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EXECUTIVE SUMMARY 

This Feasibility Study (FS) Report for Site 9 - Former Paint Waste Storage Area, Site 16 - Pesticide 

Rinsate Disposal Area, Site 27 - Motor Transportation Facility (formerly called the Equipment Parade 

Deck), and Site 55 - Fiber Optic Vault (FOV), located at the Marine Corps Recruit Depot (MCRD) Parris 

Island, South Carolina, has been prepared by Tetra Tech, Inc. for Naval Facilities Engineering Command 

Southeast (NAVFAC SE) under the Comprehensive Long-Term Environmental Action Navy (CLEAN) V 

Program, Contract Number N62470-08-D-1001, Contract Task Order (CTO) JM18.  This FS Report 

describes the formulation and evaluation of remedial alternatives for contaminated soil, groundwater and 

light non-aqueous phase liquid (LNAPL) at Sites 9, 16, 27, and 55.  Because these four sites are located 

adjacent to one another they were investigated simultaneously during the Remedial Investigation (RI) and 

the remedial alternatives presented in this FS apply to all four sites.   

 

This FS establishes Remedial Action Objectives (RAOs) and cleanup goals; screens remedial 

technologies; and assembles, evaluates, and compares remedial alternatives. 

 

Previous investigations in the area of the four sites included the Initial Assessment Study (IAS) in 1986 

(Sites 9 and 16), an RI Verification Step (VS) in 1988 (Site 16), an RFA, which included a file review and 

Visual Site Inspection (VSI) in 1990 (Sites 9, 16, and 27); Relative Site Ranking efforts in 1995 (Sites 9 

and 27); SI/Confirmatory Sampling (CS) in 1999 (Site 9, 16 and 27); Soil and Groundwater Field 

Screening in 2002 (Site 55); and a Groundwater Investigation in 2003 (Site 55).   

 

The RI field investigation for Sites 27 and 55 was performed in three phases – Phase I (September 2007), 

Phase II (August 2008), and Phase III (August 2010).  Phase III of the Sites 27 and 55 RI also included 

the Sites 9 and 16 RI.   

 

Based on the detailed screening of technologies and process options presented in Sections 3.2 and 3.3 

of this FS, the following three remedial alternatives were developed for soil: 

 

 Alternative S-1: No Action 

 

 Alternative S-2: Hot Spot Removal, Off-site Disposal, Capping, and Land Use Controls (LUCs) 

 

 Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, Capping,  and LUCs 
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Based on the detailed screening of technologies and process options presented in Sections 3.5 and 3.6, 

the following four remedial alternatives were developed for groundwater: 

 

 Alternative G-1: No Action 

 

 Alternative G-2: Monitored Natural Attenuation (MNA) and LUCs 

 

 Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soils, In-Situ 

Chemical Oxidation (ISCO) Off-site Disposal,  MNA, and LUCs 

 

 Alternative G-4: LNAPL Removal by Skimming, ISCO, MNA, and LUCs 

 

Note that the groundwater alternatives also include components to address the potential residual LNAPL 

in the smear zone, adsorbed phase contaminants, and any other saturated soil with LNAPL present.  

Highly contaminated saturated soil is defined as soil with LNAPL and soil with adsorbed phase 

contaminants.  Soil with LNAPL refers to LNAPL found in soil pore space at varying saturation limits.  

Adsorbed phase contaminants include those contaminants that originated from the LNAPL, dissolved into 

groundwater and then adsorbed to subsurface sediments.   

 

A detailed analysis was completed for each of the soil and groundwater remedial alternatives presented 

in this FS followed by a comparative analysis of each set of alternatives. 

 

Table ES-1 summarizes the comparative analysis of the soil remedial alternatives, and Table ES-2 

summarizes the comparative analysis of groundwater remedial alternatives. 

  



TABLE ES-1 
 

SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 2 
 

 

Evaluation Criteria 
Alternative S-1:  

No Action 

Alternative S-2: Hot Spot 
Removal, Off-site Disposal, 

Capping, and LUCs 

Alternative S-3: Limited Hot 
Spot Removal, Off-site 

Disposal, Capping, and LUCs 

Overall Protection of 
Human Health and 
Environment 

Not protective.  Protection would be provided 
by excavation of contaminated 
surface and subsurface soil, 
capping to prevent 
contaminants from leaching to 
groundwater and LUCs to 
prevent exposure.  Would be 
as protective as Alternative S-
3. 

Protection would be provided 
by excavation of contaminated 
surface soil, capping to prevent 
contaminants from leaching to 
the groundwater and LUCs to 
prevent exposure.  Would be 
protective as protective as 
Alternative S-2. 

Compliance with 
ARARs and TBCs 
   Chemical-Specific 
   Location-Specific 
   Action-Specific 

 
 
Would not 
comply 
Not applicable 
Not applicable 

 
 
Would comply 
Would comply 
Would comply 

 
 
Would comply 
Would comply 
Would comply 

Long-Term 
Effectiveness and 
Permanence 

Not effective. Would be effective in the long 
term and permanent. Would 
be more effective than 
Alternative S-3 because more 
contaminated soil would be 
removed.  Pavement would 
need to be maintained. 

Would be effective in the long 
term and permanent, but less 
effective than Alternative S-2.  
Pavement would need to be 
maintained. 

Reduction of 
Contaminant Toxicity, 
Mobility, or Volume 
through Treatment 

None.  No 
treatment. 

Although contaminants would 
be removed from the site, 
there would be no treatment. 

Although contaminants would 
be removed from the site, there 
would be no treatment. 

Short-Term 
Effectiveness 

No short-term 
risks because no 
action would 
occur.  RAOs and 
cleanup goals 
would not be met.

Exposure of remedial workers 
would be controlled by safety 
procedures.  There would be a 
slight risk to the community 
from transport of contaminated 
soil.  Action would be 
completed in approximately 
13 days.  RAOs and cleanup 
goals would be met. 

Less risks than Alternative S-2 
because less contaminated soil 
is being managed.  Exposure of 
remedial workers would be 
controlled by safety procedures.  
There would be a slight risk to 
the community from transport of 
contaminated soil.  Action 
would be completed in 
approximately 10 days.  RAOs 
and cleanup goals would be 
met. 

Implementability Nothing to 
implement. 

Easy to implement. Easy to implement, but 
somewhat more difficult 
compared to Alternative S-2 
because of additional LUCs. 

Costs: 
   Capital 
   NPW of O&M 
   NPW 

$0
$0
$0

$307,000
$195,000
$502,000

$278,000
$196,000
$474,000
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Notes: 
ARAR  Applicable or Relevant and Appropriate Requirement 
COC  Contaminant of Concern    
LUC  Land use control        
NPW  Net present worth        
O&M  Operation and maintenance 
RAO  Remedial Action Objective 
TBC  To Be Considered 
 



TABLE ES-2

SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

PAGE 1 OF 2

Evaluation Criteria Alternative G-1: No Action Alternative G-2: MNA and LUCs

Alternative G-3: Excavation to
Remove LNAPL and Highly

Contaminated Saturated Soil, Off-
site Disposal, ICSO, MNA, and

LUCs

Alternative G-4: LNAPL Removal
by Skimming, ISCO, MNA, and

LUCs

Overall Protection of
Human Health and
Environment

Would not be protective of human
health and the environment because
no action would occur.

Would be less protective of human
health and the environment than
Alternatives G-3 and G-4 because
there would be no active treatment
of the high-concentration areas and
because this alternative has the
highest remediation time. LUCs
would prevent exposure to the
plume.

Would be most protective of human
health and the environment because
highly contaminated soil would be
removed, with ISCO treatment for
the balance. LUCs would prevent
exposure to the contaminated
groundwater.

Would be less protective of human
health and the environment than
Alternatives G-3 because the active
treatment would be limited to LNAPL
skimming and ISCO. LUCs would
prevent exposure to the
contaminated groundwater.

Compliance with ARARs
and TBCs:

Chemical-Specific Would not comply Would eventually comply Would eventually comply Would eventually comply
Location-Specific Not applicable Would comply Would comply Would comply
Action-Specific Not applicable Would comply Would comply Would comply

Long-Term Effectiveness
and Permanence

Would have no long-term
effectiveness and permanence
because no action would occur.
Contaminant reduction or migration
would remain undetected because
no monitoring would occur.

Would be less permanent and
effective than Alternatives G-3 and
G-4 because there would be no
contaminant removal except through
the long process of natural
attenuation. LUCs would be
required to prevent exposure
throughout the plume.

Would be most permanent and
effective because contaminants and
LNAPL would be removed from the
excavation zones. ISCO would be
used to treat areas that cannot be
excavated. LUCs would be required
to prevent exposure throughout the
plume.

Would be less permanent and
effective than Alternative G-3
because only about 60 to 80% of
the LNAPL would be treated by
ISCO. LUCs would be required to
prevent exposure throughout the
plume.

Reduction of Toxicity,
Mobility, or Volume
through Treatment

Would not reduce toxicity, mobility,
or volume through treatment
because no treatment would occur.

There would be no reductions
through treatment although COCs
and LNAPL would be reduced
through biological, abiotic, and
physical natural attenuation
processes.

There would be some reductions
through treatment, although COCs
and LNAPL would also be removed
from the site by excavation and off-
site disposal.

There would be reductions through
treatment, and some LNAPL would
be removed from the site by
skimming and off-site disposal.
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SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY
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Evaluation Criteria Alternative G-1: No Action Alternative G-2: MNA and LUCs

Alternative G-3: Excavation to
Remove LNAPL and Highly

Contaminated Saturated Soil, Off-
site Disposal, ICSO, MNA, and

LUCs

Alternative G-4: LNAPL Removal
by Skimming, ISCO, MNA, and

LUCs

Short-Term Effectiveness Would not result in any short-term
risk to site workers or adversely
impact the surrounding community
or environment because no action
would occur. The RAOs would
never be achieved.

Would have the least short-term
impacts. Would result in a possibility
of exposing site workers to
contaminated groundwater during
monitoring activities. This risk would
be reduced through compliance with
appropriate site-specific health and
safety procedures.

Would have the greatest short-term
impacts. Would result in a possibility
of exposing site workers to
contaminated groundwater and soil
during sampling, dewatering,
excavation, ISCO, and groundwater
treatment. There would be a risk to
the surrounding community and
environment during the transport of
contaminated soil and spent GAC to
the disposal facility and transport of
oxidant to the site.

Would have somewhat less short-
term impacts compared to
Alternative G-3. Would result in a
possibility of exposing site workers
to contaminated groundwater during
well installation, sampling, ISCO,
and management of recovered
LNAPL. This risk would be reduced
through compliance with appropriate
site-specific health and safety
procedures. Would be slight risk
from transport of recovered LNAPL
to disposal facility and transport of
oxidant to the site.

Implementability Technical and administrative
implementation would be simple
because there would be no action to
implement.

Would be the technically easiest
alternative to implement.
Administrative implementation of
LUCs would be simple.

Would be the most difficult to
implement because of the need for
dewatering and management and
treatment of over 1,000,000 gallons
of water. Underground utilities may
interfere with excavation. ISCO
treatment would be implemented.
Administrative implementation of
LUCs would be simple.

Would be somewhat more difficult to
implement compared to
Alternative G-2 because of the large
number of wells to install and ISCO
treatment. Administrative
implementation of LUCs would be
simple.

Costs:

Capital
NPW of O&M
NPW

$0
$0 (30-Year)
$0 (30-Year)

$67,000
$1,636,000 (30-Year)
$1,703,000 (30-Year)

$6,567,000
$1,637,000 (30-Year)
$8,204,000 (30-Year)

$2,279,000
$1,575,000 (30-Year)
$3,854,000 (30-Year)

ARAR – Applicable or Relevant and Appropriate Requirement
COC – Chemical of concern
GAC – Granular Activated Carbon
LUC – Land use control
NA – Not Applicable
NPW – Net present worth
RAO – Remedial Action Objective
TBC – To Be Considered
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1.0 INTRODUCTION 

1.1 PURPOSE AND ORGANIZATION OF REPORT 

This Feasibility Study (FS) Report for Site 9 – Former Paint Waste Storage Area, Site 16 – Pesticide 

Rinsate Disposal Area, Site 27 – Motor Transportation Facility (formerly called the Equipment Parade 

Deck), and Site 55 – Fiber Optic Vault (FOV), located at the Marine Corps Recruit Depot (MCRD) Parris 

Island, South Carolina, has been prepared by Tetra Tech, Inc. for Naval Facilities Engineering Command 

Southeast (NAVFAC SE) under the Comprehensive Long-Term Environmental Action Navy (CLEAN) V 

Program, Contract Number N62470-08-D-1001, Contract Task Order (CTO) JM18.  This FS Report 

describes the formulation and evaluation of remedial alternatives for contaminated soil, groundwater and 

light non-aqueous phase liquid (LNAPL) at Sites 9, 16, 27, and 55.  Because these four sites are located 

adjacent to one another they were investigated simultaneously during the Remedial Investigation (RI) and 

the remedial alternatives presented in this FS apply to all four sites.   

This FS establishes Remedial Action Objectives (RAOs) and cleanup goals; screens remedial 

technologies; and assembles, evaluates, and compares remedial alternatives.  

This FS Report has been organized with the intent of meeting the general format requirements specified 

in the RI/FS Guidance Document (USEPA, 1988).  This report contains the following five sections: 

 Section 1.0:  Introduction, which summarizes the purpose of the report, provides site background 

information, summarizes findings of the RI, and provides the report outline.   

 

 Section 2.0:  Remedial Action Objectives and General Response Actions, which presents the RAOs, 

identifies applicable or relevant and appropriate requirements (ARARs) and to be considered (TBC) 

criteria, develops groundwater cleanup goals for chemicals of concern (COCs) and associated 

general response actions (GRAs), and provides estimates of the volumes of contaminated soil, 

groundwater, and LNAPL to be remediated. 

 

 Section 3.0:  Screening of Remediation Technologies and Process Options, which provides a 

screening of potentially applicable remediation technologies and identifies the technologies that will 

be assembled into remedial alternatives.   

 

 Section 4.0:  Assembly and Detailed Analysis of Remedial Alternatives, which assembles the 

remedial technologies retained from the Section 3.0 screening process into multiple soil, 

groundwater, and LNAPL remedial alternatives, describes these alternatives, and performs a detailed 
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analysis of these alternatives in accordance with seven of the nine Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA) criteria.  

 

 Section 5.0:  Comparative Analysis of Remedial Alternatives, which compares the soil and 

groundwater remedial alternatives on a criterion-by-criterion basis, for each of the seven CERCLA 

analysis criteria used in Section 4.0. 

 

Appendix A contains quantity calculations including volume of contaminated groundwater and mass of 

contaminants in the saturated zone.  Appendix B presents the estimated volume of soil potentially 

containing LNAPL in soil.  Appendix C contains the preliminary design calculations for alternatives 

developed in this FS.  Appendix D includes the estimated retardation factor for major groundwater 

contaminants.  Appendix E contains cost estimates for the remedial alternatives.  Appendix F contains the 

green and sustainable remediation assessment for the remedial alternatives. 

1.2 SITE BACKGROUND 

The following subsections provide background information about Sites 9, 16, 27, and 55.  Figures 1-1 and 

1-2 provide the general site location map, and Figure 1-3 shows the site features.   

1.2.1 Site Description 

1.2.1.1 General Description 

Site 27 was a 1-acre asphalt-covered area (Figure 1-3) formerly used as a parade ground and for storage 

of miscellaneous equipment.  It was historically referred to as the Equipment Parade Deck.  For an 

unknown period of time, out-of-service storage tanks, concrete cylinders, boilers, scrap metal, and piping 

were temporarily stored here.  An unknown amount of hazardous material, possibly including waste 

petroleum products and metals, was temporarily stored at this location.  Transformers containing 

polychlorinated biphenyl (PCB) oils were reportedly stored in the northern portion of the site; however, the 

exact location is not known.  The asphalt at Site 27 deteriorated over time in several areas, allowing 

contaminants to enter underlying soil.  MCRD Parris Island identified an operational need to construct a 

new Motor Transportation Facility (Motor T) due to limited available and usable land, Site 27 was chosen 

as the new location for the Motor T.  Construction began in April 2011 and is ongoing.  Site 27 is now 

referred to as the Motor T. 

Site 55, the FOV, is an oversized utility manhole used for the installation of fiber optic communications 

cables.  Site 55 was historically only considered as the area that the FOV physically occupied; however, 

in this report any reference to Site 55 includes the exposure unit around the actual physical FOV 

(Figure 1-3).  Installed in September 2001, the FOV is located approximately 20 feet east of Atsugi Street, 
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100 feet southwest of Building 401, and 140 feet northwest of Building 405, adjacent to Site 27 

(Figure 1-3).  There is no regular or routine access to the vault.  The vault is composed of pre-cast 

concrete, and has inner dimensions of 12 feet long by 6 feet wide by 8 feet deep.  The walls include 

blanked cutouts for fiber optic cables to enter the vault from the north, east, south, and west.  Site 55 is 

relatively flat with both grassy and paved areas.  Overhead steam lines are present near the vault, and an 

underground sewer line is located approximately 70 feet to the northeast.  When the FOV was being 

constructed, LNAPL was discovered floating on water in the vault interior.  In March 2001, a tanker truck 

was used to remove 555 gallons of oil and water mixture from the FOV.  The contents of the tanker truck 

were disposed of as non-hazardous waste by Safety-Kleen Systems, Inc. at that time.  In 

September 2001, a soil sample was collected next to the vault and analysis indicated the presence of 

benzene, toluene, ethylbenzene, and xylenes (BTEX).  In November 2001, an additional 50 gallons of oil 

and water mixture was disposed of as non-hazardous waste by Safety-Kleen Systems, Inc.  Waste 

manifests for these disposal events are provided in Appendix C-17 of the RI report (Tetra Tech, 

2012).  The FOV was subsequently entered into the Environmental Restoration Program and designated 

Site 55.  Based on prior investigations, there is a high likelihood that contaminants from Site 55 have 

migrated to Site 27 and impacted subsurface soil and groundwater. 

Site 9, the former Paint Waste Storage Area, and Site 16, the Pesticide Rinsate Disposal Area (see 

Figure 1-3) were investigated concurrently because they are located adjacent to Sites 27 and 55.  

Evaluation of collected data and the Conceptual Site Model (CSM), support the assumption that 

contaminants identified at Sites 9 and 16 have not migrated to Sites 27 and 55.  Although other smaller 

source areas may exist within Site 27, contamination migrating from Site 55 is believed to be the principal 

source of contamination at Site 27 (Figure 1-4).  As a result of the original CSM, Sites 9, 16, 27, and 55 

were investigated concurrently.   

Site 9 (former Paint Waste Storage Area) was utilized from 1969 to 1984 to store wastes from the Paint 

Shop.  At that time, the area was a 20-foot by 60-foot unpaved site located in the northwestern corner of 

Parris Island, between Quonset Hut N277 and Building 895 (Figure 1-3).  While Site 9 was active, 

personnel from the Paint Shop placed liquid paint wastes and paint strippers in 55-gallon and 330-gallon 

storage drums.  The paint wastes generally consisted of mineral spirits, kerosene, and diesel fuels, while 

the paint strippers likely contained methylene chloride.  The wastes were accumulated in the drums, and 

the drums were periodically transported to a waste oil facility (Diesel Shop) and discharged into an 

underground storage tank (UST).  The Diesel Shop and associated UST are not identified as a Solid 

Waste Management Unit (SMWU). This practice continued until 1978, when a contractor began to 

dispose of the wastes at an off-base incinerator site.  Between 1969 and 1984, an unknown amount of 

paint wastes may have been spilled at the storage area.  In 1984, a site cleanup was performed during 

which 6 inches of surface soil were removed and the area was covered by a concrete pad.  Since 1984, 

wastes have not been stored at this site (NEESA, 1986).  The intent of the 1984 concrete pad was not 
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documented, but it was speculated that the concrete was installed to improve the functionality of the site 

as a storage area (i.e., providing a hard surface for access by material handling, forklifts, pallet jacks, etc.) 

rather than achieving a remedial objective.  However, recommendations presented in the Resource 

Conservation and Recovery Act (RCRA) Facility Assessment (RFA) Report included further investigation 

to determine if residual contamination is present at the site (A.T. Kearney, 1990). 

Site 16 (Pesticide Rinsate Disposal Area) is a grassy area located between Quonset Huts N282 and 

N277 (Figure 1-3) where rinse waters from pest control spray application containers and equipment were 

disposed from 1950 to 1977.  During this time, the site received an estimated 5 to 10 gallons per week of 

pesticide rinsate.  The disposal area was approximately 6 feet by 25 feet.  Pesticides used at MCRD 

Parris Island during this period included aldrin, baygon, chlordane, dursban, malathion, naled, and 

dichlorodiphenyltrichloroethane (DDT).  Assuming an average disposal rate of approximately 300 gallons 

per year from 1950 to 1977, an estimated 8,000 gallons of rinsate were disposed at Site 16. 

Detailed historical building use information could not be found for the buildings in the area of Sites 9, 16, 

27, and 55.  MCRD Parris Island reports that Building 401 is a RCRA/Toxic Substances Control 

Act (TSCA)/Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)-compliant pest control facility 

that was constructed in the early 1990s, while Building 405 is a small warehouse that has been used by 

the 3
rd

 Battalion and Marine Corps Community Services (MCCS) over the past 10 years.  Building 852 

(approximately 200 feet to the north of Site 55) has housed administrative functions for at least the past 

30 years, with no known pesticide handling activity at any time. 

Sites 9, 16, 27, and 55 are located in an industrial part of MCRD Parris Island as shown on Figure 1-3.  

The nearest resident lives approximately 2,000 feet south of these sites.  There are no day care facilities 

or schools within a 2,000-foot radius.  An area of archaeological concern is located south of Site 27 and 

southwest of Sites 55, 9, and 16 and is managed by the Cultural Resources Office at MCRD Parris 

Island.  Intrusive activities were not conducted in this area during any stage of the RI.  If intrusive 

activities are required in the area of archeological concern during remedy implementation these efforts 

will be coordinated with all cultural resources stakeholders as necessary. 

1.2.2 Previous Site Investigations 

Previous investigations in the area of Site 27 included the Initial Assessment Study (IAS) in 1986 (Sites 9 

and 16), an RI Verification Step (VS) in 1988 (Site 16), an RFA, which included a file review and Visual 

Site Inspection (VSI) in 1990 (Sites 9, 16, and 27); Relative Site Ranking efforts in 1995 (Sites 9 and 27); 

Site Inspection (SI)/Confirmatory Sampling (CS) in 1999 (Site 9, 16 and 27); Soil and Groundwater Field 

Screening in 2002 (Site 55); and a Groundwater Investigation in 2003 (Site 55).  The RI for Sites 27 and 

55 was performed in three phases – Phase I (September 2007), Phase II (August 2008) and Phase III 

(August 2010).  Phase III of the Sites 27 and 55 RI also included the Sites 9 and 16 RI.   
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1.2.2.1 Initial Assessment Study – Sites 9 and 16 (1986) 

An IAS was conducted in 1986 for Sites 9 and 16, as well as other sites throughout MCRD Parris Island, 

to identify potentially contaminated sites at MCRD Parris Island that may pose a threat to human health 

and the environment.  The IAS, which is equivalent to a Preliminary Assessment (PA) under CERCLA, 

was conducted under the Naval Assessment and Control of Installation Pollutants (NACIP) Program by 

NEESA. 

No samples were collected during the IAS.  The IAS indicated that no further action at Site 9 was 

necessary because of the site cleanup performed in 1984 at the Site.  The IAS also recommended that 

Site 16 be evaluated further because of the potential for contaminant migration at Site 16 (NEESA, 1986). 

1.2.2.2 Remedial Investigation Verification Step (RI VS) – Site 16 (1988) 

Based on the results of the IAS, Site 16 was included in an RI VS conducted in February 1988 at various 

sites at MCRD Parris Island (McClelland Consultants, 1990).  At Site 16, three soil borings were drilled to 

less than 10 feet below ground surface (bgs), where a tight clay confining unit was encountered.  Soil 

samples were collected from a depth of 3 feet bgs at each boring and submitted to a laboratory for 

analyses of priority pollutant pesticides and total metals (arsenic, cadmium, chromium, and lead). 

The results of the chemical analyses indicated that arsenic, chromium, lead, and 4,4’-DDT, along with its 

degradation products 4,4’-dichlorodiphenyldichloroethylene (DDE) and 

4,4’-dichlorodiphenyldichloroethane (DDD), were detected.   

Based on these data, the RI VS recommended further evaluation at Site 16 to determine the depth and 

extent of the DDT and DDT degradation products present in the subsurface soils at this site.  In addition, 

an evaluation of the groundwater in the vicinity of Site 16 was recommended to determine whether 

groundwater quality had been affected (McClelland Consultants, 1990). 

1.2.2.3 RCRA Facility Assessment – Sites 9, 16, and 27 (1990) 

A. T. Kearney conducted a file review of the MCRD Parris Island facility in January 1990 and a VSI in 

February 1990 that was summarized in an Interim RFA report.  Sites 9, 16, and 27 were included in this 

report.  Based on a review of available information, the RFA initially recommended no further action at 

Site 9 because prior remediation (1984 site cleanup) at the site adequately addressed site concerns.  

However, upon further review of the information, further investigation was recommended to ensure no 

residual contamination remained at Site 9.  The RFA also recommended a RCRA Facility Investigation 

(RFI) for Site 16 because of the previous detection of 4,4’-DDT and its degradation products (4,4’-DDD 

and 4,4’-DDE) in the soil at the site.  Because documentation on Site 27 was scarce and because stains 
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on the asphalt were noted during the VSI in February 1990, RFA Phase II sampling was recommended 

for Site 27 (Tetra Tech, 2002). 

1.2.2.4 Relative Site Ranking – Sites 9 and 27 (1995) 

Brown and Root Environmental (B&R Environmental) collected samples for laboratory analyses as part of 

the Navy’s relative site ranking efforts in 1995.  Five soil samples were collected from Sites 9 and 27 as 

part of this effort, which was documented in the SI/CS Report (Tetra Tech, 2010a) and is discussed below 

in Section 1.2.2.5.   

1.2.2.5 Site Inspection/Confirmatory Sampling – Sites 9, 16, and 27 (1999) 

The SI/CS involved seven sites at MCRD Parris Island, including Sites 9, 16, and 27.  Three soil and two 

groundwater samples were collected at Site 27 and Site 9 respectively during the SI/CS. 

Although no samples were collected at Site 16 during the SI/CS, the report discusses samples that were 

collected at Site 16 during the RI VS conducted in February 1986.  Section 1.2.2.2 discusses the results 

of the RI VS. 

Sites 9 and 16 

In December 1995, three surface soil samples were collected from approximately 0 to 6 inches bgs at 

Site 9 during this effort.  The three soil samples collected from Site 9 were analyzed for Target Compound 

List (TCL) volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), pesticides, 

PCBs, Target Analyte List (TAL) metals, and cyanide.   

Two temporary monitoring wells were installed at Site 9 in December 1999.  Groundwater samples were 

collected from these two wells and analyzed for TCL VOCs, total TAL metals, and cyanide.  In addition, 

one sample was analyzed for Appendix IX volatiles and tin.   

In the three surface soil samples collected at Site 9, 3 VOCs, 12 SVOCs, 4 pesticides, and 1 PCB were 

detected.  Of these detections, carbon tetrachloride, chloroform, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, carbazole, fluoranthene, pentachlorophenol, pyrene, 4,4’-DDE, 4,4’-DDT, and 

Aroclor-1260 were detected in exceedance of the most stringent human health and/or ecological 

screening criteria.  Additionally, of the 18 inorganics detected (excluding macronutrients), most were 

found at concentrations above human health and/or ecological screening criterion (Tetra Tech, 2010a).    

The exceedances were primarily found in the soil sample collected from the eastern side of Building 895, 

and to a lesser extent in the sample collected at the southeastern corner of the building.  No VOCs were 

detected in groundwater.  Eight inorganics were detected in groundwater, but no concentrations were 

greater than maximum contaminant levels (MCLs) (Tetra Tech, 2010a). 
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The SI/CS Report recommended that an Extended SI followed by a Focused FS be completed for Sites 9 

and 16.  Additionally, the installation of three piezometers was recommended to determine groundwater 

flow direction and for determination of whether pesticides had impacted groundwater.  It was 

recommended that Sites 9 and 16 be jointly excavated (Tetra Tech, 2010a). 

Site 27   

In December 1995, two soil samples were collected from approximately 0 to 6 inches bgs at Site 27 to 

support relative site ranking efforts.  These two soil samples were analyzed for TCL VOCs, SVOCs, 

pesticides, PCBs, TAL metals, and cyanide.   

In December 1999, three surface soil samples were collected at Site 27 and were analyzed for PCBs 

only.  Samples were collected from 0 to 1 foot bgs in grassy depressions where the transformer storage 

site was believed to be located.  One sample was collected at a depth of 8 to 20 inches bgs (below 

2 inches of asphalt and 6 inches of gravel) in a location where cracks in the asphalt were observed. 

Evaluation of the soil data collected in 1995 and 1999 indicates that past use of Site 27 as a transformer 

storage area has not impacted the soil with PCBs.  However, detections of organics were observed in the 

two surface soil samples collected in 1995 indicating that some impact has occurred.  In these samples, 

3 VOCs, 12 SVOCs, and 5 pesticides were detected. Of these organic detections, concentrations of 

chloroform, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, fluoranthene, phenanthrene, 

pyrene, 4,4'-DDE, 4,4'-DDE, and 4,4'-DDT were greater than human health and/or ecological screening 

criterion.  Additionally, of the 15 inorganics identified (excluding macronutrients), antimony, arsenic, 

chromium, lead, selenium, vanadium, and zinc were detected in one or more samples at concentrations 

greater than human health or ecological screening criteria. 

1.2.2.6 Soil and Groundwater Field Screening – Site 55 (2002) 

The investigations at Site 55 followed the discovery of petroleum hydrocarbons floating on water in the 

FOV following installation of the vault.  When the petroleum hydrocarbons were observed in the vault in 

September 2001, a soil sample was collected next to the vault and analyzed for lead, PCBs, and BTEX.  

Only BTEX compounds (not lead and PCBs) were detected in the sample [benzene - 19.7 milligrams per 

kilogram (mg/kg), toluene - 51 mg/kg, ethylbenzene - 61 mg/kg, and xylenes - 2,790 mg/kg].  Based on 

the presence of free product in the groundwater and BTEX in the soil sample collected in September 

2001, South Carolina Department of Health and Environmental Control (SCDHEC) requested that an 

assessment of the vault be performed (Tetra Tech, 2004). 

In July 2002, soil and groundwater field screening activities were performed using a direct-push 

technology (DPT) rig equipped with a membrane interface probe (MIP).  Drilling at 17 initial borings 

involved the use of the MIP with an electrical conductivity (EC) detector to determine the extent of free 
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product and to provide subsurface geologic information.  The initial MIP/EC profiling suggested the 

presence of a small area of petroleum fuels primarily between 7 to 10 feet bgs (below the first confining 

layer detected during the investigation) (Columbia Technologies, 2002).  Five temporary piezometers 

were installed to determine free product thickness and water-level elevations (Tetra Tech, 2004). 

Based on the results of the initial screening, additional DPT borings were advanced to depths of 8 to 

12 feet bgs and used to collect 19 subsurface soil and 21 groundwater samples for screening by a mobile 

laboratory (two groundwater samples were also obtained from piezometers).  Because of the presence of 

the floating petroleum hydrocarbons, the soil and groundwater samples were analyzed for common 

constituents of fuel products [BTEX, chlorobenzene, methyl tert-butyl ether (MTBE), and naphthalene].  

BTEX, chlorobenzene, MTBE, and naphthalene were detected in the groundwater samples, but only 

chlorobenzene and naphthalene were detected in the soil samples.   

The results of the field screening indicated that the shallow surficial aquifer was contaminated (Tetra 

Tech, 2004).  Floating product was detected in one boring adjacent to the FOV while the highest 

concentrations of contaminants were found in borings west of the FOV and in one boring located 

immediately east of the FOV.  However, soil analytical data obtained during the screening indicated 

minimal soil contamination within the DPT borings.  Chlorobenzene and naphthalene were the only 

analytes detected in the soil borings. 

1.2.2.7 Groundwater Investigation – Site 55 (2003) 

Site 55 was initially investigated under the UST program, but based on the results of the July 2002 field 

screening (Section 1.2.2.6), SCDHEC requested that the site be transferred to the Bureau of Land and 

Waste Management RCRA Program for oversight (Tetra Tech, 2004).  The results of the July 2002 field 

screening were used to select the locations for 21 monitoring wells that were installed in December 2002 

in the Site 55 area.  Twelve of the monitoring wells were developed and sampled in July 2003 to 

isolate/confirm a source area, to characterize the intermediate and deep portions of the surficial aquifer, 

and to investigate the downgradient shallow surficial aquifer.  The other nine wells were developed and 

sampled later, during Phase I of the RI.  Because the site had been switched to the Installation 

Restoration (IR) Program, the analytical program for these groundwater samples was expanded to 

include VOCs, SVOCs, pesticides, and PCBs.  Because of the limited surface soil detections observed 

during the 2002 field screening, no soil sampling was conducted during the July 2003 investigation.   

Free product was encountered at the monitoring well located on the southwest corner of the FOV when 

the wells were installed in December 2002, but was not encountered in any of the monitoring wells 

sampled in July 2003.  The 2003 analytical results indicated the presence of 11 VOCs, 10 SVOCs, and 

7 pesticides in the groundwater samples collected from the monitoring wells in the Site 55 area and 

confirmed the presence of chlorobenzene, BTEX, and naphthalene (detected in the 2002 field screening).  
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However, the concentrations of these compounds in the 2003 samples were significantly lower than the 

concentrations detected in the 2002 field screening samples.  The PA/SI and Confirmatory Sampling 

Report for Site 55 recommended that Site 55 proceed to a focused RI to further characterize the nature 

and extent of contamination related to a potential petroleum and/or pesticide release and to quantify risks 

posed to human health and the environment (Tetra Tech, 2004). 

1.2.2.8 Remedial Investigation- Phases I, II and III 

The RI for Sites 27 and 55 was performed in three phases – Phase I (September 2007), Phase II (August 

2008) and Phase III (August 2010).  Phase III of the Sites 27 and 55 RI also included the Sites 9 and 16 

RI.   

Phase I 

The Work Plan for Phase I of the RI was finalized in September 2007 (Tetra Tech, 2007) and the field 

activities were completed in September 2007.  The Phase I activities consisted of installation of shallow, 

intermediate, and deep (temporary) groundwater monitoring wells; collection of groundwater samples 

from these temporary monitoring wells and from existing permanent monitoring wells; collection of surface 

and subsurface soil samples; and measurement of water levels in the monitoring wells.   

Phase II 

The Work Plan Addendum for Phase II of the RI was submitted in July 2008 (Tetra Tech, 2008) and the 

field activities were completed in August 2008.  The Phase II field activities consisted of installation of 

shallow and intermediate permanent groundwater monitoring wells, collection of groundwater samples 

from these new monitoring wells and existing permanent monitoring wells, collection of surface and 

subsurface soil samples, and measurement of water levels in the monitoring wells.  Slug tests of existing 

and new (installed during Phase II) monitoring wells were also conducted.   

Phase III 

Based on the results of the Phase II RI, an additional RI (Phase III) was conducted at Sites 9, 16, 27 and 

55.  The Phase III sampling and analysis plan (SAP) was submitted to the United States Environmental 

Protection Agency (USEPA) and SCDHEC in November 2010 (Tetra Tech, 2010b, 2010c) and the field 

activities were completed in August 2010.  The Phase III field activities consisted of installation of 

temporary shallow and intermediate well points, collection of groundwater samples from temporary wells 

and existing permanent monitoring wells, collection of surface and subsurface soil samples, and the 

measurement of water levels in the monitoring wells.  These Phase III field activities were intended to 

support the following objectives: 
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 To determine how best to carry out CERCLA and remedial action without hindering MCRD Parris 

Island construction activities.   

 To support remedy selection and a ROD.   

 To characterize the nature and extent of contamination at the site and to estimate human health risk 

from exposure to contaminants in surface and subsurface soil and groundwater water. 

 To provide water level data useful for determining groundwater flow direction. 

 To further characterize the subsurface. 

The data from Phase I, II and III of the RI and any additional data collected during subsequent 

investigations was used to support the risk assessment and, in conjunction with the historical data, used 

to define the nature and extent of contamination and aid in the evaluation of remedies.   

1.2.3 Site Geology  

Sites 27 and 55 

Geologic conditions in the area of Sites 27 and 55 were interpreted from data collected during the three 

phases of the RI, as well as data collected during the earlier investigations.   

The surface conditions at Sites 27 and 55 are either grassy or paved with asphalt.  The asphalt pad at 

Site 27 consists of approximately 3 to 4 inches of asphalt and gravel underlain by sand with varying 

organic content.  The paved area around the FOV (Site 55) also consists of approximately 4 inches of 

asphalt and gravel underlain by sand.  During construction of the Motor T facility, surface soil at Site 27 

has been disturbed and covered with approximately 2 feet of clean fill.  Upon completion of the 

construction project, the entire Motor T facility will be paved. 

The subsurface conditions of Sites 27 and 55 are generally uniform.  Silty sand is present below the sites 

with clay layers occurring at shallow and deeper depths.  A clay layer (0.5 to 3.5 feet thick) occurs at 

depths between approximately 2 feet bgs to approximately 8 feet bgs.  This clay layer is generally 

laterally continuous throughout the area, except for a few areas.  This unit is not present in the area 

around Building 401 nor was it found in areas approaching the 3rd Battalion Pond.  The second laterally 

continuous clay unit (1.5 to 5 feet thick) occurs at approximately 24 to 25 feet bgs throughout Sites 27 

and 55.  Silty clay was also encountered in the boring for the deep monitoring well on the southwest 

corner of the FOV at 36 feet bgs. 
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Sites 9 and 16 

The subsurface in the area of Sites 9 and 16 is similar to Sites 27 and 55.  The soils at Sites 9 and 16 

consist of light brown to tan, fine to very fine silty sand underlain by the uppermost clay layer (occurring 

4 to 8 feet bgs) and varies from 0.5 to 3 feet in thickness.  Below the uppermost clay is a light 

brown/brown to orange, fine sand with discontinuous layers of sandy clay/clay that extends to 

approximately between 20 to 22 feet bgs where another gray clay approximately 2 feet thick is 

encountered.  Below this clay layer is a gray, medium to fine sand with little clay and shell fragments (25 

feet bgs).  

1.2.3.1 Site Hydrogeology 

Groundwater in the area of Sites 9, 16, 27, and 55 occurs in the surficial units.  The underlying regional 

Tertiary Floridan aquifer is separated from the surficial units by the Hawthorn Formation, a confining unit 

that extends beneath MCRD Parris Island, but may be discontinuous and absent in portions of MCRD 

Parris Island.  The depths of investigation at Sites 9, 16, 27, and 55 did not extend to the Hawthorne 

Formation or the Upper Floridan aquifer.   The shallow groundwater in the surficial units discharges to on-

site streams and tidal areas within the base.  Therefore, contaminants within the surficial aquifer could 

discharge to these site streams and tidal areas, which ultimately discharge to the Beaufort and 

Broad Rivers, which flow into Port Royal Sound. 

Groundwater was encountered in the silty sand units to depths of approximately 2 to 8 feet bgs at Sites 9, 

16, 27, and 55.  The laterally continuous clay units are interpreted to be low permeability units, limiting 

vertical groundwater flow.  Groundwater appears to be under semi-confining conditions.  

Sites 27 and 55 

Groundwater was encountered in the shallow wells during the Phase III RI at approximately 1.1 to 15 feet 

North American Vertical Datum (NAVD) 88 and in the intermediate wells at approximately 2.8 to 7.0 feet 

NAVD 88.  Shallow groundwater flows northwest toward the 3rd Battalion Pond, with a component flowing 

to the north toward an unnamed tributary of Archer’s Creek (700 feet north-northeast of Sites 9 and 16) 

(Figure 1-5).  The average hydraulic gradient in the shallow zone in August 2010 was 0.009. The 

intermediate groundwater is interpreted to flow radially from the PAI-27-MW06S/PAI-27-MW07I/PAI-27-

MW08D well cluster, with a similar hydraulic gradient of 0.010 (Figure 1-6).   

Groundwater elevation differences between the shallow, intermediate, and deeper zones indicate an 

overall downward component of flow.  The location on a topographic high along with the observed 

downward component of groundwater flow suggests that the area is a local recharge area and 

groundwater will flow radially to the nearest base level [i.e., water bodies (streams, marshes, etc.)].   
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Rising-head slug tests were performed in 24 monitoring wells across the Site 27 area to estimate the 

hydraulic conductivities of the shallow, intermediate, and deep zones.  Slug tests were conducted in 

13 shallow wells, 10 intermediate wells, and the 1 deep well.  The geometric mean hydraulic 

conductivity (K) for the 13 shallow surficial wells was estimated to be approximately 10.5 feet per day 

[3.72 X 10-3 centimeters per second (cm/sec)], which is within the typical range for silty sands and fine 

sands (Fetter, 1980).  The geometric mean K for the intermediate wells was calculated to be 

approximately 0.83 foot per day (2.92 X 10-4 cm/sec), which is also within the typical lower range for silty 

sand or clayey sands.  The K for the deeper well was calculated to be approximately 0.08 foot per day 

(2.82 X 10-5 cm/sec), which is again within the typical lower range for silty sand or clayey sands. 

Based on average hydraulic gradients in 2008 and 2010, the estimated K values, and an assumed 

effective porosity of 0.30 for the silty sand, the estimated advective flow velocity of groundwater is 0.3 foot 

per day (108 feet per year) for the shallow zone and 0.02 foot per day (9.0 feet per year) for the 

intermediate zone. 

Sites 9 and 16 

Groundwater at Sites 9 and 16 was encountered in the shallow wells during the Phase III RI at 

approximately 5.2 to 7 feet NAVD 88 (Figure 1-5) and in the intermediate wells at approximately 5.2 to 

6 feet NAVD 88 (Figure 1-6).   

Aquifer testing was not conducted at Sites 9 and 16 but based on their close proximities to Site 27 the 

above noted values for hydraulic conductivity are assumed to be similar for Sites 9 and 16.  Therefore, 

the estimated advective flow velocity of groundwater in the area of Sites 9 and 16 is 0.2 foot per day 

(77 feet per year) for the shallow zone and 0.019 foot per day (7.1 feet per year) for the intermediate 

zone. 

1.2.4 Nature and Extent of Contamination 

1.2.4.1 Surface and Subsurface Soil 

The surface soil contamination summarized below is based on the RI results.  The surface soil at Site 27 

has been disturbed and covered with approximately 2 feet of clean fill due to the construction of the Motor 

T facility.  Any contamination detected in surface soil at Site 27 will be considered as subsurface 

contamination in risk assessment and development of remedial alternatives. 
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VOCs 

Sites 27 and 55 

VOCs were detected at concentrations less than the lowest screening criteria in surface soil (less than 

20 micrograms per kilogram [µg/kg]).  Although VOCs were detected more frequently in subsurface soil, 

only one VOC, 1,4-dichlorobenzene, exceeded the lowest screening criteria in subsurface soil in two 

samples.  The highest concentrations of chlorobenzenes were found in deep soil samples, including 

1,2,4-trichlorobenzene (3,000 µg/kg) and 1,4-dichlorobenzene (3,100 µg/kg), 1,2-dichlorobenzene 

(910 µg/kg), 1,3-dichlorobenzene (58 µg/kg), and chlorobenzene (86,000 µg/kg).  1,4-Dichlorobenzene 

was the only chlorobenzene with exceedances greater than the lowest screening criteria.  The locations 

of geological cross sections are presented in Figure 1-7.  Figures 1-8, 1-9, and 1-10 show the geological 

cross sections B-B’, C-C’, and D-D’ overlain with interpolated chlorobenzene concentrations in subsurface 

unsaturated and saturated soil greater than its leachability criterion of 68 µg/kg.  Figure 1-33 presents 

exceedances of protection of groundwater soil screening levels (SSLs) for VOC contaminants in 

subsurface soil, which correlate to groundwater COCs identified in the risk assessment.  None of the 

VOCs detected in surface soil were greater than the protection of groundwater SSLs.. 

Sites 9 and 16 

VOCs were detected infrequently and at relatively low concentrations (less than 140 µg/kg) in the surface 

soil and subsurface soil samples collected from Sites 9 and 16.  All of the detected VOCs concentrations 

were less than the lowest direct contact screening criterion.  Figure 1-33 presents exceedances of 

protection of groundwater SSLs for VOC contaminants in subsurface soil, which correlate to groundwater 

COCs identified in the risk assessment.  None of the VOCs detected in surface soil were greater than the 

protection of groundwater SSLs.. 

SVOCs 

Sites 27 and 55 

Polynuclear aromatic hydrocarbon (PAH) compounds were detected in approximately 88 percent of the 

surface soil samples collected across Sites 27 and 55.  The concentration of benzo(a)pyrene equivalents 

(BaP equivalents) exceeded the lowest USEPA screening criterion in approximately 75 percent of 

samples with positive PAH detections (Figure 1-11).  There is no apparent clustering of BaP equivalents 

exceedances in any specific area.  Note that the PAH exceedances in surface soil at Site 27 will be 

covered with clean fill and pavement once the Motor T construction is complete.  In addition, a few non-

PAH SVOCs were infrequently detected in surface soil samples, but all concentrations were less than the 

lowest direct contact screening criterion.  No exceedance of the lowest direct contact screening criterion 

for BaP equivalents was observed in intermediate or deep soil samples.  Naphthalene concentrations 

exceeded the lowest direct contact screening criteria in 2 out of the 16 samples analyzed in the 
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subsurface soil.  Non-PAH SVOCs were also detected infrequently (approximately 17 percent of samples) 

in the deep soil samples, but all concentrations were less than the lowest direct contact screening 

criterion.  Figures 1-34 and 1-35 present exceedances of protection of groundwater SSLs for SVOC 

contaminants in surface and subsurface soil, which correlate to groundwater COCs identified in the risk 

assessment.   

Sites 9 and 16 

PAH compounds were detected in approximately 78 percent of the surface soil samples collected across 

Sites 9 and 16.  The concentration of BaP equivalents exceeded the lowest USEPA screening criterion in 

approximately 73 percent of samples with positive PAH detections (Figure 1-12).  In addition, several 

non-PAH SVOCs were infrequently detected in surface soil samples, but all measured concentrations 

were less than the lowest direct contact screening criterion.  Figures 1-34 and 1-35 presents 

exceedances of protection of groundwater SSLs for SVOC contaminants in surface and subsurface soil 

which correlate to groundwater COCs identified in the risk assessment.    

Pesticides 

Sites 27 and 55 

Pesticides were the most frequently detected contaminants in surface soil.  DDTs were detected in 

approximately 80 to 90 percent of the surface soil samples, generally from all areas of Sites 27 and 55.  

Hexachlorocyclohexanes (BHCs) were detected in approximately 13 to 50 percent of the surface soil 

samples, mostly from samples collected from Site 55.  The highest concentrations of pesticides in surface 

soil samples were found in the vicinity of Site 55.  Other pesticides were detected at concentrations less 

than the lowest direct contact screening level.  Intermediate subsurface soil samples only had two 

samples with exceedances for DDTs and BHCs.  However, the deep soil sample results exceeded the 

lowest direct contact screening criterion for both DDTs and BHCs; 22 of 35 sample results exceeded 

direct contact screening criterion for 4,4’-DDD, and 22 out of 29 sample results exceeded direct contact 

screening criterion for delta-BHC.  BHC and DDT exceedances in surface and subsurface soil at Sites 27 

and 55 are shown in Figures 1-13 and 1-14, respectively.  Figures 1-15, 1-16, and 1-17 present the 

geological cross-sections B-B’, C-C’, and D-D’ overlain with interpolated total DDT concentrations 

exceeding the USEPA Risk-Based Soil Regional Screening Level (RSL) for DDT (67 µg/kg).  Figures 1-

36 and 1-37 present exceedances of protection of groundwater SSLs for pesticide contaminants in 

surface and subsurface soil which correlate to groundwater COCs identified in the risk assessment.   

Sites 9 and 16 

Pesticides were detected in surface soil samples at Sites 9 and 16 with very few exceedances of the 

lowest screening criteria.  The highest concentrations of pesticides in surface soil samples were generally 

found west and south of Sites 9 and 16 (Figure 1-18).  No exceedances of the lowest direct contact 
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screening criterion were observed in the subsurface soils at Sites 9 and 16.  Figures 1-36 and 1-37 

present exceedances of protection of groundwater SSLs for pesticide contaminants in surface and 

subsurface soil, which correlate to groundwater COCs identified in the risk assessment. 

PCBs 

Sites 9, 16, 27, and 55 

During previous investigations PCBs were detected in two samples, one was collected from Site 9 in 

1995, and one was collected from Site 27 in 2007.  PCBs were not detected in any of the three samples 

collected in 1999 from the suspected location of the former PCB transformer storage site.  PCBs were not 

detected in any sample collected during the Phase III RI. 

Metals 

Sites 27 and 55 

Metals were detected in surface soil samples, with three metals (arsenic, lead, and thallium) in 

exceedance of the lowest USEPA screening criterion at several locations across Sites 27 and 55.  

Arsenic was detected in approximately 80 percent of the surface soil samples; however, all 

concentrations exceeded the lowest criterion.  Lead was detected in all surface soil samples, but only one 

sample exceeded the lowest screening criterion.  Thallium was only detected in two surface soil samples, 

and one sample (PAI-27-SO-38A) exceeded the lowest screening criterion (Figure 1-19).  Arsenic and 

thallium concentrations exceeded the lowest screening criterion in all intermediate depth soil samples 

with positive detections.  Arsenic concentrations also exceeded the screening criterion in all 17 deep soil 

samples with positive detections; thallium was only detected in two deep soil samples, and one of the 

results exceeded the lowest screening criterion; iron was detected in all samples in the subsurface with 

one exceedance of the lowest screening criterion.  Figures 1-38 and 1-39 presents exceedances of 

protection of groundwater SSLs for inorganic contaminants in surface and subsurface soil, which 

correlate to groundwater COCs identified in the risk assessment.   

Sites 9 and 16 

Metals, primarily arsenic, were detected in surface soil samples collected from Sites 9 and 16, 

(Figure 1-20).  Metals were detected in approximately 72 percent of subsurface soil samples, with arsenic 

in exceedance of the lowest screening criterion at Sites 9 and 16.  Arsenic was detected in approximately 

60 percent of the subsurface soil samples with results exceeding the lowest screening criteria in four out 

of five samples.  Figures 1-38 and 1-39 presents exceedances of protection of groundwater SSLs for 

inorganic contaminants in surface and subsurface soil, which correlate to groundwater COCs identified in 

the risk assessment.   
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1.2.4.2 Groundwater 

VOCs 

Sites 27 and 55 

Chlorobenzene was detected in approximately 63 percent of groundwater samples.  Shallow and 

intermediate groundwater samples had exceedances (approximately 44 and 50 percent, respectively) of 

the lowest screening criterion, while deep groundwater samples did not have any exceedances of 

chlorobenzene.  1,4-Dichlorobenzene concentrations exceeded the lowest screening criteria in 

approximately 84 percent of shallow groundwater samples, 88 percent of intermediate groundwater 

samples, and 67 percent of deep groundwater samples with positive detections.  1,2,4-Trichlorobenzene 

concentrations exceeded the lowest screening criteria in approximately 53 percent of shallow 

groundwater samples and 100 percent of intermediate groundwater samples with positive detections.  No 

exceedances of the lowest screening criteria for 1,2,4-trichlorobenzene were found in deep groundwater.  

Figures 1-21 and 1-22 are isoconcentration maps for chlorobenzene in shallow and intermediate 

groundwater, respectively, based on the 2010 data.  The areas of highest chlorobenzene concentrations 

in shallow and intermediate groundwater were generally immediately downgradient of Site 55.  The 

highest concentrations of chlorobenzene in shallow groundwater [2000 micrograms per liter (µg/L)] were 

measured in the shallow temporary wells installed in 2010 (PAI-27-TW-65S).  Monitoring well PAI-27-

MW-08D (located downgradient of Site 55) is the deep groundwater location with the highest 

chlorobenzenes concentration.   

Chlorinated ethenes and methanes were infrequently detected in groundwater samples.  One 

exceedance of tetrachloroethene (PCE) and two exceedances of chloroform were observed in shallow 

groundwater samples relative to the lowest screening criteria.  The other chlorinated ethenes and 

methanes were either not detected or did not exceed the lowest screening criterion. 

BTEX compounds were found mainly in shallow and intermediate groundwater samples.  Benzene was 

detected in shallow, intermediate, and deep water samples at a similar frequency (approximately 32, 33, 

and 40 percent, respectively).  Exceedances of the lowest screening criterion for benzene occurred in 

approximately 80 percent of shallow, 33 percent of intermediate, and 50 percent of deep groundwater 

samples with detections.  Ethylbenzene was detected in approximately 18 percent of shallow and 

11 percent of intermediate groundwater samples.  Ethylbenzene was not detected in deep groundwater 

samples.  Exceedances of the lowest screening criterion for ethylbenzene occurred in approximately 

81 percent of shallow and 40 percent of intermediate groundwater samples with detections.  Toluene was 

detected in approximately 16 percent of shallow and 7 percent of intermediate groundwater samples.  

Toluene was not detected in deep groundwater samples, and no exceedances of toluene were reported 

in any groundwater samples.  Figures 1-23 and 1-24 are the isoconcentration maps of total BTEX in 
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shallow and intermediate groundwater, respectively.  The highest BTEX concentration areas in shallow, 

intermediate, and deep groundwater are immediately downgradient of the FOV at Site 55.  

Sites 9 and 16 

BTEX and total xylenes were detected in approximately 33 percent of shallow and intermediate 

groundwater samples.  Additionally, acetone (intermediate only), carbon disulfide (shallow only), and 

ethylbenzene were detected in groundwater at Sites 9 and 16.  There were no exceedances of the lowest 

screening criteria for any detected VOC.   

SVOCs 

Sites 27 and 55 

SVOCs were detected relatively infrequently (approximately 15 percent of samples) in groundwater.  

Twelve PAHs were found in shallow groundwater samples.  The BaP equivalents concentration exceeded 

the lowest screening criterion in one shallow groundwater sample (PAI-27-TW-26S).  The compound 

1,1-biphenyl was the only non-PAH SVOC that exceeded the lowest screening criterion in shallow 

groundwater at wells PAI-27-MW06S, PAI-27-MW11S, PAI-27-MW19S, PAI-27-TW-65S, and PAI-27-TW-

67S.  

The compound 1,1-biphenyl was also the only non-PAH SVOC that exceeded the lowest screening 

criterion in intermediate groundwater (PAI-27-TW-25I). 

Sites 9 and 16 

SVOCs were detected relatively infrequently (approximately 19 percent of samples) in groundwater.   

Two PAHs (fluoranthene and pyrene) were detected in one shallow groundwater sample (PAI-9/16-TW-

01S) at concentrations less than the lowest screening criterion. 

Six PAHs (1-methylnaphthalene, 2-methylnaphthalene, acenaphthene, fluorene, naphthalene, and 

phenanthrene) were detected in intermediate groundwater samples, but no exceedances of the lowest 

screening criterion were observed.  Caprolactam was the only non-PAH SVOC that was detected (less 

than the lowest screening criterion) in intermediate groundwater.   

Pesticides 

Sites 27 and 55 

DDTs and BHCs were detected in approximately 48 percent of groundwater sample.  Approximately 

76 percent of samples with DDT and BHC detections also exceeded the lowest screening criteria.  The 

maximum concentrations of DDTs and BHCs in groundwater were usually orders of magnitude higher 
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than their theoretical solubilities in pure water.  This was possibly the result of co-solvation effect due to 

the presence of BTEX and other weathered diesel products from LNAPL residuals in the smear zone.  

Figures 1-25 through 1-30 show the isoconcentration contours of 4,4’-DDT, 4,4’-DDD, and total BHCs in 

shallow and intermediate groundwater, respectively.  Areas with high concentrations of DDTs and BHCs 

were generally immediately downgradient of the FOV, the same pattern was seen with chlorobenzenes 

and BTEX.  Such collocated plumes suggest that DDTs, BHCs, chlorobenzenes, and BTEX in 

groundwater possibly originated from the same source, most likely the LNAPL residuals in the smear 

zone. 

Sites 9 and 16 

DDTs and BHCs were detected in approximately 22 percent of groundwater samples collected from the 

shallow and intermediate depths.  Delta-BHC (PAI-9/16-TW-03S), heptachlor epoxide (PAI-27-TW-37S), 

and heptachlor (PAI-9/16-TW-01S) concentrations exceeded the lowest screening criteria in one shallow 

groundwater sample. Alpha-BHC, beta-BHC, and delta-BHC concentrations exceeded the lowest 

screening criteria in intermediate groundwater at PAI-9/16-TW-04I.  Figures 1-25 through 1-30 show the 

isoconcentration contours of 4,4’-DDT, 4,4’-DDD, and total BHCs in shallow and intermediate 

groundwater.  Areas with high concentrations of DDTs and BHCs were generally in the area of temporary 

monitoring wells PAI-9/16-TW-3S and PAI-9/16-TW-4I northeast of Site 9.  

PCBs 

Sites 27 and 55 

PCBs were not detected in any of the groundwater samples analyzed. 

Sites 9 and 16 

PCBs were not detected in any of the groundwater samples analyzed. 

Metals 

Sites 27 and 55 

In the 24 shallow groundwater samples analyzed for metals, aluminum, iron, and lead, only one sample 

(PAI-27-MW-14S) exceeded the lowest screening criterion.  Antimony also had only one exceedance at 

PAI-27-MW-03S.  Arsenic had two exceedances, with the highest concentration of 35.5 µg/L at PAI-27-

TW-67S. 

In intermediate groundwater, the concentrations of nine metals (aluminum, arsenic, beryllium, chromium, 

cobalt, iron, lead, thallium, and vanadium) exceeded the lowest screening criterion in 1 to 6 samples out 

of 17 analyzed for metals.  The highest concentrations of these metals were all found at one location 

(PAI-27-GW-15I).   
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Two deep groundwater samples were analyzed for metals, but no exceedances were found. 

Sites 9 and 16 

Arsenic was the only metal that exceeded the lowest screening criterion in one well (PAI-9/16-MW-06I).   

1.2.4.3 Potential LNAPL Residuals 

Free product was found in the FOV at Site 55 shortly after its installation in 2001.  Free product and oil 

sheens have been observed in monitoring wells close to the FOV, and soil and groundwater 

contamination from diesel components, pesticides, and chlorobenzenes has also been discovered at 

Sites 9, 16, 27, and 55.  Because pesticides such as DDT and BHC were often dissolved in diesel fuel 

solutions for spray applications, it is believed that this historical use of pesticides, including storage, 

mixing, and disposal, has resulted in the accumulation of LNAPL in the subsurface of Sites 27 and 55.  

The LNAPL consists of weathered diesel fuel, pesticides, and other organic solvents.  The LNAPL at 

these sites is most likely in a residual form trapped within interstitial pore spaces in a smear zone caused 

by fluctuation of the groundwater table near the first thin clay layer at approximately 6 to 8 feet bgs.   

Despite removal efforts conducted in 2001 to extract the oil and water mixture from the FOV, free product 

was measured in an isolated monitoring well during the 2010 sampling event (e.g. PAI-27-MW11S) of the 

Phase III RI.  This suggests that there are still LNAPL residuals remaining in localized area(s).   

The soil saturation limit of chlorobenzene (i.e. the sum of its concentrations in aqueous phase and 

adsorbed phase in saturated soil) was estimated using its maximum concentration in groundwater and 

soil organic carbon/water partition coefficient from literature.  LNAPL might be present if the total 

concentration of chlorobenzene in soil is greater than its saturation limit.  A three dimensional (3D) 

interpolation of soil chlorobenzene concentrations was prepared using the geostatistical module of 

Environmental Visualization Software (EVS).  The interpolation results indicated that the volume of smear 

zone soil potentially containing LNAPL is approximately 1,400 cubic yards based on chlorobenzene 

concentrations greater than its soil saturation limit.  Details of the calculation can be found in Appendix A.  

The extent of smear zone soil potentially containing LNAPL was also estimated using soil total organic 

carbon (TOC) data.  Although not the ideal indicator for petroleum based LNAPL, it is assumed that TOC 

in soil is representative of the total mass of diesel related compounds in the LNAPL phase.  It is also 

assumed that the saturation range of residual LNAPL in the smear zone is from 10 percent to 50 percent.  

A 3D interpolation of TOC data in smear zone soil was prepared using the geostatistical module of EVS.  

The interpolation results indicate that the volume of smear zone soil potentially containing LNAPL is 

approximately 1,000 cubic yards based on TOC concentrations corresponding to the residual LNAPL 

saturation range.  However, the maximum concentration of TOC in smear zone soil is lower than the 

threshold concentration corresponding to the upper range of residual LNAPL saturation, indicating that 
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mobile phase LNAPL is not likely present at the site.  Details of the calculation can be found in 

Appendix A. 

The two estimates are generally in agreement with each other, indicating most of the residual LNAPL is 

likely limited to the FOV area, although the chlorobenzene results suggested an additional small area 

adjacent to the new Motor T building might also contain residual LNAPL in the smear zone soil.  A pre-

design investigation will be conducted to further delineate the extent of LNAPL in soil and highly 

contaminated saturated soil.  

Figures 1-31 and 1-32 show the areal extent of soil in the smear zone with suspected LNAPL estimated 

from the smear zone soil concentrations of chlorobenzene and TOC, respectively (see Appendix B). 

Figures 1-8, 1-9, and 1-10 show the geological cross sections B-B’, C-C’, and D-D’ overlain with 

interpolated chlorobenzene concentrations in soil with areas indicating the potential presence of LNAPL 

residuals based on the analysis presented in Appendix A.   

1.2.5 Contaminant Fate and Transport of LNAPL at Site 55 

As discussed in Section 1.2.1, chemical mixture of LNAPLs carrying pesticide residuals, diesel oil, and 

other organic solvents was identified when the FOV was installed at Site 55.  Because the surface and 

shallow subsurface soil is primarily silty sand, contaminants continue to migrate downward until a 

confining clay layer or the groundwater table is encountered.   

During the downward migration, part of the LNAPL would be trapped in soil pores or retained by soil 

particles due to the strong adsorption of natural organic matter in soil along the migration path.  However, 

most of the pesticides and VOCs retained in surface and near surface soils might have been lost after 

several decades due to volatilization, dissolution, desorption, photolysis, or biodegradation processes.  

Therefore, the concentrations of pesticides and VOCs in surface (0 to 1 foot bgs) and intermediate (4 to 

5 feet bgs) soil samples are very low and often negligible compared to deeper subsurface soil samples. 

The downward migration of the LNAPL would be limited by the first clay layer, where it would accumulate 

and spread laterally following the surface contour of the groundwater table or the clay layer.  However, 

some LNAPL could migrate further downward through discontinuities in the clay layer or via slow diffusion 

through the clay layer. 

Some of the LNAPL components would be removed over time by abiotic degradation, biodegradation, 

sorption, dissolution, or volatilization, while the remaining LNAPL would distribute itself both as residual 

and in pools.  As the groundwater surface fluctuates over time, a smear zone has formed with LNAPL 

trapped within interstitial pore spaces both above and below the groundwater surface, with continuously 

decreasing saturation with depth into the saturated zone.  
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With infiltration water from surface recharge and flowing groundwater from upgradient locations, 

dissolved-phase plumes would form from the dissolution of LNAPL components and continue to develop 

until all LNAPL has been depleted or the leading edge of the plumes are at steady-state with natural 

attenuation processes.  Due to strong retardation by soil, the contaminants in groundwater migrate at a 

much slower rate than groundwater.  For example, the retardation factor of chlorobenzenes is 

approximately 5 to 40, and the retardation factor of pesticides like DDTs is approximately 20,000 to 

90,000.  Therefore, the groundwater plumes of chlorobenzenes and pesticides are limited to a small area 

in the shallow aquifer between the eastern edge of Site 27 and the FOV of Site 55, suggesting a close 

relationship to the potential presence of LNAPL residuals in this area.  However, the maximum 

concentrations of DDTs and BHCs in groundwater are mostly orders of magnitude higher than their 

theoretical solubility in water due to the cosolvation effect in the presence of BTEX and other weathered 

diesel products from the LNAPL residuals in the smear zone.   

1.2.6 Human Health Risk Assessment 

A Baseline Human Health Risk Assessment (HHRA) was performed during the RI to characterize 

potential risks to human receptors that could potentially be exposed to soil and groundwater under current 

and future land use.  

1.2.6.1 Sites 27 and 55 

Current plans for Site 27 include on-going construction and operation of a Motor T facility.  Likely 

receptors at Site 27 include a trench worker involved in the installation of sewer and utility lines; a 

construction worker involved in the development of the site, and a worker at the Motor T facility.  Under 

planned development, the entire site will be paved with asphalt and the enclosed buildings at Motor T 

facility will have a vapor barrier to prevent exposures through vapor intrusion.  As a result, there are no 

complete exposure pathways for the indoor Motor T facility worker; consequently, this receptor was not 

quantitatively evaluated in the HHRA.  A hypothetical resident and industrial worker were also evaluated 

at Site 27 to aid in risk management decisions.   

At present, the FOV at Site 55 is being used for its intended purpose.  Future potential receptors at 

Site 55 include a construction worker, a maintenance worker, and an industrial worker.  A hypothetical 

resident was also evaluated in the Baseline HHRA to aid in risk management decisions. 

Quantitative estimates of non-carcinogenic and carcinogenic risks (Hazard Index [HI] and Incremental 

Lifetime Cancer Risk [ILCR], respectively) were developed for human receptors directly contacting site 

environmental media (Table 1-1 and 1-2). 

At Site 27, cumulative ILCRs for trench workers and construction workers exposed to soil and 

groundwater were within USEPA’s target risk range (ILCRs of 3x10-5 and 4x10-5, respectively).  The ILCR 
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of 9x10-5 for the default industrial worker exposed to surface soil was within USEPA’s target risk range of 

10-4 to 10-6.  The ILCR of 1x10-4 for default industrial workers exposed to subsurface soil was equal to the 

upper bound of USEPA’s target risk range.  However, the cumulative ILCR 2x10-4 for the default industrial 

worker exceeded USEPA’s target risk range (sum of ILCRs for exposure to surface and subsurface soil).  

The risks for hypothetical future adult, child, and lifelong residents exceeded USEPA’s target risk range 

and target hazard index (ILCRs of 3x10-2, 2x10-2, and 4x10-2, respectively, and HIs of 22, 54, and not 

applicable [NA], respectively). 

At Site 55, the risks for adult residents, child residents, and lifelong residents exceed USEPA’s target 

carcinogenic risk range and target HI (ILCRs of 2x10-1, 9x10-2, and 2x10-1, respectively, and HIs of 221, 

517, and NA, respectively).  The risks for industrial workers, construction workers, maintenance workers, 

and adult visitors are within USEPA’s target carcinogenic risk range (ILCRs of 4x10-5, 1x10-4, 7x10-6, and 

3x10-6, respectively).  Risks associated with direct contact with soil for the industrial worker were 4x10-5. 

Lead was identified as a Chemical of Potential Concern (COPC) in surface soil and groundwater at Sites 

27 and 55.  Hypothetical residential exposures to lead in surface soil and groundwater were evaluated 

using USEPA’s Integrated Exposure Uptake Biokinetic (IEUBK) lead model.  Risks to trench workers, 

construction workers, and industrial workers at Site 27 and construction workers, industrial workers, and 

adult visitors at Site 55 exposed to lead in surface soil were evaluated using USEPA’s Adult Lead Model.  

Results of the analysis conducted for these receptors do not exceed the USEPA goal regarding lead 

exposures [i.e., no more than 5 percent of children (or fetuses of exposed woman) having blood-lead 

levels exceeding a 10 micrograms per deciliter (µg/dL) blood-lead level].   

The ILCRs and HIs for residential exposures from vapor intrusion were within acceptable levels, although 

product was observed in one monitoring well (PAI-27-MW11S) during the 2010 sampling.  USEPA’s 

Johnson and Ettinger model should not be used when there is product in the groundwater, consequently, 

there is uncertainty associated with the estimated risks from vapor intrusion. 

