some clusters had consistent upward or downward gradients, and others 

varied.    

 

The overall groundwater flow direction in the deeper aquifer is to the south-southwest, as shown on 

Figure 3-7 (April 26, 2005 round of water levels).  In general, the flow patterns for the surficial aquifer and 

the deeper aquifer indicate that there is a limited hydraulic connection between the two flow systems.  

Using Figure 3-7, an overall groundwater flow gradient of 0.004 was calculated for the deep wells.  Using 

this gradient and data from Section 3.0 of the Site 45 RI/RFI (Tetra Tech, 2004a), a deep seepage 

velocity of approximately 4.9 feet per year was calculated (see Appendix O). 

 

3.5 USGS FIELD INVESTIGATION 

3.5.1 Goals of the Investigation 

The USGS investigation was conducted with three goals: to explore the role that the sewer lines on site 

play in the contaminant source, distribution, attenuation, and transport in the northern and southern 

plumes, to further delineate the southern plume and determine the potential for contaminant migration 

into the deeper aquifer, and to evaluate natural attenuation aspects of groundwater contamination in the 

southern plume.  

 

3.5.2 Field Investigation Activities 

The investigation involved examination of historical records and engineering drawings of buildings, video 

imaging of storm sewers, water-level monitoring by synoptic measurements in wells and by use of 

continuous data loggers, installation and sampling of temporary wells, and water and sediment sampling. 
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The water sampling included wells, storm drains, and surface water. Water samples were collected from 

23 permanent wells in the target aquifer, several of which were sampled on multiple occasions. Five of 

these wells were installed during this investigation. The wells were located predominantly in the southern 

plume. Samples were analyzed for VOCs and water chemistry.  Selected groundwater samples were 

analyzed for molecular biological tools (MBTs) and for compound-specific stable carbon isotopes.  

 

Groundwater samples also were collected from four wells screened deeper than the known 

contamination, three of which were installed during this investigation. Water samples were collected from 

96 temporary wells installed during this investigation. Membrane Interface Probe (MIP) logs were 

collected at seven borings in the southern plume. Additional water samples for VOC analysis were 

collected from storm sewers and from surface water at the sewer outfall. Sediment was collected for VOC 

analysis at the storm-sewer outfall.  Aquifer core samples were analyzed for total organic carbon. 

 

3.5.3 Geology and Hydrogeology 

The site geology was not determined during this investigation to differ from the conditions described 

above.  The site hydrology was found to be influenced by a complex mixture of hydrogeologic aspects 

and by exchange of groundwater and surface water from leakage at storm sewers. 

 

The surficial aquifer at Site 45 is unconfined. Depth to water is about 2–6 ft. Groundwater is recharged 

primarily from rainfall infiltration in non-paved areas.  Some amount of recharge also may take place 

during rainfall events through partially collapsed storm sewers. A primary discharge path for groundwater 

at Site 45 appears to be to storm sewers. The bottoms of some sections of the storm-sewer system at 

Site 45 are below the high-tide level and below the groundwater level.  Because the storm-sewer system 

connects to tidally influenced Ballast Creek, tidal water enters the storm drains through an open drain 

approximately 1,400 ft south of Site 45 during incoming tides, and moves inland through the sewer 

system at least as far as to Site 45.  A water-level logger recorded tidally induced water-level increases of 

more than 3 ft in the storm sewer at manhole STS06.  Surficial aquifer groundwater levels in the vicinity of 

the storm sewers also rise and fall in response to tidal cycles.  In general, where the bottom of the storm 

sewer is below the water table, groundwater levels tend to be higher than water levels in the storm sewer 

at low tide and lower than in the storm sewer about 1 to 2 hours preceding and following high tide.  The 

higher water levels in the storm sewers than in the groundwater about 1 to 2 hours preceding and 

following high tide indicate a short-term potential for movement of tidal water from the storm sewers to the 

aquifer. 

 

The groundwater contours in the SU wells show strong curvature toward some of the storm sewers where 

the inverts of the sewers are deeper than the water table, indicating that groundwater discharges to the 

storm-sewer system in those areas.  Curvature of the groundwater contours is less pronounced for the SL 
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wells than for the SU wells, possibly reflecting a diminished hydraulic influence from the storm sewers on 

the deeper part of the surficial aquifer.   

 

Further discussion of the influence of storm sewers on groundwater flow can be found in the USGS report 

in Appendix A.  

 



TABLE 3-1 
 

INVESTIGATION RATIONALE – SPRING 2005 
SITE 45 – FORMER MWR DRY CLEANING FACILITY 

MCRD PARRIS ISLAND, SOUTH CAROLINA 
 
 

Medium Identified/Suspected 
Contaminants 

Preliminary
Assessment 

Data Gap/Need Resolution Of
Data Gap/Need 

Groundwater VOCs: PCE, TCE, cis-
1,2-DCE, trans-1,2-
DCE, vinyl chloride.   

Groundwater is a risk to 
human health. 
 
Extent of plume is 
uncertain. 
 
Vapor intrusion may pose 
an unacceptable risk to 
human health. 

RI/RFI Addendum 
• Nature and extent 

characterization 
• Vapor intrusion risk 

evaluation 
 
FS/CMS 
• Modeling 
• Site hydrogeology 

 
• VOCs 
• Additonal monitoring wells 
• Vapor intrusion modeling          

parameters 
 
 
• Water-level measurements 

 
Note: 
FS/CMS – Feasibility Study/Corrective Measures Study. 



TABLE 3-2

GROUNDWATER MONITORING WELL CONSTRUCTION INFORMATION
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Top          
(feet bgs)

Bottom       
(feet bgs)

Top          
(feet amsl)

Bottom       
(feet amsl)

PAI-45-MW01-D 4/2/2005 187466.4933 2099311.3517 7.02 6.71 41.00 30.00 40.00 -22.98 -32.98
PAI-45-MW06-D 3/31/2005 187283.0718 2099308.8271 6.82 6.44 41.00 30.00 40.00 -23.18 -33.18
PAI-45-MW07-D 4/1/2005 187340.8135 2099306.4135 7.06 6.75 41.00 30.00 40.00 -22.94 -32.94

PAI-45-MW10-SU 4/12/2005 187227.7997 2099260.9518 6.28 5.92 9.00 3.00 8.00 3.28 -1.72
PAI-45-MW10-SL 4/12/2005 187228.5239 2099256.8740 6.23 5.89 17.00 11.00 16.00 -4.77 -9.77
PAI-45-MW13-SU 4/13/2005 187185.8092 2099305.9101 6.80 6.27 10.00 4.00 9.00 2.80 -2.20
PAI-45-MW13-SL 4/13/2005 187191.0517 2099307.1594 6.75 6.41 17.00 11.00 16.00 -4.25 -9.25
PAI-45-MW14-SU 4/12/2005 187339.5910 2099445.0504 6.24 5.96 10.00 4.00 9.00 2.24 -2.76
PAI-45-MW14-SL 4/12/2005 187335.0293 2099444.4475 6.19 5.89 16.00 10.00 15.00 -3.81 -8.81
PAI-45-MW15-SU 4/3/2005 187266.9908 2099452.2144 8.61 8.34 10.00 4.00 9.00 4.61 -0.39
PAI-45-MW15-SL 4/3/2005 187266.5413 2099456.6725 8.47 8.15 19.00 13.00 18.00 -4.53 -9.53
PAI-45-MW16-SU 4/3/2005 187235.8851 2099428.7718 9.58 9.25 10.00 4.00 9.00 5.58 0.58
PAI-45-MW16-SL 4/3/2005 187235.8635 2099433.3686 9.63 9.27 19.00 13.00 18.00 -3.37 -8.37
PAI-45-MW17-SU 4/13/2005 187076.1206 2099345.8211 6.53 6.15 10.00 4.00 9.00 2.53 -2.47
PAI-45-MW17-SL 4/13/2005 187068.7813 2099343.8757 6.42 5.99 16.00 10.00 15.00 -3.58 -8.58
PAI-45-MW18-SU 4/13/2005 187106.7279 2099210.2550 7.41 7.03 10.00 4.00 9.00 3.41 -1.59
PAI-45-MW18-SL 4/13/2005 187108.1863 2099204.8133 7.38 7.06 17.00 11.00 16.00 -3.62 -8.62
PAI-45-MW19-SU 4/1/2005 187177.1683 2099201.5452 6.01 5.71 9.00 3.00 8.00 3.01 -1.99
PAI-45-MW19-SL 4/1/2005 187179.1713 2099196.1380 6.05 5.70 17.00 11.00 16.00 -4.95 -9.95
PAI-45-MW20-SU 4/12/2005 187130.3147 2099264.3546 7.12 6.79 10.00 4.00 9.00 3.12 -1.88
PAI-45-MW20-SL 4/12/2005 187129.9329 2099269.9716 7.15 6.74 17.00 11.00 16.00 -3.85 -8.85
PAI-45-MW21-SU 3/31/2005 187339.9632 2099244.6950 6.81 6.43 9.00 3.00 8.00 3.81 -1.19
PAI-45-MW21-SL 3/31/2005 187346.2882 2099245.3398 6.73 6.39 16.00 10.00 15.00 -3.27 -8.27
PAI-45-MW21-D 4/4/2005 187342.2046 2099250.6134 6.76 6.36 38.00 27.00 37.00 -20.24 -30.24

PAI-45-MW22-SU 3/30/2005 187393.8912 2099265.8432 6.90 6.61 9.00 3.00 8.00 3.90 -1.10
PAI-45-MW22-SL 3/30/2005 187398.6082 2099262.4690 6.89 6.56 16.00 10.00 15.00 -3.11 -8.11
PAI-45-MW23-SU 4/2/2005 187283.8965 2099391.4879 6.78 6.50 11.00 3.00 10.00 3.78 -3.22
PAI-45-MW23-SL 4/2/2005 187279.0976 2099390.1054 6.78 6.39 16.00 10.00 15.00 -3.22 -8.22
PAI-45-MW24-SU 4/13/2005 187374.2764 2099284.2981 7.06 6.63 9.00 3.00 8.00 4.06 -0.94

Total Depth 
(feet bgs)(1)

Screened Interval
Well Number Installation 

Date Northing (feet) Easting (feet)
Ground 

Elevation   
(feet amsl)

Top of Riser 
Elevation   
(feet amsl)



TABLE 3-3

GROUNDWATER SUMMARY STATISTICS
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Parameter - Volatile Organics 
(ug/L)

EPA Tap 
Water 

Regional 
Screening 

Level

Federal Maximum 
Contaminant Level 

Criteria
(fedmcl)

Average of all 
Positive 

Detections
Average of all 

Values
Frequency 
Detected

Minimum 
Value 

Detected

Maximum 
Value 

Detected

Range of 
Values 

Detected
Location(s) of the 
Maximum Value

1,1,2-Trichlorotrifluoroethane 53,000 none established 0.75 4.0 2/62 0.5 1.0 0.5 - 1 PAI-45-GW04-D-02
1,1-Dichloroethane (DCA) 2.4 none established 19.7 5.2 7/62 0.4 97 0.4 - 97 PAI-45-TW109-SU-08
1,1-Dichloroethene (DCE) 260 7 6.9 5.3 29/62 0.4 74 0.4 - 74 PAI-45-GW24-SU-02
1,2-Dichlorobenzene 280 600 3.7 4.1 2/62 0.4 7.0 0.4 - 7 PAI-45-TW109-SU-08
1,2-Dichloroethane (DCA) 0.15 5 0.30 4.0 1/62 0.3 0.3 0.3 PAI-45-GW13-SL-02
1,4-Dichlorobenzene 0.42 75 0.80 4.0 1/62 0.8 0.8 0.8 PAI-45-TW109-SU-08
2-Butanone 4,900 none established 10.0 5.9 2/32 4.0 16 4 - 16 PAI-45-TW109-SU-08
Acetone 12,000 none established 8.7 8.1 27/30 2.0 65 2 - 65 PAI-45-GW24-SU-02-D
Benzene 0.39 5 2.6 4.0 3/62 0.7 5.0 0.7 - 5 PAI-45-TW109-SU-08

Carbon Disulfide 720 none established 0.93 3.9 7/62 0.4 2.0 0.4 - 2
PAI-45-GW04-SL-02 and 

PAI-45-GW04-SU-02
Chlorobenzene 72 100 0.97 3.9 6/62 0.4 2.0 0.4 - 2 PAI-45-GW10-SL-02

Chloroform 0.19 80 1.0 3.8 11/62 0.4 2.0 0.4 - 2

PAI-45-GW06-D-02; PAI-
45-GW07-D-02; and PAI-

45-GW14-SL-02
Chloromethane 190 none established 0.90 4.0 1/62 0.9 0.9 0.9 PAI-45-GW06-SU-02
Cis-1,2-Dichloroethene (DCE) 28 70 4,503 3,341 46/62 0.3 110,000 0.3 - 110,000 PAI-45-TW109-SU-08
Ethylbenzene 1.3 700 10.0 4.2 8/62 0.3 54 0.3 - 54 PAI-45-GW24-SU-02-D
Isopropylbenzene 390 none established 24.5 4.3 3/62 0.9 59 0.9 - 59 PAI-45-GW24-SU-02
M+P-Xylenes 190 10,000 9.4 7.2 9/62 0.5 50 0.5 - 50 PAI-45-TW109-SU-08
Methyl Acetate 16,000 none established 10.0 4.2 1/62 10 10 10 PAI-45-GW06-SU-02

Methyl Cyclohexane
none 

established none established 7.3 4.1 1/62 12 12 12 PAI-45-TW134-SL-15-D
O-Xylene 190 10,000 7.2 3.8 7/62 0.4 38 0.4 - 38 PAI-45-TW109-SU-08
Tetrachloroethene (PCE) 9.7 5 2,099 1,152 34/62 0.5 26,000 0.5 - 26,000 PAI-45-GW08-SU-02
Toluene 860 1,000 12.1 7.4 27/62 0.2 200 0.2 - 200 PAI-45-TW109-SU-08
Total 1,2-Dichloroethene (DCE) 130 none established 4,996 3,386 42/62 0.6 110,000 0.6 - 110,000 PAI-45-TW109-SU-08
Total Xylenes 190 10,000 19.3 11.1 7/62 2.0 88 2 - 88 PAI-45-TW109-SU-08
Trans-1,2-Dichloroethene (DCE) 86 100 188 104 34/62 0.5 3,400 0.5 - 3,400 PAI-45-TW109-SU-08
Trichloroethene (TCE) 0.44 5 2,786 1,933 43/62 0.3 35,000 0.3 - 35,000 PAI-45-TW109-SU-08
Vinyl Chloride 0.015 2 311 173 34/62 0.5 3,000 0.5 - 3,000 PAI-45-TW109-SU-08

shaded cells indicate potential evidence of PCE degradation

r9tapw = Region 9 Tap Water Criteria
fedmcl = Federal Maximum Contaminant Level Criteria



Groudwater Summary Statistics
SITE 45 MWR DRY CLEANING FACILITY

MCRD Parris Island, South Carolina

Parameter - Volatile Organics 
(ug/L)

EPA Tap 
Water 

Regional 
Screening 

Level

Federal Maximum 
Contaminant Level 

Criteria
(fedmcl)

Average of all 
Positive 

Detections
Average of all 

Values
Frequency 
Detected

Minimum 
Value 

Detected

Maximum 
Value 

Detected

Range of 
Values 

Detected
Location(s) of the 
Maximum Value

Tetrachloroethene (PCE) 9.7 5 2,099 1,152 34/62 0.5 26,000 0.5 - 26,000 PAI-45-GW08-SU-02
Trichloroethene (TCE) 0.44 5 2,786 1,933 43/62 0.3 35,000 0.3 - 35,000 PAI-45-TW109-SU-08
Total 1,2-Dichloroethene (DCE) 130 none established 4,996 3,386 42/62 0.6 110,000 0.6 - 110,000 PAI-45-TW109-SU-08
Cis-1,2-Dichloroethene (DCE) 28 70 4,503 3,341 46/62 0.3 110,000 0.3 - 110,000 PAI-45-TW109-SU-08
Vinyl Chloride 0.015 2 311 173 34/62 0.5 3,000 0.5 - 3,000 PAI-45-TW109-SU-08
Trans-1,2-Dichloroethene (DCE) 86 100 188 104 34/62 0.5 3,400 0.5 - 3,400 PAI-45-TW109-SU-08
Isopropylbenzene 390 none established 24.5 4.3 3/62 0.9 59 0.9 - 59 PAI-45-GW24-SU-02
1,1-Dichloroethane (DCA) 2.4 none established 19.7 5.2 7/62 0.4 97 0.4 - 97 PAI-45-TW109-SU-08
Total Xylenes 190 10,000 19.3 11.1 7/62 2.0 88 2 - 88 PAI-45-TW109-SU-08
Toluene 860 1,000 12.1 7.4 27/62 0.2 200 0.2 - 200 PAI-45-TW109-SU-08
2-Butanone 4,900 none established 10.0 5.9 2/32 4.0 16 4 - 16 PAI-45-TW109-SU-08
Methyl Acetate 16,000 none established 10.0 4.2 1/62 10 10 10 PAI-45-GW06-SU-02
Ethylbenzene 1.3 700 10.0 4.2 8/62 0.3 54 0.3 - 54 PAI-45-GW24-SU-02-D
M+P-Xylenes 190 10,000 9.4 7.2 9/62 0.5 50 0.5 - 50 PAI-45-TW109-SU-08
Acetone 12,000 none established 8.7 8.1 27/30 2.0 65 2 - 65 PAI-45-GW24-SU-02-D

Methyl Cyclohexane
none 

established none established 7.3 4.1 1/62 12 12 12 PAI-45-TW134-SL-15-D
O-Xylene 190 10,000 7.2 3.8 7/62 0.4 38 0.4 - 38 PAI-45-TW109-SU-08
1,1-Dichloroethene (DCE) 260 7 6.9 5.3 29/62 0.4 74 0.4 - 74 PAI-45-GW24-SU-02
1,2-Dichlorobenzene 280 600 3.7 4.1 2/62 0.4 7.0 0.4 - 7 PAI-45-TW109-SU-08
Benzene 0.39 5 2.6 4.0 3/62 0.7 5.0 0.7 - 5 PAI-45-TW109-SU-08

Chloroform 0.19 80 1.0 3.8 11/62 0.4 2.0 0.4 - 2

PAI-45-GW06-D-02; PAI-
45-GW07-D-02; and PAI-

45-GW14-SL-02
Chlorobenzene 72 100 0.97 3.9 6/62 0.4 2.0 0.4 - 2 PAI-45-GW10-SL-02

Carbon Disulfide 720 none established 0.93 3.9 7/62 0.4 2.0 0.4 - 2
PAI-45-GW04-SL-02 and 

PAI-45-GW04-SU-02
Chloromethane 190 none established 0.90 4.0 1/62 0.9 0.9 0.9 PAI-45-GW06-SU-02
1,4-Dichlorobenzene 0.42 75 0.80 4.0 1/62 0.8 0.8 0.8 PAI-45-TW109-SU-08
1,1,2-Trichlorotrifluoroethane 53,000 none established 0.75 4.0 2/62 0.5 1.0 0.5 - 1 PAI-45-GW04-D-02
1,2-Dichloroethane (DCA) 0.15 5 0.30 4.0 1/62 0.3 0.3 0.3 PAI-45-GW13-SL-02

shaded cells indicate potential 
evidence of PCE degradation

Table 3-3 FODs with Criteria Site 45 RJK



TABLE 3-4

SUMMARY OF POSITIVE DETECTIONS COMPARED TO APPLICABLE CRITERIA
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 1 OF 2

TRICHLOROETHENE TETRACHLOROETHENE VINYL CHLORIDE
TOTAL 1,2-

DICHLOROETHENE
CIS-1,2-

DICHLOROETHENE 1,1-DICHLOROETHENE 1,4-DICHLOROBENZENE 1,2-DICHLOROETHANE CHLOROFORM BENZENE
TRANS-1,2-

DICHLOROETHENE

0.028 0.1 0.02 61 61 340 0.5 0.12 0.17 0.35 120

5 5 2
None 

Promulgated 70 7 75 5 80 5 100
Sample Location Date Sampled
PAI-45-MW04-SU-02 2/23/05                  140                   47                   10                   37                   36 0.6  J 0.9  J
PAI-45-MW06-SU-02 2/14/05                   20                  110                   11                   93                   91 2  J
PAI-45-MW07-SU-02 2/14/05 0.8  J 0.6  J 0.6  J 0.6  J

PAI-45-MW07-SU-02-AVG 2/14/05 0.7  J 0.6  J 0.6  J 0.5  J
PAI-45-MW07-SU-02-D 2/14/05 0.6  J 0.6  J 0.4  J

PAI-45-MW08-SU-02 2/24/05                 5300                26000 220  J 2700  J                 2600 4  J 0.8  J                   54
PAI-45-MW10-SU-02 4/17/05                  370                   18                  180                  170 1  J                    9
PAI-45-MW13-SU-02 4/19/05 0.6  J 0.5  J                   10                   10
PAI-45-MW17-SU-02 4/18/05 2  J 2  J 0.5  J
PAI-45-MW18-SU-02 4/18/05 1  J 0.9  J 0.6  J
PAI-45-MW20-SU-02 4/17/05                 2600                 1100                   99 440  J                  430 2  J                   13
PAI-45-MW21-SU-02 4/14/05                  690                  240 2  J                  510                  500 1  J                    7
PAI-45-MW22-SU-02 4/14/05                  860                 1300                 2400                 7200                 7000 4  J 250  J
PAI-45-MW23-SU-02 4/15/05                  500 4  J                  300                 1200                 1200 2  J                   39
PAI-45-MW24-SU-02 4/19/05                21000                 1600                 1200                72000                70000 74  J                 2200

PAI-45-MW24-SU-02-AVG 4/19/05                   20500                    1500                   1150                   67500                   65500 72.5  J                    2150
PAI-45-MW24-SU-02-D 4/19/05                  20000                   1400                   1100                  63000                  61000 71  J                   2100

PAI-45-TW109-SU-08 3/10/05                35000 700  J                 3000               110000               110000                   67 0.8  J 5  J                 3400
PAI-45-TW134-SU-08 3/11/05                   10 2  J 4  J 4  J
PAI-45-TW138-SU-11 3/11/05                 2100                 1600                  120 390  J                  380 2  J                    7
PAI-45-TW146-SL-10 3/12/05                 2300                   67                 1300                 5400                 5200                    6                  160
PAI-45-MW03-SL-02 2/15/05                  300                   55                   26                  770                  770 1  J 2  J
PAI-45-MW04-SL-02 2/23/05                 6800                 7100 280  J                 1200                 1200                    7                   19
PAI-45-MW05-SL-02 2/25/05                   12                   91                   91 0.5  J
PAI-45-MW06-SL-02 2/14/05                  160 1  J 0.5  J                  310                  300 1  J                    6
PAI-45-MW07-SL-02 2/14/05                 3400                  590                   15                  670                  640 2  J                   27

PAI-45-MW08-SL-02-D 2/24/05                   2300                   8200                    300 1400  J                   1400 2  J                     34
PAI-45-MW10-SL-02 4/17/05                 1100 2  J                   21                  170                  170 0.8  J 3  J
PAI-45-MW13-SL-02 4/19/05                   24                   14                  550                  550 0.6  J 0.3  J 0.6  J 2  J
PAI-45-MW14-SL-02 4/17/05 3  J 2  J 2  J
PAI-45-MW17-SL-02 4/18/05 0.4  J 0.8  J

Volatile Organics (ug/L) parameter>>

Region 9 Tap Water Criteria (r9tapw) >>
Federal Maximum Contaminant Level 

(fedmcl)>>

Note:  Black-shaded cells indicate values that exceed criteria



TABLE 3-4

SUMMARY OF POSITIVE DETECTIONS COMPARED TO APPLICABLE CRITERIA
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 2 OF 2

TRICHLOROETHENE TETRACHLOROETHENE VINYL CHLORIDE
TOTAL 1,2-

DICHLOROETHENE
CIS-1,2-

DICHLOROETHENE 1,1-DICHLOROETHENE 1,4-DICHLOROBENZENE 1,2-DICHLOROETHANE CHLOROFORM BENZENE
TRANS-1,2-

DICHLOROETHENE

0.028 0.1 0.02 61 61 340 0.5 0.12 0.17 0.35 120

5 5 2
None 

Promulgated 70 7 75 5 80 5 100
Sample Location Date Sampled

Volatile Organics (ug/L) parameter>>

Region 9 Tap Water Criteria (r9tapw) >>
Federal Maximum Contaminant Level 

(fedmcl)>>

PAI-45-MW18-SL-02 4/18/05 0.8  J 0.9  J 4  J 4  J 0.8  J
PAI-45-MW19-SL-02 4/16/05                  100                   22                   29                   28 0.4  J 0.8  J
PAI-45-MW20-SL-02 4/17/05                 5800                 2900                  180 730  J                  720 4  J                   14
PAI-45-MW21-SL-02 4/14/05                   14                    6                   12                   12
PAI-45-MW22-SL-02 4/14/05 0.6  J 3  J                   21                   20 0.8  J
PAI-45-MW23-SL-02 4/15/05                   88 2  J                  140                  600                  590 0.6  J                   13

PAI-45-MW23-SL-02-AVG 4/15/05                     85 2  J                    140                    600                    590 0.65  J                   12.5
PAI-45-MW23-SL-02-D 4/15/05                     82 2  J                    140                    600                    590 0.7  J                     12

PAI-45-TW107-SL-12 3/12/05                  520                    8                   21                  690                  680 2  J                    7
PAI-45-TW109-SL-16 3/10/05                 3300                11000                   20                  230                  220 1  J 0.7  J                   10
PAI-45-TW118-SL-11 3/11/05                   27                   61                   16                   16
PAI-45-TW119-SL-15 3/12/05                 1600                  720 3  J                  720                  710 1  J                   10
PAI-45-TW125-SL-16 3/11/05                 9000                 3200                  700                  670 26  J
PAI-45-TW134-SL-15 3/11/05                 1200                   66                  260                  250 2  J                   14

PAI-45-TW134-SL-15-AVG 3/11/05                    1250                    67.5                     260                     250 2  J                      14
PAI-45-TW134-SL-15-D 3/11/05                   1300                     69                    260                    250 2  J                     14

PAI-45-TW138-SL-16 3/11/05                 9700                 3300                  270                 1800                 1800                    8                   23
PAI-45-TW148-SL-12 3/12/05                  350                   10                  450                  440 1  J                    8
PAI-45-TW158-SL-11 3/10/05                   42                   61                   22                   80                   80 0.7  J
PAI-45-MW08-SL-02 2/24/05                 2200                 7300 220  J 1400  J                 1400 2  J                   36

PAI-45-MW08-SL-02-AVG 2/24/05                   2250                   7750 260  J 1400  J                   1400 2  J                     35
PAI-45-MW01D-02 4/16/05 0.5  J 2  J

PAI-45-MW01D-02-AVG 4/16/05 0.45  J 2  J
PAI-45-MW01D-02-D 4/16/05 0.4  J 2  J

PAI-45-MW06-D-02 4/18/05 0.3  J 2  J
PAI-45-MW07-D-02 4/18/05 2  J 2  J 2  J
PAI-45-MW21-D-02 4/14/05 0.3  J 0.5  J 0.4  J 0.4  J

PAI-45-MW-AMW-2-02 2/25/05                    550                    540                    490                    970                    930 2  J                     40
PAI-45-MW-AMW-5-02 2/15/05                 3000                 1400                   86                 1700                 1700 2  J                   31

Note:  Black-shaded cells indicate values that exceed criteria



TABLE 3-5

ALL RESULTS COMPARED TO APPLICABLE CRITERIA
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 1 OF 6

location PAI-45-MW-AMW-2 PAI-45-MW-AMW-5 PAI-45-MW01-D PAI-45-MW01-D PAI-45-MW02-SL PAI-45-MW02-SU PAI-45-MW03-SL PAI-45-MW03-SU PAI-45-MW04-D PAI-45-MW04-SL PAI-45-MW04-SU PAI-45-MW05-SL
matrix GW GW GW GW GW GW GW GW GW GW GW GW
gis_date 20050225 20050215 20050416 20050416 20050413 20050413 20050215 20050215 20050223 20050223 20050223 20050225

cas Volatile Organics (ug/L) r9tapw* fedmcl**
71-55-6 1,1,1-TRICHLOROETHANE 3200 200 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
79-34-5 1,1,2,2-TETRACHLOROETHANE 0.055 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
79-00-5 1,1,2-TRICHLOROETHANE 0.2 5 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
76-13-1 1,1,2-TRICHLOROTRIFLUOROETHANE 59000 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 1  J 5  U 0.5  J 5  U
75-34-3 1,1-DICHLOROETHANE 810 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 1  J 5  U 5  U
75-35-4 1,1-DICHLOROETHENE 340 7 2  J 2  J 5  U 5  U 5  U 5  U 1  J 5  U 5  U                    7 0.6  J 5  U
120-82-1 1,2,4-TRICHLOROBENZENE 7.2 70 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
96-12-8 1,2-DIBROMO-3-CHLOROPROPANE 0.048 0.2 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
106-93-4 1,2-DIBROMOETHANE 0.0056 0.05 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
95-50-1 1,2-DICHLOROBENZENE 370 600 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
107-06-2 1,2-DICHLOROETHANE 0.12 5 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
78-87-5 1,2-DICHLOROPROPANE 0.16 5 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
541-73-1 1,3-DICHLOROBENZENE 180 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
106-46-7 1,4-DICHLOROBENZENE 0.5 75 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
78-93-3 2-BUTANONE 7000 None Promulgated 5  U 5  UR 5  UR 5  UR 5  U 5  U 5  UR 5  UR 5  U 5  UR 5  UR 5  U
591-78-6 2-HEXANONE None Promulgated None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
108-10-1 4-METHYL-2-PENTANONE 2000 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
67-64-1 ACETONE 5500 None Promulgated 5  U 5  UR 4  J 4  J 3  J 3  J 5  UR 5  UR 5  UR 5  UR 5  UR 5  U
71-43-2 BENZENE 0.35 5 5  U 5  U 2  J 2  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-27-4 BROMODICHLOROMETHANE 0.18 80 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-25-2 BROMOFORM 8.5 80 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
74-83-9 BROMOMETHANE 8.7 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-15-0 CARBON DISULFIDE 1000 None Promulgated 5  U 5  U 0.5  J 0.5  J 5  U 5  U 5  U 5  U 5  U 2  J 2  J 5  U
56-23-5 CARBON TETRACHLORIDE 0.17 5 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
108-90-7 CHLOROBENZENE 110 100 5  U 5  U 5  U 5  U 5  U 5  U 1  J 5  U 5  U 0.6  J 5  U 5  U
124-48-1 CHLORODIBROMOMETHANE 0.13 80 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-00-3 CHLOROETHANE 4.6 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
67-66-3 CHLOROFORM 0.17 80 5  U 5  U 0.5  J 0.4  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
74-87-3 CHLOROMETHANE 160 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
156-59-2 CIS-1,2-DICHLOROETHENE 61 70                    930                 1700 5  U 5  U 5  U 5  U                  770 0.3  J 5  U                 1200                   36                   91
10061-01-5 CIS-1,3-DICHLOROPROPENE 0.4 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
110-82-7 CYCLOHEXANE 35000 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-71-8 DICHLORODIFLUOROMETHANE 390 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
100-41-4 ETHYLBENZENE 1300 700 5  U 5  U 0.9  J 0.8  J 5  U 5  U 5  U 5  U 5  U 0.4  J 5  U 5  U
98-82-8 ISOPROPYLBENZENE 660 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
TTNUS054 M+P-XYLENES None Promulgated 10000 10  U 10  U 2  J 2  J 10  U 10  U 10  U 10  U 10  U 1  J 10  U 10  U
79-20-9 METHYL ACETATE 6100 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
108-87-2 METHYL CYCLOHEXANE 5200 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
1634-04-4 METHYL TERT-BUTYL ETHER 11 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-09-2 METHYLENE CHLORIDE 4.3 5 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
95-47-6 O-XYLENE 210 10000 5  U 5  U 0.9  J 1  J 5  U 5  U 5  U 5  U 5  U 0.4  J 5  U 5  U
100-42-5 STYRENE 1600 100 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
127-18-4 TETRACHLOROETHENE 0.1 5                    540                 1400 5  U 5  U 5  U 5  U                   55 5  U 5  U                 7100                   47 5  U
108-88-3 TOLUENE 720 1000 0.4  J 2  J 2  J 2  J 0.3  J 5  U 5  U 5  U 5  U 3  J 5  U 5  U
540-59-0 TOTAL 1,2-DICHLOROETHENE 61 None Promulgated                    970                 1700 10  U 10  U 10  U 10  U                  770 10  U 10  U                 1200                   37                   91
1330-20-7 TOTAL XYLENES 210 10000 15  U 15  U 3  J 3  J 15  U 15  U 15  U 15  U 15  U 2  J 15  U 15  U
156-60-5 TRANS-1,2-DICHLOROETHENE 120 100                     40                   31 5  U 5  U 5  U 5  U 2  J 5  U 5  U                   19 0.9  J 0.5  J
10061-02-6 TRANS-1,3-DICHLOROPROPENE 0.4 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
79-01-6 TRICHLOROETHENE 0.028 5                    550                 3000 5  U 5  U 5  U 5  U                  300 5  U 5  U                 6800                  140                   12
75-69-4 TRICHLOROFLUOROMETHANE 1300 None Promulgated 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
75-01-4 VINYL CHLORIDE 0.02 2                    490                   86 5  U 5  U 5  U 5  U                   26 5  U 5  U 280  J                   10 5  U

*r9tapw = Region 9 Tap Water Criteria
**fedmcl = Federal Maximum Contaminant Level Criteria

Note:  Black-shaded cells indicate values that exceed criteria



TABLE 3-5

ALL RESULTS COMPARED TO APPLICABLE CRITERIA
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 2 OF 6

location
matrix
gis_date

cas Volatile Organics (ug/L) r9tapw* fedmcl**
71-55-6 1,1,1-TRICHLOROETHANE 3200 200
79-34-5 1,1,2,2-TETRACHLOROETHANE 0.055 None Promulgated
79-00-5 1,1,2-TRICHLOROETHANE 0.2 5
76-13-1 1,1,2-TRICHLOROTRIFLUOROETHANE 59000 None Promulgated
75-34-3 1,1-DICHLOROETHANE 810 None Promulgated
75-35-4 1,1-DICHLOROETHENE 340 7
120-82-1 1,2,4-TRICHLOROBENZENE 7.2 70
96-12-8 1,2-DIBROMO-3-CHLOROPROPANE 0.048 0.2
106-93-4 1,2-DIBROMOETHANE 0.0056 0.05
95-50-1 1,2-DICHLOROBENZENE 370 600
107-06-2 1,2-DICHLOROETHANE 0.12 5
78-87-5 1,2-DICHLOROPROPANE 0.16 5
541-73-1 1,3-DICHLOROBENZENE 180 None Promulgated
106-46-7 1,4-DICHLOROBENZENE 0.5 75
78-93-3 2-BUTANONE 7000 None Promulgated
591-78-6 2-HEXANONE None Promulgated None Promulgated
108-10-1 4-METHYL-2-PENTANONE 2000 None Promulgated
67-64-1 ACETONE 5500 None Promulgated
71-43-2 BENZENE 0.35 5
75-27-4 BROMODICHLOROMETHANE 0.18 80
75-25-2 BROMOFORM 8.5 80
74-83-9 BROMOMETHANE 8.7 None Promulgated
75-15-0 CARBON DISULFIDE 1000 None Promulgated
56-23-5 CARBON TETRACHLORIDE 0.17 5
108-90-7 CHLOROBENZENE 110 100
124-48-1 CHLORODIBROMOMETHANE 0.13 80
75-00-3 CHLOROETHANE 4.6 None Promulgated
67-66-3 CHLOROFORM 0.17 80
74-87-3 CHLOROMETHANE 160 None Promulgated
156-59-2 CIS-1,2-DICHLOROETHENE 61 70
10061-01-5 CIS-1,3-DICHLOROPROPENE 0.4 None Promulgated
110-82-7 CYCLOHEXANE 35000 None Promulgated
75-71-8 DICHLORODIFLUOROMETHANE 390 None Promulgated
100-41-4 ETHYLBENZENE 1300 700
98-82-8 ISOPROPYLBENZENE 660 None Promulgated
TTNUS054 M+P-XYLENES None Promulgated 10000
79-20-9 METHYL ACETATE 6100 None Promulgated
108-87-2 METHYL CYCLOHEXANE 5200 None Promulgated
1634-04-4 METHYL TERT-BUTYL ETHER 11 None Promulgated
75-09-2 METHYLENE CHLORIDE 4.3 5
95-47-6 O-XYLENE 210 10000
100-42-5 STYRENE 1600 100
127-18-4 TETRACHLOROETHENE 0.1 5
108-88-3 TOLUENE 720 1000
540-59-0 TOTAL 1,2-DICHLOROETHENE 61 None Promulgated
1330-20-7 TOTAL XYLENES 210 10000
156-60-5 TRANS-1,2-DICHLOROETHENE 120 100
10061-02-6 TRANS-1,3-DICHLOROPROPENE 0.4 None Promulgated
79-01-6 TRICHLOROETHENE 0.028 5
75-69-4 TRICHLOROFLUOROMETHANE 1300 None Promulgated
75-01-4 VINYL CHLORIDE 0.02 2

PAI-45-MW05-SU PAI-45-MW06-D PAI-45-MW06-SL PAI-45-MW06-SU PAI-45-MW07-D PAI-45-MW07-SL PAI-45-MW07-SU PAI-45-MW07-SU TBDPAI-45-MW08-SL PAI-45-MW08-SL PAI-45-MW08-SU PAI-45-MW09-D
GW GW GW GW GW GW GW GW GW GW GW GW
20050413 20050418 20050214 20050214 20050418 20050214 20050214 20050214 20050224 20050224 20050224 20050224

5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 0.6  J 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 1  J 5  U 5  U 2  J 5  U 5  U 2  J 2  J 4  J 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  UR 5  UR 5  UR 5  UR 5  UR 5  UR 5  UR 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

5  UR 4  J 3  J 3  J 5  UR 5  UR 5  UR 5  UR 5  UR 5  UR 5  UR 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 2  J 5  U 5  U 2  J 5  U 5  U 5  U 5  U 5  U 0.8  J 5  U
5  U 5  U 5  U 0.9  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 0.3  J                  300                   91 2  J                  640 0.6  J 0.4  J                 1400                 1400                 2600 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U
5  U 5  U 5  U                   10 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 1  J                  110 5  U                  590 0.6  J 0.6  J                 7300                 8200                26000 5  U
5  U 5  U 5  U 5  U 5  U 0.7  J 5  U 5  U 2  J 2  J 4  J 5  U
10  U 10  U                  310                   93 2  J                  670 0.6  J 10  U 1400  J 1400  J 2700  J 10  U
15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U
5  U 5  U                    6 2  J 5  U                   27 5  U 5  U                   36                   34                   54 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U                  160                   20 5  U                 3400 0.8  J 0.6  J                 2200                 2300                 5300 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 0.5  J                   11 5  U                   15 5  U 5  U 220  J                  300 220  J 5  U

*r9tapw = Region 9 Tap Water Criteria
**fedmcl = Federal Maximum Contaminant Level Criteria

Note:  Black-shaded cells indicate values that exceed criteria
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location
matrix
gis_date

cas Volatile Organics (ug/L) r9tapw* fedmcl**
71-55-6 1,1,1-TRICHLOROETHANE 3200 200
79-34-5 1,1,2,2-TETRACHLOROETHANE 0.055 None Promulgated
79-00-5 1,1,2-TRICHLOROETHANE 0.2 5
76-13-1 1,1,2-TRICHLOROTRIFLUOROETHANE 59000 None Promulgated
75-34-3 1,1-DICHLOROETHANE 810 None Promulgated
75-35-4 1,1-DICHLOROETHENE 340 7
120-82-1 1,2,4-TRICHLOROBENZENE 7.2 70
96-12-8 1,2-DIBROMO-3-CHLOROPROPANE 0.048 0.2
106-93-4 1,2-DIBROMOETHANE 0.0056 0.05
95-50-1 1,2-DICHLOROBENZENE 370 600
107-06-2 1,2-DICHLOROETHANE 0.12 5
78-87-5 1,2-DICHLOROPROPANE 0.16 5
541-73-1 1,3-DICHLOROBENZENE 180 None Promulgated
106-46-7 1,4-DICHLOROBENZENE 0.5 75
78-93-3 2-BUTANONE 7000 None Promulgated
591-78-6 2-HEXANONE None Promulgated None Promulgated
108-10-1 4-METHYL-2-PENTANONE 2000 None Promulgated
67-64-1 ACETONE 5500 None Promulgated
71-43-2 BENZENE 0.35 5
75-27-4 BROMODICHLOROMETHANE 0.18 80
75-25-2 BROMOFORM 8.5 80
74-83-9 BROMOMETHANE 8.7 None Promulgated
75-15-0 CARBON DISULFIDE 1000 None Promulgated
56-23-5 CARBON TETRACHLORIDE 0.17 5
108-90-7 CHLOROBENZENE 110 100
124-48-1 CHLORODIBROMOMETHANE 0.13 80
75-00-3 CHLOROETHANE 4.6 None Promulgated
67-66-3 CHLOROFORM 0.17 80
74-87-3 CHLOROMETHANE 160 None Promulgated
156-59-2 CIS-1,2-DICHLOROETHENE 61 70
10061-01-5 CIS-1,3-DICHLOROPROPENE 0.4 None Promulgated
110-82-7 CYCLOHEXANE 35000 None Promulgated
75-71-8 DICHLORODIFLUOROMETHANE 390 None Promulgated
100-41-4 ETHYLBENZENE 1300 700
98-82-8 ISOPROPYLBENZENE 660 None Promulgated
TTNUS054 M+P-XYLENES None Promulgated 10000
79-20-9 METHYL ACETATE 6100 None Promulgated
108-87-2 METHYL CYCLOHEXANE 5200 None Promulgated
1634-04-4 METHYL TERT-BUTYL ETHER 11 None Promulgated
75-09-2 METHYLENE CHLORIDE 4.3 5
95-47-6 O-XYLENE 210 10000
100-42-5 STYRENE 1600 100
127-18-4 TETRACHLOROETHENE 0.1 5
108-88-3 TOLUENE 720 1000
540-59-0 TOTAL 1,2-DICHLOROETHENE 61 None Promulgated
1330-20-7 TOTAL XYLENES 210 10000
156-60-5 TRANS-1,2-DICHLOROETHENE 120 100
10061-02-6 TRANS-1,3-DICHLOROPROPENE 0.4 None Promulgated
79-01-6 TRICHLOROETHENE 0.028 5
75-69-4 TRICHLOROFLUOROMETHANE 1300 None Promulgated
75-01-4 VINYL CHLORIDE 0.02 2