LNAPL 

USEPA has not established guidance or methodology to evaluate risks associated with exposure to 

LNAPL.  Hence, the risks presented in the HHRA do not consider any risks associated with exposure to 

LNAPL.  The HHRA used maximum detected groundwater concentrations as exposure point 

concentrations (EPCs) to evaluate direct contact with groundwater and as a basis for modeling indoor air 

concentrations associated with vapor intrusion.  The quantitative risk evaluation using maximum detected 

groundwater concentrations as exposure concentrations has indicated that chronic risks associated with 

exposure to groundwater exceed USEPA’s target carcinogenic risk range and HI.  These risks, based on 

dissolved concentrations, clearly indicate that any long-term exposure to LNAPL, with greater 

concentrations than what was measured in groundwater, would result in greater risks.  Although direct 
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exposures to LNAPL by a construction worker or trench worker would be more short-term, appropriate 

personal protective equipment (PPE) and measures should be employed to minimize exposure.  The 

LNAPL collected from monitoring well PAI-27-MW11S in 2010 was sampled.  The chemical results are 

presented in Table 1-4.  These chemicals are identified as the LNAPL COCs.   

Additionally, the LNAPL can be considered a Principal Threat Waste (PTW) as defined by the National Oil 

and Hazardous Substances Pollution Contingency Plan (NCP).  PTW is defined as a source material 

considered to be “highly toxic” that would present a significant risk to human health or the environment if 

exposure would occur.  Hence, the presence of PTW should serve as the basis for a remedial action 

rather the quantitative risks associated with exposure to the PTW. 

 
Summary of Risk Estimates - Site 27 and 55 

 

Site 
Environmental 

Medium or       
Source Material 

Receptors With Risk 
Estimates Exceeding Risk 
Management Benchmarks 

Chemicals of Concern(5) 

Site 27 
Media Surface soil 

Child resident(1) 

Adult resident(1) 

Lifelong resident(1) 

cPAHs, Aroclor-1260, Chromium, Arsenic 

Subsurface soil 

Child resident(1,2) 

Adult resident(1) 

Lifelong resident(1) 

alpha-BHC, delta-BHC, DDD, Arsenic, Chromium, 
Thallium 

Surface and 
Subsurface soil 

Industrial worker(1) 
cPAHs, DDD, alpha-BHC, delta-BHC Arsenic, 
Chromium 

Groundwater –  

Direct Contact 

Child resident(1,2) 

Adult resident(1,2) 

Lifelong resident(1) 

Benzene, Chlorobenzene, Aldrin, Dieldrin, alpha-
BHC, beta-BHC, 

delta-BHC, gamma-BHC, Arsenic, Chromium, 1,1-
Biphenyl, 1,2,4-Trichlorobenzene, 
1,4-Dichlorobenzene, Ethylbenzene, 4.4’-DDD, 4,4’-
DDT,  Heptachlor Epoxide, Aluminum, Arsenic, 
Beryllium, Chromium, Iron, Manganese 

Groundwater – 

Vapor Intrusion 

Child resident(2) 

Adult resident(2) 

 

Chlorobenzene 

Site 27 
Source 
Material 

LNAPL-Direct 
Contact(3) 

Child Resident 

Adult Resident 

Lifelong Resident 

Construction Worker 

Trench Worker  

1,2,4-Trichlorobenzene, 1,2-Dichlorobenzene, 1,4-
Dichlorobenzene, Chlorobenzene, Ethylbenzene, 
Xylenes, 1,1-Biphenyl, 2-Methylnaphthalene, 
Benzo[k]fluoranthene, Dibenzofuran, Fluorene, 
Naphthalene, Phenanthrene, Pyrene, 4,4’-DDD, 
4,4’-DDE, 4,4’-DDT, beta-BHC, delta-BHC, and 
Selenium  

 

LNAPL-Vapor 
Intrusion(4) 

Adult Resident 

Child Resident 

Lifelong Resident 

Industrial Worker 

1,2,4-Trichlorobenzene, 1,2-Dichlorobenzene, 1,4-
Dichlorobenzene, Chlorobenzene, Ethylbenzene, 
Xylenes, 1,1-Biphenyl, 2-Methylnaphthalene, 
Dibenzofuran, Fluorene, Naphthalene, Pyrene 
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Summary of Risk Estimates - Site 27 and 55 

 

Site 
Environmental 

Medium or       
Source Material 

Receptors With Risk 
Estimates Exceeding Risk 
Management Benchmarks 

Chemicals of Concern(5) 

Site 55 
Media 

Surface soil 
Child resident(2) 

Lifelong resident(1) 

cPAHs, DDD, DDE, DDT, 

beta-BHC, Arsenic, Chromium 

Subsurface soil None No COCs 

Groundwater –  

Direct Contact 

Child resident(1,2) 

Adult resident(1,2) 

Lifelong resident(1) 

1,2,4-Trichlorobenzene, 1,4-Dichlorobenzene, 1,1-
Biphenyl, Benzene, Chlorobenzene, Ethylbenzene, 
Xylenes, cPAHs, Naphthalene, 
2-Methylnaphthalene, Dibenzofuran, DDD, DDE, 
DDT, Aldrin, Dieldrin, Endrin, Endrin Ketone, alpha-
BHC, alpha-Chlordane, beta-BHC, 

delta-BHC, gamma-BHC, gamma-Chlordane, 
Heptachlor Epoxide, Heptachlor, Aluminum, 
Antimony, Arsenic, Beryllium, Chromium, Cobalt, 
Iron, Manganese, Nickel, Thallium, Vanadium 

Groundwater –  

Vapor Intrusion 

Child resident(2) 

Adult resident(2) 

 

Chlorobenzene 

Site 55 
Source 
Material 

LNAPL-Direct 
Contact(3) 

Child Resident 

Adult Resident 

Lifelong Resident 

Construction Worker 

Trench Worker  

1,2,4-Trichlorobenzene, 1,2-Dichlorobenzene, 1,4-
Dichlorobenzene, Chlorobenzene, Ethylbenzene, 
Xylenes, 1,1-Biphenyl, 2-Methylnaphthalene, 
Benzo[k]fluoranthene, Dibenzofuran, Fluorene, 
Naphthalene, Phenanthrene, Pyrene, 4,4’-DDD, 
4,4’-DDE, 4,4’-DDT, beta-BHC, delta-BHC, and 
Selenium  

 

LNAPL-Vapor 
Intrusion(4) 

Child Resident 

Adult Resident 

Lifelong Resident 

Industrial Worker 

1,2,4-Trichlorobenzene, 1,2-Dichlorobenzene, 1,4-
Dichlorobenzene, Chlorobenzene, Ethylbenzene, 
Xylenes, 1,1-Biphenyl, 2-Methylnaphthalene, 
Dibenzofuran, Fluorene, Naphthalene, 
Phenanthrene, Pyrene 

 

Notes: 

Carcinogenic Polynuclear Aromatic Hydrocarbons (cPAHs) 

1 - Receptor risks exceed 1x10-4 cancer risk benchmark. 

2 - Receptor risks exceed non-cancer risk benchmark of target organ-specific HI greater than 1. 

3 – Direct contact with LNAPL was not quantitatively evaluated in the risk assessment, but is recognized as a Principal 
Threat Waste as defined by the USEPA, which could be considered “highly toxic” and is a potential “other site risk”. 

4 – Prediction of indoor air concentrations using the Johnson Ettinger Model is precluded when LNAPL is present; the 
model is limited to dissolved phase contaminants. 

5 – Except for LNAPL a chemical was retained as a chemical of concern if its cancer risk was greater than 1x10-6 or 
hazard index was greater than 0.1. 
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1.2.6.2 Sites 9 and 16 

Sites 9 and 16 are likely to remain industrial.  The current and future receptors evaluated are the 

industrial workers, maintenance workers, and the adult visitors.  In the event the land use changes, the 

construction worker was evaluated as a future receptor.  A hypothetical resident was also evaluated to aid 

in risk management decisions. 

Quantitative estimates of carcinogenic and non-carcinogenic risks (ILCRs and HIs, respectively) were 

developed for potential human receptors directly contacting site environmental media (Table 1-3). 

At Sites 9 and 16, the risks for adult residents, child residents, and lifelong residents exceed USEPA’s 

target carcinogenic risk range and target HI (ILCRs of 3x10-4, 3x10-4, and 6x10-4, respectively, and HIs of 

4, 11, and NA, respectively).  The carcinogenic risk for industrial workers is within USEPA’s target risk 

range (2x10-5), but the HI was 0.2.  Risks for construction workers, maintenance workers, and adult 

visitors are within USEPA’s target cumulative carcinogenic risk range 10-4 to 10-6 and the HIs are less 

than 1 (ILCRs of 1x10-5, 5x10-6, and 2x10-6, respectively, and HIs of 1, 0.05, and 0.02, respectively). 

Lead was identified as a COPC in surface soil and groundwater at Sites 9 and 16.  Hypothetical 

residential exposures to lead in surface soil were evaluated using USEPA’s IEUBK lead model.  Risks to 

construction workers, maintenance workers, default industrial workers, and adult workers exposed to lead 

in surface soil at Sites 9 and 16 were evaluated using USEPA’s Adult Lead Model.  Results of the 

analysis conducted for these receptors do not exceed the USEPA goal regarding lead exposures [i.e., no 

more than 5 percent of children (or fetuses of exposed woman) having blood-lead levels exceeding a 

10 µg/dL blood-lead level].   

Summary of Risk Estimates – Sites 9 and 16 

Site 
Environmental 

Medium 

Receptors With Risk 
Estimates Exceeding 

Risk Management 
Benchmarks 

Chemicals of Concern 

Sites 
9 and 16 Surface soil 

Child resident(1) 

Lifelong resident(1) 

cPAHs, Chromium, 4,4’-DDE, 4,4’-
DDT, alpha-Chlordane, Aroclor-
1260, gamma-Chlordane, 
Heptachlor, Arsenic 

Subsurface soil None No COCs 

Groundwater –  
Direct Contact 

Child resident(1,2)

Adult resident(1,2) 

Lifelong resident(1) 

Heptachlor Epoxide, Heptachlor, 
Arsenic, alpha-BHC, beta-BHC, 
delta-BHC, Chromium 

Notes: 
Carcinogenic Polynuclear Aromatic Hydrocarbons (cPAHs) 
1 - Receptor risks exceed 1x10-4 cancer risk benchmark. 
2 - Receptor risks exceed non-cancer risk benchmark of target organ-specific HI greater than 1. 
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1.2.7 Ecological Risk Assessment 

Ecological risks to terrestrial receptors at Sites 9, 16, 27, and 55 were not evaluated during the RI 

because of the industrial nature of Sites 9, 16, 27, and 55 and the absence of ecological habitat.  

However, the migration of contaminated groundwater and impacts to the ecological receptors in the 3rd 

Battalion Pond were evaluated through comparison of groundwater concentrations along the western 

border of Site 27 to marine surface water criteria.  Metals and pesticides were identified as ecological 

COPCs.  As a result an ecological risk component will be added to the monitoring program associated 

with each remedial alternative presented in this FS.  The groundwater monitoring results will be used to 

evaluate groundwater contaminant migration in the direction of the 3rd Battalion Pond over time. 



PAGE 1 OF 4

TABLE 1-1

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 27 - MOTOR TRANSPORTATION FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Trench Workers Surface Soil Incidental Ingestion 8E-07 -- -- -- 0.1 --
Dermal Contact 3E-07 -- -- -- 0.004 --
Inhalation 2E-07 -- -- -- 0.5 --
Total 1E-06 -- -- -- 0.6 --

Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.6 --
Dermal Contact 3E-07 -- -- -- 0.01 --
Inhalation 5E-07 -- -- -- 0.5 --
Total 2E-06 -- -- -- 1 --

Groundwater Dermal Contact 3E-05 -- delta-BHC alpha-BHC 1 --
Inhalation 4E-08 -- -- -- 0.1 --
Total 3E-05 -- delta-BHC alpha-BHC 1 --

Total Surface Soil and Groundwater 3E-05 2
Total Surface Soil, Subsurface Soil, and Groundwater 3E-05 3

Construction Workers Surface Soil Incidental Ingestion 6E-06 -- -- cPAHs 0.1 --
Dermal Contact 2E-06 -- -- cPAHs 0.003 --
Inhalation 1E-06 -- -- -- 0.4 --
Total 9E-06 -- -- cPAHs 0.5 --

Subsurface Soil Incidental Ingestion 8E-06 -- --
4,4'-DDD, alpha-BHC, delta-

BHC
0.5 --

Dermal Contact 2E-06 -- -- -- 0.007 --
Inhalation 3E-06 -- -- Chromium 0.4 --

Total 1E-05 -- --
4,4'-DDD, alpha-BHC, delta-

BHC, Chromium
0.9 --

Groundwater Dermal Contact 2E-05 -- -- alpha-BHC, delta-BHC 0.10 --
Inhalation 2E-08 -- -- -- 0.007 --
Total 2E-05 -- -- alpha-BHC, delta-BHC 0.10 --

Total Surface Soil and Groundwater 3E-05 0.6
Total Surface Soil, Subsurface Soil, and Groundwater 4E-05 1
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TABLE 1-1

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 27 - MOTOR TRANSPORTATION FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1
Industrial Workers Surface Soil Incidental Ingestion 5E-05 -- cPAHs -- 0.1 --

Dermal Contact 4E-05 -- cPAHs -- 0.003 --
Inhalation 4E-09 -- -- -- 0.00006 --
Total 9E-05 -- cPAHs Arsenic 0.1 --

Subsurface Soil Incidental Ingestion 7E-05 --
4,4'-DDD, alpha-BHC, delta-

BHC
Arsenic, Chromium 0.5 --

Dermal Contact 4E-05 -- delta-BHC 4,4'-DDD, alpha-BHC 0.009 --
Inhalation 1E-08 -- -- -- 0.00006 --

Total 1E-04 --
4,4'-DDD, alpha-BHC, delta-

BHC
Arsenic, Chromium 0.5 --

Total Surface Soil and Subsurface Soil 2E-04 0.6

Child Residents Surface Soil Incidental Ingestion 8E-04 cPAHs Chromium Arsenic 1 --
Dermal Contact 3E-04 cPAHs -- Chromium 0.02 --
Inhalation 2E-08 -- -- -- 0.0002 --
Total 1E-03 cPAHs Chromium Aroclor-1260, Arsenic 1 --

Subsurface Soil Incidental Ingestion 3E-04 --
4,4'-DDD, alpha-BHC, delta-

BHC, Chromium
Arsenic 7 Arsenic, Thallium

Dermal Contact 6E-05 -- alpha-BHC, delta-BHC 4,4'-DDD, Chromium 0.05 --
Inhalation 7E-08 -- -- -- 0.0003 --

Total 3E-04 --
4,4'-DDD, alpha-BHC, delta-

BHC, Chromium
Arsenic 7 Arsenic, Thallium

Groundwater Incidental Ingestion 9E-03
alpha-BHC, delta-BHC, 

Arsenic, Chromium
Benzene, beta-BHC, gamma-

BHC

1,4-Dichlorobenzene, 
Ethylbenzene, 4,4'-DDD, 

Heptachlor Epoxide
27

Benzene, Arsenic, Iron, gamma-BHC, 
Chlorobenzene, alpha-BHC, delta-

BHC, Heptachlor Epoxide

Dermal Contact 6E-03 alpha-BHC, delta-BHC
beta-BHC, gamma-BHC, 

Chromium
Benzene, Heptachlor Epoxide, 

Arsenic
7

Chlorobenzene, alpha-BHC, delta-
BHC, gamma-BHC, Heptachlor 

Epoxide

Inhalation 6E-05 -- Benzene
1,4-Dichlorobenzene, 

Ethylbenzene
10 Benzene, Chlorobenzene

Vapor Intrusion 1E-05 -- -- 1,4-Dichlorobenzene, Benzene 2 Chlorobenzene

Total 1E-02
alpha-BHC, beta-BHC, delta-
BHC, gamma-BHC, Arsenic, 

Chromium
Benzene

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, 

Ethylbenzene, 4,4'-DDD, 
Heptachlor Epoxide

46

Benzene, Aluminum, Manganese, 
Arsenic, Beryllium, Iron, 

Chlorobenzene, gamma-BHC, 1,4-
Dichlorobenzene, alpha-BHC, delta-

BHC, Heptachlor Epoxide
Total Surface Soil and Groundwater 2E-02 47

Total Surface Soil, Subsurface Soil, and Groundwater 2E-02 54
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TABLE 1-1

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 27 - MOTOR TRANSPORTATION FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1
Adult Residents Surface Soil Incidental Ingestion 1E-04 -- cPAHs Arsenic, Chromium 0.2 --

Dermal Contact 6E-05 -- cPAHs -- 0.003 --
Inhalation 3E-08 -- -- -- 0.0002 --
Total 2E-04 cPAHs -- Arsenic, Chromium 0.2 --

Subsurface Soil Incidental Ingestion 1E-04 --
4,4'-DDD, alpha-BHC, delta-

BHC
Arsenic, Chromium 0.7 --

Dermal Contact 3E-05 -- delta-BHC 4,4'-DDD, alpha-BHC 0.008 --
Inhalation 1E-07 -- -- -- 0.0003 --

Total 1E-04 --
4,4'-DDD, alpha-BHC, delta-

BHC
Arsenic, Chromium 0.7 --

Groundwater Incidental Ingestion 1E-02
alpha-BHC, beta-BHC, delta-
BHC, gamma-BHC, Arsenic

Benzene, Chromium

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, 

Ethyhlbenzene, 4,4'-DDD, 
Aldrin, Heptachlor Epoxide

12
Chlorobenzene, alpha-BHC, delta-

BHC, gamma-BHC, Arsenic

Dermal Contact 1E-02
alpha-BHC, beta-BHC, delta-

BHC
gamma-BHC

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, Benzene, 
Ethylbenzene, Heptachlor 

Epoxide, Arsenic

3
Chlorobenzene, delta-BHC, gamma-

BHC

Inhalation 1E-04 -- Benzene
1,2,4-Trichlorobenzene, 1,4-

Dichlorobenzene, 
Ethylbenzene

4 Chlorobenzene

Vapor Intrusion 5E-05 -- Benzene
1,4-Dichlorobenzene, 

Ethylbenzene
2 Chlorobenzene

Total 3E-02
Benzene, alpha-BHC, beta-

BHC, delta-BHC, gamma-BHC, 
Arsenic, Chromium

1,4-Dichlorobenzene

1,2,4-Trichlorobenzene, 
Ethylbenzene, 1,1-Biphenyl, 
4,4'-DDD, Aldrin, Dieldrin, 

Heptachlor Epoxide

21
Benzene, Chlorobenzene, alpha-
BHC, delta-BHC, gamma-BHC, 

Heptachlor Epoxide, Arsenic

Total Surface Soil and Groundwater 3E-02 21
Total Surface Soil, Subsurface Soil, and Groundwater 3E-02 22
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TABLE 1-1

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 27 - MOTOR TRANSPORTATION FACILITY

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1
Lifelong Residents Surface Soil Incidental Ingestion 1E-03 cPAHs Chromium Aroclor-1260, Arsenic NA --

Dermal Contact 4E-04 cPAHs -- Chromium NA --
Inhalation 6E-08 -- -- -- NA --
Total 1E-03 cPAHs Chromium Aroclor-1260, Arsenic NA --

Subsurface Soil Incidental Ingestion 4E-04 --
4,4'-DDD, alpha-BHC, delta-

BHC, Chromium
Arsenic NA --

Dermal Contact 9E-05 -- alpha-BHC, delta-BHC 4,4'-DDD, Chromium NA --
Inhalation 2E-07 -- -- -- NA --

Total 5E-04 delta-BHC
4,4'-DDD, alpha-BHC, 

Chromium
Arsenic NA --

Groundwater Incidental Ingestion 2E-02
Benzene, alpha-BHC, beta-

BHC, delta-BHC, gamma-BHC, 
Arsenic, Chromium

--

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, 

Ethylbenzene, 4,4'-DDD, 4,4'-
DDT, Aldrin, Dieldrin, 
Heptachlor Epoxide

NA --

Dermal Contact 2E-02
alpha-BHC, beta, BHC, delta-

BHC, Chromium
Benzene, gamma-BHC

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, 

Ethylbenzene, Heptachlor 
Epoxide, Arsenic

NA --

Inhalation 2E-04 Benzene --
1,2,4-Trichlorobenzene, 1,4-

Dichlorobenzene, 
Ethylbenzene

NA --

Vapor Intrusion 7E-05 Benzene
1,4-Dichlorobenzene, 

Ethylbenzene
NA --

Total 4E-02
Benzene, alpha-BHC, beta-

BHC, delta-BHC, gamma-BHC, 
Arsenic, Chromium

1,4-Dichlorobenzene, 
Ethylbenzene

1,2,4-Trichlorobenzene, 
Ethylbenzene, 1,1-Biphenyl, 
4,4'-DDD, 4,4'-DDT, Aldrin, 

Dieldrin, Heptachlor Epoxide

NA --

Total Surface Soil and Groundwater 4E-02 NA
Total Surface Soil, Subsurface Soil, and Groundwater 4E-02 NA

Notes:
BHC - Hexachlorocyclohexane(Lindane)
cPAH - Carcinogenic Polynuclear Aromatic Hydrocarbons
DDD - Dichlorodiphenyldichloroethane
DDT - Dichlorodiphenyltrichloroethane
HI - Hazard Index
NA - Not Applicable
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TABLE 1-2

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 55 - FIBER OPTIC VAULT

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Construction Workers Surface Soil Incidental Ingestion 3E-06 -- -- -- 0.6 --
Dermal Contact 3E-07 -- -- -- 0.05 --
Inhalation 9E-07 -- -- -- 0.04 --
Total 4E-06 -- -- 4,4'-DDT 0.7 --

Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.01 --
Dermal Contact 2E-08 -- -- -- 0.0010 --
Inhalation 6E-07 -- -- -- 0.005 --
Total 7E-07 -- -- -- 0.02 --

Groundwater Dermal Contact 1E-04 -- alpha-BHC, delta-BHC beta-BHC, gamma-BHC 1 --
Inhalation 7E-08 -- -- -- 0.04 --
Total 1E-04 -- alpha-BHC, delta-BHC beta-BHC, gamma-BHC 1 --

Total Surface Soil and Groundwater 1E-04 2
Total Surface Soil, Subsurface Soil, and Groundwater 1E-04 2

Maintenance Workers Surface Soil Incidental Ingestion 6E-06 -- -- 4,4'-DDD, 4,4'-DDT 0.05 --
Dermal Contact 1E-06 -- -- -- 0.009 --
Inhalation 7E-10 -- -- -- 0.000002 --
Total 7E-06 -- -- 4,4'-DDD, 4,4'-DDT 0.06 --

Subsurface Soil Incidental Ingestion 2E-07 -- -- -- 0.001 --
Dermal Contact 6E-08 -- -- -- 0.0002 --
Inhalation 5E-10 -- -- -- 0.0000002 --
Total 3E-07 -- -- -- 0.001 --

Total Surface Soil and Subsurface Soil 7E-06 0.06

Industrial Workers Surface Soil Incidental Ingestion 3E-05 -- -- 4,4'-DDD, 4,4'-DDE, 4,4'-DDT 0.3 --
Dermal Contact 6E-06 -- -- 4,4'-DDD, 4,4'-DDT 0.04 --
Inhalation 4E-09 -- -- -- 0.000008 --

Total 4E-05 -- --
4,4'-DDD, 4,4'-DDE, 4,4'-DDT, 

Arsenic
0.3 --

Subsurface Soil Incidental Ingestion 1E-06 -- -- -- 0.005 --
Dermal Contact 3E-07 -- -- -- 0.001 --
Inhalation 2E-09 -- -- -- 0.0000008 --
Total 1E-06 -- -- -- 0.006 --

Total Surface Soil and Subsurface Soil 4E-05 0.3

Adult Visitors Surface Soil Incidental Ingestion 3E-06 -- -- -- 0.03 --
Dermal Contact 4E-07 -- -- -- 0.003 --
Inhalation 1E-10 -- -- -- 0.0000008 --
Total 3E-06 -- -- -- 0.03 --

Subsurface Soil Incidental Ingestion 1E-07 -- -- -- 0.0005 --
Dermal Contact 2E-08 -- -- -- 0.00007 --
Inhalation 9E-11 -- -- -- 0.00000008 --
Total 1E-07 -- -- -- 0.0005 --

Total Surface Soil and Subsurface Soil 3E-06 0.03
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TABLE 1-2

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 55 - FIBER OPTIC VAULT

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Child Residents Surface Soil Incidental Ingestion 1E-04 -- 4,4'-DDD, 4,4'-DDT
cPAHs, 4,4'-DDE, Arsenic, 

Chromium
3 4,4'-DDT

Dermal Contact 1E-05 -- --
cPAHs, 4,4'-DDD, 4,4'-DDT, 

Chromium
0.2 --

Inhalation 2E-08 -- -- -- 0.00003 --
Total 1E-04 -- cPAHs, 4,4'-DDD, 4,4'-DDT 4,4'-DDE, Arsenic, Chromium 4 4,4'-DDT

Subsurface Soil Incidental Ingestion 1E-05 -- -- Chromium 0.06 --
Dermal Contact 2E-06 -- -- -- 0.006 --
Inhalation 1E-08 -- -- -- 0.000003 --
Total 1E-05 -- -- Chromium 0.07 --

Groundwater Incidental Ingestion 6E-02

4,4'-DDD, 4,4'-DDT, alpha-
BHC, beta-BHC, delta-BHC, 

gamma-BHC, Arsenic, 
Chromium

Benzene, cPAHs, 4,4'-DDE, 
Heptachlor Epoxide

1,4-Dichlorobenzene, 
Ethylbenzene, gamma-
Chlordane, Heptachlor

428

Benzene, Chlorobenzene, 2-
Methylnaphthalene, gamma-BHC, 
4,4'-DDT, alpha-BHC, delta-BHC, 
Endrin, Endrin Ketone, gamma-
Chlordane, Heptachlor Epoxide, 
Aluminum, Antimony, Arsenic, 

Beryllium, Chromium, Cobalt, Iron, 
Manganese, Thallium, Vanadium

Dermal Contact 3E-02
alpha-BHC, beta-BHC, delta-

BHC, gamma-BHC, Chromium
Heptachlor Epoxide

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, Benzene, 

Ethylbenzene, gamma-
Chlordane, Arsenic

67

Chlorobenzene, 2-
Methylnaphthalene, alpha-BHC, delta-
BHC, Endrin, Endrin Ketone, gamma-
BHC, gamma-Chlordane, Heptachlor 

Epoxide, Chromium

Inhalation 8E-05 -- Benzene
1,4-Dichlorobenzene, 

Ethylbenzene
17

Benzene, Chlorobenzene, 2-
Methylnaphthalene

Vapor Intrusion 2E-05 -- --
1,4-Dichlorobenzene, Benzene, 

Ethylbenzene, Naphthalene
3 Chlorobenzene

Total 9E-02
Benzene, 4,4'-DDD, 4,4'-DDT, 
alpha-BHC, beta-BHC, delta-

BHC, Arsenic, Chromium

Ethylbenzene, cPAHs, 4,4'-
DDE, gamma-BHC, Heptachlor 

Epoxide

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, 1,1-Biphenyl, 

alpha-Chlordane, Dieldrin, 
gamma-Chlordane, Heptachlor, 

Naphthalene

514

Benzene, Chlorobenzene,  Xylenes, 
2-Methylnaphthalene, Dibenzofuran, 

Naphthalene, gamma-BHC, 4,4'-
DDT, alpha-BHC, delta-BHC, Endrin, 
Endrin Ketone, gamma-Chlordane, 

Heptachlor Epoxide, Aluminum, 
Antimony, Arsenic, Beryllium, 

Chromium, Cobalt, Iron, Manganese, 
Nickel, Thallium, Vanadium

Total Surface Soil and Groundwater 9E-02 517
Total Surface Soil, Subsurface Soil, and Groundwater 9E-02 517
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TABLE 1-2

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 55 - FIBER OPTIC VAULT

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Adult Residents Surface Soil Incidental Ingestion 4E-05 -- 4,4'-DDD, 4,4'-DDT
cPAHs, 4,4'-DDE, Arsenic, 

Chromium
0.4 --

Dermal Contact 6E-06 -- -- 4,4'-DDD, 4,4'-DDT 0.04 --
Inhalation 3E-08 -- -- -- 0.00003 --

Total 5E-05 -- 4,4'-DDD, 4,4'-DDT
cPAHs, 4,4'-DDE, Arsenic, 

Chromium
0.4 --

Subsurface Soil Incidental Ingestion 2E-06 -- -- -- 0.007 --
Dermal Contact 4E-07 -- -- -- 0.0009 --
Inhalation 2E-08 -- -- -- 0.000003 --
Total 2E-06 -- -- Chromium 0.008 --

Groundwater Incidental Ingestion 9E-02

4,4'-DDD, 4,4'-DDT, alpha-
BHC, beta-BHC, delta-BHC, 

gamma-BHC, Arsenic, 
Chromium

Benzene, cPAHs, 4,4'-DDE, 
Heptachlor Epoxide

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, Ethylbenzene, 

Aldrin, Dieldrin, gamma-
Chlordane, Heptachlor

183

Benzene, Antimony, Aluminum, 
Manganese, Arsenic, Iron, gamma-

BHC, Chlorobenzene, 4,4'-DDT, 
alpha-BHC, delta-BHC, Endrin, 

Heptachlor Epoxide, 2-
Methylnaphthalene, Thallium, Cobalt, 

Vanadium

Dermal Contact 6E-02
alpha-BHC, beta-BHC, delta-

BHC, gamma-BHC, Chromium
Benzene, Heptachlor Epoxide

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, Ethylbenzene, 

alpha-Chlordane, gamma-
Chlordane, Heptachlor, Arsenic

29

gamma-BHC, Chlorobenzene, alpha-
BHC, delta-BHC,  gamma-Chlordane, 

Heptachlor Epoxide, 2-
Methylnaphthalene

Inhalation 1E-04 -- Benzene
1,2,4-Trichlorobenzene, 1,4-

Dichlorobenzene, Ethylbenzene
5 1,1-Biphenyl, Naphthalene

Vapor Intrusion 8E-05 -- Benzene
1,4-Dichlorobenzene, 

Ethylbenzene, Naphthalene
3 Chlorobenzene

Total 2E-01

Benzene, 4,4'-DDD, 4,4'-DDT, 
alpha-BHC, beta-BHC, delta-
BHC, gamma-BHC, Arsenic, 

Chromium

1,4-Dichlorobenzene,  
Ethylbenzene, cPAHs, 4,4'-
DDE, gamma-Chlordane, 

Heptachlor Epoxide

1,2,4-Trichlorobenzene, 1,1-
Biphenyl, Aldrin, alpha-

Chlordane, Dieldrin, Heptachlor, 
Naphthalene

221

Benzene, Antimony, Aluminum, 
Manganese, Arsenic, Beryllium, Iron, 
Chlorobenzene, gamma-BHC, 4,4'-

DDT, alpha-BHC, delta-BHC, Endrin, 
Endrin Ketone, gamma-Chlordane, 

Heptachlor Epoxide, 1,1-Biphenyl, 2-
Methylnaphthalene, Chromium, 

Thallium, Cobalt, Vanadium

Total Surface Soil and Groundwater 2E-01 221
Total Surface Soil, Subsurface Soil, and Groundwater 2E-01 221



PAGE 4 OF 4

TABLE 1-2

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 55 - FIBER OPTIC VAULT

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Lifelong Residents Surface Soil Incidental Ingestion 2E-04 -- 4,4'-DDD, 4,4'-DDT, Chromium
cPAHs, 4,4'-DDE, beta-BHC, 

Arsenic
NA --

Dermal Contact 2E-05 -- --
cPAHs, 4,4'-DDD, 4,4'-DDT, 

Chromium
NA --

Inhalation 4E-08 -- -- -- NA --

Total 2E-04 --
cPAHs, 4,4'-DDD, 4,4'-DDT, 

Chromium
 4,4'-DDE, beta-BHC, Arsenic NA --

Subsurface Soil Incidental Ingestion 1E-05 -- -- Chromium NA --
Dermal Contact 2E-06 -- -- -- NA --
Inhalation 3E-08 -- -- -- NA --
Total 2E-05 -- -- Chromium NA --

Groundwater Incidental Ingestion 1E-01

Benzene, 4,4'-DDD, 4,4'-DDE, 
4,4'-DDT, alpha-BHC, beta-

BHC, delta-BHC, gamma-BHC, 
Arsenic, Chromium

Ethylbenzene, cPAHs, 
Heptachlor Epoxide

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, Aldrin, alpha-

Chlordane, Dieldrin, gamma-
Chlordane, Heptachlor

NA --

Dermal Contact 9E-02
alpha-BHC, beta-BHC, delta-

BHC, gamma-BHC, Chromium
Benzene, gamma-Chlordane, 
Heptachlor Epoxide, Arsenic

1,2,4-Trichlorobenzene, 1,4-
Dichlorobenzene, Ethylbenzene, 
1,1,-Biphenyl, alpha-Chlordane, 

Dliedrin, Heptachlor

NA --

Inhalation 2E-04 Benzene Ethylbenzene
1,2,4-Trichlorobenzene, 1,4-

Dichlorobenzene
NA --

Vapor Intrusion 1E-04 -- Benzene
1,4-Dichlorobenzene, 

Ethylbenzene, Naphthalene
NA --

Total 2E-01

Benzene, 4,4'-DDD, 4,4'-DDE, 
4,4'-DDT, alpha-BHC, beta-

BHC, delta-BHC, gamma-BHC, 
Arsenic, Chromium

1,4-Dichlorobenzne, 
Ethylbenzene, cPAHs, gamma-
Chlordane, Heptachlor Epoxide

1,2,4-Trichlorobenzene, 1,1-
Biphenyl, Bis(2-

ethylhexyl)phthalate, Aldrin, 
alpha-Chlordane, Dieldrin, 
Heptachlor, Naphthalene

NA --

Total Surface Soil and Groundwater 2E-01 NA
Total Surface Soil, Subsurface Soil, and Groundwater 2E-01 NA

Notes:
BHC - Hexachlorocyclohexane(Lindane)
cPAH - Carcinogenic Polynuclear Aromatic Hydrocarbons
DDD - Dichlorodiphenyldichloroethane
DDT - Dichlorodiphenyltrichloroethane
NA - Not Applicable
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TABLE 1-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 9 - PAINT WASTE STORAGE AREA, SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Construction Workers Surface Soil Incidental Ingestion 2E-06 -- -- -- 0.3 --
Dermal Contact 3E-07 -- -- -- 0.02 --
Inhalation 7E-06 -- --  Chromium 0.3 --
Total 9E-06 -- --  Chromium 0.6 --

Subsurface Soil Incidental Ingestion 4E-07 -- -- -- 0.1 --
Dermal Contact 4E-08 -- -- -- 0.005 --
Inhalation 1E-06 -- -- -- 0.2 --
Total 2E-06 -- -- -- 0.4 --

Groundwater Dermal Contact 1E-07 -- -- -- 0.050
Inhalation 3E-10 -- -- -- 0.00017 --
Total 1E-07 -- -- -- 0.051 --

Total Surface Soil and Groundwater 9E-06 0.6
Total Surface Soil, Subsurface Soil, and Groundwater 1E-05 1

Maintenance Workers Surface Soil Incidental Ingestion 3E-06 -- -- -- 0.04 --
Dermal Contact 1E-06 -- -- -- 0.005 --
Inhalation 5E-09 -- -- -- 0.00002 --
Total 4E-06 -- --  Chromium 0.04 --

Subsurface Soil Incidental Ingestion 7E-07 -- -- -- 0.007 --
Dermal Contact 1E-07 -- -- -- 0.0008 --
Inhalation 9E-10 -- -- -- 0.000008 --
Total 8E-07 -- -- -- 0.008 --

Total Surface Soil and Subsurface Soil 5E-06 0.05

Industrial Workers Surface Soil Incidental Ingestion 1E-05 -- --  Arsenic, Chromium 0.2 --
Dermal Contact 5E-06 -- --  Chromium 0.02 --
Inhalation 3E-08 -- -- -- 0.00008 --

Total 2E-05 -- --
 Benzo(a)pyrene Equivalents, 
alpha-Chlordane, Heptachlor, 

Arsenic, Chromium
0.2 --

Subsurface Soil Incidental Ingestion 3E-06 -- --  Arsenic 0.04 --
Dermal Contact 7E-07 -- -- -- 0.004 --
Inhalation 5E-09 -- -- -- 0.00004 --
Total 4E-06 -- --  Arsenic 0.04 --

Total Surface Soil and Subsurface Soil 2E-05 0.2

Adult Visitors Surface Soil Incidental Ingestion 1E-06 -- -- -- 0.02 --
Dermal Contact 4E-07 -- -- -- 0.002 --
Inhalation 3E-10 -- -- -- 0.000002 --
Total 2E-06 -- -- -- 0.02 --

Subsurface Soil Incidental Ingestion 3E-07 -- -- -- 0.004 --
Dermal Contact 5E-08 -- -- -- 0.0003 --
Inhalation 5E-11 -- -- -- 0.000001 --
Total 4E-07 -- -- -- 0.004 --

Total Surface Soil and Subsurface Soil 2E-06 0.02
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TABLE 1-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 9 - PAINT WASTE STORAGE AREA, SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Child Residents Surface Soil Incidental Ingestion 1E-04 --
 Benzo(a)pyrene Equivalents, 

Chromium

 4,4'-DDE, alpha-Chlordane, 
Aroclor-1260, gamma-

Chlordane, Heptachlor, Arsenic
2 Target organ HI < 1

Dermal Contact 2E-05 -- --
 Benzo(a)pyrene Equivalents, 

Chromium
0.1 --

Inhalation 1E-07 -- -- -- 0.0003 --

Total 2E-04 --
 Benzo(a)pyrene Equivalents, 

Chromium

 4,4'-DDE, alpha-Chlordane, 
Aroclor-1260, gamma-

Chlordane, Heptachlor, Arsenic
2 Target organ HI < 1

Subsurface Soil Incidental Ingestion 3E-05 --  Chromium  Arsenic 0.5 --
Dermal Contact 3E-06 -- --  Chromium 0.02 --
Inhalation 2E-08 -- -- -- 0.0002 --
Total 3E-05 --  Chromium  Arsenic 0.5 --

Groundwater Incidental Ingestion 1E-04 -- Heptachlor Epoxide, Arsenic delta-BHC, Chromium 6 Heptachlor Epoxide, Arsenic
Dermal Contact 4E-05 -- Heptachlor Epoxide delta-BHC, Chromium 3 Heptachlor Epoxide
Inhalation 2E-07 -- -- -- 0.005 --

Total 1E-04 --
Heptachlor Epoxide, Arsenic, 

Chromium
delta-BHC 8 Heptachlor Epoxide, Arsenic

Total Surface Soil and Groundwater 3E-04 10
Total Surface Soil, Subsurface Soil, and Groundwater 3E-04 11

Adult Residents Surface Soil Incidental Ingestion 3E-05 --  Chromium
 Benzo(a)pyrene Equivalents, 

alpha-Chlordane, Arsenic
0.2 --

Dermal Contact 6E-06 -- --  Chromium 0.02 --
Inhalation 2E-07 -- -- -- 0.0003 --

Total 3E-05 --  Chromium
 Benzo(a)pyrene Equivalents, 

alpha-Chlordane, gamma-
Chlordane, Heptachlor, Arsenic

0.3 --

Subsurface Soil Incidental Ingestion 6E-06 -- --  Arsenic, Chromium 0.05 --
Dermal Contact 8E-07 -- -- -- 0.003 --
Inhalation 3E-08 -- -- -- 0.0002 --
Total 7E-06 -- --  Arsenic, Chromium 0.05 --

Groundwater Incidental Ingestion 2E-04 -- Heptachlor Epoxide, Arsenic delta-BHC, Chromium 2 Target organ HI < 1
Dermal Contact 6E-05 -- Heptachlor Epoxide  delta-BHC, Chromium 1 --
Inhalation 4E-07 -- -- -- 0.002 --

Total 2E-04 -- Heptachlor Epoxide, Arsenic
 alpha-BHC, delta-BHC, 

Chromium
4 Heptachlor Epoxide

Total Surface Soil and Groundwater 3E-04 4
Total Surface Soil, Subsurface Soil, and Groundwater 3E-04 4
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TABLE 1-3

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 9 - PAINT WASTE STORAGE AREA, SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

MCRD PARRIS ISLAND, SOUTH CAROLINA

Receptor Media Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals
Route Risk Cancer Risks Cancer Risks Cancer Risks Index Contributing to an

> 10-4 > 10-5 and  10-4  10-6 and  10-5 Target Organ HI > 1

Lifelong Residents Surface Soil Incidental Ingestion 2E-04 --
 Benzo(a)pyrene Equivalents, 

Chromium

 4,4'-DDE, 4,4'-DDT, alpha-
Chlordane, Aroclor-1260, 

gamma-Chlordane, Heptachlor, 
Arsenic

NA --

Dermal Contact 3E-05 -- --
 Benzo(a)pyrene Equivalents, 

Chromium
NA --

Inhalation 3E-07 -- -- -- NA --

Total 2E-04 --
 Benzo(a)pyrene Equivalents, 

Chromium

 4,4'-DDE, 4,4'-DDT, alpha-
Chlordane, Aroclor-1260, 

gamma-Chlordane, Heptachlor, 
Arsenic

NA --

Subsurface Soil Incidental Ingestion 3E-05 --  Chromium  Arsenic NA --
Dermal Contact 3E-06 -- --  Chromium NA --
Inhalation 6E-08 -- -- -- NA --
Total 3E-05 --  Chromium  Arsenic NA --

Groundwater Incidental Ingestion 3E-04 Arsenic  Heptachlor Epoxide, Chromium alpha-BHC, delta-BHC NA --

Dermal Contact 9E-05 -- Heptachlor Epoxide delta-BHC, Chromium NA --
Inhalation 6E-07 -- -- -- NA --

Total 4E-04 Arsenic
delta-BHC, Heptachlor Epoxide, 

Chromium
alpha-BHC, Heptachlor NA --

Total Surface Soil and Groundwater 6E-04 NA
Total Surface Soil, Subsurface Soil, and Groundwater 6E-04 NA

Notes:
BHC - Hexachlorocyclohexane(Lindane)
cPAH - Carcinogenic Polynuclear Aromatic Hydrocarbons
DDE - Dichlorodiphenyldichloroethylene
DDT - Dichlorodiphenyltrichloroethane
HI - Hazard Index
NA - Not Applicable



TABLE 1-4

LNAPL COCs 
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

LOCATION PAI-27-MW11S

SAMPLE ID PAI-27-PR-11S-01

SAMPLE DATE
METALS (mg/kg)

SELENIUM 2.9  

SEMIVOLATILES (µg/kg)

1,1-BIPHENYL 190000  

2-METHYLNAPHTHALENE 2200000  

BAP EQUIVALENT 410  

BAP EQUIVALENT-HALFND 115460  

BAP EQUIVALENT-POS 410  

BENZO(K)FLUORANTHENE 41000  J

DIBENZOFURAN 190000  

FLUORENE 150000  

NAPHTHALENE 290000  

PHENANTHRENE 430000  

PYRENE 34000  J

TOTAL PAHS 3145000  

TOTAL PAHS HALFND 3695000  

VOLATILES (µg/kg)

1,2,4-TRICHLOROBENZENE 120000  

1,2-DICHLOROBENZENE 26000  J

1,4-DICHLOROBENZENE 110000  

CHLOROBENZENE 75000  

ETHYLBENZENE 22000  J

O-XYLENE 26000  J

TOTAL XYLENES 26000  J

PESTICIDES/PCBS (mg/kg)

4,4'-DDD 18000  

4,4'-DDE 660  

4,4'-DDT 24000  

BETA-BHC 200  

DELTA-BHC 1800  J

TOTAL BHC HALFND 2050  

TOTAL DDT HALFND 42660  

TOTAL DDT POS 42660  

Notes:
mg/kg - milligrams per kilogram
µg/kg - micrograms per kilogram
J - estimated concentration
BAP - benzo(a)pyrene
PCB - polychlorinated biphenyls
BHC - Hexachlorocyclohexane(Lindane)
DDD - Dichlorodiphenyldichloroethane
DDE - Dichlorodiphenyldichloroethylene
DDT - Dichlorodiphenyltrichloroethane

8/14/2008
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1) Ground surface elevation is in NAVD 1988 (feet).
2) Wells and borings are shown to their total depth.
3) Cross section depicts data to second clay layer.  
4) * indicates the location does not fall directly on the cross section.
5) ND indicates the result is non-detect.
6) END indicates the end of the borehole at the total depth.
7) The first clay layer is assumed to be 2ft thick and the second clay layer is 
    assumed to be 2 ft thick from 24ft to 26ft bgs at locations where the  
    geological information is not available.
8) USEPA MCL-Based SSL = 68 ug/kg
9) 2942 ug/kg is threshold concentration indicating potential presence of 
    residential LNAPL.
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APPROXIMATE HORIZONTAL SCALE: 1" = 50'
Feet

50 0 5025

APPROXIMATE VERTICAL SCALE: 1" = 10'
Feet

10 0 105

Notes:
1) Ground surface elevation is in NAVD 1988 (feet).
2) Wells and borings are shown to their total depth.
3) Cross section depicts data to second clay layer.  
4) * indicates the location does not fall directly on the cross section.
5) ND indicates the result is non-detect.
6) END indicates the end of the borehole at the total depth.
7) The first clay layer is assumed to be 2ft thick and the second clay layer is 
    assumed to be 2 ft thick from 24ft to 26ft bgs at locations where the  
    geological information is not available.
8) USEPA MCL-Based SSL = 68 ug/kg
9) 2942 ug/kg is threshold concentration indicating potential presence of 
    residential LNAPL.
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PAI-27-SO-01  [0 - 1]
BAP EQUIVALENT  21  RES

PAI-27-SO-04  [0 - 1]-DUP
BAP EQUIVALENT  218.21    IND   RES

PAI-27-SO-06  [0 - 1]
BAP EQUIVALENT  174.17    RES

PAI-27-SO-12  [0 - 1]
BAP EQUIVALENT  62555*   IND  RES

PAI-27-SO-13  [0 - 1]
BAP EQUIVALENT  2011.9    IND  RES

PAI-27-SO-33  [0 - 1]
BAP EQUIVALENT  622.69    IND   RES

PAI-27-SO-34  [0 - 1]-DUP
BAP EQUIVALENT  1075.48     IND  RES

PAI-27-SO-35  [0 - 1]
BAP EQUIVALENT  296.47     IND   RES

PAI-27-SO-37  [0 - 1]
BAP EQUIVALENT  149.69     RES

PAI-27-SO-38  [0 - 1]
BAP EQUIVALENT  33.309    RES

PAI-27-SO-38A  [0 - 1]
BAP EQUIVALENT  281.08    IND   RES

PAI-27-SO-41  [0 - 1]
BAP EQUIVALENT  158.44     RES

PAI-27-SO-43  [0 - 1]
BAP EQUIVALENT  49.604     RES

PAI-27-SO-44  [0 - 1]
BAP EQUIVALENT  516.55    IND   RES

PAI-27-SO-45B  [0 - 1]
BAP EQUIVALENT  45.444     RES

PAI-27-SO-47  [0 - 1]
BAP EQUIVALENT  31.581    RES

PAI-55-SO-03  [0 - 1]
BAP EQUIVALENT  810.1    IND   RES

PAI-55-SO-04  [0 - 1]
BAP EQUIVALENT  118.544     RES

PAI-55-SO-05  [0 - 1]
BAP EQUIVALENT  111.17     RES

PAI-55-SO-06  [0 - 1]
BAP EQUIVALENT  348.32     IND  RES

PAI-55-SO-07  [0 - 1]-DUP
BAP EQUIVALENT  123.605     RES

PAI-55-SO-07A  [0 - 1]
BAP EQUIVALENT  202.14     RES

PAI-55-SO-07B  [0 - 1]
BAP EQUIVALENT  147.53     RES

PAI-55-SO-08  [0 - 1]
BAP EQUIVALENT  848.96     IND   RES

PAI-55-SO-09  [0 - 1]
BAP EQUIVALENT  123.89     RES

PAI-55-SO-10  [0 - 1]
BAP EQUIVALENT  212.96     IND   RES

PAI-55-SO-10A  [0 - 1]
BAP EQUIVALENT  45.946     RES

PAI-55-SO-10B  [0 - 1]
BAP EQUIVALENT  30.559     RES

PAI-55-SO-10C  [0 - 1]
BAP EQUIVALENT  59.69     RES

PAI-55-SO-11  [0 - 1]
BAP EQUIVALENT  93.099      RES

PAI-55-SO-12  [0 - 1]
BAP EQUIVALENT  891.74    IND   RES

PAI-55-SO-13  [0 - 1]
BAP EQUIVALENT  203.17     RES

PAI-55-SO-14  [0 - 1]-DUP
BAP EQUIVALENT  345.25     IND   RES

PAI-55-SO-14A  [0 - 1]
BAP EQUIVALENT  233.66     IND   RES

PAI-55-SO-14B  [0 - 1]
BAP EQUIVALENT  37.524      RES

PAI-55-SO-15  [0 - 1]
BAP EQUIVALENT  63.6      RES

PAI-55-SO-17A  [0 - 1]
BAP EQUIVALENT  196.42      RES

PAI-55-SO-17B  [0 - 1]
BAP EQUIVALENT  226.43    IND   RES

PAI-55-SO-17C  [0 - 1]
BAP EQUIVALENT  45.744     RES

PAI-55-SO-17D  [0 - 1]
BAP EQUIVALENT  134.992      RES

PAI-55-SO-18  [0 - 1]
BAP EQUIVALENT  342.31     IND   RES

PAI-55-SO-18A  [0 - 1]
BAP EQUIVALENT  287.09     IND   RES

PI02701  [0 - 1]
BAP EQUIVALENT  254.61     IND   RES

PI02702  [0 - 1]
BAP EQUIVALENT  224.75     IND   RES

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN
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BENZO(A)PYRENE EQUIVALENTS
EXCEEDANCES IN SOIL

SITES 27 AND 55
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 05/23/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
_____

__ __

CTO NUMBER
0039

1-11
___ __

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (UG/KG)

POLLUTANT UNIT USEPA INDUSTRIAL RSL USEPA RESIDENTIAL RSL
SVOCs (BAP EQUIVALENT) UG/KG 210 15

Legend
Soil Sample Location
New Construction
Site Boundary

* Denotes Highest Concentration



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

405

PAI-9/16-SO-01     [0-1]
BAP EQUIVALENT    19.204    RES

PAI-9/16-SO-02     [0-1]
BAP EQUIVALENT    21.426    RES

PAI-9/16-SO-02A    [0-1]
BAP EQUIVALENT    54.161    RES

PAI-9/16-SO-02B    [0-1]
BAP EQUIVALENT    62.968    RES

PAI-9/16-SO-04     [0-1]
BAP EQUIVALENT    31.608    RES

PAI-9/16-SO-04A    [0-1]
BAP EQUIVALENT    151.28    RES

PAI-9/16-SO-04C    [0-1]
BAP EQUIVALENT    18.614    RES

PAI-9/16-SO-05     [0-1]
BAP EQUIVALENT    27.892    RES

PAI-9/16-SO-05A    [0-1]
BAP EQUIVALENT    37.656    RES

PAI-9/16-SO-06     [0-1]
BAP EQUIVALENT    31.59     RES

PAI-9/16-SO-06A    [0-1]
BAP EQUIVALENT    45.884    RES
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DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
S. STROZ 10/24/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-12
___ __

PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE_09_16_SVOCS.MXD 09/10/12  JN

SVOCs
(SVOCs MEASURED IN BENZO(A) PYRENE

EQUIVALENTS (BAP EQUIVALENTS))
EXCEEDANCES IN SOIL

SITES 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

POLLUTANT UNIT USEPA INDUSTRIAL RSL USEPA RESIDENTIAL RSL
BAP EQUIVALENT UG/KG 210 15

B (A) ANTH UG/KG 2100 150
B (A) PYRENE UG/KG 210 15
B (B) FLUOR UG/KG 2100 150

I (1,2,3-CD) PYR UG/KG 2100 150

Legend
Soil Sample Location
New Construction
Site Boundary

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (UG/KG)



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

405

401

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

PAI-27-SO-14  [6 - 7]
BETA-BHC  16000  J*   IND   RES
DELTA-BHC  100000*  IND   RES

PAI-27-SO-15  [6 - 7]-DUP
DELTA-BHC  20000  J  IND   RES

PAI-27-SO-16  [6 - 7]
DELTA-BHC  16000  J  IND  RES

PAI-27-SO-17  [6 - 7]
DELTA-BHC  280  J  IND  RES

PAI-27-SO-18  [0 - 1]
BETA-BHC  2300  J   IND   RES
PAI-27-SO-18  [6 - 7]
DELTA-BHC  13000  J   IND   RES

PAI-27-SO-22  [4 - 5]
DELTA-BHC  86  J  RES

PAI-27-SO-28  [5 - 6]
ALPHA-BHC  14000  J*   IND   RES
DELTA-BHC  20000  J   IND  RES

PAI-27-SO-30  [0 - 1]
ALPHA-BHC  92  J   RES
DELTA-BHC  120  J   RES

PAI-27-SO-43  [7 - 8]
ALPHA-BHC  120     RES
DELTA-BHC  220     RES

PAI-27-SO-44  [7 - 8]
ALPHA-BHC  85    RES
BETA-BHC  660    RES
DELTA-BHC  5400    IND   RES

PAI-27-SO-46  [9 - 10]
ALPHA-BHC  2200  J  IND  RES
BETA-BHC  590  J  RES
DELTA-BHC  4700  J  IND  RES
GAMMA-BHC (LINDANE)  1900  J  RES

PAI-27-SO-47  [7 - 8]
DELTA-BHC  1500     IND   RES
PAI-27-SO-47  [9 - 10]
ALPHA-BHC  4900  J  IND   RES
BETA-BHC  1400    IND   RES
DELTA-BHC  16000    IIND  RES
GAMMA-BHC (LINDANE)  2600  J*  IND   RES

PAI-55-SO-02  [7 - 8]
ALPHA-BHC  540    IND  RES
BETA-BHC  350     RES
DELTA-BHC  2900    IND   RES
PAI-55-SO-02  [9 - 10]
DELTA-BHC  310    IND   RES

PAI-55-SO-03  [9 - 10]
DELTA-BHC  560    IND   RES

PAI-55-SO-04  [9 - 10]
ALPHA-BHC  390  J   IND  RES
BETA-BHC  550  J   RES
DELTA-BHC  4000    IND  RES

PAI-55-SO-05  [9 - 10]
ALPHA-BHC  2900    IND   RES
BETA-BHC  920    RES
DELTA-BHC  5800    IND  RES
GAMMA-BHC (LINDANE)  1100    RES

PAI-55-SO-07  [9 - 10]
DELTA-BHC  830      IND  RES

PAI-55-SO-09  [9 - 10]
BETA-BHC  500    RES
DELTA-BHC  3400  J   IND   RES

PAI-55-SO-10  [9 - 10]
DELTA-BHC  490    IND   RES PAI-55-SO-11  [9 - 10]

BETA-BHC  1600    IND  RES
DELTA-BHC  11000    IND  RES

PAI-55-SO-12  [9 - 10]
DELTA-BHC  95  J   RES

PAI-55-SO-13  [9 - 10]-DUP
BETA-BHC  360  J   RES
DELTA-BHC  1800    IND  RES

PAI-55-SO-14  [9 - 10]
DELTA-BHC  330    IND   RES
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MOTOR TRANSPORTATION FACILITY

(MOTOR-T)
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100 1000
Feet

SELECTED PESTICIDED
(ALPHA-BHC, BETA-BHC, DELTA-BHC, GAMMA-BHC(LINDANE))

EXCEEDANCES IN SOIL
SITES 27 AND 55

MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 05/23/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-13
___ __

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (UG/KG)

POLLUTANT UNIT USEPA INDUSTRIAL RSL USEPA RESIDENTIAL RSL
ALPHA-BHC UG/KG 270 77
BETA-BHC UG/KG 960 270

DELTA-BHC UG/KG 270 77
GAMMA-BHC (LINDANE) UG/KG 2100 520

Legend
Soil Sample Location
New Construction
Site Boundary

* Denotes Highest Concentration



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

405

401

PAI-27-SO-14  [0 - 1]
4,4'-DDD  290000    IND   RES
4,4'-DDE  20000  J   IND   RES
4,4'-DDT  200000     IND   RES
PAI-27-SO-14  [6 - 7]
4,4'-DDD  1400000*   IND   RES
4,4'-DDE  44000  J*   IND   RES
4,4'-DDT  16000  J   IND   RES

PAI-27-SO-15  [0 - 1]
4,4'-DDD  190000    IND   RES
4,4'-DDE  24000  J  IND   RES
4,4'-DDT  210000      IND   RES
PAI-27-SO-15  [6 - 7]
4,4'-DDE  16000  J   IND   RES
4,4'-DDT  43000    IND   RES
PAI-27-SO-15  [6 - 7]-DUP
4,4'-DDD  760000  J  IND   RES

PAI-27-SO-16  [0 - 1]
4,4'-DDD  440000    IND   RES
4,4'-DDE  34000  J   IND   RES
4,4'-DDT  95000     IND   RES
PAI-27-SO-16  [6 - 7]
4,4'-DDD  510000    IND   RES
4,4'-DDT  9500  J   IND   RES

PAI-27-SO-17  [0 - 1]
4,4'-DDD  11000  J  IND   RES
4,4'-DDE  32000  J   IND   RES
4,4'-DDT  290000*   IND   RES
PAI-27-SO-17  [6 - 7]
4,4'-DDD  7400    IND   RES

PAI-27-SO-18  [0 - 1]
4,4'-DDD  16000    IND   RES
4,4'-DDE  14000    IND   RES
4,4'-DDT  70000    IND   RES
PAI-27-SO-18  [6 - 7]
4,4'-DDD  310000    IND  RES

PAI-27-SO-19  [0 - 1]
4,4'-DDE  2900    RES
4,4'-DDT  4200    RES
PAI-27-SO-19  [6 - 7]
4,4'-DDD  120000  J   IND  RES
PAI-27-SO-19  [6 - 7]-DUP
4,4'-DDE  7800    IND   RES

PAI-27-SO-22  [4 - 5]
4,4'-DDT  2700  J  RES

PAI-27-SO-28  [5 - 6]
4,4'-DDD  270000    IND  RES

PAI-27-SO-44  [7 - 8]
4,4'-DDD  27000  IND  RES
4,4'-DDT  34000    IND  RES

PAI-27-SO-46  [9 - 10]
4,4'-DDD  22000  J   IND  RES
4,4'-DDT  10000  J  IND  RES

PAI-27-SO-47  [7 - 8]
4,4'-DDD  7800    IND  RES
4,4'-DDT  2700   RES
PAI-27-SO-47  [9 - 10]
4,4'-DDD  56000    IND  RES
4,4'-DDT  75000    IND  RES

PAI-55-SO-02  [7 - 8]
4,4'-DDD  12000    IND  RES
4,4'-DDT  17000    IND  RES

PAI-55-SO-03  [9 - 10]
4,4'-DDD  13000    IND  RES
4,4'-DDT  6700    RES

PAI-55-SO-04  [9 - 10]
4,4'-DDD  18000    IND  RES
4,4'-DDT  22000    IND  RES

PAI-55-SO-05  [9 - 10]
4,4'-DDD  48000    IND  RES
4,4'-DDT  45000    IND  RES

PAI-55-SO-07  [9 - 10]
4,4'-DDD  18000    IND  RES
4,4'-DDT  20000    IND  RES

PAI-55-SO-09  [9 - 10]
4,4'-DDD  35000    IND  RES
4,4'-DDT  50000    IND  RES

PAI-55-SO-10  [9 - 10]
4,4'-DDD  2700    RES
4,4'-DDT  3200    RES

PAI-55-SO-11  [9 - 10]
4,4'-DDD  110000    IND  RES
4,4'-DDT  190000    IND  RES

PAI-55-SO-12  [9 - 10]
4,4'-DDD  3000  J  RES
4,4'-DDT  5400  J   RES

PAI-55-SO-13  [9 - 10]-DUP
4,4'-DDD  77000  J   IND  RES
4,4'-DDT  97000  J   IND  RES

PAI-55-SO-14  [9 - 10]
4,4'-DDD  12000    IND  RES
4,4'-DDT  14000    IND  RES

PAI-55-SO-17  [9 - 10]-DUP
4,4'-DDD  6400  J  RES
4,4'-DDT  7400  J   IND  RES

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)
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100 1000
Feet

SELECTED PESTICIDES
(4,4-DDD, 4,4-DDE, AND 4,4-DDT)

EXCEEDANCES IN SOIL
SITES 27 AND 55

MCRD PARIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 05/23/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-14
___ __

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (UG/KG)

POLLUTANT UNIT USEPA INDUSTRIAL RSL USEPA RESIDENTIAL RSL
4,4-DDD UG/KG 7200 2000
4,4-DDE UG/KG 5100 1400
4,4-DDT UG/KG 7000 1700

Legend
Soil Sample Location
New Construction
Site Boundary

* Denotes Highest Concentration
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GEOLOGICAL CROSS SECTION B - B'

WITH TOTAL DDT RESULTS IN SOIL

SITES 27 AND 55

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED

SCALE

DATECHECKED BY

DRAWN BY

S. PAXTON 08/08/12

T. DECK 09/06/12

DATEREVISED BY

S. PAXTON 09/06/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE

2688

__ __

CTO NUMBER

JM18

1-15

___ __

APPROXIMATE VERTICAL SCALE: 1" = 10'

Feet

10 0 105

Notes:
1) Ground surface elevation is in NAVD 1988 (feet).
2) Wells and borings are shown to their total depth.
3) Cross section depicts data to second clay layer.  
4) * indicates the location does not fall directly on the cross section.
5) ND indicates the result is non-detect.
6) END indicates the end of the borehole at the total depth.
7) The first clay layer is assumed to be 2ft thick and the second clay layer is 
    assumed to be 2 ft thick from 24ft to 26ft bgs at locations where the geological 
    information is not available.
8) USEPA Risk-Based Soil Screening Level for DDT = 67 ug/kg.
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Notes:
1) Ground surface elevation is in NAVD 1988 (feet).
2) Wells and borings are shown to their total depth.
3) Cross section depicts data to second clay layer.  
4) * indicates the location does not fall directly on the cross section.
5) END indicates the end of the borehole at the total depth.
6) The first clay layer is assumed to be 2ft thick and the second clay layer is assumed to be 2 ft thick 
     from 24ft to 26ft bgs at locations where the geological information is not available.
7) USEPA Risk-Based Soil Screening Level for DDT = 67 ug/kg.
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APPROXIMATE HORIZONTAL SCALE: 1" = 50'
Feet

50 0 5025

APPROXIMATE VERTICAL SCALE: 1" = 10'
Feet

10 0 105

Notes:
1) Ground surface elevation is in NAVD 1988 (feet).
2) Wells and borings are shown to their total depth.
3) Cross section depicts data to second clay layer.  
4) * indicates the location does not fall directly on the cross section.
5) ND indicates the result is non-detect.
6) END indicates the end of the borehole at the total depth.
7) The first clay layer is assumed to be 2ft thick and the second clay layer 
    is assumed to be 2 ft thick from 24ft to 26ft bgs at locations where the 
    geological information is not available.
8) USEPA Risk-Based Soil Screening Level for DDT = 67 ug/kg.
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3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

405

PAI-9/16-MW-05S    [0-1]
4,4'-DDE            8400      IND  RES
4,4'-DDT            12000     IND  RES
ALPHA-CHLORDANE     16000  J  IND  RES
BETA-BHC            580       RES
GAMMA-CHLORDANE     14000     IND  RES
HEPTACHLOR          930       IND  RES

PAI09SB02     [0-1]
AROCLOR-1260   810  J  IND  RES

PAI09SB03     [0-1]
4,4'-DDE       2300  RES
4,4'-DDT       4200  RES

406

450

407

852

856
867

864

895

N281
N277

N282

625A

171

855

100 1000
Feet

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
S. STROZ 11/20/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-18
___ __
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PESTICIDES AND PCBs
EXCEEDANCES IN SOIL

SITES 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (UG/KG)

POLLUTANT UNIT USEPA INDUSTRIAL RSL USEPA RESIDENTIAL RSL
4,4'-DDE UG/KG 5100 1400
4,4'-DDT UG/KG 7000 1700

ALPHA-CHLORDANE UG/KG 6500 1600
AROCLOR-1260 UG/KG 740 220

BETA-BHC UG/KG 960 270
GAMMA-CHLORDANE UG/KG 6500 1600

HEPTACHLOR UG/KG 380 110

Legend
Soil Sample Location
New Construction
Site Boundary



3rd Battalion
Pond

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

405

401

PAI-27-SO-01  [0 - 1]
ARSENIC  1.5  RES

PAI-27-SO-02  [0 - 1]
ARSENIC  1.3    RES

PAI-27-SO-03  [0 - 1]
ARSENIC  2.7    IND  RES
PAI-27-SO-03  [1 - 2]
ARSENIC  0.93    RES

PAI-27-SO-04  [0 - 1]
ARSENIC  1.3    RES

PAI-27-SO-05  [0 - 1]
ARSENIC  1.3    RES

PAI-27-SO-06  [0 - 1]
ARSENIC  1.2    RES

PAI-27-SO-07  [0 - 1]
ARSENIC  1.2    RES

PAI-27-SO-08  [0 - 1]
ARSENIC  5.7    IND  RES

PAI-27-SO-09  [0 - 1]
ARSENIC  2.9    IND  RES

PAI-27-SO-10  [0 - 1]
ARSENIC  3.7    IND  RES

PAI-27-SO-11  [0 - 1]
ARSENIC  3.4    IND   RES

PAI-27-SO-12  [0 - 1]
ARSENIC  3.2    IND  RES

PAI-27-SO-13  [0 - 1]
ARSENIC  2.1    IND  RES

PAI-27-SO-33  [0 - 1]
ARSENIC  1.26  J   IND   RES

PAI-27-SO-34  [0 - 1]
ARSENIC  1.13  J   RES
PAI-27-SO-34  [4 - 5]
ARSENIC  4.05     IND  RES

PAI-27-SO-35  [0 - 1]
ARSENIC  0.77  J   IND
PAI-27-SO-35  [7 - 8]
ARSENIC  1.11  J   IND

PAI-27-SO-36  [0 - 1]
ARSENIC  1.87  J   IND   RES
PAI-27-SO-36  [7 - 8]
ARSENIC  7.32    IND   RES

PAI-27-SO-37  [0 - 1]
ARSENIC  0.59  J   RES
PAI-27-SO-37  [7 - 8]
ARSENIC  9.97    IND  RES

PAI-27-SO-38A  [0 - 1]
ARSENIC  0.62  J   RES
PAI-27-SO-38A  [4 - 5]
ARSENIC  2.12  J   IND   RES
THALLIUM  4.51  J   RES
PAI-27-SO-38A  [9 - 10]-DUP
ARSENIC  2.27  J   IND   RES
THALLIUM  5.86  J*   RES

PAI-27-SO-39  [0 - 1]
ARSENIC  0.80  J   IND   RES

PAI-27-SO-40  [0 - 1]
ARSENIC  0.50  J   IND   RES
PAI-27-SO-40  [7 - 8]
ARSENIC  0.54  J   IND   RES

PAI-27-SO-41  [0 - 1]
ARSENIC  1.13  J   RES
PAI-27-SO-41  [4 - 5]
ARSENIC  13.2    IND   RES
PAI-27-SO-41  [7 - 8]
ARSENIC  4.13     IND   RES

PAI-27-SO-42  [0 - 1]-DUP
ARSENIC  0.80  J   RES

PAI-27-SO-43  [0 - 1]
ARSENIC  0.55  J   RES
PAI-27-SO-43  [7 - 8]
ARSENIC  2.53  J   IND   RES

PAI-27-SO-44  [0 - 1]
ARSENIC  0.50  J   IND   RES
PAI-27-SO-44  [7 - 8]
ARSENIC  1.25  J   RES

PAI-27-SO-45  [0 - 1]-DUP
ARSENIC  0.49  J    RES

PAI-27-SO-45B  [0 - 1]
THALLIUM  0.88  J   RES

PAI-27-SO-46  [0 - 1]
ARSENIC  0.75  J    RES
PAI-27-SO-46  [9 - 10]
ARSENIC  1.42  J   RES

PAI-27-SO-47  [7 - 8]
ARSENIC  3.28    IND   RES

PAI-27-SO-48  [0 - 1]
ARSENIC  0.46  J   RES
PAI-27-SO-48  [4 - 5]
ARSENIC  0.93  J   RES

PAI-55-SO-01  [0 - 1]-DUP
ARSENIC  0.75  J   RES

PAI-55-SO-02  [7 - 8]
ARSENIC  1.78  J   IND  RES

PAI-55-SO-02A  [9 - 10]
ARSENIC  0.85  J   RES

PAI-55-SO-04  [0 - 1]
ARSENIC  0.64  J   RES
PAI-55-SO-04  [9 - 10]-DUP
ARSENIC  0.56  J   RES

PAI-55-SO-07  [0 - 1]
ARSENIC  0.84  J   RES

PAI-55-SO-07A  [0 - 1]
ARSENIC  0.70  J   RES
PAI-55-SO-07A  [9 - 10]
ARSENIC  2.08  J   IND   RES

PAI-55-SO-07B  [0 - 1]
ARSENIC  17.5*   IND   RES

PAI-55-SO-08  [0 - 1]
ARSENIC  0.64  J    RES

PAI-55-SO-09  [0 - 1]
ARSENIC  0.50  J   RES

PAI-55-SO-10  [0 - 1]
ARSENIC  0.68  J    RES

PAI-55-SO-10A  [0 - 1]
ARSENIC  0.58  J    RES
PAI-55-SO-10A  [8 - 9]
ARSENIC  0.60  J   RES

PAI-55-SO-10C  [0 - 1]
ARSENIC  1.24  J   RES

PAI-55-SO-11  [0 - 1]
ARSENIC  0.51  J   RES

PAI-55-SO-12  [0 - 1]
ARSENIC  1.12  J    RES

PAI-55-SO-13  [0 - 1]
ARSENIC  1.85  J   IND   RES

PAI-55-SO-14  [0 - 1]-DUP
ARSENIC  1.42  J    RES

PAI-55-SO-14C  [0 - 1]
ARSENIC  1.18  J   RES
PAI-55-SO-14C  [9 - 10]
ARSENIC  0.58  J   RES

PAI-55-SO-15  [0 - 1]
ARSENIC  1  J    RES
LEAD  1140*   IND   RES

PAI-55-SO-17  [0 - 1]
ARSENIC  2.02  J   IND   RES

PAI-55-SO-17A  [0 - 1]
ARSENIC  7.17    IND   RES

PAI-55-SO-17B  [0 - 1]
ARSENIC  1.63  J   IND   RES

PAI-55-SO-17C  [0 - 1]
ARSENIC  1.04  J   RES

PAI-55-SO-17D  [0 - 1]
ARSENIC  0.73  J   RES

PAI-55-SO-18A  [0 - 1]
ARSENIC  0.89  J   RES
PAI-55-SO-18A  [9 - 10]
ARSENIC  0.86  J    RES

PI02701  [0 - 1]
ARSENIC  1.4     RES

PI02702  [0 - 1]-DUP
ARSENIC  4.2     IND  RES

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

400

667

666

407

450

864 868
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150 1500
Feet

SELECTED METALS
(ANTIMONY, ARSENIC, LEAD, SELENIUM, AND THALLIUM)

EXCEEDANCES IN SOIL
SITES 27 AND 55 

MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
J. NOVAK 08/24/12

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-19
___ __

P OLLUT A N T UN IT USEP A  IN D UST R IA L R SL USEP A  R ESID EN T IA L R SL
ANTIM ONY M G/KG 410 31
ARSENIC M G/KG 1.6 0.39

LEAD M G/KG 800 400
SELENIUM M G/KG 5100 390
THALLIUM M G/KG 10 0.78

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (MG/KG)

Legend
Soil Sample Location
New Construction
Site Boundary

* Denoted Highest Concentration



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

405

PAI09SB01          [0-1]
ARSENIC        0.92      RES

PAI09SB02          [0-1]
ARSENIC        0.92      RES
COBALT         23.5      RES
LEAD           826       IND  RES

PAI09SB03          [0-1]
ARSENIC        7.3       IND  RES

PAI16-SB1          [0-3]
ARSENIC        0.8       RES

PAI-9/16-MW-05S    [0-1]
ARSENIC        5.3       IND  RES
PAI-9/16-MW-05S    [7-9]
ARSENIC        8.3       IND  RES

PAI-9/16-SO-01     [4-5]
ARSENIC        8.91      IND  RES

PAI-9/16-SO-02     [0-1]
ARSENIC        0.64  J   RES

PAI-9/16-SO-02A    [0-1]
ARSENIC        1.42  J   RES

PAI-9/16-SO-02B    [0-1]
ARSENIC        1.74  J   IND  RES

PAI-9/16-SO-03     [0-1]
ARSENIC        4.49      IND  RES

PAI-9/16-SO-04A    [0-1]
ARSENIC        1.23  J   RES

PAI-9/16-SO-04B    [0-1]
ARSENIC        0.56  J   RES

PAI-9/16-SO-04C    [0-1]
ARSENIC        0.90  J   RES

PAI-9/16-SO-05A    [0-1]
ARSENIC        0.98  J   RES

PAI-9/16-SO-06     [0-1]
ARSENIC        3.12      IND  RES
PAI-9/16-SO-06     [4-5]
ARSENIC        2.17  J   IND  RES

PAI-9/16-SO-06A    [0-1]
ARSENIC        1.42  J   RES

PAI-9/16-SO-07     [0-1]
ARSENIC        0.59  J   RES
PAI-9/16-SO-07     [4-5]
ARSENIC        0.95  J   RES

407

406

450

867
855

852

856

568
866 567869

24
23

864

895

N277
N282

625A

171

865

100 1000
Feet

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
K. MOORE 11/21/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-20
___ __
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METALS
EXCEEDANCES IN SOIL

SITES 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

ANALYTE UNIT USEPA INDUSTRIAL RSL USEPA RESIDENTIAL RSL
ARSENIC MG/KG 1.6 0.39
COBALT MG/KG 300 23

LEAD MG/KG 800 400

Sample Tag:
LOCATION ID           [SAMPLE DEPTH]
POLLUTANT            CONCENTRATION (MG/KG)

Legend
Soil Sample Location
New Construction
Site Boundary



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S
(0.74)

100

1000

ND

ND

1

1

10

100

100

10

PAI-9/16-TW-1S
(ND)

PAI-9/16-TW-2I

PAI-9/16-TW-3S
(ND)

PAI-9/16-TW-4I

ND

ND
1

1

10SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-27-TW-68I
PAI-27-TW-67S

(1800)PAI-27-TW-66I
PAI-27-TW-65S

(2000)

PAI-9/16-MW-05S (ND)

PAI-9/16-MW-06I

PAI-27-MW64S
(2.3)

PAI-27-MW63S
(ND)

PAI-27-MW62S
(0.17)

PAI-27-MW61I

PAI-27-MW60I

PAI-27-MW59IPAI-27-MW58S
(3.1)

PAI-27-MW57S
(0.28)

PAI-27-MW56I

PAI-27-MW55S
(6.1)

PAI-27-MW54I PAI-27-MW53S
(ND)

PAI-27-MW52IPAI-27-MW51S
(ND)

PAI-27-MW50I
PAI-27-MW49S

(2)

PAI-27-MW48I

PAI-27-MW20S
(ND) PAI-27-MW19S

(410)

PAI-27-MW18I
PAI-27-MW17S

(ND)

PAI-27-MW16S
(ND)

PAI-27-MW15I
PAI-27-MW14S

(8.6)

PAI-27-MW13D

PAI-27-MW10S
(180)

PAI-27-MW09S
(ND)

PAI-27-MW08D
PAI-27-MW06S

(320)

PAI-27-MW05I
PAI-27-MW04S

(2.5)
PAI-27-MW03S

(ND)

PAI-27-MW02I
PAI-27-MW01S

(11)

PAI-27-MW07I

PAI-27-MW11S
(230)

PAI-27-MW12I
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400
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568
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869

855
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865
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4301
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658
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CHLOROBENZENE ISOCONCENTRATIONS IN
SHALLOW GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 12/20/10

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-21
___ __

Note: Highlighted samples represent exceedance of the screening criteria
PARAMETER  UNITS USEPA FEDERAL MCL USEPA TAPWATER RSL
CHLOROBENZENE UG/L 100 91

Existing Building
Road
Surface Water

Legend

Chlorobenzene Isocontours
(Dashed where inferred)

Not Detected
1 μg/L
10 μg/L
100 μg/L
1000 μg/L
Site Boundary

Temporary Well
Monitoring Well

New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S

1

1

10

10

ND
100

100

PAI-27-TW-66I
(1.6)

PAI-27-TW-65S

PAI-9/16-TW-1S
PAI-9/16-TW-2I

(ND)

PAI-27-TW-68I
(1.2)

PAI-27-TW-67S

ND

0.1

0.1

 Revised a bunch of Parris Island  Site 27 & 55 concentration and tag maps for Fer 
Padilla. 

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-9/16-MW-06I
(ND)

PAI-9/16-TW-3S
PAI-9/16-TW-4I

(ND)
PAI-9/16-MW-05S

867

866
869

865

856

23
24

855

400

569

568

567
568A

567A

407

405

406

401

405B
405A

864

864A 895

864B

N281
N282N277

864C

450

171A
171

852

864D

173

667

402

625A

PAI-27-MW64S

PAI-27-MW63S

PAI-27-MW62S

PAI-27-MW61I
(ND)

PAI-27-MW60I
(ND)

PAI-27-MW59I
(0.52)

PAI-27-MW58SPAI-27-MW57S

PAI-27-MW56I
(0.079)

PAI-27-MW55S

PAI-27-MW54I
(ND) PAI-27-MW53S

PAI-27-MW52I
(ND)

PAI-27-MW51S

PAI-27-MW50I
(980)PAI-27-MW49S

PAI-27-MW48I
(ND)

PAI-27-MW20S PAI-27-MW19S

PAI-27-MW18I
(270)

PAI-27-MW17S

PAI-27-MW16S

PAI-27-MW15I
(780)

PAI-27-MW14S

PAI-27-MW13D

PAI-27-MW10S

PAI-27-MW09S

PAI-27-MW08D
PAI-27-MW06S

PAI-27-MW05I
(ND)

PAI-27-MW04S

PAI-27-MW03S

PAI-27-MW02I
(8.7)PAI-27-MW01S

PAI-27-MW07I (36.5)

PAI-27-MW11S
PAI-27-MW12I (250)

PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_2010_CHLOROBENZENE_INTERMED.MXD 09/10/12  JN

125 1250
Feet

CHLOROBENZENE ISOCONCENTRATIONS IN
INTERMEDIATE GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 12/20/10

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-22
___ __

Note: Highlighted samples represent exceedance of the screening criteria
PARAMETER  UNITS USEPA FEDERAL MCL USEPA TAPWATER RSL
CHLOROBENZENE UG/L 100 91

Road
Surface Water

Legend

Chlorobenzene Isocontours
(Dashed where inferred)

Temporary Well
Monitoring Well

Site Boundary
100 μg/L

Not Detected
0.1 μg/L
1 μg/L
10 μg/L

Existing Building
New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S
(ND)

PAI-27-TW-66I
PAI-27-TW-65S

(249)

PAI-9/16-TW-1S
(0.41)

PAI-9/16-TW-2I

PAI-9/16-TW-3S
(0.43)

PAI-9/16-TW-4I

PAI-27-TW-68IPAI-27-TW-67S
(314)

0.0
1

10

0.1

0.0
1

100

0.01

0.01

ND

ND

1.0

0.1

ND SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-9/16-MW-06I

PAI-9/16-MW-05S
(ND) 0.1

0.1

PAI-27-MW64S
(0.085)

PAI-27-MW63S
(ND)

PAI-27-MW62S
(ND)

PAI-27-MW61I

PAI-27-MW60I

PAI-27-MW59I
PAI-27-MW58S

(0.039)
PAI-27-MW57S

(ND)

PAI-27-MW56IPAI-27-MW55S
(0.18)

PAI-27-MW54I
PAI-27-MW53S

(0.087)
PAI-27-MW52IPAI-27-MW51S

(0.09)

PAI-27-MW50IPAI-27-MW49S
(0.045)

PAI-27-MW48I

PAI-27-MW20S
(ND)

PAI-27-MW19S
(3.2)

PAI-27-MW18I

PAI-27-MW17S
(ND)

PAI-27-MW16S
(ND)

PAI-27-MW15I PAI-27-MW14S
(0.077)

PAI-27-MW13D

PAI-27-MW10S
(ND)

PAI-27-MW09S
(ND)

PAI-27-MW08D

PAI-27-MW06S
(192)

PAI-27-MW05I
PAI-27-MW04S (ND)

PAI-27-MW03S
(ND)

PAI-27-MW02IPAI-27-MW01S
(0.24)

PAI-27-MW07I

PAI-27-MW11S
(42.2)

PAI-27-MW12I

409

407

406

450

864

400

405

895

667

864A

4304

568

567

569

867

856

866
869

855

852

865

401

4303

409A

173

4302

402
171A

2423

864B

N281

4301

N277N282

625A

171

405A

658

405B

864C

568A
567A

864D

868
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125 1250
Feet

TOTAL BTEX ISOCONCENTRATIONS IN
SHALLOW GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 02/01/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-23
___ __

Road
Surface Water

Note: Highlighted locations indicate BTEX results above the Benzene Tapwater RSL of 0.41 ug/L 
which is the most conservative screening level of the BTEX constituent's screening levels.

Site Boundary

0.01 μg/L
0.1 μg/L
1 μg/L
10 μg/L
100 μg/L

Not Detected

Legend

BTEX Isocontours
(Dashed where inferred)

Temporary Well
Monitoring Well

New Construction

Existing Building



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S

PAI-27-TW-66I
(ND)

PAI-27-TW-65S

PAI-9/16-TW-1S
PAI-9/16-TW-2I

(0.12)

PAI-9/16-TW-3S
PAI-9/16-TW-4I

(0.27)

PAI-27-TW-68I
(ND)

PAI-27-TW-67S

ND

ND

0.1

0.1

0.01

0.0
1

10

ND

ND

0.01

0.0
1

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-9/16-MW-06I
(ND)

PAI-9/16-MW-05S

PAI-27-MW64S

PAI-27-MW63S

PAI-27-MW62S

PAI-27-MW61I
(ND)

PAI-27-MW60I
(0.081)

PAI-27-MW59I
(ND)

PAI-27-MW58SPAI-27-MW57S

PAI-27-MW56I
(ND)PAI-27-MW55S

PAI-27-MW54I
(ND) PAI-27-MW53S

PAI-27-MW52I
(ND)

PAI-27-MW51S

PAI-27-MW50I
(7.4)PAI-27-MW49S

PAI-27-MW48I
(ND)

PAI-27-MW20S PAI-27-MW19S

PAI-27-MW18I
(2.21)

PAI-27-MW17S

PAI-27-MW16S

PAI-27-MW15I
(6.7)

PAI-27-MW14S

PAI-27-MW13D

PAI-27-MW10S

PAI-27-MW09S

PAI-27-MW08D
PAI-27-MW06S

PAI-27-MW05I (ND)
PAI-27-MW04S

PAI-27-MW03S

PAI-27-MW02I (0.13)
PAI-27-MW01S

PAI-27-MW07I (0.043)

PAI-27-MW11S
PAI-27-MW12I (0.37)

409

407

406

450

864

405

895

400

667

864A

568

567

569

867
856

866
869

855

852

865

4304

401

409A

173

4303

402

171A

4302

24
23

864B

N281 N277N282

625A

868

405A

658

405B

864C

568A
567A

864D

PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_2010_BTEX_INTERMED.MXD 09/10/12  JN

125 1250
Feet

TOTAL BTEX ISOCONCENTRATIONS IN 
INTERMEDIATE GROUNDWATER - 2010

SITES 27, 55 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 02/02/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-24
___ __

Road
Surface Water

Legend

BTEX Isocontours
(Dashed where inferred)

Temporary Well
Monitoring Well

Site Boundary

Not Detected

0.1 μg/L
0.01 μg/L

1 μg/L

Note: Highlighted locations indicate BTEX results above the Benzene Tapwater RSL of 0.41 ug/L
which is the most conservative screening level of the BTEX constituent's screening levels.

Existing Building
New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

1

100

ND

ND

1

PAI-27-TW-66I
PAI-27-TW-65S

(0.43)

PAI-9/16-TW-1S
(0.022)

PAI-9/16-TW-2I

PAI-9/16-TW-3S
(0.068)

PAI-9/16-TW-4I

PAI-27-TW-68I
PAI-27-TW-67S

(71)

0.1

0.1

0.01

0.0
1

10

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-27-MW62S
(ND)

PAI-27-MW57S
(ND)

PAI-27-MW20S
(ND)

PAI-27-MW56I

PAI-27-MW55S
(ND)

PAI-27-MW61I

PAI-27-MW63S
(ND)

PAI-27-MW60I

PAI-27-MW59IPAI-27-MW58S
(ND)

PAI-27-MW10S
(ND)

PAI-27-MW01S
(0.02)

PAI-27-MW02IPAI-27-MW08D
PAI-27-MW07I

PAI-27-MW06S (70)
PAI-27-MW11S (1000)

PAI-27-MW13D
PAI-27-MW12I

PAI-27-MW03S
(0.089)

PAI-27-MW05I

PAI-27-MW04S
(0.083)

PAI-27-MW15I
PAI-27-MW14S

(0.082)

PAI-27-MW16S
(0.033)

PAI-27-MW18I

PAI-27-MW17S
(ND)

PAI-27-MW49S
(ND)

PAI-27-MW50I

PAI-27-MW19S
(ND)

PAI-27-MW52IPAI-27-MW51S
(ND)

PAI-27-MW54I PAI-27-MW53S
(ND)

PAI-27-MW48I PAI-27-MW09S
(0.013)

PAI-27-MW64S
(0.56)

PAI-27-MW21S
(ND)

PAI-9/16-MW-06I

PAI-9/16-MW-05S
(ND)

409

407

406

450

864

400

405

895

667

864A

4304

568

567

569

867
856

866
869

855

852

865

401

4303

409A

173

4302

402
171A

2423

864B

N281

4301

N277N282

625A

171

405A

658

405B

864C

568A
567A

864D

868
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125 1250
Feet

4,4'-DDT ISOCONCENTRATIONS IN 
SHALLOW GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 12/21/10

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-25
___ __

Road
Surface Water

Existing Building

Note: Highlighted samples represent exceedance of the screening criteria
PARAMETER  UNITS USEPA FEDERAL MCL USEPA TAPWATER RSL
4,4'-DDT UG/L NC 0.2

Legend

DDT Isocontours
(Dashed where inferred)

Not Detected

100 μg/L

1 μg/L
10 μg/L

0.01 μg/L
0.1 μg/L

Site Boundary

Temporary Well
Monitoring Well

New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S

PAI-9/16-TW-1S
PAI-9/16-TW-2I

(ND)

PAI-9/16-TW-3S
PAI-9/16-TW-4I

(0.033)

PAI-27-TW-68I
(0.025)

PAI-27-TW-67S

ND

ND

0.01

0.01

0.1PAI-27-TW-66I
(0.12)

PAI-27-TW-65S

0.01

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-9/16-MW-06I
( ND)

PAI-9/16-MW-05S

PAI-27-MW64S

PAI-27-MW63S

PAI-27-MW62S

PAI-27-MW61I
(ND)

PAI-27-MW60I
(ND)

PAI-27-MW59I
(ND)

PAI-27-MW58SPAI-27-MW57S

PAI-27-MW56I
(ND)

PAI-27-MW55S

PAI-27-MW54I
(ND) PAI-27-MW53S

PAI-27-MW52I
(ND)

PAI-27-MW51S

PAI-27-MW50I
(ND)

PAI-27-MW49S

PAI-27-MW48I
(ND)

PAI-27-MW20S PAI-27-MW19S

PAI-27-MW18I
(ND)

PAI-27-MW17S

PAI-27-MW16S

PAI-27-MW15I
(0.03)

PAI-27-MW14S

PAI-27-MW13D

PAI-27-MW10S

PAI-27-MW09S

PAI-27-MW08D
PAI-27-MW06S

PAI-27-MW05I
(ND)

PAI-27-MW04S

PAI-27-MW03S

PAI-27-MW02I
(0.0053)PAI-27-MW01S

PAI-27-MW07I (0.0205)

PAI-27-MW11S
PAI-27-MW12I (ND)

409

407

406

450

864

400

405

895

667

864A

4304

568

567

569

867
856

866
869

855

852

865

401

4303

409A

173

4302

402
171A

24
23

864B

N281

4301

N277N282

625A

171

405A

658

405B

864C

568A
567A

864D

868
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125 1250
Feet

4,4'-DDT ISOCONCENTRATIONS IN 
INTERMEDIATE GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 12/21/10

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-26
___ __PARAMETER  UNITS USEPA FEDERAL MCL USEPA TAPWATER RSL

4,4'-DDT UG/L NC 0.2

Road
Surface Water

Legend

DDT Isocontours
(Dashed where inferred)

Not Detected
0.01 μg/L
0.1 μg/L
Site Boundary

Temporary Well
Monitoring Well

New Construction
Existing Building



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

10

ND

PAI-9/16-TW-1S
(ND)

PAI-9/16-TW-2I

0.1

0.1

0.01

PAI-9/16-TW-3S
(0.21)

PAI-9/16-TW-4I
0.1

0.01

ND

0.01

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-27-MW55S
(ND)

PAI-27-MW56I

PAI-27-MW20S
(ND)

PAI-27-MW62S
(ND)

PAI-27-MW57S
(ND)

PAI-27-TW-66I
PAI-27-TW-65S

(2.4)

PAI-27-TW-68I
PAI-27-TW-67S

(81)

PAI-27-MW64S
(0.53)

PAI-27-MW02I
PAI-27-MW01S

(0.016)

PAI-27-MW06S (770)
PAI-27-MW08D
PAI-27-MW07I

PAI-27-MW61I

PAI-27-MW03S
(0.094)

PAI-27-MW05I

PAI-27-MW04S
(0.39)

PAI-27-MW16S
(0.035)

PAI-27-MW14S
(0.12)PAI-27-MW15I

PAI-27-MW13D
PAI-27-MW12I

PAI-27-MW11S (1000)

PAI-27-MW10S
(0.054)

PAI-27-MW18I

PAI-27-MW17S
(ND)

PAI-27-MW49S
(0.0077)

PAI-27-MW50I

PAI-27-MW19S
(ND)

PAI-27-MW63S
(ND)

PAI-27-MW60I

PAI-27-MW59IPAI-27-MW58S
(ND)

PAI-27-MW21S
(ND)

PAI-27-MW09S
(0.034)

PAI-27-MW51S
(ND) PAI-27-MW52I

PAI-27-MW48I

PAI-27-MW53S
(ND)

PAI-27-MW54I

PAI-9/16-MW-06I

PAI-9/16-MW-05S
(ND)

409

407

406

450

864

400

405

895

667

864A

4304

568

567

569

867
856

866
869

855

852

865

401

4303

409A

173

4302

402
171A

24
23

864B

N281

4301

N277N282

625A

171

405A

658

405B

864C

568A
567A

864D

868
PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_2010_DDD_SHALLOW.MXD 09/10/12  JN

125 1250
Feet

4,4'-DDD ISOCONCENTRATIONS IN
SHALLOW GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 01/13/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-27
___ __

Note: Highlighted samples represent exceedance of the screening criteria
PARAMETER  UNITS USEPA FEDERAL MCL USEPA TAPWATER RSL
4,4'-DDD UG/L NC 0.28

Existing Building

Site Boundary

Road
Surface Water

Legend

DDD Isocontours
(Dashed where inferred)

Not Detected
0.01 μg/L
0.1 μg/L
10 μg/L
100 μg/L

Temporary Well
Monitoring Well

New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-9/16-TW-3S

PAI-9/16-TW-1S
PAI-9/16-TW-2I

(ND)

PAI-9/16-TW-4I
(0.06)

0.01

0.01

0.01

0.1

0.1

ND

ND

1

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-27-MW61I
(ND)

PAI-27-MW52I
(ND)

PAI-27-MW51S

PAI-27-MW48I
(ND)

PAI-27-MW09S

PAI-27-MW64S

PAI-27-MW01S

PAI-27-TW-66I
(0.27)

PAI-27-TW-65S

PAI-27-MW02I
(0.048)

PAI-27-TW-68I
(0.064)

PAI-27-TW-67S

PAI-27-MW08D
PAI-27-MW07I (1.15)

PAI-27-MW06S

PAI-27-MW11S
PAI-27-MW12I (0.15)

PAI-27-MW21S

PAI-27-MW13D

PAI-27-MW05I
(0.11)

PAI-27-MW15I
(0.76)

PAI-27-MW14S

PAI-27-MW54I
(ND) PAI-27-MW53S

PAI-27-MW10S

PAI-27-MW18I
(0.048)

PAI-27-MW17S

PAI-27-MW50I
(ND)PAI-27-MW49S

PAI-27-MW19S

PAI-27-MW63S

PAI-27-MW60I
(ND)

PAI-27-MW59I
(ND)

PAI-27-MW58SPAI-27-MW57S

PAI-27-MW62S

PAI-27-MW20S

PAI-27-MW56I
(0.0076)

PAI-27-MW55S

PAI-9/16-MW-06I
(ND)

PAI-9/16-MW-05S

409

407

406

450

864

400

405

895

667

864A

4304

568

567

569

867
856

866
869

855

852

865

401

4303

409A

173

4302

402
171A

24
23

864B

N281

4301

N277N282

625A

171

405A

658

405B

864C

568A
567A

864D

868
PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_2010_DDD_INTERMED.MXD 09/10/12  JN

125 1250
Feet

4,4'-DDD ISOCONCENTRATIONS IN
INTERMEDIATE GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 01/13/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
0039

1-28
___ __

Note: Highlighted samples represent exceedance of the screening criteria
PARAMETER  UNITS USEPA FEDERAL MCL USEPA TAPWATER RSL
4,4'-DDD UG/L NC 0.28

Road
Surface Water

Existing Building

Legend

DDD Isocontours
(Dashed where inferred)

0.01 μg/L
0.1 μg/L
1 μg/L
100 μg/L

Not Detected

Site Boundary

Temporary Well
Monitoring Well

New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S
(2.89)

PAI-27-TW-66I
PAI-27-TW-65S

(215.5)

PAI-9/16-TW-1S
(0.003)

PAI-9/16-TW-2I

PAI-9/16-TW-3S
(0.036)

PAI-9/16-TW-4I

PAI-27-TW-68IPAI-27-TW-67S
(144.62)

0.1

0.01

10

0.1

1.0

0.0
1

1.0

100

0.01

0.0
1

ND

ND

10

1.0 0.1

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-9/16-MW-05S
(0.011)

PAI-9/16-MW-06I

PAI-27-MW64S
(0.41)

PAI-27-MW63S
(ND)

PAI-27-MW62S
(0.48)

PAI-27-MW61I

PAI-27-MW60I

PAI-27-MW59I
PAI-27-MW58S

(1.17)
PAI-27-MW57S

(0.012)

PAI-27-MW56I
PAI-27-MW55S

(0.53)

PAI-27-MW54I
PAI-27-MW53S

(0.1497)
PAI-27-MW52IPAI-27-MW51S

(0.007)

PAI-27-MW50IPAI-27-MW49S
(3.19)

PAI-27-MW48I

PAI-27-MW20S
(0.36)

PAI-27-MW19S
(29.3)

PAI-27-MW18I
PAI-27-MW17S

(ND)

PAI-27-MW16S
(1.95)

PAI-27-MW15I PAI-27-MW14S
(8.74)

PAI-27-MW13D

PAI-27-MW10S
(16.48)

PAI-27-MW09S
(0.025)

PAI-27-MW08D

PAI-27-MW06S
(490)

PAI-27-MW05I
PAI-27-MW04S (0.37)

PAI-27-MW03S
(0.18)

PAI-27-MW02IPAI-27-MW01S
(2.62)

PAI-27-MW07I

PAI-27-MW11S
(202.5)

PAI-27-MW12I

409

407

406

450

864

400

405

895

667

864A

4304

568

567

569

867

856

866
869

855

852

865

401

4303

409A

173

4302

402
171A

2423

864B

N281

4301

N277N282

625A

171

405A

658

405B

864C

568A
567A

864D

868
PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_2010_BHC_SHALLOW.MXD 09/10/12  JN

125 1250
Feet

TOTAL BHC ISOCONCENTRATIONS IN 
SHALLOW GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 01/12/11

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-29
___ __

Note: Highlighted locations represent Total BHC concentrations  above the Technical BHC Tapwater RSL of 0.022 ug/L

Existing Building
Road
Surface Water

Legend

BHC Isocontours
(Dashed where inferred)

Temporary Well
Monitoring Well

Site Boundary

0.01 μg/L
0.1 μg/L
1 μg/L
10 μg/L
100 μg/L

Not Detected

New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-MW21S

PAI-27-TW-66I
(0.213)

PAI-27-TW-65S

PAI-9/16-TW-1S
PAI-9/16-TW-2I

(ND)

PAI-9/16-TW-3S
PAI-9/16-TW-4I

(0.212)

PAI-27-TW-68I
(0.229)

PAI-27-TW-67S

ND

ND

0.1

0.1

1.0

0.0
1

0.01

1.0 10

10

0.1

ND

ND

0.01

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

PAI-9/16-MW-06I
(ND)

PAI-9/16-MW-05S

PAI-27-MW64S

PAI-27-MW63S

PAI-27-MW62S

PAI-27-MW61I
(ND)

PAI-27-MW60I
(ND)

PAI-27-MW59I
(0.012)

PAI-27-MW58SPAI-27-MW57S

PAI-27-MW56I
(0.04)

PAI-27-MW55S

PAI-27-MW54I
(0.009) PAI-27-MW53S

PAI-27-MW52I
(0.004)

PAI-27-MW51S

PAI-27-MW50I
(15.54)PAI-27-MW49S

PAI-27-MW48I
(0.028)

PAI-27-MW20S PAI-27-MW19S

PAI-27-MW18I
(0.345)

PAI-27-MW17S

PAI-27-MW16S

PAI-27-MW15I
(1.05)

PAI-27-MW14S

PAI-27-MW13D

PAI-27-MW10S

PAI-27-MW09S

PAI-27-MW08D
PAI-27-MW06S

PAI-27-MW05I (ND)
PAI-27-MW04S

PAI-27-MW03S

PAI-27-MW02I
(0.023)PAI-27-MW01S

PAI-27-MW07I (0.179)

PAI-27-MW11S
PAI-27-MW12I (17.64)

409

407

406

450

864

405

895

400

667

864A

568

567

569

867
856

866
869

855

852

865

4304

401

409A

173

4303

402
171A

4302

24
23

864B

N281 N277N282

625A

868

171

405A

658

405B

864C

568A
567A

864D

PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_2010_BHC_INTERMED.MXD 09/10/12  JN

125 1250
Feet

TOTAL BHC ISOCONCENTRATIONS IN 
INTERMEDIATE GROUNDWATER - 2010

SITES 27, 55, 9 AND 16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
T. WHEATON 12/21/10

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-30
___ __

Note: Highlighted locations represent Total BHC concentrations  above the Technical BHC Tapwater RSL of 0.022 ug/L

Existing Building
Road
Surface Water

Legend

BHC Isocontours
(Dashed where inferred)

Temporary Well
Monitoring Well

Site Boundary

Not Detected

10 μg/L
1 μg/L
0.1 μg/L
0.01 μg/L

New Construction



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-SO-18

PAI-27-MW21S

PAI-27-TW-66I
PAI-27-TW-65S

PAI-27-SO-46 PAI-27-TW-68I
PAI-27-TW-67S

PAI-27-SO-47

PAI-9/16-TW-1SPAI-9/16-TW-2IPAI-9/16-SO-02

Approximate Boundary of the 
Area Disturbed by the 

Construction of Motor-T Facility

PAI-9/16-SO-07
PAI-9/16-TW-3S
PAI-9/16-TW-4I

PAI-27-SO-32
PAI-27-SO-31

PAI-27-SO-30

PAI-27-SO-29

PAI-27-SO-28

PAI-27-SO-27

PAI-27-SO-26

PAI-27-SO-25
PAI-27-SO-24

PAI-27-SO-23

PAI-27-SO-21
PAI-27-SO-20

PAI-27-SO-19

PAI-27-SO-17 PAI-27-SO-16

PAI-27-SO-15

PAI-27-SO-13

PAI-27-SO-12

PAI-27-SO-11

PAI-27-SO-10

PAI-27-SO-09

PAI-27-SO-08
PAI-27-SO-07

PAI-27-SO-06
PAI-27-SO-05

PAI-27-SO-04

PAI-27-SO-03

PAI-27-SO-02

PAI-27-SO-01

PAI-27-MW64S

PAI-27-MW63S

PAI-27-MW62S

PAI-27-MW61I

PAI-27-MW60I

PAI-27-MW56I
PAI-27-MW55S

PAI-27-MW54I
PAI-27-MW53S

PAI-27-MW52IPAI-27-MW51S

PAI-27-MW50I

PAI-27-MW49S

PAI-27-MW48I

PAI-27-MW20S
PAI-27-MW19S

PAI-27-MW18I
PAI-27-MW17S

PAI-27-MW16S

PAI-27-MW15I
PAI-27-MW14S

PAI-27-MW13D

PAI-27-MW10S

PAI-27-MW09S

PAI-27-MW08D

PAI-27-MW06S

PAI-27-MW05I
PAI-27-MW04S

PAI-27-MW03S

PAI-27-MW02I
PAI-27-MW01SPAI-27-TW-47I

PAI-27-TW-46S

PAI-27-TW-45D
PAI-27-TW-44I

PAI-27-TW-43S

PAI-27-TW-42IPAI-27-TW-41S

PAI-27-TW-40I
PAI-27-TW-39S

PAI-27-TW-38I
PAI-27-TW-37S

PAI-27-TW-36I
PAI-27-TW-35S

PAI-27-TW-34I
PAI-27-TW-33S

PAI-27-TW-32I
PAI-27-TW-31I

PAI-27-TW-30S

PAI-27-TW-29I
PAI-27-TW-28S

PAI-27-TW-25I

PAI-27-TW-24S

PAI-27-TW-23I
PAI-27-TW-22S

PAI-27-MW07I

PAI-27-SO-14PAI-27-TW-26S PAI-27-SO-22
PAI-27-TW-27I

PAI-27-MW11S
PAI-27-MW12I

PAI-55-SO-17

PAI-55-SO-16

PAI-55-SO-15

PAI-55-SO-14

PAI-55-SO-13

PAI-55-SO-12

PAI-55-SO-08

PAI-55-SO-07

PAI-55-SO-06

PAI-55-SO-05

PAI-55-SO-04

PAI-55-SO-03

PAI-55-SO-02

PAI-55-SO-01

PAI-55-SO-18A

PAI-55-SO-17D

PAI-55-SO-17C
PAI-55-SO-17B

PAI-55-SO-17A

PAI-55-SO-14C

PAI-55-SO-14B

PAI-55-SO-14A

PAI-55-SO-10C

PAI-55-SO-10B

PAI-55-SO-10A

PAI-55-SO-07B

PAI-55-SO-07A

PAI-55-SO-02A

PAI-55-SO-11
PAI-55-SO-09

PAI-55-SO-18

PAI-55-SO-10

PAI-27-SO-45

PAI-27-SO-44

PAI-27-SO-43

PAI-27-SO-42

PAI-27-SO-41

PAI-27-SO-40

PAI-27-SO-39

PAI-27-SO-38

PAI-27-SO-37

PAI-27-SO-36

PAI-27-SO-35

PAI-27-SO-34

PAI-27-SO-33

PAI-27-SO-45B
PAI-27-SO-45A

PAI-9/16-SO-06

PAI-9/16-SO-05

PAI-9/16-SO-04

PAI-9/16-SO-03

PAI-9/16-SO-01PAI-27-SO-38-A

PAI-9/16-SO-04-C
PAI-9/16-SO-04-B

PAI-9/16-SO-02-B
PAI-9/16-SO-02-A

PAI-9/16-SO-06-A

PAI-9/16-SO-05-A

PAI-9/16-SO-04-A

PAI-27-SO-48

PGH  P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE27_MCB_PLAN_2942_R1.MXD 09/10/12  JN

90 900
Feet

AREA OF SUSPECTED LNAPL RESIDUALS BASED ON
 CHLOROBENZENE CONCENTRATION IN SMEAR ZONE SOIL

SITES 27 AND 55
MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
S. PAXTON 08/07/12

T. DECK 09/10/12
DATEREVISED BY

J. NOVAK 09/10/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
___

__ __

CTO NUMBER
____

1-31
___ __

Legend
Soil Boring (2010)
Surface Soil Sample (2010)
Temporary Well (2010)
Monitoring Well (2008)
Soil Boring (2008)
Temporary Well (2007)
Soil Boring (2007)
Site Boundary
Storm Sewer
Sanitary Sewer
New Construction
Area of suspected LNAPL residuals based 
on chlorobenzene concentrations above 
2,942 ug/kg in smear zone soil



3rd Battalion
Pond

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-SO-18

PAI-27-MW21S

PAI-27-TW-66I
PAI-27-TW-65S

PAI-27-SO-46 PAI-27-TW-68I
PAI-27-TW-67S

PAI-27-SO-47

PAI-9/16-TW-1S
PAI-9/16-TW-2I
PAI-9/16-SO-02

Approximate Boundary of the 
Area Disturbed by the 

Construction of Motor-T Facility

PAI-9/16-SO-07
PAI-9/16-TW-3S
PAI-9/16-TW-4I

PAI-27-SO-32
PAI-27-SO-31

PAI-27-SO-30

PAI-27-SO-29

PAI-27-SO-28

PAI-27-SO-27

PAI-27-SO-26

PAI-27-SO-25
PAI-27-SO-24

PAI-27-SO-23

PAI-27-SO-21

PAI-27-SO-20

PAI-27-SO-19

PAI-27-SO-17 PAI-27-SO-16
PAI-27-SO-15

PAI-27-SO-13

PAI-27-SO-12

PAI-27-SO-11

PAI-27-SO-10

PAI-27-SO-09

PAI-27-SO-08
PAI-27-SO-07

PAI-27-SO-06
PAI-27-SO-05

PAI-27-SO-04

PAI-27-SO-03

PAI-27-SO-02

PAI-27-SO-01

PAI-27-MW64S

PAI-27-MW63S

PAI-27-MW62S

PAI-27-MW61I

PAI-27-MW60I

PAI-27-MW56I
PAI-27-MW55S

PAI-27-MW54I
PAI-27-MW53S

PAI-27-MW52IPAI-27-MW51S

PAI-27-MW50I
PAI-27-MW49S

PAI-27-MW48I

PAI-27-MW20S
PAI-27-MW19S

PAI-27-MW18I
PAI-27-MW17S

PAI-27-MW16S

PAI-27-MW15I
PAI-27-MW14S

PAI-27-MW13D

PAI-27-MW10S

PAI-27-MW09S

PAI-27-MW08D

PAI-27-MW06S

PAI-27-MW05I
PAI-27-MW04S

PAI-27-MW03S

PAI-27-MW02I
PAI-27-MW01SPAI-27-TW-47I

PAI-27-TW-46S

PAI-27-TW-45D
PAI-27-TW-44I

PAI-27-TW-43S

PAI-27-TW-42IPAI-27-TW-41S

PAI-27-TW-40I
PAI-27-TW-39S

PAI-27-TW-38I
PAI-27-TW-37S

PAI-27-TW-36I
PAI-27-TW-35S

PAI-27-TW-34I
PAI-27-TW-33S

PAI-27-TW-32I
PAI-27-TW-31I

PAI-27-TW-30S

PAI-27-TW-29I
PAI-27-TW-28S

PAI-27-TW-25I
PAI-27-TW-24S

PAI-27-TW-23I
PAI-27-TW-22S

PAI-27-MW07I

PAI-27-SO-14PAI-27-TW-26S
PAI-27-SO-22PAI-27-TW-27I

PAI-27-MW11S
PAI-27-MW12I

PAI-55-SO-17

PAI-55-SO-16

PAI-55-SO-15

PAI-55-SO-14

PAI-55-SO-13

PAI-55-SO-12

PAI-55-SO-08

PAI-55-SO-07

PAI-55-SO-06
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PAI-27-SO-28   [5-6'] 
1,2,4-TRICHLOROBENZENE   430       [MCL]
1,4-DICHLOROBENZENE      360       [MCL]
BENZENE                  26        [MCL]
CHLOROBENZENE            380       [MCL]

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE
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LEACHABILITY TO GROUNDWATER EXCEEDANCES 
VOCs IN SUBSURFACE SOILS

SITES 27/55/9/16
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE
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SCALE

DATECHECKED BY

DRAWN BY
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Legend
!( Soil Sample Location

New Construction
Site Boundary

Parameter (ug/kg)        MCL Based SSL  Risk Based SSL  Background 
1,2,4-TRICHLOROBENZENE   200            2.9             NC 
1,4-DICHLOROBENZENE      72             0.4             NC
BENZENE                  2.6            0.2             NC
CHLOROBENZENE            68             49              NC
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CEMETERY

SITE 9
(PAINT WASTE

STORAGE AREA)

PAI-55-SO-05   [0-1']              
NAPHTHALENE              1.9 J     [RB]

PAI-55-SO-06   [0-1']              
IN(1,2,3-CD)P            230       [RB,BKG]

PAI-55-SO-06   [0-1']              
B(A)AN                   160 J     [RB]
B(B)FL                   260       [RB]
D(A,H)AN                 61 J      [RB]
IN(1,2,3-CD)P            230       [RB]

PAI-55-SO-10C  [0-1']              
NAPHTHALENE              1 J       [RB]

PAI-55-SO-10A  [0-1']              
NAPHTHALENE              1.5 J     [RB]

PAI-55-SO-14B  [0-1']              
NAPHTHALENE              1.7 J     [RB]

PAI-55-SO-14A  [0-1']              
NAPHTHALENE              7.7 J     [RB]

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

PAI-55-SO-14   [0-1']              
NAPHTHALENE              10        [RB]

PAI-55-SO-11   [0-1']              
NAPHTHALENE              2.8 J     [RB]

PAI-55-SO-09   [0-1']              
NAPHTHALENE              1.1 J     [RB]

PAI-55-SO-03   [0-1']              
B(A)AN                   320       [RB,BKG]
B(A)P                    480       [MCL,BKG]
B(B)FL                   520 J     [RB,BKG]
B(K)FL                   460       [RB,BKG]
IN(1,2,3-CD)P            510 J     [RB,BKG]

PAI-55-SO-14C  [0-1']              
NAPHTHALENE              3.1 J     [RB]

PAI-55-SO-10B  [0-1']              
NAPHTHALENE              1.2 J     [RB]

PAI-55-SO-18   [0-1']              
IN(1,2,3-CD)P            230       [RB]

SITE 55
(FIBER OPTIC VAULT)

PAI-55-SO-18A  [0-1']              
NAPHTHALENE              34        [RB]

PAI-55-SO-13   [0-1']              
NAPHTHALENE              13        [RB]

PAI-55-SO-17   [0-1']              
NAPHTHALENE              2.9 J     [RB]

PAI-55-SO-17A  [0-1']              
B(B)FL                   340       [RB]
NAPHTHALENE              11        [RB]

PAI-55-SO-17B  [0-1']              
NAPHTHALENE              9.1 J     [RB]

PAI-55-SO-17C  [0-1']              
NAPHTHALENE              1.9 J     [RB]

PAI-55-SO-17D  [0-1']              
NAPHTHALENE              2.2 J     [RB]

PAI-55-SO-16   [0-1']              
NAPHTHALENE              0.92 J    [RB]

FIBER OPTIC VAULT
EXPOSURE UNITPAI-55-SO-12   [0-1']              

B(A)AN                   310       [RB,BKG]
B(A)P                    770       [MCL,BKG]
B(B)FL                   820       [RB,BKG]
B(K)FL                   810       [RB,BKG]
NAPHTHALENE              20 J      [RB]

PAI-55-SO-02   [0-1']              
NAPHTHALENE              0.93 J    [RB]

PAI-55-SO-08   [0-1']              
B(A)AN                   450       [RB,BKG]
B(A)P                    540       [MCL,BKG]
B(B)FL                   550       [RB,BKG]
B(K)FL                   440       [RB,BKG]
IN(1,2,3-CD)P            540 J     [RB,BKG]
NAPHTHALENE              41 J      [RB]

PAI-55-SO-01   [0-1']  
NAPHTHALENE              1.5 J     [RB]
PAI-55-SO-01 (DUP)        
NAPHTHALENE              1.5 J     [RB]

PAI-55-SO-07   [0-1']              
NAPHTHALENE              6.9 J     [RB]
PAI-55-SO-07 (DUP) 
NAPHTHALENE              4.7 J     [RB]

PAI-55-SO-07A  [0-1']              
NAPHTHALENE              6.9 J     [RB]

PAI-55-SO-07B  [0-1']              
NAPHTHALENE              3.8 J     [RB]

PAI-55-SO-15   [0-1']              
NAPHTHALENE              11        [RB]

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR T)

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

³
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Legend
!( Soil Sample Location
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Site Boundary

Parameter (ug/kg)        MCL Based SSL  Risk Based SSL  Background 
B(A)AN                   NC             10              284 
B(A)P                    240            3.5             248
B(B)FL                   NC             35              271
B(K)FL                   NC             350             252
IN(1,2,3-CD)P            NC             120             225
NAPHTHALENE              NC             0.47            NC
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PAI-55-SO-18A  [4-5']
NAPHTHALENE              1.8 J     [RB]

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

CEMETERY

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT
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MOTOR TRANSPORTATION FACILITY

(MOTOR T)

407

406

864 895

867

568

567
866

855

852

856

869
865

402

24
23

N281
N277
N282

171

569

625A

864C

450

³
JAX  M:\GIS\Projects\Parris Island\MXD\site27_2012_Figure1_35_updated.mxd 

100 1000
Feet

LEACHABILITY TO GROUNDWATER EXCEEDANCES 
SVOCs IN SUBSURFACE SOILS

SITES 27/55/9/16
MCRD PARRIS ISLAND, SOUTH CAROLINA
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SCALE
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Legend
!( Soil Sample Location

New Construction
Site Boundary

Parameter (ug/kg)        MCL Based SSL  Risk Based SSL  Background 
NAPHTHALENE              NC             0.47            NC
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PAI-55-SO-17C  [0-1']    
ALDRIN                   0.095 J   [RB]
A-BHC                    0.18 J    [RB]
DIELDRIN                 0.56 J    [RB]

PAI-55-SO-17A  [0-1']   
4,4'-DDE                 170       [RB,BKG]
4,4'-DDT                 280       [RB,BKG]
ALDRIN                   0.1 J     [RB]
A-BHC                    0.56 J    [RB]
D-BHC                    2.2       [RB]
DIELDRIN                 0.23 J    [RB]
G-BHC                    2.4       [MCL]

PAI-55-SO-13   [0-1']       
4,4'-DDE                 350       [RB,BKG]
4,4'-DDT                 230       [RB,BKG]
A-BHC                    0.6 J     [RB]
B-BHC                    4.8 J     [RB]
D-BHC                    1.1 J     [RB]
DIELDRIN                 3.8 J     [RB]
G-BHC                    1.8 J     [MCL]

PAI-55-SO-15   [0-1']  
4,4'-DDE                 49        [RB,BKG]
B-BHC                    0.36 J    [RB]
D-BHC                    0.089 J   [RB]
DIELDRIN                 0.12 J    [RB]

PAI-55-SO-14B  [0-1']                 
4,4'-DDE                 240       [RB,BKG]
B-BHC                    0.33 J    [RB]
D-BHC                    0.3 J     [RB]
DIELDRIN                 0.28 J    [RB]

PAI-9/16-MW-05S [0-1']                       
A-BHC                    57 J      [RB]
D-BHC                    73 J      [RB]
HEPTACHLOR               930       [MCL,BKG]

PAI-9/16-SO-03  [0-1']                       
D-BHC                    0.17 J    [RB]

PAI-27-SO-32   [0-1']   
A-BHC                    1.1 J     [RB]
B-BHC                    2.8       [RB]
D-BHC                    8         [RB]
G-BHC                    1.9       [MCL]

PAI-27-SO-28   [0-1']  
A-BHC                    1.2 J     [RB]
D-BHC                    1.8 J     [RB]

PAI-27-SO-46   [0-1']  
A-BHC                    2.2 J     [RB]
D-BHC                    4.7 J     [RB]
DIELDRIN                 0.26 J    [RB]
G-BHC                    1.7 J     [MCL]

PAI-27-SO-39   [0-1']  
B-BHC                    0.5 J     [RB]
D-BHC                    0.57 J    [RB]

PAI-55-SO-03   [0-1']   
ALDRIN                   0.072 J   [RB]
D-BHC                    0.21 J    [RB]
DIELDRIN                 0.58 J    [RB]

PAI-55-SO-14C  [0-1']                       
4,4'-DDE                 320 J     [RB,BKG]
4,4'-DDT                 75 J      [RB,BKG]
DIELDRIN                 0.35 J    [RB]

PAI-55-SO-10C  [0-1'] 
ALDRIN                   1.1 J     [RB]
A-BHC                    0.11 J    [RB]
B-BHC                    1.5 J     [RB]
D-BHC                    0.14 J    [RB]
DIELDRIN                 19 J      [RB]

CEMETERY

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR T)

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

PAI-27-SO-30   [0-1']    
4,4'-DDD                 670       [RB,BKG]
4,4'-DDE                 850       [RB,BKG]
4,4'-DDT                 880       [RB,BKG]
A-BHC                    92 J      [RB]
D-BHC                    120 J     [RB]
G-BHC                    83 J      [MCL]

PAI-27-SO-48   [0-1'] 
ALDRIN                   0.4 J     [RB]
A-BHC                    0.98      [RB]
B-BHC                    1.5       [RB]
D-BHC                    0.24 J    [RB]
DIELDRIN                 0.56 J    [RB]

PAI-27-SO-47   [0-1'] 
D-BHC                    0.42 J    [RB]
DIELDRIN                 0.075 J   [RB]

PAI-27-SO-45   [0-1'] 
B-BHC                    0.59 J    [RB]
D-BHC                    0.57 J    [RB]
DIELDRIN                 1.2 J     [RB]

PAI-27-SO-44   [0-1']   
ALDRIN                   2.7       [RB]
B-BHC                    0.9       [RB]
D-BHC                    0.23 J    [RB]
DIELDRIN                 1.3 J     [RB]

PAI-27-SO-43   [0-1']    
ALDRIN                   0.68 J    [RB]
A-BHC                    0.37 J    [RB]
B-BHC                    0.54 J    [RB]
D-BHC                    0.54 J    [RB]
DIELDRIN                 0.54 J    [RB]

PAI-27-SO-42   [0-1'] 
B-BHC                    0.15 J    [RB]
PAI-27-SO-42 (DUP)
B-BHC                    0.23 J    [RB]

PAI-27-SO-41   [0-1']
B-BHC                    2.7       [RB]

PAI-27-SO-40   [0-1']   
DIELDRIN                 1.2 J     [RB]

PAI-27-SO-37   [0-1']  
DIELDRIN                 0.3 J     [RB]

PAI-27-SO-35   [0-1']   
DIELDRIN                 0.1 J     [RB]

PAI-27-SO-34   [0-1'] 
D-BHC                    0.59 J    [RB]
DIELDRIN                 0.43 J    [RB]

PAI-27-SO-33   [0-1']    
A-BHC                    0.22 J    [RB]
D-BHC                    0.51 J    [RB]
DIELDRIN                 0.24 J    [RB]

PAI-27-SO-29   [0-1'] 
A-BHC                    1.4 J     [RB]
D-BHC                    4.7 J     [RB]

PAI-27-SO-13   [0-1'] 
G-BHC                    2.6       [MCL]

PAI-27-SO-06   [0-1']
ALDRIN                   0.93 J    [RB]

PAI-55-SO-18   [0-1']     
4,4'-DDD                 160       [RB,BKG]
4,4'-DDE                 440       [RB,BKG]
4,4'-DDT                 280       [RB,BKG]
A-BHC                    4.1       [RB]
B-BHC                    6.4 J     [RB]
D-BHC                    9.4       [RB]
G-BHC                    8.6       [MCL]

PAI-55-SO-17   [0-1'] 
4,4'-DDE                 120       [RB,BKG]
4,4'-DDT                 120       [RB,BKG]
ALDRIN                   0.11 J    [RB]
A-BHC                    3.5       [RB]
B-BHC                    58        [RB]
D-BHC                    3.6 J     [RB]
DIELDRIN                 2.5 J     [RB]
G-BHC                    23        [MCL]

PAI-55-SO-16   [0-1']       
B-BHC                    0.54 J    [RB]
DIELDRIN                 0.24 J    [RB]

PAI-55-SO-14   [0-1']                       
4,4'-DDE                 1100      [RB,BKG]
4,4'-DDT                 580       [RB,BKG]
B-BHC                    2.6 J     [RB]
D-BHC                    2.2 J     [RB]
DIELDRIN                 0.63 J    [RB]
G-BHC                    1.5 J     [MCL]

PAI-55-SO-12   [0-1'] 
4,4'-DDE                 63        [RB,BKG]
ALDRIN                   0.17 J    [RB]
A-BHC                    0.11 J    [RB]
B-BHC                    0.42 J    [RB]
D-BHC                    1 J       [RB]
DIELDRIN                 4.9 J     [RB]

PAI-55-SO-11   [0-1'] 
B-BHC                    0.62 J    [RB]
D-BHC                    3.1       [RB]

PAI-55-SO-10   [0-1']   
ALDRIN                   0.085 J   [RB]
D-BHC                    0.26 J    [RB]
DIELDRIN                 0.24 J    [RB]

PAI-55-SO-08   [0-1']   
4,4'-DDE                 81        [RB,BKG]
4,4'-DDT                 100       [RB,BKG]
B-BHC                    1.7 J     [RB]
D-BHC                    6.1       [RB]

PAI-55-SO-07   [0-1']
B-BHC                    0.9 J     [RB]
D-BHC                    1.4       [RB]

PAI-55-SO-06   [0-1']  
ALDRIN                   0.16 J    [RB]

PAI-55-SO-05   [0-1']   
B-BHC                    0.6 J     [RB]
DIELDRIN                 0.37 J    [RB]

PAI-55-SO-04   [0-1']   
ALDRIN                   0.66 J    [RB]
A-BHC                    0.86 J    [RB]
B-BHC                    16 J      [RB]
D-BHC                    0.55 J    [RB]
DIELDRIN                 0.3 J     [RB]

PAI-55-SO-02   [0-1']  
B-BHC                    0.41 J    [RB]
D-BHC                    0.2 J     [RB]
DIELDRIN                 0.29 J    [RB]

PAI-27-SO-27   [0-1']  
D-BHC                    1.5 J     [RB]

PAI-27-SO-45B  [0-1']  
DIELDRIN                 0.15 J    [RB]

PAI-27-SO-38A  [0-1']    
A-BHC                    0.14 J    [RB]
D-BHC                    0.4 J     [RB]
DIELDRIN                 0.59 J    [RB]

PAI-55-SO-18A  [0-1']      
ALDRIN                   0.15 J    [RB]
B-BHC                    0.71 J    [RB]
D-BHC                    0.12 J    [RB]
DIELDRIN                 0.43 J    [RB]

PAI-55-SO-17D  [0-1']  
A-BHC                    0.13 J    [RB]
B-BHC                    2.5 J     [RB]
DIELDRIN                 1.5 J     [RB]

PAI-55-SO-17B  [0-1']   
4,4'-DDE                 200 J     [RB,BKG]
4,4'-DDT                 160 J     [RB,BKG]
A-BHC                    0.35 J    [RB]
B-BHC                    3.7 J     [RB]
D-BHC                    0.96 J    [RB]
DIELDRIN                 0.21 J    [RB]

PAI-55-SO-14A  [0-1']                       
4,4'-DDE                 150       [RB,BKG]
B-BHC                    1.2       [RB]
D-BHC                    0.58 J    [RB]
DIELDRIN                 0.62 J    [RB]

PAI-55-SO-10B  [0-1'] 
4,4'-DDE                 95        [RB,BKG]
4,4'-DDT                 86        [RB,BKG]
ALDRIN                   0.12 J    [RB]
D-BHC                    0.56 J    [RB]
DIELDRIN                 6.7       [RB]

PAI-55-SO-10A  [0-1']  
A-BHC                    0.11 J    [RB]
B-BHC                    2.2       [RB]
DIELDRIN                 0.15 J    [RB]

PAI-55-SO-07B  [0-1']  
A-BHC                    0.16 J    [RB]
D-BHC                    0.57 J    [RB]
DIELDRIN                 2.6 J     [RB]

PAI-55-SO-07A  [0-1']  
4,4'-DDE                 120       [RB,BKG]
4,4'-DDT                 100       [RB,BKG]
A-BHC                    0.14 J    [RB]
D-BHC                    0.31 J    [RB]
DIELDRIN                 0.47 J    [RB]

PAI-9/16-SO-04  [0-1']                       
D-BHC                    0.24 J    [RB]

PAI-9/16-SO-02  [0-1']       
D-BHC                    0.1 J     [RB]

PAI-9/16-SO-01  [0-1'] 
D-BHC                    0.082 J   [RB]

PAI-9/16-SO-06A [0-1']   
A-BHC                    0.16 J    [RB]

PAI-9/16-SO-04C [0-1']  
A-BHC                    0.16 J    [RB]

PAI-9/16-SO-02B [0-1']   
D-BHC                    0.3 J     [RB]

PAI-9/16-SO-02A [0-1'] 
A-BHC                    0.11 J    [RB]
D-BHC                    0.33 J    [RB]

PAI-27-SO-38   [0-1']   
A-BHC                    0.57 J    [RB]
B-BHC                    0.17 J    [RB]
D-BHC                    0.49 J    [RB]

PAI-55-SO-09   [0-1']              
A-BHC                    0.4 J     [RB]
B-BHC                    0.79 J    [RB]
D-BHC                    3.6       [RB]

PAI-55-SO-01   [0-1']   
D-BHC                    0.24 J    [RB]
DIELDRIN                 0.51 J    [RB]

PAI-27-SO-26   [0-1'] 
4,4'-DDD                 72 J      [RB,BKG]
A-BHC                    5.3       [RB]
D-BHC                    7.3       [RB]
G-BHC                    16 J      [MCL]

PAI-27-SO-24   [0-1']   
4,4'-DDD                 67 J      [RB,BKG]

PAI-27-SO-22   [0-1']  
D-BHC                    1.8 J     [RB]

PAI-27-SO-19   [0-1']    
4,4'-DDD                 88 J      [RB,BKG]
4,4'-DDE                 2900      [RB,BKG]
4,4'-DDT                 4200      [RB,BKG]
B-BHC                    86 J      [RB]

PAI-27-SO-18   [0-1']    
4,4'-DDD                 16000     [RB,BKG]
4,4'-DDE                 14000     [RB,BKG]
4,4'-DDT                 70000     [RB,BKG]
B-BHC                    2300 J    [RB]

PAI-27-SO-17   [0-1']    
4,4'-DDD                 11000 J   [RB,BKG]
4,4'-DDE                 32000 J   [RB,BKG]
4,4'-DDT                 290000    [RB,BKG]

PAI-27-SO-16   [0-1']    
4,4'-DDD                 440000    [RB,BKG]
4,4'-DDE                 34000 J   [RB,BKG]
4,4'-DDT                 95000     [RB,BKG]

PAI-27-SO-15   [0-1']   
4,4'-DDD                 190000    [RB,BKG]
4,4'-DDE                 24000 J   [RB,BKG]
4,4'-DDT                 210000    [RB,BKG]

PAI-27-SO-14   [0-1']     
4,4'-DDD                 290000    [RB,BKG]
4,4'-DDE                 20000 J   [RB,BKG]
4,4'-DDT                 200000    [RB,BKG]

PAI-55-SO-02A  [0-1']  
B-BHC                    0.27 J    [RB]
D-BHC                    0.084 J   [RB]

PAI-27-SO-45A  [0-1'] 
DIELDRIN                 0.49 J    [RB]

PAI-9/16-SO-06  [0-1']                       
HEPT EPOX                8.8       [MCL]

PAI-9/16-SO-04B [0-1']   
A-BHC                    0.13 J    [RB]
PAI-9/16-SO-04B (DUP)  
A-BHC                    0.13 J    [RB]

416 419

400
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Parameter (ug/kg)        MCL Based SSL  Risk Based SSL  Background 
4,4'-DDD                 NC             66              1.8
4,4'-DDE                 NC             46              2.94
4,4'-DDT                 NC             67              2.76
A-BHC                    NC             0.036           NC
ALDRIN                   NC             0.034           NC
B-BHC                    NC             0.13            NC
D-BHC                    NC             0.036           NC
DIELDRIN                 NC             0.061           NC
G-BHC                    1.2            0.21            NC
HEPT EPOX                4.1            0.068           NC
HEPTACHLOR               33             0.14            1.03
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SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

CEMETERY

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR T)

PAI-27-SO-48   [4-5'] 
A-BHC                    0.51 J    [RB]
B-BHC                    0.74 J    [RB]
D-BHC                    4.8       [RB]

PAI-27-SO-47   [4-5']
A-BHC                    0.24 J    [RB]
B-BHC                    0.73 J    [RB]
D-BHC                    0.54 J    [RB]
DIELDRIN                 0.071 J   [RB]

PAI-27-SO-46   [4-5'] 
D-BHC                    0.22 J    [RB]

PAI-27-SO-45   [4-5'] 
D-BHC                    0.27 J    [RB]

PAI-27-SO-44   [4-5'] 
A-BHC                    1.1       [RB]
B-BHC                    4.3       [RB]
D-BHC                    11        [RB]

PAI-27-SO-43   [4-5'] 
B-BHC                    1 J       [RB]
D-BHC                    0.5 J     [RB]

PAI-27-SO-39   [4-5']
A-BHC                    0.22 J    [RB]
B-BHC                    1.5 J     [RB]
D-BHC                    1.8 J     [RB]

PAI-27-SO-38   [4-5'] 
D-BHC                    0.33 J    [RB]

PAI-27-SO-34   [4-5'] 
D-BHC                    0.16 J    [RB]

PAI-27-SO-29   [5-6']  
A-BHC                    1.3 J     [RB]
D-BHC                    1.9 J     [RB]

PAI-27-SO-28   [5-6'] 
4,4'-DDD                 270000    [RB,BKG]
A-BHC                    14000 J   [RB]
D-BHC                    20000 J   [RB]

PAI-55-SO-16   [4-5'] 
B-BHC                    0.49 J    [RB]
D-BHC                    0.24 J    [RB]

PAI-55-SO-06   [4-5']
D-BHC                    0.49 J    [RB]

PAI-55-SO-04   [4-5'] 
B-BHC                    0.73 J    [RB]
D-BHC                    0.75 J    [RB]
DIELDRIN                 0.66 J    [RB]

PAI-55-SO-01   [4-5']  
D-BHC                    0.13 J    [RB]
DIELDRIN                 0.12 J    [RB]

PAI-27-SO-32   [3-4'] 
4,4'-DDE                 51 J      [RB,BKG]
A-BHC                    0.82 J    [RB]
B-BHC                    0.58 J    [RB]
D-BHC                    1.7 J     [RB]

PAI-27-SO-31   [3-4']
D-BHC                    0.79 J    [RB]

PAI-27-SO-30   [5-6']  
4,4'-DDD                 130       [RB,BKG]
4,4'-DDT                 140       [RB,BKG]
A-BHC                    18 J      [RB]
D-BHC                    26 J      [RB]
G-BHC                    24        [MCL]

PAI-27-SO-27   [5-6']
B-BHC                    0.52 J    [RB]
D-BHC                    1.4 J     [RB]

PAI-27-SO-38A  [4-5'] 
D-BHC                    0.27 J    [RB]

PAI-9/16-SO-05 [4-5']
D-BHC                    0.095 J   [RB]

PAI-9/16-SO-04 [4-5']
D-BHC                    0.19 J    [RB]
PAI-9/16-SO-04 (DUP)      
D-BHC                    0.11 J    [RB]

PAI-9/16-SO-03 [4-5']
D-BHC                    0.32 J    [RB]

PAI-9/16-SO-01 [4-5']
D-BHC                    0.41 J    [RB]

PAI-27-SO-22   [4-5']
4,4'-DDD                 520       [RB,BKG]
4,4'-DDE                 250 J     [RB,BKG]
4,4'-DDT                 2700 J    [RB,BKG]
A-BHC                    61 J      [RB]
D-BHC                    86 J      [RB]

PAI-9/16-SO-06 [4-5']
HEPT EPOX                5 J       [MCL]
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Parameter (ug/kg)        MCL Based SSL  Risk Based SSL  Background 
4,4'-DDD                 NC             66              1.8
4,4'-DDE                 NC             46              2.94
4,4'-DDT                 NC             67              2.76
A-BHC                    NC             0.036           NC
B-BHC                    NC             0.13            NC
D-BHC                    NC             0.036           NC
DIELDRIN                 NC             0.061           NC
G-BHC                    1.2            0.21            NC
HEPT EPOX                4.1            0.068           NC
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CEMETERY

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR T)

SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

PI02702        [0-1']
ARSENIC                  4         [MCL,BKG]
PI02702 (DUP)    
ARSENIC                  4.2       [MCL,BKG]

PI02701        [0-1']
ARSENIC                  1.4       [MCL,BKG]

PAI09SB03      [0-1']
ARSENIC                  7.3       [MCL,BKG]

PAI09SB02      [0-1']
ARSENIC                  8.4       [MCL,BKG]

PAI-27-SO-36   [0-1']
ARSENIC                  1.87 J    [MCL,BKG]

PAI-27-SO-33   [0-1']
ARSENIC                  1.26 J    [MCL,BKG]

PAI-27-SO-13   [0-1']
ARSENIC                  2.1       [MCL,BKG]

PAI-27-SO-12   [0-1']
ARSENIC                  3.2       [MCL,BKG]

PAI-27-SO-11   [0-1']
ARSENIC                  3.4       [MCL,BKG]

PAI-27-SO-10   [0-1']
ARSENIC                  3.7       [MCL,BKG]

PAI-27-SO-09   [0-1']
ARSENIC                  2.9       [MCL,BKG]

PAI-27-SO-08   [0-1']
ARSENIC                  5.7       [MCL,BKG]
PAI-27-SO-08 (DUP) 
ARSENIC                  5.6       [MCL,BKG]

PAI-27-SO-07   [0-1']
ARSENIC                  1.2       [MCL,BKG]

PAI-27-SO-06   [0-1']
ARSENIC                  1.2       [MCL,BKG]

PAI-27-SO-05   [0-1']
ARSENIC                  1.3       [MCL,BKG]

PAI-27-SO-04   [0-1']
ARSENIC                  1.3       [MCL,BKG]
PAI-27-SO-04 (DUP) 
ARSENIC                  1.2       [MCL,BKG]

PAI-27-SO-03   [0-1']
ARSENIC                  2.7       [MCL,BKG]
PAI-27-SO-03   [1-2']
No Exceedances

PAI-27-SO-02   [0-1']
ARSENIC                  1.3       [MCL,BKG]

PAI-55-SO-18   [0-1']
MANGANESE                25.8      [RB,BKG]

PAI-55-SO-17   [0-1']
ARSENIC                  2.02 J    [MCL,BKG]
IRON                     3920      [RB,BKG]
MANGANESE                53.3      [RB,BKG]PAI-55-SO-16   [0-1']

MANGANESE                34.8      [RB,BKG]

PAI-55-SO-15   [0-1']
IRON                     3960      [RB,BKG]
MANGANESE                47.1      [RB,BKG]

PAI-55-SO-14   [0-1']
ANTIMONY                 1.18 J    [MCL]
ARSENIC                  1.27 J    [MCL,BKG]
MANGANESE                64.1      [RB,BKG]
PAI-55-SO-14 (DUP) 
ARSENIC                  1.42 J    [MCL,BKG]
MANGANESE                69.5      [RB,BKG]

PAI-55-SO-13   [0-1']
ANTIMONY                 1.05 J    [MCL]
ARSENIC                  1.85 J    [MCL,BKG]
COBALT                   1.33 J    [RB,BKG]
IRON                     4650      [RB,BKG]
MANGANESE                78.6      [RB,BKG]

PAI-55-SO-12   [0-1']
ANTIMONY                 1.13 J    [MCL]
IRON                     2960      [RB,BKG]
MANGANESE                42        [RB,BKG]

PAI-55-SO-11   [0-1']
MANGANESE                71.4      [RB,BKG]

PAI-55-SO-10   [0-1']
MANGANESE                49.8      [RB,BKG]

PAI-55-SO-09   [0-1']
MANGANESE                89.2      [RB,BKG]

PAI-55-SO-08   [0-1']
MANGANESE                45.1      [RB,BKG]

PAI-55-SO-07   [0-1']
MANGANESE                45.4      [RB,BKG]
PAI-55-SO-07 (DUP)                                    
ANTIMONY                 1.18 J    [MCL]
MANGANESE                46.8      [RB,BKG]

PAI-55-SO-06   [0-1']
MANGANESE                24        [RB,BKG]

PAI-55-SO-05   [0-1']
ANTIMONY                 1.41 J    [MCL]
MANGANESE                70.9      [RB,BKG]

PAI-55-SO-04   [0-1']
MANGANESE                59.8      [RB,BKG]

PAI-55-SO-03   [0-1']
ANTIMONY                 1 J       [MCL]
MANGANESE                76.2 J    [RB,BKG]

PAI-55-SO-02   [0-1']
ANTIMONY                 1.13 J    [MCL]
MANGANESE                28.9      [RB,BKG]

PAI-55-SO-01   [0-1']
ANTIMONY                 1.24 J    [MCL]
MANGANESE                78.5      [RB,BKG]
PAI-55-SO-01 (DUP) 
MANGANESE                80.7      [RB,BKG]

PAI-55-SO-18A  [0-1']
ANTIMONY                 2.47 J    [MCL]
MANGANESE                32.3      [RB,BKG]

PAI-55-SO-17A  [0-1']
ARSENIC                  7.17      [MCL,BKG]
IRON                     3790      [RB,BKG]
MANGANESE                71        [RB,BKG]

PAI-55-SO-14C  [0-1']
ARSENIC                  1.18 J    [MCL,BKG]
MANGANESE                37.2      [RB,BKG]

PAI-55-SO-14B  [0-1']
MANGANESE                54.2      [RB,BKG]

PAI-55-SO-14A  [0-1']
MANGANESE                68        [RB,BKG]

PAI-55-SO-10C  [0-1']
ARSENIC                  1.24 J    [MCL,BKG]

PAI-55-SO-10B  [0-1']
MANGANESE                69        [RB,BKG]

PAI-55-SO-10A  [0-1']
MANGANESE                22.1      [RB,BKG]

PAI-55-SO-07B  [0-1']
ANTIMONY                 5.05 J    [MCL]
ARSENIC                  17.5      [MCL,BKG]
COBALT                   3.04      [RB,BKG]
IRON                     7330      [RB,BKG]
MANGANESE                123       [RB,BKG]

PAI-55-SO-07A  [0-1']
MANGANESE                43.1      [RB,BKG]

PAI-9/16-SO-06  [0-1']
ARSENIC                  3.12      [MCL,BKG]

PAI-9/16-SO-03  [0-1']
ARSENIC                  4.49      [MCL,BKG]

PAI-9/16-SO-02B [0-1']
ARSENIC                  1.74 J    [MCL,BKG]

PAI-27-SO-01   [0-1']
ARSENIC                  1.5       [MCL,BKG]

PAI-55-SO-17B  [0-1']
ARSENIC                  1.63 J    [MCL,BKG]
MANGANESE                24.5      [RB,BKG]

PAI-9/16-SO-06A [0-1']
ARSENIC                  1.42 J    [MCL,BKG]

PAI-9/16-SO-04A [0-1']
ARSENIC                  1.23 J    [MCL,BKG]

PAI-9/16-SO-02A [0-1']
ARSENIC                  1.42 J    [MCL,BKG]

PAI-9/16-MW-05S [0-1']
ARSENIC                  5.3       [MCL,BKG]
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ANTIMONY                 0.27           0.27            NC
ARSENIC                  0.29           0.0013          1.16
COBALT                   NC             0.21            1.2
IRON                     NC             270             2875
MANGANESE                NC             21              19.2
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SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

CEMETERY

SITE 55
(FIBER OPTIC VAULT)

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR T)

PAI-27-SO-41   [4-5']
ARSENIC                  13.2      [MCL,BKG]

PAI-27-SO-34   [4-5']
ARSENIC                  4.05      [MCL,BKG]

PAI-55-SO-01   [4-5']
ANTIMONY                 1.64 J    [MCL]

PAI-27-SO-38A  [4-5']
ARSENIC                  2.12 J    [MCL,BKG] PAI-9/16-SO-01  [4-5']

ARSENIC                  8.91      [MCL,BKG]

PAI-9/16-SO-06  [4-5']
ARSENIC                  2.17 J    [MCL,BKG]

PAI-9/16-MW-05S [7-9']
ARSENIC                  8.3       [MCL,BKG]
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ANTIMONY                 0.27           0.27            NC
ARSENIC                  0.29           0.0013          1.16 
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2.0 REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

This section develops RAOs and presents cleanup goals for contaminated soil and groundwater.  The 

regulatory requirements and guidance (e.g., ARARs) that may potentially govern remedial activities are 

also presented in this section.  In addition, this section presents the COCs identified in Section 1.0 and 

the conceptual pathways through which these chemicals may affect human health and the environment, 

thus defining the environmental media of concern.  The risk summary tables presented in Section 1 

identified receptors with cumulative cancer risks exceeding the upper bound of USEPA’s target risk range 

of 10-4 to 10-6.  Current land use at Sites 9, 16, 27, and 55 is industrial and land use will remain industrial 

in the future; consequently the industrial worker is the receptor of concern.  Therefore, to be protective of 

the industrial worker, cleanup goals were developed when cancer risks for exposures to surface soil and 

subsurface soil by industrial workers exceeded the lower bound of USEPA’s target risk range (1x10-6).  