PAI-45-MW10-SL PAI-45-MW10-SU PAI-45-MW13-SL PAI-45-MW13-SU PAI-45-MW14-SL PAI-45-MW14-SU PAI-45-MW15-SL PAI-45-MW15-SU PAI-45-MW16-SL PAI-45-MW16-SU PAI-45-MW17-SL PAI-45-MW17-SU PAI-45-MW18-SL
GW GW GW GW GW GW GW GW GW GW GW GW GW
20050417 20050417 20050419 20050419 20050417 20050417 20050416 20050416 20050415 20050415 20050418 20050418 20050418

5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

0.8  J 1  J 0.6  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 0.3  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  UR 5  U 5  U 5  UR 5  UR 5  UR 5  UR 5  UR 5  UR 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  J 6  J 2  J 3  J 3  J 5  UR 5  UR 4  J 5  UR 4  J 5  J 3  J 5  UR
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
2  J 5  U 0.9  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 0.6  J 5  U 2  J 5  U 5  U 5  U 5  U 5  U 0.8  J 0.5  J 0.8  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

                 170                  170                  550                   10 5  U 5  U 5  U 5  U 5  U 5  U 0.4  J 2  J 4  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
2  J 5  U 5  U 5  U 2  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 0.9  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

                 170                  180                  550                   10 10  U 10  U 10  U 10  U 10  U 10  U 10  U 2  J 4  J
15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U
3  J                    9 2  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

                1100                  370                   24 0.6  J 3  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 0.8  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

                  21                   18                   14 0.5  J 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

*r9tapw = Region 9 Tap Water Criteria
**fedmcl = Federal Maximum Contaminant Level Criteria

Note:  Black-shaded cells indicate values that exceed criteria
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location
matrix
gis_date

cas Volatile Organics (ug/L) r9tapw* fedmcl**
71-55-6 1,1,1-TRICHLOROETHANE 3200 200
79-34-5 1,1,2,2-TETRACHLOROETHANE 0.055 None Promulgated
79-00-5 1,1,2-TRICHLOROETHANE 0.2 5
76-13-1 1,1,2-TRICHLOROTRIFLUOROETHANE 59000 None Promulgated
75-34-3 1,1-DICHLOROETHANE 810 None Promulgated
75-35-4 1,1-DICHLOROETHENE 340 7
120-82-1 1,2,4-TRICHLOROBENZENE 7.2 70
96-12-8 1,2-DIBROMO-3-CHLOROPROPANE 0.048 0.2
106-93-4 1,2-DIBROMOETHANE 0.0056 0.05
95-50-1 1,2-DICHLOROBENZENE 370 600
107-06-2 1,2-DICHLOROETHANE 0.12 5
78-87-5 1,2-DICHLOROPROPANE 0.16 5
541-73-1 1,3-DICHLOROBENZENE 180 None Promulgated
106-46-7 1,4-DICHLOROBENZENE 0.5 75
78-93-3 2-BUTANONE 7000 None Promulgated
591-78-6 2-HEXANONE None Promulgated None Promulgated
108-10-1 4-METHYL-2-PENTANONE 2000 None Promulgated
67-64-1 ACETONE 5500 None Promulgated
71-43-2 BENZENE 0.35 5
75-27-4 BROMODICHLOROMETHANE 0.18 80
75-25-2 BROMOFORM 8.5 80
74-83-9 BROMOMETHANE 8.7 None Promulgated
75-15-0 CARBON DISULFIDE 1000 None Promulgated
56-23-5 CARBON TETRACHLORIDE 0.17 5
108-90-7 CHLOROBENZENE 110 100
124-48-1 CHLORODIBROMOMETHANE 0.13 80
75-00-3 CHLOROETHANE 4.6 None Promulgated
67-66-3 CHLOROFORM 0.17 80
74-87-3 CHLOROMETHANE 160 None Promulgated
156-59-2 CIS-1,2-DICHLOROETHENE 61 70
10061-01-5 CIS-1,3-DICHLOROPROPENE 0.4 None Promulgated
110-82-7 CYCLOHEXANE 35000 None Promulgated
75-71-8 DICHLORODIFLUOROMETHANE 390 None Promulgated
100-41-4 ETHYLBENZENE 1300 700
98-82-8 ISOPROPYLBENZENE 660 None Promulgated
TTNUS054 M+P-XYLENES None Promulgated 10000
79-20-9 METHYL ACETATE 6100 None Promulgated
108-87-2 METHYL CYCLOHEXANE 5200 None Promulgated
1634-04-4 METHYL TERT-BUTYL ETHER 11 None Promulgated
75-09-2 METHYLENE CHLORIDE 4.3 5
95-47-6 O-XYLENE 210 10000
100-42-5 STYRENE 1600 100
127-18-4 TETRACHLOROETHENE 0.1 5
108-88-3 TOLUENE 720 1000
540-59-0 TOTAL 1,2-DICHLOROETHENE 61 None Promulgated
1330-20-7 TOTAL XYLENES 210 10000
156-60-5 TRANS-1,2-DICHLOROETHENE 120 100
10061-02-6 TRANS-1,3-DICHLOROPROPENE 0.4 None Promulgated
79-01-6 TRICHLOROETHENE 0.028 5
75-69-4 TRICHLOROFLUOROMETHANE 1300 None Promulgated
75-01-4 VINYL CHLORIDE 0.02 2

PAI-45-MW18-SU PAI-45-MW19-SL PAI-45-MW19-SU PAI-45-MW20-SL PAI-45-MW20-SU PAI-45-MW21-D PAI-45-MW21-SL PAI-45-MW21-SU PAI-45-MW22-SL PAI-45-MW22-SU PAI-45-MW23-SL PAI-45-MW23-SL
GW GW GW GW GW GW GW GW GW GW GW GW
20050418 20050416 20050416 20050417 20050417 20050414 20050414 20050414 20050414 20050414 20050415 20050415

5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 0.4  J 5  U 5  U
5  U 0.4  J 5  U 4  J 2  J 5  U 5  U 1  J 5  U 4  J 0.6  J 0.7  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  UR 5  UR 5  U 5  U 5  U 5  UR 5  U 5  UR 4  J 5  UR 5  UR
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
3  J 8  J 4  J 5  UR 6  J 5  UR 3  J 16  J 10  J 19  J 5  J 5  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 0.4  J 5  U 5  U 5  U 5  U 5  U 0.8  J 5  U 5  U 0.4  J 0.4  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

0.6  J 5  U 5  U 5  U 5  U 0.4  J 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U                   28 5  U                  720                  430 0.4  J                   12                  500                   20                 7000                  590                  590
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
10  U 10  U 10  U 0.5  J 10  U 10  U 10  U 10  U 10  U 10  U 10  U 10  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U

0.9  J 5  U 5  U                 2900                 1100 0.5  J                    6                  240 5  U                 1300 2  J 2  J
5  U 5  U 5  U 2  J 0.9  J 5  U 5  U 5  U 0.2  J 2  J 0.2  J 5  U
10  U                   29 10  U 730  J 440  J 10  U                   12                  510                   21                 7200                  600                  600
15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U 15  U
5  U 0.8  J 5  U                   14                   13 5  U 5  U                    7 0.8  J 250  J                   13                   12
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
1  J                  100 5  U                 5800                 2600 0.3  J                   14                  690 0.6  J                  860                   88                   82
5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U                   22 5  U                  180                   99 5  U 5  U 2  J 3  J                 2400                  140                  140

*r9tapw = Region 9 Tap Water Criteria
**fedmcl = Federal Maximum Contaminant Level Criteria

Note:  Black-shaded cells indicate values that exceed criteria
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location
matrix
gis_date

cas Volatile Organics (ug/L) r9tapw* fedmcl**
71-55-6 1,1,1-TRICHLOROETHANE 3200 200
79-34-5 1,1,2,2-TETRACHLOROETHANE 0.055 None Promulgated
79-00-5 1,1,2-TRICHLOROETHANE 0.2 5
76-13-1 1,1,2-TRICHLOROTRIFLUOROETHANE 59000 None Promulgated
75-34-3 1,1-DICHLOROETHANE 810 None Promulgated
75-35-4 1,1-DICHLOROETHENE 340 7
120-82-1 1,2,4-TRICHLOROBENZENE 7.2 70
96-12-8 1,2-DIBROMO-3-CHLOROPROPANE 0.048 0.2
106-93-4 1,2-DIBROMOETHANE 0.0056 0.05
95-50-1 1,2-DICHLOROBENZENE 370 600
107-06-2 1,2-DICHLOROETHANE 0.12 5
78-87-5 1,2-DICHLOROPROPANE 0.16 5
541-73-1 1,3-DICHLOROBENZENE 180 None Promulgated
106-46-7 1,4-DICHLOROBENZENE 0.5 75
78-93-3 2-BUTANONE 7000 None Promulgated
591-78-6 2-HEXANONE None Promulgated None Promulgated
108-10-1 4-METHYL-2-PENTANONE 2000 None Promulgated
67-64-1 ACETONE 5500 None Promulgated
71-43-2 BENZENE 0.35 5
75-27-4 BROMODICHLOROMETHANE 0.18 80
75-25-2 BROMOFORM 8.5 80
74-83-9 BROMOMETHANE 8.7 None Promulgated
75-15-0 CARBON DISULFIDE 1000 None Promulgated
56-23-5 CARBON TETRACHLORIDE 0.17 5
108-90-7 CHLOROBENZENE 110 100
124-48-1 CHLORODIBROMOMETHANE 0.13 80
75-00-3 CHLOROETHANE 4.6 None Promulgated
67-66-3 CHLOROFORM 0.17 80
74-87-3 CHLOROMETHANE 160 None Promulgated
156-59-2 CIS-1,2-DICHLOROETHENE 61 70
10061-01-5 CIS-1,3-DICHLOROPROPENE 0.4 None Promulgated
110-82-7 CYCLOHEXANE 35000 None Promulgated
75-71-8 DICHLORODIFLUOROMETHANE 390 None Promulgated
100-41-4 ETHYLBENZENE 1300 700
98-82-8 ISOPROPYLBENZENE 660 None Promulgated
TTNUS054 M+P-XYLENES None Promulgated 10000
79-20-9 METHYL ACETATE 6100 None Promulgated
108-87-2 METHYL CYCLOHEXANE 5200 None Promulgated
1634-04-4 METHYL TERT-BUTYL ETHER 11 None Promulgated
75-09-2 METHYLENE CHLORIDE 4.3 5
95-47-6 O-XYLENE 210 10000
100-42-5 STYRENE 1600 100
127-18-4 TETRACHLOROETHENE 0.1 5
108-88-3 TOLUENE 720 1000
540-59-0 TOTAL 1,2-DICHLOROETHENE 61 None Promulgated
1330-20-7 TOTAL XYLENES 210 10000
156-60-5 TRANS-1,2-DICHLOROETHENE 120 100
10061-02-6 TRANS-1,3-DICHLOROPROPENE 0.4 None Promulgated
79-01-6 TRICHLOROETHENE 0.028 5
75-69-4 TRICHLOROFLUOROMETHANE 1300 None Promulgated
75-01-4 VINYL CHLORIDE 0.02 2

PAI-45-MW23-SU PAI-45-MW24-SU PAI-45-MW24-SU PAI-45-TW-107-SL PAI-45-TW-108-SL PAI-45-TW-108-SU PAI-45-TW-109-SL PAI-45-TW-109-SU PAI-45-TW-118-SL PAI-45-TW-119-SL PAI-45-TW-125-SL PAI-45-TW-134-SL
GW GW GW GW GW GW GW GW GW GW GW GW
20050415 20050419 20050419 20050312 20050310 20050310 20050310 20050310 20050311 20050312 20050311 20050311

5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 27  J 45  J 5  U 5  U 5  U 5  U                   97 5  U 5  U 100  U 5  U
2  J 74  J 71  J 2  J 5  U 5  U 1  J                   67 5  U 1  J 100  U 2  J
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 0.4  J                    7 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 0.8  J 5  U 5  U 100  U 5  U

5  UR 100  U 100  U 5  UR 5  U 5  U 5  U                   16 5  U 5  UR 100  U 5  UR
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  J 61  J 65  J 5  UR 5  UR 5  UR 5  UR 37  J 5  UR 5  UR 100  UR 5  UR
5  U 100  U 100  U 5  U 5  U 5  U 0.7  J 5  J 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U

0.4  J 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U

                1200                70000                61000                  680 5  U 5  U                  220               110000                   16                  710                  670                  250
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 52  J 54  J 5  U 5  U 5  U 0.8  J                   22 5  U 0.3  J 100  U 5  U
5  U 59  J 58  J 5  U 5  U 5  U 0.9  J                   14 5  U 5  U 100  U 5  U
10  U 22  J 24  J 10  U 10  U 10  U 1  J                   50 10  U 0.7  J 200  U 10  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
5  U 7  J 8  J 5  U 5  U 5  U 1  J                   38 5  U 5  U 100  U 5  U
5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
4  J                 1600                 1400                    8 5  U 5  U                11000 700  J                   61                  720                 3200 5  U

0.5  J 36  J 33  J 5  U 5  U 0.9  J 1  J 200  J 4  J                    8 100  U 1  J
                1200                72000                63000                  690 10  U 10  U                  230               110000                   16                  720                  700                  260

15  U 29  J 33  J 15  U 15  U 15  U 2  J                   88 15  U 15  U 300  U 15  U
                  39                 2200                 2100                    7 5  U 5  U                   10                 3400 5  U                   10 26  J                   14

5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
                 500                21000                20000                  520 5  U 5  U                 3300                35000                   27                 1600                 9000                 1200

5  U 100  U 100  U 5  U 5  U 5  U 5  U 5  U 5  U 5  U 100  U 5  U
                 300                 1200                 1100                   21 5  U 5  U                   20                 3000 5  U 3  J 100  U                   66

*r9tapw = Region 9 Tap Water Criteria
**fedmcl = Federal Maximum Contaminant Level Criteria

Note:  Black-shaded cells indicate values that exceed criteria



TABLE 3-5

ALL RESULTS COMPARED TO APPLICABLE CRITERIA
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA
PAGE 6 OF 6

location
matrix
gis_date

cas Volatile Organics (ug/L) r9tapw* fedmcl**
71-55-6 1,1,1-TRICHLOROETHANE 3200 200
79-34-5 1,1,2,2-TETRACHLOROETHANE 0.055 None Promulgated
79-00-5 1,1,2-TRICHLOROETHANE 0.2 5
76-13-1 1,1,2-TRICHLOROTRIFLUOROETHANE 59000 None Promulgated
75-34-3 1,1-DICHLOROETHANE 810 None Promulgated
75-35-4 1,1-DICHLOROETHENE 340 7
120-82-1 1,2,4-TRICHLOROBENZENE 7.2 70
96-12-8 1,2-DIBROMO-3-CHLOROPROPANE 0.048 0.2
106-93-4 1,2-DIBROMOETHANE 0.0056 0.05
95-50-1 1,2-DICHLOROBENZENE 370 600
107-06-2 1,2-DICHLOROETHANE 0.12 5
78-87-5 1,2-DICHLOROPROPANE 0.16 5
541-73-1 1,3-DICHLOROBENZENE 180 None Promulgated
106-46-7 1,4-DICHLOROBENZENE 0.5 75
78-93-3 2-BUTANONE 7000 None Promulgated
591-78-6 2-HEXANONE None Promulgated None Promulgated
108-10-1 4-METHYL-2-PENTANONE 2000 None Promulgated
67-64-1 ACETONE 5500 None Promulgated
71-43-2 BENZENE 0.35 5
75-27-4 BROMODICHLOROMETHANE 0.18 80
75-25-2 BROMOFORM 8.5 80
74-83-9 BROMOMETHANE 8.7 None Promulgated
75-15-0 CARBON DISULFIDE 1000 None Promulgated
56-23-5 CARBON TETRACHLORIDE 0.17 5
108-90-7 CHLOROBENZENE 110 100
124-48-1 CHLORODIBROMOMETHANE 0.13 80
75-00-3 CHLOROETHANE 4.6 None Promulgated
67-66-3 CHLOROFORM 0.17 80
74-87-3 CHLOROMETHANE 160 None Promulgated
156-59-2 CIS-1,2-DICHLOROETHENE 61 70
10061-01-5 CIS-1,3-DICHLOROPROPENE 0.4 None Promulgated
110-82-7 CYCLOHEXANE 35000 None Promulgated
75-71-8 DICHLORODIFLUOROMETHANE 390 None Promulgated
100-41-4 ETHYLBENZENE 1300 700
98-82-8 ISOPROPYLBENZENE 660 None Promulgated
TTNUS054 M+P-XYLENES None Promulgated 10000
79-20-9 METHYL ACETATE 6100 None Promulgated
108-87-2 METHYL CYCLOHEXANE 5200 None Promulgated
1634-04-4 METHYL TERT-BUTYL ETHER 11 None Promulgated
75-09-2 METHYLENE CHLORIDE 4.3 5
95-47-6 O-XYLENE 210 10000
100-42-5 STYRENE 1600 100
127-18-4 TETRACHLOROETHENE 0.1 5
108-88-3 TOLUENE 720 1000
540-59-0 TOTAL 1,2-DICHLOROETHENE 61 None Promulgated
1330-20-7 TOTAL XYLENES 210 10000
156-60-5 TRANS-1,2-DICHLOROETHENE 120 100
10061-02-6 TRANS-1,3-DICHLOROPROPENE 0.4 None Promulgated
79-01-6 TRICHLOROETHENE 0.028 5
75-69-4 TRICHLOROFLUOROMETHANE 1300 None Promulgated
75-01-4 VINYL CHLORIDE 0.02 2

PAI-45-TW-134-SL PAI-45-TW-134-SU PAI-45-TW-138-SL PAI-45-TW-138-SU PAI-45-TW-146-SU PAI-45-TW-148-SL PAI-45-TW-158-SL
GW GW GW GW GW GW GW
20050311 20050311 20050311 20050311 20050312 20050312 20050310

5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 2  J 5  U 0.8  J 5  U 5  U
2  J 5  U                    8 2  J                    6 1  J 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  UR 5  U 5  UR 5  UR 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U

5  UR 5  UR 5  UR 5  UR 5  UR 5  UR 5  UR
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 0.4  J 5  U 5  U 5  U 0.9  J
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U

                 250 4  J                 1800                  380                 5200                  440                   80
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 2  J 0.5  J 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
10  U 4  J 2  J 10  U 10  U 10  U 10  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U

                  12 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 2  J 0.6  J 5  U 5  U 5  U 5  U
5  U 5  U 5  U 5  U 5  U 5  U 5  U
5  U 5  U                 3300                 1600                   67 5  U                   61

0.9  J                   44                    7 1  J 3  J 1  J 0.9  J
                 260 4  J                 1800 390  J                 5400                  450                   80

15  U 6  J 3  J 15  U 15  U 15  U 15  U
                  14 5  U                   23                    7                  160                    8 0.7  J

5  U 5  U 5  U 5  U 5  U 5  U 5  U
                1300                   10                 9700                 2100                 2300                  350                   42

5  U 5  U 5  U 5  U 5  U 5  U 5  U
                  69 2  J                  270                  120                 1300                   10                   22

*r9tapw = Region 9 Tap Water Criteria
**fedmcl = Federal Maximum Contaminant Level Criteria

Note:  Black-shaded cells indicate values that exceed criteria
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SCALE
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4.0  NATURE AND EXTENT OF CONTAMINATION 

This section adds to the body of knowledge regarding nature and extent of volatile organic compound 

(VOC) contamination in groundwater evaluated as part of the 2005 follow-up field investigation at 

Site/SWMU 45.  The original Site 45 RI/RFI Report (Tetra Tech, 2004a) provides details regarding all 

media and analytical fractions investigated previously.  This RI Addendum is narrower in scope – both 

from the standpoint of media investigated (limited to groundwater only) and chemical compounds 

analyzed (limited to VOCs only).  It is believed that the information presented in this RI Addendum 

provides enough information to move onto the next steps in the CERCLA/RCRA processes (FS/CMS) for 

site remediation.  The Site 45 Conceptual Site Model (CSM) has been updated based on the findings of 

the 2005 investigation, USGS investigation, and vapor intrusion analysis and can be found in Appendix P. 

 

4.1 GROUNDWATER SAMPLING RESULTS 

4.1.1 2005 Sampling Results 

Based on the site history and the Site 45 Addendum Work Plan (Tetra Tech, 2004b), additional wells 

were installed as described in Section 3 to further delineate groundwater contamination.  Analytical and 

groundwater modeling results are presented graphically in a series of figures.  For clarity, the tag maps 

present those chemicals and results that are of primary concern from a chlorinated solvent standpoint and 

associated degradation products.  Figure 4-1 presents a tag map of results for tetrachloroethene (PCE), 

trichloroethene (TCE), Total 1,2 – dichloroethene (DCE) (please note that the 61 µg/L criterion for cis-1,2 

DCE is used as a benchmark for total 1,2 DCE on all figures), and vinyl chloride in the upper surficial 

wells sampled in Spring 2005.  Figure 4-2 presents a tag map of results for PCE, TCE, Total 1,2 – DCE, 

and vinyl chloride in the lower surficial wells sampled in Spring 2005.  The concentrations in the deep 

wells were below screening levels, with all “detected” concentrations being less than laboratory detection 

limits and thus labeled as “estimated” values with a “J”-qualifier.  The maximum cis-1,2-DCE “detected” 

concentration of 2.0J µg/L at MW-07D.  Other “estimated” (“J”-qualified) concentrations are also shown in 

the table below: 

 

Sample Location PCE TCE cis-1,2-DCE 
PAI-45-MW06-D-02  ND ND 0.3  J 

PAI-45-MW07-D-02 ND ND 2  J 

PAI-45-MW21-D-02 0.5  J 0.3  J 0.4  J 
 

ND = not detected 
 



REVISION 4 
APRIL 2012 

 

090503/P 4-2 CTO 0335 

These results indicate that contamination is not migrating vertically to any great extent.  Tables 3-3 

through 3-5 provides all of the data used to produce tag maps 4-1 and 4-2, and for evaluations discussed 

in this nature and extent of contamination Section.  These tables present the following: 

 

• frequency of detection 

• range of detection 

• range of nondetects 

• location of maximum concentration 

• average of positive results 

• average of all results (using one-half the detection limit for nondetected results) 

• exceedances of regulatory criteria 

• plus a complete list of all results provided in Table 3-5 

 

4.1.2 USGS Sampling Results 

This investigation focused on the southern plume, because the northern plume was previously studied 

extensively.  Analytical and groundwater modeling results are presented graphically in a series of figures.  

For clarity, the tag maps present those chemicals and results that are of primary concern from a 

chlorinated solvent standpoint and associated degradation products.  Figure 4-3 presents a tag map of 

results for PCE and TCE in all wells sampled during the investigation.  Figure 4-4 presents a tag map of 

results for cis-1,2-DCE and vinyl chloride in all wells sampled during the investigation.   

 

The deep wells, consistent with the results from the 2005 sampling results, indicated concentrations 

below screening levels, with all “detected” concentrations being less than laboratory detection limits and 

thus labeled as “estimated” values with a “J”-qualifier.  The maximum concentration of PCE was 

consistently detected at well PAI-45-MW25-SL, with the greatest concentration detected in September 

2008 (20,600 µg/L).  Concentrations of PCE, TCE, and 1,2-DCE exceeded cleanup goals during all 

sampling events, and vinyl chloride exceeded cleanup goals in June and September 2008.  The highest 

concentration of TCE was detected at well PI-45-MW20-SL in March 2006.  PCE, TCE, 1,2-DCE, and 

vinyl chloride consistently exceeded cleanup goals at sampling events at this well.  The following table 

presents the wells and dates of the highest detections for each COC, along with the concentrations of the 

other COCs during that event.  
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Sample Location Sample 
Date 

PCE 
µg/L 

TCE 
µg/L 

cis-1,2-DCE 
µg/L 

Vinyl Chloride 
µg/L 

PAI-45-MW25-SL 9/9/2008 20,600 3,920 447 60.3 

PAI-45-MW20-SL 3/7/2006 782 5,840 905 117 

PAI-45-MW31-SLR 9/9/2008 7,840 4,670 3,270 228 

PAI-45-MW31-SUR 9/9/2008 3,000 2,090 1,230 263 
 

All data collected during the USGS investigation is presented in the associated report, which can be 

found in Appendix A. frequency of detection. 

 

4.2 GROUNDWATER MODELING OF CHLORINATED ORGANICS 

As discussed earlier, it has become clear that a subset of the chlorinated organics analyzed and 

associated degradation products are governing the evaluation and future actions at Site 45.  To help 

visualize contamination of these compounds that are driving site decisions, geostatistical modeling was 

conducted to illustrate the extent of contamination and depict current contamination patterns using the 

data provided in Section 3.0.  Figures 4-5 through 4-14 are two-dimensional visualizations that were 

generated using Ctech’s Environmental Visualization System (EVS) software, version 8.0 beta (this is the 

latest version recommended by Ctech which corrects a few deficiencies noted in the 7.92 version).  For 

each data set where kriging was used, the values used in the process ranged from half of the detection 

limit to the maximum result for the minimum and maximum input parameters.  The kriging boundary for 

two-dimensional kriging is defined by the adaptive grid of the data set.  This boundary is irregular in 

shape because it is defined by the outermost data points.  To visualize this type of boundary, it can be 

described as fitting a rubber band around all of the data points.  The points on the outer edges of the data 

set would establish the boundary for the kriging area. 

 

Appendix Q provides a second set of Figures 4-5 through 4-14 (numbered in parallel with Section 4 for 

easy comparison) using only the permanent monitoring well data.  Comparison of these two sets of 

figures does not show significant differences in contamination levels or patterns for any of the parameters 

modeled, so the combined monitoring well data (temporary and permanent) was used for the 

interpretations of contamination extent that follow in the next sub-sections. 

 

Appendix A includes the USGS report.  Figure 12 through Figure 15 of this report show the approximate 

distribution of PCE, TCE, DCE, and vinyl chloride at Site 45 based on the USGS investigation results.  

 

All plumes shown in these figures are approximately 83,000 square feet in size and show the extent of 

concentrations exceeding approximately 5.0 µg/L - the typical lower limit of detection for each of the 
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modeled parameters.  It should be noted that the screening criteria for some parameters are much lower 

than the limits of detection by the currently recognized environmental analytical methods. 

 

The following subsections (4.2.1 through 4.2.5) discussing chlorinated parameters are in the order they 

would degrade under anoxic, reductive dechlorinating conditions, as follows: 

 

PCE degrades to  TCE, which degrades to  cis1,2 DCE (total 1,2 DCE also shown), which 

degrades to  vinyl chloride, which  degrades to  ethene, which degrades to  ethane 

 

4.2.1 2005 PCE Groundwater Plumes – Surficial Upper and Surficial Lower 

Figures 4-5 and 4-6 present the most recent (Spring 2005) PCE groundwater-modeled (kriged estimate) 

contamination plumes using analytical data obtained from the permanent and temporary monitoring wells 

sampled as shown in Figure 3-4.  The maximum concentrations in these modeling runs were detected in: 

 

• PAI-45-MW08-SU for the upper aquifer at 26,000 µg/L, which is located just east of the general area 

where the spill occurred on March 11, 1994, and 

 

• PAI-45-TW109-SL for the lower aquifer at 11,000 µg/L, which is located near the southeast corner of 

the tank area where the spill occurred. 

 

These figures indicate the PCE plume is well-bounded down to analytical detection limits in all directions 

except due north of the center of the plume near PAI-45-MW-08-SU and PAI-45-MW-20-SU.  It is 

anticipated that the plume could easily be bounded to the north (if necessary) during future phases of 

regulatory activity at this site.  South of PAI-45-MW-20-SU, MIP screening data suggests that the plume is 

bound (see Figure 3-1), although these screening results were not verified by analytical data.   

 

At location 158, the high MIP ECD result did not correlate well with the much lower temporary well 

sampling results at the same location.  Since that time, February 2006 follow-up work did identify a 

second plume south of location 158, currently referred to as the Southern Plume. 

 

4.2.2 2005 TCE Groundwater Plumes – Surficial Upper and Surficial Lower 

Figures 4-7 and 4-8 present the most recent (Spring 2005) TCE groundwater-modeled (kriged estimate) 

contamination plumes using analytical data obtained from the permanent and temporary monitoring wells 

sampled as shown in Figure 3-4.  The maximum concentrations in these modeling runs were detected in: 
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• PAI-45-TW-109-SU for the upper aquifer at 35,000 µg/L, which is located near the southeast corner 

of the tank area where the spill occurred on March 11, 1994, and 

 

• PAI-45-TW-138-SL for the lower aquifer at 9,700 µg/L, which is located in the southern portion of the 

secondary (smaller) plume about 250 feet south-southwest of the tank area where the spill occurred. 

 

Figure 4-7 indicates the TCE plume is well-bounded down to analytical detection limits in the surficial 

upper aquifer in all directions except due north of the spill location and to a lesser extent, due south of 

PAI-45-MW-20-SU.  Figure 4-8 indicates the TCE plume is not as well-bounded in the surficial lower 

aquifer as it is in the upper aquifer.  Plume edges to the north, west, and south could probably be refined 

with one more well location in those directions.  However, it is anticipated that any such refinement of 

plume margins could be completed in those directions (if necessary) during future phases of regulatory 

activity at this site. 

 

Note:  TCE’s extremely low EPA Region 9 Tap Water criterion (0.028 µg/L) will make plume delineation to 

that concentration unachievable with currently recognized environmental analytical methods. 

 

4.2.3 2005 cis-1,2 DCE Groundwater Plumes – Surficial Upper and Surficial Lower 

Figures 4-9 and 4-10 present the most recent (Spring 2005) cis-1,2 DCE groundwater-modeled (kriged 

estimate) contamination plumes using analytical data obtained from the permanent and temporary 

monitoring wells sampled as shown in Figure 3-4.  The maximum concentrations in these modeling runs 

were detected in: 

 

• PAI-45-TW-109-SU for the upper aquifer at 110,000 µg/L, which is located near the southeast corner 

of the tank area where the spill occurred on March 11, 1994, and 

 

• PAI-45-TW-146-SL for the lower aquifer at 5,200 µg/L, which is located in the eastern portion of the 

plume about 150 feet southeast of the tank area where the spill occurred. 

 

As with TCE, Figure 4-9 indicates the cis-1,2 DCE plume is well-bounded in the surficial upper aquifer in 

all directions except due north of the spill location and south of PAI-45-MW-20-SU.  Figure 4-10 indicates 

the cis-1,2 DCE plume is larger in the surficial lower aquifer at the 100 to 1000 µg/L range of 

concentrations, but is fairly well-bounded with regard to the 61 µg/L criterion except to the north.  

However, it is anticipated that any such refinement of plume margins to the north could be completed (if 

necessary) during future phases of regulatory activity at this site.  South of PAI-45-MW-20, MIP screening 

data suggests that the plume is bound (see Figure 3-1), although these screening results were not 

verified by analytical data.   
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4.2.4 2005 Total 1,2 DCE Groundwater Plumes – Surficial Upper and Surficial Lower 

Figures 4-11 and 4-12 present the most recent (Spring 2005) total-1,2 DCE (the sum of cis-1,2- and 

trans-1,2 DCE) groundwater-modeled (kriged estimate) contamination plumes using analytical data 

obtained from the permanent and temporary monitoring wells sampled as shown in Figure 3-4.  The 

maximum concentrations in these modeling runs were detected in the same wells as for cis-1,2 DCE : 

 

• PAI-45-TW-109-SU for the upper aquifer at 110,000 µg/L, which is located near the southeast corner 

of the tank area where the spill occurred on March 11, 1994, and 

 

• PAI-45-TW-146-SL for the lower aquifer at 5,400 µg/L, which is located in the eastern portion of the 

plume about 150 feet southeast of the tank area where the spill occurred. 

 

As with cis-1,2 DCE, Figure 4-11 indicates the total-1,2 DCE plume is well-bounded in the surficial upper 

aquifer in all directions except due north of the spill location.  Figure 4-12 indicates the total-1,2 DCE 

plume is larger in the surficial lower aquifer at the 100 to 1000 µg/L range of concentrations, but is fairly 

well-bounded with regard to the 61 µg/L criterion except to the north.  However, it is anticipated that any 

such refinement of plume margins to the north could be completed (if necessary) during future phases of 

regulatory activity at this site. 

 

4.2.5 2005 Vinyl Chloride Groundwater Plumes – Surficial Upper and Surficial Lower 

Figures 4-13 and 4-14 present the most recent (Spring 2005) vinyl chloride groundwater-modeled (kriged 

estimate) contamination plumes using analytical data obtained from the permanent and temporary 

monitoring wells sampled as shown in Figure 3-4.  The maximum concentrations in these modeling runs 

were detected in: 

 

• PAI-45-TW-109-SU for the upper aquifer at 3,000 µg/L, which is located near the southeast corner of 

the tank area where the spill occurred on March 11, 1994, and 

 

• PAI-45-TW-146-SL for the lower aquifer at 1,300 µg/L, which is located in the eastern portion of the 

plume about 150 feet southeast of the tank area where the spill occurred. 

 

Figure 4-13 indicates the vinyl chloride plume is well-bounded down to analytical detection limits in the 

surficial upper aquifer in all directions except due north of the spill location and to a lesser extent, due 

south of PAI-45-MW-20-SU.  Figure 4-14 indicates the vinyl chloride plume is larger, and split into two 

segments in the surficial lower aquifer.  In addition to the north and south plume fringes possibly needing 
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more refinement, the west edge of the lower aquifer does not appear completely bounded with regard to 

detection limits.  However, it is anticipated that any such refinement of plume margins to the north could 

be completed (if necessary) during future phases of regulatory activity at this site. 

 

Note:  Vinyl chloride’s extremely low criterion (0.02 µg/L) will make plume delineation to that 

concentration unachievable with currently recognized environmental analytical methods. 

 

4.2.6 Vertical Profiling of Groundwater Contamination 

Figures 4-15 through 4-19 have been provided to visualize vertical profiling of groundwater-modeled 

(kriged estimate) contamination through specific cross-sections using analytical data obtained from the 

permanent and temporary monitoring wells sampled in 2005.  Because vertical contamination distribution 

patterns for the five (5) parameters modeled were very similar, TCE was selected for this profiling 

exercise as it qualitatively represented the best combination of extremes for the five.  The following text 

describes the geostatistical modeling results in order of site-wide perspective through specific cross-

section interpretations. 

 

Figure 4-15 presents the three cross-section layouts (A-A’; B-B’, and C-C’) for which individual vertical 

profiles were modeled.  These cross-sections were selected to transect areas of higher concentrations 

(source, or sources) in order to visualize the nature of subsurface contamination.  The northern-most 

portions of A-A’ and C-C’ focus on the known source of PCE release in March, 1994, while B-B’ transects 

the second area of higher concentrations.  This area is of interest because it is not clear whether this is a 

second source, or simply an area of higher concentrations.   

 

Figure 4-16 presents all three of the 2-dimensional vertical TCE profiles combined into one visualization 

for the cross-sections shown in Figure 4-15.  This figure shows these vertical profiles as viewed from west 

of Site 45 and at about a 40-degree elevation.  The left side of this figure (north) corresponds to the 

known PCE source release area in 1994, with the right side (south) depicting downgradient areas of this 

known release.  Individual cross-section discussions are provided in the next three paragraphs. 

 

Figure 4-17 shows the 2-dimensional vertical TCE profile for the A-A’ cross-section shown in Figure 4-15.  

Even though only a few well locations are shown to orient the reader, all of the well location data (SU+SL) 

was used to generate the geostatistical contouring shown in Figures 4-16 through 4-18.  Of note in this 

visualization (Figure 4-17) is that the higher concentrations of TCE contamination are clearly shown in the 

upper aquifer close to where the PCE was released (TW-109).  In fact, the highest concentration of TCE 

was noted at PAI-45-TW-109-SU (35,000 µg/L).  The direction of groundwater flow from the perspective 

in this figure is generally left to right (northwest to southeast).  With that in mind, decreasing 

concentrations can be seen as TCE contamination moves in groundwater downgradient.  These 



REVISION 4 
APRIL 2012 

 

090503/P 4-8 CTO 0335 

decreasing concentrations can simply be caused by dilution as you move farther away from the source, 

but there is also clear evidence that decreases are also being caused by natural attenuation (see 

Section 4.3). 

 

Figure 4-18 shows the 2-dimensional vertical TCE profile for the B-B’ cross-section shown in Figure 4-15.  

This cross-section is showing a slice through the second area of higher concentrations in the southern 

portion of the site (it is not yet known if this is truly a second “source”).  The higher concentrations of TCE 

contamination noted here are in the lower aquifer, clustered around MW-04-SL, MW-20-SL, and 

TW-138-SL.  The direction of groundwater flow from the perspective in this figure is also generally left to 

right (northwest to southeast).  With that in mind, you would generally expect to see decreasing 

concentrations with increasing distance in the downgradient groundwater direction.  Future phases of 

regulatory activity at this site may yield more understanding of what is happening in this localized area.  

There is also clear evidence that natural attenuation is functioning here as well (see Section 4.3). 

 

Figure 4-19 shows the 2-dimensional vertical TCE profile for the C-C’ cross-section shown in Figure 4-15.  

This cross-section is showing a slice starting east of the known release site, then heading in a southwest 

and cross-gradient direction finally passing by the second area of higher concentrations in the southern 

portion of the site to the west.  This profile also shows higher concentrations of TCE in the upper aquifer 

close to where the PCE was released (MW-08) and slightly increasing to the intersection point of cross-

section A-A” at TW-125.  The remainder of this profile shows decreasing concentrations in the 

southwestern direction toward MW-18.  The direction of groundwater flow from the perspective in this 

figure is perpendicular to the viewer (into and through the page).  With that in mind, decreasing 

concentrations are not as much related to downgradient groundwater flow, but rather lateral distance 

away from the original release area. 

 

For all of the modeling exercises conducted, it is known that there was at least one PCE source release 

near the northern edge of the investigation area at MW08 and MW24.  The USGS report found that the 

likely source of PCE contamination in the southern plume (near MW01 and MW20) was a leak from a 

sanitary sewer in the vicinity of the new dry cleaning facility.  Figures from the USGS investigations can 

be found in the report in Appendix A. 

 

4.3 NATURAL ATTENUATION UPDATE 

This section provides a brief summary of continuing evidence that natural attenuation is taking place.  

Appendix G of the original RI Report (Tetra Tech, 2004a) provides a very detailed presentation and 

evaluation of the natural-attenuation-related data that were previously collected.  Additional data yields no 

change in the conclusion that natural attenuation is functioning at the site. 
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Evaluating the ratio of cis-1,2-DCE to trans-1,2-DCE is one way of determining whether the 

biodegradation of TCE is occurring.  Typically the biodegradation of TCE will result in higher 

concentrations of cis-1,2-DCE when compared to concentrations of trans-1,2-DCE.  When evaluating 

groundwater data collected during this phase of the investigation, samples with positive detects (including 

estimated values “J”) indicate higher ratios of cis-1,2-DCE to trans-1,2-DCE than were noted previously.  

Samples collected from wells during March and April 2001, indicated a cis-/trans- ratio ranging from 

approximately 4:1 to 124:1, while samples collected from wells during March through April 2005, indicated 

cis-/trans- ratios ranging from approximately 18:1 to 385:1.  Table 4-1 provides a summary of these ratios 

in all wells that had positive detections for both cis-, and trans-1,2 DCE. 

 

The highest ratios (all greater than 180:1 and all in the lower aquifer) were observed at PAI-45-MW03-

SL-02 (ratio of 385); PAI-45-MW13-SL-02 (ratio of 275); and PAI-45-MW05-SL-02 (ratio of 182).  These 

wells are all downgradient of the original release source, which is encouraging from the standpoint of 

increasing evidence supporting PCE/TCE degradation. 

 

Two of the lowest cis-/trans- ratios (both 25:1, or lower and in the lower aquifer) were observed at 

PAI-45-MW22-SL-02 (ratio of 25) and PAI-45-TW109-SL-16 (ratio of 22).  These wells are very close to 

the original release source, which probably means there has not been enough time for higher 

concentrations of PCE at those locations (or above those locations in the upper aquifer) to degrade. 

 

Given the ratios of cis-1,2-DCE to trans-1,2-DCE observed in the groundwater samples, it is reasonable 

to continue believing that TCE biodegradation is occurring.  Also, as the in-text table shows below, there 

are dramatic increases in degradation products (particularly cis-1,2-DCE) in source and downgradient 

locations.  (Note: When the value on Table 4-2 was listed as “0” for 1996, a “0.1” was used to be able to 

calculate a percentage)  

 

Well PCE TCE 
cis 1,2-

DCE VC 
  % (2005 result divided by 1996 result) 
MW08SU 81% 108% 236% 220,000% 
MW05SL 0% 16% 2,395% All non-detect 
MW04SU 26% 4,828% 36,000% 10,000% 

 

Qualitative evaluation of dissolved oxygen levels measured in 2005 (field instrument - see Appendix K) 

show decreasing oxygen concentrations with depth in the permanent wells.  This limited data also 

supports a conclusion for an environment conducive for reductive dechlorination.  
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Table 4-2 is a comparison of 1996 to 2005 sampling results for wells MW08SU, MW06SU, MW05SL, and 

MW04SU.  The relative proportions of PCE, TCE, DCE, and VC to the total amount of chlorinated 

ethenes were calculated for each well for each sampling round, then were compared to see whether the 

proportions changed over time.  For the source area well (MW08SU), the amount of PCE present in 2005 

is less than what it was in 1996, but greater than in 2001.  As mentioned above, a good indicator that 

degradation is headed in the right direction is that the relative proportions of TCE, DCE, and VC are still 

increasing when compared to 1996.  In well MW04SU, the relative proportion of PCE dropped in 2005 

compared to 1996, and the proportions of TCE, DCE and VC increased dramatically compared to both 

1996 and 2001.  These results show a favorable pattern for dechlorination over time that is indicative of 

biodegradation activities.    

 

The USGS report investigated the presence of biological agents in the groundwater that could enhance 

the biodegradation of chlorinated VOCs.  It was presented that a density of 1 x 107 cells of the microbe 

Dehalococcoides per liter of groundwater was generally sufficient to produce a useful rate of natural 

attenuation of chlorinated VOCs.  The density of Dehalococcoides in the groundwater at Site 45 was 

found to be greater than 1 x 107 cells per liter, thus there is a sufficient density of the microbe to produce 

significant biodegradation of the solvents to the end product, ethylene.  The USGS report also determined 

that the presence of enzymes involved in the dehalogenation process in the groundwater at Site 45 

indicated that microbial degradation of chlorinated VOCs is occurring in the southern plume.  The pH can 

also affect reductive dechlorination, and thought the pH in the groundwater at Site 45 was found to be 

between 5.77 and 6.03 pH units (less than the optimal 6.8 to 7.6 pH units), the pH is not low enough to 

prohibit the reductive dechlorination process.  Overall, the USGS report states that although 

biodegradation and other natural attenuation processes are occurring.   

 

4.4 SURFACE WATER AND SEDIMENT CONTAMINATION 

The amount and nature of the sediment and surface water data that has been collected during the 2005, 

2006, and USGS investigations is not sufficient to justify decisions about the sediment and surface water 

contamination.  The USGS investigation included the collection of ten sediment samples, four surface 

water samples in Ballast Creek and several samples from storm sewers.  The data was not conclusive, 

although contaminant concentrations in water samples were generally less than MCLs in surface water 

and back up through the storm sewer for at least the first 100 feet.  No site related compounds were 

identified in sediment samples.  The collection of additional storm sewer samples and sediment samples 

(as a part of the Site 14 SI) is expected to be completed in time to be considered in the Site 45 

PRAP/ROD.  The FS evaluation of soil, groundwater, and VI remedial options is not expected to be 

impacted by the lack of additional surface water or sediment data at this time.  
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4.5 CONCLUSIONS 

• PCE and its degradation products (TCE, cis-1,2-DCE, total 1,2-DCE and VC) were detected in the 

surficial upper and surficial lower aquifers at numerous locations above the most stringent regulatory 

screening criteria.  The concentrations in the deep wells were below screening levels indicating 

contamination is not migrating vertically to any great extent with a maximum cis-1,2-DCE “detected” 

concentration of 2.0J µg/L at MW-07D. 

 

• Nature and extent of contamination is well-defined with only a few areas of refinement needed.  This 

refinement, if deemed necessary could be accomplished as part of future phases of regulatory activity 

at this site. 

 

• Substantial evidence exists that natural attenuation is functioning at the site to degrade PCE and 

daughter products all the way to vinyl chloride. 

 

• There is not currently enough or sufficient sediment and surface water data, so any remedial actions 

addressing these media will be investigated separately at a later date. 

 

• Additional soil gas data associated with Building 192 and Building 293 will be provided as part of 

future remedial design phases of the CERCLA process and as called for in a risk management 

decision pertaining to VI. 

 



TABLE 4-1

RATIOS OF CIS-1,2 DCE TO TRANS-1,2 DCE
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Sample Location Date Sampled
CIS-1,2-

DICHLOROETHENE
TRANS-1,2-

DICHLOROETHENE
Ratio of cis to 

trans DCE
PAI-45-MW03-SL-02 2/15/05                  770 2 385
PAI-45-MW13-SL-02 4/19/05                  550 2 275
PAI-45-MW05-SL-02 2/25/05                   91 0.5 182
PAI-45-TW158-SL-11 3/10/05                   80 0.7 114
PAI-45-TW107-SL-12 3/12/05                  680                    7 97
PAI-45-TW138-SL-16 3/11/05                 1800                   23 78
PAI-45-MW21-SU-02 4/14/05                  500                    7 71
PAI-45-TW119-SL-15 3/12/05                  710                   10 71
PAI-45-MW04-SL-02 2/23/05                 1200                   19 63
PAI-45-MW10-SL-02 4/17/05                  170 3 57
PAI-45-TW148-SL-12 3/12/05                  440                    8 55

PAI-45-MW-AMW-5-02 2/15/05                 1700                   31 55
PAI-45-TW138-SU-11 3/11/05                  380                    7 54
PAI-45-MW20-SL-02 4/17/05                  720                   14 51
PAI-45-MW06-SL-02 2/14/05                  300                    6 50
PAI-45-MW08-SU-02 2/24/05                 2600                   54 48

PAI-45-MW23-SL-02-AVG 4/15/05                    590                   12.5 47
PAI-45-MW06-SU-02 2/14/05                   91 2 46

PAI-45-MW08-SL-02-AVG 2/24/05                   1400                     35 40
PAI-45-MW04-SU-02 2/23/05                   36 0.9 40
PAI-45-MW19-SL-02 4/16/05                   28 0.8 35
PAI-45-MW20-SU-02 4/17/05                  430                   13 33
PAI-45-TW146-SL-10 3/12/05                 5200                  160 33
PAI-45-TW109-SU-08 3/10/05               110000                 3400 32
PAI-45-MW23-SU-02 4/15/05                 1200                   39 31

PAI-45-MW24-SU-02-AVG 4/19/05                   65500                    2150 30
PAI-45-MW22-SU-02 4/14/05                 7000 250 28
PAI-45-TW125-SL-16 3/11/05                  670 26 26
PAI-45-MW22-SL-02 4/14/05                   20 0.8 25
PAI-45-MW07-SL-02 2/14/05                  640                   27 24

PAI-45-MW-AMW-2-02 2/25/05                    930                     40 23
PAI-45-TW109-SL-16 3/10/05                  220                   10 22
PAI-45-MW10-SU-02 4/17/05                  170                    9 19

PAI-45-TW134-SL-15-AVG 3/11/05                     250                      14 18



TABLE 4-2

PCE/TCE/CIS-1,2-DCE/VINYL CHLORIDE TRENDS (ug/L)
SITE 45-MWR DRY CLEANING FACILITY 

MCRD PARRIS ISLAND,
SOUTH CAROLINA

Well Date PCE TCE cis 1,2-DCE VC
Sum (PCE/ 

TCE/DCE/VC) PCE/Sum TCE/Sum DCE/Sum VC/Sum
MW08SU 1996 32000 4900 1100 0 38000 0.84 0.13 0.03 0.00

2001 10000 10000 3400 710 24110 0.41 0.41 0.14 0.03
2005 26000 5300 2600 220 34120 0.76 0.16 0.08 0.01

MW06SU 1996 360 130 610 170 1270 0.28 0.10 0.48 0.13
2001 200 120 1400 630 2350 0.09 0.05 0.60 0.27
2005 110 20 91 11 232 0.47 0.09 0.39 0.05

MW05SL 1996 66 77 3.8 0 146.8 0.45 0.52 0.03 0.00
2001 9 9 0 0 18 0.50 0.50 0.00 0.00
2005 0 12 91 0 103 0.00 0.12 0.88 0.00

MW04SU 1996 180 2.9 0 0 182.9 0.98 0.02 0.00 0.00
2001 6 11 2 0 19 0.32 0.58 0.11 0.00
2005 47 140 36 10 233 0.20 0.60 0.15 0.04
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PAI-45-MW17-SU
Volatile Organics                 (ug/L)
TOTAL 1,2-DICHLOROETHENE             2 J

PAI-45-MW18-SU
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)            0.9 J
TRICHLOROETHENE (TCE)              1   J

PAI-45-MW20-SU
Volatile Organics                (ug/L)
TETRACHLOROETHENE (PCE)            1100
TRICHLOROETHENE (TCE)              2600
TOTAL 1,2-DICHLOROETHENE          440 J
VINYL CHLORIDE                       99

PAI-45-TW-138-SU
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)           1600
TRICHLOROETHENE (TCE)             2100
TOTAL 1,2-DICHLOROETHENE         390 J
VINYL CHLORIDE                     120

PAI-45-MW04-SU
Volatile Organics                (ug/L)
TETRACHLOROETHENE (PCE)              47
TRICHLOROETHENE (TCE)               140
TOTAL 1,2-DICHLOROETHENE             37
VINYL CHLORIDE                       10

PAI-45-MW13-SU
Volatile Organics                 (ug/L)
TRICHLOROETHENE (TCE)              0.6 J
TOTAL 1,2-DICHLOROETHENE           10
VINYL CHLORIDE                     0.5 J

PAI-45-TW-134-SU
Volatile Organics               (ug/L)
TRICHLOROETHENE (TCE)               10
TOTAL 1,2-DICHLOROETHENE           4 J
VINYL CHLORIDE                     2 J

PAI-45-MW19-SU
results nondetect for parameters shown in figure

PAI-45-MW10-SU
Volatile Organics                 (ug/L)
TRICHLOROETHENE (TCE)               370
TOTAL 1,2-DICHLOROETHENE            180
VINYL CHLORIDE                       18

PAI-45-MW03-SU
results nondetect for parameters shown in figure

PAI-45-MW21-SU
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)             240
TRICHLOROETHENE (TCE)               690
TOTAL 1,2-DICHLOROETHENE            510
VINYL CHLORIDE                      2 J

PAI-45-MW02-SU
results nondetect for parameters shown in figure

PAI-45-TW-108-SU
results nondetect for parameters shown in figure

PAI-45-MW22-SU
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)           1300
TRICHLOROETHENE (TCE)              860
TOTAL 1,2-DICHLOROETHENE          7200
VINYL CHLORIDE                    2400

PAI-45-MW08-SU
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)           26000
TRICHLOROETHENE (TCE)              5300
TOTAL 1,2-DICHLOROETHENE          2700 J
VINYL CHLORIDE                     220 J

PAI-45-TW-109-SU
Volatile Organics              (ug/L)
TETRACHLOROETHENE (PCE)         700 J
TRICHLOROETHENE (TCE)           35000
TOTAL 1,2-DICHLOROETHENE       110000
VINYL CHLORIDE                   3000

PAI-45-MW24-SU
Volatile Organics              (ug/L)
TETRACHLOROETHENE (PCE)          1500
TRICHLOROETHENE (TCE)           20500
TOTAL 1,2-DICHLOROETHENE        67500
VINYL CHLORIDE                   1150

PAI-45-MW07-SU
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)            0.6 J
TRICHLOROETHENE (TCE)              0.7 J
TOTAL 1,2-DICHLOROETHENE           0.6 J

PAI-45-MW06-SU
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)             110
TRICHLOROETHENE (TCE)                20
TOTAL 1,2-DICHLOROETHENE             93
VINYL CHLORIDE                       11

PAI-45-MW23-SU
Volatile Organics                (ug/L)
TETRACHLOROETHENE (PCE)            4 J
TRICHLOROETHENE (TCE)              500
TOTAL 1,2-DICHLOROETHENE          1200
VINYL CHLORIDE                     300

PAI-45-MW16-SU
results nondetect for parameters shown in figure

PAI-45-MW15-SU
results nondetect for parameters shown in figure

PAI-45-MW05-SU
results nondetect for parameters shown in figure

PAI-45-MW14-SU
results nondetect for parameters shown in figure
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PAI-45-MW14-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)             2  J
TRICHLOROETHENE (TCE)               3  J

PAI-45-TW-107-SL
Volatile Organics              (ug/L)
TETRACHLOROETHENE (PCE)             8
TRICHLOROETHENE (TCE)             520
TOTAL 1,2-DICHLOROETHENE          690
VINYL CHLORIDE                     21

PAI-45-MW23-SL
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)           2 J
TRICHLOROETHENE (TCE)              85
TOTAL 1,2-DICHLOROETHENE          600
VINYL CHLORIDE                    140

PAI-45-TW-146-SL
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)             67
TRICHLOROETHENE (TCE)             2300
TOTAL 1,2-DICHLOROETHENE          5400
VINYL CHLORIDE                    1300

PAI-45-TW-148-SL
Volatile Organics               (ug/L)
TRICHLOROETHENE (TCE)              350
TOTAL 1,2-DICHLOROETHENE           450
VINYL CHLORIDE                      10

PAI-45-MW05-SL
Volatile Organics                 (ug/L)
TRICHLOROETHENE (TCE)                12
TOTAL 1,2-DICHLOROETHENE             91

PAI-45-MW17-SL
results nondetect for parameters shown in figure

PAI-45-MW18-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)            0.9 J
TRICHLOROETHENE (TCE)              0.8 J
TOTAL 1,2-DICHLOROETHENE           4   J

PAI-45-MW20-SL
Volatile Organics                (ug/L)
TETRACHLOROETHENE (PCE)            2900
TRICHLOROETHENE (TCE)              5800
TOTAL 1,2-DICHLOROETHENE          730 J
VINYL CHLORIDE                      180

PAI-45-TW-138-SL
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)           3300
TRICHLOROETHENE (TCE)             9700
TOTAL 1,2-DICHLOROETHENE          1800
VINYL CHLORIDE                     270

PAI-45-MW04-SL
Volatile Organics                (ug/L)
TETRACHLOROETHENE (PCE)            7100
TRICHLOROETHENE (TCE)              6800
TOTAL 1,2-DICHLOROETHENE           1200
VINYL CHLORIDE                    280 J

PAI-45-TW-134-SL
Volatile Organics               (ug/L)
TRICHLOROETHENE (TCE)             1250
TOTAL 1,2-DICHLOROETHENE           260
VINYL CHLORIDE                    67.5

PAI-45-MW19-SL
Volatile Organics                 (ug/L)
TRICHLOROETHENE (TCE)                100
TOTAL 1,2-DICHLOROETHENE              29
VINYL CHLORIDE                        22

PAI-45-MW13-SL
Volatile Organics                 (ug/L)
TRICHLOROETHENE (TCE)                24
TOTAL 1,2-DICHLOROETHENE            550
VINYL CHLORIDE                       14

PAI-45-MW10-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)             2 J
TRICHLOROETHENE (TCE)              1100
TOTAL 1,2-DICHLOROETHENE            170
VINYL CHLORIDE                       21

PAI-45-MW03-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)              55
TRICHLOROETHENE (TCE)               300
TOTAL 1,2-DICHLOROETHENE            770
VINYL CHLORIDE                       26

PAI-45-TW-158-SL
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)             61
TRICHLOROETHENE (TCE)               42
TOTAL 1,2-DICHLOROETHENE            80
VINYL CHLORIDE                      22

PAI-45-TW-118-SL
Volatile Organics              (ug/L)
TETRACHLOROETHENE (PCE)            61
TRICHLOROETHENE (TCE)              27
TOTAL 1,2-DICHLOROETHENE           16

PAI-45-MW02-SL
results nondetect for parameters shown in figure

PAI-45-MW21-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)               6
TRICHLOROETHENE (TCE)                14
TOTAL 1,2-DICHLOROETHENE             12

PAI-45-MW06-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)             1  J
TRICHLOROETHENE (TCE)               160
TOTAL 1,2-DICHLOROETHENE            310
VINYL CHLORIDE                     0.5 J

PAI-45-TW-125-SL
Volatile Organics               (ug/L)
TETRACHLOROETHENE (PCE)           3200
TRICHLOROETHENE (TCE)             9000
TOTAL 1,2-DICHLOROETHENE           700

PAI-45-MW07-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)             590
TRICHLOROETHENE (TCE)              3400
TOTAL 1,2-DICHLOROETHENE            670
VINYL CHLORIDE                       15

PAI-45-TW-119-SL
Volatile Organics              (ug/L)
TETRACHLOROETHENE (PCE)           720
TRICHLOROETHENE (TCE)            1600
TOTAL 1,2-DICHLOROETHENE          720
VINYL CHLORIDE                    3 J

PAI-45-MW-AMW-5
Volatile Organics                  (ug/L)
TETRACHLOROETHENE (PCE)             1400
TRICHLOROETHENE (TCE)               3000
TOTAL 1,2-DICHLOROETHENE            1700
VINYL CHLORIDE                        86

PAI-45-MW22-SL
Volatile Organics                 (ug/L)
TRICHLOROETHENE (TCE)             0.6 J
TOTAL 1,2-DICHLOROETHENE             21
VINYL CHLORIDE                      3 J

PAI-45-TW-109-SL
Volatile Organics              (ug/L)
TETRACHLOROETHENE (PCE)         11000
TRICHLOROETHENE (TCE)            3300
TOTAL 1,2-DICHLOROETHENE          230
VINYL CHLORIDE                     20

PAI-45-MW-AMW-2
Volatile Organics                 (ug/L)
TETRACHLOROETHENE PCE)               540
TRICHLOROETHENE (TCE)                550
TOTAL 1,2-DICHLOROETHENE             970
VINYL CHLORIDE                       490

PAI-45-MW08-SL
Volatile Organics                 (ug/L)
TETRACHLOROETHENE (PCE)            7750
TRICHLOROETHENE (TCE)              2250
TOTAL 1,2-DICHLOROETHENE          1400 J
VINYL CHLORIDE                     260 J

PAI-45-MW16-SL
results nondetect for parameters shown in figure

PAI-45-MW15-SL
results nondetect for parameters shown in figure

PAI-45-TW-108-SL
results nondetect for parameters shown in figure

00203 N

60 0 60 Feet

SELECT GROUNDWATER PARAMETER CONCENTRATIONS - 
LOWER SURFICIAL WELLS

SITE 45 - FORMER MWR DRY CLEANING FACILITY
FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

DATEDRAWN BY

AS NOTED
SCALE

DATECHECKED BY
08/02/10M. BOERIO

C. SPEHAR 08/11/05

P:\GIS\PARRISISLAND_MCRD\APR\SWMU45_WORKPLAN.APR  GW SL TAG LAYOUT  08/02/10  TW

DATE

DATE

APPROVED BY

DRAWING NO. REV

APPROVED BY

0

N5260

___ ___

___

FIGURE 4-2

CONTRACT NUMBER

___

Parameter
Region 9 Tap Water

Criterion (ug/L)
Federal Maximum Contaminant

Level Criterion (ug/L)

Tetrachloroethene (PCE)
Trichloroethene (TCE)
Total 1,2-Dichloroethene (DCE)
Vinyl Chloride

0.10
0.03
61

0.02

5
5

None Established
2

Groundwater Sample Location"́

Road
Topographic Contour
(1-ft interval)

Building

Legend

Demolished Building

Storm Sewer

T. WHEATON 08/02/10
REVISED BY DATE
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KYUSHU ST

Former 
Building 193

Former 
Building 200

NDND

ND

ND

ND

ND

ND

ND

ND

ND

4 J

315

157

149

114

< 1

361

454

358

1.3

1900

6000

2300

31.8

3480

21.4

1.49

4.95

2.12

1.57

1.43

4780

< 25

1.69

93.9

5240

2380

11.5

1030

7240

14000

0.5 J

< 0.5

< 0.5

< 0.5

< 2.5

< 2.5

< 2.5

10200

17100

62400

< 2.5

< 0.5

20400 < 1.25

< 0.25

< 0.25

< 0.25

< 0.25

< 5.00

< 12.5

< 5.00

< 2.50

< 0.25

< 0.25

< 0.25

< 0.25 < 0.25

< 0.25

3.45 J

< 12.5

< 1.25

< 1.25

< 1.25

< 1.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

7.29 B

1.88 B

14.0 J

< 0.25

7.26 J

< 0.25

< 0.25

< 0.25

< 0.25

0.401 J

0.259 J

0.359 J

0.271 J

0.259 J

0.798 J

< 0.25 H

23000 B

754 B

53.73170 B

< 12.5

< 0.25

ND
ND

17

ND

30

ND

ND

19

430

1 J

1.5

195

226

898

557

176

3.3

231

155

183

8200

6600

3900

1100

2760

2160

1720

1760

8700

26.2

4.22

1.94

17.6

6.95

4100

38.3

16 J

3.27

7360

6.72

2270

5530

22.2

11.9

1.04

5.24

75906.44

19.4

21.1

63.3

6.32

3270

3440

1.48

0.8 J

 23.9

< 0.5

< 0.5

< 0.25

< 0.25

< 0.25

< 0.25

< 0.25
< 0.25

< 1.25

< 0.25

< 0.25

< 0.25

< 0.25
< 0.25

< 0.25

< 0.25

< 0.25

< 0.25

0.888 J

0.752 J

0.686 J

0.258 J

< 0.25 H

276

< 1.25

< 2.5

177

1.67

1.34

4380

17.6

2160

< 0.25

< 0.25

< 0.25

0.968 J

2.12

1180

4210

4020
3470 0.358 J

7600

7160

2720

2900

5020

61001510

3200

50.4 
(263 on 9/10/07)
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REVFIGURE NO.
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COST/SCHEDULE-AREA
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DRAWN BY

T. WHEATON N526008/05/10

__M. BOERIO __08/17/10

FIGURE 4-3

__ __

50 500

Feet

³

USGS WELL LOCATIONS WITH SELECTED 

PARAMETER CONCENTRATIONS

SITE 45 - MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SWMU45_USGS_PCE_TCE.MXD  08/17/10  TW

Legend

&< Monitoring Well Sampled June 2008

!> USGS Temporary Well Sampled March 2008

!> USGS Temporary Well Sampled August 2007

!> USGS Temporary Well Sampled June 2007

!A TtNUS Temporary Well Sampled 2006-2007

Building

Former Building

Road

Tetrachloroethene concentration in ug/L

Trichloroethene concentration in ug/L

J - Estimated

H - Analyzed Out of Holding Time

ND - Not Detected

1.43

3.27
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Former 
Building 193

Former 
Building 200

8

ND
ND

27

ND

10

ND

ND

800

550

210
1 J

1.3

142

268

815

174

239

750

260

6.2

339214
110

526

3.5

147

472

180

511

833

760

653

761

126

144

983

406

2000

1100

1180

1140

2190

1420

8380

41.6

1010

2960

1160

37.1

7.68

79.3

5.34

5.23

10.6

1.89

14.1
5.12

3.71

13.8

11.9

1640

9.71

8.95

6.05

52.1

10.2

2180

14.3

8.67

8.88

4.21

17.6

1010

3.32

2.48

1450

99.8

1350

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3

5.38 H

0.523 J

< 0.3

< 0.3

< 0.3

39.7

2.62

362
165

573

562

112

413

411112

628 340

8

6
70

80

15

92

< 5

1 J

< 5

< 5

< 5

356
189

212

362

< 5

< 1

< 1

< 1

377

342

201

< 1

120

4.07

< 25

37.3

2290

5.83

< 10

5.48

1.29

6.48

6.87

1.41

3.09

3.13

7.31

< 20

< 50

10.3

4.43

4.75

5.52

24.8

8.87

420 J

140 J

180 J

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5 < 0.5

< 2.5
< 2.5

< 2.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5
< 0.5

< 0.5

< 0.5

> 100

30.0 J

3.01 J

3.72 J

6.24 J
0.684 J

0.748 J

0.576 J

< 0.5 H

< 0.5 (9/9/08)
< 0.5 (9/9/08)

46.5

< 0.5

< 0.5

< 0.5

< 25 < 25

<12.5

5.85

< 50

27.3

< 0.5

< 0.5

36.4 J

< 0.5 < 10

< 0.5

< 500

< 0.5

<0.5

< 50 52 J

4.11 J

< 0.5

0.986 J

24.2
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REVFIGURE NO.
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DATE

DATE

DATE
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SCALE

COST/SCHEDULE-AREA

DATECHECKED BY

DRAWN BY

T. WHEATON N526008/05/10

__M. BOERIO __08/17/10

FIGURE 4-4

__ __

50 500

Feet

³

USGS WELL LOCATIONS WITH SELECTED 

PARAMETER CONCENTRATIONS

SITE 45 - MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SWMU45_USGS_cDCE_VC.MXD  08/17/10  TW

Legend

&< Monitoring Well Sampled June 2008

!> USGS Temporary Well Sampled March 2008

!> USGS Temporary Well Sampled August 2007

!> USGS Temporary Well Sampled June 2007

!A TtNUS Temporary Well Sampled 2006-2007

Building

Former Building

Road

cis-1,2 Dichloroethene concentration in ug/L

Vinyl Chloride concentration in ug/L

J - Estimated

H - Analyzed Out of Holding Time

ND - Not Detected

0.523 J

0.576 J
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FIGURE 4-5
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PAI-45-TW-134-SU

PAI-45-TW-138-SU

General Area
of PCE Spill
March 11, 1994
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200
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192

100 0 100 Feet

N

N5260
PCE IN SURFICIAL UPPER WELLS

SITE 45
MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

07/29/05A. JANOCHA

08/02/10M. BOERIO

"́
#0

Permanent Monitoring Well

Temporary Monitoring Well

Building

Former Building

0.1 ug/L is the most stringent criterion
for this parameter.

Monitored interval is approximately
5 to 8.5 feet below ground surface.

Notes:

T. WHEATON 08/02/10
DATEREVISED BY
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PAI-45-TW-134-SL
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PAI-45-TW-148-SL

PAI-45-TW-158-SL
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193

General Area
of PCE Spill
March 11, 1994
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192

100 0 100 Feet

N

PCE IN SURFICIAL LOWER WELLS
SITE 45 

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

07/29/05A. JANOCHA

08/03/10M. BOERIO

"́
#0

Permanent Monitoring Well

Temporary Monitoring Well

Building

Former Building

0.1 ug/L is the most stringent criterion
for this parameter.

Monitored interval is approximately
7.5 to 17.5 feet below ground surface.

Notes:

N5260
CONTRACT NUMBER

FIGURE 4-6
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______
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PAI-45-MW17-SU
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PAI-45-MW23-SU

PAI-45-MW24-SU

PAI-45-TW-108-SU
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PAI-45-TW-134-SU

PAI-45-TW-138-SU

General Area
of PCE Spill
March 11, 1994
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N

TCE IN SURFICIAL UPPER WELLS
SITE 45 

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

07/29/05A. JANOCHA

08/03/10M. BOERIO

"́
#0

Permanent Monitoring Well

Temporary Monitoring Well

Building

Former Building

0.028 ug/L is the most stringent criterion
for this parameter.

Monitored interval is approximately
5 to 8.5 feet below ground surface.

Notes:

N5260
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SITE 45

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

07/29/05A. JANOCHA

08/03/10M. BOERIO
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Permanent Monitoring Well

Temporary Monitoring Well

Building

Former Building

0.028 ug/L is the most stringent criterion
for this parameter.

Monitored interval is approximately
7.5 to 17.5 feet below ground surface.

Notes:
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5.0  CHEMICAL FATE AND TRANSPORT ANALYSIS 

Section 5.0 of the Site 45 RI/RFI Report issued in November 2004 (Tetra Tech, 2004a) contained detailed 

information on contaminant fate and transport and the chemical properties affecting contaminant 

migration at Site 45.  Because the focus of this Site 45 RI Addendum was to gather additional data on 

compound classes already discussed in great detail in that original RI/RFI Report (VOCs including 

ketones, monocyclic aromatics, halogenated aliphatics, etc.), the information provided at that time is still 

directly relevant to site conditions and will not be repeated here.  

 

The following summarizes what is available in that original report (Tetra Tech, 2004a): 

 

• Section 5.1 discussed the chemical and physical properties of the detected analytes 

• Section 5.2 presented brief discussions of contaminant persistence 

• Section 5.3 presented a summary of contaminant migration 

• Section 5.4 presented a natural attenuation evaluation using site-specific data 

 

As discussed in Section 4.3, there is continuing evidence suggesting natural attenuation is functioning to 

break down the chlorinated VOC species found in the groundwater.  Of note is the fact that PCE 

degradation product concentrations are generally on the increase at key locations, along with the 

detections of Dehalococcoides microbes at a density that is appropriate for reductive dechlorination as 

described in the USGS report (Appendix A).  Geostatistical groundwater modeling described in 

Section 4.2 has also provided insight into the ultimate fate and transport of contamination investigated 

thus far. 

 

There is evidence of VOCs in subslab soil gas beneath Building 192 and Building 293.  Although these 

two buildings may be upgradient or side gradient of the VOC groundwater plume, soil vapors do not 

necessarily follow groundwater flow and can be influenced by preferential pathways, presence of 

pavement, and other factors. 

 

The USGS report discusses several influences on the fate and migration of contaminants in groundwater, 

including the storm sewers, site hydraulics, biodegradation, and sorption of contaminants to soil.  The 

USGS report can be found in Appendix A  
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6.0  VAPOR INTRUSION HUMAN HEALTH RISK ASSESSMENT 

A baseline human health risk assessment (HHRA) was performed as part of the RI/RFI prepared in 

November 2004 (Tetra Tech, 2004a) to characterize and quantify potential health risks at Site 45 in the 

absence of remedial action.  The results of the baseline risk assessment are also used to focus the 

evaluation of remedial action alternatives, if action is required.  The only remaining HHRA activity post the 

2004 HHRA was the evaluation of potential risks to future building occupants as a consequence of the 

migration of VOCs from groundwater to indoor air of a building (i.e., groundwater contaminant vapor 

intrusion).  COPCs for this vapor intrusion modeling exercise included tetrachloroethene, trichloroethene, 

and associated degradation products: cis-1,2-dichloroethene, trans-1,2-dichloroethene, 1,1-

dichloroethene, 1,1-dichloroethane, 1,2-dichloroethane, and vinyl chloride.  The Site 45 CSM has been 

updated based on the findings of this vapor intrusion HHRA, and can be found in Appendix P. 

 

Because (1) there are buildings within 100 feet horizontally or vertically of the groundwater contamination 

plume, (2) the concentrations of volatile COCs in the groundwater exceed vapor intrusion screening 

levels, and (3) the groundwater at Site 45 is less than 5 feet bgs, the USEPA’s draft Vapor Intrusion 

guidance document (USEPA, 2002) recommends soil gas and/or soil gas plus indoor air sampling in 

these buildings.  Human health risk for inhabitants of existing buildings, and also the human health risk 

hypothetical structures onsite, should be completed and understood because vapor intrusion poses a 

potentially serious risk if the groundwater plume was to migrate beneath a building.  

 

An ecological risk assessment will need to be performed on the existing surface water and sediment data, 

along with any future data collected.  This was not done at this time, as all sediment and surface water 

discussion and decisions are being deferred to a later date.  

 

6.1 POTENTIAL RISKS ASSOCIATED WITH THE MIGRATION OF CHEMICALS FROM 
GROUNDWATER THROUGH BUILDING FOUNDATIONS INTO INDOOR AIR 

The vapor intrusion pathway was evaluated using USEPA’s Draft Guidance for Evaluating the Vapor 

Intrusion to Indoor Air Pathway from Groundwater and Soils (USEPA, 2002) and USEPA’s Johnson and 

Ettinger vapor intrusion model (USEPA, 2004).  The approaches suggested in the draft guidance are 

primarily designed to ensure protection of the public in residential settings, but may be adjusted to 

evaluate human exposures in non-residential settings (e.g., commercial, industrial, and recreational).  
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6.1.1 Site Setting 

Building 193 has been removed and no buildings remain within the Site 45 boundary.  Building 293, the 

Depot Law Center, though not part of Site 45, is within 100 feet of Site 45 groundwater contamination.  

The structure is located approximately 200 feet south of the former dry cleaners (Building 193) in the 

southwest corner of the Site (Figure 1-2).  Photos of Building 293 are included in Appendix N.  There is a 

vented crawl space beneath Building 293.  The entrance to the crawl space is locked and access is 

restricted because of asbestos concerns (Photo 2, Appendix N).  The new dry cleaning facility, though not 

a part of Site 45, is also within 100 feet of Site 45 groundwater contamination and the indoor air and soil 

gas samples taken during the GSI investigation showed PCE exceedances, thus treatment of potential 

vapor intrusion in the new dry cleaning facility will be included with Site 45 activities.  

 

As shown on Figures 4-1 and 4-2, the extent of the groundwater plume does not appear to extend 

underneath Building 293.  The closest monitoring well is PAI-45-MW-18, which is located northeast of 

Building 293.  PCE and TCE were detected at concentrations of 0.9 J µg/L and 1 J µg/L, respectively in 

groundwater samples collected in the upper surficial zone at this location.  PCE, TCE, and total 

1,2-dichloroethene were detected at concentrations of 0.9 J µg/L, 0.8 J µg/L, and 4 J µg/L, respectively, in 

groundwater samples collected in the lower surficial zone at this location.  Groundwater flow in the vicinity 

of Building 293 is to the west in the upper and lower surficial zones (Figures 3-5 and 3-6) and to the east 

in the deep zone (Figure 3-7).  Based on groundwater flow, Building 293 appears to be located 

upgradient or side gradient of the groundwater plume. 

 

6.1.2 Exposure Assessment 

USEPA’s Vapor Intrusion Guidance (2002) recommends that the vapor intrusion exposure pathway be 

considered when a building is within 100 feet of a potential source area.  Building 293 and the new dry 

cleaning facility are the only buildings that are currently within 100 feet of the groundwater plume.  

However, as discussed above, the groundwater plume does not extend underneath Building 293 or the 

new dry cleaning facility and groundwater flow suggests that both buildings are located upgradient or 

side-gradient of the groundwater plume.  Because soil gas follows preferential pathways and does not 

necessarily follow a groundwater plume, vapor intrusion may be a potential exposure pathway for Building 

293 and the new dry cleaning facility. 

 

The USEPA’s Johnson and Ettinger vapor intrusion model (USEPA, 2004) was used to evaluate risks to 

potential, future receptors hypothetically exposed to VOCs migrating from the groundwater to the indoor 

air of a building at Site 45.  Hazard indices (HIs) and incremental lifetime cancer risks (ILCRs) were 

estimated for two scenarios.  It was assumed that a hypothetical residence was placed over the 
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groundwater plume with the maximum detected groundwater concentration providing the basis for 

predicting the indoor air concentrations.  

 

Input parameters for the Johnson and Ettinger vapor intrusion model are presented in Table 6-1.  

Because of the shallow depth to groundwater, slab on grade construction was assumed.  Therefore the 

model default value of 15 cm was used as the depth below grade to the bottom of the floor space.  The 

average depth to groundwater at Site 45 is 110 cm (3.6 feet).  The average soil/groundwater temperature 

was obtained from USEPA’s User’s Guide for Evaluating Subsurface Vapor Intrusion into Buildings 

(2004).  The SCS soil type was obtained from the boring logs.  The bulk density, total porosity, and water-

filled porosity are the model recommended values for loamy sand soil. 

 

Exposure concentrations were calculated for residential exposure using the predicted indoor air 

concentrations from the Johnson and Ettinger model and  in accordance with USEPA’s Risk Assessment 

Guidance for Superfund Part F (Supplemental Guidance for Inhalation Risk Assessment) (USEPA 2009).  

Exposure concentrations are defined by the following equation: 

 

hours/day) (AT)(24
ED))(ET)(EF)((C

EC air=  

where:  

  EC = exposure concentration (µg/m3) 

  Cair = predicted indoor air concentration by Johnson Ettinger Model (µg/m3) 

ET  = exposure time (24 hours/day) 

  EF = exposure frequency (350 days/yr) 

  ED  = exposure duration (30 yr) 

  AT = averaging time (days) 

    for non-carcinogens, AT = ED x 365 days per year 

    for carcinogens, AT = 70 years x 365 days per year. 

 

A future scenario was not evaluated for Building 293 because the Johnson and Ettinger model only 

evaluates slab on grade or basement construction and Building 293 has a vented crawl space.  For this 

type of building, the guidance recommends a site specific assessment be conducted, gathering soil gas 

and/or indoor air samples as needed.  A future industrial scenario was not evaluated because there is too 

much uncertainty associated with the required input parameters (e.g., building construction, building size, 

ventilation rate).  While the distance from the highest concentration in the plume suggests that soil gas 

may not impact Building 293, the unpredictability of soil gas migration suggests that there is still a 

potential for vapor intrusion.  Therefore, a near-slab soil gas investigation may be conducted at Building 

293 as part of a remedial design. 
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6.1.3 Toxicity Criteria  

Inhalation RfCs and IURs used in the risk calculations were obtained from the following primary USEPA 

literature sources, selected per USEPA guidance (2003): 

 

• Tier 1 - Integrated Risk Information System (IRIS) 

 

• Tier 2 - USEPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs) — The Office of Research 

and Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops chemical-specific PPRTVs when requested by USEPA’s 

Superfund program 

 

• Tier 3 - Other toxicity values— These sources include, but are not limited to, California Environmental 

Protection Agency (Cal EPA) toxicity values, Agency for Toxic Substances and Disease Registry 

(ATSDR) values, and the Annual Health Effects Assessment Summary Tables (HEAST) (USEPA, 

1997b). 

 

Although toxicity criteria can be found in several toxicological sources, USEPA’s IRIS online database is 

the preferred source of toxicity values.  This database is continuously updated, and its values are verified 

by USEPA.   

 

Current toxicity criteria, as outlined in the hierarchy discussed above, are being used in this assessment, 

as presented in EPA’s Regional Screening Level (RSL) table (USEPA 2011).  Since the most recent RSL 

table was issued, the toxicity factors for PCE have been finalized and are not presented in the current 

RSL table.  The inhalation unit risk (IUR) and the reference concentration (RfC) for PCE are 2.6 x 10-7 

(µg/m3)-1 and 0.04 mg/m3, respectively.  These correspond to residential air screening levels of 9.4 and 42 

µg/m3 for carcinogenic and noncarcinogenic effects, respectively.  In the latter half of 2011, the EPA also 

finalized the toxicity factors for TCE.  The IUR and RfC for TCE are 4.1 x 10-6 (µg/m3)-1 and 2 x 10-3 

µg/m3, respectively.  These correspond to residential air screening levels of 0.43 and 2.1 µg/m3 for 

carcinogenic and noncarcinogenic effects, respectively.  

 

6.1.4 Risk Characterization 

Risks were calculated by relating the Exposure Concentrations (EC) (Table 6-2) to the residential RSLs 

for the contaminants.  The residential carcinogenic RSLs correspond to a cancer risk of 1 x 10-6.  And the 

residential noncarcinogenic RSLs correspond to a hazard quotient (HQ) of 1.0.  Therefore, the 

incremental lifetime cancer risk (ILCR) and HQ for each contaminant are defined by the following 

equations: 
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 ILCR = EC(carcinogenic) * 10-6 / RSL(carcinogenic) 

 HQ = EC(noncarcinogenic) / RSL(noncarcinogenic) 

 

Results of the evaluation are presented in Table 6-2.  Printouts for the Johnson and Ettinger vapor 

intrusion model are presented in Appendix R. 

 

The HI for hypothetical residents exposed to the indoor air concentration predicted by using the maximum 

detected groundwater concentration was 1,790.  The ILCR for the hypothetical residents exposed to 

indoor air concentrations predicted by using the maximum detected groundwater concentration was 6 x 

10-3.     

 

To provide total receptor risks (i.e., vapor intrusion plus other exposure pathways investigated in the 

November 2004 HHRA), the results for residents from the 2004 HHRA are presented here and added to 

the residential risk estimates for vapor intrusion.  The child resident is the most conservative receptor for 

the HI estimates.  The total HI estimated for child residents exposed to surface soil (via ingestion and 

dermal contact) and groundwater (via ingestion, dermal contact, and inhalation) was 248.  The lifelong 

resident is the most conservative receptor for cancer risks.  The total ILCR estimated for lifelong residents 

exposed to surface soil (via ingestion and dermal contact) and groundwater (via ingestion, dermal 

contact, and inhalation) was 5.5 x 10-2.  Using these values, the following table displays the total risks and 

hazards for residents exposed to media/exposure pathways investigated in the 2004 HHRA plus vapor 

intrusion using the most recent EPA toxicity criteria: 

 

Medium ILCR HI 
SS(1) 1.1 x 10-5 0.2 

GW: Surficial Aquifer(1) 5.5 x 10-2 248 
GW: Deep Aquifer(1) 9.2 x 10-6 0.1 

VI 6 x 10-3 1,790 
Total SS + GW: Surficial Aquifer + GW: 

Deep Aquifer +
VI 6 x 10-2 2,038 

 

1 – For surface soil and groundwater, the lifelong resident ILCR and child resident HI from the November 2004 HHRA are presented 

for the ILCR and HI values, respectively. 

GW = groundwater 

HI = hazard index 

ILCR = incremental lifetime cancer risk 

SS = surface soil 

VI = vapor intrusion 
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6.1.5    Uncertainty Analysis 

The results of the vapor intrusion modeling are subject to the following sources of uncertainty: 

 

• Use of the maximum groundwater concentrations to predict indoor air concentrations would 

overestimate potential risks associated with vapor intrusion. 

 

• The model does not take into account transformation processes.  As discussed in Section 4, evidence 

exists that natural attenuation is functioning at the site to degrade tetrachloroethene and daughter 

products all the way to vinyl chloride. 

 

• The model assumes an infinite source.  As discussed in Section 1 the main dry cleaning building, 

solvent tanks, and other related structures were demolished and removed from the site in 2001.  

VOCs are no longer being released to groundwater at Site 45. 

 

• The model treats the entire building as a single chamber with instantaneous and homogenous vapor 

dispersion.  The model neglects contaminant sinks and room to room variation in vapor 

concentrations due to unbalanced mechanical and/or natural ventilation. 

 

• The default building area of 10 meters (32.8 feet) by 10 meters is based on a Michigan study and 

corresponds to the 10th percentile floor space area for residential single family dwellings.  The slab on 

grade scenario assumes a single floor dwelling 2.44 meters (8 feet) high.  The modeling results may be 

different for a building with different dimensions. 

 

• The EPA Guidance on Vapor Intrusion indicates that modeling is not appropriate for actual existing 

facilities when the top of the groundwater is less than 5 feet bgs since there is too much variability in the 

fate and transport of vapors at such shallow depths.  Therefore, modeling for hypothetical facilities when 

the top of the groundwater is less than 5 feet bgs would be in question also.  

 

• Absence of seasonal or temporal data contributes to the uncertainty by not accounting for the 

variability in groundwater concentrations. 

 

6.2 GSI ENVIRONMENTAL, INC. VAPOR INTRUSION PILOT TEST SAMPLING 

Eight soil gas samples (SUBSLAB-NP-1 through SUBSLAB-NP-3 and SUBSLAB-PP-1 through 

SUBSLAB-PP-3) were collected by GSI Environmental, Inc. (GSI) on June 30 and July 1, 2009, at the 

new dry cleaners.  The sample collection was part of a planned multi-media vapor intrusion pilot test.  The 

work was not sponsored by Navy, however access was provided to Site 45 (and other sites at other 
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bases).  Completion of the project was complicated by an unexpectedly high groundwater table at the 

time of the sampling, and may have resulted in postponing or suspension of the remainder of the project.   