LUCs will be applied in order to be protective of the potential future residential user as well as the 

construction worker that may conduct intrusive activities in areas where contamination may be left in 

place.  The cleanup goals for contaminated media are developed in this section, and GRAs that may be 

suitable to achieve the cleanup goals are presented.  Finally, this section presents estimates of the 

volumes of contaminated soil and groundwater. 

2.1 MEDIA OF CONCERN 

Based on the discussion in Section 1.0 involving risk assessment for human receptors, the media of 

concern at Sites 9, 16, 27, and 55 were determined to be surface soil, subsurface soil, and groundwater.  

The LNAPL source material was also considered. 

The nearest surface water bodies are the 3rd Battalion Pond (approximately 300 feet northwest of Site 27) 

and an unnamed tributary of Archers Creek (700 feet north-northeast of Sites 9 and 16). However, these 

surface water bodies are not used as drinking water sources. 

Shallow groundwater from the surficial aquifer at Sites 9, 16, 27, and 55 is classified as GB and is 

considered as a potential underground source of drinking water.  However, groundwater is not currently 

used at MCRD Parris Island for any purposes and will likely remain so in the future. 

No ecological receptors of concern for exposure to soil or groundwater have been identified at this time.  

2.2 CHEMICALS OF CONCERN FOR REMEDIATION 

Quantitative estimates of non-carcinogenic and carcinogenic risks (HIs and ILCRs, respectively) were 

developed for potential human receptors directly contacting site environmental media.  COCs are those 

contaminants with individual cancer risks greater than 10-6 or a hazard index greater than 0.1 in those media 
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that exceed target risk levels for a specific receptor.  COPCs contributing to cumulative risk estimates that 

exceed a risk level of 10-6 or an HI of 1 for the industrial worker are retained as COCs.   

The nature and extent of soil contamination was summarized in Section 1.0.  The surface soil data 

evaluated during the risk assessment was collected from the 0 to 1 foot bgs interval.  Because of the 

removal of the asphalt at Site 27 and the application of 2 feet of cover soil during the construction of the 

Motor T facility, what was previously evaluated in the RI as surface soil at Site 27 is now considered 

subsurface soil.  Exposure to the new surface soil (clean fill) poses negligible risk.  Therefore, there are 

no surface soil COCs at Site 27.  The industrial worker risks associated with exposure to surface soil at 

Site 55 and Sites 9 and 16 exceeded the risk level of 10-6.  Therefore, the surface soil COCs and the 

maximum concentration of each COC in surface soil are summarized below: 

Surface Soil 

COC 
Maximum Concentration (mg/kg) 

Site 55 Sites 9/16  

Arsenic 17.5 8.4 

BaP Equivalent NA 0.91 

Chromium NA 105 

DDD 440 NA 

DDE 34 NA 

DDT 290 NA 

Alpha-Chlordane NA 16 

Heptachlor NA 0.93 

Notes: 

NA – Not Applicable 
 

 

The industrial risk for the subsurface soil at Site 55 was equal to 10-6; therefore, there are no subsurface 

soil COCs at Site 55.  However, the industrial risks for subsurface soil at Site 27 and Sites 9 and 16 

exceeded 10-6.  The subsurface soil data evaluated during the risk assessment was collected from 3 feet 

bgs to the depth of the water table.  The subsurface soil COCs and the maximum concentration of each 

COC in subsurface soil at Site 27 and Sites 9 and 16 are summarized below: 
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Subsurface Soil 

COC 

Maximum 
Concentration 

(mg/kg) 

Maximum 
Concentration 

(mg/kg) 

Site 27 Sites 9/16 

Arsenic 13.2 8.91 

BaP Equivalent 62.6 NA 

Chromium 34.7 NA 

DDD 440 NA 

Alpha-BHC 14 NA 

Delta-BHC 20 NA 

Notes: 

NA – Not Applicable 
 

 

The nature and extent of groundwater contamination was summarized in Section 1.0.  The groundwater 

COCs for direct contact exposure and the maximum concentration of each COC in groundwater are 

summarized below: 

Groundwater 

COC 
Maximum Concentration (µg/L) 

Site 27 Site 55 Sites 9/16  

1,2,4-Trichlorobenzene 6.4 9 NA 

1,4-Dichlorobenzene 69 82 NA 

Benzene 190 230 NA 

Chlorobenzene 2,000 2,500 NA 

Ethylbenzene 42 120 NA 

Xylenes NA 430 NA 

cPAHs NA 0.26 NA 

Naphthalene  NA 250 NA 

2-Methylnaphthalene NA 240 NA 

1,1-Biphenyl 6.4 12 NA 

Dibenzofuran  NA 4.5 NA 

DDD 2.4 3,400 NA 

DDE NA 36 NA 

DDT 43 1,600 NA 

Aldrin  0.011 0.011 NA 

Alpha-BHC 46 470 0.018 

Alpha-Chlordane NA 0.3 NA 

Beta-BHC 12 130 0.05 
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Groundwater 

COC 
Maximum Concentration (µg/L) 

Site 27 Site 55 Sites 9/16  

Delta-BHC 180 700 0.14 

Endrin  NA 2.2 NA 

Endrin Ketone NA 0.78 NA 

Dieldrin  0.0076 0.013 NA 

Gamma-BHC 21 540 NA 

Gamma-Chlordane NA 1.6 NA 

Heptachlor  NA 0.098 0.019 

Heptachlor Epoxide 0.034 0.31 0.35 

Aluminum  4,830 64,800 NA 

Antimony  NA 29 NA 

Arsenic  32.7 125 7.9 

Beryllium  4.16 7.4 NA 

Chromium  14.7 146 0.7 

Cobalt  NA 46.4 NA 

Iron  21,000 70,600 NA 

Manganese  408 461 NA 

Nickel NA 70.4 NA 

Thallium NA 3.11 NA 

Vanadium  NA 200 NA 

Notes: 

NA – Not Applicable 

 

LNAPL COCs are based on the chemicals that were measured in the LNAPL sample collected from PAI-

27-MW11S.  Risk from exposure to LNAPL was evaluated qualitatively as presented in the Summary of 

Risk Estimates Tables in Section 1.2.6.1.   LNAPL COCs are presented below. 

 

LNAPL COCs 

1,2,4-trichlorobenzene, 1,2-dichlorobenzene, 1,4-dichlorobenzene, 
chlorobenzene, ethylbenzene, xylenes, 1,1-biphenyl, 2-methylnaphthalene, 
benzo[k]fluoranthene, dibenzofuran, fluorene, naphthalene, phenanthrene, 

pyrene, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, beta-BHC, delta-BHC, and selenium. 
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2.3 REMEDIAL ACTION OBJECTIVES 

The purpose of this section is to develop RAOs for Sites 9, 16, 27, and 55 at MCRD Parris Island.  The 

RAOs are medium-specific goals that define the objectives of conducting remedial actions to protect 

human health and the environment.  The RAOs specify the COCs (presented in Section 2.2) potential 

exposure routes and receptors, and acceptable concentrations (i.e., cleanup goals) for the site.  To be 

protective of the industrial worker, cleanup goals for active remediation were developed when cancer 

risks for exposures to surface soil and subsurface soil by industrial workers exceeded the lower bound of 

USEPA’s target risk range (1x10-6).  The hypothetical future resident will be protected through the 

application of LUCs.   

The development of cleanup goals takes into consideration chemical-specific ARARs and TBCs, if any.  

Section 2.3.2 identifies the ARARs and TBCs for Sites 9, 16, 27, and 55. 

 Statement of Remedial Action Objectives 2.3.1

RAOs may be developed to permit consideration of a range of treatment and containment 

alternatives.  Risk calculations were completed to support remedial alternative quantity estimates and the 

RAOs (Appendix A).  The approach developed to protect the public from potential current and future 

health risks, as well as to protect the environment, is conservative in nature.  The following RAOs have 

been developed. 

Soil: 

 Soil RAO No. 1: Prevent unacceptable cumulative risk (ILCR of 1 x 10-6 or HI greater than 1) 

associated with human (residential users, trench, construction, or industrial workers) exposure 

through direct contact, ingestion or inhalation, of surface and subsurface soil contaminated with 

COCs (presented in Section 2.2) above acceptable levels. 

 Soil RAO No. 2: Prevent migration of surface and subsurface soil COCs (presented in Section 2.2) to 

groundwater that would result in groundwater concentrations greater than the MCLs or risk based 

criteria at Sites 27, 55, 9 and 16. 

LNAPL: 

 LNAPL RAO No. 1: Remove LNAPL to the maximum extent practicable to limit the migration of 

LNAPL at the site and to limit the migration of COCs from the LNAPL to groundwater and soil. 
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Groundwater: 

 Groundwater RAO No 1:  Prevent unacceptable cumulative risks (ILCR of 1 x 10-6 or HI greater than 

1) through human (child, adult, lifelong resident, and industrial worker) exposure to LNAPL or 

groundwater COCs at levels above MCLs through ingestion as drinking water, dermal contact, or 

inhalation.  Contaminants of concern are those identified in the groundwater direct contact COC 

table in Section 2.2. 

 Groundwater RAO No. 2:  Prevent unacceptable cumulative risks (ILCR greater that 1x10-6 or a HI 

greater than 1) associated with potential human (industrial and residential building occupants) 

exposure to indoor air contaminated above risk based levels through vapor intrusion.  

Contaminants of concern are those identified in the groundwater and LNAPL vapor intrusion COC 

tables in Section 2.2. 

 Groundwater RAO No. 3: Protect and restore groundwater to its beneficial use within a reasonable 

timeframe. 

 Groundwater RAO No. 4: Protect 3rd Battalion Pond surface water from the potential migration of 

groundwater contaminated with chemical concentrations that pose a current and/or future risk to 

ecological receptors.   

 Applicable or Relevant and Appropriate Requirements and To Be Considered Criteria 2.3.2

ARARs consist of the following: 

 Any standard, requirement, criterion, or limitation under federal environmental law. 

 Any promulgated standard, requirement, criterion, or limitation under a state environmental or facility-

siting law that is more stringent than the associated federal standard, requirement, criterion, or 

limitation. 

Per 40 Code of Federal Regulations (CFR) 300.400(g)(3), TBCs are nonpromulgated, nonenforceable 

guidelines or criteria that may be useful for developing a remedial action or are necessary for determining 

what is protective to human health and/or the environment.  Examples of TBCs include USEPA Drinking 

Water Health Advisories, Reference Doses (RfDs), and Cancer Slope Factors (CSFs). 

According to 40 CFR 300.430(f)(1)(i)(A), overall protection of human health and the environment and 

compliance with ARARs are threshold requirements that each alternative must meet in order to be eligible 

for selection. 
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2.3.2.1 Definitions 

The NCP at 40 CFR 300.5 provides the following definitions for ARARs: 

 Applicable requirements are those cleanup standards, standards of control, and other substantive 

environmental protection requirements, criteria, or limitations promulgated under federal or state law 

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or 

other circumstance at a CERCLA site. 

 Relevant and appropriate requirements are cleanup standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations promulgated under federal 

or state law, while not "applicable" to a hazardous substance, pollutant, contaminant, or remedial 

action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently 

similar to those encountered at the CERCLA site that their use is well suited to the particular site. 

Per 40 CFR 300.400(g)(3), other advisories, criteria, or guidance are to be considered for a particular 

release.  The TBC category consists of advisories, criteria, or guidance that were developed by USEPA, 

other federal agencies, or states that may be useful in developing CERCLA remedies. 

Under CERCLA Section 121(d)(4), the USEPA may waive compliance with an ARAR if one of the 

following conditions can be demonstrated: 

 The remedial action selected is only part of a total remedial action that will attain the ARAR level or 

standard of control upon completion. 

 Compliance with the requirement will result in greater risk to human health and the environment than 

other alternatives. 

 Compliance with the requirement is technically impracticable from an engineering perspective. 

 The remedial action selected will attain a standard of performance that is equivalent to that required 

by the ARAR through the use of another method or approach. 

 With respect to a state requirement, the state has not consistently applied the ARAR in similar 

circumstances at other remedial actions within the state. 

 Compliance with the ARAR will not provide a balance between protecting public health, welfare, and 

the environment at the facility with the availability of Superfund money for response at other facilities 

(fund-balancing).  This condition only applies to Superfund-financed actions. 

The USEPA (in various guidance documents) and the NCP has divided ARARs into three categories to 

facilitate identification.  Chemical-specific and location-specific ARARs are identified early in the process, 
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generally during the RI, and action-specific ARARs are normally identified during the FS in the detailed 

analysis of alternatives.  The three types of ARARs are defined as follows: 

 Chemical-Specific:  Health- or risk-based numerical values or methodologies that establish 

concentration or discharge limits for particular contaminants.  Examples include MCLs and Clean 

Water Act (CWA) National Recommended Water Quality Criteria (NRWQCs). 

 Location-Specific:  Restrict actions or contaminant concentrations in certain environmentally sensitive 

areas.  Examples of these areas regulated under various federal laws include floodplains, wetlands, 

and locations where endangered species or historically significant cultural resources are present. 

 Action-Specific:  Technology- or activity-based requirements, limitations on actions, or conditions 

involving special substances.  Examples of action-specific ARARs are RCRA regulations for 

generation, characterization, and management of hazardous wastes and CWA effluent limitations and 

pre-treatment standards for wastewater discharges. 

The following section discusses chemical- and location-specific ARARs and TBCs.  Action-specific 

ARARs and TBCs are presented in Section 2.5.2 along with the discussion of GRAs. 

2.3.2.2 Chemical-Specific ARARs and TBCs 

Table 2-1 presents federal and State of South Carolina chemical-specific ARARs and TBCs for this FS, 

which provide some medium-specific guidance on “acceptable” or “permissible” concentrations of 

contaminants. 

2.3.2.3 Location-Specific ARARs and TBCs 

Table 2-2 presents federal and State of South Carolina location-specific ARARs and TBCs for this FS.  

These ARARs and TBCs place restrictions on concentrations of contaminants or the conduct of activities 

based on the site’s particular characteristics or location. 

2.4 CLEANUP GOALS 

 Soil 2.4.1

Soil cleanup goals are developed as follows to address soil RAO No. 1 and No. 2: 

 

Site 27 

For surface soil, no cleanup goals were developed because 2 feet of clean fill and asphalt has been 

placed over the area where the asphalt cap was removed.  However, the industrial cancer risk associated 
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with exposure to subsurface soil is 1 x 10-4.  The cleanup goals for Site 27 are the attainment of an 

industrial cancer risk level 10-6.  

 

Remediation of additional soil at the following sample locations results in an industrial cancer risk less 

than 10-6 (Table 2-3):   

 PAI-27-SS-12-01 
 PAI-27-SB-028-06 
 PAI-27-SS-01-01 
 PAI-27-SS-10-01 
 PAI-27-SS-11-01 
 PAI-27-SS-13-01 
 PAI-27-SS-33-01 
 PAI-27-SS-34-01 
 PAI-27-SB-034-05 
 PAI-27-SS-38A-01 
 PAI-27-SB-38A-05 
 PAI-27-SS-41-01  
 PAI-27-SB-41-05 
 PAI-27-SS-44-01 
 PAI-27-SS-45A-01 
 PAI-27-SB-45A-05 

 

This corresponds to remediation of soil samples with 4,4’-DDD concentrations greater than 5 mg/kg, BaP 

equivalents concentrations greater than 0.4 mg/kg, chromium concentrations greater than 10 mg/kg, and 

arsenic concentrations in the originally designated subsurface samples greater than 2 mg/kg.  The risk 

level of 10-6 is attained by reducing the EPC of chromium to its site-specific background concentration of 

5.17 mg/kg. 

Site 55 

The industrial cancer risk associated with exposure to surface soil is 4 x 10-5, and exposure to subsurface 

soil is 1 x 10-6.  The cleanup goal for Site 55 soil is the attainment of an acceptable industrial cancer risk 

level from exposure to site surface soil of 10-6.    

Remediation of additional soil at the following sample locations results in an industrial cancer risk level 

less than 10-6 (Table 2-4): 

 PAI-27-SS-014-01 
 PAI-27-SS-015-01 
 PAI-27-SS-016-01 
 PAI-55-SS-07B-01 
 PAI-55-SS-17-01 
 PAI-27-SS-17-01 
 PAI-27-SS-18-01 
 PAI-27-SS-19-01 
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This corresponds to remediation of soil samples with 4,4’-DDE concentrations greater than 2.9 mg/kg and 

arsenic concentrations greater than 2 mg/kg.  No cleanup goals are needed for subsurface soil because 

the cancer risk is equal to 1 x 10-6. 

Sites 9/16 

The industrial cancer risk associated with exposure to surface soil is 2 x 10-5 and exposure to subsurface 

soil is 4 x 10-6.  The cleanup goal for Sites 9 and 16 soil is the attainment of an industrial cancer risk level 

of 10-6.  This corresponds to remediation of soil samples with chromium concentrations greater than 

100 mg/kg.   

 

Remediation of additional soil at the following sample locations results in an industrial cancer risk level 

less than 10-6 (Table 2-5A): 

 PI-009-02-33 

 PAI-9-SB-03 

 PAI-9/16-MW-05-001 

 PAI-9/16-SO-02A 

 PAI-9/16-SO-02B 

 PAI-9/16-SO-03 

 PAI-9/16/-SO-06 

 

This corresponds to remediation of soil samples with BaP equivalents concentrations greater than 

0.2 mg/kg and chromium concentrations greater than 7 mg/kg.  The risk level of 10-6 is attained by 

reducing the EPCs of arsenic and chromium to their site-specific background concentrations of 1.15 and 

5.17 mg/kg, respectively. 

Removal of subsurface soil at sample locations PAI-9/16-MW-05-0709 and PAI-9/16-SO-01-05 will result 

in a cancer risk level less than 10-6 (Table 2-5B).  This corresponds to remediation of soil samples with 

arsenic concentrations greater than 8 mg/kg.   

 

The post-remedial EPCs for surface soil and subsurface soil COCs to achieve a 10-6 risk level for 

industrial exposure are summarized below: 

  



  Rev. 2 
  April 2013 

13JAX0048 2-11 CTO JM18 

 

COC 
Site 27 

Subsurface Soil 

Site 55 

Surface Soil 

Sites 9/16 

Surface Soil 

Sites 9/16 

Subsurface Soil 

Arsenic 1.4 mg/kg 1.1 mg/kg 1.1(1) mg/kg 2.4 

BaP Equivalent 0.071 mg/kg Not Applicable 0.039 mg/kg Not Applicable 

Chromium 5.15(1) mg/kg Not Applicable 5(1) mg/kg Not Applicable 

DDD 0.025 mg/kg 0.1 mg/kg Not Applicable Not Applicable 

DDE Not Applicable 0.2 mg/kg Not Applicable Not Applicable 

DDT Not Applicable 0.2 mg/kg Not Applicable Not Applicable 

Alpha-BHC 0.0006 mg/kg Not Applicable Not Applicable Not Applicable 

Alpha-Chlordane Not Applicable Not Applicable 0.01 mg/kg Not Applicable 

Delta-BHC 0.0015 mg/kg Not Applicable Not Applicable Not Applicable 

Heptachlor Not Applicable Not Applicable 0.0002 mg/kg Not Applicable 

 

1-Site-specific background concentration  

 
Soil Leachability Cleanup Goals: 
 
Additionally, soil leachability cleanup goals need to be considered to be protective of groundwater and to 

achieve Soil RAO No. 2.  Site-specific soil leachability cleanup goals were developed only for those 

contaminants that are identified as groundwater COCs and have maximum detected concentrations that 

exceed their “Protective of Groundwater Soil Screening Level” (SSL) as presented in the USEPA’s 

Regional Screening Level table.   If a contaminant has an MCL, then the SSL corresponding to the MCL 

is the appropriate soil leachability cleanup goal.  Otherwise, the SSL that corresponds to the risk-based 

tap water RSL is the appropriate soil leachability cleanup goal.  

 

The site-specific soil leachability cleanup goals were based on soil characteristics data collected from 

Remedial Investigations conducted at Parris Island.  The fraction of organic carbon content in the soil is 

0.6 percent.  The soil bulk density is 1.5 kilogram per liter and the soil particle density is 2.65 kilogram per 

liter.  The soil porosity is 0.43, where the water-filled soil porosity is 0.3 and the air-filled soil porosity is 

0.134.  In addition, a site-specific dilution-attenuation factor (DAF) was derived. Measurements of aquifer 

hydraulic conductivity (890 m/year), hydraulic gradient (0.005 m/m), infiltration rate (0.25 m/year), source 

length parallel to groundwater flow (37 m), and aquifer thickness (4 m) from previous Remedial 

Investigations conducted at Parris Island were used to derive a DAF of 4.  The calculations of the DAF 

and site-specific soil leachability cleanup goals are presented in Appendix A.  

 

The site-specific soil-leachability cleanup goals to address Soil RAO No. 2 at Sites 27, 55, 9 and 16 are 

presented as follows:  
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Contaminant Target 
Groundwater 

Concentration 
(mg/L) 

Basis of Target 
Groundwater 

Concentration 

SSL (mg/kg) 
DAF = 4 

Relevant Sites 

1,2,4-Trichlorobenzene 0.07 MCL 2.3 27, 55 

1,4-Dichlorobenzene 0.075 MCL 0.74 27, 55 

Benzene 0.005 MCL 0.022 27 

Chlorobenzene 0.1 MCL 0.65 27 

Ethylbenzene 0.7 MCL 8.1 27, 55 

4,4’-DDD 0.00028 RSL 0.79 27, 55 

4,4’-DDE 0.0002 RSL 0.56 55 

4,4’-DDT 0.0002 RSL 0.81 55 

Aldrin 0.00000021 RSL 0.00041 27, 55 

alpha-BHC 0.0000062 RSL 0.00042 27, 55, 9/16 

beta-BHC 0.000022 RSL 0.0015 27, 55 

delta-BHC 0.0000062 RSL 

(alpha-BHC) 

0.00042 27, 55, 9/16 

gamma-BHC 0.0002 MCL 0.014 27, 55 

alpha-Chlordane 0.002 MCL 1.6 55 

gamma-Chlordane 0.002 MCL 1.6 55 

Dieldrin 0.0000015 RSL 0.00072 27, 55 

Heptachlor 0.0004 MCL 0.4 55, 9/16 

Heptachlor epoxide 0.0002 MCL 0.049 27, 55, 9/16 

Benzo[a]anthracene 0.0002 MCL (BaP) 0.85 55 

Benzo[a]pyrene (BaP) 0.0002 MCL 2.8 55 

Benzo[b]fluoranthene 0.0002 MCL (BaP) 2.9 55 

Benzo[k]fluoranthene 0.0002 MCL (BaP) 2.8 55 

Dibenzo[a,h]anthracene 0.0002 MCL (BaP) 9.2 55 

Indeno[1,2,3-c,d]pyrene 0.0002 MCL (BaP) 9.4 55 

Naphthalene 0.00014 RSL 0.0053 55 

Antimony 0.006 MCL 1.1 55 

Arsenic 0.01 MCL 1.2 27, 55, 9/16 

Chromium 0.1 MCL 720000 27, 55, 9/16 

Cobalt 0.0047 RSL 0.85 55 

Iron 11 RSL 1100 55 

Manganese 0.32 RSL 83 55 
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To determine whether post-remedial concentrations are protective of groundwater, The USEPA’s Soil 

Screening Guidance (USEPA, 2002) recommends that the average soil concentration, represented by the 

95 percent upper confidence limit of the mean (UCL), be compared to site-specific leachability values.  

The post-remedial soil concentration is based on concentrations in the combined surface and subsurface 

data.  Table 2-7 summarizes the post-remedial UCL concentrations for each site and each target risk 

level.  It also provides a comparison to the site-specific leachability criteria and the MCAS Beaufort 

background concentrations.   

 
The UCL concentrations for most COCs are less than the leachability criteria, except for some pesticides.  

It should be noted that the leachability criteria for the BHC isomers are typically less than the laboratory’s 

reporting limit for the compounds. Comparisons to the criteria reveal the following for each site. 

 

 For Site 27, the post-remedial UCL concentrations for aldrin, alpha-BHC, delta-BHC, and arsenic 

at the 10-6 target risk levels for industrial exposure exceed the leachability criteria.  However, the 

UCL concentrations for aldrin, alpha-BHC, and arsenic fall within the range of practical 

quantitation limits (PQL) for the samples being analyzed. 

 

 For Site 55, the post-remedial UCL concentrations for alpha-BHC, beta-BHC, delta-BHC, dieldrin, 

and naphthalene at the 10-6 target risk level for industrial exposure exceed the leachability 

criteria. However, the UCL concentrations for dieldrin and naphthalene fall within the range of 

PQLs for the samples being analyzed.  

 

 For Sites 9 and 16, the post-remedial UCL concentrations for all COCs are less than the 

leachability criteria.   

 

To attain UCL concentrations that are less than the leachability criteria or within the PQL range for those 

contaminants with leachability criteria less than PQLs, additional remediation is necessary.  

 

Site 27 

Remediation of soil surrounding sample locations PAI-27-SS-44-01 and PAI-27-SS-41-05 will result in 

attainment of the UCL concentration for dieldrin less than its PQL.  Remediation of soil surrounding 

sample location PAI-27-SS-41-05 will result in attainment of the UCL concentration for delta-BHC less 

than its PQL.  This corresponds to remediation of soil with a delta-BHC concentration greater than 

10 µg/kg. 

 



  Rev. 2 
  April 2013 

13JAX0048 2-14 CTO JM18 

Site 55 

For the 10-6 risk level, remediation of soil surrounding the following sample locations will result in UCL 

concentrations of alpha-BHC and beta-BHC less than their leachability criteria and a delta-BHC 

concentration within its range of PQLs: 

 

 PAI-55-SO-18-01 
 PAI-27-SS-030-01 
 PAI-27-SS-030-06 
 PAI-27-SS-022-05 
 PAI-27-SS-022-01  

 

For this risk level this corresponds to remediation of soil sample locations with alpha-BHC concentrations 

greater than 15 µg/kg and delta-BHC concentrations greater than 9 µg/kg. 

 

Sites 9/16 

 

For the 10-6 risk level, remediation of arsenic in the subsurface soil at the following sample locations will 

result in attainment of UCL concentrations of alpha-BHC and delta-BHC less than the leachability criteria 

and a UCL concentration of arsenic within its range of PQLs:  

 

 PAI-9/16-MW-05-0709 
 PAI-9/16-SO-01-01 
 PAI-9/16/-SO-01-05 
 PAI-9/16-MW-05-001 

 

For this risk level, this corresponds to remediation of soil sample locations with arsenic concentrations 

greater than 8 mg/kg in the subsurface soil. 

 

Table 2-8 summarizes the post-removal concentrations for the contaminants that were exceeding 

leachability criteria and summarizes the soil remediation locations. 

 

 Groundwater 2.4.2

Groundwater PRGs were developed as follows to address groundwater RAO Nos. 1, 2, and 3 and LNAPL 

RAO No. 1:   

COC PRG (µg/L) Rationale Applicable Sites 

1,2,4-TCB 70 MCL(1) 27, 55 

1,4-DCB 75 MCL 27, 55 
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COC PRG (µg/L) Rationale Applicable Sites 

Benzene 5 MCL 27, 55 

Chlorobenzene 100 MCL 27, 55 

Ethylbenzene 700 MCL 27, 55 

Xylenes 10,000 MCL 27, 55 

cPAHs 0.2(2) MCL 55 

Naphthalene  0.14 RSL(3) 55 

2-Methylnaphthalene 27 RSL 55 

1,1-Biphenyl 0.83 RSL 27, 55 

Dibenzofuran  5.8 RSL 55 

DDD 0.28 RSL 27, 55 

DDE 0.2 RSL 55 

DDT 0.2 RSL 27, 55 

Aldrin  0.00021 RSL 27, 55 

Alpha-BHC 0.0062 RSL 27, 55, 9/16 

Alpha-Chlordane 2(4) MCL 55 

Beta-BHC 0.022 RSL 27, 55 

Delta-BHC 0.0062(5) RSL 27, 55, 9/16 

Endrin  2 MCL 55 

Endrin Ketone 1.7(6) RSL 55 

Dieldrin  0.0015 RSL 27, 55 

Gamma-BHC 0.2 MCL 27, 55 

Gamma-Chlordane 2(4) MCL 55 

Heptachlor  0.4 MCL 55, 9/16 

Heptachlor Epoxide 0.2 MCL 27, 55, 9/16 

Aluminum  16000 RSL 27, 55 

Antimony  6 MCL 55 

Arsenic  10 MCL 27, 55, 9/16 

Beryllium  4 MCL 27, 55 

Chromium  100 MCL 27, 55, 9/16 

Cobalt  4.7 RSL 55 
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COC PRG (µg/L) Rationale Applicable Sites 

Iron  11000 RSL 27, 55 

Manganese  320 RSL 27, 55 

Nickel 300 RSL 55 

Thallium 2 MCL 55 

Vanadium  78 RSL 55 

 

1 –.40 CFR 141, Subpart G. 

2 – Value is for Benzo(a)pyrene. 

3 – USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, May 2012. [Cancer benchmark value = 

1E-6,  Hazard index (HI) =1] 

4 – Value is for chlordane. 

5 – Value is for alpha-BHC. 

6 – Value is for endrin. 

 

 LNAPL 2.4.3

Due to the age of the release and site-specific conditions, LNAPL (the petroleum product originally used 

as a carrier for the pesticide formulation) has been weathered, dissolved, sorbed, or volatilized through 

natural processes.  Through a combination of dissolution, volatilization, and biodegradation processes 

which have been enhanced through fluctuations in the groundwater table over time, LNAPL has been 

smeared both above and below the water table, significantly reducing LNAPL mobility.  Based on the fact 

that LNAPL appears to reside as immobile residual and is not considered to be recoverable through 

hydraulic methods, no quantitative cleanup goals have been developed for the LNAPL that involve 

recovering mobile LNAPL.  However, LNAPL residual and highly contaminated soils (e.g. sorbed 

contamination) will be removed to the maximum extent practicable to address LNAPL RAO No. 1 through 

removal and/or in situ treatment.    As part of the Pre-design Investigation, a performance standard to be 

used during remedial activities to define the limits of removal and/or in situ treatment will be developed.  

The LNAPL performance standard will be based on multiple lines of evidence that will include some or all 

of the following information: 

 Field measurements with laser-induced fluorescence (LIF).  This method is semi-quantitative and 

depending on field conditions and the specific contaminants, has a typical hydrocarbon detection limit 

of 500 mg/kg (Dakota Technologies, Inc.).  LIF measurements can made using a DPT- or Cone 

Penetration Test system to delineate the target treatment zone for LNAPL and highly contaminated 

soils prior to excavation and/or in situ treatment.  LIF has been correlated with laboratory data at 

10 mg/kg of total hydrocarbons. 
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 Visual evaluation.  Soil samples can be visually inspected for discoloration and staining that may 

indicate the presence of petroleum hydrocarbons. Hydrophobic dyes can also be used to enhance 

visual inspection of core samples. 

 

 Laboratory analysis.  After field measurements using LIF and visual screening methods are 

completed, samples collected from the estimated limits of the target treatment zone can be analyzed 

for Total Petroleum Hydrocarbon (TPH) and potentially correlated to analytical soil, groundwater, and 

LNAPL COCs data.  This correlation may be used to develop a representative range of TPH 

concentrations that indicate the presence of highly contaminated soil or soil with LNAPL.  The 

concentration range can then be used with the other lines of evidence to ensure the limits of 

excavation and/or treatment have addressed LNAPL and highly contaminated soil.  

 

2.5 GENERAL RESPONSE ACTIONS AND ACTION-SPECIFIC APPLICABLE OR RELEVANT 

AND APPROPRIATE REQUIREMENTS 

GRAs are broadly defined remedial approaches that may be used (by themselves or in combination with 

one or more of the others) to attain the RAOs.  Action-specific ARARs and TBCs are those regulations, 

criteria, and guidance that must be complied with or taken into consideration during remedial activities at 

the site. 

 General Response Actions 2.5.1

GRAs describe categories of actions that could be implemented to satisfy or address a component of the 

RAOs for the site.  Remedial action alternatives are formed using GRAs singly or in combination to meet 

the RAOs.   

The following GRAs were considered for unsaturated surface and subsurface soil at Sites 9, 16, 27, and 

55: 

 No Action 
 Limited Action (Land Use Controls [LUCs]) 
 Containment 
 Removal 
 Disposal 
 

The following GRAs were considered for groundwater at Sites 9, 16, 27, and 55: 

 No Action 
 Limited Action (Natural Attenuation, LUCs, Monitoring) 
 Containment 
 Removal 
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 In-Situ Treatment 
 Disposal 

 
The following GRAs were considered for LNAPL at Sites 9, 16, 27, and 55: 

 No Action 
 Limited Action (Natural Attenuation, LUCs, Monitoring) 
 Containment 
 Removal 
 In-Situ Treatment 
 Disposal 
 
 

 Action-Specific Applicable or Relevant and Appropriate Requirements 2.5.2

Action-specific ARARs and TBCs are technology- or activity-based regulatory requirements or guidance 

that would control or restrict remedial action.  Table 2-6 presents the federal and state action-specific 

ARARs and TBCs for this FS. 

2.6 ESTIMATED VOLUME OF CONTAMINATED SOIL 

There are 7 surface soil hot spots and 14 subsurface soil hot spots with an estimated volume of 

274 cubic yards of contaminated soil that needs to be remediated to lower the exposure risk of trench 

workers, construction workers, and industrial workers to the 1 x 10-6 risk level. An additional 67 cubic 

yards of contaminated soil would need to be remediated when evaluating leachability exceedances in 

unsaturated soils.  The quantity calculations for contaminated soil can be found in Appendix C. 

2.7 ESTIMATED VOLUME OF CONTAMINATED GROUNDWATER 

2.7.1 Volume of Contaminated Groundwater 

The total area of groundwater contamination is approximately 145,000 square feet based on Figure 4-40 

of the RI.  Assuming a porosity of 0.4 and an average saturated zone thickness of 15 feet, the total 

volume of contaminated groundwater is approximately 6.5 million gallons. 

2.7.2 Mass of Contaminants - Dissolved and Sorbed Phases 

The mass of the major contaminants in groundwater and saturated soil, including pesticides, 

chlorobenzenes, and BTEX, was estimated using the RI data.  Partition coefficients were obtained from 

literature, and an average TOC in the saturated soil was estimated based on the site-specific soil TOC 

data.  The masses of COCs are summarized on Table 2-9, and associated calculations are included in 

Appendix B.      
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2.7.3 Mass of Contaminant – LNAPL 

An analysis of chlorobenzene concentrations in smear zone soil and shallow groundwater (see Appendix 

B), was used to estimate the area of highly contaminated saturated soils.  The estimated area of the 

smear zone is approximately 19,000 square feet, including approximately 1,400 cubic yards of soil that is 

suspected to contain LNAPL residuals (see Figure 1-31).  An additional estimation was developed based 

on results of contaminated soils as presented in Figures 1-8 through 1-10.  It is estimated that the highly 

contaminated area is approximately 2,000 square feet, including approximately 370 cubic yards of soil 

suspected to contain LNAPL residuals.  TPH is usually a good indicator of whether petroleum based 

NAPL may be present in the subsurface. Because TOC, instead of TPH, was analyzed for all soil 

samples, the TOC data are used here to determine the potential presence of the suspected LNAPL in the 

smear zone.  An estimation using the smear zone soil TOC data concluded that the highly contaminated 

area is approximately 14,000 square feet, including approximately 1,000 cubic yards of soil suspected to 

contain LNAPL residuals (Figure 1-32 and Appendix A).  It is important to note that surface soils had 

some very high TOC results (Max. 220,000 mg/kg). This suggests TOC is not a good substitute for TPH.  

Volumes established using TOC will not be considered in the calculations of mass below. 

Based on the soil saturation limits for chlorobenzenes calculated using both the solubility in water and the 

maximum concentrations of chlorobenzenes in groundwater it is believed that the minimal amount of 

LNAPL present would be immobile. Below is a range of estimated LNAPL saturation in association 

LNAPL phases: 

 The range of immobile residual LNAPL mass in 370 cubic yards of soil is from 0.11 to 1.1 tons 

 The range of immobile residual LNAPL mass in 1401 cubic yards of soil in from 0.41 to 4.1 tons 

 
The range of estimated immobile residual LNAPL mass is found to be between 0.11 and 4.1 tons with an 

average estimated mass of 1.43 tons.  It is important to note that there is a great deal of uncertainty 

associated LNAPL mass estimates.   A pre-design investigation will be conducted to further delineate the 

LNAPL for a more accurate estimation. 



TABLE 2-1 
 

FEDERAL AND STATE CHEMICAL-SPECIFIC ARARS AND TBCS  
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 

MARINE CORPS RECRUIT DEPOT 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 2 
 

Media Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Classification of 
groundwater 

All South Carolina groundwater is classified 
Class GB which meets the definition of 
underground sources of drinking water. 

Groundwater within the state of 
South Carolina – applicable 

SCDHEC Reg. 61-
68H.9 

- - X X X X 

Restoration of groundwater 
as a potential drinking water 
source 

May not exceed Primary Drinking Water 
Regulation Maximum Contaminant Levels 
(MCLs) for Inorganic Chemicals as set forth in 
R.61-58.5(B)(2), Organic Chemical as set 
forth in R.61-58.5(D)(2), and Volatile Synthetic 
Organic Chemicals (VOCs) as set forth in 
R.61-58.5(N)(2):  

 1,2,4-Trichlorobenzene 70 µg/L 
 1,4-Dichlorobenzene 75 µg/L 
 Benzene 5 µg/L  
 Chlorobenzene 100 µg/L 
 Ethylbenzene 700 µg/L 
 Xylenes 10,000 µg/L 
 cPAHs 0.2 µg/L 
 Alpha-Chlordane 2 µg/L 
 Endrin 2 µg/L 
 Gamma-BHC 0.2 µg/L 
 Gamma-Chlordane 2 µg/L 
 Heptachlor  0.4 µg/L 
 Heptachlor Epoxide 0.2 µg/L 
 Antimony 6 µg/L 
 Arsenic 10 µg/L 
 Beryllium 4 µg/L 
 Chromium 100 µg/L 
 Thallium 2 µg/L 

Groundwater classified as Class GB 
requiring restoration - relevant and 
appropriate 

SCDHEC Reg. 61-
68H.9.b   

 

- - X X X X 
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FEDERAL AND STATE CHEMICAL-SPECIFIC ARARS AND TBCS  
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 

MARINE CORPS RECRUIT DEPOT 
PARRIS ISLAND, SOUTH CAROLINA 
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Media Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Restoration of groundwater 
as a potential drinking water 
source 

For COCs that do not have MCLs, Risk-
based Regional Screening Levels will be 
used. 

 Naphthalene 0.14 µg/L 
 2-Methylnaphthalene 27 µg/L 
 1,1-Biphenyl 0.83 µg/L 
 Dibenzofuran 5.8 µg/L   
 DDD 0.28 µg/L   
 DDE 0.2 µg/L   
 DDT 0.2 µg/L   
 Aldrin 0.00021 µg/L 
 Alpha-BHC 0.0062 µg/L 
 Beta-BHC 0.022 µg/L 
 Delta-BHC 0.0062 µg/L 
 Endrin Ketone 1.7 µg/L 
 Dieldrin 0.0015 µg/L 
 Aluminum 16,000 µg/L 
 Cobalt 4.7 µg/L 
 Iron 11,000 µg/L  
 Manganese 320 µg/L 
 Nickel 300 µg/L 

 Vanadium 78 µg/L   

Groundwater classified as Class 
GB requiring restoration, but 
contaminants do not have 
Drinking Water Standards – to be 
considered 

Regional Screening 
Levels for Chemical 
Contaminants at 
Superfund Sites 

- - X X X X 

 
Notes: 
µg/L = micrograms per liter 
ARAR = applicable or relevant and appropriate requirement  
BHC = Hexachlorocyclohexane (Lindane) 
CFR = Code of Federal Regulations   
DDD = Dichlorodiphenyldichloroethane 
DDE = Dichlorodiphenyldichloroethylene 
DDT = Dichlorodiphenyltrichloroethane 
TBC = to be considered 
 



 
TABLE 2-2 

 
FEDERAL AND STATE LOCATION-SPECIFIC ARARS AND TBCS  

SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 
MARINE CORPS RECRUIT DEPOT 

PARRIS ISLAND, SOUTH CAROLINA 
 

Location  Characteristics Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Floodplains       

Presence of floodplain 
designated as such on a 
map   

Shall consider alternatives to avoid, to the 
extent possible adverse effects and 
incompatible development in the floodplain. 
 

Federal actions that involve potential 
impacts to, or take place within, 
floodplains –TBC 
 

Executive Order 11988  
–  Floodplain 
Management  
Section 2.(a)(2) 

X X - X X X 

Threatened and Endangered Species       

Presence of Bald Eagles You may not take, possess, or transport any 
bald eagle (Haliaeetus leucocephalus) or the 
parts, nests, or eggs of such birds, except as 
allowed by a valid permit issued under this 
part, 50 CFR part 13, 50 CFR part 17, and/or 
50 CFR part 21 as provided by §21.2, or 
authorized under a depredation order issued 
under subpart D of this part. 
 
Note: Under 50 CFR 22.3 Definitions the term 
Take means pursue, shoot at, poison, wound, 
kill, capture, trap, collect, destroy, molest, or 
disturb. 

Action that may jeopardize bald 
eagles – applicable 

50 CFR 22.11 X X X X X X 

 
Notes: 
ARAR = applicable or relevant and appropriate requirement  
CFR = Code of Federal Regulations   
TBC = to be considered 

 



COC Original EPC1 Original Risk1 Revised EPC2 Revised Risk3

Post-Removal

EPC4

Post-Removal

Risk5

BaP Equivalent 0.0082 5E-08 14.2 8E-05 0.0714 4E-07
Arsenic 3.9 2E-06 2.1 1E-06 1.4 7E-07
Chromium 18 4E-06 9.9 2E-06 5.15 1E-06
4,4'-DDD 187 2E-05 55 6E-06 0.0251 3E-09
alpha-BHC 10.1 4E-05 2.9 1E-05 0.0005 2E-09
delta-BHC 13.8 5E-05 4.1 1E-05 0.0015 5E-09

TOTAL 1E-04 TOTAL 1E-04 TOTAL 2E-06
1E-06

Notes:
BaP Equivalent - Benzo(a)pyrene Equivalent
BHC - Hexachlorocyclohexane (Lindane)

DDD - Dichlorodiphenyldichloroethane

Assumed Clean Fill Concentrations:

BaP Equivalent - 0.01 U mg/kg

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

Chromium - 5.17 mg/kg (MCAS Beaufort Background)

alpha-BHC - 0.00021 U mg/kg

delta-BHC - 0.00021 U mg/kg

Samples Removed

PAI-27-SS-12-01

PAI-27-SB-028-06

PAI-27-SS-01-01

PAI-27-SS-10-01

PAI-27-SS-11-01

PAI-27-SS-13-01

PAI-27-SS-33-01

PAI-27-SS-34-01

PAI-27-SS-34-05

PAI-27-SS-38A-01

PAI-27-SS-38A-05

PAI-27-SS-41-01

PAI-27-SS-44-01

PAI-27-SS-45A-01

PAI-27-SB-45A-05

PARRIS ISLAND, SOUTH CAROLINA

TABLE 2-3

CALCULATION OF POST-REMOVAL INDUSTRIAL RISKS
SITE 27 - MOTOR TRANSPORTATION FACILITY

ATTAINMENT OF 1E-06 RISK LEVEL (SUBSURFACE SOIL)
MCRD PARRIS ISLAND

4 Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC concentrations with assumed

"clean fill" concentrations.

5 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-Removal EPC/Original EPC)

Minus Chromium Background

COC - Contaminant of Concern

EPC Exposure Point Concentration

1 Original Exposure Point Concentration [milligrams per kilogram (mg/kg)] and risks for Site 27 subsurface soil in the Human Health Risk

Assessment

2 Revised Exposure Point Concentration (mg/kg) derived using ProUCL and by combining surface and subsurface soil data

(now assumed that all is classified as subsurface soil)

3 Based on risk being directly proportional to concentration (Revised Risk = Original Risk * Revised EPC / Original EPC)



COC Original EPC
1

Original Risk
1

Post-Removal

EPC
2

Post-Removal

Risk
3

Arsenic 2.7 2E-06 1.1 8E-07

4,4'-DDD 134 1E-05 0.115 9E-09

4,4'-DDE 14.2 2E-06 0.215 3E-08

4,4'-DDT 104 1E-05 0.196 2E-08

TOTAL 2E-05 TOTAL 9E-07

Notes:

DDD - Dichlorodiphenyldichloroethane

DDE - Dichlorodiphenyldichloroethylene

DDT - Dichlorodiphenyltrichloroethane

Assumed Clean Fill Concentrations

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

4,4'-DDD - 0.0002 U mg/kg

4,4'-DDE - 0.0002 U mg/kg

4,4'-DDT - 0.0002 U mg/kg

Samples Removed

PAI-27-SS-014-01

PAI-27-SS-015-01

PAI-27-SS-016-01

PAI-55-SS-07B-01

PAI-55-SS-17-01

PAI-27-SS-17-01

PAI-27-SS-18-01

PAI-27-SS-19-01

COC - Contaminant of Concern

EPC - Exposure Point Concentration

1 Original Exposure Point Concentration [milligrams per kilogram (mg/kg)] and risks for Site 55 surface soil

in the Human Health Risk Assessment

2 Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC

concentrations with assumed "clean fill" concentrations.

3 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-

Removal EPC/Original EPC)

PARRIS ISLAND, SOUTH CAROLINA

TABLE 2-4

CALCULATION OF POST-REMOVAL INDUSTRIAL RISKS

SITE 55 - FIBER OPTIC VAULT

ATTAINMENT OF 1E-06 RISK LEVEL (SURFACE SOIL)

MCRD PARRIS ISLAND



COC Original EPC
1

Original Risk
1

Post-Removal

EPC
2

Post-Removal

Risk
3

Arsenic 4.8 3E-06 1.1 7E-07

Chromium 36.4 8E-06 5 1E-06

BaP Equivalent 0.43 2E-06 0.0392 2E-07

alpha-Chlordane 9.8 2E-06 0.0098 2E-09

Heptachlor 0.6 2E-06 0.00018 6E-10

TOTAL 2E-05 TOTAL 2E-06

2E-07

Notes

BaP Equivalent - Benzo(a)pyrene Equivalent

Assumed Clean Fill Concentrations:

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

Chromium - 5.17 mg/kg (MCAS Beaufort Background)

BaP Equivalent - 0.01 U mg/kg

alpha-Chlordane - 0.001 U (mg/kg)

Heptachlor - 0.00021 U mg/kg

Samples Removed

PAI-9-SB-02

PAI-9-SB-03

PAI-9/16-MW-05-001

PAI-9/16-SO-02A

PAI-9/16-SO-02B

PAI-9/16-SO-03

PAI-9/16-SO-06

3 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-

Removal EPC/Original EPC)

TABLE 2-5 A

CALCULATION OF POST-REMOVAL INDUSTRIAL RISKS

SITE 9-PAINT WASTE STORAGE AREA AND SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

ATTAINMENT OF 1E-06 RISK LEVEL (SURFACE SOIL)

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

Minus Arsenic and Chromium Background

COC - Contaminant of Concern

EPC - Exposure Point Concentration

1 Original Exposure Point Concentration [milligrams per kilogram (mg/kg)] and risks for Sites 9 and 16

surface soil in the Human Health Risk Assessment

2 Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC

concentrations with assumed "clean fill" concentrations.



COC Original EPC
1

Original Risk
1

Post-Removal

EPC
2

Post-Removal

Risk
3

Arsenic 4.4 3E-06 1.1 8E-07

TOTAL 3E-06 TOTAL 8E-07

Notes

BaP Equivalent - Benzo(a)pyrene Equivalent

Assumed Clean Fill Concentrations:

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

Chromium - 5.17 mg/kg (MCAS Beaufort Background)

BaP Equivalent - 0.01 U mg/kg

alpha-Chlordane - 0.001 U (mg/kg)

Heptachlor - 0.00021 U mg/kg

PARRIS ISLAND, SOUTH CAROLINA

TABLE 2-5B

CALCULATION OF POST-REMOVAL INDUSTRIAL RISKS

SITE 9-PAINT WASTE STORAGE AREA AND SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

ATTAINMENT OF 1E-06 RISK LEVEL (SUBSURFACE SOIL)

MCRD PARRIS ISLAND

COC - Contaminant of Concern

EPC - Exposure Point Concentration

1 Original Exposure Point Concentration [milligrams per kilogram (mg/kg)] and risks for Sites 9 and 16

surface soil in the Human Health Risk Assessment

2 Concentrations (mg/kg) calculated by assuming excavation of samples PAI-9/16-MW-05-0709 and PAI-

9/16-SO-01-05 and replacing COC concentrations with assumed "clean fill" concentrations.

3 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-

Removal EPC/Original EPC)



 
TABLE 2-6 

 
FEDERAL AND STATE ACTION-SPECIFIC ARARS AND TBCS  

SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 
MARINE CORPS RECRUIT DEPOT 
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Action Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

General Construction Standards — All Land-disturbing Activities (i.e., excavation, clearing, grading, etc.) 

Managing storm water runoff 
from land-disturbing 
activities 
 

All erosion and sediment control plans shall 
include details and descriptions of temporary and 
permanent erosion and sediment control 
measures and other protective measures shown 
on the stormwater and sediment management 
plan.  Procedures in a stormwater and sediment 
management plan shall provide that all sediment 
and erosion controls are inspected at least once 
every seven calendar days and after any storm 
even of greater than 0.5 inches of precipitation 
during any 24-hour period. 

Land disturbing activities related to 
residential, commercial, industrial or 
institutional land use which are not 
specifically exempted or waived by 
these regulations – applicable 

SCDHEC R. 72-307B.1 
– South Carolina Storm 
Water Management and 
Sediment Reduction 
Regulations 

 

X X - X X - 

 The stormwater management and sediment 
control plan shall contain at a minimum the 
information provided in the following subsections:
 

Activities involving two (2) acres or 
less of actual land disturbance which 
are not part of a larger common plan 
of development or sale – applicable 

SCDHEC R. 72-307H – 
South Carolina Storm 
Water Management and 
Sediment Reduction 
Regulations 

X X - X X - 

 A narrative description of the stormwater 
management and sediment control plan to be 
used during land disturbing activities. 

 SCDHEC R. 72- 
307H(2) 
 

X X - X X - 

 The location of temporary and permanent 
vegetative and structural stormwater management 
and sediment control measures. 

 SCDHEC R. 72-
307H(5)(d) 
 

X X - X X - 

Managing fugitive dust 
emissions from land 
disturbing activities 

Emissions of fugitive particulate matter shall be 
controlled in such a manner and to the degree 
that it does not create an undesirable level of air 
pollution. 
 
Volatile organic compounds shall not be used for 
dust control purposes. Oil treatment is also 
prohibited. 

Activities that will generate fugitive 
particulate matter (statewide) – 
applicable 

SCDHEC R. 61-62.6 
Section III(A)- Control of 
Fugitive Particulate 
Matter Statewide 
SCDHEC R. 61-62.6 
Section III(D) 
 

X X - - X - 
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Action Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Monitoring Well Installation, Operation, and Abandonment 

Installation or 
Abandonment of 
Permanent and Temporary 
Monitoring Wells 

All monitoring wells shall be drilled, constructed, 
maintained, operated, and/or abandoned to 
ensure that underground sources of drinking 
water are not contaminated.  

Construction of permanent and 
temporary monitoring wells 
(including non-standard installation, 
as defined in R. 61-71B(2) – 
applicable  

SCDHEC R. 61-
71H.1(b) 

X X X X X X 

Abandonment of permanent conventionally 
installed monitoring wells shall be by forced 
injection of grout or pouring through a tremie 
pipe starting at the bottom of the well and 
proceeding to the surface in one continuous 
operation.  The well shall be filled with either 
with neat cement, bentonite-cement, or 
20 percent high solids sodium bentonite grout, 
from the bottom of the well to the land surface. 

Abandonment of permanent 
conventionally installed monitoring 
wells –  applicable 

SCDHEC R. 61-
71H.2(e) 

X X X X X X 

Waste Characterization and Storage —primary and secondary waste (e.g., contaminated soils, monitoring well purge water, treatment residuals) 

Characterization of solid 
waste  

Must determine if solid waste is a hazardous 
waste using the following method: 
 Should first determine if  waste is excluded from 
regulation under 40 CFR 261.4; and 

Generation of solid waste as 
defined in 40 CFR 261.2 – 
applicable 

40 CFR 262.11(a) 
SCDHEC R. 61-79 
262.11(a) 

X X X X X X 

 Must determine if waste is listed as hazardous 
waste under 40 CFR Part 261. 

Generation of solid waste which is 
not excluded under 40 CFR 
261.4(a) –applicable 

40 CFR 262.11(b) 
SCDHEC R. 61-79 
262.11(b) 

X X X X X X 

 Must determine whether the waste is 
(characteristic waste) identified in subpart C of 
40 CFR Part 261 by either: 
(1) Testing the waste according to the methods 
set forth in subpart C of 40 CFR part 261, or 
according to an equivalent method approved by 
the Administrator under 40 CFR 260.21; or 
(2) Applying knowledge of the hazard 
characteristic of the waste in light of the 
materials or the processes used. 

Generation of solid waste which is 
not excluded under 40 CFR 
261.4(a) –applicable 
 

40 CFR 262.11(c)  
SCDHEC R. 61-79 
262.11(c) 

X X X X X X 
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Action Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Characterization of solid 
waste (continued) 

Must refer to Parts 261, 262, 264, 265, 266, 
268, and 273 of Chapter 40 for possible 
exclusions or restrictions pertaining to 
management of the specific waste. 

Generation of solid waste which is 
determined to be hazardous waste 
–applicable 

40 CFR 262.11(d) 
SCDHEC R. 61-79 
262.11(d) 

X X X X X X 

Determinations for 
management of hazardous 
waste 

 Must determine each USEPA Hazardous Waste 
Number (waste code) applicable to the waste in 
order to determine the applicable treatment 
standards under 40 CFR 268 et seq..  
Note: This determination may be made 
concurrently with the hazardous waste 
determination required in Sec. 262.11 of this 
chapter. 

Generation of  hazardous waste for 
storage, treatment or disposal  – 
applicable 

40 CFR 268.9(a) 
SCDHEC R. 61-79 
268.9(a) 
 

X X X X X X 

 Must determine the underlying hazardous 
constituents [as defined in 40 CFR 268.2(i)] in 
the characteristic waste. 

Generation of RCRA characteristic  
hazardous waste (and is not D001 
non-wastewaters treated by 
CMBST, RORGS, or POLYM of 
Section 268.42 Table 1)  for 
storage, treatment or disposal – 
applicable 

40 CFR 268.9(a) 
SCDHEC R. 61-79 
268.9(a) 
 

X X X X X X 

 Must determine if the hazardous waste meets 
the treatment standards in 40 CFR 268.40, 
268.45, or 268.49 by testing in accordance with 
prescribed methods or use of generator 
knowledge of waste. 
Note: This determination can be made 
concurrently with the hazardous waste 
determination required in 40 CFR 262.11. 

Generation of  hazardous waste for 
storage, treatment or disposal – 
applicable 

40 CFR 268.7(a) 
SCDHEC R. 61-79 
268.7(a) (1) 
 

X X X X X X 

Temporary storage of 
hazardous waste in 
containers   

A generator may accumulate hazardous waste 
at the facility provided that: 
 waste is placed in containers that comply 

with 40 CFR 265.171-173; and 
 the date upon which accumulation begins 

is clearly marked and visible for 
inspection on each container 

 container is marked with the words 
“hazardous waste”; or 

Accumulation of RCRA hazardous 
waste on site as defined in 40 CFR 
260.10 –applicable 

40 CFR 262.34(a)(1)  
and (2) 
SCDHEC R. 61-79 
262.34(a) (1) and (2) 
 
40 CFR 264.34(a)(3) 
SCDHEC R. 61-79 
262.34(a) (3) 

X X X X X X 

  container  may be marked with other 
words that identify the contents. 

Accumulation of 55 gal. or less of 
RCRA hazardous waste or 1 quart 
of acutely hazardous waste listed in 
261.33(e) at or near any point of 
generation – applicable 

40 CFR 262.34(c)(1) 
SCDHEC R. 61-79 
262.34(c) (1) 

X X X X X X 
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Action Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Use and management of 
hazardous waste in 
containers  

If container holding waste is not in good 
condition (e.g. severe rusting, structural 
defects), or if it begins to leak, must transfer 
waste into container in good condition. 

Storage of RCRA hazardous waste 
in containers – applicable 

40 CFR 265.171 
SCDHEC R. 61-79  
265.171 

X X X X X X 

 Must use a container made or lined with 
materials which will not react with, and are 
otherwise compatible with, the hazardous waste 
to be stored, so that the ability of the container 
to contain the waste is not impaired. 

 40 CFR 265.172 
SCDHEC R. 61-79 
265.172 

X X X X X X 

 A container holding hazardous waste must 
always be closed during storage, except when 
necessary to add or remove waste. 
A container holding hazardous waste must not 
be opened, handled, or stored in a manner 
which may rupture the container or cause it to 
leak. 

 40 CFR 265.173(a) 
and (b) 
 
SCDHEC R. 61-79 
265.173(a) and (b) 

X X X X X X 

Storage of hazardous 
waste in container area  

Area must have a containment system designed 
and operated in accordance with 40 CFR 
265.175(b). 

Storage of RCRA hazardous waste 
in containers with free liquids – 
applicable 

40 CFR 264.175(a) 
SCDHEC R. 61-79 
264.175(a) 

X X - X X - 

 Area must be sloped or otherwise designed and 
operated to drain liquid from precipitation, or 
Containers must be elevated or otherwise 
protected from contact with accumulated liquid. 

Storage of RCRA-hazardous waste 
in containers that do not contain 
free liquids (other than F020, 
F021, F022, F023, F026 and F027)  
– applicable 

40 CFR 265.175(c)(1) 
and (2) 
SCDHEC R. 61-79 
265.175(c) (1) and (2) 

X X - 

 

 

X X - 

Closure of RCRA container 
storage  unit 
 

At closure, all hazardous waste and hazardous 
waste residues must be removed from the 
containment system. Remaining containers, 
liners, bases, and soils containing or 
contaminated with hazardous waste and 
hazardous waste residues must be 
decontaminated or removed. 
[Comment: At closure, as throughout the 
operating period, unless the owner or operator 
can demonstrate in accordance with 40 CFR 
261.3(d) of this chapter that the solid waste 
removed from the containment system is not a 
hazardous waste, the owner or operator becomes 
a generator of hazardous waste and must 
manage it in accordance with all applicable 
requirements of parts 262 through 266 of this 
chapter]. 

Storage of RCRA hazardous waste in 
containers in a unit with a 
containment system – applicable 

40 CFR 264.178 
SCDHEC R. 61-79 
264.178 
 

X X - X X - 
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Temporary storage of solid 
waste 

 Shall be conducted in a manner to: 
 Inhibit the harborage of flies, rodents, and 

other vectors; 
 Prevent conditions for transmission of 

diseases to man or animals; 
 Prevent blowing debris and particulates so 

as not to be injurious to human health and 
the environment; 

 Prevent water pollution and prevent the 
escape of solid waste or leachate to 
waters of the State; and 

 Minimize objectionable odors, dust, 
unsightliness, and aesthetically 
objectionable conditions, and prevent the 
accumulation of materials in an untidy and 
unsafe manner so as to become a fire and 
safety hazard. 

Generation of solid waste for 
temporary storage prior to 
processing, disposal of that waste – 
relevant and appropriate 
 

SCDHEC R. 61-
107.5(C)(1) 
 
Note:  Jurisdictional 
Authority under South 
Carolina Solid Waste 
Policy and 
Management Act of 
1991 (§§ 44-96-10 et 
seq) 
 

X X X X X X 

Waste treatment and disposal —primary and secondary waste (e.g., contaminated soils, monitoring well purge water, dewatering,  treatment residuals)  
Disposal of solid waste Shall ultimately dispose of solid waste at 

facilities and/or sites permitted or registered by 
the Department for processing or disposal of 
that waste stream. 

Generation of solid waste intended 
for off-site disposal – relevant and 
appropriate 

SCDHEC R. 61-
107.5(D)(3) 

X X X X X X 

Disposal of RCRA-
hazardous waste in an off-
site land-based unit 

May be land disposed if it meets the 
requirements in the table “Treatment Standards 
for Hazardous Waste” at 40 CFR 268.40 before 
land disposal. 

Land disposal, as defined in 40 
CFR 268.2, of restricted RCRA 
waste – applicable 

40 CFR 268.40(a) 
SCDHEC R. 61-79 
268.40(a) 

X X X X X X 
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Disposal of RCRA-
hazardous waste in an off-
site land-based unit 
(continued) 

All underlying hazardous constituents [as 
defined in 40 CFR 268.2(i)] must meet the 
Universal Treatment Standards, found in 40 
CFR 268.48 Table UTS prior to land disposal. 

Land disposal of restricted RCRA 
characteristic wastes (D001-D043) 
that are not managed in a 
wastewater treatment system that is 
regulated under the CWA, that is 
CWA equivalent, or that is injected 
into a Class I nonhazardous 
injection well – applicable 

40 CFR 268.40(e) 
SCDHEC R. 61-79 
268.40(e) 

X X X X X X 

 Must be treated according to the alternative 
treatment standards in 40 CFR 268.49(c) or 
Must be treated according to the UTSs 
[specified in 40 CFR 268.48 Table UTS] 
applicable to the listed and/or characteristic 
waste contaminating the soil prior to land 
disposal. 

Land disposal, as defined in 40 
CFR 268.2, of restricted hazardous 
soils –applicable 

40 CFR 268.49(b) 
SCDHEC R. 61-79 
268.49(b) 

X X X X X X 

 To determine whether a hazardous waste 
identified in this section exceeds the applicable 
treatment standards of 40 CFR 268.40, the 
initial generator must test a sample of the waste 
extract or the entire waste, depending on 
whether the treatment standards are expressed 
as concentration in the waste extract or waste, 
or the generator may use knowledge of the 
waste.  
If the waste contains constituents (including 
UHCs in the characteristic wastes) in excess of 
the applicable UTS levels in 40 CFR 268.48, the 
waste is prohibited from land disposal, and all 
requirements of part 268 are applicable, except 
as otherwise specified. 