 

GSI’s plans were provided in their workplan, Field Validation of Tier 2 Screening Criteria and Tier 3 

Field Procedures for Evaluation of Vapor Intrusion, ESTCP Project ER-0707, May 18, 2009 
(Appendix B).  The vapor samples were chemically analyzed to evaluate the presence of VOCs in 

subsurface soil and the potential for migration of subsurface vapors into air within workspace areas of the 

new dry cleaning facility.  The overall objective of research project ER-0707 was to develop simple 

procedures for i) Tier 2-level site-specific evaluation and screening and ii) limited Tier 3 field investigation 

of the vapor intrusion pathway.  GSI reported that sub-slab soil vapor samples were collected in 

accordance with standard operating procedures developed by the USEPA Environmental Response 

Team (ERT) for soil vapor sampling (USEPA, 1996), as well as methodologies developed by the USEPA 

Office of Research and Development (USEPA, 2004).  Stainless steel soil vapor probes were installed 

into the concrete building slabs on June 30 and July 1, 2009.  Prior to installation, total VOC 

measurements were obtained in the concrete borehole using a portable photoionization detector (PID).  

Subslab soil vapor samples were collected in six-liter SUMMA canisters at a low flow rate for a minimum 

of 8 hours using Teflon® tubing attached to the stainless steel vapor probe.  VOC analysis was performed 

using USEPA Method Toxic Organic 15 (TO-15) for the collection and analysis of VOCs (USEPA, 1999). 

 

Table 6-3 summarizes the results of the vapor screening within the new dry cleaners facility at Site 45.  

The results of the sub slab samples analyses indicate positive detections of multiple VOCs in samples.  

The results include positive detections of petroleum-related VOCs such as BTEX, and chlorinated 

solvents (tetrachloroethene, TCE, 1,1,1-trichloroethane) and their degradation products (e.g., 

1,2-dichloroethane, cis-1,2-dichloroethene, vinyl chloride).  Only three VOCs (benzene, ethylbenzene, 

and tetrachloroethene) exceed residential USEPA Regional Screening Levels.  However, only 

tetrachlorethene concentrations exceeded both residential and industrial USEPA Regional Screening 

Levels in 6 of the 9 sub-slab soil gas samples collected.  Concentrations of tetrachloroethene ranged from 

74 to 240 µg/m3. 

 

Table 6-4 summarizes the results for indoor and ambient air samples collected within the new dry 

cleaners facility at Site 45.  The results include positive detections of petroleum-related VOCs such as 

BTEX, and chlorinated solvents (tetrachloroethene, TCE, 1,1,1-trichloroethane) and their degradation 

products (e.g., 1,2-dichloroethane, cis-1,2-dichloroethene, and vinyl chloride).  Only four VOCs (benzene, 

1,2-dichloroethane, trichloroethene, and tetrachloroethene) exceed residential USEPA Regional 

Screening Levels.  However, only tetrachlorethene concentrations exceeded both residential and 

industrial USEPA Regional Screening Levels in seven of the nine indoor and ambient air samples 
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collected, including the duplicate sample of Indoor-NP-3.  Concentrations of tetrachloroethene ranged 

from 0.29 to 54 µg/m3. 

 

During the sample collection procedure, a leak tracer compound (SF6) was released into a sample 

shroud placed over the sample point.  The concentration of this leak tracer compound in the sample was 

expected to be used to evaluate leakage during sample collection. Sulfur hexafluoride (SF6) was 

detected in the duplicate sub-slab sample of SUBSLAB-NP-3 at a concentration of 10 µg/m3.  SF6 was 

not detected in any other sub-slab samples collected at Site 45, including SUBSLAB-NP-3.  SF6 

concentrations ranging from 45 to 190 µg/m3 were detected in all of the indoor air samples collected at 

Site 45.  SF6 was not detected in ambient air samples Ambient-1 and Ambient-2.  SF6 results for sub-

slab and indoor and ambient air samples are summarized in Tables 6-5 and 6-6.  GSI did not provide any 

analysis of the SF6 results. 

 

Results of the radon analysis for sub-slab and indoor and ambient air samples collected are summarized 

in Table 6-7.  Radon concentrations ranged from 2,073 to 2,752 picoCurie per liter (pCi/L) in sub-slab 

samples collected at Site 45.  Radon concentrations ranged from 0.11 to 0.49 pCi/L in indoor and ambient 

air samples collected at Site 45. 

 

The GSI Lead Researcher concluded the following in an informal report to the Navy: ”The pressure 

control method did not work well in this building, most likely due to the very leaky nature of the building. 

(The building has ventilation slats in the walls that cannot be closed.)  Based on the pressure readings, 

we were not able to achieve good pressure control.  Pressure gradients were similar under the ‘negative 

pressure’ and ‘positive pressure’ test conditions.  The radon concentration data also show an absence of 

pressure control with similar indoor radon concentrations under negative and positive test conditions. 

PCE concentrations in indoor air range from 11 to 54 ug/m3, compared to 74 to 240 ug/m3 below the 

foundation (AF < 10) Radon concentrations range from 0.21 to 0.49 pCi/L, compared to 2073 to 2752 

pCl/L below the foundation (AF is about 8000).” 

 

Radon is widely used to provide a means of comparison for the attenuation of other chemicals.  When the 

attenuation rate of radon is considered, the data suggests that the vast majority of PCE inside the building 

is coming from sources inside the building, likely due to the continued dry cleaning operations where the 

transfer, handling, and storage of dry cleaned clothing occurs.    

 

6.3 POTENTIAL RISKS ASSOCIATED WITH THE MIGRATION OF CHEMICALS FROM SOIL 
GAS INTO INDOOR AIR – NEW DRY CLEANING FACILITY 

A review and evaluation of soil gas data collected during sampling in June-July 2010 and indoor air 

samples collected at the new dry cleaning facility (described in Section 6.1.1) were conducted to 
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determine if the contaminant concentrations in groundwater pose a potential risk associated with vapor 

intrusion (VI).  EPA’s Draft Vapor Intrusion Guidance (November 2002) was used to conduct a screening 

evaluation (See Appendix S).   

 

Screening criteria for evaluating the vapor intrusion to indoor air are published in Table 2c of the draft 

USEPA guidance titled: Evaluating the Vapor Intrusion into Indoor Air (USEPA, 2002).  The criteria were 

derived in 2002 and the toxicity criteria for a number of chemicals have changed since the criteria were 

originally derived.  Consequently, the USEPA residential air Regional Screening Levels (RSLs) 

(November  2011) were adjusted to a sub slab concentration by assuming an attenuation factor of 0.1 

and were used for toxicity screening (Table 6-3).  For indoor air, the USEPA residential air RSLs were 

used for toxicity screening (Table 6-4). 

 

For soil gas, the target risk levels are the EPA risk range (1 x 10-4 to 1 x 10-6) for carcinogens or a hazard 

quotient of 0.1 for noncarcinogens.  Concentrations of benzene, ethylbenzene, and tetrachloroethene 

(PCE) exceed the residential screening criteria;concentrations of PCE also exceed the industrial 

screening criterion. 

 

For indoor air, concentrations of benzene, 1,2-dichloroethane (1,2-DCA), TCE and PCE exceeded 

residential screening criteria. Only PCE concentrations exceeded the industrial screening criterion.. 

 

6.3.1 Exposure Assessment 

As discussed in Section 6.1.2, the new dry cleaning facility is located within 100 feet of the groundwater 

plume at Site 45.  The groundwater plume does not currently extend under the new dry cleaning facility. 

Potential receptors are dry cleaning facility workers exposed to chemicals via vapor intrusion.    

 

Both indoor air data and soil gas data were included in the evaluation.  A commercial worker scenario 

was evaluated for the new dry cleaning facility.  The commercial worker receptor is assumed to be 

representative of exposures for dry cleaning facility workers.   

Indoor air concentrations were estimated by incorporating the maximum detected soil gas concentrations 

into the Johnson and Ettinger Model.  Input parameters for the soil gas evaluation using the Johnson and 

Ettinger vapor intrusion model are the same as those presented in Table 6-1 for the depth below grade to 

the bottom of the floor space, the average soil/groundwater temperature, and the SCS soil type.  The soil 

gas sampling depth of 0.8 feet (24.4 centimeters) below ground surface was used as a model input.  An 

indoor exchange rate of 0.83 hours-1 was used for the building due to its commercial nature.  Default 

USEPA exposure assumptions for reasonable maximum exposures were utilized in the evaluation (e.g., 

an exposure frequency of 250 days per year and an exposure duration of 25 years).  Exposure 

concentrations were calculated for industrial exposure using the predicted indoor air concentrations from 
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the Johnson and Ettinger model based on maximum detected soil gas concentrations and in accordance 

with USEPA’s Risk Assessment Guidance for Superfund Part F (Supplemental Guidance for Inhalation 

Risk Assessment) (USEPA 2009).  Exposure concentrations are defined by the following equation: 

hours/day) (AT)(24
ED))(ET)(EF)((C

EC air=  

where:  

  EC = exposure concentration (µg/m3) 

  Cair = predicted indoor air concentration by Johnson Ettinger model (µg/m3) 

ET  = exposure time (8 hours/day) 

  EF = exposure frequency (250 days/yr) 

  ED  = exposure duration (25 yr) 

  AT = averaging time (days) 

    for non-carcinogens, AT = ED x 365 days per year 

    for carcinogens, AT = 70 years x 365 days per year. 

 

Exposure concentrations were also calculated for industrial exposure using the maximum measured 

indoor air concentrations and in accordance with USEPA’s Risk Assessment Guidance for Superfund 

Part F (Supplemental Guidance for Inhalation Risk Assessment) (USEPA 2009) using the above 

referenced equation.   

 

6.3.2 Risk Characterization – Soil Gas 

Quantitative risk evaluations conducted for the dry cleaning worker exposed by inhalation to exposure 

concentrations derived from the indoor air concentrations predicted by the maximum soil gas 

concentrations using the Johnson and Ettinger Model (Appendix S) are presented in Table 6-8.   

 

The cumulative ILCR is less than the USEPA target cancer risk range and the total HI for noncarcinogens 

is less than the target of 1.  Therefore, the results of the soil gas evaluation indicate that cancer risks and 

noncancer hazards are within acceptable limits. 

 

6.3.3 Risk Characterization – Indoor Air 

Quantitative risk evaluations conducted for the dry cleaning worker exposed by inhalation to exposure 

concentrations derived from the maximum measured indoor air concentrations are presented in Table 6-

9.  The cumulative ILCR for this scenario is approximately equal to the lower end of the target risk range 

(1 x 10-6), but the cumulative HI is less than 1.  The ILCR of 10-6 suggests that risks may need to be 

managed.   
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6.3.4    Uncertainty Analysis 

• The same uncertainties regarding modeling vapor intrusion risks from groundwater listed in Section 

6.1.5 also apply to the soil gas evaluation for the new dry cleaning facility. 

 

• Site-specific input parameters in addition to those discussed in Section 6.3.2 were not used in the 

Johnson and Ettinger Model for the soil gas evaluation.  Instead, default parameters were used for 

these input values (e.g., enclosed space floor thickness, floor-wall seam crack width, etc.).  Default 

parameters are designed to be conservative.  Therefore, there is some uncertainty associated with 

the use of default parameters instead of additional site-specific input parameters; however, because 

the modeling results are within acceptable levels, this uncertainty does not impact risk assessment 

conclusions. 

 

• For indoor air data, the Lead Researcher of the GSI Environmental vapor intrusion evaluation 

conducted at the new dry cleaning facility noted that good pressure control was not achieved during 

sampling potentially due to ventilation slats in the building that cannot be closed; therefore, under 

negative pressure conditions outside air could be drawn into the building. 

   

• As stated in the Subsurface Vapor Intrusion Guidance (USEPA, November 2002), indoor air quality 

can be influenced by background levels of volatile chemicals within a building.  In the case of the new 

dry cleaning facility, it is likely that the majority of the PCE detected in the indoor air samples is 

originating from within the dry cleaning facility based on the difference in attenuation factors between 

radon and PCE noted by the GSI Lead Researcher.  

 

• While USEPA does not support measuring radon to determine sub-slab vapor intrusion attenuation 

factors, it is a line of evidence supported by the Interstate Technical Regulatory Council (ITRC) to 

assist in interpreting modeling results.  Spatial heterogeneity of the PCE source zones versus the 

more homogenous nature of the radon contamination zones may contribute to the variability in 

attenuation factors between radon and PCE.  The temporal variability of a mobile PCE source plume 

versus the stationary wide-spread radon source may also contribute to these differences.   

 

• Research conducted by Tichenor et al. (1990) conducted to evaluate PCE emissions from dry 

cleaned fabrics in residences indicates that emissions from newly dry-cleaned clothes can raise 

indoor air concentrations of PCE in residences containing the clothes.  This supports the conclusion 

that the majority of the PCE detected in the indoor air samples is likely originating from the dry 

cleaning facility because the facility is currently a distribution center for dry-cleaned fabrics.   
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• Uncertainty is associated with indoor air concentrations because it is possible that ambient air 

chemical concentrations can affect indoor air concentrations.  The two ambient air samples collected 

have concentrations of benzene that exceed the residential screening level, and one ambient air 

sample has a PCE concentration that exceeds the residential screening level.  However, because 

indoor air concentrations result in acceptable risks, this uncertainty does not impact risk assessment 

conclusions. 

 

6.4 CONCLUSIONS 

Conclusions regarding human health risks based on the vapor intrusion modeling are as follows: 

 

• While risk estimates based on the vapor intrusion modeling for hypothetical residents at a structure 

located within Site 45 exceed standard risk management benchmarks (e.g., the USEPA’s target risk 

range of 10-4 to 10-6), this scenario (constructing a residence over the hot spot of the plume) is not 

very probable.  However, the modeling results do provide useful information for risk managers tasked 

with risk management decisions for Site 45.  Based on the modeled risk, any future construction 

planned for Site 45 must address the vapor intrusion pathway.  Institutional controls should be 

considered to ensure this happens.  

 

• Based on current plume dimensions and groundwater flow directions shown in Figures 3-5 and 3-6, 

Building 293 is located to the west of the significant contaminant plume at Site 45.  However, the 

groundwater contamination plume has migrated nearer to Building 293, and changes that are 

proposed to be made to the stormwater drains at the site may influence the groundwater flow 

directions unexpectedly.  Therefore, it is possible that significant VOC concentrations will migrate to 

the Building 293 at some point in the future.  Near-slab soil gas sampling may be conducted at 

Building 293 during the remedial design to better characterize the potential for vapor intrusion. 

 

• The new dry cleaning facility is located upstream of the groundwater plume, so the risk of an 

unacceptable level of indoor air contamination caused by vapor intrusion is very unlikely.   

 

• Tetrachlorethene concentrations exceeded both residential and industrial USEPA Regional Screening 

Levels in 6 of the 9 sub-slab soil gas samples collected in the new dry cleaner building during 2009 

pilot testing sampling unrelated to RI Field activities.  Concentrations of tetrachloroethene ranged 

from 74 to 240 µg/m3.  Tetrachlorethene concentrations also exceeded both residential and industrial 

USEPA Regional Screening Levels in seven of the nine indoor and ambient air samples collected, 

including a duplicate sample.  Concentrations of tetrachloroethene ranged from 0.29 to 54 µg/m3.  

The results of the quantitative risk assessments based on maximum soil gas concentrations indicate 

that current vapor intrusion risks are less than target risk levels for workers at the new dry cleaning 
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facility.  The results of the risk assessment based on measure maximum indoor air concentrations 

indicate that the carcinogenic risk is at the lower end of USEPA’s target risk range and the hazard 

index is less than its target of 1.0.  This suggests that the risks should be managed for the new dry 

cleaning facility.   

 

• Risks for the new dry cleaning facility based on Johnson and Ettinger predicted indoor air 

concentrations using maximum soil gas concentrations indicate that risks associated with vapor 

intrusion are negligible.  In contrast, risks associated with measured indoor air concentrations, while 

at the lower end of USEPA’s target risk range, are greater than those measured using the soil gas 

concentrations.  This suggests that there is a large in-building contribution to indoor air contribution 

relative to that from vapor intrusion.  Moreover, evidence from Tichenor’s research (1990) supports 

the possibility of significant off-gassing from clothes dry-cleaned with PCE, and the presence of PCE 

in indoor air to be less likely from vapor intrusion.  Overall, the Navy intends to address site-related 

contamination in soil and groundwater.  This ultimately reduce the potential for vapor intrusion over 

time.   

 



TABLE 6-1

INPUT PARAMETERS FOR THE JOHNSON & ETTINGER MODEL
SITE 45 MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Input Parameter Default Value Values Used in 
Analysis

Depth below grade to bottom of enclosed space (cm). 15 15
Depth below grade to water table (cm). 400 110(1)

SCS soil type directly above water table. SC (Sandy Clay) LS (Loamy Sand)(1)

Average soil/groundwater temperature (°C) 10 20(2)

Vadose zone SCS soil type. SC LS(1)

Vadose zone soil dry bulk density (gm/cm3). 1.63 1.62(3)

Vadose zone soil total porosity (unitless). 0.385 0.39(3)

Vadose zone soil water-filled porosity (cm3/cm3). 0.197 0.076(3)

Notes:
1 - Site specific value.
2 - Value is from USEPA's User's Guide for Evaluating Subsurface Vapor Intrusion into Buildings, Figure 8.
3 - Model recommended value for SCS soil type.



Residential 
Exposure 

Concentration(2)

Residential 
RSL(3)

Residential 
Exposure 

Concentration(2)

Residential 
RSL(3)

ug/L ug/m3 ug/m3 ug/m3 ug/m3 ug/m3

1,1-Dichloroethane 97 5.56E+00 2.28E+00 1.5 1.5E-06 5.34E+00 NA -
1,1-Dichloroethene 74 2.25E+01 9.23E+00 NA - 2.16E+01 210 1.0E-01
1,2-Dichloroethane 0 3.85E-03 1.58E-03 0.094 1.7E-08 3.70E-03 7.3 5.1E-04
cis-1,2-Dichloroethene 110,000 4.58E+03 1.88E+03 NA - 4.40E+03 NA -
trans-1,2-Dichloroethene 3,400 3.15E+02 1.29E+02 NA - 3.02E+02 63 4.8E+00
Tetrachloroethene(6) 26000 4.40E+03 1.80E+03 9.4 1.9E-04 4.22E+03 42 1.0E+02
Trichloroethene 35000 3.66E+03 1.50E+03 0.43 3.5E-03 3.51E+03 2.1 1.7E+03
Vinyl Chloride 3000 1.09E+03 4.47E+02 0.16 2.8E-03 1.05E+03 100 1.0E+01

Total ILCR 6.5E-03 Total HI 1.8E+03

1 Johnson and Ettinger Model Results (Appendix R)
2 Calcuated for residential exposure in accordance with RAGS Part F (USEPA 2009)
3 USEPA Regional Screening Level Table (November 2011)
4 Ratio of the Carcinogenic Residential Exposure Concentration and the Carcinogenic Residential RSL x 10-6

5 Ratio of the Noncarcinogenic Residential Exposure Concentration and the Noncarcinogenic Residential RSL
6 RSLs for Tetrachloroethene corresponds to February 2012 IRIS toxicological profile (values not in November 2011 RSL table).

TABLE 6-2

VAPOR INTRUSION MODELING RESULTS
MAXIMUM DETECTED GROUNDWATER CONCENTRATIONS

SITE 45 MWR DRY CLEANING FACILITY
MCRD PARRIS ISLAND, SOUTH CAROLINA

Carcinogenic

Chemical

HYPOTHETICAL RESIDENTIAL RISKS

Maximum 
Groundwater 
Concentration

Predicted Indoor 
Air 

Concentration(1)

Noncarcinogenic

ILCR(4) HQ(5)



SUBSLAB-NP-
1

SUBSLAB-NP-
2

SUBSLAB-NP-
3 SS-DUP-1 SG-2-2FT-

NP
SUBSLAB-PP-

1
SUBSLAB-PP-

2
SUBSLAB-PP-

3 SG-2-2FT-PP

(µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3)
Benzene 3.1 C 16 C 3.4 1 1.2 1.6 0.93 0.98 0.83 < 0.45 < 0.46
Dichloroethane, 1,2- 0.94 C 4.7 C 0.5 < 0.45 < 0.47 0.88 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Dichloroethene, cis-1,2- NA NA < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Dichloroethene, trans-1,2- 63 N 260 N < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Ethylbenzene 9.7 C 49 C 6.1 13 3.7 < 2.4 < 2.2 < 2.3 < 2.3 < 2.3 < 2.3
Tetrachloroethene(4) 42 N(5) 180 N(5) 190 240 89 120 190 74 160 91 170
Toluene 5,200 N 22,000 N 5.6 < 2.3 < 2.3 18 < 2.2 2.4 < 2.3 < 2.3 < 2.3
Trichloroethane, 1,1,1- 5,200 N 22,000 N < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Trichloroethene 2.1 N(5) 8.8 N(5) 0.71 0.95 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Vinyl Chloride 1.6 C 28 C < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Xylene, o- 100 N 440 N 4.5 30 3.2 < 2.4 < 2.2 < 2.3 < 2.3 < 2.3 < 2.3
Xylenes, m,p- 100 N 440 N 21 66 14 2.9 7.5 < 2.3 < 2.3 < 2.3 < 2.3

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by Method TO-15.
2. Detected analytes are presented in bold type.
3. USEPA Regional Screening Levels, November 2011.  Air concentrations have been adjusted to a sub slab concentration assuming an attenuation factor of 0.1 (USEPA 2002, Draft Guidance for Evaluating the
    Indoor Air Pathway for Groundwater and Soils (Subsurface Vapor Intrusion Guidance)).  Values correspond to a cancer risk of 1E-06 for carcinogenis (C) or a hazard index of 0.1 for noncarcinogens (N).
4. USEPA Regional Screening Levels based on February 2012 IRIS Toxicological Profile (values currently not in RSL table).
5. One-tenth the noncarciogenic screening level is less than the carcinogenic screening value; therefore, the noncarcinogenic screening level is presented. 
Exceeds residential screening level.
Exceeds residential and industrial screening level.

Parameter

TABLE 6-3

SUMMARY OF KEY RESULTS OF SUB-SLAB SAMPLES
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Residential         Industrial 

EPA Regional Screening Level(3) 

(µg/m3)



Indoor-NP-1 Indoor-NP-2 Indoor-NP-3 Dup-1 Ambient-1 Indoor-PP-1 Indoor-PP-2 Indoor-PP-3 Ambient-2

(µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3)
Benzene 0.31 C 1.6 C 0.41 0.49 0.43 0.42 0.46 0.71 0.68 0.69 0.84
Dichloroethane, 1,2- 0.094 C 0.47 C 0.13 0.19 0.17 0.19 0.059 0.15 0.12 0.095 0.058
Dichloroethene, cis-1,2- NA NA 0.49 2.2 1.8 2.5 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Dichloroethene, trans-1,2- 6.3 N 26 N < 0.041 < 0.044 < 0.047 < 0.043 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Ethylbenzene 0.97 C 4.9 C 0.31 0.69 0.57 0.7 0.25 0.62 0.62 0.6 0.46
Tetrachloroethene(4) 4.2 N(5) 18 N(5) 11 23 35 22 0.29 36 54 51 0.43
Toluene 520 N 2,200 N 5.1 13 13 13 1.6 5.3 5.6 5.1 2.7
Trichloroethane, 1,1,1- 520 N 2,200 N 0.055 0.054 0.056 0.54 0.054 0.054 0.053 0.054 0.054
Trichloroethene 0.21 N(5) 0.88 N(5) 0.15 0.65 0.54 0.73 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Vinyl Chloride 0.16 C 2.8 C < 0.041 0.11 0.09 0.12 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Xylenes, m,p- 10 N 44 N 0.64 1.1 0.91 1.1 0.65 1.3 1.3 1.3 1.3
Xylene, o- 10 N 44 N 0.26 0.4 0.35 0.42 0.26 0.54 0.51 0.51 0.54

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by Method TO-15 SIM.
2. Detected analytes are presented in bold type.
3. USEPA Regional Screening Levels, May 2011.  Values correspond to a cancer risk of 1E-06 for carcinogenis (C) or a hazard index of 0.1 for noncarcinogens (N).
4. USEPA Regional Screening Levels based on February 2012 IRIS Toxicological Profile (values currently not in RSL table).
5. One-tenth the noncarciogenic screening level is less than the carcinogenic screening value; therefore, the noncarcinogenic screening level is presented. 
Exceeds residential screening level.
Exceeds residential and industrial screening level.

TABLE 6-4

Parameter

MCRD PARRIS ISLAND, SOUTH CAROLINA

SUMMARY OF KEY RESULTS FOR INDOOR AND AMBIENT AIR SAMPLES
SITE 45 – FORMER MWR DRY CLEANING FACILITY

Residential        Industrial 
EPA Regional Screening Level(3) (µg/m3)



SUBSLAB-NP-1 SUBSLAB-NP-2 SUBSLAB-NP-3 SS-DUP-1 SG-2-2FT-NP SUBSLAB-PP-1 SUBSLAB-PP-2 SUBSLAB-PP-3 SG-2-2FT-PP
(µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3)

Sulfur Hexafluoride (SF6) < 6.5 < 6.6 < 6.6 10 < 7.3 < 6.4 < 6.4 < 6.4 < 6.5

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by NIOSH Method 6602 Modified. 
2. Detected analytes are presented in bold type.
3. SF6 release start time: 29 June 2009 at 14:30; Average SF6 release rate: 120 mL/min.

TABLE 6-5

ANALYTICAL RESULTS OF SULFUR HEXAFLUORIDE TRACER GAS: SUB-SLAB GAS SAMPLES
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Parameter



Indoor-NP-1 Indoor-NP-2 Indoor-NP-3 Dup-1 Ambient-1 Indoor-PP-1 Indoor-PP-2 Indoor-PP-3 Ambient-2
(µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3)

Sulfur Hexafluoride (SF6) 42 150 110 160 < 10 190 110 58 < 9.1

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by NIOSH Method 6602 Modified. 
2. Detected analytes are presented in bold type.
3. SF6 release start time: 29 June 2009 at 14:30; Average SF6 release rate: 120 mL/min.

ANALYTICAL RESULTS OF SULFUR HEXAFLUORIDE TRACER GAS: INDOOR AND AMBIENT AIR SAMPLES
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Parameter

TABLE 6-6



SUBSLAB-NP-1 SUBSLAB-NP-2 SUBSLAB-NP-3 DUP-1 SG-2-2FT-NP SUBSLAB-PP-1 SUBSLAB-PP-2 SUBSLAB-PP-3 SG-2-2FT-PP
(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)

Radon 2405 2681 2372 2752 2728 2073 2471 2468 2737

Indoor-1-NP Indoor-2-NP Indoor-3-NP Dup-1 Ambient-1-NP Indoor-1-PP Indoor-2-PP Indoor-3-PP Ambient-2
(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)

Radon 0.27 0.21 0.3 - 0.11 0.25 0.49 0.4 0.22

Notes:
1. Radon samples were analyzed by Dr. Douglas E. Hammond at the University of Southern California in Los Angeles, California
2. Detected analytes are presented in bold type.
3. The lower detection limit for radon (95% confidence level as recommended by EPA 402-R-95-012, October 1997) is 0.14 pCi/L.
4. Results corrected to in-situ pressure of 1.00 atm based on assumed Parris Island elevation of 100 ft above sea level.

Parameter

TABLE 6-7

RESULTS OF RADON ANALYSIS
SITE 45 – FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Parameter
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7.0  CONCLUSIONS 

The conclusions developed during the Site 45 RI Addendum are summarized as follows.  

Recommendations based on these conclusions will be discussed in the Site 45 Feasibility Study.  

 

SITE CHARACTERISTICS 

• A neighboring structure, Building 200, a former temporary lodging facility, was noted in the original 

Site 45 RI, but has since been demolished.  No new structure has been constructed on its footprint. 

 

• Investigations in 2005 and 2006 showed a second groundwater contamination plume of chlorinated 

solvents, known as the southern plume, south and southwest of the former dry-cleaning facility, 

appearing to originate from the direction of the new dry-cleaning facility.  The southern plume consists 

of groundwater contamination extending in a southeastern direction from an area approximately 

40 feet from the southeastern corner of the new dry-cleaning facility to about the intersection of 

Samoa Street and the driveway into the parking lot for Building 293.  The two plumes of groundwater 

contamination present are apparently intermingling in downgradient areas.  

 

• Engineering blueprints, flow testing, and video imaging of sanitary sewers at the site, as well as the 

lack of a viable contaminant source at the new dry-cleaning facility, indicated that the contaminant 

source of the southern plume was very likely a leak from an abandoned sanitary sewer segment in 

the vicinity of the new dry-cleaning facility.   

 

NATURE AND EXTENT / CHARACTERIZATION 

• PCE and its degradation products (TCE, cis-1,2-DCE, total 1,2-DCE and VC) were detected in the 

surficial upper and surficial lower aquifers at numerous locations above the most stringent regulatory 

screening criteria.  The deep wells were very clean indicating contamination is not migrating vertically 

to any great extent with a maximum cis-1,2-DCE “detected” concentration of 2.0J µg/L at MW-07D 

during the RI Addendum sampling.  USGS sampling results similarly show that deep wells are clean, 

with all VOCs detections being less than 1 µg/L.  

 

• Nature and extent of contamination is well-defined with only a few areas of refinement needed.  It is 

believed that there was at least one source release (near MW08 and MW24).  It appears that the 

source of the ‘southern plume’ is leakage from an abandoned sanitary sewer line near the south-east 

corner of the new dry cleaner building.  Any further refinement, if necessary could be accomplished 

as part of future phases of regulatory activity at this site.  
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• Based on current plume dimensions and groundwater flow directions shown in Figure 3-5, it would 

appear that Building 293 and the new dry cleaning facility are within 100 feet vertically or horizontally 

of the groundwater contamination plume, and the groundwater exhibits concentrations of COCs 

greater than vapor intrusion screening criteria.  A site-specific facility assessment is required to 

address the vapor intrusion concern based on the USEPA guidance.  

 

• DNAPL field screening tests indicated no free product within the site areas investigated, and none 

was observed during the field investigation.  Presence of DNAPL cannot, however, be ruled out, and 

based on groundwater contaminant concentrations, is likely.    

 

• Substantial evidence exists that natural attenuation is functioning at the site to degrade PCE and 

daughter products all the way to vinyl chloride. 

 

VAPOR INTRUSION 

• While the groundwater vapor intrusion modeling for hypothetical residents shows excessive 

calculated risks, this scenario (constructing a residence within 100 feet vertically or horizontally of the 

maximum detected concentrations of the plume) is not very likely.  However, the modeling results do 

provide a benchmark for future comparisons of COPC concentrations as they are observed over the 

coming years.  Based on the modeled risk, any future construction planned for Site 45 must address 

the vapor intrusion pathway.  Institutional controls should be considered to ensure this happens. 

 

• The plume has not yet reached Building 293 (Attorney offices) in detectable concentrations for the 

COPCs.  Uncertainties in modeling output with regard to predicted concentrations (biased high or 

low) could be checked by collecting air samples for these COPCs indoors.  The highest 

concentrations of the groundwater plume are not under or adjacent to the building and would not be 

for several years if at all.  However, the facility is currently within 100 feet horizontally or vertically of 

groundwater with contaminant levels that exceed vapor intrusion screening levels; the criteria in the 

USEPA vapor intrusion guidance that mandates further investigation.  Also, there has been 

discussion about sealing the stormwater drains at the site, which could influence the groundwater 

flow rate and direction unexpectedly.    

 

• Tetrachloroethene concentrations exceeded both residential and industrial USEPA Regional 

Screening Levels in 6 of 9 sub-slab soil gas samples collected in the new dry cleaner building during 

2009 GSI Environmental pilot testing sampling unrelated to RI Field activities.  Concentrations of 

tetrachloroethene ranged from 74 to 240 µg/m3.  Tetrachloroethene concentrations also exceeded 
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both residential and industrial USEPA Regional Screening Levels in seven of the nine indoor and 

ambient air samples collected, including a duplicate sample.  Concentrations of tetrachloroethene 

ranged from 0.29 to 54 µg/m3.  Because sub-slab soil gas samples exceed screening criteria, it is 

concluded that a site-related source is likely contributing to the sub-slab soil gas concentrations, and 

potentially acting as a source of indoor air contamination.  A quantitative risk assessment using the 

GSI soil gas data and indoor air data for the new dry cleaning facility was completed.  For the soil gas 

risk assessment, the cumulative ILCR is less than the USEPA target cancer risk range of 10-6 to 10-4, 

and the total HI for noncarcinogens is less than the target of 1.  For the maximum measured indoor 

air concentration risk assessment, the ILCR is approximately equal to 1 x 10-6, the lower end of the 

USEPA target risk range, and its HI is less than the target of 1.  The ILCR at the lower end of the 

target risk range indicates that any action at the site is subject to a risk management decision. 

   

• A site-specific vapor intrusion assessment was not completed for Building 293.  Soil gas and 

additional groundwater data will be collected at this building during the remedial design phase of the 

process.   

 

GENERAL GROUNDWATER CONCLUSIONS 

These conclusions should be combined with the conclusions of the Site 45 RI.  In the case of conflicting 

conclusions (such as locations of maximum detections), the conclusions made in this Site 45 RI 

Addendum override the previous conclusions.  

 

• Additional data may be necessary to evaluate the potential remedies in a Feasibility Study.  On-going 

pilot testing at the source area will provide additional data points for the evaluation.  Ongoing pilot 

testing activities will be statused in the Feasibility Study for Site 45. 

 

• Based on the following, evaluation of groundwater remedial solutions appears warranted:  

 

- Likelihood of a DNAPL pool serving as a continuing source of groundwater contamination, 

 

- Likelihood of a continuing release from a segment of abandoned sanitary sewer near the south-

east corner of the new dry cleaner building, 

 

- Potential risk of impact to surface waters from contaminated groundwater infiltration to the storm 

sewer network, 

 

- Potential vapor intrusion issues at Building 293 and/or hypothetical vapor intrusion risk to 

structures associated with future development of the site. 
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• Groundwater contamination results in potential human health risks and pathways that need to be 

mitigated.  A Feasibility Study will follow to present possible remedial alternatives.  
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Waste Services, Inc. (Ridgeland, South Carolina).



Source, Transport, and Fate of Groundwater 
Contamination at Site 45, Marine Corps 
Recruit Depot, Parris Island, South Carolina

By Don A. Vroblesky, Matthew D. Petkewich, James E. Landmeyer, and  
Mark A. Lowery

Prepared in cooperation with the Naval Facilities Engineering Command Southeast

Scientific Investigations Report 2009–5161

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
KEN SALAZAR, Secretary

U.S. Geological Survey
Suzette M. Kimball, Acting Director

U.S. Geological Survey, Reston, Virginia: 2009

For more information on the USGS—the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment, visit http://www.usgs.gov or call 1-888-ASK-USGS

For an overview of USGS information products, including maps, imagery, and publications,  
visit http://www.usgs.gov/pubprod

To order this and other USGS information products, visit http://store.usgs.gov

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to 
reproduce any copyrighted materials contained within this report.

Suggested citation:
Vroblesky, D.A., Petkewich, M.D., Landmeyer, J.E., and Lowery, M.A., 2009, Source, transport, and fate of 
 groundwater contamination at Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina:  
U.S. Geological Survey Scientific Investigations Report 2009–5161, 80 p.



iii

Contents

Abstract ...........................................................................................................................................................1
Introduction.....................................................................................................................................................1
Methods...........................................................................................................................................................4

Well Installation ....................................................................................................................................4
Water-Level Measurements ...............................................................................................................8
Sewer Mapping .....................................................................................................................................8
Sediment Sampling .............................................................................................................................10
Surface-Water and Storm-Drain Sampling ....................................................................................11
Well Sampling ......................................................................................................................................11
Compound-Specific Isotope Analysis .............................................................................................12
Investigation-Derived Waste ............................................................................................................12

Site Description ............................................................................................................................................12
Hydrogeology.......................................................................................................................................12
Groundwater Chemistry .....................................................................................................................16

Distribution of Chlorinated-Solvent Groundwater Contamination .......................................................18
Areal Distribution of Groundwater Contamination ........................................................................18
Vertical Distribution of Groundwater Contamination ....................................................................23

Source of Chlorinated-Solvent Groundwater Contamination in the Southern Plume ......................26
Transport and Fate of Chlorinated Solvents ............................................................................................28

Storm-Sewer Influences on Transport ............................................................................................28
Biodegradation ....................................................................................................................................32

Contaminant Concentration Changes in the Direction of Transport .................................34
Other Influences..................................................................................................................................38

Summary and Conclusions .........................................................................................................................38
References ....................................................................................................................................................40
Appendixes 1–14 ..........................................................................................................................................45



iv

Figures
 1–9. Maps showing—
  1. Location of Site 45 and Marine Corps Recruit Depot,  

 Parris Island, South Carolina ...............................................................................................2
  2. Location of above-ground storage tanks and approximate  

 boundary of groundwater contamination, Site 45,  
 Marine Corps Recruit Depot, Parris Island, South Carolina ...........................................3

  3. Locations of monitoring wells used in the U.S. Geological  
 Survey investigation, Site 45, Marine Corps Recruit Depot,  
 Parris Island, South Carolina ...............................................................................................5

   4. Locations of temporary wells installed and sampled as part of the  
 U.S. Geological Survey investigation, Site 45, Marine Corps  
 Recruit Depot, Parris Island, South Carolina ....................................................................6

  5. Locations of Membrane Interface Probe borings installed during  
 the U.S. Geological Survey investigation, Site 45, Marine Corps  
 Recruit Depot, Parris Island, South Carolina ....................................................................7

  6. Storm sewers and sanitary sewers at Site 45, Marine Corps  
 Recruit Depot, Parris Island, South Carolina ....................................................................9

  7. Locations of storm sewers and surface-water and sediment  
 samples collected at the storm-sewer discharge from Site 45  
 to Ballast Creek, Marine Corps Recruit Depot, Parris Island,  
 South Carolina, June 16–17, 2008 .....................................................................................10

  8. Groundwater levels in the SU wells in the surficial aquifer, Marine  
 Corps Recruit Depot, Parris Island, South Carolina, June 27, 2008 .............................14

  9. Groundwater levels in the SL wells in the surficial aquifer, Marine  
 Corps Recruit Depot, Parris Island, South Carolina, June 27, 2008 .............................15

 10–11. Graphs showing—
  10. Water levels in selected monitoring wells and storm-sewer  

 manhole STS06, Site 45, Marine Corps Recruit Depot,  
 Parris Island, South Carolina, June 11–13, 2007 .............................................................16

  11. Vertical profile of specific conductance at well PFM-02, Marine  
 Corps Recruit Depot, Parris Island, South Carolina, June 14, 2007 .............................17

 12–16. Maps showing—
  12. Generalized distribution of tetrachloroethene in groundwater at Site 45,  

 Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008 ....................19
  13. Generalized distribution of trichloroethene in groundwater at Site 45,  

 Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008 ....................20
   14. Generalized distribution of cis-1,2-dichloroethene in groundwater at Site 45,

 Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008 ....................21
  15. Generalized distribution of vinyl chloride in groundwater at Site 45,  

 Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008 ....................22
  16. Locations of sampling points shown in figures 17 and 18, Site 45,  

 Marine Corps Recruit Depot, Parris Island, South Carolina .........................................24
 17. Lithologic log, electron-capture-detector logs from Membrane Interface  

Probe investigation, trichloroethene concentrations in water from multiple  
depths in temporary wells, and total chlorinated volatile organic compounds  
in sediment from cores near the southeastern corner of the new dry-cleaning  
facility, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2008 ..........25



v

 18. Lithologic log, electron-capture-detector log from Membrane Interface  
Probe investigation, field analysis of volatile organic compounds in sediment  
cores, trichloroethene concentrations in water from multiple depths in  
temporary wells, and total chlorinated volatile organic compounds in sediment  
from cores near the southeastern corner of the new dry-cleaning facility,  
Site 45, Marine Corps Recruit Depot, Parris Island, 2008 ....................................................27

 19. Map showing movement of dye tracer and arrival times in the storm sewer  
from Site 45 to the Ballast Creek tributary, Marine Corps Recruit Depot,  
Parris Island, South Carolina, August 30, 2007 ......................................................................31

 20. Graphs showing total chlorinated solvents, individual chlorinated solvents,  
parent/daughter ratios, and compound-specific stable carbon isotopes  
in wells along the axis of contamination in the southern plume, Site 45,  
Marine Corps Recruit Depot, Parris Island, South Carolina,  
September 2008, unless otherwise noted ...............................................................................35

 21. Map showing relative molar percentage of tetrachloroethene, trichloroethene,  
cis-1,2-dichloroethene, and vinyl chloride in groundwater from monitoring 
wells and selected temporary wells representing multiple sampling events,  
Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008 ..............36

Tables
 1. Concentrations of total organic carbon in sediment cores, Site 45,  

Marine Corps Recruit Depot, Parris Island, South Carolina, 2008 ......................................18
 2. Concentrations of chlorinated volatile organic compounds in shallow  

and deeper temporary-well groundwater samples near the new  
dry cleaning facility, March 5, 2008 .........................................................................................26

 3. Concentrations of selected constituents in storm sewers, Site 45,  
Marine Corps Recruit Depot, Parris Island, South Carolina, 2007–2008 ............................29

 4. Concentrations of compound-specific stable carbon isotope analysis  
on water from wells and a storm sewer, Site 45, Marine Corps  
Recruit Depot, Parris Island, South Carolina, 2007–2008 .....................................................32

 5. Molecular analysis of phylogenic groups and functional genes in  
groundwater samples from the southern plume at Site 45, Marine  
Corps Recruit Depot, Parris Island, South Carolina, 2005–2006 ..........................................33

 6. Concentrations of total organic carbon in soil borings, Site 45,  
Marine Corps Recruit Depot, Parris Island, South Carolina, 2008 ......................................38



vi

Conversion Factors
Inch/Pound to SI

Multiply By To obtain
Length

inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Volume
gallon (gal)  3.785 liter (L) 
gallon (gal)  0.003785 cubic meter (m3) 
gallon (gal) 3.785 cubic decimeter (dm3) 
cubic inch (in3) 0.01639 liter (L)
cubic foot (ft3) 28.32 cubic decimeter (dm3) 
cubic foot (ft3)  0.02832 cubic meter (m3) 

Flow rate
foot per day (ft/d) 0.3048 meter per day (m/d)
foot per minute (ft/min)  0.3048 meter per minute (m/min)
foot per year (ft/yr) 0.3048 meter per year (m/yr)

Hydraulic conductivity
foot per day (ft/d)  0.3048 meter per day (m/d)

Hydraulic gradient
foot per mile (ft/mi)  0.1894 meter per kilometer (m/km)



vii

SI to Inch/Pound
Multiply By To obtain

Length
centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft) 
kilometer (km) 0.6214 mile (mi)

Volume
liter (L) 0.2642 gallon (gal)
cubic meter (m3) 264.2 gallon (gal) 
cubic decimeter (dm3) 0.2642 gallon (gal) 
liter (L) 61.02 cubic inch (in3) 
cubic decimeter (dm3) 0.03531 cubic foot (ft3) 
cubic meter (m3) 35.31 cubic foot (ft3)

Flow rate
meter per minute (m/min) 3.281 foot per minute (ft/min) 
meter per day (m/d) 3.281 foot per day (ft/d)
meter per year (m/yr) 3.281 foot per year ft/yr) 

Mass
gram (g) 0.03527 ounce, avoirdupois (oz)
kilogram (kg) 2.205 pound avoirdupois (lb)
megagram (Mg) 1.102 ton, short (2,000 lb)
megagram (Mg) 0.9842 ton, long (2,240 lb)
metric ton per day 1.102 ton per day (ton/d) 
megagram per day (Mg/d) 1.102 ton per day (ton/d) 
megagram per day per square 

kilometer [(Mg/d)/km2]
2.8547 ton per day per square mile  

[(ton/d)/mi2]
megagram per year (Mg/yr) 1.102 ton per year (ton/yr)
metric ton per year 1.102 ton per year (ton/yr) 

Hydraulic conductivity
meter per day (m/d) 3.281 foot per day (ft/d) 

Hydraulic gradient
meter per kilometer (m/km) 5.27983 foot per mile (ft/mi) 

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F–32)/1.8

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius  
(µS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) 
or micrograms per liter (µg/L).



viii

Abbreviations
‰ per mil: a unit expressing the ratio of stable isotope 

abundance of an element in a sample to those of 
a standard material. Per mil units are equivalent to 
parts per thousand.

12C carbon 12 isotope
13C carbon 13 isotope
16S rRNA 16S ribosomal ribonucleic acid
BLS below land surface
BVC functional gene associated with vinyl 

 chloride  reductase 
bvcA reductase gene in Dehalococcoides strain BAV1
cDCE cis-1,2-dichloroethene
cm/d centimeters per day
CSIA compound-specific isotope analysis
DNA deoxyribose nucleic acid
DNAPL dense nonaqueous-phase liquid
DO dissolved oxygen
DSR functional gene associated with  

sulfate-reducing bacteria
ECD electron-capture detector
foc fraction organic carbon
ft/d feet per day
ft/yr feet per year
H2 molecular hydrogen
I.D. inside diameter
IDW investigation-derived waste
K hydraulic conductivity
Kd distribution coefficient between water and sediment
Koc organic carbon sorption coefficient
log Koc soil absorption coefficient for organic carbon
MBT molecular biological tool
MCL maximum contaminant level
MCRD Marine Corps Recruit Depot

mg/kg milligrams per kilogram
mg/mL milligrams per milliliter
MIP Membrane Interface Probe
mRNA messenger ribonucleic acid
mS/M millisiemens per meter
nM nanomoles per liter
PCE tetrachloroethene
ppm parts per million
PVC polyvinyl chloride
qDHB DNA or 16SrRNA associated with Dehalobacter sp.
qDHC DNA or 16SrRNA associated with Dehalococcoides sp.
qDSM DNA or 16SrRNA associated with Desulfuromonas sp.
qEBAC DNA or 16SrRNA associated with Eubacteria
qMGN DNA or 16SrRNA associated with  

methanogenic bacteria
RNA ribonucleic nucleic acid
TCE trichloroethene
TceA trichloroethene reductase gene
t  DCE trans-1,2-dichloroethene
TEAP terminal electron accepting process
TOC total organic carbon
USEPA U.S. Environmental Protection Agency
USGS U.S. Geological Survey
VC vinyl chloride
VcrA vinyl chloride reductase gene 
VOA volatile organic analysis
VOC volatile organic compound
δ13C ratio of 13C/12C relative to a reference standard of the 

Vienna Pee Dee Belemnite
µS/cm microsiemens per centimeter
µV microvolts



Abstract
Groundwater contamination by tetrachloroethene and its 

dechlorination products is present in two partially intermin-
gled plumes in the surficial aquifer near a former dry-cleaning 
facility at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina. The northern plume originates from the vicin-
ity of former above-ground storage tanks. Free-phase tetra-
chloroethene from activities in this area entered the ground-
water and the storm sewer. The southern plume originates 
at a nearby new dry-cleaning facility, but probably was the 
result of contamination released to the aquifer from a leak-
ing sanitary sewer line from the former dry-cleaning facility. 
Discharge of dissolved groundwater contamination is primar-
ily to leaking storm sewers below the water table. Extensive 
biodegradation of the contamination takes place in the surficial 
aquifer; however, the biodegradation is insufficient to reduce 
trichloroethene to less than milligram-per-liter concentrations 
prior to discharging into the storm sewers. The groundwater 
volatile organic compounds entering the storm sewers are 
substantially diluted by tidal flushing upon entry and are sub-
ject to volatilization as they are transported through the storm 
sewer to a discharge point in a tributary to Ballast Creek. TCE 
concentrations of about 2–6 micrograms per liter were pres-
ent in storm-sewer water near the discharge point (sampled 
at manhole STS26). On three out of four sampling events at 
manhole STS14, the storm-sewer water contained no vinyl 
chloride. During a time of relatively high groundwater levels, 
however, 20 micrograms per liter of vinyl chloride was pres-
ent in STS14 storm-sewer water. Because groundwater leaks 
into that storm sewer and because the storm sewer upgradi-
ent from manhole STS14 is adjacent to part of the aquifer 
where 2,290 micrograms per liter of vinyl chloride have 
been detected, there is a potential for substantially increased 
concentrations of vinyl chloride to discharge at the storm-
sewer outfall under conditions of high groundwater levels and 
low tidal flushing. In addition, the observation that free-phase 
tetrachloroethene may have entered the storm-sewer system 
during the 1994 discharge means that dense nonaqueous phase 
liquid tetrachloroethene could have leaked from various parts 
of the storm sewer or discharged to surface water at the storm-
sewer outfall.

Introduction
Marine Corps Recruit Depot (MCRD), Parris Island, is 

in the southeastern part of South Carolina (fig. 1). Site 45 is 
a former dry-cleaning facility and the surrounding area near 
the intersections of Panama Street, Samoa Street, and Kyushu 
Street (fig. 2). The area includes a new dry-cleaning facility. 
Groundwater contamination is present at the site, consist-
ing primarily of tetrachloroethene (PCE) and its dechlorina-
tion products trichloroethene (TCE), cis-1,2-dichloroethene 
(cDCE), and vinyl chloride (VC). 

The former dry-cleaning facility began operations in the 
1950s. In 1988, above-ground storage tanks were installed in 
an overflow catch basin (fig. 2). On March 11, 1994, one of 
the above-ground tanks was overfilled with PCE, and PCE 
spilled into the catch basin. The PCE was released from the 
catch basin to the surrounding soil when the containment 
basin was drained following heavy rains (S&ME, Inc., 1994). 
PCE may have entered the storm drains during this event. 
Evidence for entry of PCE to the storm drain was that when 
the site was investigated in the days after the spill, there was 
a wedge-shaped area of dead vegetation widening away from 
the spill area and intersecting Panama Street (James Clark, 
Environmental Officer, Parris Island, oral commun., 2008). A 
storm drain was present on Panama Street within a few tens 
of feet from the area where the wedge intersected the street.   
Multiple solvent releases were reported in 1995 (James Clark, 
Environmental Officer, Parris Island, oral commun., 2008), 
and the field investigation associated with the 1994 release 
concluded that additional solvent releases of lesser magni-
tude occurred over time predating the 1994 spill (S&ME, 
Inc., 1994). Underground storage tanks, possibly containing 
 petroleum-based solvents, also were present at the site and 
were removed prior to construction of the above-ground stor-
age tanks (S&ME, Inc., 1994). The former dry-cleaning facil-
ity was demolished, and related structures were removed from 
the site in early 2001 (Tetra Tech NUS, Inc., 2004). Ground-
water contamination in the vicinity of and downgradient from 
the area of former above-ground storage tanks is designated as 
the northern plume in this report (fig. 2).

In late 1997, the dry-cleaning operations were moved to 
a new facility, approximately 130 feet (ft) west of the former 
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Figure 2. Location of above-ground storage tanks and approximate boundary of groundwater contamination, Site 45, Marine 
Corps Recruit Depot, Parris Island, South Carolina.

dry-cleaning building (fig. 2). With the move to a new facility, 
the dry-cleaning operation switched from using PCE as the 
cleaning solvent to using a non-hazardous hydrocarbon-based 
cleaner (ExxonMobil DF-2000®) that contains no chlorinated 
solvents, and the equipment was replaced with refrigeration 
for recirculation and recovery of the solvent (Center for Waste 
Minimization, 2000). Investigations in 2005 and 2006 showed 
the presence of a second groundwater contamination plume of 
chlorinated solvents, hereafter known as the southern plume, 

south and southwest of the former dry-cleaning facility (fig. 2), 
appearing to originate from the new dry-cleaning facility (Tetra 
Tech NUS, Inc., 2005; Mark Sladic, Tetra Tech NUS, Inc., writ-
ten commun., 2006). Groundwater flow directions were to the 
southeast, making it improbable that the contamination at the 
new dry-cleaning facility was caused by groundwater transport 
from the documented spill at the former dry-cleaning facility. 

Prior to initiation of the present investigation, the 
U.S. Geological Survey (USGS) conducted groundwater 
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investigations at Site 45 beginning in 2005 to examine issues 
related to the influence of in-well convection on groundwa-
ter sample quality (Vroblesky and others, 2007). The USGS 
initiated the present investigation in 2007 for several reasons. 
(1) Measurements made by the USGS indicated that several 
storm-sewer lines intersecting the site were below the water 
table, and information was needed on whether those sewer 
lines influenced contaminant movement. (2) Further delin-
eation of the southern plume was needed. (3) Additional 
information was needed on the fate and transport of the 
southern plume.

The purposes of this report are (1) to examine the role 
that sewer lines play in contaminant source, distribution, 
attenuation, and transport in both the northern and southern 
plumes, (2) to present data further delineating the main body 
of contamination in the southern plume and on the potential for 
contaminant movement to the deeper aquifer system, and (3) to 
examine natural attenuation aspects of groundwater contamina-
tion in the southern plume. The investigation involved exami-
nation of historical records and engineering drawings of build-
ings, video imaging of storm sewers, water-level monitoring 
by synoptic measurements in wells and by use of continuous 
data loggers, installation and sampling of temporary wells, and 
water and sediment sampling. The water sampling included 
wells, storm drains, and surface water. Water samples were col-
lected from 23 permanent wells in the target aquifer, several of 
which were sampled on multiple occasions. Five of these wells 
were installed during this investigation. The wells were located 
predominantly in the southern plume. Samples were analyzed 
for volatile organic compounds (VOCs) and water chemistry. 
Selected groundwater samples were analyzed for molecular 
biological tools (MBTs) and for compound- specific stable car-
bon isotopes. Groundwater samples also were collected from 
four wells screened deeper than the known contamination, 
three of which were installed during this investigation. Water 
samples were collected from 96 temporary wells installed 
during this investigation. Membrane Interface Probe (MIP) 
logs were collected at seven borings in the southern plume. 
Additional water samples for VOC analysis were collected 
from storm sewers and from surface water at the sewer outfall. 
Sediment was collected for VOC analysis at the storm-sewer 
outfall. Aquifer core samples were analyzed for total organic 
carbon. This report contains several appendixes, which include 
well-construction and lithologic information, water and sedi-
ment chemistry, and synoptic water-level data.

Methods
This investigation involved monitoring existing perma-

nent wells and installation and monitoring of additional per-
manent and temporary wells (figs. 3 and 4). Monitoring also 
involved determination of groundwater levels by collecting 
synoptic and continuous water-level data from wells and storm 
sewers. Subsurface sewer lines were mapped, sampled, and 
subjected to a dye test to measure transport times. Sediment 

samples and surface-water samples were collected and ana-
lyzed. Water-level data and well samples were not collected 
from wells with the prefix PFM (originally used for a pas-
sive flux-meter investigation) because the 15-ft well screens 
were substantially longer than in the other monitoring wells 
(4–5 ft) in the surficial aquifer (fig. 3). One of the PFM wells 
was used, however, to obtain a vertical distribution of specific 
conductance in the surficial aquifer.

Well Installation

Temporary borings were installed using direct-push tech-
nology. MIP logs run in the temporary borings at seven loca-
tions in the southern plume provided information on the depth 
of the contamination (fig. 5). An MIP is a semi-quantitative 
field-screening device that typically is advanced into the soil 
and sediment by push technology and detects volatile organic 
compounds by heating and capturing vapor from the soil and 
transporting it to the surface for onsite analysis (U.S. Environ-
mental Protection Agency, 2005).

Other temporary borings functioned as wells for water 
sampling or as sources for analysis of sediment cores. Tempo-
rary wells were constructed by advancing a stainless-steel well 
screen with a retractable cover to the target depth. Retracting 
the cover at the target depth exposed 4 ft of screen. The depth 
of investigation at each site was based primarily on vertical 
profiling using MIPs during this investigation and a previ-
ous investigation (Tetra Tech NUS, Inc., 2005). The depth of 
maximum electron-capture-detector (ECD) response on the 
MIP logs in areas outside the 1994 PCE spill area varied from 
about 9.5 to 14 ft. Therefore, the targeted depth for exposing 
the 4-ft screened interval of investigation was within the range 
of 5 to 15 ft depth, with the site-specific depth depending on 
nearby MIP data. 

At some temporary-well locations, water samples were 
collected from multiple depths. On the east side of the facil-
ity at wells PAI-45-USGS-TW9 and PAI-45-USGS-TW20, 
multiple depths were sampled by sampling in two different 
boreholes, each with its own well name (PAI-45-USGS-TW18 
and PAI-45-USGS-TW21, respectively). Near the new dry-
cleaning facility, multiple depths were obtained by advancing 
the retractable well point to a shallow depth, sampling the 
well, removing and cleaning the equipment, and using the 
same borehole to advance the retractable well point to a deeper 
depth for sampling. The temporary wells and MIP borings 
installed as part of this investigation were filled in by grouting 
with Portland® cement within 24 hours of sampling.

A South Carolina certified well driller installed all perma-
nent wells. The permanent wells in the surficial aquifer were 
installed using hollow-stem augers. The wells were 2-inch 
inside diameter (ID) polyvinyl chloride (PVC) flush-threaded 
casing with 5-ft screen lengths having 0.010-inch openings. 
The filter pack consisted of clean silica #1 sand installed adja-
cent to the screen from approximately 3–6 inches below the 
bottom of the well to approximately 2 ft above the well screen. 
The seal overlying the sand pack consisted of a minimum 
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Figure 3. Locations of monitoring wells used in the U.S. Geological Survey investigation, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina.
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Figure 5. Locations of Membrane Interface Probe borings installed during the U.S. Geological Survey investigation, Site 45, 
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2-ft-thick layer of 100 percent sodium bentonite pellets that 
were allowed to hydrate for 1 hour or longer before grout-
ing. Portland cement (100 percent) grout filled the remaining 
annular space above the bentonite seal to a point at least 2 ft 
below ground surface. The wells were flush mounted with 
at-grade protective steel casings equipped with sealing, lock-
ing caps, at-grade covers, and concrete pads at the well heads. 
All monitoring wells were developed by pumping to remove 
formation cuttings and residual fluids from drilling prior to 
initial sampling.

The three wells beneath the surficial aquifer were installed 
using hollow-stem augers and mud rotary. The driller used 
 hollow-stem augers to set 6-inch-diameter Schedule-40 PVC 
outer casing from land surface to within the clay confining unit 
at the base of the surficial aquifer at a depth of approximately 
19 to 20 ft. After grouting the surface casing in place with 
Portland® cement, the casing grout cured for approximately 
24 hours. The driller then used a 5- to 5-5/8-inch-diameter 
roller cone bit with mud rotary to drill through the grouted 
bottom of the surface casing to a total depth of approximately 
34–35 ft. The well constructed within the surface casing 
consisted of 2-inch ID PVC flush-threaded casing with 10-ft 
screen length having 0.010-inch openings. The primary filter 
pack consisted of clean silica #1 sand from approximately 
3–6 inches below the bottom of the well to approximately 2 ft 
above the well screen. The overlying seal consisted of a mini-
mum 2-ft-thick seal of 100 percent sodium bentonite pellets 
installed directly above the primary filter pack and allowed to 
hydrate for 1 hour or longer before grouting. Portland® cement 
(100 percent) grout filled the remaining annular space above 
the bentonite seal to a point at least 2 ft below ground surface. 
The wells were flush mounted with at-grade protective steel 
casings equipped with sealing, locking caps, at-grade cov-
ers, and concrete pad at the well heads. The monitoring wells 
were developed by pumping to remove formation cuttings and 
residual fluids from drilling prior to initial sampling.

On July 3, 2008, measurements of wells PAI-45-MW26-
SL and PAI-45-MW27-SL showed that fine-grained sand had 
filled the screened interval, apparently as a result of the driller 
using a sand pack that was too coarse for the aquifer mate-
rial. The driller returned to the site and modified the wells by 
removing the sand and constructing a 1-inch ID PVC well 
within each of the existing 2-inch diameter casings. The driller 
filled the remaining annular space of about 3/8 inch with sand. 
Subsequent examination of the wells showed that the modi-
fication was adequate to prevent further infilling with sand. 
A private surveying company, Andrews and Burgess, Inc., 
determined new vertical datums for the modified wells.

Water-Level Measurements

Water-level measurements in monitoring wells at Site 45 
provided information to determine groundwater flow direc-
tions. Continuous water-level data from the storm sewers and 

the aquifer indicated that water levels increase in both during 
high tide. Before the data loggers provided information on 
the tidal influence, a synoptic water-level measurement on 
April 14, 2007, resulted in data that were not reproducible, 
with groundwater depths changing over the course of minutes 
in some wells. Therefore, subsequent synoptic water-level 
measurements were made at low tide, when water levels 
changed little over the course of hours. The measurements 
involved opening the caps on all of the wells and allowing the 
water levels to stabilize for at least 30 minutes, then deploying 
multiple people to measure water levels using electric tapes 
in a time period of less than about 30 minutes. To ensure that 
the water levels were corrected to a uniform datum, Andrews 
and Burgess, Inc., remeasured the altitudes of all of the wells 
in 2008. The water-level measurements provided synoptic data 
for six dates in the surficial aquifer and five dates in the deeper 
aquifer. Solinst Leveloggers provided continuous water-level 
monitoring in several wells and selected storm sewers. 

Sewer Mapping

This investigation used a variety of approaches to map 
and investigate the sanitary and storm sewers at Site 45 
(fig. 6). In the initial stages of this investigation, the direc-
tion of transport in an abandoned sanitary sewer that drained 
the former dry-cleaning facility was determined by pouring 
water into the manhole. Scanned images of historical as-built 
engineering drawings of buildings and sewer lines imported 
into a geographic information system map of the site, includ-
ing surveyed locations of manholes, provided the framework 
for generating the map of sanitary- and storm-sewer locations. 
A commercial in-line sewer camera, used in the sanitary sewer 
from the former dry-cleaning facility and in several of the 
storm sewers, provided information on sewer integrity and 
confirmed connections between manholes. The altitudes of the 
sewer inverts (bottom of the pipe entering a manhole) were 
determined by comparing surveyed altitudes of manholes to 
field tape-down measurements. The nomenclature for man-
holes and storm-sewer drains in this report includes a prefix of 
“SAS” for sanitary sewer or “STS” for storm sewer, followed 
by a numeric identifier. 

The USGS conducted a dye test on August 30, 2007, to 
verify the location of the storm-sewer discharge and to deter-
mine the time-of-transport for water in the storm sewer to reach 
the discharge location from Site 45. The test involved inserting 
1 liter of Red 25 dye (KingsCote Chemicals®) into manhole 
STS06 at 12:51, 12 minutes after high tide (fig. 6). Monitoring 
of the dye transport with the outgoing tide took place in two 
manholes along the storm sewer and at the outfall to a tributary 
to Ballast Creek. A chlorophyll fluorometric sensor in manhole 
STS25 (fig. 7A) detected the arrival of the dye pulse. 
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Figure 6. Storm sewers and sanitary sewers at Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.
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Figure 7. Locations of (A) storm sewers and (B) surface-water and sediment samples collected at the storm-sewer discharge from 
Site 45 to Ballast Creek, Marine Corps Recruit Depot, Parris Island, South Carolina, June 16–17, 2008.

Sediment Sampling

This investigation included collection of sediment sam-
ples from the tributary to Ballast Creek in the vicinity of the 
storm-sewer outfall at high tide using a 424-B40 hand corer 
(Wildlife Supply Company) (fig. 7B). Field personnel used the 
corer to collect the sediment in cellulose acetate liners, and 
then they extruded the sediment from the acetate liners into 
sampling syringes. The syringes were part of a U.S. Envi-
ronmental Protection Agency (USEPA) Method 5035 O2SI 
Sample Smart Field Preservation Kit for sediment sampling 
(O2SI Smart Solutions, P.O. Box 30712, Charleston, SC). This 
kit consists of preserved syringes that allow a 14-day holding 
time for VOCs and analysis of moisture content. Sediment 
sample depths were 0.5 and 1 ft below the bed surface at each 
of four locations (fig. 7). Samples were analyzed for VOC 
content and percentage of moisture. 

A limited number of sediment samples from the aquifer and 
confining material were analyzed for total organic carbon (TOC) 
content by method SW846-9060 (U.S. Environmental Protection 
Agency, 1999). A split-spoon sampler provided the core mate-
rial from well PAI-45-MW28-D, and a direct-push technology 
method provided the core material from temporary well PAI-45-
USGS-TW96. The sediment sample from well PAI-45-MW26-
SL consisted of fine-grained sand that infiltrated the well screen 
after the well was completed, and, therefore, was skewed toward 
material fine enough to pass the well screen.

Selected core samples were analyzed onsite by the AQR 
Color-Tec® method (Kelso, 2005). This method consisted of 
collecting sediment by push technology and placing the sedi-
ment in a volatile organic analysis (VOA) vial with deionized 
water to make a slurry. The slurry was aerated by bubbling to 
collect the dissolved gas, which was passed through a colori-
metric indicator tube. The colorimetric response is a relative 
response of total chlorinated VOC concentration.
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Surface-Water and Storm-Drain Sampling

Water samples from surface water and storm drains 
were collected by means of a peristaltic pump attached to 
clean polyethylene tubing. The tubing was inserted through 
the center of a piece of rigid PVC pipe and extended to the 
sampling location. The tubing was then extended to beneath 
the water surface, and a water sample was collected by means 
of the peristaltic pump. Water samples were collected from the 
storm sewers at or soon after low tide while storm-sewer water 
was still moving toward Ballast Creek. An exception was on 
June 25, 2007, when a sample was collected during high tide 
from storm drain STS21 to measure pH, specific conductance, 
and temperature of incoming water (fig. 6). 

Well Sampling

Water samples from the temporary wells were collected 
immediately after well installation by extending tubing to 
the screened interval and removing water with a peristaltic 
pump until the apparent turbidity diminished. Stabilization to 
field properties was not done because the wells were sampled 
immediately after opening the retractable well-screen cover, 
and, therefore, no stagnant casing water should have been in 
the borehole. The water samples were analyzed for VOCs. 

Permanent wells at Site 45 were sampled by a variety 
of methods. The sampling approaches included low-flow 
methodology, diffusion-sampler methodology, and multiple 
casing-volume purges prior to sampling. 

Prior to September 2007, all of the pumped water 
samples from wells were obtained by using low-flow meth-
odology (Barcelona and others, 1994; Shanklin and others, 
1995). Low-flow sampling, however, proved difficult and 
raised questions about sample quality because of tidal effects 
and the presence of vertically stratified specific conductance. 
The proximity of the well screens to specific-conductivity 
stratification sometimes resulted in continuous changes in spe-
cific conductance during low-flow stabilization that were more 
related to induced movement of low-conductivity or high-
conductivity water toward the well rather than to well purg-
ing. For example, in July 2006, well PAI-45-MW20-SL was 
pumped by low-flow methodology for 2 hours and 17 minutes 
in an attempt to stabilize field properties so that low-flow 
samples could be collected. At that point, specific conduc-
tance was still slowly decreasing; however, the samples were 
collected because of concern that continued pumping would 
result in samples that no longer represented groundwater in the 
immediate vicinity of the well screen. In addition, recent work 
has shown that in-well convection cells can develop during the 
winter, resulting in a mixing of water during low-flow sam-
pling that can substantially increase equilibration times, can 
cause false stabilization of indicator properties, can give false 
indications of the redox state, and can provide microbiologi-
cal data that are not representative of the aquifer conditions 
(Vroblesky and others, 2007). 

To reconcile these low-flow sampling issues, all of the 
wells except the deep well (PAI-45-MW-04D) were sampled 
in September 2007 by first evacuating three casing volumes 
of water from the top of the well casing and then lowering the 
sampling tubing to the screened interval and collecting the 
water samples. This was done to simplify the sampling process 
and to produce samples thought to be more representative of 
the immediate vicinity of the screened interval. The wells were 
purged by peristaltic pump from the top of the water column, 
and the intake tubing followed the water column down if 
drawdowns occurred. After three casing volumes were purged, 
the peristaltic tubing was lowered to the top of the screened 
interval, and approximately 0.5 to 1 gallon was purged, fol-
lowed by field parameter measurement and sample collection. 
Stabilization to field properties was not done because the 
change in properties with continued pumping would reflect 
movement of conductivity interfaces in the aquifer rather than 
being related to the reliability of the well purge. In general, 
water levels were not allowed to drop into the screened inter-
val during the three-casing-volume purge. 

Low-flow sampling of wells continued to be used in 
wells where the static water level was within the screened 
interval of the well. In those cases, it was advisable to limit 
the amount of drawdown during pumping so as to avoid 
contaminant volatilization as water cascaded down the well 
screen. During low-flow sampling, the wells were purged at 
120–250  milliliters per minute (mL/min), until the tempera-
ture, pH, dissolved oxygen (DO), and specific conductuctiv-
ity stabilized and no additional water-level drawdowns were 
observed. Stabilization of temperature, pH, dissolved oxygen, 
and specific conductance was observed by passing the water 
through a flow-through cell containing field-calibrated sensors. 
The field properties were considered to be stabilized when the 
observed changes over three 3-minute intervals were within 
±3 percent for temperature and specific conductance, within 
±0.1 unit for pH, and within ±10 percent for dissolved oxygen. 
VOCs and dissolved gases were collected with no headspace 
in 40-mL vials preserved by hydrochloric acid, and were 
analyzed by USEPA method 8260B at General Engineering 
Lab in Charleston, SC. Samples for dissolved metals were 
preserved with nitric acid, samples for dissolved total organic 
carbon were preserved with sulfuric acid, and anions were 
preserved by chilling. Molecular hydrogen samples were col-
lected by a bubble-strip method and analyzed by Microseeps, 
Inc. Samples for molecular analysis were obtained by filtering 
water and sending the filters to Microbial Insights for analysis.

A vertical profile of specific conductance was measured 
in well PFM02, which is fully screened across the saturated 
zone from about 4 to about 20 ft below land surface. The 
profile was accomplished by using a YSI XLM conductivity 
sonde on June 14, 2007. The sonde was lowered into the well 
to a depth of about 2.7 ft. The readings of temperature, specific 
conductance, dissolved oxygen, and pH were allowed to 
stabilize, which generally took about 7 or 8 minutes. Readings 
were recorded and the sonde was lowered to the next measure-
ment depth. Measurements were made at depth intervals of 
3.28 ft, moving from the shallowest to the deepest depth. 



12  Source, Transport, and Fate of Groundwater Contamination at Site 45, Marine Corps Recruit Depot, Parris Island, SC

Compound-Specific Isotope Analysis

Selected water samples were collected for compound-
specific isotope analysis (CSIA) using carbon in the chlori-
nated solvents. CSIA can be used to examine biodegradation 
of contaminants. The two stable isotopes of carbon are 12C 
and 13C, of which 12C is the lighter, more abundant, and more 
readily biodegraded. The ratio of 13C/12C relative to a refer-
ence standard of the Vienna Pee Dee Belemnite (δ13C) usually 
is reported in units of parts per thousand, or per mil (‰). 
Because the lighter isotope is more readily biodegraded, the 
resulting fractionation, or change in the δ13C , can indicate 
biodegradation. As the reaction proceeds, the reactant that 
remains becomes enriched in the heavier isotope, and the δ13C 
value becomes progressively less negative (Hunkeler and 
others, 1999). Carbon isotope fractionation is not significant 
(for example, <0.5 ‰) for non-degradative processes such as 
sorption, but can be on the order of tens of ‰ for degradative 
processes (Dempster and others, 1997; Harrington and others, 
1999; Poulson and Drever, 1999; Slater and others, 1999, 
2000). The use of isotope ratio measurements of carbon in 
both parent and daughter compounds, therefore, can comple-
ment the conventional approach to monitoring of chlorinated-
solvent concentrations and site geochemistry (Hunkeler and 
others, 1999; Sherwood Lollar and others, 1999, 2001; Song 
and others, 2002; Vieth and others, 2003). 

Investigation-Derived Waste
Investigation-dervived waste (IDW) generated during this 

investigation included waste sediment cuttings from drilling 
operations and wastewater from well development, purging, 
and sampling. All IDW was containerized. The drilling con-
tractor removed all IDW associated with drilling operations. In 
2007, removal of the IDW from the site was the responsibility 
of the Navy. In 2008, removal of IDW from USGS operations 
was the responsibility of the USGS. The USGS containerized 
all surplus water from well sampling during 2008 in 55-gallon 
drums, and Fenn Vac, Inc., removed the waste from the site on 
September 29, 2008. 

Site Description

MCRD, Parris Island, is a military training site sur-
rounded by the Broad River to the west, the Beaufort River to 
the east, the confluence of those two rivers to the south, and 
Archers Creek to the north (fig. 1). The island is interfingered 
by several tidal creeks. Site 45 is relatively flat lying and is 
approximately 6 to 9 ft above North American Vertical Datum 
of 1988 (NAVD 88). 

Movement of groundwater contamination at Site 45 
is controlled by site hydrology. The site hydrology is influ-
enced by a complex mixture of hydrogeologic aspects and by 
exchange of groundwater and surface water from leakage at 
storm sewers. 

Hydrogeology

The surficial aquifer at Site 45 consists of sand inter-
spersed with discontinuous beds of clay, silty clay, silty clayey 
sand, and clayey silt and extends to a depth of about 18 ft 
below land surface (BLS) (Tetra Tech NUS, Inc., 2004). Moni-
toring wells in this undifferentiated zone are referred to as SU 
wells if they are screened predominantly shallower than about 
11 ft BLS and are referred to as SL wells if they are screened 
predominantly deeper than about 10 ft BLS. 

A peat layer, which is a few feet thick, has been reported 
at depths of about 17 to 27 ft BLS overlying a clay layer that 
functions as a confining bed (Tetra Tech NUS, Inc., 2004). 
The part of the aquifer below this clay is considered to be the 
“D” horizon. Core samples collected during this investigation 
showed the peat layer to be a complex mixture of sand, silt, 
and clay with a substantial amount of black to brown organic 
material. The layer was encountered at a depth of 17.8 ft BLS 
in well PAI-45-MW28-D and 18.7 to 18.8 ft BLS at wells PAI-
45-MW29-D and PAI-45-MW30-D. Sediment that probably 
was the top part of the layer was encountered at a depth of 
15.2 ft BLS at well PAI-45-USGS-TW96. 

The thickness of the clay at the base of the surficial 
aquifer was about 5 to 8 ft in wells drilled during a previous 
investigation (Tetra Tech NUS, Inc., 2004). During the present 
investigation, descriptions on the clay layer are based partly 
on split-spoon samples (top part of the clay) and partly on 
cuttings from mud-rotary drilling (bottom part of the clay). 
Thus, there is some uncertainty about the thickness of the clay. 
The clay layer at well PAI-45-MW28-D appeared to be about 
3.5 ft thick at well PAI-45-MW28-D and between 2 and 3 ft 
thick at well PAI-45-MW30-D. At well PAI-45-MW29-D, an 
organic rich silt was encountered at a depth of 18.8 ft BLS. 
Mud-rotary cuttings below a depth of 19.6 ft BLS in well PAI-
45-MW19-D showed a thin layer of sand, possibly at a depth 
of about 20–21 ft BLS, underlain by about 7.5 ft of clay.

The surficial aquifer at well PAI-45-MW28-D consists of 
silty sand with a zone of fine-grained very loose sand between 
about 6 and 11.4 ft BLS. The loose-sand zone probably con-
stitutes the most permeable part of the surficial aquifer at well 
PAI-45-MW28-D. In the midpart of the plume at temporary 
well PAI-45-USGS-TW96 (near wells PAI-45-MW31-SL and 
PAI-45-MW31-SU), the sediment between depths of 4 and 
16 ft BLS is sandiest between depths of 8 and 15.3 ft BLS, 
with fine-grained, loose sand at a depth of 8–10 ft BLS. The 
8- to 10-ft zone probably constitutes the most permeable part 
of the surficial aquifer at well PAI-45-USGS-TW96. These 
findings are consistent with a previous passive-flux study 
showing a zone of relatively high Darcy flux between depths 
of about 9.5 and 11 ft BLS near the midpart of the southern 
plume at wells PFM-02 and PFM-03 (EnviroFlux, LLC, 
2007). The lithologic and passive-flux data indicate that the 
most permeable part of the surficial aquifer in the southern 
plume beneath Kyushu Street probably is in the range of 
6–11.4 ft BLS near the new dry-cleaning facility and about 
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8–10 ft BLS in the approximate midpart of the plume near 
wells PAI-45-MW31-SL and PAI-45-MW31-SU. 

In the downgradient part of the plume near well clusters 
PAI-45-MW04 and PAI-45-MW20, passive-flux tests from 
the previous investigation showed a higher Darcy flux in the 
SU wells relative to the SL wells (EnviroFlux, LLC, 2007; 
Hackett and others, 2008). These findings are consistent with 
previously published slug-test data showing that the geometric 
mean of hydraulic conductivity (K) calculated from upper sur-
ficial aquifer wells [8 feet per day (ft/d)] was slightly greater 
than that calculated from the lower surficial aquifer wells 
(2 ft/d) (Tetra Tech, NUS, Inc., 2004).

A broad range of groundwater flow rates can be calcu-
lated from previously reported well tests at Site 45. Typical 
Darcy velocities estimated from passive-flux meter tests were 
about 0.027 ft/d [0.82 centimeter per day (cm/d)] at well 
MW10SL and about 0.020 to 0.095 ft/d (0.6 to 2.9 cm/d) at 
well PFM-01 (Enviroflux, LLC, 2007). At wells PFM-02 and 
PFM-03, the Darcy velocities ranged from about 0.033 to 
0.164 ft/d (1 to 5 cm/d) at depths below 10 ft. Using a geologi-
cally reasonable porosity of 0.3 to 0.45, the calculated seepage 
velocity (Darcy velocity divided by porosity) ranges from 
about 16 to 199.5 feet per year (ft/yr).

Slug tests in the lower surficial aquifer by Tetra Tech 
NUS, Inc. (2004) showed a geometric mean K of about 2 ft/d. 
The hydraulic gradients between wells PAI-45-MW25-SL 
and PAI-45-MW31-SL and between wells PAI-45-MW31-SL 
and PAI-45-MW20-SL are about 0.0052 to 0.0053, based on 
the average of instantaneous gradients measured at 15-minute 
intervals between September 10 and September 29, 2008, 
during the present investigation. Using an assumed range of 
porosity of about 0.3–0.45, the seepage velocity [(K × hydrau-
lic gradient)/porosity] can be calculated to be about 9–13 ft/yr.

Aquifer tests from a previous investigation gave an over-
all average K for the surficial aquifer of about 15.3 ft/d (Tetra 
Tech NUS, Inc., 2004). Using a hydraulic gradient of about 
0.0052–0.0053 and a range of porosity of about 0.3–0.45, the 
calculated seepage velocity is about 65–97 ft/yr.

The variety of calculated seepage velocities in the previ-
ous discussion illustrates the uncertainty with calculations 
of groundwater velocity. The actual groundwater velocity 
almost certainly varies across the site with aquifer heteroge-
neity. Based strictly on aquifer tests (Tetra Tech NUS, Inc., 
2004), the mean groundwater velocity in the southern plume is 
between the end values of about 9 and 97 ft/yr.

The surficial aquifer at Site 45 is unconfined. Depth to 
water is about 2–6 ft. Groundwater is recharged primarily 
from rainfall infiltration in non-paved areas. Some amount of 
recharge also may take place during rainfall events through 
partially collapsed storm sewers. For example, on June 4, 
2008, repairs were done on partially collapsed storm sewer 
STS01 (fig. 6). Prior to the repairs, runoff from Kyushu Street 
south of the new dry cleaner collected and flowed into the 
asphalt cracks adjacent to the storm drain rather than into 
the storm drain. Thus, rainfall-derived runoff flowed into a 

focused part of the aquifer rather than being diverted offsite 
by the storm-sewer system. Because partially collapsed storm 
sewers are not always obvious from a casual surface inspec-
tion, there is the possibility that such localized rainfall infiltra-
tion is or has been influential in other parts of the site. 

A primary discharge path for groundwater at Site 45 
appears to be to storm sewers. The inverts (bottoms) of some 
sections of the storm-sewer system at Site 45 are below the 
high-tide level and below the groundwater levels (figs. 8 
and 9). At the downgradient part of the southern plume, the 
bottoms of manholes STS05 and STS06 are at altitudes of 0.86 
and 0.45 ft relative to NAVD 88 (about 5.5 and 5.4 ft BLS) 
and about 1.2 and 2.4 ft below the water table, respectively 
(fig. 8). At the downgradient part of the northern plume, the 
bottoms of manholes STS13 and STS21 are at altitudes of 2.1 
and 1.07 ft relative to NAVD 88 (about 4.3 to 4.6 ft BLS) and 
about 0.3 to 1.3 ft below the water table, respectively (fig. 8). 

Groundwater in both the SU and SL wells shows a 
general movement from the northwest to the southeast (figs. 8 
and 9). The groundwater contours in the SU wells show strong 
curvature toward some of the storm sewers where the inverts 
of the sewers are deeper than the water table (fig. 8). These 
data indicate that groundwater discharges to the storm-sewer 
system in those areas. Curvature of the groundwater contours 
is less pronounced for the SL wells than for the SU wells, 
possibly reflecting a diminished hydraulic influence from the 
storm sewers on the deeper part of the surficial aquifer (fig. 9). 

Infiltration of groundwater into sewers is not unusual 
when the sewers are below the water table, and in some 
municipal systems, infiltration of groundwater to sewer 
systems can be widespread and overwhelming (Wolf and 
others, 2003; Jamison, 2007). Discharge of groundwater 
to storm sewers at Navy bases may be more common than 
currently recognized considering the low altitude of many 
Navy bases and a previous report of groundwater discharge to 
storm sewers at U.S. Naval Air Station, Jacksonville, Florida 
(Davis, 2003). 

Because the storm-sewer system connects to tidally 
influenced Ballast Creek, tidal water enters the storm drains 
through an open drain approximately 1,400 ft south of Site 45 
during incoming tides. Incoming tidal water moves inland 
through the sewer system at least as far as to Site 45. A water-
level logger recorded tidally induced water-level increases of 
more than 3 ft in the storm sewer at manhole STS06 (fig. 10). 
Surficial aquifer groundwater levels in the vicinity of the 
storm sewers also rise and fall in response to tidal cycles. In 
general, where the invert of the storm sewer is below the water 
table, groundwater levels tend to be higher than water levels in 
the storm sewer at low tide and lower than in the storm sewer 
about 1 to 2 hours preceding and following high tide. The 
higher water levels in the storm sewers than in the ground-
water about 1 to 2 hours preceding and following high tide 
indicate a short-term potential for movement of tidal water 
from the storm sewers to the aquifer. 
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Figure 8. Groundwater levels in the SU wells in the surficial aquifer, Marine Corps Recruit Depot, Parris Island, South Carolina, 
June 27, 2008.

New Dry-Cleaning
Facility

Sa
m

oa
 S

tre
et

 

Fo
rm

er
 T

em
po

ra
ry

 L
od

gi
ng

 
(R

em
ov

ed
) 

Law offices 
(Building 293) 

Kyushu Street 

Fo
rm

er
 D

ry
-C

le
an

in
g 

Fa
ci

lit
y

(R
em

ov
ed

)

Panama Street 3.4 

3.3

3.1
3.2

2.9 

2.8 

3.0

A 

A A 

A 

A 

A A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
PAI-45-MW31-SU A 

PAI-45-MW14-SU 

PAI-45-MW02-SU 

PAI-45-MW01-SU 

PAI-45-MW08-SU 

PAI-45-MW07-SU PAI-45-MW21-SU 

PAI-45-MW16-SU 

PAI-45-MW05-SU 

PAI-45-MW22-SU 

PAI-45-MW23-SU

PAI-45-MW19-SU PAI-45-MW04-SU

PAI-45-MW20-SU 

PAI-45-MW18-SU 

PAI-45-MW17-SU

PAI-45-MW15-SU 

PAI-45-MW10-SU 

PAI-45-MW06-SU 

PAI-45-MW03-SU 

PAI-45-MW13-SU

A 

A 

A 

2.76 

2.48 2.34

2.11

2.72 

2.43

1.98

2.61 

2.29 

2.58 

2.85 

2.802.90 

2.73 

3.45 

3.02 

2.50 

2.62

2.53

2.18 

3.09 

Storm sewer, manhole or drain, and location identifier. Line dashed where historical or uncertain location. 
Storm sewer is highlighted in yellow where it is known or suspected to be below the water table.  Number in 
parentheses is estimated altitude of invert, in feet above NAVD 88.

EXPLANATION 

W
STS06
(0.45)

A Monitoring well, identifier, and water level, in feet above NAVD 88, June 27, 2008, low tide.  

PAI-45-MW20-SU
2.61

2.7 

2.6 

2.5
2.4

2.3

2.2 

2.0

2.1

Water-level contour, June 27, 2008.  Interval is 0.1 foot.  Datum is North American Vertical Datum of 1988
(NAVD 88).  Dashed where inferred.  Arrows show general direction of groundwater movement. 