Land disposal of RCRA toxicity 
characteristic wastes (D004-D011) 
that are newly identified (i.e., 
wastes or soil identified by the 
TCLP but not the Extraction 
Procedure) – applicable 

40 CFR 268.34(f) 
SCDHEC R. 61-79 
268.34(f) 

X X X X X X 

Disposal of RCRA 
characteristic wastewaters  

Are not prohibited, if the wastes are managed in 
a treatment system which subsequently 
discharges to waters of the U.S. pursuant to a 
permit issued under 402 of the CWA (i.e., 
NPDES permitted) unless the wastes are 
subject to a specified method of treatment other 
than DEACT in 40 CFR  268.40, or are D003 
reactive cyanide. 

Land disposal of hazardous 
wastewaters that are hazardous 
only because they exhibit a 
hazardous characteristic and are 
not otherwise prohibited under 40 
CFR Part 268 – applicable. 

40 CFR  268.1(c)(4)(i) 
SCDHEC R. 61-79 
268.1(c) (4)(i) 
 

X X X X X X 

 Are not prohibited, if the wastes are treated for 
purposes of the pre-treatment requirements of 
section 307 of the CWA unless the wastes are 
subject to a specified method of treatment other 
than DEACT in 40 CFR 268.40, or are D003 
reactive cyanide. 

 40 CFR 268.1(c)(4)(ii) 
SCDHEC R. 61-79 
268.1(c) (4)(ii) 
 

X X X X X X 
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Action Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Pretreatment standards for 
discharges into POTW 

General prohibitions: 
A user may not introduce into a POTW any 
pollutants which cause pass through or 
interference, as defined in 40 CFR 403.3 

Discharge of pollutants into or 
transported by truck or rail or 
otherwise introduced into POTW, as 
defined in 40 CFR 403.3, by 
industrial user – applicable 

40 CFR 403.5(a)(1) 
SCDHEC R. 61-
9.403.5(a)(1) 

- - X X X X 

 Specific prohibitions. The following pollutants 
shall not be introduced into a POTW:  

1) Pollutants which create a fire or explosion 
hazard, including,  wastestreams with a 
closed cup flashpoint  of < 140 °F or 
60 °C, using test methods specified in 
40 §CFR 261.21;  

2) Pollutants which will cause corrosive 
structural damage, but in no case 
discharges with pH < 5.0, unless POTW is 
designed to accommodate such 
discharges;  

3) Solid or viscous pollutants in amounts 
which will cause obstruction to flow 
resulting in interference; 

4) Any pollutant, including oxygen 
demanding pollutants (BOD) released in a 
discharge at flow rate and/or pollutant 
concentration which will cause 
interference;  

5) Heat in amounts which will inhibit 
biological activity resulting in interference, 
but in no case heat in quantities causing 
temperature at POTW to exceed 
40 degrees Celsius (°C) [104 degrees 
Fahrenheit (°F)] unless alternate 
temperature limits approved by POTW;  

6) Petroleum oil, non-biodegradable cutting 
oil, or products of mineral oil origin in 
amounts that will cause interference or 
pass through;  

7) Pollutants which result in presence of 
toxic gases, vapors, or fumes within 
POTW in quantity that may cause acute 
worker health and safety problems; and 

8) Any trucked or hauled pollutants, except 
at discharge points designated by the 
POTW. 

 40 CFR 403.5(b)(1)-(8) 
SCDHEC R. 61-
9.403.5(b)(1)-(8) 

- - X X X X 
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Transportation of Wastes 
Transportation of hazardous 
waste on site 

The generator manifesting requirements of 40 
CFR 262.20 through 262.32(b) do not apply. 
Generator or transporter must comply with the 
requirements set forth in 40 CFR 263.30 and 
263.31 in the event of a discharge of hazardous 
waste on a private or public right-of-way. 

Transportation of hazardous wastes 
on a public or private right-of-way 
within or along the border of 
contiguous property under the control 
of the same person, even if such 
contiguous property is divided by a 
public or private right-of-way – 
applicable 

40 CFR 262.20(f) 
 
SCDHEC R. 61-79 
262.20(f) 

X X X X X X 

Transportation of hazardous 
waste off-site 

Must comply with the substantive generator 
requirements of  
40 CFR 262.20-23 for manifesting, Sect. 262.30 
for packaging, Sect. 262.31 for labeling, Sect. 
262.32 for marking, and Sect. 262.33 for 
placarding. 

Generator who initiates the off-site 
shipment of RCRA-hazardous waste 
– applicable 

40 CFR 262.10(h) 
SCDHEC R. 61-79 
262.10(h)  

X X X X X X 

Transportation of hazardous 
materials  

Shall be subject to and must comply with all 
applicable provisions of the HMTA and DOT HMR 
at 49 CFR 171-180.  

Any person who, under contract with 
a department or agency of the federal 
government, transports “in 
commerce,” or causes to be 
transported or shipped, a hazardous 
material – applicable  

49 CFR 171.1(c)  X X X X X X 

Transportation of samples  
(i.e. solid waste, soils and 
wastewaters) 

Are not subject to any requirements of 40 CFR 
Parts 261 through 268 or 270 when: 
 The sample is being transported to a 

laboratory for the purpose of testing; or 
 The sample is being transported back to 

the sample collector after testing. 
 The sample is being stored by sample 

collector before transport to a lab for 
testing. 

Samples of solid waste or a sample 
of water, soil for purpose of 
conducting testing to determine its 
characteristics or composition – 
applicable 

40 CFR 261.4(d)(1)(i)-
(iii) 
 
SCDHEC R. 61-79 
261.4(d) (1)(i) – (iii) 

X X X X X X 

Transportation of samples  
(i.e. solid waste, soils and 
wastewaters) (continued) 

In order to qualify for the exemption in 40 CFR 
261.4 (d)(1)(i) and (ii), a  sample collector 
shipping samples to a laboratory must: 
 Comply with U.S. DOT, U.S. Postal Service, 

or any other applicable shipping 
requirements. 

 Assure that the information provided in (1) 
thru (5) of this section accompanies the 
sample. 

 Package the sample so that it does not leak, 
spill, or vaporize from its packaging.   

 40 CFR 261.4(d)(2) 
 
40 CFR 261.4(d)(2) 
(ii)(A) and (B) 
 
 
SCDHEC R. 61-79 
261.4(d) (2)(ii)(A) and 
(B) 

X X X X X X 
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Discharge of Wastewater (Water from dewatering) 
Protection of Surface 
Water  

Any discharge into waters of the state must be 
permitted by the SCDHEC and receive a degree 
of treatment and/or control which shall produce 
an effluent which is consistent with the Act, the 
Clean Water Act (P.L. 92-500, 95-217, 97-117, 
100-4), this regulation, and related regulations. 
 
Note: Under CERCLA Section 121(e) permits 
are not required for on-site response actions. 
Instead discharges must meet any applicable 
effluent limits or other substantive requirements 
in order to protect the water quality of the 
receiving water. 

Discharge of pollutants (including 
toxic substances) into waters of the 
State of South Carolina – relevant 
and appropriate 
 

SCDHEC R. 61-
68E.4.a 
 

- - - X - - 

 Treated wastes, toxic wastes, deleterious 
substances, and toxic pollutants in sufficient 
amounts to make the waters unsafe or 
unsuitable for primary contact recreation or to 
impair the waters for any other best usage are 
not allowed. 

Waters of the State of South 
Carolina (classified as SA as 
provided in SCDHEC R. 61-
68G.12) – relevant and 
appropriate 

SCDHEC R. 61-
68G.12.b and c 
 
 

- - - X - - 

Direct Discharge of 
Wastewater  

Discharges are required to meet water quality 
standards and state requirements: any 
requirements in addition to or more stringent than 
promulgated effluent limitations guidelines or 
standards under sections 301, 304, 306, 307, 318 
and 405 of CWA necessary to achieve water 
quality standards established under section 303 of 
the CWA, including State narrative criteria for 
water quality. 

Discharge of pollutants (including 
toxic substances) into waters of the 
State of South Carolina – relevant 
and appropriate 
 

40 CFR 122.44(d)(1) 
 
SCDHEC R. 61-
9.122.44 (d)(1) 

- - - X - - 

Underground Injection Well Installation, Operation, and Abandonment 

Reinjection of treated 
contaminated groundwater 
or, injection of 
bioamendments, surfactants, 
or reagents 

No owner or operator shall construct, operate, 
maintain, convert, plug, abandon, or conduct 
any other injection activity in a manner that 
allows the movement of fluid containing any 
contaminant into underground sources of 
drinking water, if the presence of that 
contaminant may cause a violation of any 
primary drinking water regulation under 40 CFR 
Part 142 or may otherwise adversely affect the 
health of persons.  

Underground injection into an 
underground source of drinking water 
– relevant and appropriate. 
 
 

40 CFR 144.12(a) 
  
 

- - - - - X 



 
TABLE 2-6 

 
FEDERAL AND STATE ACTION-SPECIFIC ARARS AND TBCS  

SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 
MARINE CORPS RECRUIT DEPOT 

PARRIS ISLAND, SOUTH CAROLINA 
PAGE 10 OF 11 

 

 

Action Requirements Prerequisite Citation Alt S-2 Alt S-3 Alt G-2 Alt G-3 Alt G-4 Alt G-5 

Reinjection of treated 
contaminated groundwater 
or, injection of 
bioamendments, surfactants, 
or reagents (continued). 

The movement of fluids containing wastes or 
contaminants into underground sources of 
drinking water as a result of injection is 
prohibited if the presence of the waste or 
contaminant:  

 May cause a violation of any drinking 
water standard under R61-58.5;  or,  

 May otherwise adversely affect the 
health of persons. 

Operation of well for underground 
injection of any fluids into the 
subsurface or ground waters of the 
State of South Carolina – relevant 
and appropriate. 

SCDHEC R.61-87.5(A) 
and (B) 

- - - - - X 

Monitoring of Class 
IV.(2)(a) and Class V.A 
underground injection wells 

An appropriate number of monitoring wells shall 
be completed into the injection zone and into 
any underground sources of drinking water 
which could be affected by the injection 
operation.  
These wells shall be located in such a fashion 
as to detect any excursion of injection fluids, 
process by-products, or formation fluids outside 
the injection area or zone. If the operation may 
be affected by subsidence or catastrophic 
collapse the monitoring wells shall be located so 
that they will not be physically affected. 
Note: Number and location of monitoring wells 
will be determined in a CERCLA FFA Primary 
document (e.g., Remedial Design or Remedial 
Action Work Plan) approved by USEPA and 
SCDHEC.   

Operation of well for underground 
injection of any fluids into the 
subsurface or ground waters of the 
State of South Carolina – relevant 
and appropriate. 

SCDHEC R.61-
87.14(G)(1) 

- - - - - X 

Injection of bio-amendments, 
surfactants, or reagents 

An injection activity cannot allow the movement 
of fluid containing any contaminant into USDWs, 
if the presence of that contaminant may cause a 
violation 
of the primary drinking water standards under 40 
CFR part 141, other health based standards, or 
may otherwise adversely affect the health of 
persons. This prohibition applies to well 
construction, operation, maintenance, 
conversion, plugging, closure, or any other 
injection activity. 

Class V wells [as defined in 40 CFR 
144.6(e)] used to inject bio-
amendments, surfactants, or 
reagents – relevant and 
appropriate. 

40 CFR 144.82(a)(1) - - - - - X 

 Wells must be closed in a manner that complies 
with the above prohibition of fluid movement. 
Also, any soil, gravel, sludge, liquids, or other 
materials removed from or adjacent to the well 
must be disposed or otherwise managed in 
accordance with substantive applicable Federal, 
State, and local regulations and requirements. 

 40 CFR 144.82(b) - - - - - X 
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Injection of bio-amendments, 
surfactants, or reagents 
(continued). 

No person shall construct, use or operate a 
Class V.A well for injection: 

 Except as authorized by permit as 
provided by R.61-87.13; 

 in violation of R.61-87.5 Protection of 
Underground Sources of Drinking Water  

Note: Under CERCLA section 121(e)(1), no 
permit is required for on-site response actions. 
Conditions for construction, use, and operation 
will be specified in a FFA Primary document 
such as the Remedial Design or Remedial 
Action Work Plan that is approved by USEPA 
and SCDHEC. 

Class V.A injection wells [as 
defined in R.61-87.11(E)(1)(g) and 
(i)] for injection wells used in 
experimental technologies or 
corrective action wells used to inject 
groundwater associated with 
aquifer remediation – relevant and 
appropriate. 

SCDHEC R.61-
87.11(E)(2) 

- - - - - X 

 
X – Requirement is included in the alternative.  LDR = Land Disposal Restrictions 
- – Requirement is not needed in the alternative. NPDES = National Pollutant Discharge Elimination System 
ARAR = applicable or relevant and appropriate requirement POTW = Publicly Owned Treatment Works 
CERCLA = Comprehensive Environmental Response RCRA = Resource Conservation and Recovery Act of 1976 
 Compensation and Liability Act SCDHEC = South Carolina Department of Health and Environmental Control  
CFR = Code of Federal Regulations TBC = to be considered 
CWA = Clean Water Act of 1972 TCLP = Toxicity Characteristic Leaching Procedure 
FFA = Federal Facilities Agreement UHC = Underlying hazardous constituents 
DEACT = deactivation USEPA = U.S. Environmental Protection Agency 
DOT = U.S. Department of Transportation UTS = Universal Treatment Standard 
HMR = Hazardous Materials Regulations  
HMTA = Hazardous Materials Transportation Act  
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COMPARISON OF POST-REMEDIAL SOIL UCL CONCENTRATIONS TO LEACHABILITY CRITERIA AND BACKGROUND CONCENTRATIONS

SURFACE AND SUBSURFACE SOIL SAMPLES

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

PAGE 1 OF 2

Site 27 Site 55 Site 9/16

1,2,4-Trichlorobenzene 0.0033 U 2.3 0.0033 - 0.0087 NA (4) (4) NC
1,4-Dichlorobenzene 0.0033 U 0.74 0.0033 - 0.0087 NA (4) (4) NC
Benzene 0.0033 U 0.022 0.0033 - 0.0087 NA (4) NC NC
Chlorobenzene 0.004 U 0.65 0.004 - 0.0087 NA 0.00069 NC NC
Ethylbenzene 0.0033 U 8.1 0.0033 - 0.0087 NA 0.003 (5) 0.003 (5) NC
DDD 0.00078 U 0.79 0.00078 - 0.003 0.0018 0.026 0.11 NC
DDE 0.00078 U 0.56 0.00078 - 0.0033 0.0029 NC 0.21 NC
DDT 0.00078 U 0.81 0.00078 - 0.003 0.0028 NC 0.36 NC
Aldrin 0.0004 U 0.00041 0.0004 - 0.0013 NA 0.00045 0.0002 NC
alpha-BHC 0.0004 U 0.00042 0.0004 - 0.0012 NA 0.00053 0.0136 0.00017
beta-BHC 0.0004 U 0.0015 0.0004 - 0.0012 NA 0.00058 0.0016 NC
delta-BHC 0.0004 U 0.00042 0.0004 - 0.0012 NA 0.0014 0.0019 0.00018
gamma-BHC 0.0004 U 0.014 0.0004 - 0.0013 NA 0.0003 0.0045 NC
alpha-Chlordane 0.0004 U 1.6 0.0004 - 0.0013 0.0267 NC 0.0015 NC
gamma-Chlordane 0.0004 U 1.6 0.0004 - 0.0013 0.0187 NC (4) NC
Dieldrin 0.00078 U 0.00072 0.00078 - 0.0033 NA 0.0003 0.0015 NC
Heptachlor 0.0004 U 0.4 0.0004 - 0.0013 0.001 NC 0.00085 0.00016
Heptachlor epoxide 0.0004 U 0.049 0.0004 - 0.0013 NA 0.00027 0.00041 0.00077
Benzo[a]anthracene 0.0084 U 0.85 0.0084 - 0.23 0.284 NC 0.087 NC
Benzo[a]pyrene 0.0084 U 2.8 0.0084 - 0.23 0.248 NC 0.13 NC
Benzo[b]fluoranthene 0.0084 U 2.9 0.0084 - 0.23 0.271 NC 0.15 NC
Benzo[k]fluoranthene 0.0084 U 2.8 0.0084 - 0.23 0.252 NC 0.13 NC
Dibenzo[ah]anthracene 0.0084 U 9.2 0.0084 - 0.23 0.205 NC 0.0032 NC
Indeno[123cd]pyrene 0.0084 U 9.4 0.0084 - 0.23 0.225 NC 0.0099 NC
Naphthalene 0.005 U 0.0053 0.005 - 0.23 NA NC 0.014 NC
Antimony 0.69 U 1.1 0.69 - 7.91 NA NC 1.1 NC
Arsenic 1.16 1.2 0.69 - 3.16 1.16 1.4 1.2 1.1

CHEMICAL(1)

10-6 RISK LEVEL(3)

Replacement

Value(2)

(mg/kg)

Site-Specific

Leachability SSL

(mg/kg)

Beaufort

Background

(mg/kg)

Range of PQLs

(mg/kg)*
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SURFACE AND SUBSURFACE SOIL SAMPLES

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA
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Site 27 Site 55 Site 9/16
CHEMICAL(1)

10-6 RISK LEVEL(3)

Replacement

Value(2)

(mg/kg)

Site-Specific

Leachability SSL

(mg/kg)

Beaufort

Background

(mg/kg)

Range of PQLs

(mg/kg)*

Chromium 5.17 720000 1.01 - 1.6 5.17 5.2 4.2 5.3
Cobalt 1.2 0.85 2.02 - 3.3 1.2 NC 0.58 NC
Iron 2875 1100 8.7 - 15.8 2875 NC 2222 NC
Manganese 19.2 83 0.43 - 1.58 19.2 NC 42.5 NC
(1) Chemicals which were identifed as chemicals of concern in groundwater.

(2) Replacement Value represents either the minimum of PQL or background value

(3) UCLs are for combined surface soil and subsurface soil excluding samples removed to meet 10-6 cancer risk level for the Industrial user.
(4) Data are all non-detect. Meaningful summary statistics cannot be calculated.
(5) Less than three detected concentration meaningful summary statistics cannot be calculated
*PQL - Practical Quantitation Limit (PQL) where dilution factor is 1

NC - Not a chemical of concern for this site.

U - Indicates nondetect concentration

Bolded value indicates that UCL concentration is greater than site-specific leachability soil screening level (SSL) and Beaufort background

concentration (metals), but within the PQL range.

Bolded and shaded value indicates that UCL concentration is greater than site-specific leachability SSL and greater than PQL range.



TABLE 2-8

POST-REMEDIAL SOIL UCL CONCENTRATIONS FROM CHEMICALS EXCEEDING LEACHABILITY CRITERIA

SURFACE AND SUBSURFACE SOIL SAMPLES

MCRD PARRIS ISLAND

PARRIS ISLAND, SOUTH CAROLINA

Site 27 Site 55 Site 9/16

DDD 0.00078 U 0.79 0.00078 - 0.003 0.0018 NC 0.014 NC
DDE 0.00078 U 0.56 0.00078 - 0.0033 0.0029 NC 0.08 NC
DDT 0.00078 U 0.81 0.00078 - 0.003 0.0028 NC 0.08 NC
Aldrin 0.0004 U 0.00041 0.0004 - 0.0013 NA 0.00045 NC NC
alpha-BHC 0.0004 U 0.00042 0.0004 - 0.0012 NA 0.00048 0.0004 0.00017
beta-BHC 0.0004 U 0.0015 0.0004 - 0.0012 NA NC 0.0014 NC
delta-BHC 0.0004 U 0.00042 0.0004 - 0.0012 NA 0.0009 0.0011 0.00018
Dieldrin 0.00078 U 0.00072 0.00078 - 0.0033 NA NC 0.0015 NC
Naphthalene 0.005 U 0.0053 0.005 - 0.23 NA NC 0.012 NC
Antimony 0.69 U 1.1 0.69 - 7.91 NA NC 1 NC
Arsenic 1.16 1.2 0.69 - 3.16 1.16 1.4 1.2 1.1

(1) Chemicals identified as exceeding site-specific leachability criteria and PQL range in Table 2-6.

(2) Replacement Value represents either the minimum of PQL or background value

(3) UCLs are for combined surface soil and subsurface soil excluding samples removed to meet 10-6 cancer risk level for the Industrial user

and leachibility SSLs or PQL range.

*PQL - Practical Quantitation Limit (PQL) where dilution factor is 1
NC - Not a chemical of concern for this site.
U - Indicates nondetect concentration
Bolded value indicates that UCL concentration is greater than site-specific leachability soil screening level (SSL) and Beaufort background
concentration (metals), but within the PQL range.

CHEMICAL(1)

UCL(3)

Replacement

Value(2)

(mg/kg)

Site-Specific

Leachability SSL

(mg/kg)

Beaufort

Background

(mg/kg)

Range of PQLs

(mg/kg)*



TABLE 2-9

ESTIMATED MASS OF MAJOR COCs IN GROUNDWATER AND SATURATED SOIL
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

COC

Dissolved

Phase

(pounds)

Sorbed

Phase

(pounds)

Total

(pounds)

DDT 1.26 37,205 37,206.26

DDD 2.63 50,927 50,929.63

DDE 0.07 6,323 6,323.07

Alpha-BHC 0.30 8 8.30

Beta-BHC 0.13 3 3.13

Gamma-BHC 0.30 7 7.30

Benzene 0.37 0.4 0.77

Ethylbenzene 0.18 1 1.18

Xylenes 0.49 4 4.49

Chlorobenzene 7.31 33 40.31

1,4-Dichlorobenzene 0.41 5 5.41

1,2,4-Trichlorobenzene 0.08 3 3.08

Total 13.53 94,519.4 94,532.93

COC – Chemical of concern
DDD – Dichlorodiphenyldichloroethane
DDE – Dichlorodiphenyldichloroethylene
DDT – Dichlorodiphenyltrichloroethane
BHC – Hexachlorocyclohexane
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3.0 SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies, screens, and evaluates the technologies and process options that potentially may 

be applicable to the remedial alternatives for Sites 9, 16, 27, and 55.  The primary objective of this phase 

of the FS is to develop an appropriate range of remedial technologies and process options that will be 

used for developing the remedial alternatives. 

 

The basis for technology identification and screening began in Section 2.0 with a series of discussions 

that included the following:  

 

 Identification of ARARs 

 Development of RAOs and cleanup goals  

 Identification of GRAs 

 Development of estimated areas and volumes of contaminated soil and groundwater 

 

Technology screening evaluation in this section included the following analytical steps: 

 

 Identification and screening of remedial technologies and process options 

 Evaluation and selection of representative process options 

 

A variety of technologies and process options were identified under each GRA (identified in Section 2.5.1) 

and screened based on the Guidance for Conducting Remedial Investigations/Feasibility Studies under 

CERCLA (USEPA, 1988).  The screening was first conducted at a preliminary level to focus on relevant 

technologies and process options, then the screening was conducted at a more detailed level based on 

certain evaluation criteria.  Finally, process options were selected to represent the technologies that 

passed the detailed evaluation and screening.  

 

The evaluation criteria for detailed screening of technologies and process options retained after the 

preliminary screening were effectiveness, implementability, and cost.  The following are descriptions of 

these evaluation criteria: 

 

 Effectiveness 

- Protection of human health and the environment; reduction in toxicity, mobility, or volume; and 

permanence of the solution. 

- Ability of the technology to address the estimated areas or volumes of the contaminated media. 
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- Ability of the technology to attain the cleanup goals required to meet the RAOs. 

- Technical reliability (innovative versus well-proven) with respect to contaminants and site 

conditions. 

 

 Implementability 

- Overall technical feasibility at the site. 

- Availability of vendors, mobile units, storage and disposal services, etc. 

- Administrative feasibility. 

- Special long-term maintenance and operation requirements. 

 

 Cost (Qualitative) 

- Capital cost. 

- Operation and maintenance (O&M) costs. 

 

Technologies and process options will be identified in the following sections. 

 

3.1 PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies and screens technologies and process options for soil at a preliminary stage based 

on implementation with respect to site conditions and COCs.  Table 3-1 summarizes the preliminary 

screening of technologies and process options applicable to soil.  It presents the GRAs, identifies the 

technologies and process options, and provides a brief description of each process option followed by the 

screening comments.   

 

The following are the soil technology and process options retained after the detailed screening. 

 

General Response 
Action 

Technology Process Options 

No Action None Not applicable 

Limited Action LUCs Site use restrictions 

Containment Cover/Barrier Cap  

Removal Excavation Mechanical Excavation 

Disposal Off-Site Disposal Landfill 
 



  Rev. 2 
  April 2013 

13JAX0048 3-3 CTO JM18 

3.2 DETAILED SCREENING OF SOIL TREATMENT TECHNOLOGIES AND PROCESS 

OPTIONS 

This section identifies and develops the representative process options, through a detailed screening 

procedure, that will be used in the formulation of remedial alternatives to accomplish the RAOs and meet 

the cleanup goals identified in Section 2.0. 

 No Action 3.2.1

No Action consists of maintaining the status quo at the site.  As required under CERCLA regulations, the 

No Action alternative is carried through the FS to provide a baseline for comparison to other alternatives 

and their effectiveness in mitigating risks posed by site contaminants.   

 

Effectiveness 

No Action would not be effective in meeting the soil RAOs and would not be protective of human health.  

No Action would not actively reduce the toxicity, mobility, or volume of contaminants in soil.  There would 

be no reduction in risk through exposure control or treatment.  Arsenic contamination would remain and, 

although the chlorinated compounds and PAHs may degrade through natural processes over time, this 

would not be verified.   

 

Implementability 

There would be no implementability concerns because no action would be implemented. 

 

Cost 

There would be no costs associated with the No Action alternative. 

 

Conclusion 

No Action is retained because of NCP requirements, although it would not be effective. 

 

 Limited Action 3.2.2

The technology considered under this GRA was LUCs. 
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3.2.2.1 LUCs 

LUCs would be developed to prevent the site from being used in the future for any purpose other than 

industrial uses.  Because the site would continue to be used for industrial uses, physical restrictions such 

as signage, fencing, physical barriers, and site security would not generally be applicable. 

 

LUC performance objectives and restrictions for soil at Sites 9, 16, 27, and 55 would include the following:  

 Prohibit residential, agricultural (specifically growing crops for human consumption), and recreational 

reuse of the site. Prohibited residential uses shall include, but are not limited to, any form of housing, 

child-care facilities, pre-schools, elementary schools, secondary schools, playgrounds, and 

convalescent or nursing care facilities.  Prohibited recreational activities include, but are not limited to, 

playgrounds, athletic fields, picnic grounds, etc.   

 

 Prohibit the excavation of soil from the site. 

 

 Prohibit new construction of enclosed buildings without the use of a vapor barrier to protect industrial 

and commercial workers form risks associated with vapor intrusion. 

 

 Maintain the integrity of any existing or future monitoring or remediation system(s). 

 
Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to USEPA and SCDHEC.  Prior to any 

property conveyance, USEPA and SCDHEC would be notified.           

The LUCs, in accordance with the Navy LUC Principles (Department of Defense [DoD], 2003), would be 

developed and implemented through a LUC Remedial Design (RD) that would be prepared as a 

component of the overall RD.  LUCs would be implemented by updating existing base documentation, 

including the Base Master Plan (BMP), Base Geographic Information System (GIS), and Base 

Environmental Management System (EMS).  

Effectiveness 

LUCs would be protective of human health by preventing exposure to COCs.  LUCs would not reduce the 

toxicity, mobility, or volume of COCs in soil.  Contamination would remain, although some COCs like 

VOCs and PAHs may degrade through natural processes over time.  Prohibiting future residential 

development of the site would effectively prevent the occurrence of unacceptable risks to human 

receptors from direct exposure to contaminated soil.   
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Implementability 

LUCs would be readily implementable and have been implemented at other sites at MCRD Parris Island.  

The implementability of these controls would be more of a concern if the site is transferred to private 

owners.  In this case, provisions would be incorporated in property transfer documents to ensure the 

continued implementation of institutional controls.  Resources are readily available for the preparation of a 

LUC RD. 

Cost 

Capital and O&M costs of LUCs would be low. 

Conclusion 

LUCs are retained in combination with other process options for the development of soil remedial 

alternatives.   

 Containment 3.2.3

The technologies considered under this GRA are covers and capping.  Covers would consist of placing 

approximately 2 feet of clean soil over contamination to prevent direct exposure.  Capping would consist 

of installing an impervious cover over the contaminated soil to prevent direct contact with that soil and to 

minimize infiltration through it.   

 

Effectiveness 

Covering or capping would not of itself remove the soil COCs or reduce their toxicity.  Nonetheless, 

covering and capping are well-established and proven technologies that would be effective in preventing 

direct exposure to contaminated soil and preventing off-site erosion.  A cap would also be effective in 

minimizing the potential for migration of soil COCs through leaching to groundwater.  Long-term 

maintenance of a cover or cap and long-term monitoring through a LUC would ensure the continued 

effectiveness of the cover or cap.  Because the effectiveness of a cover or cap depends on the strict 

maintenance of its integrity, this technology is typically incompatible with residential development that 

would make such maintenance very difficult.  Covers and caps can sometimes be difficult to maintain in 

industrial/commercial scenarios, although caps are typically under single ownership and easier to control.  

 

At this site, the existing asphalt pavement that covers much of the area acts as a cap.  Asphalt is an 

effective cap because it has very low permeability to prevent water from passing through to the soil.  

Similarly, the sloped surface of the pavement prevents the majority of precipitation that falls on the 
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surface from passing through the soil.  Finally, asphalt pavement is a durable surface that can be readily 

inspected and repaired.     

 

Implementability 

As noted, the existing pavement that covers much of the area acts as a cap.  The construction of a cap 

may also restrict future use of parts of the site.  Risk of worker exposure to contaminated soil during cap 

construction would be adequately mitigated by the wearing of appropriate PPE and by compliance with 

Occupational Safety and Health Act (OSHA) regulations and site-specific health and safety procedures.  

Adverse impact on the surrounding community and the environment as a result of the installation of a 

cover or cap could also be adequately mitigated by the implementation of engineering controls such as 

dust suppression and air quality monitoring.   

 

Because existing ground elevations and grades must be kept, a cover cannot be implemented at the site.  

However, for small areas, the upper two feet of soil could be excavated for off-site disposal and replaced 

with clean soil to prevent exposure to deep contaminated soil.    

 

Cost 

The capital and O&M costs for a cap would be low because much of the site is already paved. 

 

Conclusion 

Capping, through the use of existing pavement and additional pavement, is retained for the development 

of soil remedial alternatives for industrial use of the site.  Caps would be used where exposure to 

contaminants and infiltration through contaminated soil must be prevented.  

 Removal 3.2.4

The technology considered under this GRA was excavation. 

3.2.4.1 Excavation 

A variety of equipment such as front-end loaders, backhoes, and grade-alls could be used to perform 

excavation of non-saturated soil at the site that presents an unacceptable risk to the industrial site user.  

The type of equipment selected must take into consideration several factors such as the type of material 

to be removed, the load-bearing capacity of the ground surrounding the removal area, the depth and 

areal extent of removal, the required rate of removal, and the elevation of the groundwater table.  

Excavation is the technology of choice for removal of well-consolidated material such as soil from well-

defined areas with significant load-bearing capacity. 



  Rev. 2 
  April 2013 

13JAX0048 3-7 CTO JM18 

The logistics of excavation must take into account the available space for operating the equipment, 

loading and unloading of the excavated material, location of the site, etc.  After excavation is completed, 

the location would be filled and graded with clean fill material.   

Effectiveness 

Excavation is a well-proven and effective method of removing contaminated material from a site.  Properly 

designed and implemented excavation would remove soil with elevated concentrations of COCs, and the 

remaining soil would not pose an unacceptable risk to human health or the environment. 

Implementability 

Excavation of contaminated soil at Sites 9, 16, 27, and 55 would be implementable.  Excavation 

equipment is readily available from multiple vendors.  This technology is well proven and established in 

the construction/remediation industry.  During excavation, site-specific health and safety procedures and 

Occupational Safety and Health Administration (OSHA) regulations would have to be complied with to 

ensure that exposure of workers to COCs is minimized.  Based on previous analytical results, the 

contaminated soil is not expected to be hazardous.  However, if any of the soil is determined to be 

hazardous, excavation, stockpiling, and transportation operations would need to conform to RCRA 

regulations. 

Because the excavation depth to remove the surface soil hot spots at this site would be limited to 

approximately 1 foot bgs, sloping of the sidewalls of the excavation would not excessively increase the 

footprint of the excavation.  However, at the subsurface soil hot spot of Site 27, the excavation depth 

would be approximately 8 feet bgs.  Therefore, shoring or sloping of the sidewalls of the excavation would 

be needed at that location.  Careful consideration of the utility lines in the area would be undertaken and 

best engineering practices would be implemented.  These existing utility lines may need to be supported 

or rerouted.   

Cost 

Costs for limited surface and subsurface soil excavation would be relatively low.  

Conclusion  

Excavation is retained in combination with other process options for the development of soil remedial 

alternatives.  

 Disposal 3.2.5

The technology considered under this GRA was off-site disposal in a certified landfill. 
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Off-site disposal would consist of transporting excavated soil for burial at an off-site permitted treatment, 

storage, and disposal (TSD) facility.  Any soil that is determined to be hazardous would be disposed in a 

RCRA Subtitle C facility, as appropriate.   

Effectiveness 

Off-site landfill disposal does not permanently or irreversibly reduce contaminant concentrations. 

Although the CERCLA preference for treatment relegates landfilling to a less preferable option, this 

technology can be an effective disposal option for contaminated soil.  Off-site landfills are only permitted 

to operate if they meet certain requirements of design and operation governing foundation, liner, leak 

detection, leachate collection and treatment, daily cover, post-closure inspections and monitoring, etc., 

which ensure the effectiveness of these facilities.  The requirements of a RCRA hazardous (Subtitle C) 

landfill are typically more stringent than those of a RCRA non-hazardous (Subtitle D) solid waste landfill.  

Prior to disposal, the soil that is determined to be a hazardous waste may need to be treated to conform 

to land disposal restrictions (LDRs). 

Implementability 

Off-site landfilling would be easily implementable.  Facilities and services are available.  Disposal of soil 

containing listed hazardous wastes at levels exceeding RCRA-hazardous criteria would require pre-

treatment to meet LDRs prior to landfilling.   

Cost 

Costs of off-site landfilling would be moderate. 

Conclusion 

Off-site landfilling is retained in combination with other process options for the development of soil 

remedial alternatives. 

3.3 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND PROCESS OPTIONS FOR 

SOIL 

The following technologies and process options, under the GRAs as noted, were retained after detailed 

screening for the development of soil remedial alternatives: 

 No Action 

 Limited Action: LUCs  

 Removal: Excavation 

 Disposal: Off-Site RCRA Hazardous (Subtitle C) Landfill 
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The next step was to select representative process options from each technology to assemble an 

adequate variety of alternatives and to evaluate the alternatives in sufficient detail to aid in the final 

selection process.  The assembled alternatives are presented in Section 4.0. 

3.4 PRELIMINARY SCREENING OF GROUNDWATER AND LNAPL TREATMENT 

TECHNOLOGIES AND PROCESS OPTIONS 

Because the shallow groundwater contamination at the site is closely related to the suspected LNAPL 

residuals in the smear zone, this section identifies and screens remediation technologies and process 

options for groundwater and LNAPL together at a preliminary stage based on implementation with respect 

to site-specific conditions and COCs.  Table 3-2 summarizes the results of this preliminary screening 

process.  It presents the GRAs, identifies the technologies and process options, and provides a brief 

description of each process option followed by comments about the results of the screening process.  

The following are the groundwater technologies and process options remaining for detailed screening. 

General Response 
Action 

Technology Process Options 

No Action None Not applicable 

Limited Action LUCs Groundwater use restrictions, excavation control 

Monitoring Sampling and analysis 

Natural Attenuation Naturally occurring degradation and dilution 

Removal Excavation Mechanical Excavation 

Extraction Skimming 

In-Situ Treatment Chemical Chemical oxidation 
 

3.5 DETAILED SCREENING OF LNAPL AND GROUNDWATER TECHNOLOGIES AND 

PROCESS OPTIONS 

 No Action 3.5.1

No Action consists of maintaining the status quo at the site.  As required under CERCLA regulations, the 

No Action alternative is carried through the FS to provide a baseline for comparison to other alternatives 

and their effectiveness in mitigating risks posed by site contaminants.   

Effectiveness 

No Action would not be effective in meeting the RAOs.  No Action would not be effective in evaluating 

either potential contaminant reduction through natural attenuation or potential contaminant migration off 

site because no monitoring would be performed. 
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Implementability 

There would be no implementability concerns because no action would be implemented. 

Cost 

There would be no costs associated with the No Action alternative. 

Conclusion 

No Action is retained because of NCP requirements, although it would not be effective. 

 Limited Action 3.5.2

The technologies considered under this GRA were LUCs, monitoring, and natural attenuation. 

3.5.2.1 LUCs 

LUCs would be developed to prevent unacceptable risks from exposure to contaminated groundwater 

and the suspected LNAPL residuals in the smear zone.     

LUC performance objectives and restrictions for site groundwater and LNAPL residuals in the smear zone 

would include the following:  

 Prohibit all uses of groundwater from the surficial aquifer underlying the site (including, but not limited 

to, human consumption, dewatering, irrigation, heating/cooling purposes, and industrial processes)..   

 Restrict excavation (to prevent exposure to contaminated groundwater and LNAPL residuals).  

 Maintain the integrity of any existing or future monitoring or remediation system(s).  

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, USEPA and SCDHEC would be notified.           

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be developed and 

implemented through a LUC RD that would be prepared as a component of the overall RD.  LUCs would 

be implemented by updating existing base documentation, including the Master BMP, Base GIS, and 

Base EMS.  
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The LUCs would be maintained for as long as they are required to prevent unacceptable exposure to 

contaminated groundwater and the LNAPL residuals in the smear zone and/or to preserve the integrity of 

the selected remedy. 

Effectiveness 

Groundwater use restrictions would be protective of human health by preventing exposure to COCs.  

These controls would minimize potential human health risks associated with exposure to contaminated 

groundwater and the LNAPL residuals in the smear zone.   

Implementability 

LUCs would be readily implementable and have been implemented at other sites at MCRD Parris Island.  

The implementability of these controls would be more of a concern if the site is transferred to private 

owners.  In this case, provisions would be incorporated in property transfer documents to ensure the 

continued implementation of institutional controls.  Resources are readily available for the preparation of a 

LUC RD. 

Cost 

Capital and O&M costs of LUCs would be low. 

Conclusion 

LUCs are retained in combination with other process options for the development of LNAPL and 

groundwater remedial alternatives.  

3.5.2.2 Monitoring 

LNAPL monitoring would consist of regularly checking for the presence of LNAPL in monitoring wells 

within the suspected area of LNAPL residuals and on the periphery of that area.  If LNAPL is detected, 

the thickness of the LNAPL layer would be measured and recorded.  Sampling and analysis of 

groundwater would be used to evaluate migration of COCs and monitor potential natural attenuation or 

the progress of active remediation.  Monitoring of groundwater and LNAPL COC concentrations along the 

western boundary of the Site 27 would be conducted to evaluate potential impacts to surface water and 

ecological receptors in the 3rd Battalion Pond due to the migration of contaminated groundwater. 

Effectiveness 

Monitoring would not by itself remove LNAPL or reduce the toxicity, mobility, or volume of COCs in the 

groundwater, but it would allow the evaluation of trends in LNAPL accumulation, potential migration of 
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LNAPL and contaminated groundwater, and the expected reductions in concentrations through natural 

attenuation or active remediation.   

Implementability 

An LNAPL and groundwater monitoring program could be readily implemented and is routinely performed 

at other sites.  Local and state permits would be required for monitoring well installation. 

Cost 

Capital and O&M costs of monitoring would be low. 

Conclusion 

Monitoring is retained in combination with other process options for the development of LNAPL and 

groundwater remedial alternatives. 

3.5.2.3 Monitored Natural Attenuation 

Monitored natural attenuation (MNA) would consist of monitoring groundwater quality to determine the 

extent to which naturally occurring processes such as dissolution, biodegradation, abiotic transformation, 

dispersion, volatilization, and dilution would reduce groundwater concentrations of COCs and the mass of 

LNAPL in soil and over time.  For this purpose, the presence of LNAPL would be regularly checked to 

establish trends in its accumulation and to evaluate its movement.  In addition, new monitoring wells 

would be installed as required, and samples from these new wells and existing wells would be regularly 

collected and analyzed for natural attenuation parameters such as oxidation-reduction potential (ORP), 

dissolved oxygen (DO), pH, alkalinity, temperature, conductivity, TOC, ferrous and total iron, sulfur 

compounds (sulfides and sulfates), nitrogen compounds (nitrites and nitrates), orthophosphate, chloride, 

and metabolic gases (methane, ethane, ethene, and carbon dioxide). 

Effectiveness 

Insufficient data are currently available to establish clear trends in the attenuation of LNAPL at the site.  

Typically, the main components of diesel in the LNAPL are amenable to long-term natural attenuation, 

primarily through biodegradation and volatilization.  However, natural attenuation is typically only effective 

for the removal of the light petroleum components, and there is a strong tendency for the process to 

gradually slow down as the lighter, and more volatile and biodegradable, components are removed, 

leaving the heavier and more refractory components that are typically referred to as “weathered” product.  

This is likely to have already occurred at this site based upon the age of the release and the lower 

concentrations detected of the lighter petroleum compounds. In addition, the pesticides and 
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chlorobenzenes in the LNAPL are less amenable to natural attenuation compared to diesel components 

under the site conditions.  From available monitoring data, it is likely that the suspected LNAPL in the 

smear zone is mainly comprised of weathered diesel products in a residual form. 

Naturally occurring processes could reduce COC concentrations in groundwater over the long term.  

However, insufficient data are currently available for a thorough evaluation of the natural attenuation 

potential of COCs in groundwater.  However, it is believed that the migration of organic COCs, particularly 

pesticides, in groundwater is significantly retarded due to strong adsorption by soil organic matter in the 

shallow aquifer (see Appendix D). 

Groundwater monitoring would provide an effective means of evaluating the concentrations of COCs in 

groundwater and of assessing the rate of decrease of these concentrations.  Monitoring of indicator 

parameters would help to evaluate the potential effectiveness of the natural attenuation process.   

Implementability 

MNA would be easy to implement.  Monitoring the presence of LNAPL, groundwater COC concentrations, 

and groundwater quality and periodically reviewing site conditions could readily be performed, and the 

necessary resources are available to provide these services. 

Cost 

Capital and O&M costs for MNA would be low. 

Conclusion 

MNA is retained in combination with other process options for the development of groundwater remedial 

alternatives to address dissolved phase groundwater contaminants as well as LNAPL. 

 Removal 3.5.3

The technologies considered under this GRA include excavation and skimming for LNAPL removal. 

3.5.3.1 Excavation 

This technology would consist of excavating in the areas with suspected LNAPL to the bottom of the 

smear zone and removing both the overlying unsaturated soil and the saturated soil that is highly 

contaminated or suspected to contain LNAPL. 

Excavation is typically applied to unsaturated soils.  If an excavation of significant depth is required in 

saturated soil, the soil must be dewatered first.  A variety of equipment such as front-end loaders, 
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backhoes, and grade-alls could be used to perform the excavation.  The type of equipment selected must 

take into consideration several factors such as the type of material to be removed, the load-bearing 

capacity of the ground surrounding the removal area, the depth and areal extent of removal, the required 

rate of removal, and the elevation of the water table.  Excavation is the technology of choice for the 

removal of well-consolidated material such as soil from well-defined areas with significant load-bearing 

capacity.  

Dewatering can be performed using a series of wells or well points.  Treatment of the groundwater is 

required prior to discharge, and the type of treatment will depend on the groundwater quality.  For 

example, uncontaminated groundwater may only need filtration to remove suspended solids, while 

contaminated groundwater will require treatment, such as granular activated carbon (GAC) to remove 

organic compounds.  Treated groundwater may need to be stored and tested prior to discharge. 

The side walls of the excavation may need to be sloped back for stability.  Alternatively, the excavation 

walls may need to be stabilized with sheet piling prior to excavation.  The sheet piles will also limit the 

amount of groundwater that seeps into the excavation after the excavation is completed.  

The logistics of excavation must take into account the available space for operating the equipment, 

loading and unloading of the excavated material, treatment of groundwater, location of the site, etc.  After 

excavation is completed, the excavated area would be filled and graded with clean fill material.   

Pre- and post-excavation sampling would be performed to further delineate the areas to be excavated, to 

provide waste characterization data for the TSD facility, and to verify that all contaminated material has 

been removed. 

Effectiveness 

Excavation would be an effective technology for the removal of LNAPL in the smear zone soil pore space.  

In addition, excavation could also remove the highly contaminated saturated soil that acts as another 

source of groundwater contamination.  However, a successful excavation would require the accurate 

delineation of the LNAPL and associated contamination in the smear zone. 

Excavation of soil from below the water table is not very effective because of the difficulty in handling the 

wet, saturated soil.  Dewatering this type of excavation involves the treatment and disposal of 

contaminated groundwater.  In this case, two areas of saturated soil approximately 160 feet by 180 feet 

and 40 feet by 50 feet with an average depth of 12 feet will need to be excavated.  Assuming that the 

porosity is 0.4, the total volume of contaminated groundwater is approximately 540,000 gallons, plus 

additional water that will seep into the excavation.  Because the COC concentrations are generally 

greater than the Toxicity Characteristic Leaching Procedure (TCLP) criteria, this water may need to be 

handled as a hazardous waste and would need to be treated on site.   
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The effectiveness of the excavation is limited by the contaminated groundwater that leaks into the 

excavation.  Following excavation, the area will be backfilled.  The contaminated groundwater adjacent to 

the excavation will flow into the excavated area and contaminate the fill.   

Although the backfilled material might quickly be contaminated by the adjacent groundwater, excavation 

will remove the source of groundwater contamination (i.e., LNAPL residuals and the highly contaminated 

saturated soil) so that the magnitude of groundwater contamination will be significantly reduced and the 

time for natural attenuation to clean up the groundwater across the entire site will be shortened. 

Implementability 

Because of the dewatering and seepage, excavation will be difficult to implement.  The groundwater will 

need to be treated with GAC (or a similar process) to MCLs prior to discharge to a storm sewer or 

tributary to Archers Creek. Alternatively, the treated groundwater may be discharged to the local publicly-

owned treatment works (POTW). 

The depth to groundwater is relatively shallow and the soil around the excavation area would need to be 

stabilized to support the heavy excavation equipment.    

Because of the high concentrations of pesticides, chlorobenzenes, and BTEX compounds in the 

groundwater, some excavated soil may be a TCLP characteristic hazardous waste.  All soils will be 

characterized prior to off-site disposal.  A portion of the excavated soil may need to be dewatered on site, 

and due to the high concentration of COCs in the groundwater, the dewatering area may need to meet 

hazardous waste storage requirements.  Excavation, stockpiling, and transportation operations would 

need to conform to RCRA requirements. 

Very careful planning and execution would be required to prevent interference with the ongoing activities 

of MCRD Parris Island.  In addition, excavation could be significantly hindered, or even prevented, by the 

presence of the FOV, fiber optic cable lines, and other underground structures.  These would not only 

interfere with the operation of normal excavation equipment but would severely limit or even prevent the 

installation of shoring.  It is for these reasons that excavation is not practicable.   

Excavation equipment is readily available from multiple vendors.  This technology as applied to 

unsaturated soil is well proven and established in the construction/remediation industry.  During 

excavation, site-specific health and safety procedures such as the use of PPE and OSHA regulations 

would have to be complied with to ensure that the exposure of workers to COCs is minimized.   
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Cost 

Costs for dewatering and excavation would be relatively high.  Because some of the soil and water may 

be a hazardous waste, disposal costs would be high.  

Conclusion 

Although it would be extremely difficult to implement, excavation is retained in combination with other 

process options for the development of LNAPL and groundwater remedial alternatives. 

3.5.3.2 Skimming 

Skimming consists of mechanically removing LNAPL from the groundwater, either in a static fashion 

(passive skimming) or with induction of a hydraulic gradient (active skimming).  Passive skimming 

consists of installing devices that include either a hydrocarbon capture hydrophobic filter with a storage 

canister or an adsorbing element in wells located in the areas of LNAPL contamination.  Periodically, the 

storage canisters are emptied or the adsorbing elements are removed and replaced.  Active skimming 

consists of installing skimming pumps in wells located in the areas of LNAPL contamination and operating 

these pumps either continuously or intermittently.  Skimming pumps are specially designed to induce a 

hydraulic gradient at the surface of the water table and collect a thin liquid layer of adjustable thickness 

from that surface.   

Effectiveness 

Skimming would be effective for the removal of mobile LNAPL; however, there is very little mobile LNAPL 

present.  However, skimming would not be effective for the removal of adsorbed phase LNAPL COCs or 

the remediation of highly contaminated saturated soil in the smear zone.  Passive skimming is typically 

most effective in areas of low to moderate LNAPL accumulation that would not require overly frequent 

emptying of the storage canisters or replacement of the adsorbing elements.  Active skimming, either 

continuous or intermittent, is typically most effective in areas of significant LNAPL accumulation where the 

skimming action of the pumps would not entrain excessive water.  Based on the monitoring data available 

at the site, it appears that LNAPL accumulation is very limited because most of the LNAPL is in a residual 

form in the smear zone.  Therefore, passive skimming should be the option of choice for this technology, 

at least initially until more monitoring data are available. 

Implementability 

Skimming, either passive or active, would be easy to implement.  Numerous types of hydrophobic 

filters/storage canisters, adsorbing elements, and skimming pumps are available, and they could readily 

be installed and operated either in existing wells or in new wells. 
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Cost 

The cost of passive skimming would be low.  The cost of active skimming would be moderate. 

Conclusion 

Passive skimming is retained for the development of LNAPL remedial alternatives.  Active skimming could 

also be considered if significant LNAPL accumulation is observed from additional monitoring. 

 In-Situ Treatment 3.5.4

The technology considered under this GRA was chemical oxidation.  

3.5.4.1 In-Situ Chemical Oxidation 

In-situ chemical oxidation (ISCO) involves the injection of chemical agents into the contaminant plume.  

These chemical agents promote the generation of highly reactive hydroxyl radicals that react with COCs, 

such as chlorinated VOCs, and result in the oxidative cleavage of the carbon-to-carbon bond, yielding 

water, carbon dioxide, oxygen, and dilute hydrochloric acid as by-products. 

Traditionally, the chemical agents used for this purpose have included powerful oxidants such as iron-

catalyzed hydrogen peroxide (known as Fenton's Reagent), sodium persulfate, or potassium 

permanganate.  More recently, milder oxidants such as catalytically complexed sodium percarbonate 

(marketed as RegenOx™) have also been successfully used.  

ISCO reagents are generally injected in the contaminant plumes using multiple temporary DPT injection 

points and/or permanent injection wells.  DPT injection would be simple to implement and could be 

applied selectively in a small area or across large surface areas.  In addition, oxidizers can be applied to 

the contaminated soil and groundwater by soil mixing methods, especially when treatment is required in 

low permeability soil.  For contaminants with very low solubility and low volatility, multiple applications of 

chemical oxidant may be required.  With soil mixing, a large diameter (typically 3- to 12-foot diameter) 

auger is usually advanced into the ground and reagents such as oxidants can be economically introduced 

and mixed to treat chemical hot spots.  Proprietary equipment has also been developed by vendors for in-

situ soil mixing applications.  

Effectiveness 

ISCO is a well-established technology that could be effective for the destruction of most of the LNAPL 

COCs at the site, primarily the chlorobenzenes and those found in weathered diesel.  The chemical 

oxidation of pesticides is uncertain and conditional, usually depending on the type of oxidant and its 
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activation approach.  However, with the destruction of LNAPL petroleum constituents and 

chlorobenzenes by chemical oxidation, the mobility of remaining pesticides will be significantly reduced. 

The effectiveness of in-situ chemical oxidation using injection points or wells can also be impacted by 

heterogeneous subsurface conditions that could result in uneven distribution of the injected chemical 

agents and incomplete contact of these agents with the groundwater COCs.  Using soil mixing to deliver 

the chemical oxidants can homogenize the soil and contaminants at the same time to ensure direct and 

immediate contact so that oxidation reaction can occur rapidly and uncertainties from heterogeneous 

subsurface conditions can be eliminated.  

Due to the unusual combination of COCs and the presence of a thin clay layer in the smear zone, a pilot-

scale treatability study would be required to evaluate the effectiveness of the selected oxidant and its 

distribution and to determine the in-situ treatment system design criteria.   

Implementability 

ISCO using either injection or soil mixing could be implemented at the site.  Because of the presence of 

various utilities and the FOV and close proximity of the treatment areas to existing buildings, application 

of an oxidant would best be accomplished through injection.  Qualified contractors specializing in the 

application of this technology are readily available. 

The chemical reactions that result from the application of strong oxidizing agents may generate heat and 

high pressures that can alter subsurface characteristics and even result in hazardous conditions; the 

remedial design would have to consider mitigation of these conditions.  Air quality monitoring of the 

remediation area would be required while strong oxidizing agents are utilized. 

Cost 

Capital and O&M costs for in-situ chemical oxidation with a strong oxidant using injection methods would 

be moderate to high. 

Conclusion 

ISCO using injection wells is retained in combination with other technologies and process options for the 

development of remedial alternatives. 

3.6 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND PROCESS OPTIONS FOR 

LNAPL AND GROUNDWATER 

The following technologies and process options, under the GRAs as noted, were retained for the 

development of groundwater and LNAPL remedial alternatives: 
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 No Action 

 Limited Action: LUCs and MNA 

 Removal: Excavation and Skimming 

 In-Situ Treatment: Chemical Oxidation 

 

The next step was to select representative process options from each technology to assemble an 

adequate variety of alternatives and to evaluate the alternatives in sufficient detail to aid in the final 

selection process.  The assembled alternatives are presented in Section 4.0. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

No Action None Not Applicable No activities conducted at the site to 
address contamination.   

Required by law.  Retain for baseline 
comparison to other technologies. 

Limited Action Land Use 
Controls 
(LUCs) 

Engineered Controls: 
Physical Barriers/ 
Security Guards 

Fencing, markers, warning signs, and 
monitoring to restrict site access. 

Eliminate.  Site is currently part of an active 
Navy base and must still be accessible. 

  Administrative 
Controls:  
Deed or Site Use 
Restrictions 

Administrative action using land use 
prohibitions to restrict future site activities.  
5-year reviews would be conducted to 
evaluate if additional remedial actions 
would be required. 

Retain.  May be used in conjunction with 
certain remedial alternatives to control 
future development and/or to maintain 
design integrity of containment systems. 

 Monitoring Sampling and 
Analysis 

Sampling and analysis of soil and/or 
groundwater to evaluate if additional 
remedial actions would be warranted. 

Eliminate.  May be used in conjunction with 
other processes to monitor remediation, 
monitor progress of natural attenuation, 
and warn of potential migration of 
contaminants. 

 Natural 
Attenuation 

Naturally Occurring 
Biodegradation and 
Dispersion 

Monitoring of soil to assess reductions in 
concentrations of chemicals of 
concern (COCs) through natural 
processes. 

Eliminate.  May be used in conjunction with 
other processes to decrease 
concentrations of COCs over time. 

Containment Cover/Barrier Soil Cover/Multi-
Media Cap/Cap 

Use of semipermeable or impermeable 
barriers to minimize direct exposure to 
contaminants and potential migration to 
groundwater. 

Retain.  Existing pavement in many parts of 
the site prevents exposure to contaminants 
and prevents precipitation from passing 
through contaminated soil.  Unpaved 
portions of the site can be capped.   

 Erosion Control Rip-Rap 
Cover/Vegetation 

Use of gravel/cobbles or dense plant 
growth to minimize migration of 
contaminated soil. 

Eliminate.  The area of Sites 9, 16, 27, and 
55 is relatively flat, and erosion is not a 
concern.   
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Response 
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Remedial 
Technology 

 
Process Option 
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Screening Comment 

Removal Excavation Mechanical Means for removal of contaminated soil by 
backhoe, bulldozer, loader, etc. 

Retain.  Would be effective to remove 
contaminated soil. 

In-Situ Treatment Thermal Vitrification Use of high-temperature melting to fuse 
inorganic contaminants into a glass matrix 
within the vadose zone or use of moderate-
temperature heating to volatilize 
contaminants and remove them from the 
vadose zone. 

Eliminate because of implementability 
concerns associated with the shallow 
groundwater table.  Vitrified mass would 
impact reuse of site.  Use of this technology 
is typically limited to highly contaminated or 
radioactive materials. 

  Radio Frequency 
Heating 

Use of radio frequency energy to heat soil 
and cause volatilization of contaminants 

Eliminate.  Limited thickness and shallow 
depth of contaminated soil renders this 
technology difficult to implement with 
limited commercially available equipment. 
Not cost-effective for the limited volume of 
contaminated soil. Not applicable for 
treatment of metals and pesticides. 

  Electrical Resistance 
Heating 

Use of an electrical blanket or electrical 
heating elements within slotted pipes to 
volatilize contaminants 

Eliminate.  Not cost-effective for the limited 
volume of contaminated soil.  Not 
applicable for treatment of metals and 
pesticides.   

 Physical/ 
Chemical 

Soil Flushing/ 
Chemical Extraction 

Use of water/solvents to remove 
contaminants from the vadose zone by 
flushing and collecting the contaminated 
wastewater in the saturated zone followed 
by above-ground pump and treat. 

Eliminate. Difficult to recover the circulation 
solution.  Heterogeneity would make 
distribution of solution difficult and would 
also make pumping solution out difficult.   
Not cost-effective for the limited volume of 
contaminated soil. 
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In-Situ Treatment 
(Continued) 

Physical/ 
Chemical 
(Continued) 

Dynamic 
Underground 
Stripping 

Steam injection at the periphery of the 
contaminated area resulting in vaporization 
of volatile compounds bound to soil and 
the movement of contaminants to a 
centrally located extraction well.   

Eliminate.  Difficult to implement due to the 
shallow groundwater table.  Not cost-
effective for the limited volume of 
contaminated soil.  Not applicable for 
treatment of metals and pesticides. 

  Soil Vapor Extraction Use of vacuum and possibly air sparging to 
volatilize contaminants. 

Eliminate.  Not cost-effective for the limited 
volume of contaminated soil.  Not 
applicable for polynuclear aromatic 
hydrocarbons (PAHs), metals, and 
pesticides. 

  Chemical Fixation/ 
Solidification 

Mixing of chemical agents in the vadose 
zone to chemically bind, solidify, and 
reduce contaminant mobility (“Soil Mixing”). 

Eliminate.  The fixed/solidified soil would 
not be suitable for building foundations and 
would limit potential site reuse and 
revegetation. 

 Chemical Chemical Oxidation Injection of an oxidizer such as Fenton’s 
Reagent into vadose zone soil to oxidize 
VOCs and PAHs. 

Eliminate.  Difficult to distribute solution in 
heterogeneous soil.  Thin layer of soil and 
shallow injection depth would also interfere 
with application. 

 Biological Biodegradation Nutrients and amendments are added to 
surface soil to promote biodegradation of 
chlorinated VOCs and PAHs. 

Eliminate.  Not effective for metals and 
pesticides.  Distribution and application 
issues similar to chemical oxidation. 

  Phytoremediation Use of selected plants for enhancement of 
biodegradation of organic contaminants by 
indigenous microorganisms in the root 
zone or transpiration process in trees.   

Eliminate.  Site is currently part of an active 
Navy base. Growth and maintenance of 
trees and plants would limit use of the site 
for industrial purposes. 
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Ex-Situ 
Treatment 

Physical/ 
Chemical 

Soil Washing/ 
Chemical Extraction 

Use of solubilization and chemical 
(oxidation/reduction/neutralization) 
processes to remove contaminants from 
the solid phase and convert them into more 
concentrated forms or less toxic forms in 
the liquid phase. 

Eliminate.  Treatment operations could 
impact nearby activities.  Treatment of soil 
on site would require a Resource 
Conservation and Recovery Act (RCRA) 
permit.  Off-site disposal would be required 
for hazardous waste.  Not cost-effective for 
the limited volume of contaminated soil. 

  Chemical Fixation/ 
Solidification 

Mixing of chemical agents to bind, solidify, 
and reduce contaminant mobility. 

Eliminate.  Treatment of soil would require 
RCRA permit.  Off-site disposal would be 
required for hazardous waste.  Not cost-
effective for the limited volume of 
contaminated soil. 

 Biological On-Site Landfarming Tilling of contaminated soil and wastes in 
layers of surface soil within a treatment 
bed to aerate and biodegrade organic 
contaminants. 

Eliminate.  Treatment of soil on site would 
require RCRA permit.  Also not suitable 
because of proximity to active areas.  Not 
cost-effective for the limited volume of 
contaminated soil. Not applicable for metals 
and uncertain effectiveness for pesticides.   

  Bioslurry Treatment Treatment of soil in a slurry reactor under 
controlled conditions using natural or 
cultured microorganisms to biodegrade 
organics. 

Eliminate.  Treatment of soil on site would 
require RCRA permit.  Not cost-effective for 
the limited volume of contaminated soil.  
Not applicable for metals and uncertain 
effectiveness for pesticides.   

 Thermal Off-Site Incineration Use of high temperatures to pyrolize or 
oxidize organic contaminants into less toxic 
gases. 

Eliminate.  Not applicable for metals. 
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Ex-Situ 
Treatment 
(continued) 

Thermal 
(continued) 

Off-Site  
Thermal Desorption 

Use of moderate temperatures to volatilize 
contaminants and remove them from the 
solid phase into the gaseous phase. 

Eliminate.  Not applicable for metals. 
Limited effectiveness for pesticides. 

  On-Site Incineration 
or Thermal 
Desorption 

Mobile equipment is brought on site for 
incineration or thermal desorption. 

Eliminate.  Volume of soil to be treated 
(<100 cubic yards) is too small to be 
economically treated (10,000 cubic yards is 
the minimum). Not applicable for metals. 
Limited effectiveness for pesticides. 

 Solids 
Processing 

Size Reduction Crushing/grinding/shredding of wastes as a 
preliminary process to aid in downstream 
treatment prior to disposal. 

Eliminate.  Not necessary because on-site 
or off-site treatment is not needed. 

  Screening Removal/segregation of material based on 
size as a preliminary process to aid in 
downstream treatment prior to disposal. 

Eliminate.  Not necessary because on-site 
or off-site treatment is not needed. 

Disposal Off-Site Hazardous Waste 
Landfilling 

Disposal of excavated wastes and 
treatment residuals in a permitted RCRA 
Subtitle C facility. 

Retain.  May be used in conjunction with 
excavation.  Most cost-effective for the 
limited volume of contaminated soil.   

 On Site Consolidation Excavation and relocation of contaminated 
soil to minimize space and closure 
requirements. 

Eliminate.  Contaminated soil is a listed 
hazardous waste and must be disposed at 
a permitted facility. 

  Beneficial Reuse Reuse of treated soil as fill material. Eliminate.  Contaminated soil is a listed 
hazardous waste and must be disposed at 
a permitted facility. 
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Screening Comment 

No Action None Not Applicable No activities conducted at the site to 
remedy or monitor contamination.   

Required by law.  Retain for baseline 
comparison to other technologies. 

Limited Action Land Use Controls 
(LUCs) 

Active Controls:  
Physical Barriers/ 
Security Guards 

Fencing, markers, and warning signs to 
restrict site access. 

Eliminate.  This technology would not 
minimize exposure to contaminated 
groundwater and would interfere with site 
daily operation. 

  Passive Controls:  
Deed and Land 
Use Restrictions 

Administrative action using LUCs to 
restrict future site use and to prohibit use 
of groundwater as a source of drinking 
water.  Deed restrictions would be needed 
if the property was to be transferred. 

Retain.  This technology could effectively 
limit human exposure to contaminated 
groundwater. 

 Monitoring Sampling and 
Analysis 

Periodic sampling and analysis of 
groundwater to track changes in the extent 
of contamination. 

Retain.  This technology could assess 
natural attenuation and/or migration of 
contaminants and evaluate the progress of 
active remediation. 

 Natural 
Attenuation 

Naturally 
Occurring 
Biodegradation 
and Dilution 

Monitoring groundwater to assess 
reductions in concentrations of chemicals 
of concern (COCs) through natural 
processes. 

Retain. This technology would decrease 
concentrations of COCs over time.  
However, insufficient data is available for a 
thorough evaluation of natural attenuation 
potential at the site. Migration of pesticides 
in groundwater is expected to be very slow 
due to strong adsorption by soil organic 
matter, but biodegradation of pesticides is 
uncertain and very slow. May be used in 
conjunction with source reduction by 
treatment or removal. 
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Containment Vertical Barriers Slurry Wall, Sheet 
Piling, Grout 
Curtain, or 
Hydraulic Barrier 

Low-permeability wall formed in a 
perimeter trench to restrict horizontal 
migration of groundwater. 

Eliminate.  This technology would not 
restore groundwater quality and would 
interfere with existing utilizes and roads, 
and with reuse of the site.  Groundwater 
treatment would still be needed.  Based on 
site observations, there is no mobile 
LNAPL, so containment for LNAPL is not 
applicable. 

 Horizontal Barriers Physical Barrier Injection of bottom-sealing slurry beneath 
source to minimize vertical migration of 
groundwater. 

Eliminate.  Not applicable.  Confining unit at 
the bottom of the surficial semi-confined 
aquifer prevents further downward 
migration of contaminants.   

Removal Bulk Excavation  Excavation and 
Mechanical 
Removal  

Excavation and mechanical removal of 
saturated soil that is highly contaminated 
or potentially containing residual LNAPL. 

Retain.  This technology could remove the 
source material of groundwater 
contamination.  However, dewatering will be 
needed for excavation in saturated zone 
and the total cost is very high. 
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Removal 
(continued) 

Extraction Extraction Wells Series of conventional pumping wells with 
single or dual pump used to remove 
contaminated groundwater and LNAPL. 

Eliminate.  Limited effectiveness for 
contaminants strongly bound to natural 
organic matter in saturated soil and with 
potential presence of residual LNAPL in the 
smear zone that may continuously and 
slowly release contaminants into 
groundwater from dissolution.  No mobile 
LNAPL is present, so this is not applicable.  
Extracted groundwater mixture needs 
treatment with long-term operation and 
maintenance (O&M) and high cost. 

 Trench Recovery Collection Trench A permeable trench used to intercept and 
collect groundwater and LNAPL. 

Eliminate.  This technology would interfere 
with site daily operation and buried utilities.  
Limited effectiveness for contaminants 
strongly bound to natural organic matter in 
saturated soil and with potential presence 
of residual LNAPL in the smear zone that 
may continuously and slowly release 
contaminants into groundwater from 
dissolution.  Mobile LNAPL is not present, 
so this process is not applicable.  

 Skimming  Active or Passive 
Skimming in 
Wells 

Mechanical removal of LNAPL 
accumulating in wells through induction of 
a hydraulic gradient (skimming pumps) or 
in a static fashion (hydrophobic capture or 
adsorption). 

Retain.  Although this is not a very 
aggressive removal technology and mobile 
phase LNAPL is very limited, skimming 
could effectively control any trace LNAPL. 
Skimmed LNAPL would have to be 
disposed.   
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Removal 
(continued) 

Surfactant 
Enhanced 
Recovery 

Surfactant 
Injection and 
Extraction 

Injection of surfactant into the smear zone 
to enhanced to mobility of LNAPL and 
removal of water/surfactant/LNAPL 
mixture by extraction  

Eliminate.  Limited effectiveness for residual 
LNAPL in the smear zone, particularly for 
mass trapped in the thin clay layer.  Need 
an above-ground treatment system to 
separate the surfactant from groundwater 
and then treat the contaminated 
groundwater. The O&M cost for such a 
system is high.  Residual surfactant in the 
subsurface may have toxic effects 
depending on the type of surfactant used.  
Surfactant flow may mobilize contaminants 
deeper into the aquifer or off site. 

In-Situ Treatment Biological Enhanced 
Anaerobic/ 
Aerobic 
Bioeremediation 

Enhancement of biodegradation of 
organics in an anaerobic (oxygen-
deficient) or aerobic (oxygen-rich) 
environment by injection of electron-donor 
compounds or an oxygen source.  
Microorganism cultures may also be 
added. 

Eliminate.  Degradation of pesticides and 
weathered product is slow and may be 
incomplete.  Limited effectiveness for 
LNAPL residuals and contaminants strongly 
bound to natural organic matter in soil. 

  Bio-barriers Use organic substrates to create a 
permeable barrier to intercept and treat 
contaminated groundwater. 

Eliminate.  Effective placement of the 
barriers would be limited by existing buried 
utilities, surface features, such as roads and 
buildings, and site daily operation. Can only 
treat contaminated groundwater. Possible 
incomplete degradation of pesticides and 
weathered products.  Long time frame if 
source removal is not achieved. 
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In-Situ Treatment 
(continued) 

Physical/Thermal Air Sparging (AS) 
or AS/Vapor 
Extraction (VE) 

Volatilization and enhancement of 
biodegradation of organic compounds by 
supply of air with or without capture and 
treatment of volatilized compounds. 

Eliminate. Limited effectiveness for LNAPL 
residuals containing weathered product and 
diesel and contaminants strongly bound to 
soil organic matter.  Limited effectiveness in 
the clay layer. Off-gas vapor needs 
treatment and management with high O&M 
cost. 

  Dynamic 
Underground 
Stripping 

Steam injection at the periphery of the 
contaminated area resulting in the 
vaporization of volatile compounds bound 
to soil and the movement of contaminants 
to a centrally located extraction well.   

Eliminate.  Limited effectiveness for LNAPL 
residuals containing weathered product and 
diesel and contaminants strongly bound to 
soil organic matter.  Limited effectiveness in 
the clay layer. Off-gas vapor needs 
treatment and management with high O&M 
cost. 

  Electrical 
Resistance 
Heating 
(ERH)/SVE 

Volatilization of organic COCs through 
groundwater and soil heating with 
electrical electrodes in combination with 
vacuum extraction of volatilized material. 

Eliminate.  Limited effectiveness for 
pesticides and metals.  Need 3-phase 
electricity connection.  Off-gas vapor needs 
treatment and management with high O&M 
cost. 
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Screening Comment 

In-Situ Treatment 
(continued) 

Chemical Permeable 
Reactive Barriers 
(PRBs) Using 
Zero Valent Iron 

Use of a permeable barrier, which allows 
the passage of groundwater and reacts 
with the contaminants. 

Eliminate.  Effective placement of the PRB 
would be limited by existing buried utilities, 
surface features, such as roads and 
buildings, and site daily operation.  
Migration of organic contaminants, 
particularly pesticides, in groundwater is 
very slow due to strong adsorption by soil 
organic matter, therefore most of the ZVI 
will lose reactivity from reactions with 
naturally-occurring components in 
groundwater. 

  Chemical 
Oxidation 

Chemical destruction of COCs through 
oxidation with hydrogen peroxide and 
ferrous iron (Fenton’s Reagent), catalyzed 
percarbonate (RegenOx™), or potassium 
permanganate. 

Retain.  This technology could destroy 
residual LNAPL and most organic COCs in 
the saturated zone, although degradation of 
pesticides is uncertain and conditional.  A 
pilot study is typically needed. 

  Stabilization by 
Soil Mixing  

Using soil mixing to deliver the select 
reagent to the treatment zone to physically 
or chemically bind the contaminants within 
a stabilized mass to reduce their mobility  

Eliminate.  Effective application would be 
limited by existing buried utilities, building 
foundations, and site daily operation.  
Stabilized mass in the subsurface needs 
long-term monitoring and management.  

Ex-Situ 
Treatment 
(Groundwater) 

All All Not applicable Eliminate because all active extraction 
processes have been eliminated, no ex-situ 
treatment processes were evaluated.   
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Action 

 
Technology 

 
Process Options 
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Screening Comment 

Discharge/ 
Disposal 
(Groundwater) 

All All Not applicable Eliminate because all active extraction 
processes have been eliminated, no 
discharge/disposal processes were 
evaluated.   

Disposal 
(LNAPL-
contaminated 
Soil) 

Landfill On-site Landfilling Disposal of removed LNAPL-
contaminated soil in an on-base landfill. 

Eliminate.  No suitable on-base area is 
available for this purpose. 

Off-site Landfilling Disposal of removed LNAPL-
contaminated soil in an off-base permitted 
treatment, storage, and disposal facility. 

Retain.   Would be effective for the disposal 
of contaminated soil. 
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4.0 ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

4.1 INTRODUCTION 

This section presents an evaluation of each remedial alternative with respect to the criteria of the NCP 

(40 CFR Part 300).  These criteria and their relative importance are described in the following 

subsections. 

 

 Evaluation Criteria 4.1.1

In accordance with the NCP (40 CFR Part 300.430), the following nine criteria are used for the evaluation 

of remedial alternatives: 

 

 Overall Protection of Human Health and the Environment 

 Compliance with ARARs 

 Long-Term Effectiveness and Permanence 

 Reduction of Toxicity, Mobility, or Volume through Treatment 

 Short-Term Effectiveness 

 Implementability 

 Cost 

 State Acceptance 

 Community Acceptance 

 

4.1.1.1 Overall Protection of Human Health and the Environment 

Alternatives must be assessed for adequate protection of human health and the environment, in both the 

short and long term, from unacceptable risks posed by hazardous substances or contaminants present at 

the site by eliminating, reducing, or controlling exposure to levels exceeding cleanup goals.  Overall 

protection draws on the assessments of other evaluation criteria, especially long-term effectiveness and 

permanence, short-term effectiveness, and compliance with ARARs. 

 

4.1.1.2 Compliance with ARARs 

Alternatives must be assessed to determine whether they attain ARARs under federal environmental laws 

and state environmental or facility siting laws.  CERCLA Section 121(d) specifies in part that remedial 

actions for cleanup of hazardous substances must comply with requirements and standards under federal 

or more stringent state environmental laws and regulations that are applicable or relevant and appropriate 

(i.e., ARARs) to the hazardous substances or particular circumstances at a site or a waiver must be 
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obtained [see also 40 CFR 300.430(f)(1)(ii)(B)].  ARARs include only federal and state environmental or 

facility siting laws/regulations and do not include occupational safety or worker protection requirements.  

In addition, per 40 CFR 300.405(g)(3), other advisories, criteria, or guidance may be considered in 

determining remedies (TBCs). 

 

4.1.1.3 Long-Term Effectiveness and Permanence 

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along with the 

degree of certainty that the alternative will prove successful.  Factors that are considered, as appropriate, 

include the following: 

 

 Magnitude of Residual Risk - Risk posed by untreated waste or treatment residuals at the conclusion 

of remedial activities.  The characteristics of residuals should be considered to the degree that they 

remain hazardous, taking into account their volume, toxicity, mobility, and propensity to 

bioaccumulate. 

 

 Adequacy and Reliability of Controls - Controls such as containment systems and LUCs that are 

necessary to manage treatment residuals and untreated waste must be shown to be reliable.  In 

particular, the uncertainties associated with land disposal for providing long-term protection from 

residuals; the assessment of the potential need to replace technical components of the alternative 

such as a cap, slurry wall, or treatment system; and the potential exposure pathways and risks posed 

if the remedial action needs replacement. 

 

4.1.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The degree to which the alternative employs recycling or treatment that reduces the toxicity, mobility, or 

volume shall be assessed, including how treatment is used to address the principal threats posed by the 

site.  Factors that are considered, as appropriate, include the following: 

 

 The treatment or recycling processes the alternative employs and the materials that they will treat. 

 The amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or 

recycled. 

 The degree of expected reduction in toxicity, mobility, or volume of waste due to treatment or 

recycling and the specification of which reduction(s) is occurring. 

 The degree to which the treatment is irreversible. 
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 The type and quantity of residuals that will remain following treatment considering the persistence, 

toxicity, mobility, and propensity to bioaccumulate of such hazardous substances and their 

constituents 

 The degree to which treatment reduces the inherent hazards posed by principal threats at the site. 

4.1.1.5 Short-Term Effectiveness 

The short-term impacts of each alternative are assessed considering the following: 

 

 Short-term risks that might be posed to the community during implementation. 

 Potential impacts on workers during remedial action and the effectiveness and reliability of protective 

measures. 

 Potential environmental impacts of the remedial action and the effectiveness and reliability of 

mitigative measures during implementation. 

 Time until protection is achieved. 

Although not a CERCLA-criterion, the sustainability of each alternative is evaluated per Navy policy.  

Sustainability factors are similar to those evaluated as part of the Short-Term Effectiveness criterion, so 

they are discussed in this section.  Sustainability evaluations provide insight into elements of a remedy 

that have the greatest impact on the environmental footprint.  For example, the amount of greenhouse 

gas (GHG) emissions related to materials production generally exceeds that from installation, 

transportation, or operations.  Other factors that are considered include emissions of criteria air pollutants, 

water usage, and energy consumption.  Sensitivity analysis of such factors can help provide an optimal 

design that minimizes the overall environmental footprint of the remedial action.  Sustainability 

evaluations were performed for each remedial alternative using SiteWiseTM software (Navy et al., 2010) 

and are provided in Appendix F. 

 

4.1.1.6 Implementability 

The ease or difficulty of implementing the alternatives is assessed by considering the following types of 

factors, as appropriate:   

 Technical feasibility, including technical difficulties and unknowns associated with the construction 

and operation of a technology, the reliability of the technology, ease of undertaking additional 

remedial actions, and the ability to monitor the effectiveness of the remedy. 



  Rev. 2 
  April 2013 

13JAX0048 4-4 CTO JM18 

 Administrative feasibility, including activities needed to coordinate with other offices and agencies and 

the ability and time required to obtain any necessary approvals and permits from other agencies (for 

off-site actions). 

 Availability of services and materials, including the availability of adequate off-site treatment capacity, 

storage capacity, and disposal capacity and services; the availability of necessary equipment and 

specialists and provisions to ensure necessary additional resources; the availability of services and 

materials; and the availability of prospective technologies. 

4.1.1.7 Cost 

Capital costs including both direct and indirect costs, annual O&M costs, and net present worth (NPW) 

value of the capital and O&M costs will be provided.  Typically, the cost estimate accuracy range is plus 

50 percent to minus 30 percent. 

 

4.1.1.8 State Acceptance 

The state’s concerns that must be assessed include the following: 

 

 The state’s position and key concerns related to the preferred alternative and other alternatives. 

 State comments on ARARs or the proposed use of waivers. 

 

These concerns cannot be evaluated until the state has reviewed and commented on the FS.  These 

concerns will be discussed, to the extent possible, in the Proposed Plan to be issued for public comment. 

 

4.1.1.9 Community Acceptance 

This assessment consists of responses of the community to the Proposed Plan and includes determining 

which components of the alternatives interested people in the community support, have reservations 

about, or oppose.  This assessment can be conducted after comments on the Proposed Plan are 

received from the public. 

 

 Relative Importance of Criteria 4.1.2

Among the nine criteria, the following are considered the threshold criteria: 

 

 Overall Protection of Human Health and the Environment 

 Compliance with ARARs (excluding those that may be waived) 
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The threshold criteria must be satisfied for an alternative to be eligible for selection. 

Among the remaining criteria, the following five criteria are considered to be the primary balancing 

criteria: 

 Long-Term Effectiveness and Permanence 

 Reduction of Toxicity, Mobility, or Volume through Treatment 

 Short-Term Effectiveness 

 Implementability 

 Cost 

 

The balancing criteria are used to weigh the relative merits of the alternatives. 

The remaining two of the nine criteria, State Acceptance and Community Acceptance, are considered to 

be modifying criteria that must be considered during remedy selection.  These last two criteria can be 

evaluated after the FS has been reviewed by the State of South Carolina and the Proposed Plan has 

been discussed at a public meeting, if required and requested.  Therefore, this FS addresses only seven 

of the nine criteria. 

 Selection of Remedy 4.1.3

The selection of a remedy is a two-step process.  The first step consists of identification of a preferred 

alternative and presentation of the alternative in a Proposed Plan to the community for review and 

comment.  The preferred alternative must meet the following criteria: 

 Protection of human health and the environment. 

 Compliance with ARARs, unless a waiver is justified. 

 Cost effectiveness in protecting human health and environment and in complying with ARARs. 

 Utilization of permanent solutions and alternate treatment technologies or resource recovery 

technologies to the maximum extent practicable. 

The second step consists of a review of comments by the public received on the Proposed Plan and 

determination of whether the preferred alternative continues to be the most appropriate remedial action 

for the site, in consultation with the State of South Carolina. 

4.2 ASSEMBLY AND DETAILED ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 

Based on the detailed screening of technologies and process options presented in Sections 3.2 and 3.3, 

the following three remedial alternatives were developed: 
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 Alternative S-1: No Action 

 Alternative S-2: Hot Spot Removal, Off-site Disposal, Capping, and LUCs 

 Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, Capping, and LUCs 

 

Alternative S-1 was analyzed to serve as a baseline for other alternatives, as required by CERCLA and 

the NCP.  Alternative S-2 was developed and analyzed to evaluate a conventional action, excavation, to 

remove all hot spots.  Alternative S-3 was developed and analyzed to evaluate the combination of 

excavation to remove surface soil hot spots and LUCs for subsurface soil hot spots.  Alternatives S-2 and 

S-3 include capping as a component to prevent exposure to contaminants and to control leaching of 

contaminants from soil to groundwater.  A description and detailed analysis of each of these alternatives 

are presented in the following sections. 

A LUCs-only alternative was not developed because several contaminants are present in surface soil at 

concentrations that would exhibit unacceptable risks to potential human receptors at these sites.  

 Alternative S-1: No Action 4.2.1

4.2.1.1 Description 

No Action consists of maintaining the status quo at the site.  The No Action alternative is included to 

provide a baseline for comparison to other alternatives and their effectiveness in mitigating risks posed by 

site contaminants.  Because no remedial actions are taken under this alternative, there are no reductions 

in risk through exposure control or treatment and no associated costs.  Organic contaminant 

concentrations would eventually be reduced by natural attenuation processes, but these reductions would 

not be monitored. 

4.2.1.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-1 would not provide protection of human health and the environment.  Under the current 

industrial land use, there could be unacceptable risks to human health from exposure to contaminated 

soil.  Where soil is exposed to infiltration by precipitation, contaminants would leach to the groundwater.   

Compliance with ARARs and TBCs 

Alternative S-1 would not comply with chemical-specific ARARs and TBCs since no action would be taken 

to reduce contaminant concentrations.  Location- and action-specific ARARs are not applicable.  
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Long-Term Effectiveness and Permanence 

Alternative S-1 would have no long-term effectiveness and permanence because contaminated soil would 

remain on site.  Because there would be no LUCs to restrict the future use of the site, potential human 

receptors could be exposed to soil with contaminant concentrations that would result in unacceptable risk.  

Contaminants could leach from soil to the groundwater.   

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-1 would not reduce the toxicity, mobility, or volume of soil COCs through treatment because 

no treatment would occur.   

Short-Term Effectiveness 

Because no action would occur, implementation of Alternative S-1 would not pose any risks to on-site 

workers or result in short-term adverse impact to the local community or the environment.  Alternative S-1 

would never achieve the RAOs and, although the cleanup goals might eventually be achieved through 

natural attenuation in the vadose zone. 

Implementability 

Because no action would occur, Alternative S-1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

administrative measures is not applicable because no such measures would be taken. 

Cost 

There would be no costs associated with the No Action alternative. 

 Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls 4.2.2

4.2.2.1 Description 

Alternative S-2 would consist of five major components: (1) Surface Soil Hotspot Excavation, (2) 

Subsurface Soil Hotspot Excavation, (3) Off-site Disposal, (4) Capping, and (5) LUCs.  Soils will be 

excavated at hot spot locations to remove contaminated surface and subsurface soil in order to achieve 

the target risk level for industrial exposure.  Hotspot soils in this alternative are in the unsaturated zone.  

Saturated zone soils are evaluated in Section 4.3. 

Surface soil contaminated with concentrations of COCs greater than cleanup levels would be excavated 

to a depth of 1 foot using conventional excavation equipment.  Seven surface soil hotspot areas would be 
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excavated.  The first surface soil excavation area at Site 55 is located near the FOV as defined by soil 

boring locations PAI-27-SO-14, PAI-27-SO-15, PAI-27-SO-16, PAI-27-SO-17, PAI-27-SO-18, and PAI-27-

SO-19.  This area is approximately 40 feet by 50 feet with a soil excavation depth of 1 foot bgs and an 

estimated soil volume of 74.1 cubic yards.  The second surface soil hotspot area at Site 55 is located by 

soil boring location PAI-55-SO-17.  This area is approximately 10 feet by 10 feet with an excavation depth 

of 1 foot bgs and an estimated soil volume of 4 cubic yards.  The third surface soil hotspot area at Site 55 

is located by soil boring location PAI-55-SO-07B.  This area is approximately 10 feet by 10 feet with an 

excavation depth of 1 foot bgs and an estimated soil volume of 4 cubic yards. The fourth surface soil 

hotspot area at Sites 9 and 16 is located by soil boring locations PAI-9/16-SO-02A and PAI-9/16-SO-02B.  

This area is approximately 10 feet by 20 feet with an excavation depth of 1 foot bgs and an estimated soil 

volume of 7.4 cubic yards.   The fifth surface soil hotspot area at Sites 9 and 16 is located by soil boring 

location PAI-9/16-SO-03.  This area is approximately 10 feet by 10 feet with an excavation depth of 1 foot 

bgs and an estimated soil volume of 4 cubic yards.   The sixth surface soil hotspot area at Sites 9 and 16 

is located by soil boring locations PAI09SB02 and PAI-9/16-SO-06.  This area is approximately 10 feet by 

10 feet with an excavation depth of 1 foot bgs and an estimated soil volume of 4 cubic yards.  The 

seventh surface soil hotspot area at Sites 9 and 16 is located by soil boring location PAI09SB03.  This 

area is approximately 10 feet by 10 feet with an excavation depth of 1 foot bgs and an estimated soil 

volume of 4 cubic yards.  Following excavation, the excavated areas would be backfilled with clean fill 

followed by topsoil and regraded to achieve desired surface elevations.  Excavation areas will be 

revegatated or repaired. Surface soil excavation locations at Sites 27/55 and Sites 9/16 are presented in 

Figure 4-1 and Figure 4-2, respectively. 

Component 2:  Subsurface Hotspot Soil Excavation 

Subsurface unsaturated zone soil contaminated with concentrations of COCs greater than cleanup levels 

would be excavated in two areas.  Fourteen subsurface soil hotspot areas would be excavated.  The first 

subsurface soil excavation area is located at Site 27 near soil boring PAI-27-SO-44.  At this location the 

excavation will be approximately 10 feet by 10 feet by 3 feet bgs with an estimated soil volume of 

11 cubic yards.  The second and third subsurface soil excavation areas are located at Site 27 near soil 

borings PAI-27-SO-45A and PAI-27-SO-41, respectively.  At each of these locations the excavation will 

be approximately 10 feet by 10 feet by 7 feet bgs with an estimated soil volume of 26 cubic yards.  The 

fourth through ninth subsurface soil excavation areas are located at Site 27 near soil borings PAI-27-SO-

01, PAI-27-SO-10, PAI-27-SO-11, PAI-27-SO-12, PAI-27-SO-13, and PAI-27-SO-33, respectively.  At 

each of these locations the excavation will be approximately 10 feet by 10 feet by 3 feet bgs with an 

estimated soil volume of 11 cubic yards.  The tenth and eleventh subsurface soil excavation areas are 

located at Site 27 near soil borings PAI-27-SO-34 and PAI-27-SO-38A, respectively.  At each of these 

locations the excavation will be approximately 10 feet by 10 feet by 7 feet bgs with an estimated soil 

volume of 26 cubic yards.  The twelfth subsurface soil excavation area is located at Site 27 near soil 
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boring PAI-27-SO-28.  At this location the excavation will be approximately 10 feet by 10 feet by 8 feet 

bgs with an estimated soil volume of 30 cubic yards.  The thirteenth subsurface soil excavation area is 

located at Sites 9 and 16 near soil boring PAI-9/16-SO-01.  At this location the excavation will be 

approximately 10 feet by 10 feet by 5 feet bgs with an estimated soil volume of 19 cubic yards.  The 

fourteenth subsurface soil excavation area is located at Sites 9 and 16 near soil boring PAI-9/16-MW-

05S.  At this location the excavation will be approximately 10 feet by 10 feet by 9 feet bgs with an 

estimated soil volume of 33 cubic yards.  Following excavation, the excavated areas would be backfilled 

with clean fill followed by topsoil and regraded to achieve desired surface elevations.  Excavation areas 

will be revegetated or repaired.  Subsurface soil excavation locations at Site 27 and Sites 9/16 are 

presented in Figure 4-1 and Figure 4-2, respectively. 

Component 3:  Off-Site Disposal 

The excavated soil would be transported off-site for disposal.  The soil would be disposed at an off-site at 

a non–hazardous waste facility.  The approximate total volume of soils from the surface and subsurface 

unsaturated zone excavations is 274 cubic yards.  Some of the soils may not be impacted by the COCs 

and would be returned to the excavation.  It is anticipated that the maximum amount of un-impacted soils 

would be 82 cubic yards.  Pre-remedial action investigations and observations during excavation will be 

used to determine the final quantities of soil that may require off-site disposal. 

Component 4: Capping 

This component consists primarily of maintaining the existing pavement that was constructed for the 

Motor T facility.  The pavement forms an effective barrier that prevents exposure to contaminants in the 

soil that exceed 10-6 risk-based limits and prevents precipitation from passing through contaminated soil 

that would leach contaminants to the groundwater.  Areas without existing pavement would be paved, 

although it may be preferable for aesthetics or storm water control to excavate and dispose of some of 

the currently uncovered soil areas.  Additional excavation in lieu of pavement will be determined during 

the remedial design.     

Component 5: LUCs 

Following soil excavation, LUCs would be necessary because soil at concentrations that pose an 

unacceptable risk under unrestricted site uses remain in place.  LUCs would be developed to prevent 

unacceptable risks from exposure to contaminated soil and to prevent leaching of contaminants to 

groundwater.  These LUCs would:   

 Prohibit residential use of the site unless prior written approval is obtained from the Navy, USEPA, 

and SCDHEC.  Prohibited residential uses shall include, but are not limited to, any form of housing, 
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child-care facilities, pre-schools, elementary schools, secondary schools, playgrounds, or 

convalescent or nursing care facilities.   

 Prohibit the excavation of soil from the site and other intrusive activities at the sites unless prior 

written approval is obtained from the Navy, USEPA, and SCDHEC. 

 Maintain existing and new pavement to prevent leaching of contaminants. 

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, the USEPA and SCDHEC would be notified.  Costs for LUC development and 

inspection are included under the groundwater alternatives in Section 4.3.  

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be implemented through a 

LUC RD that would be prepared as a component of the overall RD.  LUCs would be implemented by 

updating existing base documentation, including the Base BMP, GIS, and EMS. 

4.2.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-2 would be protective of human health and the environment.  Excavation of soil 

contaminated with COCs at concentrations greater than cleanup levels would eliminate unacceptable 

risks from exposure to contaminated soil.  Off-site disposal of the excavated soil would further protect 

human health and the environment.  Pavement would prevent leaching of contaminants to groundwater.  

LUCs would prevent any other exposure to contaminants remaining in place in the soils in the 

unsaturated zone by prohibiting residential uses of the site and by controlling excavation at the site.  

LUCs would also require maintenance of the pavement to ensure that it is kept intact. 

Compliance with ARARs and TBCs 

Alternative S-2 would comply with all chemical-, location-, and action-specific ARARs and TBCs.   

Long-Term Effectiveness and Permanence 

Alternative S-2 would provide long-term effectiveness and permanence. 

 

Excavation of contaminated soil would effectively and permanently prevent unacceptable risk from 

exposure to contaminated soil, and LUCs would prevent residential exposure to COCs in soils.  

Pavement, long-term maintenance, and associated LUCs would prevent contaminants from leaching to 

groundwater. 
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Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-2 would reduce the toxicity, mobility, and volume of the soil COCs through excavation and 

off-site disposal; however, no treatment will be completed. 

Short-Term Effectiveness 

Implementation of the excavation, off-site disposal, and capping components of Alternative S-2 could 

expose construction workers to contaminated soil.  This potential for exposure would be minimized by the 

implementation of engineering controls such as dust suppression and air quality monitoring.  The 

potential for worker exposure would be further reduced by the wearing of appropriate PPE and 

compliance with applicable OSHA regulations and proper site-specific health and safety procedures.   

Implementation of the excavation and off-site disposal components would create a slight risk to the 

surrounding community and the environment because of the increase in truck traffic to transport the 

contaminated soil off-site.  However, measures such as spill prevention and containment, erosion and 

sedimentation control, and perimeter air monitoring could be taken to ensure that the impact remains 

acceptable. 

Alternative S-2 could be completed in approximately 13 days and would achieve the RAOs and attain the 

soil cleanup levels at completion. 

The environmental footprint of each of the impact categories evaluated using SiteWiseTM  is based on the 

normalization of the remedial alternatives considered in the FS.  The results of the environmental footprint 

evaluation are provided in Appendix F.  These evaluations are required by Navy policy and are not part of 

the CERCLA evaluation criteria. 

Implementability 

Alternative S-2 would be easily implementable.  The excavation component of this alternative could be 

performed with normal construction equipment, resources, and materials that would be readily available 

for this purpose.  The surface soil excavations to a depth of 1 foot and the excavation at soil boring PAI-

27-SO-12 to a depth of 3 feet bgs would not require shoring or dewatering.  The deeper soil excavation at 

soil boring location PAI-27-SO-28 to a depth of 8 feet bgs would not require dewatering as it is above the 

saturated zone but may require shoring or sloping to keep the side walls in place and other safety 

controls while the excavation is open.   

Off-site disposal facilities are available, which would make implementation of this alternative relatively 

easy.   
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Similarly, the installation of additional pavement for capping can be readily accomplished.  The site is 

generally level and easily paved. 

The administrative aspects of Alternative S-2 would be relatively simple to implement.  Off-site 

transportation and disposal of the excavated soil would require the completion of numerous administrative 

procedures which, while constituting a significant effort, could readily be accomplished.  LUCs would be 

readily implementable and have been implemented at other sites at MCRD Parris Island.    

Cost 

The estimated costs for Alternative S-2 are as follows: 

Capital Cost:        $307,000 

NPW of O&M and Monitoring Costs:     $195,000 

NPW:         $502,000 

 

A detailed breakdown of estimated costs for this alternative is provided in Appendix E. 

 

 Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls 4.2.3

4.2.3.1 Description 

Alternative S-3 would consist of four major components: (1) Limited Hotspot Removal (2) Off-site 

Disposal, (3) Capping, and (4) LUCs.  Surface soils will be excavated at hot spot locations in order to 

achieve the target risk level for industrial exposure.  LUCs would be put in place to manage the risk posed 

but subsurface soils that would be left in place. 

Component 1: Limited Hot Spot Removal 

Alternative S-3 would involve the excavation and off-site disposal of the surface soil areas near soil 

borings PAI-27-SO-14, PAI-27-SO-15, PAI-27-SO-16, PAI-27-SO-17, PAI-27-SO-18, PAI-27-SO-19, PAI-

55-SO-17, and PAI-55-SO-07Bat Site 55 and soil borings PAI-9/16-SO-02A, PAI-9/16-SO-02B, PAI-9/16-

SO-03, PAI09SB02, PAI-9/16-SO-06, and PAI09SB03at Sites 9 and 16.  The area and volume of soils 

form these excavations are described above in section 4.2.2.1.   

Component 2:  Off-Site Disposal 

 

The excavated soil would be transported off-site for disposal.  The soil would be disposed at an off-site at 

a non–hazardous waste facility. The volume of soil for off-site disposal from the Site 55 and Sites 9/16 

surface soil excavations is approximately 100 cubic yards.  
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Component 3: Capping 

This component would be the same as Component 4 for Alternative S-2. 

 

Component 4: LUCs 

Following surface soil excavation, LUCs would be necessary because deeper subsurface unsaturated 

zone soil at concentrations that pose an unacceptable risk under unrestricted site uses remain in place.  

LUCs would be developed to prevent unacceptable risks from exposure to contaminated soil.  These 

LUCs would have the following performance objectives:   

 Prohibit residential use of the site unless prior written approval is obtained from the Navy, USEPA, 

and SCDHEC.  Prohibited residential uses shall include, but are not limited to, any form of housing, 

child-care facilities, pre-schools, elementary schools, secondary schools, playgrounds, or 

convalescent or nursing care facilities.   

 Prohibit the excavation of soil from the sites and other intrusive activities at the sites unless prior 

written approval is obtained from the Navy, USEPA, and SCDHEC. 

 Maintain existing and new pavement to prevent leaching of contaminants. 

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, the USEPA and SCDHEC would be notified.  Costs for LUC development and 

inspection are included under the groundwater alternatives in Section 4.3.  

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be implemented through a 

LUC RD that would be prepared as a component of the overall RD.  LUCs would be implemented by 

updating existing base documentation, including the Base BMP, GIS, and EMS.  

4.2.3.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-3 would be protective of human health and the environment.  Removal of the surface soils 

at concentrations greater than cleanup levels would eliminate most of the risks to exposure.  Off-site 

disposal would protect human health and the environment.  Pavement would prevent leaching of 

contaminants to groundwater.  LUCs would prevent any other exposure to contaminants remaining in 

place in the subsurface soils in the unsaturated zone by prohibiting residential uses of the site and by 
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controlling excavation at the site.  LUCs would also require maintenance of the pavement to ensure that it 

is kept intact.  

Compliance with ARARs and TBCs 

Although Alternative S-3 would allow contaminants to remain in soil at concentrations greater than 

cleanup goals, the cover would prevent exposure to contaminants.  Thus, by eliminating the exposure 

routes, the alternative would comply with chemical-specific ARARs.  Alternative S-3 would also comply 

with all location and action-specific ARARs and TBCs.   

Long-Term Effectiveness and Permanence 

Alternative S-3 would provide limited long-term effectiveness and permanence. Removal of surface soils 

with COCs would effectively and permanently prevent exposure and LUCs would prevent exposure to 

COCs in subsurface soils.  

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-3 would only reduce toxicity, mobility, and volume of contaminated surface soils that are 

being excavated for off-site disposal; however, no treatment would take place.  The toxicity, mobility, and 

volume of the deeper subsurface soil left in place would not be reduced under Alternative S-3.  

Pavement, long-term maintenance, and associated LUCs would prevent contaminants from leaching to 

groundwater. 

Short-Term Effectiveness 

Implementation of the excavation, off-site treatment and disposal, and capping components of Alternative 

S-3 could expose construction workers to contaminated soil.  This potential for exposure would be 

minimized by the implementation of engineering controls such as dust suppression and air quality 

monitoring.  The potential for worker exposure would be further reduced by the wearing of appropriate 

PPE and compliance with applicable OSHA regulations and proper site-specific health and safety 

procedures.   

Implementation of the excavation and off-site disposal components would create a slight risk to the 

surrounding community and the environment because of the increase in truck traffic to transport the 

contaminated soil off-site.  However, measures such as spill prevention and containment, erosion and 

sedimentation control, and perimeter air monitoring could be taken to ensure that the impact remains 

acceptable. 
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Alternative S-3 could be completed in approximately 10 days and would achieve the RAOs and attain the 

soil cleanup levels at completion.  

The environmental footprint of each of the impact categories evaluated using SiteWiseTM is based on the 

normalization of the remedial alternatives considered in the FS.  The results of the environmental footprint 

evaluation are provided in Appendix F.  These evaluations are required by Navy policy and are not part of 

the CERCLA evaluation criteria. 

Implementability 

Alternative S-3 would be implementable. The excavation component of this alternative could be 

performed with normal construction equipment, resources, and materials that would be readily available 

for this purpose.  Off-site disposal facilities are available, which would make implementation of this 

alternative relatively easy.  LUCs can be easily implemented for the subsurface soil areas. 

Similarly, the installation of additional pavement for capping can be readily accomplished.  The site is 

generally level and easily paved. 

The administrative aspects of Alternative S-3 would be relatively simple to implement.  Off-site 

transportation and disposal of the excavated soil would require the completion of numerous administrative 

procedures which, while constituting a significant effort, could readily be accomplished. LUCs would be 

readily implementable and have been implemented at other sites at MCRD Parris Island.  

Cost 

The estimated costs for Alternative S-3 are as follows: 

Capital Cost:        $278,000 

NPW of O&M and Monitoring Costs:      $196,000 

NPW:         $474,000 

 

A detailed breakdown of estimated costs for this alternative is provided in Appendix E. 

4.3 ASSEMBLY AND DETAILED ANALYSIS OF GROUNDWATER REMEDIAL 

ALTERNATIVES 

Based on the detailed screening of technologies and process options presented in Sections 3.3 and 3.4, 

the following four remedial alternatives were developed: 

 Alternative G-1: No Action 

 Alternative G-2:  MNA and LUCs 
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 Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soils, Off-site 

Disposal, ISCO, MNA, and LUCs 

 Alternative G-4: LNAPL Removal by Skimming, ISCO, MNA, and LUCs 

 

Alternative G-1 was developed and analyzed to serve as a baseline for other alternatives, as required by 

CERCLA and the NCP.  Alternative G-2 involves MNA and LUCs, with no active remediation.  

Alternatives G-3 through G-5 were developed and analyzed to evaluate active remediation of the highly 

contaminated saturated zones.  A description and detailed analysis of each of these alternatives are 

presented in the following sections. 

The approach to the conceptual design of groundwater remediation alternatives is based on the areas 

where the smear zone, potential LNAPL zones and high concentration source areas are present. Highly 

contaminated zone as are shown in the cross sections and other figures presented in Section 1.0.  

 Alternative G-1: No Action 4.3.1

4.3.1.1 Description 

The No Action alternative maintains the site as is.  This alternative does not address LNAPL, the smear 

zone or site groundwater contamination and is retained to provide a baseline for comparison to other 

alternatives.  There would be no reduction in toxicity, mobility, or volume of the contaminants other than 

what would result from natural dispersion, dilution, biodegradation, and other attenuating factors.  Existing 

monitoring programs and LUCs would be discontinued, and the site would be available for unrestricted 

use. 

4.3.1.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-1 would not provide protection of human health and the environment.  Under the current 

industrial land use, there could be unacceptable risks to human health from exposure to contaminated 

groundwater, LNAPL, and vapors and this potential for unacceptable risk would increase if Sites 27 and 

55 is further developed.  Because no monitoring would be performed, potential migration of COCs from 

soil to groundwater would not be detected.  Groundwater contamination might migrate off-site, but 

because no monitoring would be performed, potential migration of COCs would not be detected.  

Compliance with ARARs and TBCs 

Alternative G-1 would not comply with chemical-specific ARARs or TBCs because no action would be 

taken to reduce contaminant concentrations.  Chemical-specific ARARs may be eventually met by natural 
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attenuation, but there would be no monitoring to verify the changes.  Location-specific and action-specific 

ARARs or TBCs are not applicable.   

Long-Term Effectiveness and Permanence 

Alternative G-1 would have no long-term effectiveness or permanence because contaminated 

groundwater and LNAPL would remain on site.  Because there would be no LUCs to restrict the future 

use of the site, potential human receptors could be exposed to groundwater with contaminant 

concentrations that would result in unacceptable risk.  Because there would be no groundwater 

monitoring, potential off-site migration of COCs would not be detected.  Although COC concentrations 

might eventually decrease to cleanup goals through natural attenuation, no monitoring would verify this. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-1 would not reduce the toxicity, mobility, or volume of contaminants through treatment 

because no treatment would occur.  Some reduction of the toxicity and volume of COCs might occur 

through natural dispersion, dilution, or other attenuation processes, but no monitoring would be performed 

to verify this.   

Short-Term Effectiveness 

Because no action would occur, implementation of Alternative G-1 would not pose any risks to on-site 

workers or result in short-term adverse impact to the local community or the environment.  Alternative G-1 

would never achieve the RAOs and, although the cleanup goals might eventually be achieved through 

natural attenuation, this would not be verified through monitoring. 

Implementability 

Because no action would occur, Alternative G-1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

administrative measures is not applicable because no such measures would be taken. 

Cost 

There would be no costs associated with the No Action alternative. 

 Alternative G-2:  Monitored Natural Attenuation and Land Use Controls 4.3.2

4.3.2.1 Description 

Alternative G-2 would consist of two major components:  (1) MNA and (2) LUCs. 
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Component 1: MNA 

Natural attenuation would rely on naturally occurring processes within the aquifer to reduce the 

concentrations of COCs.  Contaminant concentrations would be reduced through biological activity, 

dispersion, and dilution through aquifer movement and adsorption on soil particles.  Aquifer conditions 

would be continually monitored to ensure that concentrations are being adequately reduced through 

natural processes, and to ensure that contaminants are not migrating to the 3rd Battalion Pond and 

impacting surface water or ecological receptors. 

Monitoring would be conducted to assess the effectiveness of natural attenuation.  Groundwater samples 

would be collected and analyzed for chlorinated VOCs, PAHs, metals, pesticides, and in select wells 

natural attenuation parameters such as ORP, DO, pH, alkalinity, temperature, conductivity, TOC, ferrous 

and total iron, sulfur compounds (sulfate and sulfide), nitrogen compounds (nitrate and nitrite), 

orthophosphate, chloride, and metabolic gases (methane, ethane, ethene, and carbon dioxide).  Wells 

would be selected upgradient of the source areas, within the source areas, within the plumes, and near 

the downgradient edges of the plumes.  The MNA alternative would include the installation of two new 

shallow wells and two new intermediate wells.  Costs for implementing an MNA program will be finalized 

once the Long -term Monitoring (LTM) Plan is developed. 

The MNA sampling program would include: 

 12 wells in the shallow zone (defined as wells screened in the upper part of the semi-confined 

aquifer)  

 8 wells in the intermediate zone (defined as wells screened in the lower part of the semi-confined 

aquifer) 

 2 wells in the deep zone (defined as the wells screened in the confined aquifer beneath the 

second clay layer). 

 

The frequency of the MNA sampling events over the 30 year performance period will be: 

 Quarterly during the first year 

 Semiannual in the second year 

 Annually until remedial goals are met. A 30-year time frame was used for cost estimating 

purposes. 
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Component 2: LUCs 

LUCs would be necessary because of the long period of time required to reduce the concentrations of 

COCs in groundwater to acceptable levels.  LUCs would be developed to prevent unacceptable risks from 

exposure to contaminated groundwater and would:   

 Prohibit all uses of groundwater from the surficial aquifer underlying Sites 27 and 55 (including, but 

not limited to, human consumption, dewatering, irrigation, heating/cooling purposes, and industrial 

processes). 

 Maintain the integrity of any existing or future monitoring or remediation system(s). 

 Eliminate risks associated with vapor intrusion of VOCs of any future occupied structures. 

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, the USEPA and SCDHEC would be notified. 

    

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be implemented through a 

LUC RD that would be prepared as a component of the overall RD.  LUCs would be implemented by 

updating existing base documentation, including the BMP, GIS, and EMS.  

 

4.3.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-2 would provide limited protection to human health and the environment.  Highly 

contaminated saturated zone soils would remain in place that would continue to act as source areas for 

plume expansion.  The risk to human receptors that might be exposed during future intrusive activities, 

like construction or maintenance workers would remain.  Prohibiting groundwater use and requiring new 

structures to have vapor barriers would provide protection for the groundwater consumption and vapor 

intrusion pathways. 

Monitoring would provide limited protection by monitoring the progress of natural attenuation processes, 

and detecting potential migration of groundwater COCs.  Over time, contaminant concentrations may be 

reduced by natural attenuation. 

LUCs would be protective of human health and the environment.  LUCs would be required for a very long 

time since source areas are being left in place.  Restricting the use of surficial aquifer groundwater would 
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be protective of human health and the environment by avoiding unacceptable risks associated with 

exposure to contaminated groundwater. 

Compliance with ARARs and TBCs 

Alternative G-2 would eventually comply with chemical-specific ARARs and TBCs through natural 

attenuation.  Alternative G-2 would also comply with location- and action-specific ARARs and TBCs.     

Long-Term Effectiveness and Permanence 

Alternative G-2 would provide long-term effectiveness and permanence.  LUCs would be protective of 

human health by preventing exposure to COCs.  LUCs would not reduce the toxicity, mobility, or volume 

of COCs in the soils and groundwater.  Contamination would remain, although some COCs like VOCs 

and PAHs may degrade through natural processes over time.  Prohibiting future residential development 

of the site would effectively prevent the occurrence of unacceptable risks to human receptors from 

exposure to contaminated groundwater and soil vapors. 

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that 

no migration of COCs is occurring. 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until the 

cleanup goals are met. 

The controls proposed in this alternative are considered reliable. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-2 would not reduce the toxicity, mobility, or volume of groundwater COCs through treatment 

because no treatment would occur.  Some reduction of the toxicity and volume of COCs might occur 

through natural dispersion, dilution, or other attenuation processes.  Additional site studies would be 

required to evaluate the effectiveness of natural attenuation processes at Sites 27 and 55.    

Short-Term Effectiveness 

Alternative G-2 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Groundwater RAO Nos. 1, 2 and 4 would be addressed through the 

implementation of LUCs and monitoring.  Exposure of workers to contamination during installation of 

groundwater wells and groundwater sampling would be minimized by compliance with OSHA 

requirements including wearing of appropriate PPE and adherence to site-specific health and safety 

procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.   
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The environmental footprint of each of the impact categories evaluated using SiteWiseTM is based on the 

normalization of the remedial alternatives considered in the FS.  The results of the environmental footprint 

evaluation are provided in Appendix F.  These evaluations are required by Navy policy and are not part of 

the CERCLA evaluation criteria. 

Implementability 

Alternative G-2 would be readily implementable.  The new monitoring wells can be readily installed.  

Many qualified contractors can implement this technology.  Sampling and maintenance of existing 

monitoring wells and performance of 5-year reviews could readily be accomplished.  The resources, 

equipment, and materials required for these activities are readily available. 

The administrative and permitting aspects of Alternative G-2 would be relatively simple to implement.  The 

LUCs would be incorporated into existing base land use programs.  Permits for installing new wells would 

be required.  No other permits, such as air or RCRA treatment or disposal, are required.     

Cost 

The estimated costs for Alternative G-2 are as follows: 

 

Capital Cost (Year 1):        $67,000 

30-Year NPW of O&M and Monitoring Costs: $1,636,000 

 

Total Estimated NPW for Alternative G-2: $1,703,000 

 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 

 

 Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated 4.3.3

Soil,, ISCO, MNA, and LUCs 

4.3.3.1 Description 

Alternative G-3 would consist of six major components: (1) Excavation of LNAPL and Highly 

Contaminated Saturated Soil (2) Treatment and Discharge of Water from Excavation, (3) Off-site Soil 

Disposal, (4) ISCO using catalyzed hydrogen peroxide (CHP), (5) MNA, and (6) LUCs.  Prior to the soil 

excavation a pre-design investigation would be conducted using LIF and chemical sample analytical 

results to delineate the extent of the LNAPL. 
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Component 1: Excavation of Saturated Soils 

Highly contaminated saturated zone soils would be excavated in two areas.  One soil zone excavation 

area is located near soil boring PAI-27-SO-46 (see Figure 4-3).  At this location the areal extent of the 

excavation is 1,900 square feet with an excavation depth of 12 feet bgs and an estimated soil volume of 

844 cubic yards.  The second highly contaminated saturated soil excavation area is located near the FOV 

(see Figure 4-3). This excavation will have an aerial extent of 21,200 square feet with an excavation 

depth of 12 feet bgs and an estimated soil volume of 9,422 cubic yards.  Prior to excavating the soils, a 

thorough underground utility clearance will be conducted.  To control groundwater and allow for stable 

excavation side walls, sheet piling will be driven into the ground outside on the four sides of the planned 

excavation.  In the FOV area, engineered protective measures will be implemented to protect the FOV 

and surrounding utilities.  Excavation dewatering will be conducted by pumping water from a sump in the 

bottom of the excavation.  Recovered water from the excavation dewatering will be stored and treated for 

proper discharge.   

Although little mobile LNAPL is present at the site, backfilling in the vicinity of the FOV will consider the 

potential for mobile LNAPL in the contaminated media left in the vicinity of the FOV.  Prior to backfilling, a 

low permeability backfill will be used in the vicinity of the FOV to further minimize the flow of groundwater 

through the LNAPL-contaminated soil.      

The rest of the excavated areas would be backfilled with clean fill followed by topsoil and regraded to 

achieve desired surface elevations.  Paved surface areas would be restored with paving.  Other 

excavation areas will be revegetated. 

Component 2: Treatment of Water from Excavation 

The excavations in the saturated soil will generate water from dewatering operations.  The groundwater 

will be contaminated with COCs (chlorobenzenes, DDTs, BHCs, and BTEX) along with petroleum 

hydrocarbons.  The contaminants in the extracted groundwater will be treated by filtration and GAC.   

The groundwater will first be pumped through a bag filter to remove fines that could clog or interfere with 

the operation of the GAC treatment.  In addition, contaminants sorbed to the fines will also be removed.  

The filter bags would be disposed of off-site.   

After filtration, the groundwater will pass through GAC tanks where COCs and petroleum hydrocarbons 

will be sorbed.  The treated groundwater will be discharge to surface water (Archer’s Creek or Ballast 

Creek) via the storm water system.  Prior to discharging to the surface water bodies, a batch of water will 

be treated and analyzed for BTEX, SVOCs, and pesticides to ensure the system meets the discharge 

requirements. Treated water samples would be collected weekly and analyzed for BTEX, SVOCs, and 

pesticides.  
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For the large excavation, the initial flow rate is estimated to be 160 gallons per minute (gpm), and the 

long-term pumping rate to maintain dry conditions in the excavation is estimated to be 15 gpm.  The total 

quantity of groundwater to be extracted and treated over the course of the excavation and backfilling is 

estimated to be 2,200,000 gallons (calculations presented in Appendix C). 

For the small excavation, the initial flow rate is estimated to be 32 gpm, and the long-term pumping rate is 

estimated to be 5 gpm.  The total quantity of groundwater to be extracted and treated over the course of 

the excavation and backfilling is estimated to be 370,000 gallons (calculations presented in Appendix C). 

Dewatering the excavation will result in the need to handle, store, treat and discharge recovered 

groundwater.  A series of holding tanks, sediment tanks and liquid phase carbon treatment units will be 

used to treat recovered groundwater.  Treated groundwater will be tested before any discharge to ensure 

the treatment is effective and then on a routine basis, most likely weekly during excavation.  

Component 3: Off-Site Disposal  

At the PAI-27-SO-46 excavation area, the first 2 feet of soil (141 cubic yards) is assumed to be clean fill 

from the Motor T construction activity.  Soils from the 2-6 foot bgs interval (281 cubic yards) are assumed 

to be non-hazardous.  Smear zone soils from 6-12 feet bgs (422 cubic yards) are assumed to be 

hazardous.  

The FOV has a volume of 21 cubic yards in the shallow soil zone and part of the surface soils near the 

FOV will be removed as part of the surface soil removal action described in Alternatives S-2 and S-3.  

This amounts to a 58 cubic yards downward correction for the amount of soil that would be disposed of 

under alternative G-3 as non-hazardous waste.  For the remainder of the excavation, soils from the 0- to 

6-foot bgs interval (4,658 cubic yards) will be disposed of as non-hazardous waste.  Smear zone soils in 

the FOV excavation at depths ranging from 6 to 12 feet bgs interval (4,706 cubic yards) will be disposed 

of as hazardous waste.  Although the concentrations of COCs do not suggest that the soil will be a TCLP 

hazardous waste, the high concentrations of pesticides may not be suitable for disposal at a municipal 

solid waste landfill. 

Pre-remedial action investigations and observations during excavation will be used to determine the final 

quantities of soil that may require off-site disposal. 

Component 4: In-Situ Chemical Oxidation 

Highly contaminated saturated zone soils that cannot be reached by excavation would be treated with an 

oxidizing agent.  For estimating purposes, these areas are assumed to be: 
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 The area under and within 10 feet of the FOV 

 The area within 10 feet of the new Motor-T Building. 

 Beneath the steam line, 5 feet on either side of the centerline. 

 Beneath the fiber optic line, 5 feet on either side of the centerline. 

This is a total approximately 4,800 cubic feet. 

 

It is assumed that CHP will be utilized, but lab-scale tests will be conducted prior to implementation to 

determine the best oxidant for this application.  For this area, approximately 23 injection and 10 vent wells 

will be installed.  The treatment zone injection interval would be 8 to 12 feet bgs.  Injection and vent wells 

would be installed as needed, and an estimated 68,000 pounds of 50 percent peroxide, which will be 

diluted to approximately 27,000 gallons of 14.2 percent peroxide solution with catalyst materials.  The 

injection will be done using one injection rig over a period of 24 days including 2 days for mobilization.  

 

The CHP will be injected into the subsurface in the high-concentration areas using flush mount injection 

points.  Permanent points - 1-inch nominal diameter schedule 80 chlorinated polyvinyl chloride (PVC) - 

are better suited for CHP which is a robust oxidant.  The permanent wells allow full utilization considering 

the exothermic reaction and off-gases produced during the injection program.   

 

Component 5: Monitored Natural Attenuation 

This component would be identical to Component 1 of Alternative G-2.  However, removal of the highly 

contaminated soil may decrease the time required for reductions in groundwater concentrations. 

Component 6: LUCs 

This component would be identical to Component 2 of Alternative G-2. 

4.3.3.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-3 would be protective of human health and the environment.  Excavation of soil 

contaminated with LNAPL and COCs at concentrations greater than cleanup levels would eliminate 

unacceptable risks from exposure to contaminated soil and would prevent the migration of soil COCs to 

groundwater.  ISCO would treat contaminated media that is not accessible to excavation.  This would also 

reduce the risk from exposure to contaminated groundwater and would provide protection to future 
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human receptors that may be exposed during intrusive activities.  Contaminant concentrations would also 

be reduced by natural attenuation.  Off-site disposal of the excavated soil would further protect human 

health and the environment. 

Actively reducing the high-concentration areas by excavation and off-site disposal and ISCO would 

significantly reduce expansion of the plume and permanently remove COCs.   

Monitoring would be protective by evaluating the progress of natural attenuation processes, and detecting 

potential migration of groundwater COCs to the 3rd Battalion Pond. 

LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

Compliance with ARARs and TBCs 

Alternative G-3 would eventually comply with chemical-specific ARARs and TBCs through the 

combination of removal of contaminants by excavation of highly contaminated saturated soil, ISCO, and 

natural attenuation.  Alternative G-3 would also comply with location- and action-specific ARARs and 

TBCs. 

Long-Term Effectiveness and Permanence 

Alternative G-3 would provide long-term effectiveness and permanence.  Excavation of highly 

contaminated saturated zone soils would effectively and permanently remove contaminants within the 

excavated area.  At locations where excavation cannot be performed, such as beneath the FOV, ISCO 

would also effectively and permanently remove a large percentage of the contaminants. This would 

accelerate the remediation process and reduce expansion of the plume.   

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that 

no migration of COCs is occurring. 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until 

cleanup goals are met. 

The controls proposed in this alternative are considered reliable. 
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Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-3 would reduce the toxicity, mobility, and volume of groundwater COCs through treatment 

of some of the COCs by ISCO.   

Short-Term Effectiveness 

Implementation of the excavation and off-site disposal components of Alternative G-3 could expose 

construction workers to contaminated soil and groundwater.  This potential for exposure would be 

minimized by the implementation of engineering controls such as dust suppression, air quality monitoring 

and proper water handling and storage.  The potential for worker exposure would be further reduced by 

the wearing of appropriate PPE and compliance with applicable OSHA regulations and proper site-

specific health and safety procedures.  The open excavation with high concentration saturated soils and 

groundwater may pose a risk to others in the vicinity of the excavations.  Barricading would be required to 

reduce physical risks and as mentioned for site construction workers, air monitoring, dust suppression 

and proper water handling and storage measures would be needed. 

Handling of the strong oxidant would also pose risks to workers.  These risks would be addressed by PPE 

and proper safety protocols.  

Implementation of the off-site disposal components would create a slight risk to the surrounding 

community and the environment because of the increase in truck traffic to transport the contaminated soil 

off-site and transport of the oxidant to the site.  However, measures such as spill prevention and 

containment, erosion and sedimentation control, and perimeter air monitoring could be taken to ensure 

that the impact remains acceptable.  Alternative G-3 would reduce human health risks in the short term 

because groundwater use restrictions would be implemented.  Implementation of LUCs and monitoring 

would not adversely impact the surrounding community or the environment.   

Alternative G-3 would achieve Groundwater RAOs Nos. 1 and 2 immediately upon implementation of the 

LUCs and RAO No. 4 through monitoring.  RAO No. 3 would be achieved in less than 1 year, although 

monitoring of the remainder of plume contaminants would continue for an uncertain period until cleanup 

goals are met by natural attenuation.   

The environmental footprint of each of the impact categories evaluated using SiteWiseTM is based on the 

normalization of the remedial alternatives considered in the FS.  The results of the environmental footprint 

evaluation are provided in Appendix F.  These evaluations are required by Navy policy and are not part of 

the CERCLA evaluation criteria. 



  Rev. 2 
  April 2013 

13JAX0048 4-27 CTO JM18 

Implementability 

Alternative G-3 may be difficult to implement.  Although excavation, dewatering and treatment 

technologies, and contractors are readily available, site conditions may impede the implementation of the 

excavation portion of this alternative.  Underground utilities may make the installation of sheet piling to 

control the groundwater and excavation wall stability impractical.  Special engineering measures may be 

required to ensure the integrity of the FOV and surrounding utilities.  ISCO would be easy to implement.  

There are several contractors that can provide this service. 

The administrative aspects of Alternative G-3 would be relatively simple to implement.  Off-site 

transportation and disposal of the excavated soil would require the completion of numerous administrative 

procedures which, while constituting a significant effort, could readily be accomplished.   

Soil excavation and site restoration would take approximately 170 days. 

Cost 

The estimated costs for Alternative G-3 are as follows: 

Capital Cost:        $6,567,000 

30-Year NPW of O&M and Monitoring Costs:     $1,637,000 

Total Estimated NPW for Alternative G-3:    $8,204,000 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 

 

 Alternative G-4: LNAPL Removal, ISCO, MNA and LUCs 4.3.4

4.3.4.1 Description 

Alternative G-4 would consist of five major components: (1) LNAPL Removal (2) LNAPL Disposal, (3) 

ISCO, (4) MNA, and (5) LUCs.  Prior to the LNAPL skimming and soil excavation, a pre-design 

investigation would be conducted using laser induced fluorescence (LIF) and chemical sample analytical 

results to delineate the extent of the LNAPL.  

Component 1: LNAPL Removal 

Mobile LNAPL, if present, would be removed by passive skimming technology.  Passive technology would 

involve the use of an in-well device that allows oil to flow through a hydrophobic membrane into a 

collection bailer.  The bailer is removed from the well and the LNAPL is drained into a drum for disposal.  

LNAPL skimming wells would be 4-inch diameter PVC wells with screened intervals from 5 to 15 feet bgs.  
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LNAPL skimming would be done in the area of PAI-27-SO-46 and in the area around the FOV (see 

Figure 4-3).  Assuming a LNAPL collection radius of 10 feet in the PAI-27-SO-46 area, approximately 

7 skimming wells would be installed and in the FOV area approximately 68 skimming wells would be 

installed (will be tested in one or more wells before installation of all skimming wells).  A total of 

approximately 75 passive skimmers will be installed.  The passive skimmers can hold 0.16 gallons of 

fluid.  The passive skimming devices would be checked on a quarterly basis during the first year, 

semiannually during the last two years.   

Component 2: Off-site LNAPL Disposal 

The recovered LNAPL will be disposed of off-site at a hazardous waste treatment and disposal facility.   

Component 3: ISCO 

Prior to ISCO treatment, skimming wells would be abandoned, except those that are suitable as vent 

wells.  Highly contaminated saturated zone soils would be treated with an oxidizing agent in two areas.  It 

is assumed that CHP will be utilized, but lab-scale tests will be conducted prior to implementation to 

determine the best oxidant for this application.  Note that ISCO will remove an estimated 60 to 80 percent 

of the LNAPL in soil.   

 

One CHP treatment zone is located near soil boring PAI-27-SO-46 (see Figure 4-3).  At this location, the 

areal extent of the injection zone is 1,900 square feet with an injection target depth ranging from 8 to 

12 feet bgs.  In this area, approximately nine injection and four vent wells will be installed.  The CHP 

application in this area will be composed of 27,000 pounds of 50 percent peroxide, which will be diluted to 

approximately 10,800 gallons of 14.2 percent peroxide solution with catalyst materials.  The injection will 

be done using one injection rig over a period of eleven days including 2 days for mobilization.  

 

The second CHP treatment zone is in the FOV area.  At this location the areal extent of the injection zone 

is 21,200 square feet with a target injection depth ranging from 8 to 12 feet bgs.  In this area a total of 

81 injection and 22 vent wells are recommended.  Two injection rigs will be used in the FOV area to inject 

243,000 pounds of 50 percent peroxide, which will be diluted to approximately 97,200 gallons of 

14.2 percent peroxide solution with catalyst materials. 

 

The CHP will be injected into the subsurface in the high-concentration areas using flush mount injection 

points.  Permanent points - 1-inch nominal diameter schedule 80 chlorinated PVC - are better suited for 

CHP which is a robust oxidant.  The permanent wells allow full utilization considering the exothermic 

reaction and off-gases produced during the injection program.   

 



  Rev. 2 
  April 2013 

13JAX0048 4-29 CTO JM18 

Component 4: Monitored Natural Attenuation 

This component would be identical to Component 1 of Alternative G-2. 

Component 5: LUCs 

This component would be identical to Component 2 of Alternative G-2. 

4.3.4.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-4 would be protective of human health and the environment.  ISCO using CHP would 

significantly reduce expansion of the plume and permanently remove a large portion of COCs and 

LNAPL.  This would significantly reduce the risk from exposure to contaminated groundwater and would 

provide protection to future human receptors that may be exposed during intrusive activities.  

Contaminant concentrations would also be reduced by natural attenuation. 

. 

Monitoring would be protective by evaluating the effectiveness of the LNAPL skimming, ISCO, and 

monitoring the progress of natural attenuation processes, and detecting potential migration of 

groundwater COCs. 

LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

Compliance with ARARs and TBCs 

Alternative G-4 would eventually comply with chemical-specific ARARs and TBCs through the 

combination of LNAPL extraction, ISCO, and natural attenuation.  Alternative G-4 would also comply with 

location- and action-specific ARARs and TBCs.  

Long-Term Effectiveness and Permanence 

Alternative G-4 would provide long-term effectiveness and permanence.  LNAPL skimming would 

effectively reduce the mobile LNAPL.  ISCO would provide long-term effectiveness and permanence, but 

the estimated removal of LNAPL is 60 to 80 percent.  ISCO would effectively reduce the mass of LNAPL 

and destroy contaminants in the groundwater.  This would accelerate the remediation process and reduce 

expansion of the plume.  ISCO oxidation is a relatively well-established technology. 
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The general effectiveness of ISCO on LNAPL was estimated from literature sources.  The two primary 

sources were In-Situ Chemical Oxidation for Groundwater Remediation (Siegrist, Robert L., Michelle 

Crimi, and Thomas J. Simpkin, 2011) (SERDP and ESTCP) and Technical and Regulatory Guidance for 

In Situ Chemical Oxidation of Contaminated Soil and Groundwater (ITRC, 2005).  Four case studies that 

can be related to LNAPL were described: 

 

Contaminant Percent Reduction
Diesel Fuel 99 
Diesel/Kerosene (as 
TPH) 

50 

Crude Oil (as TPH) 31 
Diesel 93 

 

The document categorizes TPH as “highly amenable” to ISCO treatment.  For light hydrocarbons, such as 

gasoline, diesel, and kerosene, the amenability of treatment using hydrogen peroxide and Fenton’s 

Reagent is considered “Good” and for persulfate is considered “Excellent”.  Thus, ISCO can be expected 

to be effective at LNAPL sites.   

 

Long-term monitoring would be an effective means to evaluate the progress of ISCO and natural 

attenuation and verify that the plume is not migrating. 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until 

cleanup goals are met. 

The controls proposed in this alternative are considered reliable. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-4, ISCO would reduce the toxicity, mobility, and COCs through treatment.  

Short-Term Effectiveness 

Alternative G-4 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of LNAPL skimmers and 

additional groundwater monitoring wells would be minimized by compliance with OSHA requirements 

including wearing of appropriate PPE and adherence to site-specific health and safety procedures.  

Exposure of workers to strong oxidizers would be minimized by compliance with OSHA requirements 

including wearing of appropriate PPE and adherence to site-specific health and safety procedures.  

Implementation of LUCs and monitoring would not adversely impact the surrounding community or the 
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environment.  Properly containerization, handling, and transportation of the recovered LNAPL should 

pose a minimal risk to surrounding communities and environment. 

Alternative G-4 would achieve Groundwater RAOs Nos. 1 and 2 immediately upon implementation of the 

LUCs.  RAO No. 3 would be achieved in approximately 30 years, although monitoring of the balance of 

plume would continue for an uncertain period until cleanup goals are met by natural attenuation.   

The environmental footprint of each of the impact categories evaluated using SiteWiseTM is based on the 

normalization of the remedial alternatives considered in the FS.  The results of the environmental footprint 

evaluation are provided in Appendix F.  These evaluations are required by Navy policy and are not part of 

the CERCLA evaluation criteria. 

Implementability 

Alternative G-4 would be readily implementable. The new wells for LNAPL skimming can be readily 

installed.  Many qualified contractors can implement this technology.   The resources, equipment, and 

materials required for these activities are readily available.  The injection system could be readily installed 

for in-situ chemical oxidation treatment.  The number of qualified contractors is somewhat limited but not 

overly restrictive.   

Sampling and maintenance of existing monitoring wells and performance of 5-year reviews could readily 

be accomplished.  The resources, equipment, and materials required for these activities are readily 

available. 

The administrative and permitting aspects of Alternative G-4 would be relatively simple to implement.  The 

LUCs would be incorporated into existing base land use programs.      

Cost 

The estimated costs for Alternative G-4 are as follows: 

 

Capital Cost:     $2,279,000 

30-Year NPW of O&M and Monitoring Costs:  $1,575,000 

Total Estimated NPW for Alternative G-4: $3,854,000 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 
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PAI-27-SO-12    [0 - 1]
ARSENIC             3.2 mg/kg
BAP EQUIVALENT  62555   µg/kg

CEMETERY

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR T)

FIBER OPTIC VAULT
EXPOSURE UNIT

SITE 55 -
FIBER OPTIC VAULT

PAI-27-SO-28  [5 - 6]
ALPHA-BHC      14000 J µg/kg
DELTA-BHC      20000 J µg/kg
4,4'-DDD      270000   µg/kg

PAI-27-SO-14  [0 - 1]
4,4'-DDD      290000   µg/kg
4,4'-DDE       20000 J µg/kg
4,4'-DDT      200000   µg/kg

PAI-27-SO-16  [0 - 1]
4,4'-DDD    440000   µg/kg
4,4'-DDE     34000 J µg/kg
4,4'-DDT     95000   µg/kg

PAI-27-SO-13        [0 - 1]
ARSENIC             2.1       mg/kg
BAP EQUIVALENT      2011.9    µg/kg
CHROMIUM            6         mg/kg

PAI-27-SO-11        [0 - 1]
ARSENIC             3.4       mg/kg
CHROMIUM            10.2      mg/kg

PAI-27-SO-10        [0 - 1]
ARSENIC             3.7       mg/kg
BAP EQUIVALENT      0.18      µg/kg
CHROMIUM            8.8       mg/kg

PAI-27-SO-01        [0 - 1] 
ARSENIC             1.5       mg/kg
BAP EQUIVALENT      21        µg/kg
CHROMIUM            5.4       mg/kg

PAI-27-SO-41        [0 - 1] 
4,4'-DDD            0.56 J    µg/kg
ARSENIC             1.13 J    mg/kg
BAP EQUIVALENT      158.44    µg/kg
CHROMIUM            4.36      mg/kg
PAI-27-SO-41        [4 - 5]
ARSENIC             13.2      mg/kg
CHROMIUM            34.7      mg/kg

PAI-27-SO-45A       [0 - 1]
BAP EQUIVALENT      6.791     µg/kg
CHROMIUM            2.42      mg/kg
PAI-27-SO-45A       [4 - 5] 
BAP EQUIVALENT      3.4323    µg/kg
CHROMIUM            10.6      mg/kg

PAI-27-SO-44        [0 - 1]
4,4'-DDD            14        µg/kg
ARSENIC             0.50 J    mg/kg
BAP EQUIVALENT      516.55    µg/kg
CHROMIUM            3.55      mg/kg
DELTA-BHC           0.23 J    µg/kg
PAI-27-SO-44        [4 - 5] 
ALPHA-BHC           1.1       µg/kg
DELTA-BHC           11        µg/kg

PAI-27-SO-22        [0 - 1]
4,4'-DDD            12  J     µg/kg
4,4'-DDE            5.7  J    µg/kg
4,4'-DDT            12  J     µg/kg
D-BHC               1.8  J    µg/kg
PAI-27-SO-22        [4 - 5]
4,4'-DDD            520       µg/kg
4,4'-DDE            250  J    µg/kg
4,4'-DDT            2700  J   µg/kg
A-BHC               61  J     µg/kg
D-BHC               86  J     µg/kg

PAI-27-SO-30        [0 - 1]
4,4'-DDD            670       µg/kg
4,4'-DDE            850       µg/kg
4,4'-DDT            880       µg/kg
A-BHC               92  J     µg/kg
D-BHC               120  J    µg/kg
PAI-27-SO-30        [5 - 6]
4,4'-DDD            130       µg/kg
4,4'-DDE            11  J     µg/kg
4,4'-DDT            140       µg/kg
A-BHC               18  J     µg/kg
D-BHC               26  J     µg/kg

PAI-27-SO-34        [0 - 1]
4,4'-DDD            2.9       µg/kg
ARSENIC             1.13 J    mg/kg
BAP EQUIVALENT      719.54    µg/kg
CHROMIUM            3.93      mg/kg
DELTA-BHC           0.59 J    µg/kg
PAI-27-SO-34        [4 - 5] 
4,4'-DDD            0.13 J    µg/kg
ARSENIC             4.05      mg/kg
BAP EQUIVALENT      14.349    µg/kg
CHROMIUM            15.9      mg/kg
DELTA-BHC           0.16 J    µg/kg

PAI-27-SO-33        [0 - 1]
4,4'-DDD            0.86 J    µg/kg
ALPHA-BHC           0.22 J    µg/kg
ARSENIC             1.26 J    mg/kg
BAP EQUIVALENT      622.69    µg/kg
CHROMIUM            5.8       mg/kg
DELTA-BHC           0.51 J    µg/kg

PAI-27-SO-38A       [0 - 1]  
4,4'-DDD            1 J       µg/kg
ALPHA-BHC           0.14 J    µg/kg
ARSENIC             0.62 J    mg/kg
BAP EQUIVALENT      281.08    µg/kg
CHROMIUM            3.52      mg/kg
DELTA-BHC           0.40 J    µg/kg
PAI-27-SO-38A       [4 - 5] 
4,4'-DDD            0.88 J    µg/kg
ARSENIC             2.12 J    mg/kg
BAP EQUIVALENT      4.6966    µg/kg
CHROMIUM            29.4      mg/kg
DELTA-BHC           0.27 J    µg/kg

PAI-55-SO-17        [0 - 1] 
4,4'-DDD            11        µg/kg
4,4'-DDE            120       µg/kg
4,4'-DDT            120       µg/kg
ARSENIC             2.02 J    mg/kg

PAI-27-SO-18        [0 - 1] 
4,4'-DDD            16000     µg/kg
4,4'-DDE            14000     µg/kg
4,4'-DDT            70000     µg/kg

PAI-55-SO-07B       [0 - 1]   
4,4'-DDD            7.3 J     µg/kg
4,4'-DDE            16 J      µg/kg
4,4'-DDT            23 J      µg/kg
ARSENIC             17.5      mg/kg

PAI-27-SO-15  [0 - 1]
4,4'-DDD      190000   µg/kg
4,4'-DDE       24000 J µg/kg
4,4'-DDT      210000   µg/kg

PAI-27-SO-17    [0 - 1]
4,4'-DDD        11000  J  µg/kg
4,4'-DDE        32000  J  µg/kg
4,4'-DDT        290000    µg/kg

PAI-55-SO-18        [0 - 1]
4,4'-DDD            160       µg/kg
4,4'-DDE            440       µg/kg
4,4'-DDT            280       µg/kg
ALPHA-BHC           4.1       µg/kg
BETA-BHC            6.4  J    µg/kg
DELTA-BHC           9.4       µg/kg

PAI-27-SO-19        [0 - 1]
4,4'-DDD            88  J     µg/kg
4,4'-DDE            2900      µg/kg
4,4'-DDT            4200      µg/kg
BETA-BHC            86  J     µg/kg

³
JAX  M:\GIS\PROJECTS\PARRIS ISLAND\MXD\SITE27_55_SOIL_ALTERNATIVES_ALT_TAG_APR13.MXD 04/10/13  JM

50 500
Feet

TARGET TREATMENT ZONES FOR
SURFACE AND SUBSURFACE SOIL HOT SPOTS

AT SITES 27 AND 55
MCRD PARRIS ISLAND, SOUTH CAROLINA

DATE

AS NOTED
SCALE

DATECHECKED BY

DRAWN BY
J. ENGLISH 07/26/12

P. CHURCHILL 04/10/13
DATEREVISED BY

J.MADDEN 04/10/13

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE
2688

__ __

CTO NUMBER
JM18

4-1
___ __

Notes: 
1) Approximately 2 feet of clean fill was placed on top of original surface soil in the area 
    disturbed by the construction of Motor-T Facility.
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!( Soil Boring (1988)
+U Monitoring Well (2002 / 2008)
!> Temporary Well (2010)
!> Temporary Well (2007)

Proposed Soil Excavation Area (10 -6) 

Site Boundary
New Construction

Proposed Soil Excavation Area (Leachability) 
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SUSPECTED LOCATION OF FORMER 
PCB TRANSFORMER STORAGE SITE

SITE 55
(FIBER OPTIC VAULT)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-9/16-SO-06      [0 - 1]
ALPHA-CHLORDANE     440       µg/kg
ARSENIC             3.12      mg/kg
BAP EQUIVALENT      27.34     µg/kg
CHROMIUM            21.3      mg/kg

SITE 9
(PAINT WASTE

STORAGE AREA)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

PAI-9/16-MW-05S     [0 - 1]
ALPHA-CHLORDANE     16000 J   µg/kg
ARSENIC             5.3       mg/kg
CHROMIUM            7.7       mg/kg
HEPTACHLOR          930       µg/kg
PAI-9/16-MW-05S     [7 - 9]
ARSENIC             8.3       mg/kg

PAI09SB03           [0 - 1]
ARSENIC             7.3       mg/kg
BAP EQUIVALENT      48.056    µg/kg
CHROMIUM            4.5       mg/kg

PAI-9/16-SO-02A     [0 - 1]
ALPHA-CHLORDANE     1.4 J     µg/kg
ARSENIC             1.42 J    mg/kg
BAP EQUIVALENT      54.161    µg/kg
CHROMIUM            15.5      mg/kg
HEPTACHLOR          0.13 J    µg/kg

PAI-9/16-SO-02B     [0 - 1]
ALPHA-CHLORDANE     1.8 J     µg/kg
ARSENIC             1.74 J    mg/kg
BAP EQUIVALENT      62.968    µg/kg
CHROMIUM            8.43      mg/kg

PAI-9/16-SO-01      [0 - 1]
DELTA-BHC           0.082 J   µg/kg
PAI-9/16-SO-01      [4 - 5]
ARSENIC             8.91      mg/kg

PAI-9/16-SO-03      [0 - 1]
ALPHA-CHLORDANE     1.7       µg/kg
ARSENIC             4.49      mg/kg
BAP EQUIVALENT      6.078     µg/kg
CHROMIUM            9.52      mg/kg

PAI09SB02           [0 - 1]
ARESNIC             8.4       mg/kg
CHROMIUM            105       mg/kg
BAP EQUIVALENT      725.02    µg/kg
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AREA OF 
ARCHAEOLOGICAL 

CONCERN

SITE 27
MOTOR TRANSPORTATION FACILITY

(MOTOR-T)

SITE 55
(FIBER OPTIC VAULT)

SITE 16
(PESTICIDE RINSATE 

DISPOSAL AREA)

FIBER OPTIC VAULT
EXPOSURE UNIT

PAI-27-SO-18

PAI-27-TW-66I
PAI-27-TW-65S

PAI-27-SO-46
PAI-27-TW-68I

PAI-27-TW-67S
PAI-27-SO-47

PAI-9/16-TW-1S
PAI-9/16-TW-2I
PAI-9/16-SO-02

Approximate Boundary of the 
Area Disturbed by the 

Construction of Motor-T Facility
Target Treatment Zones

for Groundwater
Alternatives G-3 through G-5

Target Treatment Zones for 
Suspected LNAPL Residuals 

in the Smear Zone. Total Depth 
is approximately 12 ft bgs.