2.3

Fo
rm

er
 D

ry
-C

le
an

in
g 

Fa
ci

lit
y

(R
em

ov
ed

)

W

W

W
W W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

STS02
(2.65)

STS03
(1.09)

STS04
(2.94)

STS05
(0.86)

STS06
(0.45)

STS07
(0.34)

STS09
(3.51)

STS08
(3.88)

STS22
(0.56)

STS16
(3.02)

STS21
(1. 07)

STS14
(2.3)

STS13
(2.1)

(1.54)

STS12
(3.41)

STS20
(1. 19)

0 50 100 25 Feet 

0 5 10 15 20 Meters  



Site Description  15

Figure 9. Groundwater levels in the SL wells in the surficial aquifer, Marine Corps Recruit Depot, Parris Island, South Carolina, 
June 27, 2008.
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A groundwater map for the “D”-horizon wells is not 
shown because groundwater levels across the site on June 27, 
2008, differed by only 0.16 ft or less, with the exception of 
well PAI-45-MW11-D. In general, the slight hydraulic gradi-
ent was from the northwest to the southeast. In contrast, the 
groundwater level in well PAI-45-MW11-D typically showed 
a marked dissimilarity from the other D-horizon wells. For 
example, on June 27, 2008, the groundwater level in well PAI-
45-MW11-D was more than 1 ft lower than the groundwater 
level in any other D-horizon well and appeared to be more 
sensitive to tidal fluctuations than the remaining D-horizon 
wells. Water levels in well PAI-45-MW11-D were more than 
2 ft lower than in wells in the overlying SL horizon. Relevel-
ing of the well measuring point revealed no significant datum 
error. The reason for the anomalous water levels in well PAI-
45-MW11-D was not investigated further.

Groundwater Chemistry

The surfical aquifer at Site 45 is anaerobic at most loca-
tions, with DO concentrations less than 0.3 milligram per liter 
(mg/L) and sometimes less than 0.025 mg/L. Although aerobic 
groundwater conditions in the shallow part of the surficial 
aquifer were observed during two events at well PAI-45-MW-
20-SU (September 29, 2006, and September 10, 2007) and 
during one event at well PAI-45-MW-05-SU (September 8, 
2008), anaerobic conditions also prevailed in groundwater 
from these wells on other sampling dates. Thus, the dominant 
redox reactions in the contaminated aquifer are anaerobic.

The specific terminal electron accepting process (TEAP) 
probably varies spatially in the study area. The patchy brown 

coloring of the sand in some shallow parts of the surficial 
aquifer (less than about 6–8 ft BLS) indicates that iron 
reduction probably is an active electron accepting activity in 
the shallowest sediment (lithologic logs from wells PAI-45-
MW28-D and PAI-45-USGS-TW96). The USEPA reported 
an increase in acid-extractable iron from sediment cores with 
depth from about 8.4 to 16 ft BLS in the upgradient part of the 
southern plume (Scott Huling, U.S. Environmental Protection 
Agency, written commun., 2009). These data may mean that 
iron reduction continues to be a predominant TEAP to a depth 
of at least 16 ft BLS; however, it also is possible that the acid-
extractable iron does not represent bioavailable ferric iron. 
Data from the present investigation indicate that the dominant 
TEAP in groundwater from some of the SL wells is more 
reducing than iron reduction. 

The sediment is predominantly gray at depths below 
about 8 ft in parts of the southern plume, indicating less of a 
potential for iron reduction at depth than in shallower sedi-
ment. When ferric iron is unavailable and sulfate is present 
in an anaerobic aquifer, sulfate reduction is commonly the 
predominant TEAP. Sulfate concentrations in groundwater 
in the vicinity of the southern-plume source area are about 
40 to 50 mg/L (well PAI-45-MW25-SL). In the downgradient 
part of the southern plume at well PAI-45-MW20-SL, sulfate 
concentrations in the groundwater are about 112 to 130 mg/L. 
In anaerobic aquifers lacking more efficient electron acceptors, 
such as ferric iron, these concentrations are sufficient to allow 
sulfate reduction to outcompete methanogenesis (Vroblesky 
and others, 1996). If the gray sediment at depths below 8 ft 
indicates that there is insufficient bioavailable ferric iron to 
support iron reduction, then it is likely that sulfate reduc-
tion is the predominant TEAP in much of the contaminated 
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aquifer of the southern plume. Although sulfide typically was 
not detected in the wells, 0.28 to 0.47 mg/L of sulfide was 
detected in groundwater at well PAI-45-MW20-SU during 
2008. In addition, molecular hydrogen (H2) measurements 
ranged from 1.1 to 3.4 nanomoles per liter (nM) in six out of 
the seven tested wells in the surficial aquifer. H2 concentra-
tions in anaerobic systems can be classified as follows: less 
than 0.1 nM, characteristic of denitrification; 0.2–0.8 nM, 
characteristic of iron reduction; 1–4 nM, characteristic of 
sulfate reduction; and greater than 5 nM, characteristic of 
methanogenesis, with in-between ranges being not diagnostic 
(Chapelle and others, 1997). Thus, most of the measured H2 
concentrations were in the range of sulfate reduction. The H2 
concentration in one out of the seven tested wells was in the 
range characteristic of methanogenesis.

The methane concentrations in groundwater from the 
source-area well of the southern plume (PAI-45-MW25-SL) 
are relatively low [180–754 micrograms per liter (μg/L)]; 
however, methane concentrations in groundwater from a 
number of other wells in the southern plume are greater than 
1,000 μg/L. The elevated methane concentrations may partly 
represent methane from probable methanogenic degrada-
tion in the organic-rich layer (peat zone) at the base of the 
surficial aquifer, below the screened intervals of the moni-
toring wells. The presence of paved areas has the potential 
to trap some methane otherwise released from groundwater 
to the atmosphere, possibly explaining why methane con-
centrations are higher in the shallower SU wells than in the 
deeper SL well beneath Kyushu Street at well clusters PAI-
45-MW10 and PAI-45-MW31. Low concentrations of acetic 
acid (0.11–0.33 mg/L) are present in groundwater from a 
number of wells in the southern plume, however, indicat-
ing that part of the methane probably represents localized 
pockets of methanogenesis in the surficial aquifer at or near 
the screened intervals of wells. Support of this hypothesis is 
that the H2 value of groundwater at well PAI-45-MW31-SL 
was 31 nM on September 9, 2008, which is in the range of 
methanogenic conditions.

Groundwater in the SL wells had a greater specific 
conductance and greater chloride concentration than ground-
water in the SU wells. The contrast is most pronounced at 
well  cluster PAI-45-MW17, where the specific conductance 
of water was 622–942 microsiemens per centimeter (μS/cm) 
from the SU well and 4,264–5,917 μS/cm from the SL well. 
Chloride concentrations ranged from about 68 to 162 mg/L 
in groundwater at the SU screen and from about 1,160 to 
1,750 mg/L in groundwater at the SL screen. Because this well 
cluster is near a storm sewer that is more than 1 ft below the 
water table, the conductivity contrast may represent density 
stratification from leakage of saltwater from the storm sewer 
at high tide. Although not as pronounced as at well cluster 
PAI-45-MW17, the elevated specific conductance, chloride, 
and sodium concentrations in SL wells (compared with the SU 
wells) at other tested well clusters indicates some degree of 
vertical density stratification elsewhere in the surficial aquifer. 
Additional evidence for conductivity stratification can be 

seen at well PFM-02 (fig. 3) in the central part of the southern 
plume, where the specific conductance substantially increases 
with depths greater than 15 ft BLS (fig. 11).

In the three D-horizon wells tested below the surfi-
cial aquifer in this investigation (wells PAI-45-MW28-D, 
-MW29-D, and -MW30-D), the chloride and specific conduc-
tance were substantially greater than in the surficial aquifer. 
Chloride concentrations ranged from 1,940 to 5,520 mg/L, 
and specific conductance ranged from 7,050 to 17,714 μS/cm. 
Salinity measured in well PAI-45-MW29-D [8.1 milligrams 
per milliliter (mg/mL)] indicated that water in the D horizon 
is brackish. 

Low levels of non-chlorinated-solvent constituents are 
present in groundwater in the surficial aquifer at concen-
trations exceeding USEPA maximum contaminant levels 
(MCLs). In September 2008, six wells in the surficial aquifer 
were sampled for dissolved arsenic. Of these six wells, two 
were SU wells, and neither contained arsenic at a detection 
limit of 0.005 mg/L. The four remaining wells were SL wells; 
three out of the four of these wells contained dissolved arsenic 
concentrations in the range of 0.13 to 0.22 mg/L, which is 
greater than the USEPA MCL of 0.01 mg/L (U.S. Environ-
mental Protection Agency, 2002).

Finally, low concentrations of petroleum hydrocarbons 
were present in well PAI-45-MW27-SL near the former tem-
porary lodging facility (table 1, fig. 3). The petroleum hydro-
carbons were detected at similar concentrations in the sample 
and in a duplicate, and the anomalously low sulfate concen-
tration (2.63–2.94 mg/L) and high methane concentration 
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conductance at well PFM-02, Marine Corps 
Recruit Depot, Parris Island, South Carolina, 
June 14, 2007.
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from the southeastern corner of the new dry-cleaning facil-
ity to approximately the intersection of Samoa Street and the 
entrance to the Building 293 driveway. Because the northern 
plume has been studied extensively in previous investigations 
(Tetra Tech NUS, Inc., 2004, 2005), the present investigation 
concentrated on the southern plume and the downgradient 
part of the northern plume. The distribution of groundwater 
contamination shown in figures 12–15 represents data from 
multiple sampling events during an approximate 2-year period. 
In the southern plume, the data include groundwater samples 
from temporary wells installed for this investigation on mul-
tiple dates, from temporary wells installed during a previous 
investigation in 2006 (Mark Sladic, Tetra Tech NUS, Inc., 
written commun., 2006), and from permanent wells that were 
sampled in 2008. Thus, the mapped configurations of individ-
ual constituents represent generalized distributions rather than 
snapshots in time. The data from the northern plume represent 
samples collected primarily during a single event (June 2007), 
but include data from a monitoring well sampled in June 2008. 

The downgradient part of the northern plume extends 
southeastward to the storm drain connected to storm drain 
STS21 (fig. 6). No detectable groundwater contamination 
was found in temporary or permanent wells east of that storm 
drain beneath the former temporary lodging parking lot 
(figs. 12–15).

The main part of groundwater contamination in the 
southern plume extends from the southeastern corner of the 
new dry-cleaning facility southeastward toward well PAI-
45-MW20-SL (figs. 3 and 12). PCE concentrations in the 
southern plume were greatest in the source area at the south-
eastern corner of the new dry-cleaning facility (62,400 μg/L) 
and were greater than 10,000 μg/L in the middle part of the 

Table 1. Concentrations of total organic carbon in sediment cores, Site 45, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2008.

[J, estimated value; <, less than; MCL, maximum contaminant level for drinking water established by the U.S. Environ-
mental Protection Agency, accessed on June 18, 2009, at http://www.epa.gov/safewater/contaminants/index.html#mcls]

Well identifier Date

Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Xylenes 
(total)

Naphthalene

PAI-45-MW27-SL September 11, 2007 6.01 1.55J 5.14 8.44 606

PAI-45-MW27-SL 
duplicate

September 11, 2007 5.94 1.38J 4.94J 8.49 555

PAI-45-USGS-TW21 June 25, 2007 0.952J <0.25 <0.25 <0.25 6.98

PAI-45-USGS-TW26 June 25, 2007 1.71 <0.25 <0.25 <0.25 <0.25

PAI-45-USGS-TW36 June 25, 2007 4.17 <0.5 1.21J 1.97J 81.9

PAI-45-USGS-TW65 June 28, 2007 5.36 <1.25 3.81J 6.55 397

PAI-45-USGS-TW71 August 29, 2007 2.66 0.759J 0.759J 0.773J 119

MCL Not applicable 5 1,000 700 10,000 Not estab-
lished

(7,310–7,630 μg/L) are consistent with a shift from sulfate 
reduction to methanogenesis, as is common when petroleum 
hydrocarbons are present in an aquifer. Low concentrations of 
petroleum hydrocarbons also were detected in temporary wells 
drilled near the former temporary lodging facility in June and 
August 2007 (table 1, fig. 4). The source of the petroleum 
hydrocarbons is not known. Some of the benzene detections 
were slightly greater than the 5-µg/L MCL established by the 
USEPA (U.S. Environmental Protection Agency, 2008). 

Distribution of Chlorinated-Solvent 
Groundwater Contamination

This investigation examined aspects related to areal and 
vertical distribution of the groundwater contamination. Data 
related to the areal distribution of groundwater contamination 
were collected for the southern plume and the downgradient 
part of the northern plume. Data related to the vertical distri-
bution of groundwater contamination were collected only for 
the southern plume.

Areal Distribution of Groundwater 
Contamination

Groundwater contamination by chlorinated solvents 
at Site 45 is present in two lobes with some probable inter-
mingling in downgradient parts (figs. 12–15). The northern 
plume extends southeastward from the northern part of the 
former dry-cleaning facility. The southern plume extends 
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Figure 12. Generalized distribution of tetrachloroethene in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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Figure 13. Generalized distribution of trichloroethene in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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Figure 14. Generalized distribution of cis-1,2-dichloroethene in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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Figure 15. Generalized distribution of vinyl chloride in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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plume beneath Kyushu Street (fig. 12). Concentrations of TCE 
were relatively uniform along the axis of the southern plume 
(fig. 13). cDCE was most concentrated (1,100–2,180 μg/L) 
near the middle part of the plume between temporary wells 
PAI-45-USGS-TW48 and PAI-45-USGS-TW53 (figs. 4 
and 14). In general, VC also was most concentrated in the 
central part of the plume (greater than 100 μg/L) (fig. 15). 
An exception, however, is a temporary well (PAI-USGS-
TW44) near the new dry cleaner where a VC concentration of 
201 μg/L was found in the groundwater (fig. 15). 

Vertical Distribution of 
Groundwater Contamination

A variety of lines of evidence contribute to the interpreta-
tion of the vertical distribution of groundwater contamination 
at Site 45. The data include lithologic descriptions, ECD logs 
from MIP investigations, sediment analysis from core samples, 
and groundwater samples from temporary and permanent 
wells (fig. 16).

Although well PAI-45-MW28-D is screened below the 
surficial aquifer, lithologic data collected during the well 
installation provide information on the nature of the surficial 
aquifer at that well. Based only on lithologic considerations 
from drilling cores at well PAI-45-MW28-D, the most perme-
able part of the surficial aquifer near the new dry-cleaning 
facility probably is at a depth of about 6.5 to 11.4 ft BLS (alti-
tude of about –1 to –5.9 ft relative to NAVD 88). That horizon 
consisted of loose, wet sand (fig. 17A). The zone beneath the 
sand was siltier and, therefore, less permeable, indicating that 
a depth of about 11.4 ft probably is the base of the zone trans-
mitting most of the groundwater in the surficial aquifer at well 
PAI-45-MW28-D. This horizon probably is a few feet deeper 
at the southeastern corner of the new dry-cleaning facility 
because of the slight rise in altitude relative to Kyushu Street.

The ECD log indicates that at MIP7, near the new 
dry-cleaning facility, the VOC contamination begins at a 
depth of about 8 ft BLS (altitude of about –2.7 ft relative to 
NAVD 88), with a greater VOC concentration beginning at 
a depth of about 10–11 ft (altitude of –4.7 to –5.7 ft) below 
Kyushu Street (fig. 17B). At MIP2, also near the new dry-
cleaning facility, but at a slightly higher altitude, a spike in the 
ECD log indicates a sharp increase in VOC contamination at 
a depth of about 12 ft BLS (altitude of about –5.3 ft relative 
to NAVD 88). The sharp increase in VOC contamination of 
MIP2 corresponds to the zone of increased VOC contamina-
tion at MIP7. The top of the zone of increased VOC contami-
nation in MIP2 and MIP7 corresponds to the lowermost foot 
or so of loose sand at the probable base of the predominant 
flow regime in the surficial aquifer. 

Temporary wells sampled near the new dry-cleaning 
facility at depths of 7–11 ft BLS had lower concentrations of 
VOCs than at 11–15-ft BLS (fig. 17C, table 2). Thus, VOC 
concentrations are greater near the base of the loose sand than 
near the top. Because the 11–15-ft temporary wells appear 

to be partly screened in the loose sand and partly screened 
in the underlying less permeable material, most of the water 
sampled from the 11–15-ft temporary wells likely was derived 
from the loose sand in the top part of the screened interval 
rather than from the underlying less permeable material. This 
interpretation is consistent with the soil-core data indicating a 
sharp decrease in contaminant concentrations at depths greater 
than 12 ft BLS relative to shallower depths (fig. 17D) (Scott 
Huling, U.S. Environmental Protection Agency, written com-
mun, 2009). Thus, it is likely that contamination near the new 
dry-cleaning facility is present from a few feet depth to about 
11.5 ft BLS, most of the contamination is at a depth of about 
8 to 11.5 ft. BLS, and the greatest concentrations are at the 
base of the 8–11.5 ft interval.

Further support for this hypothesis is that while tempo-
rary wells PAI-45-USGS-TW39 (upgradient part of the south-
ern plume) and PAI-45-USGS-TW48 (midpart of the southern 
plume) were screened at depths of 10–14 and 10.5–14.5 ft 
BLS, respectively, and contained about 5,000 to 10,000 μg/L 
of PCE, several temporary wells between these two wells were 
screened at depths of 11–15 ft BLS and contained relatively 
little contamination (less than 250 μg/L and in most cases less 
than 50 μg/L of PCE). These wells included PAI-45-USGS-
TW73, -TW74, -TW83, -TW87, -TW88, -TW90, -TW91, 
-TW92, and -TW93 (fig. 4). The data are consistent with the 
interpretation that 11- to 15-ft-deep wells with comparatively 
little contamination were screened below the major contami-
nation depth; therefore,wells PAI-45-USGS-TW73, -TW74, 
-TW83, -TW87, -TW88, -TW90, -TW91, -TW92, and -TW93 
are not included in figures 12–15. The depths of these wells 
were selected based on the MIP-log response showing rela-
tively high ECD indications at depths from about 10 or 12 ft 
to about 15 ft (fig. 17B). It is likely, however, that as the MIP 
probe progressed downward, the most reliable reading was at 
the first encounters with contamination and the deeper ECD 
responses reflect some level of carry-over. Thus, in the area 
between temporary wells PAI-45-USGS-TW39 and PAI-45-
USGS-TW48, there appears to be comparatively little con-
tamination at depths greater than 11 ft BLS.

In the midpart of the southern plume at temporary well 
PAI-45-USGS-TW96, the most permeable zone appears to 
be a loose sand layer from about 8 to 10 ft BLS (figs. 16 
and 18A). The shallowest sharp increase in ECD-log response 
was just above the base of this layer (fig. 18B), and great-
est concentrations of VOCs detected in field measurements 
from this well were in the same layer (figs. 18C and 18E). 
Relatively high VOC concentrations also were detected at 
depths below 11 ft (figs. 18C and 18D). The VOC concentra-
tions at temporary well PAI-45-USGS-TW96 decreased with 
depth below about 13 ft BLS (figs. 18C and 18E) and were 
not detectable (less than 0.2 parts per million) at depths of 
14–14.8 ft directly above the organic-rich silt layer and at 
15.2–16 ft in the organic-rich silt layer (fig. 18C). The less 
porous nature of the organic-rich layer relative to the overly-
ing sand and the downward decrease in VOC concentrations 
in sediment immediately above the organic-rich layer indicates 
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Figure 16. Locations of sampling points shown in figures 17 and 18, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina.
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that the organic-rich layer is not a major contaminant-transport 
pathway at well PAI-45-USGS-TW96. These data indicate 
that the probable depth of contamination in the midpart of the 
southern plume at well cluster PAI-45-MW31 is about 6–14 ft 
BLS, with most of the contamination between about 8 and 
11 or 12 ft BLS and the largest potential for lateral transport 
between about 8 and 10 ft BLS. 

Wells PAI-45-MW28-D, PAI-45-MW29-D, and PAI-
45-MW30-D (fig. 3) were installed below the clay layer at 
the base of the surficial aquifer to gain further information on 
water levels and water quality below the surficial aquifer. It 
cannot be stated with certainty that no VOC contamination is 
in the D horizon underlying the clay that defines the base of 
the surficial unit because the wells in the D horizon near the 
new dry-cleaning facility were installed slightly offset from 
the main body of contamination in the surfical aquifer to avoid 
the risk of inadvertent downward transport of possible free 
product from the surficial to the deeper aquifer during drilling. 
Groundwater levels in the D-horizon wells are lower than lev-
els in the surficial aquifer wells, indicating that if there were a 
discontinuity in the clay layer, it is likely that there would be 
downward flow from the surficial to the deeper aquifers. Con-
tamination, however, is unlikely to be present in the brackish 
D-horizon aquifer for several reasons. No evidence of ground-
water contamination by VOCs was found in ground water 
samples collected from D-horizon wells PAI-45-MW28-D, 
-29-D, and -30-D on June 7, 2008, and well PAI-45-MW28-
D was near the main body of contamination. Water samples 
from the wells contained less than 0.25 µg/L of PCE and TCE, 
less than 0.3 µg/L of cDCE, and less than 0.5 µg/L of VC. By 
virtue of its nearness to the main body of contamination in the 
southern plume and the probable slight hydraulic gradient to 
the southeast, it is likely that contamination would have been 

detected at well PAI-45-MW28-D if substantial contamina-
tion were present in the aquifer beneath the surficial aquifer. 
In addition, there are substantially lower VOC concentrations 
near the base of the surficial aquifer than in the vertical midpart 
of the surficial aquifer, indicating a low potential for downward 
transport through the base of the surficial aquifer. Finally, the 
organic-rich peat at the base of the surficial aquifer provides a 
substantial sorptive buffer for VOCs. 

Source of Chlorinated-Solvent 
Groundwater Contamination  
in the Southern Plume

Although the southern plume spatially originates from 
the new dry-cleaning facility, it is unlikely that the new dry-
cleaning facility is the source of the contamination. From the 
beginning of its operation, the new dry-cleaning facility used 
ExxonMobil DF-2000 fluid as the cleaning solvent; this is a 
petroleum-based solvent and would not be a viable source of 
chlorinated-solvent contamination in the aquifer. 

Several lines of evidence indicate that the contaminant 
source in the southern plume was a leak from a sanitary sewer 
in the vicinity of the new dry-cleaning facility. In the initial 
stages of the present investigation, the USGS uncovered 
manhole SAS01 and determined it to be an abandoned sanitary 
sewer system shallower than the water table. When water 
was poured into the manhole, the water exited the manhole in 
the direction leading to the new dry-cleaning facility (fig. 6). 
Examination of engineering blueprints of historic and existing 
structures at Site 45 showed that the system was the sanitary 

Table 2. Concentrations of chlorinated volatile organic compounds in shallow and deeper 
temporary-well groundwater samples near the new dry cleaning facility, March 5, 2008.

[ft NAVD 88, feet relative to the North American Vertical Datum of 1988; ft BLS, feet below land surface; PCE, tetra-
chloroethene; TCE, trichloroethene; cDCE, cis-1,2-dichloroethene; VC, vinyl chloride; <, less than; J, estimated value; 
B, target analyte was detected in the associated blank]

Well identifier

Ground-
surface 
altitude  

(ft NAVD 88)

Screen 
interval  

(ft NAVD 88)

Screen 
interval  
(ft BLS)

PCE TCE cDCE VC

PAI-45-USGS-TW77 7.33 0.33  7–11 0.351J 20.5 47.9 <0.3
–3.67  11–15 454 3,470 365 <15

PAI-45-USGS-TW78 7.34 0.34  7–11 10.1 45.5 117 <0.3
–3.66  11–15 <12.5 3,200 761 <15

PAI-45-USGS-TW80 5.54 –1.46  7–11 366 732 82.6 <3
–5.46  11–15 6,170 2,160 112 <30

PAI-45-USGS-TW81 7.67 0.67  7–11 <0.25 19.9 107 <0.3
–3.33  11–15 14.0J 1,510 573 <7.5

PAI-45-USGS-TW94 6.6 0.67  7–11 331 863 213 <0.3
–3.33  11–15 754B 5,020 323 2.07
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Figure 18. (A) Lithologic log, (B) electron-capture-detector (ECD) log from Membrane Interface Probe (MIP) investigation, 
(C ) field analysis of volatile organic compounds in sediment cores, (D) trichloroethene concentrations in water from 
multiple depths in temporary wells, and (E ) total chlorinated volatile organic compounds in sediment from cores near the 
southeastern corner of the new dry-cleaning facility, Site 45, Marine Corps Recruit Depot, Parris Island, 2008.
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sewer for the former dry-cleaning facility. The original sani-
tary sewer line, in place since the mid-1950s, appears to have 
extended to beneath what is now the southeastern corner of 
the new dry-cleaning facility and then turned about 90 degrees 
southward. The corner of the former sanitary sewer line that 
extended beneath the new dry-cleaning facility was replaced 
by a diagonal section of pipe extending from manhole SAS02 
to SAS03 sometime in the mid- to late-1990s. 

The sanitary sewer line was constructed of vitrified clay. 
A sewer-inspection camera was used to examine the integrity 
of the sewer line in 2007. The camera revealed that although 
the existing pipe between the former and new dry-cleaning 
facilities contained no collapsed sections, it contained many 
cracks, and grass roots extended into the pipe. Thus, it is 
highly probable that the abandoned sanitary sewer is leaky. 

The aquifer at the southeastern corner of the new dry-
cleaning facility, where the section of the sanitary sewer was 
removed, contained the greatest PCE concentrations, the 
greatest PCE/daughter-product ratios, and the lightest PCE 
CSIA values in the southern plume. The direction of ground-
water flow is to the southeast and the chemical data indicate 
that the area where the sanitary sewer was removed contains 
the most concentrated and least degraded parent compound in 
the southern plume. The southeastern corner of the new dry 
cleaning facility is, therefore, the likely source area for the 
southern plume. 

The coincidence of the southern plume source area 
with a removed section of sanitary sewer that was part of a 
cracked sanitary sewer system, the existence of documented 
and potentially undocumented PCE spills in the former dry-
cleaning facility connected to that sanitary sewer, and the lack 
of a viable source for the PCE spill at the new dry-cleaning 
facility indicate that the probable source of the contamination 
at that location was leakage from the sanitary sewer system. 
In general, sewer leaks (exfiltration) have been recognized 
as potential contamination sources for many years (Amick 
and Burgess, 2000; Wakida and Lerner, 2004; Wolf and oth-
ers, 2004; Rutsch and others, 2005; Held and others, 2006; 
 Reynolds and Barrett, 2007). Leaking sewer lines have pro-
duced groundwater VOC contamination elsewhere (Squillace 
and others, 2004), including PCE contamination from dry-
cleaning operations (State of Wisconsin, 1996).

An additional underground pipe was encountered during 
this investigation in a boring near well PAI-45-MW31-SU. 
This unmarked and unused pipe was not found on site blue-
prints. Therefore, other unidentified subsurface utilities may 
influence groundwater or contaminant transport.

Transport and Fate of 
Chlorinated Solvents

Groundwater contamination at Site 45 is subject to a 
variety of influences. One of the most important influences is 
site hydraulics, which are affected by the storm sewers. Other 
important influences include biodegradation and sorption. 

Storm-Sewer Influences on Transport

Data indicate that groundwater contamination in the 
northern plume discharges to the storm sewer containing storm 
grate STS21 and possibly to the section of storm sewer near 
manholes STS13 and STS14. These sections of storm drains 
are below the water table, and VOCs have been detected in the 
storm sewer at STS13, STS14, and STS21 (fig. 6 and table 3). 
In addition, the curvature of water-table contours around the 
storm sewer downgradient from storm grate STS21 indicates 
movement of groundwater to the storm drain from both sides 
(figs. 8 and 9). 

Data from temporary wells sampled during this investiga-
tion at the downgradient edge of the northern plume provide 
further evidence indicating an influence from the storm-
sewer system on the groundwater-contamination distribution. 
Groundwater from temporary wells PAI-45-USGS-TW4, 
-TW6, -TW8, and -TW10 immediately west of the storm 
sewer containing storm grate STS21 had more than 1,000 µg/L 
of cDCE at the 7–11 or 7.5–11.5 ft BLS (figs. 4, 6, and 14). 
In contrast, wells PAI-45-USGS-TW7 (screened at 7–11 ft 
BLS) and adjacent wells PAI-45-USGS-TW9 and PAI-45-
USGS-TW18 (screened at 7.5–11.5 ft BLS and 12–14.5 ft 
BLS, respectively) on the eastern side of the storm drain did 
not contain detectable VOCs (figs. 4, 6, and 12–15). The depth 
to water in that area was 3.24 to 3.75 ft (based on wells PAI-
45-MW14-SU and PAI-45-MW23-SU, respectively), and the 
depth of the storm drain containing manhole STS21 is about 
4.6 ft or greater. Thus, it is unlikely that the wells east of the 
storm sewer vertically missed the contamination beneath the 
former temporary lodging parking lot. The hydraulic gradients 
and lack of detectable VOCs east of the storm drain indicate 
that the storm-sewer system probably is a main discharge zone 
for the northern plume and effectively limits further expansion 
of the main axis of contamination in the northern plume. 

In the downgradient part of the northern plume near 
the entrance to the former temporary lodging parking lot, 
the storm sewer containing manholes STS13 and STS14 is 
shallower than the storm drain containing storm grate STS21 
(fig. 8). Thus, much of the groundwater contamination in the 
northern plume appears to underflow the western storm drain 
(containing STS14) and move toward the deeper storm drain 
farther east (containing STS21) (figs. 12–15). It is clear that 
some groundwater contamination discharges to the western 
storm sewer because TCE and cDCE were found in water 
at manhole STS14 on most of the sampling dates (table 3). 
During three out of the four sampling events at manhole 
STS14, groundwater levels were relatively low, compared 
with measurements in nearby well PAI-45-MW23-SU (2.54 
to 2.66 ft relative to NAVD 88). On those dates, TCE concen-
trations in water from manhole STS14 ranged from less than 
0.25 to 3.86 µg/L, and cDCE concentrations ranged from an 
estimated value of 0.937 to 4.78 µg/L. On September 8, 2007, 
however, the measured water level in well PAI-45-MW23-SU 
was 3.54, about a foot higher than on the previous sampling 
dates. The following day (September 9, 2008) a water sample 
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from manhole STS14 contained substantially greater VOC 
concentrations than on previous dates (183 µg/L of TCE and 
387 µg/L of cDCE). Most importantly, water from manhole 
STS14 contained 20.1 µg/L of VC. The western storm drain 
containing STS14 is a receptor of groundwater contamination 
from the northern plume and is more important as a recep-
tor during periods of high groundwater levels than during 
periods of low groundwater levels. This is important because 
temporary well PAI-45-USGS-TW15 (fig. 4) had ground-
water contamination containing 2,290 µg/L of VC (June 25, 
2007) and is immediately adjacent to that storm sewer (figs. 4 
and 15). Thus, at high groundwater levels, there is the poten-
tial for increased amounts of VC to enter the storm sewer. If 
such an event occurs at a time when tidal flushing is low, then 
increased concentrations of VC could discharge at the storm-
sewer outfall. The MCL for VC in drinking water established 
by the USEPA is 2 µg/L, and VC has been associated with 
potential increased risk of cancer in adults (U.S. Environmen-
tal Protection Agency, 2008). 

During times of low groundwater levels, relatively 
low concentrations of VOCs in the southernmost part of the 
northern plume may move southeastward beneath storm drain 
STS14. Based on this consideration and on groundwater flow 
directions (figs. 8 and 9), such movement may account for 
some of the low concentrations of TCE and cDCE detected in 
groundwater immediately west of the former temporary lodg-
ing (figs. 13 and 14). 

Data indicate that storm sewers also intercept con-
tamination in the southern plume. Chlorinated solvents were 
detected in water from STS05 (30 μg/L of PCE, 100 μg/L of 
trichloroethene [TCE], 70 μg/L of cDCE, and 7 μg/L of VC in 
June 2007) (table 3, fig. 6). Well PAI-45-MW20-SL, a few feet 
north of the storm drain containing manhole STS05, contained 
more than 1,000 μg/L of TCE, while TCE in most of the 
temporary wells on the opposite of the storm drain contained 
less than 5 μg/L of TCE (fig. 13). Thus, it appears that the 
storm drain below the water table near well PAI-45-MW20-SL 
is a discharge zone for groundwater contamination. Manholes 
STS05 and STS06 are near each other and are about the same 
depth (fig. 8); therefore, the hydrology of the two manholes 
probably is similar. Because the groundwater levels in SL 
wells near these manholes is usually more than 2 ft higher 
than the water levels in the manholes (fig. 10), there probably 
is movement of contaminated water from parts of the aquifer 
deeper than the manholes upward toward the manholes, storm 
sewer, and the granular base material below the storm sewer.

 The presence of VOCs in water from manhole STS05 
and the sharp decline in contaminant concentrations from 
one side of the storm sewer to the other side indicate that a 
substantial part of the southern plume is captured by the storm 
sewer. The presence of VOCs in some temporary wells on 
the downgradient side of the storm sewers, however, indi-
cates that some of the contamination in the southern plume 
bypasses the storm sewers. For example, 110–339 μg/L of 
cDCE was detected in groundwater on the downgradient side 
of the storm drain at temporary wells PAI-45-USGS-TW27, 

PAI-45-USGS-TW28, and PAI-45-USGS-TW64, and 155 
μg/L of TCE was detected in groundwater at well PAI-45-
USGS-TW27 (figs. 4, 13, and 14). 

Relatively low concentrations of groundwater contami-
nation bypass the storm sewers at Site 45, as evidenced by 
concentrations of cDCE of about 5–7 μg/L in temporary wells 
between the storm sewer and the former temporary lodging 
(fig. 14). Based on site hydrology and the relatively leaky 
nature of the storm sewers, the groundwater contaminants 
probably are captured eventually by discharge to a deep storm 
sewer. Potential receptors include the storm sewers near man-
holes STS06, STS07, and STS22 (fig. 6).

Once in the storm-sewer system, VOCs are subject 
to a variety of contaminant-reduction influences. The larg-
est influence is tidal action. The storm sewers at Site 45 
range in diameter from 12 to 36 inches; thus, a tidal change 
of greater than 3 ft in some of the storm sewers at Site 45 
represents a substantial amount of marsh water entering and 
exiting the pipes relative to the comparatively small amount 
of groundwater leaking into them. The tidal exchange dilutes 
the VOC  concentrations in the storm sewers. Volatilization 
probably also removes some of the VOC contamination in the 
storm sewers.

During outgoing tides, the diluted contamination in the 
storm sewer is transported southward and discharges to Bal-
last Creek. Based on a dye test, the contaminant-transport 
time through approximately 1,400 ft of storm sewer from 
Site 45 to Ballast Creek during outgoing tides is a little more 
than 1 hour (fig. 19). A sample from manhole STS26 in the 
storm sewer approximately 320 ft from the Ballast Creek 
discharge contained PCE, TCE, and cDCE concentrations of 
0.69 (estimated), 4.26, and 2.53 µg/L, respectively, at low tide 
and concentrations of 1.06, 5.63, and 3.48 µg/L, respectively, 
1 hour after low tide. At 1 hour after low tide, water at man-
hole STS26 was moving in the storm sewer toward the creek. 
Because no additional storm-sewer pipes appear to enter the 
main storm sewer between STS26 and Ballast Creek, there is 
no additional dilution between STS26 and Ballast Creek, and 
the detected contaminant concentrations at STS26 represent 
VOC concentrations from Site 45 being discharged to Bal-
last Creek. Maximum detected VOC concentrations detected 
in storm-sewer water at STS26 during three sampling events 
(on two different dates) were 1.06 µg/L of PCE, 5.63 µg/L 
of TCE, 3.48 µg/L of cDCE, and less than 0.5 µg/L of VC 
( September 10, 2007, 1 hour after low tide) (table 3).

The above data indicate that the storm sewers function 
as discharge points for the major parts of both the northern 
and southern plumes. Part of the groundwater contamination 
may bypass some of the storm sewers below the water table; 
however, the bypassing concentrations are relatively low. 
Although substantial concentrations of VOCs are present in 
the groundwater near the storm sewers (more than 1,000 μg/L 
of TCE in the southern plume and more than 1,000 μg/L of 
cDCE in the northern plume), the groundwater that leaks into 
the storm sewers is subjected to dilution and volatilization 
effects that result in low concentrations of VOCs in water 
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from the sampled manholes (maximum detection of 387 μg/L 
of cDCE and 183 μg/L of TCE; table 3) and at the discharge 
point. Thus, the storm sewers appear to be preventing substan-
tial additional expansion of the plumes and usually discharg-
ing relatively low concentrations of VOCs (less than about 
10 μg/L of total VOCs to Ballast Creek).

Finally, in an interview during this investigation, the 
Parris Island environmental officer who investigated the 1994 
solvent spill at the above-ground storage tanks stated that there 
was evidence that PCE may have entered the storm drains 
during this event (James Clark, Environmental Officer, Parris 
Island, oral commun., 2008). Because a substantial amount of 
PCE was released to the environment, PCE entering the storm 
drain would have been transported through the storm-sewer 
system. The most probable receptors would have been storm 
drains STS01 or STS16 (fig. 6). Both of these storm drains 
connect to the same storm sewer and ultimately discharge to 
the Ballast Creek tributary at STS27 (fig. 19). Few data are 
available on the nature of a historic storm sewer extending 
from beneath the former above-ground storage-tank area 
southeastward to storm grate STS08 (fig. 6) except that 
video imaging of that section of the sewer during this inves-
tigation showed it to be presently occluded by a concrete 
plug approximately 94 ft northeast of STS08. If the historic 
sewer line had been a receptor, then it would have connected 
to the same storm sewer that drains STS01 and STS16. 

The potential historical presence of free-phase PCE in 
the storm sewer is important for several reasons. The previ-
ously discussed leaky nature of parts of the storm sewer 
means that the dense nonaqueous phase liquid (DNAPL) 
could have leaked from various parts of the storm sewer 
in route to the Ballast Creek discharge. If DNAPL was 
transported all the way to the Ballast Creek discharge point 
at STS27, then it likely would have sorbed to and sunk 
into the sediments not far from STS27. A reconnaissance 
survey of shallow sediment collected near the STS27 outfall 
during this investigation showed no detectable chlorinated-
solvent contamination at depths of 0.5 and 1 ft below the 
sediment surface (fig. 7); however, due to a laboratory 
error, the sediment sample from 1-ft depth at the outfall 
(PAI-SWSED1, June 17, 2008) had unusually high detec-
tion limits [32 to 81 milligrams per kilogram (mg/kg)]. Low 
concentrations of toluene were detected in sediment from 
PAI-SWSED1, 0.5 ft depth (estimated 0.67 mg/kg), and 
at PAI-SWSED3, 1.0 ft depth (3.96 mg/kg). The lack of 
detectable chlorinated-solvent contamination in the sedi-
ment does not eliminate the possibility of deeper contamina-
tion because reworking of the shallow sediment could have 
destroyed the shallow signature. Examination of deeper 
sediment and a search for potential PCE leaks from the 
storm sewer outside of Site 45 were beyond the scope of the 
present investigation. 

Historical contamination could have exited the storm 
sewer east of STS26 through the eastern storm sewer 
that now contains numerous collapse features (fig. 19). 
This eastern storm sewer and the storm sewer containing 

sewer-outfall point STS27 are now connected at manhole 
STS25. The connection at STS25 probably was made to facili-
tate drainage of the storm sewer that extended from approxi-
mately beneath the former temporary lodging parking lot to a 
tributary to Ballast Creek after the collapse features occluded 
the pipe near the outfall point. Evidence that the occlusions 
limit or prevent direct discharge from the eastern storm sewer 
to Ballast Creek can be seen in the directions of water flow in 
the sewers. During an outgoing tide, water drains into manhole 
STS25 (fig. 19) from both the northern and southern sections 
of the eastern storm sewer. Water then flows laterally to the 
western storm sewer and then moves southward toward Bal-
last Creek. The flow directions reverse during an incoming 
tide, with water moving from the western storm sewer through 
manhole STS25 and into both the northern and southern sec-
tions of the eastern storm sewer. Thus, it appears that there is 
no significant exit or entrance for the eastern storm sewer at 
Ballast Creek. 

Figure 19. Movement of dye tracer and arrival times in the storm 
sewer from Site 45 to the Ballast Creek tributary, Marine Corps Recruit 
Depot, Parris Island, South Carolina, August 30, 2007.
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If the spill occurred during a period when the eastern 
and western storm drains were connected, then some level 
of contaminant could have been transported in the eastern 
storm drain. Such transport, however, seems less likely than 
transport in the storm sewer containing discharge point STS27 
because the storm sewer containing STS27 is more directly 
connected to the probable receptor drains for the spill and 
because of predominance of flow at the STS27 discharge point 
relative to the occluded sewers.

It is unlikely that substantial DNAPL from the original 
spill is still present in the storm sewers because of substantial 
flushing by daily tides and by rainfall events, including hur-
ricanes. It also is unlikely that the VOCs detected during this 
investigation in the storm sewers are simply a measurement of 
remnant DNAPL because the presence of TCE, cDCE, and VC 
in the storm sewer indicates that the PCE has been degraded 
by reductive dechlorination (table 3), a process unlikely to 
occur in an aerobic storm sewer. In addition, the δ13C of 
PCE in water from manhole STS05 (–20.51 ‰) reflected a 
substantial amount of degradation relative to manufactured 
PCE (–27.0 to –37.2 ‰: van Warmerdam and others, 1995; 
Jendrejewski and others, 2001), but was similar to the δ13C 
of PCE in groundwater from nearby well PAI-45-MW20-SL 

(–20.8 ‰) (table 4). Thus, the chlorinated solvents presently in 
the storm-sewer water are from groundwater. 

Biodegradation

Several lines of evidence indicate the presence of VOC 
biodegradation in the aquifer at the southern plume. These data 
include microbial considerations, chlorinated-solvent parent/
daughter–product ratios, and stable carbon isotopes. Despite a 
substantial decrease in the total mass of chlorinated solvents 
from the upgradient source area near the new dry-cleaning 
facility to downgradient well PAI-45-MW20-SL, however, 
a substantial concentration of TCE (3,500–5,840 μg/L) is 
still present in the aquifer at well PAI-45-MW20-SL near a 
storm drain (STS05) known to be a recipient of groundwater 
contamination. Thus, biodegradation alone is not sufficient to 
decrease TCE concentrations to values less than milligram-
per-liter levels prior to discharge to the storm sewers.

Molecular analysis as part of this investigation indi-
cated the presence of Dehalococcoides sp. and Dehalobacter 
sp., which are microbes known to degrade chlorinated 
solvents (table 5). A variety of microorganisms are capable 

Table 4. Concentrations of compound-specific stable carbon isotope analysis on water from wells and a storm sewer, Site 45, 
Marine Corps Recruit Depot, Parris Island, South Carolina, 2007–2008.