PAI-27-SO-32
PAI-27-SO-31

PAI-27-SO-30

PAI-27-SO-28

PAI-27-SO-27

PAI-27-SO-26

PAI-27-SO-25
PAI-27-SO-24

PAI-27-SO-23

PAI-27-SO-21

PAI-27-SO-20

PAI-27-SO-19

PAI-27-SO-17 PAI-27-SO-16
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5.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

This section compares the analyses for each of the soil and groundwater remedial alternatives presented 

in Section 4.0 of this FS.  The criteria for comparison are identical to those used for the detailed analysis 

of individual alternatives. 

 

5.1 COMPARISON OF SOIL REMEDIAL ALTERNATIVES BY CRITERIA 

The following remedial alternatives for soil are being compared in this section: 

 

 Alternative S-1: No Action 

 Alternative S-2: Hot Spot Removal, Off-site Disposal, Capping, and LUCs 

 Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, Capping, and LUCs 

 

 Overall Protection of Human Health and the Environment 5.1.1

Alternatives S-2 and S-3 would be protective of human health and the environment.  In Alternative S-2, 

excavation of soil contaminated with COCs at concentrations greater than cleanup levels would eliminate 

unacceptable risks from exposure to contaminated soil.  In Alternative S-3, removal of the surface soils at 

concentrations greater than cleanup levels would eliminate risk under the industrial scenario.  Capping in 

Alternatives S-2 and S-3 prevents exposure to contaminants in soil exceeding 10-6 risk-based limits and 

prevents leaching of contaminants to groundwater.  LUCs in Alternatives S-2 and S-3 would prevent any 

other exposure to contaminants remaining in place in the subsurface soils in the unsaturated zone by 

prohibiting residential uses of the site and by controlling excavation at the site.  LUCs in Alternatives S-2 

and S-3 would also maintain the integrity of the pavement. 

 

Alternative S-1 would not protect human health and the environment because nothing would prevent 

exposure to contaminated soil that could result in unacceptable risk to human receptors.   

 

 Compliance with Applicable or Relevant and Appropriate Requirements and To Be 5.1.2

Considered Criteria 

Alternative S-2 would comply with all chemical-, location-, and action-specific ARARs and TBCs and 

LUCs would prevent exposure to contaminants under a residential scenario.  Although Alternative S-3 

would allow contaminants to remain in soil at concentrations greater than cleanup goals, the cover and 

LUCs would prevent exposure to contaminants.  Thus, by eliminating the exposure routes, the alternative 

would comply with chemical-specific ARARs.  Alternative S-3 would also comply with all location- and 

action-specific ARARs and TBCs.   
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Alternative S-1 would not comply with chemical-specific ARARs.  Location-specific and action-specific 

ARARs and TBCs would not apply. 

 

 Long-Term Effectiveness and Permanence 5.1.3

Alternative S-2 would provide long-term effectiveness and permanence.  Excavation of contaminated soil 

would effectively and permanently prevent unacceptable risk from exposure to contaminated soil, and 

LUCs would prevent residential exposure to COCs in soils.  Capping would prevent exposure to 

contaminants in soil and prevent leaching of contaminants, and LUCs would maintain the integrity of the 

pavement. 

 

Alternative S-3 would provide slightly less long-term effectiveness and permanence.  Removal of surface 

soils with COCs would effectively and permanently prevent exposure, and LUCs would prevent exposure 

to COCs in subsurface soils.  Capping would prevent exposure to contaminants in soil and prevent 

leaching of contaminants, and LUCs would maintain the integrity of the pavement.  

 

Alternative S-1 would have no long-term effectiveness and permanence.  Because there would be no 

restrictions to site use and exposure of human receptors, the potential would exist for unacceptable 

human health risk.   

 

 Reduction of Toxicity, Mobility, or Volume through Treatment 5.1.4

Alternative S-2 would not reduce the toxicity, mobility, and volume of the soil COCs through treatment, 

although contaminants would be physically removed from the site by excavation and off-site disposal.  

Alternative S-3 would not reduce the toxicity, mobility, and volume of the soil COCs through treatment, 

although some contaminants would be physically removed from the site by excavation and off-site 

disposal.   

 

Alternative S-1 would not reduce the toxicity, mobility, or volume of soil COCs through treatment because 

no treatment would occur.   

 

 Short-Term Effectiveness 5.1.5

Implementation of Alternative S-1 would not result in risks to site workers or adversely impact the 

surrounding community or environment because no remedial activities would be performed.   

 

Implementation of the excavation, off-site disposal, and capping components of Alternatives S-2 and S-3 

could expose construction workers to contaminated soil.  This potential for exposure would be minimized 
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by the implementation of engineering controls such as dust suppression and air quality monitoring.  The 

potential for worker exposure would be further reduced by the wearing of appropriate PPE and 

compliance with applicable OSHA regulations and proper site-specific health and safety procedures.  The 

potential impacts from Alternative S-3 would be less than those from Alternative S-2 because a smaller 

volume of contaminated soil would be handled.   

 

Implementation of the excavation and off-site disposal components of Alternatives S-2 and S-3 would 

create a slight risk to the surrounding community and the environment because of the increase in truck 

traffic to transport the contaminated soil off-site.  However, measures such as spill prevention and 

containment, erosion and sedimentation control, and perimeter air monitoring could be taken to ensure 

that the impact remains acceptable.  The potential risks from Alternative S-3 would be less than those 

from Alternative S-2 because a smaller volume of contaminated soil would be handled. 

 

Alternative S-3 could be completed in approximately 10 days and would achieve the RAOs and attain the 

soil cleanup levels at completion.  Alternative S-2 could be completed in approximately 13 days and 

would achieve the RAOs and attain the soil cleanup levels at completion. 

 

 Implementability 5.1.6

Alternative S-1 would be easiest to implement because there would be no activities to implement. 

 

Alternative S-2 would be easily implementable.  The excavation component of this alternative could be 

performed with normal construction equipment, resources, and materials that would be readily available 

for this purpose.  Off-site disposal facilities are available.  Off-site transportation and disposal of the 

excavated soil would require the completion of numerous administrative procedures that, while 

constituting a significant effort, could readily be accomplished. LUCs would be readily implementable and 

have been implemented at other sites at MCRD Parris Island.  Similarly, the installation of additional 

pavement for capping can be readily accomplished.  The site is generally level and easily paved.  

 

Alternative S-3 would be easily implementable, and would be comparable to Alternative S-2.  The 

excavation component of this alternative could be performed with normal construction equipment, 

resources, and materials that would be readily available for this purpose.  Off-site disposal facilities are 

available.  Off-site transportation and disposal of the excavated soil would require the completion of 

numerous administrative procedures that, while constituting a significant effort, could readily be 

accomplished.  LUCs would be readily implementable and have been implemented at other sites at 

MCRD Parris Island.  Similarly, the installation of additional pavement for capping can be readily 

accomplished.  The site is generally level and easily paved.    
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 Cost 5.1.7

The capital and O&M costs and NPW of the soil alternatives are as follows.   

 

 Alternative Capital NPW of O&M NPW 

S-1 $0 $0 $0 

S-2 $307,000 $195,000 $502,000 

S-3 $278,000 $196,000 $474,000  
 

Detailed cost estimates are provided in Appendix E. 

 

5.2 SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 

Table 5-1 summarizes the comparative analysis of the soil remedial alternatives.   

 

5.3 COMPARISON OF GROUNDWATER REMEDIAL ALTERNATIVES BY CRITERIA 

The following remedial alternatives for groundwater are being compared in this section: 

 

 Alternative G-1: No Action 

 Alternative G-2:  MNA  and LUCs 

 Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soils,, Off-site 

Disposal,  ISCO, MNA, and LUCs 

 Alternative G-4: LNAPL Removal by Skimming, ISCO, MNA, and LUCs 

 

 Overall Protection of Human Health and the Environment 5.3.1

Alternatives G-3 and G-4 would be the most protective of human health and the environment.  For 

Alternative G-4, by actively reducing the high-concentration areas, ISCO would significantly reduce 

expansion of the plume and permanently remove COCs.  This would significantly reduce the risk from 

exposure to contaminated groundwater and would provide protection to future human receptors that may 

be exposed during intrusive activities.  Contaminant concentrations would also be reduced by natural 

attenuation. 

 

Alternative G-3 would be most protective of human health and the environment.  Excavation of soil 

contaminated with LNAPL and COCs at concentrations greater than cleanup levels and ISCO would 

eliminate unacceptable risks from exposure to contaminated soil.  This would also reduce the risk from 

exposure to contaminated groundwater and would provide protection to future human receptors that may 

be exposed during intrusive activities.  Actively reducing the high-concentration areas by excavation and 
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off-site disposal would significantly reduce expansion of the plume and permanently remove COCs.  

Contaminant concentrations would also be reduced by natural attenuation.  

 

Alternative G-4 would be protective of human health and the environment, but less so than Alternative G-

3 because a lower quantity of contaminants would be removed.  Reducing the high-concentration areas 

with LNAPL skimming and ISCO would significantly reduce the source area and reduce the concentration 

of COCs.  This would significantly reduce the risk from exposure to contaminated groundwater and would 

provide protection to future human receptors that may be exposed during intrusive activities.  

Contaminant concentrations would also be reduced by natural attenuation. 

 

Alternative G-2 would be protective to human health and the environment but less so than 

Alternatives G-3 and G-4 because no contaminants would be actively removed.  Highly contaminated 

saturated zone soils would remain in place that would continue to act as source areas for plume 

expansion.  The risk to human receptors that might be exposed during future intrusive activities, like 

construction or maintenance workers would remain.  Prohibiting groundwater use and requiring new 

structures to have vapor barriers would provide protection for the groundwater consumption and vapor 

intrusion pathways. 

 

For Alternatives G-2, G-3, and, G-4, monitoring would provide limited protection by monitoring the 

progress of natural attenuation processes, and detecting potential migration of groundwater COCs.  LUCs 

would be protective of human health and the environment.  LUCs would be required for a very long time 

since source areas are being left in place.  Restricting the use of surficial aquifer groundwater would be 

protective of human health and the environment by avoiding unacceptable risks associated with exposure 

to contaminated groundwater. 

 

Alternative G-1 would not provide protection of human health and the environment.  Under the current 

industrial land use, there could be unacceptable risks to human health from exposure to contaminated 

groundwater, LNAPL and vapors, and the potential for unacceptable risk would increase if Sites 27 and 

55 are further developed.  Because no monitoring would be performed, potential migration of COCs from 

soil to groundwater would not be detected.  Groundwater contamination might migrate off-site, but 

because no monitoring would be performed, potential migration of COCs would not be detected.  

 

 Compliance with Applicable or Relevant and Appropriate Requirements and To Be 5.3.2

Considered Criteria 

Alternatives G-2, G-3, and G-4 would eventually comply with chemical-specific ARARs and TBCs through 

a combination of treatment, removal, and/or natural attenuation.  Alternatives G-2, G-3, and G-4 would 

also comply with location- and action-specific ARARs and TBCs. 
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Alternative G-1 would not comply with chemical-specific ARARs or TBCs because no action would be 

taken to reduce contaminant concentrations.  Chemical-specific ARARs may be eventually met by natural 

attenuation, but there would be no monitoring to verify the changes.  Location-specific and action-specific 

ARARs or TBCs are not applicable.   

 

 Long-Term Effectiveness and Permanence 5.3.3

Alternatives G-3 and G-4 are similar and would provide the most long-term effectiveness and 

permanence.  Alternative G-3 would be the most effective alternative because excavation of highly 

contaminated saturated zone soils would effectively and permanently remove contaminants.  All LNAPL 

in the excavation zone would be removed.  For areas that cannot be excavated, ISCO will permanently 

remove a large percentage of the LNAPL.  This would accelerate the remediation process and reduce 

expansion of the plume.   

 

For Alternative G-4, skimming and ISCO would effectively reduce the mass of LNAPL and remove 

contaminants.  However, the LNAPL removal would only be 60 to 80 percent.  This would accelerate the 

remediation process and reduce expansion of the plume.  ISCO oxidation is a relatively well-established 

technology.  

 

Alternative G-2 would provide long-term effectiveness and permanence.  LUCs would be protective of 

human health by preventing exposure to COCs.  Prohibiting future residential development of the site 

would effectively prevent the occurrence of unacceptable risks to human receptors from exposure to 

contaminated groundwater and soil vapors.  However, there is no active remediation and nearly all of the 

residual LNAPL will remain.  The LUCs must be maintained for a significant period of time until natural 

attenuation achieves cleanup goals. 

 

For Alternatives G-2, G-3, and G-4, long-term monitoring would be an effective means to evaluate the 

progress of remediation and verify that no migration of COCs is occurring and natural attenuation is 

occurring.  Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater 

until cleanup goals are met.  The LUCs proposed in this alternative are considered reliable. 

 

Alternative G-1 would have no long-term effectiveness or permanence because contaminated 

groundwater and LNAPL would remain on site.  Because there would be no LUCs to restrict the future 

use of the site, potential human receptors could be exposed to groundwater with contaminant 

concentrations that would result in unacceptable risk.  Because there would be no groundwater 

monitoring, potential off-site migration of COCs would not be detected.   
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 Reduction of Toxicity, Mobility, or Volume through Treatment 5.3.4

Alternative G-4 would reduce the toxicity and volume of groundwater COCs through treatment using 

ISCO.  

 

Alternative G-3 would reduce some of the mass of contaminants through treatment.  Alternative G-3 uses 

excavation and off-site disposal.  Similarly, Alternative G-2 would reduce the mass of contaminants 

through natural dispersion, dilution, or other attenuation processes, but no active treatment would occur.       

 

Alternative G-1 would not reduce the toxicity, mobility, or volume of contaminants through treatment 

because no treatment would occur.     

 

 Short-Term Effectiveness 5.3.5

Because no action would occur, implementation of Alternative G-1 would not pose any risks to on-site 

workers or result in short-term adverse impact to the local community or the environment.  Alternative G-1 

would never achieve the RAOs and, although the cleanup goals might eventually be achieved through 

natural attenuation, this would not be verified through monitoring. 

 

Alternative G-2 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of groundwater wells 

and groundwater sampling would be minimized by compliance with OSHA requirements including 

wearing of appropriate PPE and adherence to site-specific health and safety procedures.     

 

Alternative G-4 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of LNAPL skimmers, 

additional groundwater monitoring wells, and the ISCO system would be minimized by compliance with 

OSHA requirements including wearing of appropriate PPE and adherence to site-specific health and 

safety procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.  Properly containerization, handling, and transportation of the recovered 

LNAPL should pose a minimal risk to surrounding communities and environment. 

 

Implementation of the excavation and off-site disposal components of Alternative G-3 could expose 

construction workers to contaminated soil and groundwater.  This potential for exposure would be 

minimized by the implementation of engineering controls such as dust suppression, air quality monitoring 

and proper water handling and storage.  The potential for worker exposure would be further reduced by 

the wearing of appropriate PPE and compliance with applicable OSHA regulations and proper site-

specific health and safety procedures.  The open excavation with high concentration saturated soils and 
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groundwater may pose a risk to others in the vicinity of the excavations.  Barricading would be required to 

reduce physical risks and as mentioned for site construction workers, air monitoring, dust suppression, 

and proper water handling and storage measures would be needed.  There would be a risk to site 

workers during injection of the chemical oxidant. 

 

Implementation of the off-site disposal components would create a slight risk to the surrounding 

community and the environment because of the increase in truck traffic to transport the contaminated soil 

off-site.  Transport of chemical oxidant to the site would also pose a slight risk that could be managed 

using similar methods for contaminated soil.  However, measures such as spill prevention and 

containment, erosion and sedimentation control, and perimeter air monitoring could be taken to ensure 

that the impact remains acceptable.  

 

For Alternatives G-2, G-3, G-4, and G-5, implementation of LUCs and monitoring would not adversely 

impact the surrounding community or the environment, and would reduce human health risks until 

cleanup goals are met because groundwater use restrictions would be implemented.   

 

 Implementability 5.3.6

Because no action would occur, Alternative G-1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

administrative measures is not applicable because no such measures would be taken. 

 

Alternative G-2 would be the next most readily implementable alternative.  The new monitoring wells can 

be readily installed.  Many qualified contractors can implement this technology.  The administrative and 

permitting aspects of Alternative G-2 would be relatively simple to implement.  Permits for installing new 

wells would be required.       

 

Alternative G-4 would be the next most readily implementable alternative.  The new wells for LNAPL 

skimming can be readily installed.  Many qualified contractors can implement this technology.  Similarly, 

the number of qualified contractors for ISCO is somewhat limited but not overly restrictive.  The 

resources, equipment, and materials required for these activities are readily available.  The administrative 

and permitting aspects of Alternative G-4 would be relatively simple to implement.  Permits for installing 

skimming wells would be required.    

 

Alternative G-3 would be the most difficult to implement.  Although excavation, dewatering, and treatment 

technologies and contractors are readily available, site conditions may impede the implementation of the 

excavation portion of this alternative.  Underground utilities may interfere with complete excavation of 

contaminated soil.  Special engineering measures may be required to ensure the integrity of the FOV and 
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surrounding utilities.  A treatment system will be required to manage and treat over 1,000,000 gallons of 

contaminated groundwater.  Similarly, the number of qualified contractors for ISCO is somewhat limited 

but not overly restrictive.     

 

The administrative aspects of Alternative G-3 would be relatively simple to implement.  Off-site 

transportation and disposal of the excavated soil would require the completion of numerous administrative 

procedures which, while constituting a significant effort, could readily be accomplished.   

 

For Alternatives G-2, G-3, and G-4, sampling and maintenance of existing monitoring wells could readily 

be accomplished.  The resources, equipment, and materials required for these activities are readily 

available.  Similarly, the LUCs would be incorporated into existing base land use programs.   

 

 Cost 5.3.7

The capital and O&M costs and NPW of the groundwater alternatives are as follows.   

 

Alternative Capital NPW of O&M NPW 

G-1 $0 $0 $0 

G-2 $67,000 $1,636,000 (30-Year) $1,703,000 (30-Year) 

G-3 $6,567,000 $1,637,000 (30-Year) $8,204,000 (30-Year) 

G-4 $2,279,000 $1,575,000 (30-Year) $3,854,000 (30-Year) 
 

Detailed cost estimates are provided in Appendix E. 

 

5.4 SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL 

ALTERNATIVES 

Table 5-2 summarizes the comparative analysis of groundwater remedial alternatives.   



TABLE 5-1 
 

SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 2 
 

Evaluation 
Criteria 

Alternative S-1:  
No Action 

Alternative S-2: Hot Spot 
Removal, Off-site Disposal, 

Capping, and LUCs 

Alternative S-3: Limited Hot Spot 
Removal, Off-site Disposal, 

Capping, and LUCs 

Overall Protection 
of Human Health 
and Environment 

Not protective.  Protection would be provided 
by excavation of contaminated 
surface and subsurface soil, 
capping to prevent 
contaminants from leaching to 
groundwater and LUCs to 
prevent exposure.  Would be as 
protective as Alternative S-3. 

Protection would be provided by 
excavation of contaminated surface 
soil, capping to prevent 
contaminants from leaching to the 
groundwater and LUCs to prevent 
exposure.  Would be protective as 
protective as Alternative S-2. 

Compliance with 
ARARs and TBCs 
   Chemical-
Specific 
   Location-Specific 
   Action-Specific 

 
 
Would not 
comply 
Not applicable 
Not applicable 

 
 
 
Would comply 
Would comply 
Would comply 

 
 
 
Would comply 
Would comply 
Would comply 

Long-Term 
Effectiveness and 
Permanence 

Not effective. Would be effective in the long 
term and permanent. Would be 
more effective than Alternative 
S-3 because more 
contaminated soil would be 
removed.  Pavement would 
need to be maintained. 

Would be effective in the long term 
and permanent, but less effective 
than Alternative S-2.  Pavement 
would need to be maintained. 

Reduction of 
Contaminant 
Toxicity, Mobility, 
or Volume through 
Treatment 

None.  No 
treatment. 

Although contaminants would 
be removed from the site, there 
would be no treatment. 

Although contaminants would be 
removed from the site, there would 
be no treatment. 

Short-Term 
Effectiveness 

No short-term 
risks because 
no action would 
occur.  RAOs 
and cleanup 
goals would not 
be met. 

Exposure of remedial workers 
would be controlled by safety 
procedures.  There would be a 
slight risk to the community 
from transport of contaminated 
soil.  Action would be 
completed in approximately 
13 days.  RAOs and cleanup 
goals would be met. 

Less risks than Alternative S-2 
because less contaminated soil is 
being managed.  Exposure of 
remedial workers would be 
controlled by safety procedures.  
There would be a slight risk to the 
community from transport of 
contaminated soil.  Action would be 
completed in approximately 10 
days.  RAOs and cleanup goals 
would be met. 

Implementability Nothing to 
implement. 

Easy to implement. Easy to implement, but somewhat 
more difficult compared to 
Alternative S-2 because of 
additional LUCs. 

Costs: 
   Capital 
   NPW of O&M 
   NPW 

 
$0 
$0 
$0 

$307,000
$195,000
$502,000

$278,000
$196,000
$474,000
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Notes: 
ARAR  Applicable or Relevant and Appropriate Requirement 
COC  Contaminant of Concern    
LUC  Land use control        
NPW  Net present worth        
O&M  Operation and maintenance 
RAO  Remedial Action Objective 
TBC  To Be Considered 
 



TABLE 5-2 
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Evaluation Criteria Alternative G-1: No Action Alternative G-2: MNA and LUCs 

Alternative G-3: Excavation to 
Remove LNAPL and Highly 

Contaminated Saturated Soil, Off-
site Disposal,  ICSO, MNA, and 

LUCs 

Alternative G-4: LNAPL Removal 
by Skimming, ISCO, MNA, and 

LUCs 

Overall Protection of 
Human Health and 
Environment 

Would not be protective of human 
health and the environment because 
no action would occur.   

Would be less protective of human 
health and the environment than 
Alternatives G-3 and G-4 because 
there would be no active treatment 
of the high-concentration areas and 
because this alternative has the 
highest remediation time. LUCs 
would prevent exposure to the 
plume.  

Would be most protective of human 
health and the environment because 
highly contaminated soil would be 
removed, with ISCO treatment for 
the balance.  LUCs would prevent 
exposure to the contaminated 
groundwater.   

Would be less protective of human 
health and the environment than 
Alternatives G-3 because the active 
treatment would be limited to LNAPL 
skimming and ISCO.  LUCs would 
prevent exposure to the 
contaminated groundwater.   

Compliance with ARARs 
and TBCs:  

    

    Chemical-Specific Would not comply Would eventually comply Would eventually comply Would eventually comply 
    Location-Specific Not applicable Would comply Would comply Would comply 
    Action-Specific Not applicable Would comply Would comply Would comply 
Long-Term Effectiveness 
and Permanence 

Would have no long-term 
effectiveness and permanence 
because no action would occur.  
Contaminant reduction or migration 
would remain undetected because 
no monitoring would occur. 

Would be less permanent and 
effective than Alternatives G-3 and 
G-4 because there would be no 
contaminant removal except through 
the long process of natural 
attenuation.  LUCs would be 
required to prevent exposure 
throughout the plume.   

Would be most permanent and 
effective because contaminants and 
LNAPL would be removed from the 
excavation zones. ISCO would be 
used to treat areas that cannot be 
excavated.  LUCs would be required 
to prevent exposure throughout the 
plume.   

Would be less permanent and 
effective than Alternative G-3 
because  only about 60 to 80% of 
the LNAPL would be treated by 
ISCO.  LUCs would be required to 
prevent exposure throughout the 
plume.   

Reduction of Toxicity, 
Mobility, or Volume 
through Treatment 

Would not reduce toxicity, mobility, 
or volume through treatment 
because no treatment would occur.   

There would be no reductions 
through treatment although COCs 
and LNAPL would be reduced 
through biological, abiotic, and 
physical natural attenuation 
processes.   

There would be some reductions 
through treatment, although COCs 
and LNAPL would also be removed 
from the site by excavation and off-
site disposal. 

There would be reductions through 
treatment, and some LNAPL would 
be removed from the site by 
skimming and off-site disposal. 
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SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES 
SITES 9, 16, 27, AND 55 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 2 OF 2 
 

Evaluation Criteria Alternative G-1: No Action Alternative G-2: MNA and LUCs 

Alternative G-3: Excavation to 
Remove LNAPL and Highly 

Contaminated Saturated Soil, Off-
site Disposal,  ICSO, MNA, and 

LUCs 

Alternative G-4: LNAPL Removal 
by Skimming, ISCO, MNA, and 

LUCs 

Short-Term Effectiveness Would not result in any short-term 
risk to site workers or adversely 
impact the surrounding community 
or environment because no action 
would occur.  The RAOs would 
never be achieved. 

Would have the least short-term 
impacts.  Would result in a possibility 
of exposing site workers to 
contaminated groundwater during 
monitoring activities. This risk would 
be reduced through compliance with 
appropriate site-specific health and 
safety procedures.   

Would have the greatest short-term 
impacts.  Would result in a possibility 
of exposing site workers to 
contaminated groundwater and soil 
during sampling, dewatering, 
excavation, ISCO, and groundwater 
treatment.  There would be a risk to 
the surrounding community and 
environment during the transport of 
contaminated soil and spent GAC to 
the disposal facility and transport of 
oxidant to the site.   

Would have somewhat less short-
term impacts compared to 
Alternative G-3.  Would result in a 
possibility of exposing site workers 
to contaminated groundwater during 
well installation, sampling, ISCO, 
and management of recovered 
LNAPL. This risk would be reduced 
through compliance with appropriate 
site-specific health and safety 
procedures.  Would be slight risk 
from transport of recovered LNAPL 
to disposal facility and transport of 
oxidant to the site.   

Implementability Technical and administrative 
implementation would be simple 
because there would be no action to 
implement. 

Would be the technically easiest 
alternative to implement.  
Administrative implementation of 
LUCs would be simple.   

Would be the most difficult to 
implement because of the need for 
dewatering and management and 
treatment of over 1,000,000 gallons 
of water.  Underground utilities may 
interfere with excavation.  ISCO 
treatment would be implemented.  
Administrative implementation of 
LUCs would be simple.   

Would be somewhat more difficult to 
implement compared to 
Alternative G-2 because of the large 
number of wells to install and ISCO 
treatment.  Administrative 
implementation of LUCs would be 
simple.     

Costs: 
 
    Capital 
    NPW of O&M 
    NPW 

 

$0
$0 (30-Year)
$0 (30-Year)

 

 
$67,000

$1,636,000 (30-Year)
$1,703,000 (30-Year)

$6,567,000
$1,637,000 (30-Year)
$8,204,000 (30-Year)

$2,279,000
$1,575,000 (30-Year)
$3,854,000 (30-Year)

 
 

ARAR – Applicable or Relevant and Appropriate Requirement 
COC – Chemical of concern 
GAC – Granular Activated Carbon 
LUC – Land use control 
NA – Not Applicable 
NPW – Net present worth 
RAO – Remedial Action Objective 
TBC – To Be Considered  
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TD DATE:

Date: 2/5/2013 Date: 2/8/13

PURPOSE

REFERENCES

1. USEPA, 1996. Soil Screening Guidance

4. Soil Screening Guidance: Technical Background Document (EPA/540/R-95/128. July ,1996)

VOLUME ESTIMATE BASED ON CHLOROBENZENES

Soil Organic Fraction

Based on the deep soil TOC data, the geometric mean of TOC in deep soil samples is:

TOCGeomean 5470 mg/kg

The deep soil organic fraction is approximately

foc 0.0055

Kd Soil-Water Partition Coefficient

Assume chlorobenzenes are sorbed to soil organic matter according to a linear adsorption model.

The soil/water partition coefficient, i.e. the linear adsorption coefficient, can be calculated as:

Kd = Koc * foc

Koc
2

(L/kg)

1,2,4-Trichlorobenzene 1,780 9.79

1,2-Dichlorobenzene 617 3.39

1,4-Dichlorobenzene 617 3.39

Chlorobenzene 219 1.20

2. U. S. Department of Energy (USDOE), 2003. Calculations and Software to Determine the Presence of Non-

Aqueous Phase Liquids in Environmental Media, Q-CLC-G-00059, Rev.0, August.

http://www.srs.gov/general/programs/soil/gen/naplcalc.pdf

MCRD PARRIS ISLAND, SOUTH CAROLINA 112G02688-FS.DR

Appendix A Estimation of Volume of Soil Potentially Containing Residual LNAPL

Sites 9, 16, 27, and 55

DRAWING NUMBER:

CHECKED BY: PC APPROVED BY:

The purpose of this calculation is to estimate the volume of smear zone soil potentially containing residual LNAPL

in the general area of Sites 9, 16, 27, and 55.

Note that this calculation is a revision to Appendix F of the RI and expanded with additional analysis based on soil

TOC data.

3. Mercer and Cohen, 1990. A review of immiscible fluids in the subsurface: Properties, models, characterization

and remediation. Journal of Contaminant Hydrology, 6(2), 107–163.

Kd (L/kg)

foc=0.0055
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Appendix A Estimation of Volume of Soil Potentially Containing Residual LNAPL

Sites 9, 16, 27, and 55

DRAWING NUMBER:

CHECKED BY: PC APPROVED BY:

Soil Saturation Limit

The soil saturation limit can be calculated as:

Csat : Soil Saturation Limit (µg/kg)

S: Solubility in water (µg/Lwater)

ρb: dry soil bulk density (kg/Lsoil)

Kd: soil-water partition coefficient (Lwater/kgsoil)

θw: water filled soil porosity (Lwater/Lsoil)

Assume

θw = 0.4

ρb = 1.50 kg/L

Soil Saturation Limits based on Solubility of Chlorobenzenes

Assume in saturated soil, organic contaminants (e.g. chlorobenzenes) are distributed in aqueous, adsorbed, and

NAPL (if present) phases.

If the total concentration of a compound in a saturated soil sample exceeds the sum of its concentrations in

dissolved and adsorbed phases, i.e. its soil saturation limit , it is likely that there is NAPL presence at that

location.

Using the solubility in water from Soil Screening Guidance: Technical Background Document (Section 5, Table 36)

of chlorobenzenes, the respective soil saturation limits are calcuated as below:

)( wbd

b

sat K
S

C 




Aqueous Phase

Solid (e.g. sand)

Residual NAPL Phase

Adsorbed Phase
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DRAWING NUMBER:

CHECKED BY: PC APPROVED BY:

S
4

(µg/L)

Kd (L/kg)

foc=

0.0055

1,2,4-Trichlorobenzene 300,000 9.79 3,017,000 3,000

1,2-Dichlorobenzene 156,000 3.39 570,986 910

1,4-Dichlorobenzene 73,800 3.39 270,120 3,100

Chlorobenzene 472,000 1.20 694,391 86,000

Soil Saturation Limits based on Maximum Groundwater Concentration of Chlorobenzenes

Maximum

GW Conc.

(µg/L)

Kd (L/kg)

foc=0.0055

1,2,4-Trichlorobenzene 8.2 9.79 82 3,000

1,2-Dichlorobenzene 28 3.39 102 910

1,4-Dichlorobenzene 69 3.39 253 3,100

Chlorobenzene 2,000 1.20 2,942 86,000

Csat (µg/kg)

ρb=1.5kg/L, θw=0.4

Maximum Conc. in

deep soil (ug/kg)

- for comparison

Csat (µg/kg)

ρb=1.5kg/L, θw=0.4

based on max. groundwater conc.

Maximum Conc. in

deep soil (ug/kg)

- for comparison

Using the maximum groundwater concentrations of chlorobenzenes, the respective soil saturation limits are

calcuated as below:

Based on the data above, the maximum chlorobenzene concentrations in deep soil samples are below the soil

saturation limits. This suggests the presence of LNAPL is not likely.

This approach to determining the potential saturation of soil with LNAPL uses maximum groundwater

concentrations in place of the solubility value. For LNAPL mixtures, it is appropriate to determine the effective

solubility of a chemcial rather than using the direct solubility in water, which does not take into account the fact that

the chemical is mixed with other constituents. In this case, rather than predicting the ability of a chemcial to

dissolve to groundwater at a particular concentration, the site specific maximum groundwater concentrations are

used. Compared to the maximum concentration in deep soil samples, it can be seen that there are indeed

samples with chlorobenzenes at concentrations greater than the estimated saturation limit, indicating the likely

presence of NAPL.

The following 10 deep soil samples had at least one of the chlorobenzenes exceeding the soil saturation limits

calculated based on maximum groundwater concentration (see Figure 4-39 of the RI):

PAI-55-SO05-10, PAI-55-SO09-10, PAI-55-SO11-10, PAI-55-SO13-10, PAI-55-SO14-10, PAI-27-SB-014-07, PAI-

27-SB-015-07, PAI-27-SB-016-07, PAI-27-SB-018-07, and PAI-27-SO46-10.
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Area = 2,000 sf

Volume = 370 cy

Area = 19,086 sf

Volume = 1,401 cy

According to the DOE method for estimation of NAPL mass (Equation 17 of the NAPLator model
2
):

Given:

Sr = (NAPLt * gt/gTPH)/nt

Where:

Sr = Percent Residual NAPL Saturation (%)

NAPLt = Total mass of NAPL in soil sample (mg/kg)

gt = Wet bulk density of soil (kg/L)

nt = Total soil porosity (%, L/L)

gTPH= Density of NAPL mixture (mg/L)

Volume of Smear Zone Soil Potentially Containing Residual LNAPL Based on TOC data

TPH is usually a good indicator of whether petroleum based NAPL may be present in the subsurface. Because

TOC, instead of TPH, was analyzed for all soil samples, the TOC data are used here to determine the potential

presence of the suspected LNAPL in the smear zone.

Volume of Smear Zone Soil Potentially Containing Residual LNAPL Based on Maximum Concentrations of

Chlorobenzene

Volume of Smear Zone Soil Potentially Containing Residual LNAPL Based on Aerial Extent of Soil

Exceedances

Based on results of contaminated soils as presented in Figures 1-8 and 1-9 of the FS it is estimated that the

following area (approximately 40 ft x 50 ft) and volume (assuming 5 foot thickness) of soils contaminated with

residual LNAPL are present.

A three dimensional (3D) interpolation of soil chlorobenzene concentrations was prepared using the geostatistical

module of Environmental Visualization Software (EVS). The interpolation result indicates that the area and volume

of smear zone soil potentially containing residual LNAPL based on chlorobenzene concentrations greater than

2,942 ug/kg (Csat based on maximum groundwater concnetration) is approximately:

Figure 1-31 of the FS shows the area of suspected LNAPL residuals based on chlorobenzene concentration in

smear zone soil.



TETRA TECH NUS, INC. CALCULATION SHEET PAGE 5 OF 8

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TD DATE:

Date: 2/5/2013 Date: 2/8/13

MCRD PARRIS ISLAND, SOUTH CAROLINA 112G02688-FS.DR

Appendix A Estimation of Volume of Soil Potentially Containing Residual LNAPL

Sites 9, 16, 27, and 55

DRAWING NUMBER:

CHECKED BY: PC APPROVED BY:

Then:

NAPLt = (gTPH x Sr x nt)/gt

Assume:

gt = 1.90 kg/L

nt = 0.4

gTPH= 940,000 mg/L Assumed value for weathered diesel

NAPLt = 197,895 x Sr

Assume the saturation range for LNAPL residual is 10% to 50% in the smear zone.

Sr NAPLt

10% 19,789 mg/kg

50% 98,947 mg/kg

Based on the analysis above, the following four deep soil samples may have LNAPL residuals:

Area = 13,664 sf

Volume = 1,050 cy

Note that surface soil has some very high TOC results (Max. 220,000). This suggests TOC is not a good substitute

for TPH. Volumes established using TOC will not be considered in the calculations of mass below.

Figure 1-32 of the FS shows the area of suspected LNAPL residuals based on TOC concentration in smear zone

soil.

Residual (immobile) saturation values of NAPL typically ranges from 10% to 20% in unsaturated soil and from 15%

to 50% in saturated soil
3
.

Therefore, assuming the mass of diesel components in dissolved and adsorbed phases is negligible compared to

the NAPL phase and the soil TOC data is representative of the total diesel related compounds in soil samples, TOC

concentration in the range of 19,789 and 98,947 mg/kg in smear zone soil would indicate the possible presence of

LNAPL residuals; TOC concentrations beyond this range would indicate the possible presence of free phase

LNAPL and the NAPL mass at 50% saturation could be considered as the LNAPL release threshold.

PAI-27-SO-14-07 (36,000 mg/kg), PAI-27-SO-15-07 (21,500 mg/kg), PAI-55-SO-13-10 (31,750 mg/kg), and PAI-55-

SO-14-10 (25,700 mg/kg).

However, the maximum TOC concentration (36,000 mg/kg) in deep soil did not exceed the LNAPL release

threshold value of 98,947 mg/kg, indicating that free phase LNAPL is not likely present at the site.

A 3D interpolation of TOC data in smear zone soil was prepared using the geostatistical module of EVS. The total

area and volume of soil suspected to contain LNAPL residuals based on TOC concentration greater than 19,789

mg/kg is approximately:
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ESTIMATION OF LNAPL MASS

As stated above the DOE method for estimation of NAPL mass (Equation 17 of the NAPLator model2):

Given:

Sr = (NAPLt * gt/gTPH)/nt

Where:

Sr = Percent Residual NAPL Saturation (%)

NAPLt = Total mass of NAPL in soil sample (mg/kg)

gt = Wet bulk density of soil (kg/L)

nt = Total soil porosity (%, L/L)

gTPH= Density of NAPL mixture (mg/L)

source: www.mass.gov/dep/cleanup/laws/lnaplch.ppt

Based on the Soil Saturation Limits for chlorobenznes calculated using maximum groundwater concentrations the

presence of residual LNAPL is likley. Below is a range of estimated LNAPL saturation with associated LNAPL

phases.

It is estimated that the LNAPL Saturation would fall between 0.1 and 1 %.
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Then:

NAPLt = (gTPH x Sr x nt)/gt

Assume:

gt = 1.9 kg/L

nt = 0.4

gTPH= 940000 mg/L Assumed value for weathered diesel

NAPLt = 197,895 x Sr

Assume the saturation range for residual LNAPL is 0.1% and 1%

Sr NAPLt

0.001 197.8947368 mg/kg

0.01 1978.947368 mg/kg

The range of immobile residual LNAPL mass in 370 cy yards of soil is presented below:

370 cy * 1.485 ton/cy 549.45 tons of soil

549.45 ton * 2000 lb/ton 1098900 lbs of soil

1098900 lb * 0.453592 kg/lb 498452.249 kg of soil

NAPLt based on Sr of 0.001

197.9 mg/kg * 498452.25 kg 98643700 mg of residual immobile LNAPL

98643700 mg * 2.20E-06 lb/mg 2.17E+02 lb of residual immobile LNAPL

217.4699 lb * 0.0005 ton/lb 0.10873495 tons of residual immobile LNAPL

NAPLt based on Sr of 0.01

1978.9474 mg/kg * 498452.25 kg 986410766 mg of residual immobile LNAPL

986410766 mg * 2.20E-06 lb/mg 2.17E+03 lb of residual immobile LNAPL

2174.6412 lb * 0.0005 ton/lb 1.08732059 tons of residual immobile LNAPL

The range of immobile residual LNAPL mass in 1401 cy yards of soil is presented below:

1401 cy * 1.485 ton/cy 2080.485 tons of soil

2080.485 ton * 2000 lb/ton 4160970 lbs of soil

4160970 lb * 0.453592 kg/lb 1887382.7 kg of soil

NAPLt based on Sr of 0.001

197.9 mg/kg * 1887382.7 kg 373513037 mg of residual immobile LNAPL

373513037 mg * 2.20E-06 lb/mg 8.23E+02 lb of residual immobile LNAPL

823.44684 lb * 0.0005 ton/lb 0.41172342 tons of residual immobile LNAPL

The range of estimated volume of soil contimanted by residual immobile LNAPL is 370 cy to 1401 cy.
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NAPLt based on Sr of 0.01

1978.9474 mg/kg * 1887382.7 kg 3735031036 mg of residual immobile LNAPL

3.735E+09 mg * 2.20E-06 lb/mg 8.23E+03 lb of residual immobile LNAPL

8234.2494 lb * 0.0005 ton/lb 4.11712471 tons of residual immobile LNAPL

The range of estimated immobile residual LNAPL mass is found to be between 0.11 and 4.1 tons with an average

estimated mass of 1.43 tons



HUMAN HEALTH RISK SUPPORTING DOCUMENTATION 

  



POST REMOVAL RISK CALCULATIONS 

INDUSTRIAL WORKERS 

  



SITE 9 – PAINT WASTE STORAGE AREA 

AND 

SITE 16 – PESTICIDE RINSATE DISPOSAL AREA 

  



COC Original EPC1 Original Risk 1

Post-Removal

EPC2

Post-Removal

Risk3

Arsenic 4.8 3.0E-06 1.1 6.9E-07

Chromium 36.4 8.0E-06 5 1.1E-06

BaPEq 0.43 2.0E-06 0.0392 1.8E-07

alpha-Chlordane 9.8 2.0E-06 0.0098 2.0E-09

Heptachlor 0.6 2.0E-06 0.00018 6.0E-10

TOTAL 1.7E-05 TOTAL 2.0E-06

Bkgd As & Cr 1.8E-07

Assumed Clean Fill Concentrations:

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

Chromium - 5.17 mg/kg (MCAS Beaufort Background)

BaPEq - 0.01 U mg/kg

alpha-Chlordane - 0.001 U (mg/kg)

Heptachlor - 0.00021 U mg/kg

PAI-9-SB-02

PAI-9-SB-01

PAI-9-SB-03

PAI-9/16-MW-05-001

PAI-9/16-SO-02A

PAI-9/16-SO-02B

PAI-9/16-SO-03

PAI-9/16-SO-06

EPC Exposure Point Concentration
1 Original Exposure Point Concentration (mg/kg) and risks for Sites 9/16 surface soil in the Human Health
2Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC

concentrations with assumed "clean fill" concentrations.
3 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-

Removal EPC/Original EPC)

CALCULATION OF POST-REMOVAL RISKS

SITE 9-PAINT WASTE STORAGE AREA & SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

ATTAINMENT OF 10E-06 RISK LEVEL (SURFACE SOIL)

MCRD PARRIS ISLAND, SOUTH CAROLINA

COC Contaminant of Concern



COC Original EPC1 Original Risk 1

Post-Removal

EPC2

Post-Removal

Risk3

Arsenic 4.4 3.0E-06 1.1 7.5E-07

Assumed Clean Fill Concentrations:

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

Chromium - 5.17 mg/kg (MCAS Beaufort Background)

BaPEq - 0.01 U mg/kg

alpha-Chlordane - 0.001 U (mg/kg)

Heptachlor - 0.00021 U mg/kg

PAI-9/16-MW-05-0709

PAI-9/16-SO-01-05

EPC Exposure Point Concentration
1 Original Exposure Point Concentration (mg/kg) and risks for Site 55 surface soil in the Human Health Risk
2Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC

concentrations with assumed "clean fill" concentrations.
3 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-

Removal EPC/Original EPC)

CALCULATION OF POST-REMOVAL RISKS

SITE 9-PAINT WASTE STORAGE AREA & SITE 16 - PESTICIDE RINSATE DISPOSAL AREA

ATTAINMENT OF 10E-06 RISK LEVEL (SUBSURFACE SOIL)

MCRD PARRIS ISLAND, SOUTH CAROLINA

COC Contaminant of Concern



SITE 9/16 POST REMOVAL CONCENTRATIONS

10E-06 RISK LEVEL (SURFACE SOIL)

COC UCL UCL Type

Arsenic 1.1 95% KM (BCA) UCL

Chromium 5 Student's t UCL

Benzo(a)Pyrene Equivalent 39 95% KM (t) UCL

Alpha-Chlordane 6490 95% KM (BCA) UCL

Heptachlor 400 95% KM (Percentile Bootstrap) UCL

10E-06 RISK LEVEL (SUBSURFACE SOIL)

COC UCL UCL Type

Arsenic 1.1 95% KM (t) UCL

UCLs rounded to 2 significant figures if value less than 10 , and three significant figures if value greater than 10.

9-SB02 was replaced with 1.16, 5.17, 10U, 1U, and 0.21 U for arsenic, chromium, BAP, alpha-chlordane, and heptachlor



Industrial Worker (Site 9/16) Surface Soil

Surface Soil Industrial Risk = 2E-05

Subsurfac Soil Industrial Risk = 4E-06

Sample As Cr BaPEq alpha-Chlordane Heptachlor

9-SB-01 0.92 4 350U 42U 18U

9-SB-02 8.4 105 905 300 9.3U

9-SB-03 7.3 4.5 241 62U 36U

9/16-MW-05-0001 5.3 7.7 NA 16000 930

9/16-MW-05-0001RA NA NA NA NA NA

9/16-SO-01 0.99U 2.53 19 0.24 0.2U

9/16-SO-02 0.64 2.41 21 5.6 0.2U

9/16-SO-02A 1.42 15.5 54 1.4 0.13

9/16-SO-02B 1.74 8.43 63 1.8 0.21U

9/16-SO-03 4.49 9.52 11 1.7 0.22U

9/16-SO-04 1.46U 2.62 32 12 0.41U

9/16-SO-04A 1.23 6.26 151 39 0.15

9/16-SO-04B(AVG) 1.08U 4.72 10 0.26 0.13

9/16-SO-04C 0.76U 3.7 19 0.49 0.16

9/16-SO-05 1.02U 5.49 28 34 1U

9/16-SO-05A 0.98 3.4 38 0.58 0.2

9/16-SO-06 3.12 21.3 32 440 1U

9/16-SO-06A 1.42 5.4 46 0.94 0.21U

9/16-SO-07 0.59 3.88 10 1.2 0.21U

Bolded cell indicates sample proposed for removal.



SITE 27 – MOTOR TRANSPORTATION FACILITY 

  



COC Original EPC1 Original Risk1 Revised EPC2 Revised Risk3

Post-Removal

EPC4

Post-Removal

Risk5

BaPEq 0.0082 4.8E-08 14.2 8.3E-05 0.0714 4.2E-07

Arsenic 3.9 2.0E-06 2.1 1.1E-06 1.4 7.2E-07

Chromium 18 4.0E-06 9.9 2.2E-06 5.15 1.1E-06

4,4'-DDD 187 2.0E-05 55 5.9E-06 0.0251 2.7E-09

alpha-BHC 10.1 4.0E-05 2.9 1.1E-05 0.0005 2.0E-09

delta-BHC 13.8 5.0E-05 4.1 1.5E-05 0.0015 5.4E-09

TOTAL 1.2E-04 TOTAL 1.2E-04 TOTAL 2.3E-06

Bkgd Cr 1.1E-06

Assumed Clean Fill Concentrations:

BaPEq - 0.01 U

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

Chromium - 5.17 mg/kg (MCAS Beaufort Background

alpha-BHC - 0.00021 U mg/kg

delta-BHC - 0.00021 U mg/kg

PAI-27-SS-12-01

PAI-27-SB-028-06

PAI-27-SS-01-01

PAI-27-SS-10-01

PAI-27-SS-11-01

PAI-27-SS-13-01

PAI-27-SS-33-01

PAI-27-SS-34-01

PAI-27-SS-34-05

PAI-27-SS-38A-01

PAI-27-SS-38A-05

PAI-27-SS-41-01

PAI-27-SB-41-05

PAI-27-SS-44-01

PAI-27-SS-45A-01

PAI-27-SB-45A-05

5 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-Removal EPC/Original EPC)

CALCULATION OF POST-REMOVAL RISKS

SITE 27 - MOTOR TRANSPORTATION FACILITY

ATTAINMENT OF 10E-06 RISK LEVEL (SUBSURFACE SOIL)

MCRD PARRIS ISLAND, SOUTH CAROLINA

COC Contaminant of Concern

EPC Exposure Point Concentration
1 Original Exposure Point Concentration (mg/kg) and risks for Site 27 subsurface soil in the Human Health Risk Assessment
2 Revised Exposure Point Concentration (mg/kg) derived using ProUCL and by combining surface and subsurface soil data

(now assumed that all is classified as subsurface soil)
3 Based on risk being directly proportional to concentration (Revised Risk = Original Risk * Revised EPC / Original EPC)
4 Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC concentrations with assumed "clean

fill" concentrations.



SITE 27 POST-REMOVAL CONCENTRATIONS

10E-06 RISK LEVEL (SUBSURFACE SOIL)

COC UCL UCL Type

Benzo(a)pyrene Equivalent 455 97.5% KM (T) UCL

Arsenic 2.1 95% KM (BCA) UCL

Chromium 9.8 Modified Student's T UCL

4,4'-DDD 25.4 97.5% KM (Chebyshev) UCL

Alpha BHC 0.49 95% KM (Percentile Bootstrap) UCL

Delta BHC 1.4 95% KM (BCA) UCL

UCLs rounded to 2 significant figures if value less than 10 , and three significant figures if value > 10.

Samples SS-12-01 and SB28-06 were replaced with "clean" values.



Industrial Worker (Site 27) Surface and Subsurface Soil

Asphalt cap was removed and replaced with 2 feet of clean soil

Therefore, surface soil becomes "subsurface soil."

ORIGINAL SUBSURFACE SOIL SAMPLES

Sample BaPEq As Cr 4,4'-DDD alpha-BHC delta-BHC

55-SS02A-05 9.1U 0.52U 2.31 0.18U 0.22U 0.22U

SB28-06 NA NA NA 270000 14000 20000

SB29-06 NA NA NA 9 1.3 1.9

SB34-05 19 4.05 15.9 0.13 0.17U 0.16

SB38-05 10U 0.61U 4.12 0.11U 0.24U 0.33

SB39-05 9.3U 0.56U 2.7 2.8 0.22 1.8

SB41-05 10U 13.2 34.7 0.2U 0.25U 0.25U

SB43-05 11U 0.63U 3.81 0.48 0.26U 0.5

SB44-05 9.1U 0.55U 2.95 52 1.1 11

SB45-05 8.9U 0.53U 2.75 2.2 0.21U 0.27

SB45A-05 3.4 1.34U 10.6 0.18U 0.23U 0.23U

SB45B-05 9.8 0.89U 5.92 0.18U 0.22U 0.22U

SB46-05 8.6U 0.52U 1.7 0.34 0.21U 0.22

SB47-05 8.8U 0.53U 3.65 5.3 0.24 0.52

SB48-05 9.2U 0.93 6.54 24 0.51 8

SSB38A-05 10 2.12 29.4 0.88 0.27U 0.27

FORMER SURFACE SOIL SAMPLES (CURRENTLY SUBSURFACE SOIL SAMPLES)

55-SS02A-01 NA 0.58U 2.47 0.32 0.21U 0.084

PI-027-01_46 256 1.4 4.7 130 19U 19U

PI-027-01_47(AVG) 227 4.1 6.1 2.9 3U 3U

SB03-12 360U 0.93 1.6 3.6U 1.9U 1.9U

SS01-01 452 1.5 5.4 3.9U 2U 2U

SS02-01 360U 1.3 9.9 1.3 1.9U 1.9U

SS03-01 370U 2.7 7.6 3.7U 1.9U 1.9U

SS03-01(OLD) NA NA NA NA NA NA

SS04-01(AVG) 319 1.25 5.1 1.9 2U 2U

SS04-01(OLD) NA NA NA NA NA NA

SS05-01 380U 1.3 6.1 2.4 2U 2U

SS05-01(OLD) NA NA NA NA NA NA

SS06-01 392 1.2 4.8 3.6U 1.9U 1.9U

SS07-01 740U 1.2 4.4 3.4 1.9U 1.9U

SS08-01(AVG) 3950U 5.65 9.9 22.5 2U 2U

SS09-01 3600U 2.9 5.6 47 1.9U 1.9U

SS10-01 462 3.7 8.8 4U 2U 2U

SS11-01 390U 3.4 10.2 3.9U 2U 2U

SS12-01 62555 3.2 7.5 3.9U 2U 2U

SS13-01 2012 2.1 6 3.8U 2U 2U

SS28-01 NA NA NA 5.9 1.2 1.8

SS29-01(AVG) NA NA NA 45 1.4 4.7

SS33-01 623 1.26 5.8 0.86 0.22 0.51

SS34-01(AVG) 720 0.98 3.72 2.8 0.23U 0.35U

SS35-01 296 0.77 4.25 0.9 0.23U 0.23U

SS36-01 3.3 1.87 8.81 0.44 0.26U 0.26U

SS37-01 150 0.59 5.12 0.57 0.22U 0.22U

SS38-01 38 0.53U 3.28 0.17U 0.57 0.49

SS38A-01 281 0.62 3.52 1 0.14 0.4

SS39-01 13 0.8 4.08 4.6 0.22U 0.57

SS40-01 13 0.5 3.99 0.17U 0.22U 0.22U

SS41-01 158 1.13 4.36 0.56 0.21U 0.21U

SS42-01(AVG) 13 0.76 3.71 0.28 0.24U 0.24U

SS43-01 55 0.55 4.36 0.52 0.37 0.54

SS44-01 517 0.5 3.55 14 0.21U 0.23

SS45-01(AVG) 17 0.49 3.04 3.15 0.17U 0.39

SS45A-01 16 0.53U 2.42 0.17U 0.21U 0.21U

SS45B-01 45 1.2U 4.48 0.17U 0.22U 0.22U

SS46-01 7.4 0.75 3.2 18 2.2 4.7

SS47-01 32 0.52U 2.59 1.5 0.21U 0.42

SS48-01 13 0.46 3.35 6.6 0.98 0.24

Bolded cell indicates sample proposed for removal for attainment of 10E-06 risk level.



SITE 55 – FIBER OPTIC VAULT 



COC Original EPC1 Original Risk 1

Post-Removal

EPC2

Post-Removal

Risk3

Arsenic 2.7 2.0E-06 1.1 8.1E-07

4,4'-DDD 134 1.0E-05 0.115 8.6E-09

4,4'-DDE 14.2 2.0E-06 0.215 3.0E-08

4,4'-DDT 104 1.0E-05 0.196 1.9E-08

TOTAL 2.4E-05 TOTAL 8.7E-07

Assumed Clean Fill Concentrations

Arsenic - 1.16 mg/kg (MCAS Beaufort Background)

4,4'-DDD - 0.0002 U mg/kg

4,4'-DDE - 0.0002 U mg/kg

4,4'-DDT - 0.0002 U mg/kg

PAI-27-SS-014-01

PAI-27-SS-015-01

PAI-27-SS-016-01

PAI-55-SS-07B-01

PAI-55-SS-17-01

PAI-27-SS-17-01

PAI-27-SS-18-01

PAI-27-SS-19-01

EPC Exposure Point Concentration
1 Original Exposure Point Concentration (mg/kg) and risks for Site 55 surface soil in the Human Health Risk

Assessment

2Concentrations (mg/kg) calculated by assuming excavation of samples listed below and replacing COC

concentrations with assumed "clean fill" concentrations.
3 Based on risk being directly proportional to concentration (Post-Removal Risk = Original Risk * Post-

Removal EPC/Original EPC)

CALCULATION OF POST-REMOVAL RISKS

SITE 55 - FIBER OPTIC VAULT

ATTAINMENT OF 10E-06 RISK LEVEL (SURFACE SOIL)

MCRD PARRIS ISLAND, SOUTH CAROLINA

COC Contaminant of Concern



SITE 55 POST-REMOVAL CONCENTRATIONS

10E-06 RISK LEVEL (SURFACE SOIL)

COC UCL UCL Type

Arsenic 2.4 95% KM (Percentile Bootstrap) UCL

4,4'-DDD 4580 97.5% KM (Chebyshev) UCL

4,4'-DDE 8290 95% KM (Chebyshev) UCL

4,4'-DDT 46300 97.5% KM (Chebyshev) UCL

UCLs rounded to 2 significant figures if value less than 10 , and three significant figures if value greater than 10.

27-SS16-01, 27-SS-14-01, and 27-SS15-01 were removed and 1.16, 1.8, 2.94, and 2.76

were used as the replacement values for AS, DDD, DDE, and DDT respectively.



Industrial Worker (Site 55) Surface Soil

Surface Soil Industrial Risk = 4E-05

Subsurfac Soil Industrial Risk = 1E-06

Sample As 4,4'-DDD 4,4'-DDE 4,4'-DDT

SS01-01(AVG) 0.51 11.4 1.24 13.3

SS02-01 0.53U 1.6 0.61 1.6

SS03-01 0.53U 0.95 24 39

SS04-01 0.64 1.4 5.2 5.2

SS05-01 0.53U 2.2 11 8.6

SS06-01 0.53U 0.66U 2.9 3.5

SS07-01(AVG) 0.68 6.8 38 30

SS07A-01 0.7 2.7 120 100

SS07B-01 17.5 7.3 16 23

SS08-01 0.64 22 81 100

SS09-01 0.5 16 6.4 17

SS10-01 0.68 0.16U 2.1 5.2

SS10A-01 0.58 0.81 18 9.8

SS10B-01 1.25U 2.6 95 86

SS10C-01 1.24 1.1 26 15

SS11-01 0.51 26 10 9.5

SS12-01 1.12 6.9 63 42

SS13-01 1.85 22 350 230

SS14-01(AVG) 1.35 41 965 470

SS14A-01 1.27U 16 150 44

SS14B-01 0.99U 9.6 240 56

SS14C-01 1.18 4.9 320 75

SS15-01 1 1.2U 49 12

SS16-01 0.53U 0.67U 4.4 3.9

SS17-01 2.02 11 120 120

SS17A-01 7.17 49 170 280

SS17B-01 1.63 28 200 160

SS17C-01 1.04 1 5.6 4.2

SS17D-01 0.73 0.17U 0.13 0.27

SS18-01 0.51U 160 440 280

SS18A-01 0.89 5.1 33 25

SAMPLES FROM SITE 27 CONSIDERED TO BE WITHIN SITE 55 EXPOSURE UNIT

27-SS14-01 NA 290000 20000 200000

27-SS15-01 NA 190000 24000 210000

27-SS16-01 NA 440000 34000 95000

27-SS17-01 NA 11000 32000 290000

27-SS18-01 NA 16000 14000 70000

27-SS19-01 NA 88 2900 4200

27-SS20-01 NA 8.3 2.9 6.6

27-SS21-01 NA 2.5 0.87 3.3

27-SS22-01 NA 12 5.7 12

27-SS23-01 NA 2.3 12 8.1

27-SS24-01(AVG) NA 34.5 3.95U 13

27-SS25-01 NA 3.6 4.3U 3.5

27-SS26-01 NA 72 30 45

27-SS27-01 NA 2.1 1.7 1.9

27-SS30-01 NA 670 850 880

27-SS31-01 NA 2.2 3.4U 3.2

27-SS32-01 NA 9.5 12 19

Bolded cell indicates sample proposed for removal for attainment of 10E-05 or 10E-06 risk level.



BACKUP TABLES FOR DEVELOPMENT OF

SITE SPECIFIC LEACHABILITY CRITERIA

Soil Protective of Groundwater

Source: Soil Screening Guidance

Relevant Equation:

Parameter Value Definition

Cw Chemical specific Target groundwater level (mg/L).

H' Chemical specific Dimensionless Henry's Law Constant.

Kd Koc x foc Soil-water partition coefficient (L/kg)

Koc Chemical specific Soil organic carbon partition coefficient (cm
3
/g).

foc 0.006 Fraction organic carbon in soil (g/g).

qw 0.3 Water-filled soil porosity (Lpore/Lsoil).

Pb 1.5 Dry soil bulk density (kg/L).

Ps 2.65 Soil particle density (kg/L)

n 0.43 Soil porosity (Lpore/Lsoil).

qa 0.134 Air-filled soil porosity (Lair/Lsoil).

SSL

Chemical Cw Koc or Kd H' DAF=1 DAF=4 DAF=8 DAF=20

(mg/L) (L/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

1,2,4-Trichlorobenzene 0.07 1.36E+03 5.80E-02 5.8E-01 2.3E+00 4.7E+00 1.2E+01

1,4-Dichlorobenzene 0.075 3.78E+02 9.85E-02 1.9E-01 7.4E-01 1.5E+00 3.7E+00

Benzene 0.005 1.46E+02 2.27E-01 5.5E-03 2.2E-02 4.4E-02 1.1E-01

Chlorobenzene 0.1 2.34E+02 1.27E-01 1.6E-01 6.5E-01 1.3E+00 3.2E+00

Ethylbenzene 0.7 4.46E+02 3.22E-01 2.0E+00 8.1E+00 1.6E+01 4.1E+01

Naphthalene 0.00014 1.54E+03 1.80E-02 1.3E-03 5.3E-03 1.1E-02 2.7E-02

4,4'-DDD 0.00028 1.18E+05 2.70E-04 2.0E-01 7.9E-01 1.6E+00 3.9E+00

4,4'-DDE 0.0002 1.18E+05 1.70E-03 1.4E-01 5.6E-01 1.1E+00 2.8E+00

4,4'-DDT 0.0002 1.69E+05 3.40E-04 2.0E-01 8.1E-01 1.6E+00 4.0E+00

Aldrin 0.00000021 8.20E+04 1.80E-03 1.0E-04 4.1E-04 8.3E-04 2.1E-03

alpha-BHC 0.0000062 2.81E+03 2.10E-04 1.1E-04 4.2E-04 8.5E-04 2.1E-03

alpha-Chlordane 0.002 3.38E+04 1.99E-03 4.1E-01 1.6E+00 3.2E+00 8.1E+00

beta-BHC 0.000022 2.81E+03 2.10E-04 3.7E-04 1.5E-03 3.0E-03 7.5E-03

delta-BHC 0.0000062 2.81E+03 2.10E-04 1.1E-04 4.2E-04 8.5E-04 2.1E-03

Dieldrin 0.0000015 2.01E+04 4.10E-04 1.8E-04 7.2E-04 1.4E-03 3.6E-03

gamma-BHC 0.0002 2.81E+03 2.10E-04 3.4E-03 1.4E-02 2.7E-02 6.8E-02

gamma-Chlordane 0.002 3.38E+04 1.99E-03 4.1E-01 1.6E+00 3.2E+00 8.1E+00

Heptachlor 0.0004 4.13E+04 1.20E-02 9.9E-02 4.0E-01 7.9E-01 2.0E+00

Heptachlor epoxide 0.0002 1.01E+04 8.60E-04 1.2E-02 4.9E-02 9.7E-02 2.4E-01

benzo(a)anthracene 0.0002 1.77E+05 4.91E-04 2.1E-01 8.5E-01 1.7E+00 4.2E+00

benzo(a)pyrene 0.0002 5.87E+05 1.87E-05 7.0E-01 2.8E+00 5.6E+00 1.4E+01

benzo(b)fluoranthene 0.0002 5.99E+05 2.69E-05 7.2E-01 2.9E+00 5.8E+00 1.4E+01

benzo(k)fluoranthene 0.0002 5.87E+05 2.39E-05 7.0E-01 2.8E+00 5.6E+00 1.4E+01

dibenzo(ah)anthracene 0.0002 1.91E+06 5.76E-06 2.3E+00 9.2E+00 1.8E+01 4.6E+01

indeno(123-cd)pyrene 0.0002 1.95E+06 1.42E-05 2.3E+00 9.4E+00 1.9E+01 4.7E+01

Antimony 0.006 4.50E+01 2.7E-01 1.1E+00 2.2E+00 5.4E+00

Arsenic 0.01 2.90E+01 2.9E-01 1.2E+00 2.3E+00 5.8E+00

Chromium 0.1 1.80E+06 1.8E+05 7.2E+05 1.4E+06 3.6E+06

Cobalt 0.0047 4.50E+01 2.1E-01 8.5E-01 1.7E+00 4.2E+00

Iron 11 2.50E+01 2.8E+02 1.1E+03 2.2E+03 5.5E+03

Manganese 0.32 6.50E+01 2.1E+01 8.3E+01 1.7E+02 4.2E+02

DAF = 1 is the default value in the Nov 2012 USEPA Regional Screening Level Table.