[1,1-DCE, 1,1-dichloroethylene; PCE, tetrachloroethylene; TCE, trichloroethylene; cDCE, cis-1,2-dichloroethylene; tDCE, trans-1,2-dichloroethylene; 
VC, vinyl chloride; DIC, dissolved inorganic carbon as carbon dioxide; R, laboratory rerun of a sample at a later date than the original analysis; D, duplicate 
sample; —, not analyzed or not reliable due to low concentrations; all concentrations are per mil units of the 13C/12C ratio from a reference standard of the 
Vienna Pee Dee Belemnite]

Site identifier
Sample date  

(month/day/year)
1,1-DCE PCE TCE cDCE t DCE VC DIC

PAI-45-MW04-SL 8/25/2005 –36.60 –25.10 –29.20 –30.30  —  — –12.0
PAI-45-MW20-SL 8/25/2005 –38.80 –20.80 –29.20 –30.30  —  — –11.9
PAI-45-USGS-TW44 6/27/2007 –22.10 –26.01 –31.03 –30.76 –41.53 –22.57  —
PAI-45-USGS-TW39 6/27/2007  — –29.49 –30.19 –31.61  — –20.25  —
PAI-45-USGS-TW48 6/27/2007 –33.06 –27.22 –30.24 –29.79 –39.54 –19.21  —
PAI-45-USGS-TW48 R 6/27/2007  —  —  — –29.71 –39.70 –18.76  —
PAI-45-USGS-TW53 6/27/2007 –32.70 –26.16 –30.43 –30.56 –38.56 –18.22  —
PAI-45-USGS-TW53 D 6/27/2007  — –25.84  — –30.42 –37.39 –17.91  —
PAI-45-USGS-TW63 6/28/2007 –35.88 –26.07 –26.61 –33.82 –50.92 –6.17  —
PAI-45-USGS-TW63 R 6/28/2007 –35.22  — –26.52 –33.60 –50.65 –4.98  —
STS05 (storm sewer) 6/27/2007  — –20.51 –27.99 –31.03  — –20.25  —
PAI-45-USGS-TW3 6/25/2007  —  — 5.64 –27.81  — –19.62  —
PAI-45-USGS-TW12 6/25/2007  — –15.39 –21.69 –27.50  — –23.37  —
PAI-45-USGS-TW12 R 6/25/2007  — –14.98 –21.26 –27.25  — –24.09  —
PAI-45-USGS-TW43 6/27/2007  —  — –23.78 –28.60  — –3.07  —
PAI-45-MW25-SL 6/19/2008  — –29.16 –30.93 –32.71  — –22.58  —
PAI-45-MW31-SL 6/18/2008  — –25.51 –29.76 –30.35  — –21.41  —
PAI-45-MW31-SU 6/18/2008  — –25.55 –29.32 –29.76  — –24.11  —
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of dechlorinating PCE and TCE; however, only microorgan-
isms associated with the genus Dehalococcoides are known 
to dehalorespire cDCE and VC to ethylene (Hendrickson and 
others, 2002; Cupples and others, 2003; He and others, 2003a, 
2003b; Schmidt and de Vos, 2004). The species Dehalococcoi-
des etheneogenes is capable of complete sequential dechlori-
nation of PCE to ethylene (Maymo-Gatell and others, 1999). 
Dehalobacter sp. also has been identified as bacteria associ-
ated with dechlorination of chloroethenes (Holliger and others, 
1998; Maymo-Gatell and others, 1997). In nature, anaerobic 
dechlorination typically is carried out by mixed cultures of 
dechlorinators (Bradley, 2003), and complete dechlorination 
of PCE to ethylene has been observed in a mixed culture that 
did not contain the Dehalococcoides sp. (Flynn and others, 
2000). Thus, the absence of Dehalococcoides sp. and Deha-
lobacter sp. does not necessarily preclude complete dechlo-
rination. Their presence in groundwater at Site 45, however, 
indicates a strong probability of microbial dechlorination of 
the contamination. 

In areas where the dominant driver of biodegradation is 
Dehalococcoides sp., the rate of biodegradation appears to be 
related to the cell density. Dennis (2005) detected ethylene 
production from dechlorination in 78 percent of the ground-
water samples where the density of Dehalococcoides sp. was 
between 1 × 104 and 9.9 × 105 cells per liter and in 83 percent 
of the samples where the density was between 1 × 106 and 
9.9 × 107 cells per liter. In general, a density of 1 × 107 cells 
per liter is considered to be necessary to produce a useful rate 
of natural attenuation (Lu and others, 2006; Dennis, 2009). At 
Site 45, multiple groundwater samples contained Dehalococ-
coides sp. at greater than 104 cells per milliliter (107 cells per 
liter), indicating that sufficient quantities of Dehalococcoides 
sp. are present to produce robust biodegradation of chlorinated 
solvents to ethylene. 

An additional way to examine microbial activity in 
groundwater is to examine enzymes. The enzymes responsible 
for reductive dehalogenation in Dehalococcoides are reduc-
tive dehalogenases, or reductases (Krajmalnik-Brown and 
others, 2004). Microbial analysis of enzymes in groundwater 
from the southern plume showed the presence of BVC, which 
is the functional gene of vinyl chloride reductase associated 
with Dehalococcoides sp. strain BAV1 (table 5). The reductase 
gene (bvcA) in Dehalococcoides strain BAV1 grows using all 
dichloroethene (DCE) isomers and VC as electron acceptors 
and cometabolizes PCE and TCE, efficiently converting these 
compounds to ethylene and inorganic chloride (He and others 
2003b; Krajmalnik-Brown and others, 2004). 

The reductase associated with VC degradation in Dehalo-
coccoides strain VS and other strains is VcrA (Magnuson and 
others, 2000; Muller and others, 2004). VcrA was detected in 
groundwater from wells PAI-45-MW4-SL and PAI-45-MW20-
SU in the southern plume during some sampling events 
(table 5). The reductase responsible for trichloroethene reduc-
tion is TceA in Dehalococcoides strain 195 and other strains. 
TceA was detected in DNA in groundwater in the southern 
plume at well PAI-45-MW20-SU during one sampling event. 

The presence of these enzymes supports the finding that 
microbial degradation of the chlorinated solvents is occurring 
in the southern plume.

The pH of water in the surficial aquifer containing greater 
than 1 micromole per liter of chlorinated solvents averaged 
5.77 pH units (standard deviation of 0.32) in monitoring wells 
and 6.03 pH units (standard deviation of 0.25) in temporary 
wells. In general, maximum microbial reductive dechlorina-
tion has been observed between pH values of about 6.8 to 7.6 
with diminished reduction at lower pH values (Hollinger and 
others, 1993; Zhuang and Pavlostathis, 1995; Wiedemeier 
and others, 1996; Cirpka and others, 1999; Fennell and Gos-
sett, 2003). Although the pH in contaminated groundwater at 
Site 45 is slightly below the optimum level, the presence of 
chlorinated-solvent reductive dechlorination daughter products 
indicates that the pH is not low enough to prohibit reductive 
dechlorination. Reductive dechlorination of chlorinated sol-
vents in a low-pH environment (2–4 range) has been reported 
elsewhere in a Fenton’s reagent treatment area (Bradley and 
others, 2007).

Contaminant Concentration Changes in the 
Direction of Transport

Total chlorinated-solvent concentrations decrease in the 
southern plume along the transport path from the source area 
to well PAI-45-MW04-SL (fig. 20A). A variety of lines of evi-
dence in addition to the previously discussed microbial consid-
eration indicate that the decrease is partly due to contaminant 
biodegradation.

PCE is degrading to TCE in the southern plume. The 
PCE concentrations substantially decrease from upgradient to 
downgradient areas (fig. 20B). The PCE/TCE ratio decreases 
from PAI-45-MW25-SL to PAI-45-MW31-SL to PAI-45-
MW04-SL, indicating a decrease of PCE relative to TCE 
(fig. 20C). In general, the upgradient parts of the southern 
plume tend to be dominated by PCE, while more downgradi-
ent parts of the plume tend to be dominated by TCE or cDCE 
reflecting dechlorination activity (fig. 21). In addition, the δ13C 
of PCE in groundwater indicates a shift from isotopically light 
(negative) to isotopically heavier (more positive) from the 
source area to well PAI-45-MW20-SL (fig. 20D), indicating 
a depletion in the PCE mass of the more readily degradable, 
lighter isotopes. 

Although PCE is the dominant VOC in the source area 
at the southeastern corner of the new dry-cleaning facility, the 
presence of TCE indicates some degree of near-source-area 
PCE degradation. Additional evidence indicating PCE degra-
dation near the source area can be seen in the δ13C data. The 
δ13C of manufactured PCE can vary depending on the manu-
facturer and the timeframe of production, with values ranging 
from –27.0 to –37.2 ‰ (Jendrejewski and others, 2001; van 
Warmerdam and others, 1995). These values are consistent 
with the δ13C of PCE in the source area at well PAI-45-MW-
5-SL (–29.16 ‰) and in temporary well PAI-45-USGS-TW39 
(–29.49 ‰), approximately 30 ft downgradient from the 
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Figure 20. (A) Total chlorinated solvents, (B) individual chlorinated solvents, (C) parent/daughter ratios, 
and (D) compound-specific stable carbon isotopes (δ13C) in wells along the axis of contamination in the 
southern plume, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, September 2008, 
unless otherwise noted.
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source area (table 4), possibly indicating little degradation or 
proximity to free product (Morrill and others, 2003). In tempo-
rary well PAI-45-USGS-TW44, which is nearer to the source 
area than PAI-45-USGS-TW30, the δ13C of PCE in ground-
water was substantially enriched (–26.01 ‰), indicating 
dechlorination of the PCE. This temporary well also contained 
a substantially higher VC concentration (201 μg/L; figs. 4 
and 15) than in nearby wells, further attesting to dechlorina-
tion activity. Thus, there is sufficient dechlorination activity 
to produce VC in parts of the surficial aquifer near the source 
area at the southeastern corner of the new dry-cleaning facility.

There also is evidence that TCE is dechlorinating to 
cDCE in groundwater in the southern plume. The most com-
pelling evidence is the sharp decrease in the TCE/cDCE ratio 
between the source area and mid-plume well PAI-45-MW31-
SL (fig. 20C), despite the observation that the TCE concentra-
tion increased over that interval. The change in ratio indicates 
a gain of cDCE relative to TCE. 

Direct evidence indicating TCE biodegradation between 
the midpart of the southern plume at well PAI-45-MW31-
SL and the downgradient axis of the plume at well PAI-45-
MW20-SL is limited because there is almost no change in 
the TCE/cDCE ratio or in the δ13C of TCE in this part of the 
plume (figs. 20C and 20D), despite a slight decrease in TCE 
concentration (about 25–35 percent). TCE biodegradation, 
however, can occur under all anaerobic conditions; it occurs 
most efficiently under sulfate-reducing and methanogenic con-
ditions (Yang and McCarty, 1998; Bradley, 2003). Because the 
aquifer is anaerobic and the most contaminated part probably 
is dominated by sulfate-reducing conditions with probable 
pockets of methanogenesis, the TEAP conditions are condu-
cive to TCE degradation. 

Because H2 appears to be the most important donor for 
anaerobic dechlorination of chlorinated VOCs (Fennell and 
Gossett, 1998), the competition between sulfate-reducing 
bacteria (SRB) and chlorinated-VOC-degrading bacteria has 
the potential to limit dechlorination activity; however, in one 
laboratory study of microcosms containing Dehalococcoides 
sp., high sulfate concentrations (400 to 1,100 mg/L) under 
limiting electron donor conditions significantly inhibited TCE 
reduction, but had a negligible effect at 30 mg/L compared 
to the zero-sulfate case (Panagiotakis and others, 2008). At 
the comparatively low sulfate concentrations in the south-
ern plume (about 23 to 143 mg/L), sulfate is not expected to 
inhibit dechlorination activity.

Thus, it is likely that TCE dechlorination to cDCE is tak-
ing place in the downgradient part of the southern plume. The 
relative lack of degradation signature in the TCE/cDCE ratio 
or in the δ13C of TCE may be due to a combination of simul-
taneous production and degradation of TCE, the relatively 
small δ13C fractionation factor associated with TCE to cDCE 
degradation (Song and others, 2002), and slow degradation 
rates associated with natural attenuation. 

It is clear that some level of cDCE dechlorination takes 
place in the aquifer simply because of the presence of VC, a 
daughter product of cDCE reduction. VC is more concentrated 

in the central part of the southern plume near well PAI-45-
MW31-SL (about 120 to 420 μg/L) than in most wells near 
the source area (about 5 to 50 μg/L) (figs. 15 and 20B). This 
indicates that production of VC by dechlorination of cDCE 
takes place as the contamination is transported, at least in 
the upgradient half of the plume. An exception is temporary 
well PAI-45-USGS-TW44 near the new dry cleaner that had 
201 μg/L of VC in groundwater, indicating that substantial 
dechlorination has taken place in at least some parts of the 
aquifer in or near the source area. 

Reduction of VOCs under the iron- and sulfate-reducing 
conditions that appear to prevail in the aquifer at Site 45 is 
substantially less favorable for VC than for PCE and TCE. VC 
dechlorination can take place under these conditions, how-
ever, and has taken place at Site 45, as evidenced by elevated 
ethylene concentrations (13–150 μg/L) in groundwater along 
the axis of the southern plume relative to groundwater in wells 
outside of the main axis of the plume (less than 10 μg/L at 
most wells). Oxidation of VC under iron- and sulfate-reducing 
conditions is more favorable than reduction and probably is 
taking place in the aquifer at Site 45. The increases in δ13C for 
VC from –22.57 ‰ at temporary well PAI-45-USGS-TW44 
to –18.76 to –19.21 ‰ at PAI-45-USGS-TW48 and –17.91 to 
–18.22 ‰ at PAI-45-USGS-TW53 indicate biodegradation of 
VC as it is transported along the flowpath (table 4). Further 
evidence for VC biodegradation can be seen at temporary well 
PAI-45-USGS-TW63, where only a small amount of VC was 
present (estimated 30 μg/L) and the δ13C was enriched (–4.98 
to –6.17 ‰). The isotopic fractionation of VC during bio-
degradation can be larger than the fractionation of its parent 
compounds because the fractionation factor for VC is larger 
than for the parent compounds (Hunkeler and others, 1999; 
Bloom and others, 2000; Slater and others, 2001) and because 
while TCE and cDCE are being biodegraded, they also may be 
produced by reductive dehalogenation of parent compounds.

Supporting evidence for VC degradation can be seen in 
the fact that cDCE/VC ratios substantially increase along the 
transport pathway in the southern plume (fig. 20D). Based 
on the isotopic evidence for VC degradation, the increase in 
cDCE/VC ratios probably reflects VC degradation.

Although this investigation mostly focused on the 
southern plume, part of the northern plume approximately 
100 to 160 ft downgradient from the tank-spill area also was 
investigated using temporary wells. In some of those wells, 
VC constituted a larger percentage of the VOC contamination 
than in the southern plume, indicating a more advanced state 
of degradation. The difference between the chemistry in the 
northern and southern plumes may be partly because the north-
ern plume has been the focus of a variety of treatment pilot 
studies. An air-sparging pilot study took place in the northern 
plume in December 1996 (Bechtel Environmental, Inc., 1997). 
A groundwater pump-and-treat system was in operation from 
1998 to 2000, removing an estimated 1,056,410 gallons of 
water from the northern plume (Tetra Tech NUS, Inc., 2004). 
Emulsified zero-valent iron was injected into the aquifer as a 
treatment in the vicinity of the former above-ground storage 
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tanks in late 2006 (Suzanne O’Hara, Geosyntec Consultants, 
written commun., 2008). In contrast, the southern plume has 
not yet been subjected to engineered remediation. The larger 
amount of VC in the northern plume than in the southern 
plume also may be a consequence of probable historic releases 
of petroleum-based solvents at the former dry cleaning facility 
(S&ME, Inc., 1994), which could have produced highly reduc-
ing conditions conducive to enhanced VC production in parts 
of what is now the northern plume.

Other Influences
Some degree of sorption of the VOCs is expected to take 

place in the aquifer. In temporary well PAI-45-USGS-TW96, 
the total organic carbon (TOC) concentration in a composite 
sediment sample was 440 mg/kg (0.044 fraction organic car-
bon [foc] as percent) at a depth of 8–10 ft and was 2,120 mg/kg 
(0.212 foc) at a depth of 12–13 ft (table 6). These values are 
consistent with TOC analyses of sediment from the southern 
plume collected by the USEPA for a separate investigation 
(Scott Huling, U.S. Environmental Protection Agency, written 
commun., 2009). 

The distribution coefficient between water and sediment 
(Kd) can be calculated from the equation Kd = Koc × foc, where 
Koc is the organic carbon sorption coefficient. For PCE, which 
has a log Koc of about 2.42 (Solutions IES, Inc., and others, 
2007), these values produce distribution coefficient between 
water and sediment (Kd) of about 0.11–0.56. For TCE (log 
Koc of about 2.03, Solutions IES, Inc., and others, 2007), the 
calculated Kd is 0.04–0.23. For cDCE (log Koc of about 1.65, 
Solutions IES, Inc., and others, 2007), the calculated Kd is 
about 0.02–0.06. For VC (log Koc of about 1.23, Solutions IES, 
Inc., and others, 2007), the calculated Kd is about 0.007–0.036. 

The Kd values can be used to calculate a retardation 
coefficient {1+ [(bulk density)(Kd)]/porosity} for a range of 
porosities from 0.25 to 0.45 (Freeze and Cherry, 1979). Using 
an estimated bulk density of 1.65 grams per cubic centimeter 
(Mercer and others, 1982), the calculated retardation fac-
tors are about 1.4–4.7 for PCE, 1.2–2.5 for TCE, 1.1–1.6 for 
cDCE, and 1.0–1.2 for VC. Thus, PCE has the potential to 
travel 1.4–4.7 times more slowly than water in the aquifer due 
to sorption, whereas VC is subject to little or no sorption. 

Dispersion is an additional factor affecting contaminant 
concentrations. Dispersion of contamination in the southern 
plume may be somewhat enhanced by tidal fluctuations and 
diversion of flow paths toward multiple leaking storm drains. 

Summary and Conclusions
Site 45 is a former dry-cleaning facility and the surround-

ing area near the intersections of Panama Street, Samoa Street, 
and Kyushu Street. The area includes a new dry-cleaning 
 facility. Groundwater contamination is present at the site, con-
sisting primarily of PCE, TCE, cDCE, and VC. Two plumes of 
groundwater contamination are present, probably with some 
degree of intermingling in downgradient areas. The northern 
plume consists of groundwater contamination in the vicinity of 
and downgradient (southeast) from an area of former above-
ground storage tanks north of the former dry-cleaning facility. 
The southern plume consists of groundwater contamination 
extending southeastward from the southeastern corner of the 
new dry-cleaning facility to about the intersection of Samoa 
Street and the driveway into the parking lot for Building 293. 
The USGS, in cooperation with the Naval Facilities Engi-
neering Command Southeast, began investigations at the site 
to (1) examine the role that sewer lines play in contaminant 
source, distribution, attenuation, and transport in both the 
northern and southern plumes; (2) further delineate contami-
nation in the southern plume; and (3) examine natural attenu-
ation aspects of groundwater contamination in the southern 
plume. The investigation involved examination of historical 
records and engineering drawings of buildings, video imaging 
of storm sewers, water-level monitoring by synoptic measure-
ments in wells and by use of continuous data loggers, instal-
lation and sampling of temporary wells, sampling of wells, 
storm sewers, surface water, and sediment, and the use of 
an MIP.

The northern plume appears to have originated from 
releases of PCE from the former dry-cleaning facility opera-
tion, including a documented spill on March 11, 1994. This 
spill also resulted in discharge of free-phase PCE into the 
storm-sewer system. Once in the storm-sewer system, the 
free-phase PCE probably was transported to a discharge point 

Table 6. Concentrations of total organic carbon in soil borings, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, 2008.

[ft BLS, feet below land surface; mg/kg, milligrams per kilogram]

Site identifier
Date  

(month/day/year)
Depth  

(ft BLS)

Total organic 
carbon  
(mg/kg)

Lithology

PAI-45-MW26-SL 6/27/2008  10–15 128 Sand, fine-grained 

PAI-45-MW28-D 8/26/2008 18 155,000 Clay, organic-rich

PAI-45-USGS-TW96 4/30/2008  8–10 440 Sand, grayish-tan, fine-grained, loose

PAI-45-USGS-TW96 4/30/2008  12–13 2,120 Sand, black fine-grained
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near Ballast Creek. Some PCE also may have leaked from the 
storm sewer along the way.

In late 1997, the dry-cleaning operations were moved 
to a nearby new facility, and the new operation used a 
 hydrocarbon-based cleaner that did not contain chlorinated 
solvents. Nevertheless, investigations identified a southern 
plume, which appeared to originate in the vicinity of the new 
dry-cleaning facility. The present investigation, however, indi-
cates that the southern plume was associated with activities at 
the former dry-cleaning facility.

The unconfined surficial aquifer at Site 45 consists of 
sand interspersed with discontinuous beds of clay, silty clay, 
silty clayey sand, and clayey silt and extends to a depth of 
about 18 ft BLS. Monitoring wells in this undifferentiated 
zone are referred to as SU wells if they are screened predomi-
nantly shallower than about 11 ft BLS and are referred to 
as SL wells if they are screened predominantly deeper than 
about 10 ft BLS. A peat layer, which is a few feet thick, has 
been reported at depths of about 17 to 27 ft BLS overlying a 
clay layer of variable thickness (possibly about 2 to 8 ft) that 
functions as a confining bed. The part of the aquifer below this 
clay is considered to be the D horizon. 

Groundwater in the surficial aquifer moves in a gener-
ally southeastward direction with strong curvature of flow 
lines toward some of the storm sewers that are deeper than 
the water table. The groundwater surface in the D-horizon 
wells was comparatively flat-lying, with an overall trend 
toward the southeast. The most permeable part of the surficial 
aquifer near the new dry-cleaning facility and the midpart of 
the southern plume probably is the loose sand unit, which is 
at a depth of about 6–11.4 ft BLS at well PAI-45-MW28-D 
and at a depth of about 8–10 ft BLS at temporary well 
PAI-45-USGS-TW96.

The surfical aquifer at Site 45 is anaerobic at most loca-
tions, with the predominant TEAP being iron reduction in the 
shallowest sediment. In deeper sediment containing the main 
body of contamination, the predominant TEAP appears to be 
sulfate or iron reduction; however, the presence of methane, 
the high degree of contaminant dechlorination, and an H2 
value (31 nM) in the range of methanogenesis at one well 
indicates that methanogenic zones probably also are present. 
In the deepest part of the surficial aquifer, near the peat layer, 
the predominant TEAP probably is methanogenesis, by virtue 
of the abundant available natural organic matter. 

Storm sewers that are below the water table appear to 
have an important influence on groundwater and contaminant 
movement. The curvature of groundwater flow lines toward 
the storm sewers and the presence of chlorinated solvents in 
water from the storm sewers indicate some level of leakage 
from the contaminated aquifer into the storm sewers. Although 
there is some contaminant underflow past the storm sewers in 
the southern plume and possibly in the southernmost part of 
the northern plume, leakage into the storm sewers appears to 
intercept and contain the main body of groundwater contami-
nation in both plumes. Thus, the storm sewers are collection 
points for the dissolved groundwater contamination. 

Most of the groundwater contamination near the new 
dry-cleaning facility is present from a few feet BLS to about 
11.5 ft BLS. Within that interval, most of the contamina-
tion is at a depth of about 8 to 11.5 ft BLS, with the greatest 
concentrations near the bottom of that interval. In the middle 
part of the southern plume at temporary well PAI-45-USGS-
TW96, the most contaminated zone appears to be in a loose 
sand layer about 8 to 11 ft BLS, although relatively high 
VOC concentrations also were found to a depth of about 14 ft 
BLS. The VOC concentrations at temporary well PAI-45-
USGS-TW96 decreased with depth below about 13 ft BLS 
and were not detectable (less than 0.2 parts per million) at 
depths of 14–14.8 ft directly above the organic-rich layer and 
at 15.2–16 ft in the organic-rich layer. The less porous nature 
of the organic-rich silt layer relative to the overlying sand and 
the downward decrease in VOC concentrations in sediment 
immediately above the organic-rich silt layer indicates that 
the organic-rich layer is not a major contaminant-transport 
pathway at well PAI-45-USGS-TW96. 

Although it cannot be stated with certainty that no VOC 
contamination is in the brackish-water D horizon underly-
ing the clay that defines the base of the surficial unit, such 
contamination is unlikely for several reasons. The uncertainty 
arises because the wells in the D horizon were installed 
slightly offset from the main body of contamination in the 
surfical aquifer so as to avoid the risk of inadvertent trans-
port of possible free product from the surficial to the deeper 
aquifer during drilling and because groundwater levels in the 
D-horizon wells are lower than the levels in the surficial aqui-
fer. Thus, if there were a discontinuity in the clay layer, it is 
likely that there would be downward flow from the surficial to 
the deeper aquifers. It seems unlikely that there is contamina-
tion in the D-horizon aquifer also because (1) no VOCs were 
detected in any of the D wells despite the fact that at least well 
PAI-45-MW28-D was near the main body of contamination; 
(2) substantially lower VOC concentrations were detected near 
the base of the surficial aquifer than in the vertical midpart of 
the surficial aquifer, indicating a low potential for downward 
transport through the base of the surficial aquifer; and (3) the 
organic-rich peat at the base of the surficial aquifer provides a 
substantial sorptive buffer for VOCs. 

Although the southern plume spatially originates from the 
new dry-cleaning facility, the new dry-cleaning facility is not 
likely the source of the contamination. Engineering blueprints, 
flow testing, and video imaging of sanitary sewers at the site, 
as well as the lack of a viable contaminant source at the new 
dry-cleaning facility, indicate that the contaminant source in 
the southern plume was a leak from a sanitary sewer in the 
vicinity of the new dry-cleaning facility. 

Once in the aquifer, contamination in both the northern 
and southern plumes is transported southeastward, where 
most of the dissolved contamination is intercepted by leaky 
storm sewers. Because the storm sewers at Site 45 range in 
diameter from 12 to 36 inches and a tidal change of greater 
than 3 ft takes place in some of the storm sewers at Site 45, the 
VOCs entering the storm sewers are substantially diluted upon 
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entry. Volatilization probably also removes some of the VOC 
contamination in the storm sewers. During outgoing tides, 
the diluted contamination in the storm sewer is transported 
southward and discharges to Ballast Creek. A sample from 
a manhole STS26 in the storm sewer approximately 320 ft 
from the Ballast Creek discharge contained PCE, TCE, and 
cDCE concentrations of 0.69 (estimated), 4.26, and 2.53 µg/L, 
respectively, at low tide and concentrations of 1.06, 5.63, and 
3.48 µg/L, respectively, 1 hour after low tide. No chlorinated-
solvent contamination was detected in shallow sediment 
samples in the vicinity of the outfall to Ballast Creek; how-
ever, due to a laboratory error, the sediment sample from 1-ft 
depth at the outfall (PAI-SWSED1, June 17, 2008) had unusu-
ally high detection limits (32 to 81 mg/kg). 

Despite the low VOC concentrations discharging to 
Ballast Creek, increases in VOC concentrations potentially 
are possible in the storm sewers during a time of relatively 
high groundwater levels and low amounts of tidal flushing. 
Water from manhole STS14 contained 20 µg/L of VC at a time 
of relatively high groundwater levels (September 9, 2008). 
Because manhole STS14 is downstream from the contami-
nant source along a storm-sewer line that is adjacent to part 
of the aquifer where 2,290 µg/L of VC was detected (June 25, 
2007), there is a potential for substantially increased concen-
trations of VC to discharge at the storm-sewer outfall under 
conditions of high groundwater levels and low tidal flushing. 
In addition, the observation that free-phase PCE may have 
entered the storm-sewer system during the 1994 overflow 
means that DNAPL PCE could have leaked from various parts 
of the storm sewer in route to the Ballast Creek discharge. If 
the DNAPL was transported all the way to the Ballast Creek 
discharge point at STS27, then it likely would have sorbed to 
and sunk into the sediments not far from STS27.

Contaminant concentrations in the aquifer are subject to 
several influences. Microbes known to degrade chlorinated 
solvents and enzymes associated with dechlorination are 
present in the aquifer. The total mass of chlorinated solvents 
decreases from upgradient to downgradient parts of the 
southern plume. Parent/daughter–product ratios, stable carbon 
isotopes, the presence of VC, and higher ethylene concentra-
tions in groundwater along the axis of the southern plume 
relative to nearby wells indicate extensive dechlorination 
activity. Oxidation of VC likely is taking place in the aquifer 
along the southern plume, based on the probable presence of 
sulfate reduction. Some degree of sorption of the VOCs is 
expected to take place in the aquifer, with the largest influence 
being on PCE. Dispersion also may decrease concentrations 
along the transport pathway. Although biodegradation and 
other attenuation processes are active in the southern plume, 
the processes are not sufficient to lower TCE concentrations 
to less than milligram-per-liter levels prior to intercepting the 
storm-sewer system.
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Appendix 1. Monitoring-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988]

Site identifier
Well 

diameter 
(inches)

Depth to  
top of 

screen  
(feet  

below  
land  

surface)

Depth to  
bottom of 

screen  
(feet  

below  
land  

surface)

Northing Easting

Top of riser  
datum 

NAVD 88 
(Surveyed by 
Andrews and 
Burgess, Inc., 

in 2008)

Surveyor and date  
(month/day/year)  

of survey for  
Northing and Easting

PAI-45-MW01-D 2 30 40 187465.456 2099311.961 6.60 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW01-SL 2 11.6 14 187466.139 2099316.097 6.52 Doolan, Inc., 2005 (month and day 
unvailable)

PAI-45-MW01-SU 2 3 7 187467.026 2099306.621 6.54 Doolan, Inc., 2005 (month and day 
unvailable)

PAI-45-MW02-SL 2 9 14 187351.015 2099211.018 6.22 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW02-SU 2 3 7 187354.829 2099212.934 6.12 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW03-SL 2 9 14 187268.683 2099249.515 6.54 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW03-SU 2 3 7 187267.674 2099253.593 6.59 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW04-D 2 31 41 187166.810 2099265.215 5.78 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW04-SL 2 9 14 187159.374 2099262.953 5.91 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW04-SU 2 3 7 187160.950 2099259.013 5.93 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW05-D 2 34 44 187197.820 2099386.421 7.63 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW05-SL 2 9 14 187202.721 2099386.456 7.24 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW05-SU 2 3 7 187197.962 2099386.971 7.59 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW06-D 2 30 40 187282.019 2099309.350 6.44 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW06-SL 2 9 14 187287.357 2099305.627 6.48 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW06-SU 2 3 7 187283.229 2099304.531 6.52 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW07-D 2 30 40 187339.823 2099306.986 6.63 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW07-SL 2 9 14 187338.979 2099302.924 6.68 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW07-SU 2 3 7 187336.809 2099304.945 6.63 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW08-SL 2 9 14 187401.386 2099328.184 6.50 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW08-SU 2 3 7 187397.064 2099327.899 6.57 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW09-D 2 31 41 187100.747 2099353.889 6.24 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW10-D 2 31 41 187415.892 2099229.520 6.25 Data from Mark Sladic, Tetra Tech 
NUS, Inc., written commun., 2008

PAI-45-MW10-SL 2 11 16 187227.568 2099257.425 5.85 Andrews & Burgess, Inc. 3/26/08  

PAI-45-MW10-SU 2 3 8 187226.768 2099261.530 5.90 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW11-D           2 31 41 187188.732 2099166.370 5.43 Andrews & Burgess, Inc. 6/16/08  

PAI-45-MW13-SL           2 11 16 187190.163 2099307.653 6.39 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW13-SU           2 4 9 187184.776 2099306.465 6.48 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW14-SL 2 10 15 187334.096 2099445.045 5.76 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW14-SU 2 4 9 187338.682 2099445.653 5.84 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW15-SL 2 13 18 187265.544 2099457.147 8.13 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW15-SU 2 4 9 187266.012 2099452.700 8.32 Andrews & Burgess, Inc. 4/2/08  
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Appendix 1. Monitoring-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988]

Site identifier
Well 

diameter 
(inches)

Depth to  
top of 

screen  
(feet  

below  
land  

surface)

Depth to  
bottom of 

screen  
(feet  

below  
land  

surface)

Northing Easting

Top of riser  
datum 

NAVD 88 
(Surveyed by 
Andrews and 
Burgess, Inc., 

in 2008)

Surveyor and date  
(month/day/year)  

of survey for  
Northing and Easting

PAI-45-MW16-SL 2 13 18 187234.892 2099433.936 9.17 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW16-SU 2 4 9 187234.935 2099429.243 9.14 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW17-SL 2 10 15 187067.734 2099344.179 5.96 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW17-SU 2 4 9 187075.099 2099346.330 6.17 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW18-SL 2 11 16 187107.267 2099205.285 6.98 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW18-SU 2 4 9 187105.786 2099210.709 6.99 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW19-SL 2 11 16 187178.241 2099196.676 5.64 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW19-SU 2 3 8 187176.220 2099201.993 5.64 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW20-SL 2 11 16 187129.003 2099270.471 6.67 Andrews & Burgess, Inc. 3/26/08  

PAI-45-MW20-SU 2 4 9 187129.327 2099264.864 6.72 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW21-SL 2 10 15 187345.345 2099245.914 6.27 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW21-SU 2 3 8 187339.024 2099245.269 6.37 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW21-D 2 27 37 187340.975 2099246.902 6.27 Andrews & Burgess, Inc. 9/16/08  

PAI-45-MW22-SL 2 10 15 187397.664 2099263.094 6.43 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW22-SU 2 3 8 187392.941 2099266.426 6.51 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW23-SL 2 10 15 187278.133 2099390.679 6.28 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW23-SU 2 3 10 187283.155 2099392.057 6.37 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW24-SU 2 3 8 187373.509 2099284.908 6.62 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW25-SL 2 10 15 187302.168 2099111.404 6.64 Andrews & Burgess, Inc. 3/26/08  

PAI-45-MW26-SL 1 10 15 187087.084 2099286.783 5.61 Andrews & Burgess, Inc. 9/16/08  

PAI-45-MW27-SL 1 10 15 187088.779 2099392.332 6.58 Andrews & Burgess, Inc. 9/16/08  

PAI-45-MW28-D 2 23.7 33.7 187263.583 2099121.183 5.48 Andrews & Burgess, Inc. 6/17/08  

PAI-45-MW29-D 2 23.1 33.1 187284.392 2099087.798 5.18 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW30-D 2 25 35 187323.614 2099133.512 8.05 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW31-SL 2 10 15 187230.214 2099198.181 5.49 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW31-SU 2 5 10 187232.003 2099195.065 5.57 Andrews & Burgess, Inc. 6/11/08  
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Appendix 2. Temporary-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988; —, data not available]

Well name
Installation date 

(month/day/
year)

Sample depth 
(feet below land 

surface)
Northing Easting

Land surface datum NAVD 88 
(Surveyed by Andrews and 

Burgess, Inc., in 2008)

PAI-45-USGS-TW1 6/25/2007  8–11 187360.27 2099409.50 6.59

PAI-45-USGS-TW2 6/25/2007  7–11 187343.36 2099429.00 6.13

PAI-45-USGS-TW3 6/25/2007  7–11 187326.55 2099422.00 6.03

PAI-45-USGS-TW4 6/25/2007  7–11 187323.50 2099404.50 6.54

PAI-45-USGS-TW5 6/25/2007  6–10.5 187314.65 2099435.85 5.88

PAI-45-USGS-TW6 6/25/2007  7–11 187301.52 2099408.25 6.33

PAI-45-USGS-TW7 6/25/2007  7–11 187279.92 2099428.61 6.35

PAI-45-USGS-TW8 6/25/2007 7.5–11.5 187266.28 2099410.01 6.85

PAI-45-USGS-TW9 6/25/2007 7.5–11.5 187257.22 2099423.55 7.55

PAI-45-USGS-TW10 6/25/2007  0–10 187254.39 2099401.62 7.18

PAI-45-USGS-TW11 6/25/2007  7.75–11.75 187366.61 2099389.75 6.77

PAI-45-USGS-TW12 6/25/2007  7.5–10.5 187348.06 2099387.50 6.93

PAI-45-USGS-TW13 6/25/2007  6–10 187331.98 2099384.50 6.84

PAI-45-USGS-TW14 6/25/2007  6–10 187308.06 2099378.75 6.94

PAI-45-USGS-TW15 6/25/2007  6–10 187282.89 2099371.50 6.93

PAI-45-USGS-TW16 6/25/2007  6–10 187245.86 2099364.08 6.15

PAI-45-USGS-TW17 6/25/2007  6.5–10.5 187232.94 2099363.75 6.54

PAI-45-USGS-TW18 6/25/2007  12–14.5 187258.84 2099423.52 7.43

PAI-45-USGS-TW19 6/25/2007  8–12 187189.27 2099397.75 7.83

PAI-45-USGS-TW20 6/25/2007  8–12 187183.31 2099411.00 8.39

PAI-45-USGS-TW21 6/25/2007  11–15 187185.06 2099411.75 8.49

PAI-45-USGS-TW22 6/25/2007  6–10 187201.98 2099356.50 6.9

PAI-45-USGS-TW23 6/25/2007  6–10 187176.92 2099350.50 6.69

PAI-45-USGS-TW24 6/25/2007  11.5–15.5 187122.83 2099374.50 6.95

PAI-45-USGS-TW25 6/25/2007  11.5–15.5 187139.01 2099328.13 6.14

PAI-45-USGS-TW26 6/25/2007  11.5–15.5 187072.66 2099372.77 5.96

PAI-45-USGS-TW27 6/25/2007  11.5–15.5 187110.40 2099310.81 6.33

PAI-45-USGS-TW28 6/25/2007  11.5–15.5 187113.94 2099298.75 5.94

PAI-45-USGS-TW29 6/27/2007  11.5–15.5 187094.61 2099274.29 6.32

PAI-45-USGS-TW30 6/25/2007  11.5–15.5 187102.36 2099356.75 6.76

PAI-45-USGS-TW31 6/27/2007  11.5–15.5 187127.72 2099232.59 6.95

PAI-45-USGS-TW32 6/27/2007  11.5–15.5 187142.73 2099217.73 6.98

PAI-45-USGS-TW33 6/25/2007  11.5–15.5 187107.59 2099330.16 5.83

PAI-45-USGS-TW34 6/25/2007  11.5–15.5 187093.87 2099328.33 5.78
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Appendix 2. Temporary-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988; —, data not available]

Well name
Installation date 

(month/day/
year)

Sample depth 
(feet below land 

surface)
Northing Easting

Land surface datum NAVD 88 
(Surveyed by Andrews and 

Burgess, Inc., in 2008)

PAI-45-USGS-TW35 6/25/2007  11.5–15.5 187070.40 2099318.86 5.77

PAI-45-USGS-TW36 6/25/2007  11.5–15.5 187096.98 2099397.75 7.22

PAI-45-USGS-TW37 6/27/2007  11.5–15.5 187167.73 2099175.75 6.47

PAI-45-USGS-TW38 6/27/2007  10–14 187251.48 2099137.50 5.34

PAI-45-USGS-TW39 6/27/2007  10–14 187283.45 2099131.22 5.83

PAI-45-USGS-TW40 6/27/2007  10–14 187234.53 2099123.25 5.29

PAI-45-USGS-TW41 6/27/2007  10–14 187316.97 2099133.25 7.95

PAI-45-USGS-TW42 6/27/2007  10–14 187272.82 2099106.84 5.57

PAI-45-USGS-TW43 6/27/2007  10–14 187202.56 2099108.50  —

PAI-45-USGS-TW44 6/27/2007  10–14 187296.06 2099126.50 7.16

PAI-45-USGS-TW45 6/27/2007  10.5–14.5 187171.89 2099107.00 6.76

PAI-45-USGS-TW46 6/27/2007  10.5–14.5 187218.25 2099078.75 5.86

PAI-45-USGS-TW47 6/27/2007  10.5–14.5 187301.52 2099109.50 7.25

PAI-45-USGS-TW48 6/27/2007  10.5–14.5 187234.42 2099192.59 5.64

PAI-45-USGS-TW49 6/27/2007  10–14 187298.99 2099087.18 6.3

PAI-45-USGS-TW50 6/27/2007  11–15 187276.06 2099198.35 6.47

PAI-45-USGS-TW51 6/27/2007  10.5–14.5 187286.09 2099176.36 6.61

PAI-45-USGS-TW52 6/27/2007  11–15 187210.67 2099246.72 6

PAI-45-USGS-TW53 6/27/2007  11–15 187188.90 2099234.92 6.06

PAI-45-USGS-TW54 6/27/2007  11–15 187169.28 2099226.16 5.97

PAI-45-USGS-TW55 6/28/2007  11–15 187292.91 2099206.75 6.63

PAI-45-USGS-TW56 6/28/2007  11–15 187254.19 2099207.20 5.75

PAI-45-USGS-TW57 6/28/2007  11–15 187206.84 2099183.50 5.97

PAI-45-USGS-TW58 6/28/2007  11–15 187130.32 2099144.04 6.92

PAI-45-USGS-TW59 6/28/2007  11–15 187096.29 2099247.02 6.92

PAI-45-USGS-TW60 6/28/2007  10–14 187283.61 2099230.42 6.82

PAI-45-USGS-TW61 6/28/2007  11–15 187244.46 2099262.61 6.21

PAI-45-USGS-TW62 6/28/2007  11.5–15.5 187224.64 2099306.74 6.26

PAI-45-USGS-TW63 6/28/2007  11.5–15.5 187149.34 2099277.79 6.57

PAI-45-USGS-TW64 6/28/2007  11.5–15.5 187114.10 2099279.61 5.97

PAI-45-USGS-TW65 6/28/2007  11.5–15.5 187135.36 2099411.25 6.53

PAI-45-USGS-TW66 6/28/2007  11.5–15.5 187258.48 2099242.97  —

PAI-45-USGS-TW67 6/28/2007  11–15 187277.23 2099251.25 7

PAI-45-USGS-TW68 6/28/2007  11–15 187287.06 2099253.50 6.94
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Appendix 2. Temporary-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988; —, data not available]

Well name
Installation date 

(month/day/
year)

Sample depth 
(feet below land 

surface)
Northing Easting

Land surface datum NAVD 88 
(Surveyed by Andrews and 

Burgess, Inc., in 2008)

PAI-45-USGS-TW69 6/28/2007  11–15 187258.16 2099079.12 5.21

PAI-45-USGS-TW70 6/28/2007  11–15 187254.18 2099103.20 5.2

PAI-45-USGS-TW71 8/29/2007  8–12 187211.46 2099416.85 10.04

PAI-45-USGS-TW72 8/29/2007  11–15 187284.76 2099119.48 5.04

PAI-45-USGS-TW73 8/29/2007  11–15 187266.94 2099152.55 5.6

PAI-45-USGS-TW74 8/29/2007  11–15 187249.54 2099172.17 5.56

PAI-45-USGS-TW75 8/29/2007  1–14 187191.45 2099277.80 6.09

PAI-45-USGS-TW76 8/29/2007  11–15 187127.76 2099283.83 6.88

PAI-45-USGS-TW77 3/5/2008  7–11 and 11–15 187311.01 2099116.30 7.33

PAI-45-USGS-TW78 3/5/2008  7–11 and 11–15 187306.62 2099122.83 7.34

PAI-45-USGS-TW79 3/5/2008  11–15 187294.99 2099121.60 6.31

PAI-45-USGS-TW80 3/5/2008  7–11 and 11–15 187291.03 2099106.77 5.54

PAI-45-USGS-TW81 3/5/2008  7–11 and 11–15 187304.55 2099132.91 7.67

PAI-45-USGS-TW82 3/4/2008  11–15 187291.12 2099140.97 6.72

PAI-45-USGS-TW83 3/5/2008  11–15 187273.63 2099135.31 5.38

PAI-45-USGS-TW84 3/5/2008  11–15 187269.15 2099123.28 5.58

PAI-45-USGS-TW85 3/5/2008  11–15 187281.50 2099096.44 5.35

PAI-45-USGS-TW86 3/5/2008  11–15 187279.37 2099108.35 5.32

PAI-45-USGS-TW87 3/4/2008  11–15 187266.53 2099154.00 5.54

PAI-45-USGS-TW88 3/4/2008  11–15 187260.98 2099146.37 5.58

PAI-45-USGS-TW89 3/4/2008  11–15 187263.54 2099179.96 5.6

PAI-45-USGS-TW90 3/4/2008  11–15 187255.87 2099167.90 5.66

PAI-45-USGS-TW91 3/5/2008  11–15 187248.20 2099157.66 5.51

PAI-45-USGS-TW92 3/4/2008  11–15 187247.59 2099194.75 5.72

PAI-45-USGS-TW93 3/4/2008  7–11 and 11–15 187238.34 2099187.03 5.6

PAI-45-USGS-TW94 3/5/2008  7–11 and 11–15 187293.68 2099135.13 6.6

PAI-45-USGS-TW95 3/5/2008  11–15 187320.82 2099118.61 7.52

PAI-45-USGS-TW96 4/30/2008 Core 4–16 187232.55 2099193.41 5.67
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Appendix 5. Concentrations of field-measured constituents in groundwater from monitoring wells, Site 45, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2005–2008.—Continued

[Alk, total alkalinity as calcium carbonate; CO2, carbon dioxide; DO, dissolved oxygen; Fe, ferrous iron; SC, specific conductance; Temp., temperature; <, less 
than; —, not analyzed; mg/L, milligrams per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; 
>, greater than]

Site identifier
Date

(month/day/
year)

Alk
(mg/L)

CO2 
(mg/L)

DO
(mg/L)

Fe
(mg/L)

pH
(S.U.)

SC
(μS/cm at 

25 °C)

Sulfide
(mg/L)

Temp.
°C

PAI-45-MW03-SL 7/23/2007 — —  — — 6.01 1,030 — 23.92
PAI-45-MW03-SL 9/10/2007 55 50 <0.03 — 5.81 985 — 25.00
PAI-45-MW04-D 9/10/2007 200 50 0.05 — 6.35 12,700 <0.05 24.67
PAI-45-MW04-D 9/10/2007 200 50 0.05 — 6.35 12,700 <0.05 —
PAI-45-MW04-SL 8/25/2005 35 150 <0.03 17.5 5.71 1,040 <0.05 25.35
PAI-45-MW04-SL 3/7/2006 — — — — 5.69 710 — 17.76
PAI-45-MW04-SL 9/26/2006 25 180 <0.03 5.55 5.55 784 <0.05 25.15
PAI-45-MW04-SL 7/24/2007 60 175 0.1 5.17 5.58 745 <0.05 24.18
PAI-45-MW04-SL 9/10/2007 35 100 0.05 — 5.83 632 — 25.40
PAI-45-MW04-SL 6/18/2008 20 170 0.15 5.32 5.58 773 <0.2 21.21
PAI-45-MW04-SL 9/9/2008 35 190 <0.03 5.36 5.63 785 <0.2 25.26
PAI-45-MW04-SU 7/24/2007 <10 100 0.1 1.55 4.99 191 <0.05 25.93
PAI-45-MW04-SU 9/10/2007 –10 125 0.02 — 5.16 211 <0.05 26.81
PAI-45-MW05-SL 7/23/2007 — — — — 5.81 1,449 — 26.53
PAI-45-MW05-SL 9/11/2007 >1,000 50 <0.025 — 5.58 1,740 0.1 27.22
PAI-45-MW05-SL 6/19/2008 22 180 0.3 18.2 5.5 1,737 <0.2 25.02
PAI-45-MW05-SL 9/8/2008 45 30 0.1 27 5.76 1,464 0.18 27.57
PAI-45-MW05-SU 7/23/2007 100 70 0.7 2.8 6.31 568 <0.05 27.74
PAI-45-MW05-SU 6/19/2008 120 65 0.6 <0.2 6.41 480 <0.2 26.19
PAI-45-MW05-SU 9/8/2008 70 17 2 1.18 — 509 0.08 29.38
PAI-45-MW10-SL 7/23/2007 — — — — 5.97 1,390 — 27.51
PAI-45-MW10-SL 9/10/2007 55 80 0.1 — 5.61 1,190 — 29.55
PAI-45-MW10-SL 6/18/2008 60 40 0.1 9.59 5.73 1,230 <0.2 25.54
PAI-45-MW10-SL 9/9/2008 70 45 <0.03 9.73 5.67 1,260 <0.2 30.08
PAI-45-MW10-SU 7/23/2007 — — — — 6.3 975 — 29.52
PAI-45-MW10-SU 9/10/2007 150 70 <0.03 — 5.86 981 <0.05 30.80
PAI-45-MW10-SU 6/18/2008 170 35 0.05 13.7 6.23 960 <0.2 27.71
PAI-45-MW10-SU 9/9/2008 225 40 0.05 16.4 6.18 978 <0.2 30.76
PAI-45-MW13-SL 7/23/2007 — — — — 6.08 1,030 — 28.43
PAI-45-MW13-SL 9/11/2007 110 40 0.05 — — 1,000 <0.05 29.55
PAI-45-MW13-SL 6/17/2008 125 200 0.25 4.66 5.94 992 <0.2 25.11
PAI-45-MW13-SL 9/9/2008 100 200 0.05 4.97 5.96 1,010 <0.2 29.28
PAI-45-MW16-SL 7/24/2007 — — — — 6.2 313 — 25.81
PAI-45-MW16-SU 7/24/2007 — — — — 5.69 103 — 28.54
PAI-45-MW17-SL 7/24/2007 — — — — 5.77 4,960 — 26.84
PAI-45-MW17-SL 9/11/2007 65 50 0.05 — 5.61 5,310 <.05 27.96
PAI-45-MW17-SL 6/17/2008 75 60 0.05 28.8 5.83 5,920 0.2 24.66
PAI-45-MW17-SL 9/8/2008 40 105 0.05 14.3 5.55 4,260 <0.2 27.82

PAI-45-MW17-SU 7/24/2007 — — — — 6.63 942 28.15
PAI-45-MW17-SU 9/11/2007 150 35 0.05 — 6.43 874 <0.05 29.29
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Appendix 5. Concentrations of field-measured constituents in groundwater from monitoring wells, Site 45, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2005–2008.—Continued

[Alk, total alkalinity as calcium carbonate; CO2, carbon dioxide; DO, dissolved oxygen; Fe, ferrous iron; SC, specific conductance; Temp., temperature; <, less 
than; —, not analyzed; mg/L, milligrams per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; 
>, greater than]

Site identifier
Date

(month/day/
year)

Alk
(mg/L)

CO2 
(mg/L)

DO
(mg/L)

Fe
(mg/L)

pH
(S.U.)

SC
(μS/cm at 

25 °C)

Sulfide
(mg/L)

Temp.
°C

PAI-45-MW17-SU           6/17/2008 140 25 <0.03 12.8 6.62 622 <0.2 26.81
PAI-45-MW17-SU 9/8/2008 110 80 <0.03 14.2 6.42 631 <0.2 28.51
PAI-45-MW18-SL 9/9/2008 180 25 0.1 2.27 6.67 3,030 <0.2 25.92
PAI-45-MW18-SU 9/9/2008 175 60 0.075 7.47 6.73 437 <0.2 28.01
PAI-45-MW19-SL 7/24/2007 — — — — 5.72 1,560 — 23.02
PAI-45-MW19-SL 9/11/2007 65 45 0.05 — 5.75 1,350 <0.05 25.08
PAI-45-MW19-SL 6/19/2008 65 160 0.07 9.45 5.93 1,360 <0.2 20.87
PAI-45-MW19-SL 9/10/2008 60 170 <0.03 9.21 — — <0.2 —
PAI-45-MW20-SL 8/25/2005 50 70 0.15 12.5 5.92 — <0.05 —
PAI-45-MW20-SL 3/7/2006 — — — 2.5 6.07 3,990 — 19.55
PAI-45-MW20-SL 9/26/2006 70 170 0.05 3.95 5.87 4,270 <0.05 25.90
PAI-45-MW20-SL 9/29/2006 — — — — — — — —
PAI-45-MW20-SL 7/24/2007 90 165 0.1 6.01 5.8 2,250 <0.05 25.38
PAI-45-MW20-SL 9/10/2007 55 50 0.05 — 5.83 1,640 — 26.01
PAI-45-MW20-SL 6/19/2008 50 28 0.1 5.15 6.01 1,950 <0.2 23.10
PAI-45-MW20-SL 9/8/2008 45 155 <0.03 6.9 5.85 2,590 <0.2 26.12
PAI-45-MW20-SU 9/26/2006 37 180 0.1 3 5.5 579 <0.05 26.94
PAI-45-MW20-SU 9/29/2006 50 40 >1 — 6.44 1,540 <0.05 27.49
PAI-45-MW20-SU 7/24/2007 50 160 0.15 2.1 5.59 448 <0.05 27.54
PAI-45-MW20-SU 9/10/2007 50 40 >1 — 6.44 1,540 <0.05 27.49
PAI-45-MW20-SU 9/8/2008 40 160 0.25 2.72 — — 0.28 —
PAI-45-MW20-SU           6/18/2008 35 50 0.6 4.43 5.58 591 0.47 26.20
PAI-45-MW23-SL 7/23/2007 250 105 <0.025 14.12 6.75 1,070 <0.05 28.23
PAI-45-MW23-SL 9/11/2007 100 40 0.1 — 6.48 1,040 — 28.66
PAI-45-MW25-SL 9/11/2007 35 25 0.2 — 5.58 427 — —
PAI-45-MW25-SL 6/19/2008 30 30 0.05 — 5.6 751 <0.2 26.24
PAI-45-MW25-SL 9/9/2008 18 180 0.1 3.75 5.51 436 <0.2 29.18
PAI-45-MW26-SL 9/11/2007 200 40 0.1 — 6.35 1,770 — 28.97
PAI-45-MW26-SL 6/19/2008 200 35 0.2 10 6.56 2,010 <0.2 24.34
PAI-45-MW26-SL 9/9/2008 250 120 <0.025 12 6.54 2,790 <0.2 28.23
PAI-45-MW27-SL 9/11/2007 <10 45 0.05 — 5.68 613 — 27.96
PAI-45-MW27-SL 6/19/2008 40 135 <0.025 5.97 5.71 575 <0.2 25.40
PAI-45-MW27-SL 9/9/2008 40 145 <0.025 5.22 5.69 547 <0.2 27.49
PAI-45-MW28-D 6/17/2008 225 250 <0.025 92.2 6.21 17,700 <0.2 26.29
PAI-45-MW29-D        6/17/2008 240 35 0.1 0.94 7 13,900 0.14 26.72
PAI-45-MW30-D 6/17/2008 250 80 0.05 2.41 6.75 7,050 <0.2 25.07
PAI-45-MW31-SL 6/18/2008 18 140 0.075 5.52 5.66 1,000 <0.2 25.89
PAI-45-MW31-SL 9/9/2008 40 45 <0.025 11.8 5.73 1,110 <0.2 30.26
PAI-45-MW31-SU 6/18/2008 <10 200 0.075 4.14 5.1 708 <0.2 28.98
PAI-45-MW31-SU 9/9/2008 <10 70 0.1 5.77 5.27 679 <0.2 31.47
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Appendix 8. Concentrations of total organic carbon in soil borings, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2008.

[ft BLS, feet below land surface; mg/kg, milligrams per kilogram]

Site identifier
Date 

(month/day/
year)

Depth  
(ft BLS)

Total organic 
carbon  
(mg/kg)

Lithology

PAI-45-MW26-SL 6/27/2008  10–15 128 Fine-grained sand
PAI-45-MW28-D 8/26/2008 18 155,000 Organic-rich clay
PAI-45-USGS-TW96 4/30/2008  8–10 440 Grayish-tan, fine-grained 

heaving sand
PAI-45-USGS-TW96 4/30/2008  12–13 2,120 Black fine-grained sand

Appendix 9. Concentrations of selected volatile organic compounds in surface water near the outfall to Ballast Creek, Site 45, 
Marine Corps Recruit Depot, Parris Island, South Carolina, June 17, 2008.

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; 
PCE, tetrachloroethene; TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate 
sample; J, estimated concentration; μg/L, micrograms per liter]

Site  
identifier

Date 
(month/

day/year)

Time
(minutes 

before 
low tide)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

PAI-SW1 6/16/2008 30 <0.3 1.6 <0.3 <0.25 1.6 <0.25 0.33J 0.44J 1.29 <0.25 <0.3 <0.5 <0.25

PAI-SW1-R 6/16/2008 30 <0.3 1.7 <0.3 <0.25 1.7 <0.25 <0.25 0.48J 1.34 <0.25 <0.3 <0.5 <0.25

PAI-SW2 6/16/2008 5 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-SW3 6/16/2008 6 <0.3 0.7J <0.3 <0.25 0.73J <0.25 <0.25 <0.25 0.6J <0.25 <0.3 <0.5 <0.25

PAI-SW4 6/16/2008 22 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25
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Appendix 10. Concentrations of selected volatile organic compounds in sediment near the outfall to Ballast Creek, 
Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, June 17, 2008.

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; 
PCE, tetrachloroethene; TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; mg/kg, milligrams per 
kilogram; <, less than; J, estimated concentration; all data are reported as dry-weight corrected]

Site identifier
Date 

(month/
day/year)

Depth 
below  

sediment/
water 

interface
(feet)

Moisture
(percent)

1,1-DCE
(mg/kg)

Benzene
(mg/kg)

CB
(mg/kg)

cDCE
(mg/kg)

EB
(mg/kg)

PCE
(mg/kg)

TCE
(mg/kg)

Tol
(mg/kg)

t DCE
(mg/kg)

VC
(mg/kg)

Xyl
(mg/kg)

PAI-SWSED1 6/17/2008 0.5 68.5 <0.68 <0.75 <0.45 <0.68 <0.45 <0.45 <0.57 0.67J <0.68 <1.13 <0.45

PAI-SWSED1 6/17/2008 1 57.2 <49 <54 <32 <49 <32 <32 <41 <47 <49 <81 <32

PAI-SWSED2 6/17/2008 0.5 57.7 <0.57 <0.63 <0.38 <0.57 <0.38 <0.38 <0.48 <0.55 <0.57 <0.95 <0.38

PAI-SWSED2 6/17/2008 1 58 <0.45 <0.5 <0.30 <0.45 <0.3 <0.30 <0.38 <0.44 <0.45 <0.75 <0.3

PA-ISWSED3 6/17/2008 0.5 73.3 <0.86 <0.95 <0.58 <0.86 <0.58 <0.58 <0.72 <0.83 <0.86 <1.44 <0.58

PAI-SWSED3 6/17/2008 1 71 <0.59 <0.65 <0.4 <0.59 0.75J <0.4 <0.49 3.96 <0.59 <0.99 <0.4

PAI-SWSED4 6/17/2008 0.5 60.2 <0.74 <0.81 <0.49 <0.74 <0.49 <0.49 <0.62 <0.71 <0.74 <1.23 <0.49

PAI-SWSED4 6/17/2008 1 61.6 <0.54 <0.6 <0.36 <0.54 <0.36 <0.36 <0.45 <0.52 <0.54 <0.9 <0.36
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Appendix 11. Synoptic water-level measurements at approximately low tide in monitoring wells, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, 2007–2008.—Continued

[MP, measuring point altitude in feet relative to North American Vertical Datum of 1988; —, data not collected; all top-of-casing altitudes were determined by 
Andrews and Burgess, Inc., in 2008; *, Datum was changed on these wells.  Prior to July 3, 2008, the datum was 5.33 feet for well PAI-45-MW26-SL and 6.405 
feet for well PAI-45-MW27-SL]

Well identifier MP
Water-level altitude, in feet relative to North American Vertical Datum of 1988

April 30, 2007 August 7, 2007 August 29, 2007 June 16, 2008 June 27, 2008 July 25, 2008

PAI-45-MW01-D 6.60 1.72 — 2.03 1.31 1.20 1.83

PAI-45-MW01-SL 6.52 3.15 — 3.54 3.60 3.46 —

PAI-45-MW01-SU 6.54 3.12 — 3.57 3.57 3.45 —

PAI-45-MW02-SL 6.22 2.96 4.34 3.39 3.17 3.01 —

PAI-45-MW02-SU 6.12 2.67 4.31 3.12 2.66 2.73 —

PAI-45-MW03-SL 6.54 2.75 3.97 3.12 2.87 2.70 —

PAI-45-MW03-SU 6.59 2.52 4.39 3.12 2.57 2.58 —

PAI-45-MW04-D 5.78 1.59 — 1.92 1.21 1.09 1.71

PAI-45-MW04-SL 5.91 2.45 3.57 2.73 2.45 2.32 —

PAI-45-MW04-SU 5.93 2.45 3.59 2.74 2.47 2.34 —

PAI-45-MW05-D 7.63 1.61 — 1.93 1.19 1.07 1.69

PAI-45-MW05-SL 7.24 2.45 3.36 2.84 2.45 2.32 —

PAI-45-MW05-SU 7.59 2.42 3.33 2.71 2.42 2.29 —

PAI-45-MW06-D 6.44 1.64 — 1.96 1.23 1.09 1.74

PAI-45-MW06-SL 6.48 2.73 3.91 3.11 2.87 2.70 —

PAI-45-MW06-SU 6.52 2.87 3.44 3.12 2.90 2.85 —

PAI-45-MW07-D 6.63 1.66 — 1.97 1.25 1.12 1.75

PAI-45-MW07-SL 6.68 2.80 4.04 3.17 2.97 2.82 —

PAI-45-MW07-SU 6.63 2.79 4.04 3.15 2.95 2.80 —

PAI-45-MW08-SL 6.50 2.90 4.16 3.30 4.19 3.05 —

PAI-45-MW08-SU 6.57 2.81 4.15 3.29 3.17 3.02 —

PAI-45-MW09-D 6.24 1.60 — 1.89 1.15 1.04 1.67

PAI-45-MW10-D 6.25 — — — — 1.18 1.81

PAI-45-MW10-SL 5.85 2.69 3.98 3.03 2.76 2.62 —

PAI-45-MW10-SU 5.90 2.67 3.86 3.02 2.78 2.61 —

PAI-45-MW11-D           5.43 1.36 — 1.37 1.67 -0.13 0.77

PAI-45-MW13-SL           6.39 2.57 3.68 2.87 2.61 2.46 —

PAI-45-MW13-SU           6.48 2.53 4.01 2.87 2.62 2.43 —

PAI-45-MW14-SL 5.76 2.73 3.67 3.08 2.84 2.71 —

PAI-45-MW14-SU 5.84 2.59 3.41 2.83 2.60 2.50 —
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Appendix 11. Synoptic water-level measurements at approximately low tide in monitoring wells, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, 2007–2008.—Continued

[MP, measuring point altitude in feet relative to North American Vertical Datum of 1988; —, data not collected; all top-of-casing altitudes were determined by 
Andrews and Burgess, Inc., in 2008; *, Datum was changed on these wells.  Prior to July 3, 2008, the datum was 5.33 feet for well PAI-45-MW26-SL and 6.405 
feet for well PAI-45-MW27-SL]

Well identifier MP
Water-level altitude, in feet relative to North American Vertical Datum of 1988

April 30, 2007 August 7, 2007 August 29, 2007 June 16, 2008 June 27, 2008 July 25, 2008

PAI-45-MW15-SL 8.13 2.72 3.72 3.03 2.68 2.56 —

PAI-45-MW15-SU 8.32 2.71 3.70 2.99 2.66 2.53 —

PAI-45-MW16-SL 9.17 2.44 3.35 2.75 2.38 2.29 —

PAI-45-MW16-SU 9.14 2.35 3.28 2.64 2.29 2.18 —

PAI-45-MW17-SL 5.96 2.68 3.11 2.32 2.10 1.97 —

PAI-45-MW17-SU 6.17 2.25 3.12 2.35 2.12 1.98 —

PAI-45-MW18-SL 6.98 2.53 3.53 2.71 2.43 2.30 —

PAI-45-MW18-SU 6.99 3.01 3.77 3.06 2.84 2.72 —

PAI-45-MW19-SL 5.64 2.68 3.82 2.98 2.71 2.55 —

PAI-45-MW19-SU 5.64 2.60 3.77 2.91 2.62 2.48 —

PAI-45-MW20-SL 6.67 2.23 3.29 2.49 2.21 2.11 —

PAI-45-MW20-SU 6.72 2.25 3.29 2.46 2.22 2.11 —

PAI-45-MW21-D 6.27 1.67 — 1.98 1.24 1.15 1.77

PAI-45-MW21-SL 6.27 2.88 — 3.28 3.06 2.93 —

PAI-45-MW21-SU 6.37 2.86 4.30 3.28 3.05 2.90 —

PAI-45-MW22-SL 6.43 2.99 4.37 3.42 3.30 3.17 —

PAI-45-MW22-SU 6.51 3.65 4.28 3.37 3.23 3.09 —

PAI-45-MW23-SL 6.28 2.64 3.43 3.05 2.64 2.67 —

PAI-45-MW23-SU 6.37 2.65 3.59 2.98 2.72 2.62 —

PAI-45-MW24-SU 6.62 2.93 3.91 3.30 3.11 2.97 —

PAI-45-MW25-SL 6.64 — — — 3.40 3.22 —

PAI-45-MW26-SL* 5.61 — — — 2.14 2.05 —

PAI-45-MW27-SL* 6.58 — — — 2.24 2.10 —

PAI-45-MW28-D 5.48 — — — 1.24 1.14 1.78

PAI-45-MW29-D 5.18 — — — 1.22 1.14 1.81

PAI-45-MW30-D 8.05 — — — 1.23 1.14 1.77

PAI-45-MW31-SL 5.49 — — — 2.91 2.74 —

PAI-45-MW31-SU 5.57 — — — 2.93 2.76 —
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Appendix 12. Lithologic logs for permanent wells at site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2008.

[ft, feet; BLS, below land surface; USGS, U.S. Geological Survey]

Permanent well PAI-45-MW28-D
Date: June 2–4, 2008

Method: Hollow-stem auger to 19 ft BLS, Mud-rotary below 19 ft.
Driller: EarthCon
Core Description: Don Vroblesky, USGS
Split spoons
June 2, 2008

Core interval (ft BLS) Recovery (ft) Depth (ft BLS) Description
 2–4 2  2.0–2.6 Silty clay, black

2.6–4.0 Sand, fine-grained, brown
 4–6 2  4.0–5.3 Silty sand, fine-grained, gray with patches of brown silty sand, 

 possibly burrow fills
 5.3–6.0 Silty sand, fine-grained, fewer brown patches than above

 6–8 1.5  6.0–6.5 Sand, fine-grained, gray with patches of brown fine-grained sand
 6.5–7.5 Sand, fine-grained, gray, loose
 7.5–8.0 Missing

 8–10 2  8.0–10.0 Sand, fine-grained, very loose, very wet, grayish-tan
 10–12 2  10.0–11.4 Sand, fine-grained, very loose, very wet, grayish-tan

 11.4–12.0 Silty sand, fine-grained, dark gray
 12–14 2 12.0–14.0 Silty sand, fine-grained, dark gray
 16–18 2  16.0–17.8 Silty sand, fine-grained, dark gray

 17.8–18.0 Clay, organic-rich, dark gray
 18–19 1  18.0–18.8 Clay, organic-rich, dark gray

 18.8–19.0 Sandy clay, dark gray
Stopped at 19 ft to set outer casing.  Grouted from 18.6 ft BLS to land surface

General description from mud-rotary cuttings
June 4, 2008

Interval (ft BLS)   Description
 19–21.5 Clay
 21.5–32 Sand, fine-grained
 32–33.5 Shelly material in fine-grained sand
 33.5–34   Hard drilling, still looks like shelly material

Set screen 23.7 to 33.7 ft BLS.  Grouted from 18.5 ft BLS to land surface.

Permanent well PAI-45-MW29-D
Date: June 3, 2008

Method: Hollow-stem auger to 19 ft BLS, Mud-rotary below 19 ft.
Driller: EarthCon
Core Description: Don Vroblesky, USGS
Split spoons
June 2, 2008

Core interval (ft BLS) Recovery (ft) Depth (ft BLS) Description
 15–17 2 15–17 Sand, very loose, fine-grained, gray, wet 
17–18.8 1.8  17–18.8 Same as above
18.8–19 0.2  18.8–19 Silt, organic rich

Stopped at 19 ft BLS to set outer casing.  Final casing set at 19.6 ft BLS.  Grouted 19.6 ft to land surface.
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Permanent well PAI-45-MW29-D —Continued
General description from mud-rotary cuttings
June 4, 2008

Interval (ft BLS)   Description
20(?)–21 Sand, fine-grained, gray
21–28.5 Clay
28.5–29 Shelly material in fine-grained to silty sand
30–33   Sand, fine-grained to silty, with shells

Set screen 23.1 to 33.1 ft BLS.  Grouted from 17 ft BLS to land surface.

Permanent well PAI-45-MW30-D
Date: June 4–5, 2008

Method: Hollow-stem auger to 20 ft BLS, Mud-rotary below 20 ft.
Driller: EarthCon
Core Description: Don Vroblesky, USGS
Split spoons
June 4, 2008

Core interval (ft BLS) Recovery (ft) Depth (ft BLS) Description
0–15   No split spoons
15–17 2  15.0–17.0 Silty sand, fine-grained
 17–19 2  17.0–17.8 Silty sand, fine-grained

 17.8–18.7 Clay, loose, with thin (0.05 inch) of fine-grained gray sand
 18.7–18.9 Clay, gray with abundant shell fragments
 18.9–19.0 Organic-rich clay, sharp upper contact

 19–20 1  19.0–19.9 Organic-rich clay  
 19.9–20.0 Organic-rich clay, very tight

Stopped at 20 ft BLS to set outer casing.  Grouted from 20 ft BLS to land surface.

General description from mud-rotary cuttings
June 5, 2008

Interval (ft BLS)   Description
20.5–22 Sand  
22–23 Hard drilling 

 23–23.5 Silty sand, wood that does not appear to be from the auger plug
23.5–27 Sand, fine-grained
27–30 Silty sand 
 30–34 Clay
 34–35   Hard drilling, shelly material in silty sand

Set screen 25–35 ft BLS. Grouted from 20 ft BLS to land surface.

Appendix 12. Lithologic logs for permanent wells at site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2008. —Continued

[ft, feet; BLS, below land surface; USGS, U.S. Geological Survey]
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Appendix 13. Lithologic log for temporary well PAI-45-USGS-TW96, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, April 30, 2008.

[ft, feet; BLS, below land surface; USGS, U.S. Geological Survey; ppm, parts per million; <, less than; >, greater than]

Date: April 30, 2008

Method: Geoprobe
Driller: James Landmeyer, USGS
Core Description: Don Vroblesky, USGS

Core interval 
(ft BLS)

Recovery 
(ft)

Depth  
(ft BLS)

Description

Reading on 
ColorTek 

vapor  
analyzer 

(ppm)

 4–5 0.85  4.0–4.8 Silty sand, fine-grained, gray.  Exact depth uncertain. <0.2

 6–8 1.8  6.0–6.9 Sandy clay, gray 2

6.9–7.2 Clayey sand, gray  

7.2–7.8 Silty sand, fine-grained, brown  

7.8–8.0 Silty sand, fine-grained, gray >4

 8–10 1.2 8.0–10.0 Sand, fine-grained, heaving, grayish tan >25

 10–12 1.6  10.4–10.8 Sand, fine-grained, grayish tan  

 10.8–12 Sand, fine-grained, black 30

 12–14 1.7  12.3–12.8 Sand, fine-grained, black 40

 12.8–14.0 Sand, fine- to very fine-grained, grayish-brown 10

 14–16 2  14.0–14.8 Sand, fine-grained, gray <0.2

  14.8–15.2 Sand, medium-grained, gray  

 15.2–16.0 Silt, with brownish material that appears to be plant matter <0.2



74  Source, Transport, and Fate of Groundwater Contamination at Site 45, Marine Corps Recruit Depot, Parris Island, SC

Appendix 14–1. Membrane Interface Probe (MIP) logs for boring MIP1, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–2. Membrane Interface Probe (MIP) logs for boring MIP2, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.



76  Source, Transport, and Fate of Groundwater Contamination at Site 45, Marine Corps Recruit Depot, Parris Island, SC

Appendix 14–3. Membrane Interface Probe (MIP) logs for boring MIP3, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–4. Membrane Interface Probe (MIP) logs for boring MIP4, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.



78  Source, Transport, and Fate of Groundwater Contamination at Site 45, Marine Corps Recruit Depot, Parris Island, SC

Appendix 14–5. Membrane Interface Probe (MIP) logs for boring MIP5, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–6. Membrane Interface Probe (MIP) logs for boring MIP6, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.



80  Source, Transport, and Fate of Groundwater Contamination at Site 45, Marine Corps Recruit Depot, Parris Island, SC

Appendix 14–7. Membrane Interface Probe (MIP) logs for boring MIP7, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.

Prepared by:
 USGS Publishing Network
 Raleigh Publishing Service Center
 3916 Sunset Ridge Road
 Raleigh, NC 27607

For additional information regarding this publication, contact:
 Don A. Vroblesky, Hydrologist 

USGS South Carolina Water Science Center 
Stephenson Center, Suite 129 
720 Gracern Road 
Columbia, SC 29210 
email: vroblesk@usgs.gov

Or visit the USGS South Carolina Water Science Center Web site at:
 http://sc.water.usgs.gov/

http://sc.water.usgs.gov/
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PRELIMINARY
Issued: August 4, 2009
Page 1 of 4

DUPLICATE
SAMPLE LOCATION: SUBSLAB-NP-1 SUBSLAB-NP-2 SUBSLAB-NP-3 SS-DUP-1 SG-2-2FT-NP SUBSLAB-PP-1 SUBSLAB-PP-2 SUBSLAB-PP-3 SG-2-2FT-PP

PRESSURE CONDITION: Negative Negative Negative Negative Negative Positive Positive Positive Positive
SAMPLE DEPTH (ft bgs): 0.8 0.8 0.8 0.8 2 0.8 0.8 0.8 2

SAMPLE DATE: 6/30/2009 6/30/2009 6/30/2009 6/30/2009 6/30/2009 7/1/2009 7/1/2009 7/1/2009 7/1/2009

COMPOUND µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3

Volatile Organic Compounds (VOCs) by Method TO-15
Benzene 3.4 1 1.2 1.6 0.93 0.98 0.83 < 0.45 < 0.46
Dichloroethane, 1,2- 0.5 < 0.45 < 0.47 0.88 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Dichloroethene, cis-1,2- < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Dichloroethene, trans-1,2- < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Ethylbenzene 6.1 13 3.7 < 2.4 < 2.2 < 2.3 < 2.3 < 2.3 < 2.3
Tetrachloroethene 190 240 89 120 190 74 160 91 170
Toluene 5.6 < 2.3 < 2.3 18 < 2.2 2.4 < 2.3 < 2.3 < 2.3
Trichloroethane, 1,1,1- < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Trichloroethene 0.71 0.95 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Vinyl Chloride < 0.44 < 0.45 < 0.47 < 0.49 < 0.45 < 0.46 < 0.46 < 0.45 < 0.46
Xylene, o- 4.5 30 3.2 < 2.4 < 2.2 < 2.3 < 2.3 < 2.3 < 2.3
Xylenes, m,p- 21 66 14 2.9 7.5 < 2.3 < 2.3 < 2.3 < 2.3

TABLE 1
Summary of Key Results of Sub-Slab Samples

ESTCP Tier 2 Vapor Screening Study
Site 45 - Marine Corps Recruit Depot, Parris Island, SC

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by Method TO-15.
2. Detected analytes are presented in bold type.
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Page 2 of 4

 
DUPLICATE

SAMPLE LOCATION: Indoor-NP-1 Indoor-NP-2 Indoor-NP-3 Dup-1 Ambient-1 Indoor-PP-1 Indoor-PP-2 Indoor-PP-3 Ambient-2
PRESSURE CONDITION: Negative Negative Negative Negative Negative Positive Positive Positive Positive

SAMPLE DATE: 6/30/2009 6/30/2009 6/30/2009 6/30/2009 6/30/2009 7/1/2009 7/1/2009 7/1/2009 7/1/2009

COMPOUND µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3

Volatile Organic Compounds (VOCs) by Method TO-15 SIM
Benzene 0.41 0.49 0.43 0.42 0.46 0.71 0.68 0.69 0.84
Dichloroethane, 1,2- 0.13 0.19 0.17 0.19 0.059 0.15 0.12 0.095 0.058
Dichloroethene, cis-1,2- 0.49 2.2 1.8 2.5 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Dichloroethene, trans-1,2- < 0.041 < 0.044 < 0.047 < 0.043 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Ethylbenzene 0.31 0.69 0.57 0.7 0.25 0.62 0.62 0.6 0.46
Tetrachloroethene 11 23 35 22 0.29 36 54 51 0.43
Toluene 5.1 13 13 13 1.6 5.3 5.6 5.1 2.7
Trichloroethane, 1,1,1- 0.055 0.054 0.056 0.54 0.054 0.054 0.053 0.054 0.054
Trichloroethene 0.15 0.65 0.54 0.73 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Vinyl Chloride < 0.041 0.11 0.09 0.12 < 0.043 < 0.038 < 0.041 < 0.041 < 0.038
Xylenes, m,p- 0.64 1.1 0.91 1.1 0.65 1.3 1.3 1.3 1.3
Xylene, o- 0.26 0.4 0.35 0.42 0.26 0.54 0.51 0.51 0.54

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by Method TO-15 SIM.
2. Detected analytes are presented in bold type.
3 ND = compound was analyzed for but not detected above the laboratory reporting limit

TABLE 2
Summary of Key Results for Indoor and Ambient Air Samples

ESTCP Tier 2 Vapor Screening Study
Site 45 - Marine Corps Recruit Depot, Parris Island, SC

3. ND = compound was analyzed for, but not detected above the laboratory reporting limit.
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DUPLICATE
SAMPLE LOCATION: SUBSLAB-NP-1 SUBSLAB-NP-2 SUBSLAB-NP-3 SS-DUP-1 SG-2-2FT-NP SUBSLAB-PP-1 SUBSLAB-PP-2 SUBSLAB-PP-3 SG-2-2FT-PP

PRESSURE CONDITION: Negative Negative Negative Negative Negative Positive Positive Positive Positive
SAMPLE DEPTH (ft bgs): 0.8 0.8 0.8 0.8 2 0.8 0.8 0.8 2

SAMPLE DATE: 6/30/2009 6/30/2009 6/30/2009 6/30/2009 6/30/2009 7/1/2009 7/1/2009 7/1/2009 7/1/2009
Units µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3

Compound of Interest
Sulfur Hexafluoride (SF6) < 6.5 < 6.6 < 6.6 10 < 7.3 < 6.4 < 6.4 < 6.4 < 6.5

DUPLICATE
SAMPLE LOCATION: Indoor-NP-1 Indoor-NP-2 Indoor-NP-3 Dup-1 Ambient-1 Indoor-PP-1 Indoor-PP-2 Indoor-PP-3 Ambient-2

PRESSURE CONDITION: Negative Negative Negative Negative Negative Positive Positive Positive Positive
SAMPLE DATE: 6/30/2009 6/30/2009 6/30/2009 6/30/2009 6/30/2009 7/1/2009 7/1/2009 7/1/2009 7/1/2009

TABLE  3B
Analytical Results of Sulfur Hexafluoride Tracer Gas: Indoor and Ambient Air Samples

ESTCP Tier 2 Vapor Screening Study
Site 45 - Marine Corps Recruit Depot, Parris Island, SC

TABLE  3A
Analytical Results of Sulfur Hexafluoride Tracer Gas: Sub-slab gas samples

ESTCP Tier 2 Vapor Screening Study
Site 45 - Marine Corps Recruit Depot, Parris Island, SC

Units µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3

Compound of Interest
Sulfur Hexafluoride (SF6) 42 150 110 160 < 10 190 110 58 < 9.1

Notes:
1. Samples were analyzed by Columbia Analytical Services, Inc. in Simi Valley, California by NIOSH Method 6602 Modified. 
2. Detected analytes are presented in bold type.
3. SF6 release start time: 29 June 2009 at 14:30; Average SF6 release rate: 120 mL/min.
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DUPLICATE
SAMPLE LOCATION: SUBSLAB-NP-1 SUBSLAB-NP-2 SUBSLAB-NP-3 DUP-1 SG-2-2FT-NP SUBSLAB-PP-1 SUBSLAB-PP-2 SUBSLAB-PP-3 SG-2-2FT-PP

PRESSURE CONDITION: Negative Negative Negative Negative Negative Positive Positive Positive Positive
SAMPLE DATE: 6/30/2009 6/30/2009 6/30/2009 6/30/2009 6/30/2009 7/1/2009 7/1/2009 7/1/2009 7/1/2009

COMPOUND pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L
Compound of Interest
Radon 2405 2681 2372 2752 2728 2073 2471 2468 2737

SAMPLE LOCATION: Indoor-1-NP Indoor-2-NP Indoor-3-NP Dup-1 Ambient-1-NP Indoor-1-PP Indoor-2-PP Indoor-3-PP Ambient-2
PRESSURE CONDITION: Negative Negative Negative Negative Negative Positive Positive Positive Positive

SAMPLE DATE: 6/30/2009 6/30/2009 6/30/2009 6/30/2009 6/30/2009 7/1/2009 7/1/2009 7/1/2009 7/1/2009

COMPOUND pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L
Compound of Interest
Radon 0.27 0.21 0.3 - 0.11 0.25 0.49 0.4 0.22

Notes:
1. Radon samples were analyzed by Dr. Douglas E. Hammond at the University of Southern California in Los Angeles, California.
2. Detected analytes are presented in bold type.

TABLE  4
Results of Radon Analysis

ESTCP Tier 2 Vapor Screening Study
Site 45 - Marine Corps Recruit Depot, Parris Island, SC

3. The lower detection limit for radon (95% confidence level as recommended by EPA 402-R-95-012, October 1997) is 0.14 pCi/L.
4. Results corrected to in-situ pressure of 1.00 atm based on assumed Parris Island elevation of 100 ft above sea level.



 

 

 

 

 

 

 

 

 

 

APPENDIX C 

MEMBRANE INTERFACE PROBE DATA 

 

























































































































 

 

 

 

 

 

 

 

 

 

APPENDIX D 

TEMPORARY WELL BORING LOGS 

 

































 

 

 

 

 

 

 

 

 

 

APPENDIX E 

TEMPORARY WELL CONSTRUCTION SHEETS 

 











































 

 

 

 

 

 

 

 

 

 

APPENDIX F 

CHAIN OF CUSTODY RECORDS 

 























 

 

 

 

 

 

 

 

 

 

APPENDIX G 

PERMANENT MONITORING WELL CONSTRUCTION SHEETS 

 























































































































 

 

 

 

 

 

 

 

 

 

APPENDIX H 

PERMANENT MONITORING WELL BORING LOGS 

 





































































 

 

 

 

 

 

 

 

 

 

APPENDIX I 

PERMANENT MONITORING WELL DEVELOPMENT SHEETS 

 





























































 

 

 

 

 

 

 

 

 

 

APPENDIX J 

TEMPORARY MONITORING WELL DEVELOPMENT, PURGE, AND SAMPLE LOG SHEETS 

 































































 

 

 

 

 

 

 

 

 

 

APPENDIX K 

PERMANENT MONITORING WELL PURGE AND SAMPLE LOG SHEETS 

 































































































































































































 

 

 

 

 

 

 

 

 

 

APPENDIX L 

DATA VALIDATION LETTERS 

 





























 

 

 

 

 

 

 

 

 

 

APPENDIX M 

GROUNDWATER LEVEL MEASUREMENT SHEETS 

 









 

 

 

 

 

 

 

 

 

 

APPENDIX N 

SITE 45 PHOTOGRAPHS 
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APPENDIX O 

GROUNDWATER VELOCITY CALCULATIONS 

 









PRIMARY SECONDARY
PRIMARY RELEASE SECONDARY RELEASE EXPOSURE EXPOSURE HUMAN
SOURCE MECHANISM SOURCE MECHANISM MECHANISM ROUTES RECEPTORS
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Dust and/or
Above ground/ Spills Volatile Air Inhalation
below ground Leakage Soil Emissions 
storage tanks Infiltration

Infiltration to Direct Ingestion
Groundwater Contact Dermal Contact

Inhalation of Volatiles

Air Vapor Intrusion

 = COMPLETE EXPOSURE PATHWAY

APPENDIX P

REVISED CONCEPTUAL SITE MODEL
SITE 45 - FORMER MWR DRY CLEANING FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA



 

 

 

 

 

 

 

 

 

 

APPENDIX Q 

GROUNDWATER MODELING FIGURES 

USING PERMANENT WELLS ONLY 
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