DAF = 4 is based on site-specific values.

DAF = 8 corresponds to the value recommended for sandy soils in SCDHEC's

"South Carolina Risk-Based Corrective Action for Petroleum Releases" (May 2001)

DAF = 20 is the upper end of the range of DAFs provided in the Soil Screening Guidance (EPA 2002)

foc is based on site-specific data

Koc and H' values are from the Nov 2012 USEPA Regional Screening Level Table.

Cw is USEPA MCL; in the absence of an MCL, the tap water RSL is the value.
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CALCULATION OF DAF

CALCULATION WORKSHEET Page 1 of 1

CLIENT: JOB NUMBER:

PARRIS ISLAND, SOUTH CAROLINA 112G02738

SUBJECT:

DERIVATION OF DILUTION ATTENUATION FACTOR

BASED ON:

USEPA, SUPPLEMENTAL GUIDANCE FOR DEVELOPING SOIL SCREENING LEVELS

FOR SUPERFUND SITES, DECEMBER 2002

BY: CHECKED BY: DATE:

R. JUPIN 1/17/2013

PURPOSE: To calculate a site-specific dilution attenuatio factor.

EQUATIONS:

d = (0.0112 x L
2
)
0.5

+ da(1-exp[(-L x I)/(K x i x da)])

Where:

DAF = Calculated dilution attenuation factor (unitless)

K = 890 aquifer hyrdraulic conductivity (m/yr)

i = 0.005 hydraulic gradient (m/m)

I = 0.25 infiltration rates (m/yr)

d = Calculated mixing zone depth (m)

L = 37 source length parallel to groundwater flow (m)

da = 4 aquifer thickness (m)

CALCULATION OF MIXING ZONE DEPTH

d = (0.0112 x 37
2
)
0.5

+ 4(1-exp[(-37 x 0.25)/(890 x 0.005 x 4)])

d = 5.54 m 5.54

CALCULATION OF DILUTION ATTENUATION FACTOR

890 x 0.005 x 5.54

0.25 x 37

DAF = 3.7

1 +DAF =

LI

diK
1DAF
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Volume of Contaminated Groundwater

Based on Figure 4-40 of the RI, the combined area of groundwater contamination is approximately:

Combined Area = 145,000 sf

Assume the average thickness of contaminated aquifer in the 2nd silty sand is:

Thickness = 15 ft

Assume the porosity is:

Porosity = 0.4

Therefore, the total volume of contaminated groundwater is approximately:

Volume = 870,000 cf

6,508,470 gal

Mass of Major Contaminants in Groundwater and Saturated Soil

Contaminant
Area

(sf)

Volume of

Groundwater

(gal)

Ave. Conc.

(ug/L)
Mass (lb) Soil Mass (lb) Koc (L/kg)

Ave.

Conc.

(ug/kg)

Adsorbed

Mass (lb)

DDT 73,311 3,290,638 46 1.26 102,882,865 2,630,000

DDD 73,311 3,290,638 96 2.63 102,882,865 1,000,000

DDE 73,311 3,290,638 2.5 0.07 102,882,865 4,470,000 61,463 6,323

Alpha-BHC 67,143 3,013,781 12 0.30 94,226,845 1,230 81 8

Beta-BHC 67,143 3,013,781 5.3 0.13 94,226,845 1,260 37 3

Gamma-BHC 67,143 3,013,781 12 0.30 94,226,845 1,070 71 7

Benzene 81,951 3,678,453 12 0.37 115,008,030 59 4 0.4

Ethylbenzene 81,951 3,678,453 5.9 0.18 115,008,030 363 12 1

Xylenes 81,951 3,678,453 16 0.49 115,008,030 407 36 4

Chlorobenzene 112,300 5,040,698 174 7.31 157,599,074 219 210 33

1,4-Dichlorobenzene 112,300 5,040,698 9.8 0.41 157,599,074 617 33 5

1,2,4-Trichlorobenzene 112,300 5,040,698 2 0.08 157,599,074 1,780 20 3

Note:

1. Average groundwater concentration at Site 55 was used in the estimation of total mass of contaminants (See Section 2.2).

2. Assume soil bulk density is 1.50 kg/L

3. Koc values are from USEPA (1996) Soil Screening Guidance. Koc of m-xylene is used for total xylenes.

4. Average organic fraction is based on the geometric mean of TOC data in saturated soil.

foc = 0.0055

Estimation of the adsorbed mass of DDT and DDD based on their solubility is revised as follows:

Ave. Conc.

(ug/L)

Solubility

(ug/L)

Ave. Conc.

(ug/kg)

Adsorbed

Mass (lb)

DDT 46 25 361,625 37,205

DDD 96 90 495,000 50,927

CHECKED BY: APPROVED BY:

MCRD, Parris Island, SC 112G02688-FS.DR

Appendix B Quantity Calculations - Sites 9, 16, 27, and 55

DRAWING NUMBER:

Adsorbed PhaseAqueous Phase

Based on Figure 4-40 of the RI, the area of contaminated groundwater for each group of major contaminants is listed in the following table.

Calculations of total mass of each major contaminant in groundwater and saturated soil are also included.

Aqueous Phase Adsorbed Phase

5. However, because the average concentrations of DDT and DDD are higher than their solubility due to the co-solvation effect in the

presence of BTEX and other petroleum components from weathered diesel, the adsorbed mass of DDT and DDD is over-estimated using

their average concentrations.

See Note 5 below

See Note 5 below
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PURPOSE

REFERENCES

SOIL ALTERNATIVE CALCULATIONS

Alternative S-1 No Action

Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls

Surface Soil

Area of Excavation = 2,000 sf Assume 40ft x 50ft

Depth of Excavation = 1 ft

Volume of Excavation = 2,000 cf

= 74.1 cy Assume the volume of FOV can be ignored

Volume of Soil for Off-site Disposal = 74.1 cy

Mass of Soil for Off-site Disposal = 110.0 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 37.0 cy

Volume of Clean Fill (0.5ft) = 37.0 cy

Area to be vegetated = 2,000 sf

Area to be paved = 0 sf

Number of Verification Samples = 1 Composite sample

Surface Soil Contamination at Hot Spot PAI-55-SO-17

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 1 ft

Volume of Excavation = 100 cf

= 3.7 cy

Volume of Soil for Off-site Disposal = 3.7 cy

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 1.9 cy

Volume of Clean Fill (0.5ft) = 1.9 cy

Area to be vegetated = 100 sf

Area to be paved = 0 sf

Number of Verification Samples = 1 Composite sample

MCRD, Parris Island, SC 112G02688-FS.DR

Appendix C Conceptual Design Calculations - Sites 9, 16, 27, and 55

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

The purpose of this calculation is to identify quantities associated with the limits of contaminated soil and groundwater and suspected LNAPL

residuals within the limits of Sites 9, 16, 27, and 55 for development of a cost estimate.

The calculations presented below are based on the limits of contamination identified in the figures presented in Sections 2 and 4 of this FS.

There are no quantities associated with Alternative S-1 because there is no action associated with this alternative.

Excavate at hot spot locations to remove contaminated surface and subsurface soil in order to achieve the target risk level (10
-6

) for industrial

exposure. The excavated areas will be backfilled with clean fill and surface features will be restored.

Surface Soil Contamination at Hot Spots PAI-27-SO-14, PAI-27-SO-15, PAI-27-SO-16, PAI-27-SO-17, PAI-27-SO-18, and

PAI-27-SO-19
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Surface Soil Contamination at Hot Spot PAI-55-SO-07B

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 1 ft

Volume of Excavation = 100 cf

= 3.7 cy

Volume of Soil for Off-site Disposal = 3.7 cy

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 1.9 cy

Volume of Clean Fill (0.5ft) = 1.9 cy

Area to be vegetated = 50 sf

Area to be paved = 50 sf Area partially paved

Number of Verification Samples = 1 Composite sample

Area of Excavation = 200 sf Assume 10ft x 20ft

Depth of Excavation = 1 ft

Volume of Excavation = 200 cf

= 7.4 cy

Volume of Soil for Off-site Disposal = 7.4 cy

Mass of Soil for Off-site Disposal = 11.0 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 3.7 cy

Volume of Clean Fill (0.5ft) = 3.7 cy

Area to be vegetated = 200 sf

Area to be paved = 0 sf

Number of Verification Samples = 1 Composite sample

Surface Soil Contamination at Hot Spot PAI-9/16-SO-03

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 1 ft

Volume of Excavation = 100 cf

= 3.7 cy

Volume of Soil for Off-site Disposal = 3.7 cy

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 1.9 cy

Volume of Clean Fill (0.5ft) = 1.9 cy

Area to be vegetated = 50 sf

Area to be paved = 50 sf Area partially paved

Number of Verification Samples = 1 Composite sample

Surface Soil Contamination at Hot Spot PAI09SB02 and PAI-9/16-SO-06

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 1 ft

Volume of Excavation = 100 cf

= 3.7 cy

Volume of Soil for Off-site Disposal = 3.7 cy

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 1.9 cy

Volume of Clean Fill (0.5ft) = 1.9 cy

Area to be vegetated = 50 sf

Area to be paved = 50 sf Area partially paved

Number of Verification Samples = 1 Composite sample

Surface Soil Contamination at Hot Spots PAI-9/16-SO-02A and PAI-9/16-SO-02B
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Surface Soil Contamination at Hot Spot PAI09SB03

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 1 ft

Volume of Excavation = 100 cf

= 3.7 cy

Volume of Soil for Off-site Disposal = 3.7 cy

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 1.9 cy

Volume of Clean Fill (0.5ft) = 1.9 cy

Area to be vegetated = 50 sf

Area to be paved = 50 sf Area partially paved

Number of Verification Samples = 1 Composite sample

Subsurface Soil

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-44

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal (2-3' )

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-45A

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 7 ft

Volume of Excavation = 700 cf

= 25.9 cy

Volume of Soil for Off-site Disposal = 18.5 cy Assume only 5ftx100ft soil needs disposal (2-3' and 6-7' contaminated)

Mass of Soil for Off-site Disposal = 27.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under the road

Volume of Clean Fill (5ft) = 18.5 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-41

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 7 ft

Volume of Excavation = 700 cf

= 25.9 cy

Volume of Soil for Off-site Disposal = 18.5 cy Assume only 5ftx100ft soil needs disposal (2-3' and 6-7' contaminated)

Mass of Soil for Off-site Disposal = 27.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under the road

Volume of Clean Fill (5ft) = 18.5 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample
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Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-01

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal (2-3' )

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-10

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal (2-3' )

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-11

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal (2-3' )

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-12

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under the road

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample
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Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-13

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under the road

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-33

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 3 ft

Volume of Excavation = 300 cf

= 11.1 cy

Volume of Soil for Off-site Disposal = 3.7 cy Assume only 1ftx100ft soil needs disposal (2-3' )

Mass of Soil for Off-site Disposal = 5.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under pavement

Volume of Clean Fill (1ft) = 3.7 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-34

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 7 ft

Volume of Excavation = 700 cf

= 25.9 cy

Volume of Soil for Off-site Disposal = 18.5 cy Assume only 5ftx100ft soil needs disposal (2-3' and 6-7' contaminated)

Mass of Soil for Off-site Disposal = 27.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under the road

Volume of Clean Fill (5ft) = 18.5 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-38A

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 7 ft

Volume of Excavation = 700 cf

= 25.9 cy

Volume of Soil for Off-site Disposal = 18.5 cy Assume only 5ftx100ft soil needs disposal (2-3' and 6-7' contaminated)

Mass of Soil for Off-site Disposal = 27.5 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy not needed, under the road

Volume of Clean Fill (5ft) = 18.5 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf not needed, under pavement

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample
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Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-27-SO-28 (Figure 4-1)

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 8 ft contamination at 6ft bgs + 2ft clean fill

Volume of Excavation = 800 cf

= 29.6 cy

Volume of Soil for Off-site Disposal = 22.2 cy Assume only 6ftx100ft soil needs disposal

Mass of Soil for Off-site Disposal = 33.0 ton Assume 1.485 ton/cy

Volume of Topsoil = 0 cy Not needed

Volume of Clean Fill (6ft) = 22.2 cy

Volume of Recycled Fill (2ft) = 7.4 cy top 2 ft fill to be reused for site restoration

Area to be vegetated = 0 sf Not needed

Area to be paved = 100 sf

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-9/16-SO-01

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 5 ft contamination at 5 ft bgs

Volume of Excavation = 500 cf

= 18.5 cy

Volume of Soil for Off-site Disposal = 18.5 cy Assume only 5ftx100ft soil needs disposal

Mass of Soil for Off-site Disposal = 27.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft)= 2 cy

Volume of Clean Fill (5.5ft) = 18.5 cy

Volume of Recycled Fill = 0.0 cy

Area to be vegetated = 100 sf

Area to be paved = 0 sf Not needed

Number of Verification Samples = 1 Composite sample

Subsurface Soil (Unsaturated) Contamination at Hot Spot PAI-9/16-MW-05S

Area of Excavation = 100 sf Assume 10ft x 10ft

Depth of Excavation = 9 ft contamination at 0-1 ft and 7-9 ft bgs

Volume of Excavation = 900 cf

= 33.3 cy

Volume of Soil for Off-site Disposal = 33.3 cy Assume only 9ftx100ft soil needs disposal

Mass of Soil for Off-site Disposal = 49.5 ton Assume 1.485 ton/cy

Volume of Topsoil (0.5ft) = 2 cy

Volume of Clean Fill (8.5ft) = 31.5 cy

Volume of Recycled Fill = 0.0 cy

Area to be vegetated = 100 sf

Area to be paved = 0 sf Not needed

Number of Verification Samples = 1 Composite sample

Total
Total Volume of Excavation = 363.0 cy

Total Volume of Soil for Off-site Disposal = 274.1 cy

Total Mass of Soil for Off-site Disposal = 407.0 ton Assume 1.485 ton/cy

Number of Characterization Samples = 1 1 sample/500 cy material for off-site disposal

Total Volume of Topsoil = 53.7 cy

Total Volume of Clean Fill = 222.2 cy

Total Volume of Recycled Fill = 81.5

Total Area to be vegetated = 2,700 sf

Total Area to be paved = 1,400 sf

Total Number of Verification Samples = 21
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Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls

Surface Soil Excavation

Total Volume of Excavation = 100.0 cy

Total Volume of Soil for Off-site Disposal = 100.0 cy

Total Mass of Soil for Off-site Disposal = 148.5 ton Assume 1.485 ton/cy

Number of Characterization Samples = 1 1 sample/500 cy material for off-site disposal

Total Volume of Topsoil = 50.0 cy

Total Volume of Clean Fill = 50.0 cy

Total Area to be vegetated = 2,500 sf

Total Number of Verification Samples = 7

LUCs

Land use controls will be included in groundwater alternatives.

GROUNDWATER ALTERNATIVE CALCULATIONS

Alternative G-1 No Action

Alternative G-2 - Monitored Natural Attenuation (MNA) and LUCs

MNA

Assume 2 new shallow wells will be installed to 15 ft bgs

Assume 2 new intermediate wells will be installed to 25 ft bgs

Total drilling depth = 80 ft

Assume the long-term monitoring plan will include:

Shallow Wells (screened in the upper part of the shallow semi-confined aquifer)

Number of wells = 12

Monitoring frequency = quarterly in Year 1

semi-annually in Year 2

annually in Years 3 - 30

Chemical analysis include VOCs, PAHs, Metals, ,Pesticides, and natural attenuation parameters.

There are no quantities associated with Alternative G-1 because there is no action associated with this alternative.

Groundwater will be monitored to ensure that the existing plume does not expand or migrate off-site and to assess the effectiveness of natural

attenuation over time until PRGs have been achieved. A long-term monitoring (LTM) plan will be developed for an estimated period of 30 years,

during which the LTM plan may be optimized to reduce the monitoring frequency and number of locations over time if natural attenuation is

effective. Contingency actions such as source removal and active treatment of the plume may be conducted upon approval if off-site migration

of plume occurs or natural attenuation is not effective in a reasonable time frame.

Excavate at surface soil hot spot locations to remove contaminated soil in order to lower risk level for industrial exposure. The excavated areas

will be backfilled with clean fill and surface features will be restored. LUCs will be implemented in the area surrounding the subsurface soil hot

spots PAI-27-SO-44, PAI-27-SO-45A, PAI-27-SO-41, PAI-27-SO-01, PAI-27-SO-10, PAI-27-SO-11, PAI-27-SO-12, PAI-27-SO-13, PAI-27-SO-

33, PAI-27-SO-34, PAI-27-SO-38A, PAI-27-SO-28, PAI-9/16-SO-01, and PAI-9/16-MW-05S to prevent residential land use, prevent human

exposure to contaminated subsurface soil, restrict unauthorized construction, provide for long-term inspection of LUCs, and provide
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Intermediate Wells (screened in the lower part of the shallow semi-confined aquifer)

Number of wells = 8

Monitoring frequency = quarterly in Year 1

semi-annually in Year 2

annually in Years 3 - 30

Chemical analysis include VOCs, PAHs, Metals, ,Pesticides, and natural attenuation parameters.

Deep Wells (screened in the confined aquifer beneath the 2nd clay layer.)

Number of wells = 2

Monitoring frequency = annually Years 1 - 30

Chemical analysis include VOCs, PAHs, Metals, ,Pesticides, and natural attenuation parameters.

Time needed for each groundwater sampling event:

22 existing monitoring wells

Assume 4 wells/day

sampling time needed 5.5 days use 6 days

Labor per event = 6 days x 2 people x 10 hrs/day

+ 20 hrs prep/mob (2 people, 1 day @10hrs/day)

= 140 hrs per sampling event

LUCs

Assume 4 warning signs will need to be installed in addition to administrative LUCs.

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal, ICSO, MNA, and LUCs

Excavation to Remove Highly Contaminated Saturated Soil with Suspected LNAPL Residuals

Target Treatment Zone (TTZ) 1 (Hot Spot PAI-27-SO-46) (Figure 4-3)

Area of Excavation = 1,900 sf

Depth of Excavation = 12 ft bgs

Volume of Excavation = 22,800 cf

= 844 cy

Number of Verification Samples = 5 1 from each wall and 1 from the bottom

Thickness of Clean Fill = 2 ft Assume top ~2 ft is clean fill placed for construction of Motor-T

Thickness of Soil above Smear Zone = 4 ft 2-6 ft bgs

Thickness of Soil in Smear Zone = 6 ft 6-12 ft bgs

Volume of Clean Fill Excavated = 141 cy Assume the top ~2 ft fill can be recycled for backfill

Vol. of Soil to Reuse as Backfill = 281 cy 2-6 ft bgs soil above the smear zone

LUCs will be implemented to prevent residential land use, prevent human exposure to contaminated groundwater, prevent use of groundwater,

restrict unauthorized construction, require proper management of excavated soil, provide for long-term inspection of LUCs, and provide

requirements for change in land use or site features.

Excavate at hot spot areas where applicable to remove the saturated soil that is highly contaminated or suspected to contain LNAPL residuals.

A pre-design investigation will be conducted to delineate the LNAPL extent. Excavation will penetrate the first clay layer and dewatering may be

needed. The excavated area will be backfilled with clean fill for the bottom 6 feet, preferably clay soil for the bottom 4 feet to avoid creating

discontinuity in the clay layer. The excavated surface and subsurface unsaturated soil will be used to backfill the rest of the excavation.

Assume the dimensions of the hot spot areas with supsected LNAPL residuals and highly contaminated saturated soil that need to be

excavated are:
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Assume only the smear zone soil needs disposal as hazardous

Volume of Soil for Disposal as Hazardous = 422 cy 6-12 ft bgs smear zone soil

Mass of Soil for Disposal as Hazardous = 627 ton Assume 1.485 ton/cy

Area of Pavement to be Restored = 1,900 sf

Volume of Clean Fill (recycled) = 141 cy

Volume of Soil to Reuse as Backfill = 281 cy 2-6 ft bgs

Volume of Clean Fill (clayey soil) = 422 cy 6-12 ft bgs

TTZ 2 (FOV area) (Figure 4-3)

Area of Excavation = 21,200 sf (See Figure 4-3)

Depth of Excavation = 12 ft bgs

Volume of Excavation = 254,400 cf

9,422 cy

The volume of FOV needs to be excluded from the excavation

Length = 12 ft

Width = 6 ft

Depth = 8 ft

Volume = 576 cf

= 21 cy

The volume of surface soil removal in the FOV area in Soil Alternative S-2 and S-3 also needs to be excluded from calculation

Volume of Surface Soil Excavation = 74 cy

Therefore,

Actual Volume of Excavation = 9,327 cy

Number of Verification Samples = 11 8 from the walls and 3 from the bottom

Thickness of Clean Fill = 0 ft Assume no clean fill was placed in this area for Motor-T construction

Thickness of Soil above Smear Zone = 6 ft 0-6 ft bgs

Thickness of Soil in Smear Zone = 6 ft 6-12 ft bgs

Vol. of Soil above Smear Zone = 4,621 cy 0-6 ft bgs soil above the smear zone

Assume only the smear zone soil needs disposal as hazardous

Volume of Soil for Disposal as Hazardous = 4,706 cy 6-12 ft bgs smear zone soil

Note that the volume of FOV from 6-8 ft bgs has been subtracted.

Mass of Soil for Disposal as Hazardous = 6,988 ton Assume 1.485 ton/cy

Area of Pavement to be Restored = 0 sf Assume no pavement is needed in this area

Area to be vegetated = 19,200 sf Surface restored in Soil Alternatives S-2 and S-3 is subtracted.

Volume of Top Soil (0.5ft) = 356 cy Top soil in Soil Alternatives S-2 and S-3 is subtracted.

Volume of Clean Fill (recycled) = 0 cy No clean fill was previously placed in this area

Volume of Soil to Reuse as Backfill = 4,265 cy 0-6 ft bgs soil - top soil - FOV 0-6 ft bgs - surface soil removal

Volume of Clean Fill (clayey soil) = 4,706 cy 6-12 ft bgs soil - FOV 6-8 ft bgs

Excavation Summary

Note that the volume of FOV from 0-6 ft bgs and the volume of surface

soil removal have been subtracted.
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Total Volume of Excavation = 10,171 cy

Total Number of Verification Samples = 16

Total Number of Characterization Samples = 21 1 sample/500 cy material

Total Vol. of Soil for Disposal as Haz. = 5,128 cy

Total Mass of Soil for Disposal as Haz. = 7,615 ton

Total Area of Pavement to be Restored = 1,900 sf

Total Area to be vegetated = 19,200 sf

Total Volume of Top Soil (0.5ft) = 356 cy

Total Volume of Clean Fill to Recycle = 141 cy

Total Vol. of Soil to Reuse for Backfill = 4,547 cy

Total Volume of Clean Fill (clayey soil) = 5,128 cy

Dewater

MNA

The MNA component is identical to that of Alternative G-2.

LUCs

The LUCs component is identical to that of Alternative G-2.

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls

Passive Skimming for LNAPL Removal

Assume of the influence of each skimming well is:

Radius of Influence = 10 ft

Area of Influence = 314 sf

TTZ 1 TTZ 2

Area (sf) 1,900 21,200

# of Skimming Wells 7 68

Total # of skimming wells = 75

Ave. Depth of Skimming Well = 15 ft

Total drilling depth = 1125 ft

Assume 2-inch QED Model SOS-301079 passive skimmers would be installed in each skimming well.

# of passive skimmers = 75

Assume skimming wells will be installed in the two TTZs as shown on Figure 4-3 for removal of any remaining LNAPL in the smear zone.

Assume 4-inch diameter skimming wells will be installed to a depth of 15 ft bgs and screened from 5 to 15 ft bgs for collection of LNAPL.

Because the excavation extends to the saturated zone, dewater will be needed during the excavation (see Attachment A for the calculation of

dewatering during excavation at the two areas).

It is assumed that the water pumped out from the excavation dewatering will be treated through bag filters then granular active carbon (GAC)

units before discharge to the storm sewers on site (see Attachment B for design details).

Remove LNAPL to the maximum extent practicable from selected wells in the hot spot areas where LNAPL residuals are suspected to exist. A

pre-design investigation will be conducted to delineate the LNAPL extent, based on which the level of effort for LNAPL removal will be

evaluated. It is believed that passive skimming is most applicable based on site conditions and the current data. The removed product will be

collected periodically and sent off-site for disposal.
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Assume the frequency of LNAPL collection from skimmers is the same as the groundwater monitoring:

Collection frequency = quarterly in Year 1

semi-annually in Year 2

annually in Years 3 - 30

Total # of Collection Events = 34

Assume the maximum volume of LNAPL each passive skimmer can collect is:

Max. Collectible LNAPL = 0.16 gal/skimmer (canister capacity of SOS-301079 skimmer is 20oz)

The maximum collectible LNAPL during each collection event is:

Max. Collectible LNAPL = 12 gal/per collection event

Total Max. Collectible LNAPL = 408 gal in 30 years

Assume that the LNAPL collected from the passive skimmers would be disposed as hazardous waste at an off-site TSDF.

MNA

The MNA component is identical to that of Alternative G-2.

LUCs

The LUCs component is identical to that of Alternative G-2.

ISCO TREATMENT

Injection of Catalyzed Hydrogen Peroxide

TTZ 1 (Hot Spot PAI-27-SO-46) (Figure 4-3)

Area of Treatment = 1,900 sf

Depth to Water = 6 ft

TTZ 2 (FOV area) (Figure 4-3)

Area of Treatment = 21,200 sf

Depth to Water = 6 ft Assume silty sand 0-6 ft bgs, clay 6-8 ft bgs, and silty sand 8-12 ft bgs

In-situ chemical oxidation at hot spot areas where applicable for the smear zone soil that is highly contaminated or suspected to contain LNAPL

residuals. A pre-design investigation will be conducted to delineate the LNAPL extent. Injection wells will be used to inject solutions containing

the selected chemical reagent (e.g. catalyzed hydrogen peroxide) to the TTZ to react with the LNAPL residuals and other contaminants in the

smear zone for in situ treatment.

Alternative G-5 In-situ Chemical Oxidation Using Injection at Hot Spot Areas, Monitored Natural Attenuation and Land Use Controls

Because the total volume of LNAPL in smear zone is not clear based on available information and most of the LNAPL is suspected to be in a

residual form with very little mobility, it is impossible at this stage to estimate the volume of LNAPL that can be collected from these skimmers

and how long it will take to completely remove all the LNAPL.

Based on information provided by vendor, a total of 81 injection wells and 22 vent wells are needed for the injection system, and a total of

243,000 lb of 50% hydrogen peroxide will be diluted to approximately 97,200 gallons of 14.2% hydrogen peroxide solution with catalyst material

added will be injected to TTZ2. Detailed system design information can be found in Attachment C.

Based on information provided by vendor, a total of 9 injection wells and 4 vent wells are needed for the injection system, and a total of 27,000

lb of 50% hydrogen peroxide will be diluted to approximately 10,800 gallons of 14.2% hydrogen peroxide solution with catalyst material added

will be injected to TTZ1. Detailed system design information can be found in Attachment C.

Assume clean fill 0-2ft, silty sand 4-6 ft bgs, clay 6-8 ft bgs, and silty sand 8-12 ft bgs
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Post Injection Monitoring

Assume groundwater samples are collected from each TTZ for post injection performance monitoring as follows:

Sample #

2

6

8

Assume 5 sampling events for post injection performance evaluation in the first year as follows:

- 2 weeks after injection

- 4 weeks after injection

- 8 weeks after injection

- 12 weeks after injection

- 24 weeks after injection

Sampling labor - 50 hours per event

Sampling ODCs - $500 per event

Sample analysis - $1000 per event

Report - 40 hours per event

Second Injection @ Year 1

Assume 50% of the first injection amount would be applied after 6 months - 1 year in the two TTZs.

MNA

The MNA component is identical to that of Alternative G-2.

LUCs

The LUCs component is identical to that of Alternative G-2.

TTZ2

Total

TTZ ID

TTZ1
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Purpose:

Estimate treatment requirements of groundwater removed from dewatering step in Alternative GW-3.

Prior to excavation (two locations), the areas to be excavated will be dewatered.

Information:

There are two excavations, a small one to the west and as large one to the east.

The footprint of the large excavation is 160 feet x 180 feet. The depth is 12 feet.

The footprint of the small excavation is 40 feet x 50 feet. The depth is 12 feet.

For the large excavation, the thickness of the saturated zone is 6 feet.

For the small excavation, the thickness of the saturated zone is 4 feet.

The pumping requirements for dewatering have been determined in other calculations.

The porosity of the soil is assumed to be: 0.4

Assume the following steps:

1. Dewater and treat water that is generated.

Treated water will be discharged to a storm sewer.

Also, assume 1 lb of contaminants per 100 lb GAC.

Water will be treated through bag filters then GAC. The filters are to collect fines that will also contain

sorbed contaminants.

MCRD, Parris Island, SC 112G02688-FS.DR

Appendix C Conceptual Design Calculations

Attachment B Treatment of Water from Dewatering for Alternative G-3

DRAWING NUMBER:

It is assumed that the additional groundwater will be pumped out during dewatering and added into

the dewatering volume estimate.

CHECKED BY: APPROVED BY:

A simplifying assumption of the dewatering calculation is that the excavation is complete, and water in

the excavation is not included.

2. When target depth is met, excavation will begin, with continued dewatering at low rate per the

dewatering calculation until excavation and backfill are complete.

Assume that contaminant concentrations are equal to the average groundwater concentrations (per

other calculations)

For the GAC, assume that a 20 minute empty bed contact time (EBCT) is needed for the low

concentrations of contaminants.
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Calculations:

Estimate water within footprint of soil to be excavated.

For large excavation:

Volume (gallons) = length, feet x width, feet x thickness of saturated zone, feet x porosity x 7.481 gal/ft3

Length, feet 160

Width, feet 180

Thickness, feet 6

Porosity 0.4

Volume of water, gal: 517,087

For small excavation:

Volume (gallons) = length, feet x width, feet x thickness of saturated zone, feet x porosity x 7.481 gal/ft3

Length, feet 40

Width, feet 50

Thickness, feet 4

Porosity 0.4

Volume of water, gal: 23,939

The above volumes will be added to the estimates for the dewatering.

GAC requirement, Large Excavation:

393 ug/L

1,500 ug/L (or ppb)

From the Mass Calculation, assume the total average concentration of contaminants (DDTs, BHCs,

BTEX, and CBs) is:

Because other organics (non-COCs and other petroleum hydrocarbons) will be present, a more

conservative value (C) will be assumed. A review of the TOC data shows that low cocnetrations are

in the range of 1 to 5 mg/L TOC. Assuming that some of that is associated with material sorbed to

fines, use a total of:
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First, estimate GAC needed, then compare to tank based on EBCT.

Total Volume of water

- from dewatering (separate calc) 985,608 gal

- from soil (see above) 517,087 gal

648,000 gal

Total 2,150,695 gal

Mass of Contaminants, lb = V, gal x 8.34 lb/gal x C, ppb /(1,000,000,000)

Mass = 26.9 lb

Mass of GAC is based on 100 lb GAC per lb of contaminant

Include a 5X safety factor.

Mass GAC,lb = 13,453

Check tank size based on EBCT of 20 minutes.

Per other calculation, the initial flow rate is:

160 gpm

Tank size = 3,200 gal

= 428 ft3

But pumping rate falls off to 115 gpm in one day, and 15 gpm in the long run.

Consider two 10,000 lb GAC unit (Tetrasolv AF-10,000 with 10,000 lb GAC and 350 ft3 bed volume, each).

Assume parallel operation, split flow.

EBCT, min = 33 per tank

Thus, EBCT is met.

- long-term pumping during excavation

and backfill (30 days at 15 gpm)
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GAC requirement, Small Excavation:

393 ug/L

1,500 ug/L (or ppb)

First, estimate GAC needed, then compare to tank based on EBCT.

Total Volume of water

- from dewatering (separate calc) 281,941 gal

- from soil (see above) 23,939 gal

64,800

Total 370,680 gal

Mass of Contaminants, lb = V, gal x 8.34 lb/gal x C, ppb /(1,000,000,000)

Mass = 4.6 lb

Mass of GAC is based on 100 lb GAC per lb of contaminant

Include a 5X safety factor.

Mass GAC,lb = 2,319

Assume same unit will be used: How much GAC is left:

20,000 - 13,453 = 6,547 lb

This is more than the requirement, so the two tanks and initial GAC load is sufficient.

Check tank size based on EBCT of 20 minutes.

Per other calculation, the initial flow rate is:

32 gpm

Tank size = 640 gal

= 86 ft3

Thus, the AF-10000 is sufficient.

From the Mass Calculation, assume the total average concentration of contaminants (DDTs, BHCs,

As noted above, use a conservative value:

- long-term pumping during excavation

and backfill (9 days at 5 gpm)



TETRA TECH, INC. CALCULATION SHEET PAGE 5 OF 5

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: JWL DATE:

Date: 8/22/2012 Date:

MCRD, Parris Island, SC 112G02688-FS.DR

Appendix C Conceptual Design Calculations

Attachment B Treatment of Water from Dewatering for Alternative G-3

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

Bag Filters

Assume a bag filter will be used for both contaminant removal (sorbed to fines) and to maximize GAC life.

Use a Rosedale Products Model 8, rated for 220 gpm.

Assume 1 bag filter per day (100 micron).
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where

R : Retardation factor

ρb: dry soil bulk density (kg/L)

Kd: soil-water partition coefficient (L/kg); Kd = Koc x foc

Koc: soil organic carbon/water partition coefficient (L/kg)

foc: soil organic fraction

θw: water filled soil porosity

Assume

θw = 0.4
ρb = 1.50 kg/L

foc = 0.0055

The retardation factor of DDTs, BHCs, and chlorobenzenes is calculated as follows:

Koc (L/kg) Kd (L/kg) R

2,630,000 14,465 54,245

1,000,000 5,500 20,626

4,470,000 24,585 92,195

1,230 6.8 26

1,260 6.9 27

1,070 5.9 23

59 0.32 2.2

363 2.0 8.5

407 2.2 9.4

219 1.2 5.5

617 3.4 14

1,780 9.8 38

Note:

Koc values are from USEPA (1996) Soil Screening Guidance.

Koc of m-xylene is used for total xylenes.

CHECKED BY: APPROVED BY:

MCRD PARRIS ISLAND, SOUTH CAROLINA 112G02688-FS.DR

Appendix D Estimation of Retardation Factors

Sites 9, 16, 27, and 55
DRAWING NUMBER:

1,4-Dichlorobenzene

1,2,4-Trichlorobenzene

Because of strong adsorption by soil organic matter, the migration of pesticides and other organic

contaminants in groundwater will be significantly retarded.

Assume pesticides and other organic contaminants adsorb to soil organic matter following a linear adsorption

model, the retardation factor of each contaminant can be calculated as:

DDT

DDD

DDE

Alpha-BHC

Beta-BHC

Gamma-BHC

Contaminant

Benzene

Ethylbenzene

Chlorobenzene

Xylenes

w

bdK
R




 1
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850

1.2 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900

1.3 H & S Plan 40 hr $39.00 $0 $0 $1,560 $0 $1,560

1.4 Completion Report 50 hr $39.00 $0 $0 $1,950 $0 $1,950

2 SITE WORK

2.1 Warning Signs 4 ea $148.50 $594 $0 $0 $0 $594

2.2 Monitoring Well Installation 80 lf $65.00 $5,200 $0 $0 $0 $5,200

2.3 IDW Disposal 4 drum $195.00 $780 $0 $0 $0 $780

2.4 Professional Oversight 5 day $486.00 $420.00 $0 $2,430 $2,100 $0 $4,530

Subtotal $6,574 $2,430 $15,360 $0 $24,364

Overhead on Labor Cost @ 30% $4,608 $4,608

G & A on Cost @ 10% $657 $243 $1,536 $0 $2,436

Tax on Materials and Equipment Cost @ 6% $146 $0 $146

Total Direct Cost $7,231 $2,819 $21,504 $0 $31,554

Indirects on Total Direct Cost @ 30% $9,466

Profit on Total Direct Cost @ 10% $3,155

Subtotal $44,176

Health & Safety Monitoring @ 0% $0

Total Field Cost $44,176

Contingency on Total Field Costs @ 20% $8,835

Engineering on Total Field Cost @ 30% $13,253

TOTAL CAPITAL COST $66,264

Alternative G-2 - Monitored Natural Attenuation (MNA) and LUCs

Page 1 of 3
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Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative G-2 - Monitored Natural Attenuation (MNA) and LUCs

Annual Cost

Item Cost Item Cost Item Cost Item Cost

Item year 1 year 2 years 3-30 every 5 years Notes

Site Inspection $2,500 $2,500 $2,500 Report

MNA Sampling $76,800 $38,400 $19,200 Labor and supplies to collect samples from 20 or 22 wells using a crew of two,

quarterly year 1, semi-annual year 2, annual years 3-30.

MNA Sampling

Analysis/Water

$66,080 $39,480 $26,180 Analyze groundwater samples for MNA, VOCs, PAHs, metals, pesticides including

QA/QC cost.

IDW Disposal $3,700 $1,850 $925 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $149,080 $82,230 $48,805 $23,000

Contingency @ 10% $14,908 $8,223 $4,881 $2,300

TOTAL $163,988 $90,453 $53,686 $25,300

Page 2 of 3
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Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative G-2 - Monitored Natural Attenuation (MNA) and LUCs

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present

Year Cost Cost Cost 1.1% Worth

0 $66,264 $66,264 1.000 $66,264

1 $163,988 $163,988 0.989 $162,204

2 $90,453 $90,453 0.978 $88,495

3 $53,686 $53,686 0.968 $51,952

4 $53,686 $53,686 0.957 $51,387

5 $78,986 $78,986 0.947 $74,781

6 $53,686 $53,686 0.936 $50,275

7 $53,686 $53,686 0.926 $49,728

8 $53,686 $53,686 0.916 $49,187

9 $53,686 $53,686 0.906 $48,652

10 $78,986 $78,986 0.896 $70,800

11 $53,686 $53,686 0.887 $47,599

12 $53,686 $53,686 0.877 $47,081

13 $53,686 $53,686 0.867 $46,568

14 $53,686 $53,686 0.858 $46,062

15 $78,986 $78,986 0.849 $67,032

16 $53,686 $53,686 0.839 $45,065

17 $53,686 $53,686 0.830 $44,575

18 $53,686 $53,686 0.821 $44,090

19 $53,686 $53,686 0.812 $43,610

20 $78,986 $78,986 0.803 $63,464

21 $53,686 $53,686 0.795 $42,666

22 $53,686 $53,686 0.786 $42,202

23 $53,686 $53,686 0.778 $41,743

24 $53,686 $53,686 0.769 $41,289

25 $78,986 $78,986 0.761 $60,085

26 $53,686 $53,686 0.752 $40,395

27 $53,686 $53,686 0.744 $39,955

28 $53,686 $53,686 0.736 $39,521

29 $53,686 $53,686 0.728 $39,091

30 $78,986 $78,986 0.720 $56,887

TOTAL PRESENT WORTH $1,702,701

Page 3 of 3
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Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850

1.2 Prepare Documents & Plans including Permits 400 hr $39.00 $0 $0 $15,600 $0 $15,600

1.3 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900

1.4 Completion Report 250 hr $39.00 $0 $0 $9,750 $0 $9,750

2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 6 ea $188.00 $566.00 $0 $0 $1,128 $3,396 $4,524

2.3 Sheetpile Equipment (mob/demob) 2 ea $25,000.00 $50,000 $0 $0 $0 $50,000

3 FIELD SUPPORT & SITE SETUP

3.1 Site Support Facilities (trailers, phone, electric, etc.) 9 mo $380.00 $365.00 $0 $3,420 $3,285 $0 $6,705

3.2 Survey Support 15 day $1,150.00 $17,250 $0 $0 $0 $17,250

3.3 Site Superintendent 170 day $166.00 $480.00 $0 $28,220 $81,600 $0 $109,820

3.4 Site Health & Safety and QA/QC 170 day $166.00 $360.00 $0 $28,220 $61,200 $0 $89,420

3.5 Underground Utility Clearance 2 ea $7,750.00 $15,500 $0 $0 $0 $15,500

3.6 Material Handling Pad, 120' by 120' 14,400 sf $5.84 $0.89 $1.34 $0 $84,096 $12,816 $19,296 $116,208

3.7 Temporary GAC System 1 ls $41,000.00 $41,000 $0 $0 $0 $41,000

3.8 Bag Filter Housing 1 ea $1,150.00 $0 $1,150 $0 $0 $1,150

3.9 Bag Filters 120 ea $5.50 $0 $660 $0 $0 $660

3.10 Pump & Hoses 80 day $125.00 $0 $0 $0 $10,000 $10,000

3.11 Site Labor, (3 laborers) 15 day $280.80 $0 $0 $4,212 $0 $4,212

3.12 Lab Analysis, VOCs, SVOCs, pesticides 16 ea $350.00 $5,600 $0 $0 $0 $5,600

4 DECONTAMINATION

4.1 Decontamination Services 8 mo $1,220.00 $2,450.00 $1,450.00 $0 $9,760 $19,600 $11,600 $40,960

4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225

4.3 Decon Water 8,000 gal $0.20 $0 $1,600 $0 $0 $1,600

4.4 Decon Water Storage Tank, 6,000 gallon 8 mo $813.00 $0 $0 $0 $6,504 $6,504

4.5 Clean Water Storage Tank, 4,000 gallon 8 mo $731.00 $0 $0 $0 $5,848 $5,848

4.6 Disposal of Decon Waste (liquid & solid) 8 mo $950.00 $7,600 $0 $0 $0 $7,600

5 EXCAVATION & BACKFILL TTZ 1

5.1 Temporary Fence 200 lf $8.75 $1,750 $0 $0 $0 $1,750

5.2 Sheetpile 3,960 sf $44.00 $174,240 $0 $0 $0 $174,240

5.3 Excavator, 2.5 cy 14 day $318.80 $1,652.00 $0 $0 $4,463 $23,128 $27,591

5.4 Dump Trucks, 2 each 20 day $282.40 $584.60 $0 $0 $5,648 $11,692 $17,340

5.5 Front End Loader, 185 hp 10 day $318.80 $960.00 $0 $0 $3,188 $9,600 $12,788

5.6 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424

5.7 Verification Samples 5 ea $350.00 $1,750 $0 $0 $0 $1,750

5.8 Reactive Core Mats (organoclay) 1,500 sf $2.45 $0 $3,675 $0 $0 $3,675

5.9 Sand/Clay Fill 422 cy $19.00 $0 $8,018 $0 $0 $8,018

5.10 Compactor, 125 hp 4 day $318.80 $640.20 $0 $0 $1,275 $2,561 $3,836

5.11 Topsoil (loam) 0 cy $27.67 $0 $0 $0 $0 $0

5.12 Seeding Disturbed Areas 0 msf $96.50 $0 $0 $0 $0 $0

5.13 Restore Pavement 1,900 sf $2.46 $4,674 $0 $0 $0 $4,674

6 EXCAVATION & BACKFILL TTZ 2

6.1 Temporary Fence 700 lf $8.75 $6,125 $0 $0 $0 $6,125

6.2 Sheetpile 14,520 sf $44.00 $638,880 $0 $0 $0 $638,880

6.3 Excavator, 2.5 cy 89 day $318.80 $1,652.00 $0 $0 $28,373 $147,028 $175,401

6.4 Dump Trucks, 2 each 106 day $282.40 $584.60 $0 $0 $29,934 $61,968 $91,902

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal, ICSO, MNA,
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal, ICSO, MNA,

6.5 Front End Loader, 185 hp 53 day $318.80 $960.00 $0 $0 $16,896 $50,880 $67,776

6.6 Site Labor, (3 laborers) 267 day $280.80 $0 $0 $74,974 $0 $74,974

6.7 Verification Samples 11 ea $350.00 $3,850 $0 $0 $0 $3,850

6.8 Sand/Clay Fill 4,706 cy $19.00 $0 $89,414 $0 $0 $89,414

6.9 Compactor, 125 hp 12 day $318.80 $640.20 $0 $0 $3,826 $7,682 $11,508
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal, ICSO, MNA,

6.10 Topsoil (loam) 374 cy $27.67 $0 $10,349 $0 $0 $10,349

6.11 Seeding Disturbed Areas 21 msf $96.50 $2,027 $0 $0 $0 $2,027

6.12 Restore Pavement 0 sf $2.46 $0 $0 $0 $0 $0

7 DISPOSAL

7.1 Off Site Disposal, Hazardous 7,615 ton $245.00 $1,865,675 $0 $0 $0 $1,865,675

7.2 Waste Characterization 21 ea $850.00 $15.00 $17,850 $315 $0 $0 $18,165

8 MONITORING WELLS & SIGNS

8.1 Warning Signs 4 ea $148.50 $594 $0 $0 $0 $594

8.2 Monitoring Well Installation 80 lf $65.00 $5,200 $0 $0 $0 $5,200

8.3 IDW Disposal 4 drum $195.00 $780 $0 $0 $0 $780

8.4 Professional Oversight 5 day $486.00 $420.00 $0 $2,430 $2,100 $0 $4,530

9 FIRST CHEMICAL OXIDATION INJECTION

9.1 Project Design 1 ls $3,270.00 $3,270 $0 $0 $0 $3,270

9.2 Injection/Vent Well Installation 1 ls $29,000.00 $29,000 $0 $0 $0 $29,000

9.3 On-Site Injection Program 1 ls ######### $127,000 $0 $0 $0 $127,000

9.4 Injection Reagents 1 ls $52,000.00 $0 $52,000 $0 $0 $52,000

9.5 Site Mobilization & Crew Per-Diem 1 ls $44,000.00 $44,000 $0 $0 $0 $44,000

9.6 Subcontractor's Documentation 1 ls $3,650.00 $3,650 $0 $0 $0 $3,650

9.7 Contractor's Oversight 28 day $486.00 $420.00 $0 $13,608 $11,760 $0 $25,368

10 POST INJECTION MONITORING - 5 TIMES

10.1 Sampling Labor 250 hr $39.00 $0 $0 $9,750 $0 $9,750

10.2 Sampling ODC 5 ea $500.00 $0 $2,500 $0 $0 $2,500

10.3 Sample Analysis 5 ea $1,000.00 $5,000 $0 $0 $0 $5,000

10.4 Sampling Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

11 SECOND CHEMICAL OXIDATION INJECTION

11.1 On-Site Injection Program 1 ls $64,000.00 $64,000 $0 $0 $0 $64,000

11.2 Injection Reagents 1 ls $26,000.00 $0 $26,000 $0 $0 $26,000

11.3 Site Mobilization & Crew Per-Diem 1 ls $22,000.00 $22,000 $0 $0 $0 $22,000

11.4 Subcontractor's Documentation 1 ls $3,650.00 $3,650 $0 $0 $0 $3,650

11.5 Contractor's Oversight 14 day $486.00 $420.00 $0 $6,804 $5,880 $0 $12,684

Subtotal $3,161,915 $377,739 $436,233 $375,408 $4,351,293

Overhead on Labor Cost @ 30% $130,870 $130,870

G & A on Cost @ 10% $316,191 $37,774 $43,623 $37,541 $435,129

Tax on Materials and Equipment Cost @ 6% $22,664 $22,524 $45,189

Total Direct Cost $3,478,106 $438,177 $610,726 $435,473 $4,962,481

Indirects on Total Direct Cost @ 20% (excluding transportation and disposal cost) $617,841

Profit on Total Direct Cost @ 10% $496,248

Subtotal $6,076,571

Health & Safety Monitoring @ 1% $60,766

Total Field Cost $6,137,337
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal, ICSO, MNA,

Contingency on Total Field Costs @ 5% $306,867

Engineering on Total Field Cost @ 2% $122,747

TOTAL CAPITAL COST $6,566,950
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal, ICSO, MNA, and LUCs

Annual Cost

Item Cost Item Cost Item Cost Item Cost

Item year 1 year 2 years 3-30 every 5 years Notes

Site Inspection $2,500 $2,500 $2,500 Report

MNA Sampling $76,800 $38,400 $19,200 Labor and supplies to collect samples from 20 or 22 wells using a crew of two,

quarterly year 1, semi-annual year 2, annual years 3-30.

MNA Sampling

Analysis/Water

$66,080 $39,480 $26,180 Analyze groundwater samples for MNA, VOCs, PAHs, metals, pesticides including

QA/QC cost.

IDW Disposal $3,700 $1,850 $925 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $149,080 $82,230 $48,805 $23,000

Contingency @ 10% $14,908 $8,223 $4,881 $2,300

TOTAL $163,988 $90,453 $53,686 $25,300
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present

Year Cost Cost Cost 1.1% Worth

0 $6,566,950 $6,566,950 1.000 $6,566,950

1 $163,988 $163,988 0.989 $162,204

2 $90,453 $90,453 0.978 $88,495

3 $53,686 $53,686 0.968 $51,952

4 $53,686 $53,686 0.957 $51,387

5 $78,986 $78,986 0.947 $74,781

6 $53,686 $53,686 0.936 $50,275

7 $53,686 $53,686 0.926 $49,728

8 $53,686 $53,686 0.916 $49,187

9 $53,686 $53,686 0.906 $48,652

10 $78,986 $78,986 0.896 $70,800

11 $53,686 $53,686 0.887 $47,599

12 $53,686 $53,686 0.877 $47,081

13 $53,686 $53,686 0.867 $46,568

14 $53,686 $53,686 0.858 $46,062

15 $78,986 $78,986 0.849 $67,032

16 $53,686 $53,686 0.839 $45,065

17 $53,686 $53,686 0.830 $44,575

18 $53,686 $53,686 0.821 $44,090

19 $53,686 $53,686 0.812 $43,610

20 $78,986 $78,986 0.803 $63,464

21 $53,686 $53,686 0.795 $42,666

22 $53,686 $53,686 0.786 $42,202

23 $53,686 $53,686 0.778 $41,743

24 $53,686 $53,686 0.769 $41,289

25 $78,986 $78,986 0.761 $60,085

26 $53,686 $53,686 0.752 $40,395

27 $53,686 $53,686 0.744 $39,955

28 $53,686 $53,686 0.736 $39,521

29 $53,686 $53,686 0.728 $39,091

30 $78,986 $78,986 0.720 $56,887

TOTAL PRESENT WORTH $8,203,388

Alternative G-3: Excavation to Remove LNAPL and Highly Contaminated Saturated Soil, Off-site Disposal,

ICSO, MNA, and LUCs
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850

1.2 Prepare Documents & Plans including Permits 150 hr $39.00 $0 $0 $5,850 $0 $5,850

1.3 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900

1.4 Completion Report 100 hr $39.00 $0 $0 $3,900 $0 $3,900

2 MOBILIZATION AND DEMOBILIZATION

2.2 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.3 Equipment Mobilization/Demobilization 1 ea $188.00 $566.00 $0 $0 $188 $566 $754

3 FIELD SUPPORT & SITE SETUP

3.1 Site Support Facilities (trailers, phone, electric, etc.) 2 mo $380.00 $365.00 $0 $760 $730 $0 $1,490

3.2 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300

3.3 Site Superintendent 45 day $166.00 $480.00 $0 $7,470 $21,600 $0 $29,070

3.4 Site Health & Safety and QA/QC 45 day $166.00 $360.00 $0 $7,470 $16,200 $0 $23,670

3.5 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750

3.6 Material Handling Pad, 500 sf 500 sf $5.84 $0.89 $1.34 $0 $2,920 $445 $670 $4,035

4 DECONTAMINATION

4.1 Decon Services and Equipment Decon Pad 1 ls $500.00 $750.00 $450.00 $0 $500 $750 $450 $1,700

4.2 Disposal of Decon Waste (liquid & solid) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500

5 SKIMMING WELLS

5.1 Skimming Well Installation; 75 wells @ 15' deep 1,125 lf $70.00 $78,750 $0 $0 $0 $78,750

5.2 Well Skimmers 70 ea $1,026.00 $275.00 $0 $71,820 $19,250 $0 $91,070

5.3 IDW Disposal 40 drum $195.00 $7,800 $0 $0 $0 $7,800

6 MONITORING WELLS & SIGNS

6.1 Warning Signs 4 ea $148.50 $594 $0 $0 $0 $594

6.2 Monitoring Well Installation 80 lf $65.00 $5,200 $0 $0 $0 $5,200

6.3 IDW Disposal 4 drum $195.00 $780 $0 $0 $0 $780

6.4 Professional Oversight 5 day $486.00 $420.00 $0 $2,430 $2,100 $0 $4,530

Subtotal $104,674 $94,370 $80,763 $5,186 $284,993

Overhead on Labor Cost @ 30% $24,229 $24,229

G & A on Cost @ 10% $10,467 $9,437 $8,076 $519 $28,499

Tax on Materials and Equipment Cost @ 6% $5,662 $311 $5,973

Total Direct Cost $115,141 $109,469 $113,068 $6,016 $343,695

Indirects on Total Direct Cost @ 30% $103,108

Profit on Total Direct Cost @ 10% $34,369

Subtotal $481,172

Health & Safety Monitoring @ 3% $14,435

Total Field Cost $495,608

Contingency on Total Field Costs @ 25% $123,902

Engineering on Total Field Cost @ 15% $74,341

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls

TOTAL CAPITAL COST $693,851
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost for Year 4

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 FIRST CHEMICAL OXIDATION INJECTION TTZ 1

1.1 Project Design 1 ls $3,720.00 $3,720 $0 $0 $0 $3,720

1.2 Injection/Vent Well Installation 1 ls $11,575.00 $11,575 $0 $0 $0 $11,575

1.3 On-Site Injection Program 1 ls $50,980.00 $50,980 $0 $0 $0 $50,980

1.4 Injection Reagents 1 ls $20,810.00 $0 $20,810 $0 $0 $20,810

1.5 Site Mobilization & Crew Per-Diem 1 ls $17,750.00 $17,750 $0 $0 $0 $17,750

1.6 Subcontractor's Documentation 1 ls $3,650.00 $3,650 $0 $0 $0 $3,650

1.7 Contractor's Oversight 14 day $486.00 $420.00 $0 $6,804 $5,880 $0 $12,684

2 FIRST CHEMICAL OXIDATION INJECTION TTZ 2

2.1 Project Design 1 ls $4,120.00 $4,120 $0 $0 $0 $4,120

2.2 Injection/Vent Well Installation 1 ls $69,325.00 $69,325 $0 $0 $0 $69,325

2.3 On-Site Injection Program 1 ls ######### $159,560 $0 $0 $0 $159,560

2.4 Injection Reagents 1 ls $150,430.00 $0 $150,430 $0 $0 $150,430

2.5 Site Mobilization & Crew Per-Diem 1 ls $45,600.00 $45,600 $0 $0 $0 $45,600

2.6 Subcontractor's Documentation 1 ls $4,450.00 $4,450 $0 $0 $0 $4,450

2.7 Contractor's Oversight 39 day $486.00 $420.00 $0 $18,954 $16,380 $0 $35,334

3 POST INJECTION MONITORING - 5 TIMES

3.1 Sampling Labor 250 hr $39.00 $0 $0 $9,750 $0 $9,750

3.2 Sampling ODC 5 ea $500.00 $0 $2,500 $0 $0 $2,500

3.3 Sample Analysis 5 ea $1,000.00 $5,000 $0 $0 $0 $5,000

3.4 Sampling Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

4 SECOND CHEMICAL OXIDATION INJECTION TTZ 1

4.1 On-Site Injection Program 1 ls $25,490.00 $25,490 $0 $0 $0 $25,490

4.2 Injection Reagents 1 ls $10,405.00 $0 $10,405 $0 $0 $10,405

4.3 Site Mobilization & Crew Per-Diem 1 ls $8,875.00 $8,875 $0 $0 $0 $8,875

4.4 Subcontractor's Documentation 1 ls $1,825.00 $1,825 $0 $0 $0 $1,825

4.5 Contractor's Oversight 7 day $486.00 $420.00 $0 $3,402 $2,940 $0 $6,342

5 FIRST CHEMICAL OXIDATION INJECTION TTZ 2

5.1 On-Site Injection Program 1 ls $79,780.00 $79,780 $0 $0 $0 $79,780

5.2 Injection Reagents 1 ls $75,215.00 $0 $75,215 $0 $0 $75,215

5.3 Site Mobilization & Crew Per-Diem 1 ls $22,800.00 $22,800 $0 $0 $0 $22,800

5.4 Subcontractor's Documentation 1 ls $2,225.00 $2,225 $0 $0 $0 $2,225

5.5 Contractor's Oversight 20 day $486.00 $420.00 $0 $9,720 $8,400 $0 $18,120

Subtotal $516,725 $298,240 $51,150 $0 $866,115

Overhead on Labor Cost @ 30% $15,345 $15,345

G & A on Cost @ 10% $51,673 $29,824 $5,115 $0 $86,612

Tax on Materials and Equipment Cost @ 6% $17,894 $0 $17,894

Total Direct Cost $568,398 $345,958 $71,610 $0 $985,966

Indirects on Total Direct Cost @ 20% $197,193

Profit on Total Direct Cost @ 10% $98,597

Subtotal $1,281,756

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost for Year 4

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls

Health & Safety Monitoring @ 3% $38,453

Total Field Cost $1,320,208

Contingency on Total Field Costs @ 15% $198,031

Engineering on Total Field Cost @ 5% $66,010

TOTAL CAPITAL COST $1,584,250
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls

Annual Cost

Item Cost Item Cost Item Cost Item Cost Item Cost

Item year 1 year 2 year 3 years 4-30 every 5 years Notes

Site Inspection $2,500 $2,500 $2,500 $2,500 Report

MNA Sampling and

LNAPL Removal

$76,800 $38,400 $19,200 $19,200 Labor and supplies to collect samples from 20 or 22 wells and LNAPL from 70

wells skimmers using a crew of three, quarterly year 1, semi-annual year 2, annual

year 3. Continue to collect samples from MNA wells annually years 4 -30.

MNA Sampling

Analysis/Water

$66,080 $39,480 $26,180 $26,180 Analyze groundwater samples for MNA, VOCs, PAHs, metals, pesticides including

QA/QC cost.

LNAPL Disposal $3,200 $1,600 $1,600 Disposal of LNAPL from skimmer wells.

IDW Disposal $3,700 $1,850 $925 $925 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $152,280 $83,830 $50,405 $48,805 $23,000

Contingency @ 10% $15,228 $8,383 $5,041 $4,881 $2,300

TOTAL $167,508 $92,213 $55,446 $53,686 $25,300
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative G-4: LNAPL Removal, ISCO, Monitored Natural Attenuation and Land Use Controls

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present

Year Cost Cost Cost 1.1% Worth

0 $693,851 $693,851 1.000 $693,851

1 $167,508 $167,508 0.989 $165,685

2 $92,213 $92,213 0.978 $90,217

3 $55,446 $55,446 0.968 $53,655

4 $1,584,250 $53,686 $1,637,936 0.957 $1,567,805

5 $78,986 $78,986 0.947 $74,781

6 $53,686 $53,686 0.936 $50,275

7 $53,686 $53,686 0.926 $49,728

8 $53,686 $53,686 0.916 $49,187

9 $53,686 $53,686 0.906 $48,652

10 $78,986 $78,986 0.896 $70,800

11 $53,686 $53,686 0.887 $47,599

12 $53,686 $53,686 0.877 $47,081

13 $53,686 $53,686 0.867 $46,568

14 $53,686 $53,686 0.858 $46,062

15 $78,986 $78,986 0.849 $67,032

16 $53,686 $53,686 0.839 $45,065

17 $53,686 $53,686 0.830 $44,575

18 $53,686 $53,686 0.821 $44,090

19 $53,686 $53,686 0.812 $43,610

20 $78,986 $78,986 0.803 $63,464

21 $53,686 $53,686 0.795 $42,666

22 $53,686 $53,686 0.786 $42,202

23 $53,686 $53,686 0.778 $41,743

24 $53,686 $53,686 0.769 $41,289

25 $78,986 $78,986 0.761 $60,085

26 $53,686 $53,686 0.752 $40,395

27 $53,686 $53,686 0.744 $39,955

28 $53,686 $53,686 0.736 $39,521

29 $53,686 $53,686 0.728 $39,091

30 $78,986 $78,986 0.720 $56,887

TOTAL PRESENT WORTH $3,853,613
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare Documents & Plans including Permits 250 hr $39.00 $0 $0 $9,750 $0 $9,750

1.2 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850

1.3 Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850

2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 0 ls $1,000.00 $3,500.00 $0 $0 $0 $0 $0

2.2 Equipment Mobilization/Demobilization 2 ea $188.00 $566.00 $0 $0 $376 $1,132 $1,508

3 FIELD SUPPORT & SITE SETUP

3.1 Site Support Facilities (trailers, phone, electric, etc.) 0 mo $380.00 $365.00 $0 $0 $0 $0 $0

3.2 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300

3.3 Site Superintendent 10 day $166.00 $480.00 $0 $1,660 $4,800 $0 $6,460

3.4 Site Health & Safety and QA/QC 10 day $166.00 $360.00 $0 $1,660 $3,600 $0 $5,260

3.5 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750

3.6 Material Handling Pad, 500 sf 500 sf $5.84 $0.89 $1.34 $0 $2,920 $445 $670 $4,035

4 DECONTAMINATION

4.1 Decon Services and Equipment Decon Pad 1 ls $500.00 $750.00 $450.00 $0 $500 $750 $450 $1,700

4.2 Disposal of Decon Waste (liquid & solid) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500

5 HOT SPOT PAI-27-SO-12 EXCAVATION, DISPOSAL, AND RESTORATION

5.1 Backhoe-Loader, 80 hp 2 day $318.80 $363.80 $0 $0 $638 $728 $1,365

5.2 Site Labor, (3 laborers) 6 day $280.80 $0 $0 $1,685 $0 $1,685

5.3 Temporary Fence 60 lf $8.75 $525 $0 $0 $0 $525

5.4 Common Fill 4 cy $17.96 $0 $72 $0 $0 $72

5.5 Topsoil (loam) 0 cy $27.67 $0 $0 $0 $0 $0

5.6 Seeding Disturbed Areas 1 ls $150.00 $150 $0 $0 $0 $150

5.7 Verification Sampling 1 ea $350.00 $30.00 $50.00 $30.00 $350 $30 $50 $30 $460

6 HOT SPOT PAI-27-SO-14, -15, 16 EXCAVATION, DISPOSAL, AND RESTORATION

6.1 Backhoe-Loader, 80 hp 3 day $318.80 $363.80 $0 $0 $956 $1,091 $2,048

6.2 Site Labor, (3 laborers) 9 day $280.80 $0 $0 $2,527 $0 $2,527

6.3 Temporary Fence 200 lf $8.75 $1,750 $0 $0 $0 $1,750

6.4 Common Fill 19 cy $17.96 $0 $341 $0 $0 $341

6.5 Topsoil (loam) 19 cy $27.67 $0 $526 $0 $0 $526

6.6 Seeding Disturbed Areas 1 ls $250.00 $250 $0 $0 $0 $250

6.7 Verification Sampling 1 ea $350.00 $30.00 $50.00 $30.00 $350 $30 $50 $30 $460

7 HOT SPOT PAI-9-SB02 EXCAVATION, DISPOSAL, AND RESTORATION

7.1 Backhoe-Loader, 80 hp 2 day $318.80 $363.80 $0 $0 $638 $728 $1,365

7.2 Site Labor, (3 laborers) 6 day $280.80 $0 $0 $1,685 $0 $1,685

7.3 Temporary Fence 60 lf $8.75 $525 $0 $0 $0 $525

7.4 Common Fill 2 cy $17.96 $0 $36 $0 $0 $36

7.5 Topsoil (loam) 2 cy $27.67 $0 $55 $0 $0 $55

7.6 Seeding Disturbed Areas 1 ls $150.00 $150 $0 $0 $0 $150

7.7 Verification Sampling 1 ea $350.00 $30.00 $50.00 $30.00 $350 $30 $50 $30 $460

8 HOT SPOT PAI-9-SB02 EXCAVATION, DISPOSAL, AND RESTORATION

8.1 Backhoe-Loader, 80 hp 3 day $318.80 $363.80 $0 $0 $956 $1,091 $2,048

8.2 Site Labor, (3 laborers) 9 day $280.80 $0 $0 $2,527 $0 $2,527

8.3 Temporary Fence 60 lf $8.75 $525 $0 $0 $0 $525

8.4 Common Fill 22 cy $17.96 $0 $395 $0 $0 $395

8.5 Topsoil (loam) 2 cy $27.67 $0 $55 $0 $0 $55

8.6 Seeding Disturbed Areas 1 ls $500.00 $500 $0 $0 $0 $500

Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls

8.7 Verification Sampling 1 ea $350.00 $30.00 $50.00 $30.00 $350 $30 $50 $30 $460

9 ADDITIONAL PAVEMENT

9.1 Pavement - 6 locations 11,500 sf $3.73 $42,895 $0 $0 $0 $42,895

10 DISPOSAL

10.1 Off Site Disposal, Non-Hazardous 61 ton $86.00 $5,246 $0 $0 $0 $5,246

10.2 Waste Characterization 1 ea $850.00 $15.00 $850 $15 $0 $0 $865
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls

Subtotal $66,316 $8,356 $43,233 $6,010 $123,915

Overhead on Labor Cost @ 30% $12,970 $12,970

G & A on Cost @ 10% $6,632 $836 $4,323 $601 $12,391

Tax on Materials and Equipment Cost @ 6% $501 $361 $862

Total Direct Cost $72,948 $9,692 $60,526 $6,972 $150,138

Indirects on Total Direct Cost @ 30% $45,041

Profit on Total Direct Cost @ 10% $15,014

Subtotal $210,193

Health & Safety Monitoring @ 4% $8,408

Total Field Cost $218,601

Contingency on Total Field Costs @ 20% $43,720

Engineering on Total Field Cost @ 20% $43,720

TOTAL CAPITAL COST $306,041
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls

Annual Cost

Item Cost Item Cost

Item years 1-30 every 5 years Notes

Site Inspection $2,500 Report

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $2,500 $23,000

Contingency @ 10% $250 $2,300

TOTAL $2,750 $25,300
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative S-2: Hotspot Removal, Off-Site Disposal, Capping, and Land Use Controls

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present

Year Cost Cost Cost 1.1% Worth

0 $306,041 $306,041 1.000 $306,041

1 $2,750 $2,750 0.989 $2,720

2 $2,750 $2,750 0.978 $2,690

3 $2,750 $2,750 0.968 $2,661

4 $2,750 $2,750 0.957 $2,632

5 $28,050 $28,050 0.947 $26,557

6 $2,750 $2,750 0.936 $2,575

7 $2,750 $2,750 0.926 $2,547

8 $2,750 $2,750 0.916 $2,520

9 $2,750 $2,750 0.906 $2,492

10 $28,050 $28,050 0.896 $25,143

11 $2,750 $2,750 0.887 $2,438

12 $2,750 $2,750 0.877 $2,412

13 $2,750 $2,750 0.867 $2,385

14 $2,750 $2,750 0.858 $2,359

15 $28,050 $28,050 0.849 $23,805

16 $2,750 $2,750 0.839 $2,308

17 $2,750 $2,750 0.830 $2,283

18 $2,750 $2,750 0.821 $2,258

19 $2,750 $2,750 0.812 $2,234

20 $28,050 $28,050 0.803 $22,538

21 $2,750 $2,750 0.795 $2,186

22 $2,750 $2,750 0.786 $2,162

23 $2,750 $2,750 0.778 $2,138

24 $2,750 $2,750 0.769 $2,115

25 $28,050 $28,050 0.761 $21,338

26 $2,750 $2,750 0.752 $2,069

27 $2,750 $2,750 0.744 $2,047

28 $2,750 $2,750 0.736 $2,024

29 $2,750 $2,750 0.728 $2,002

30 $28,050 $28,050 0.720 $20,202

TOTAL PRESENT WORTH $501,884
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare Documents & Plans including Permits 250 hr $39.00 $0 $0 $9,750 $0 $9,750

1.2 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850

1.3 Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850

2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 0 ls $1,000.00 $3,500.00 $0 $0 $0 $0 $0

2.2 Equipment Mobilization/Demobilization 2 ea $188.00 $566.00 $0 $0 $376 $1,132 $1,508

3 FIELD SUPPORT & SITE SETUP

3.1 Site Support Facilities (trailers, phone, electric, etc.) 0 mo $380.00 $365.00 $0 $0 $0 $0 $0

3.2 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300

3.3 Site Superintendent 10 day $166.00 $480.00 $0 $1,660 $4,800 $0 $6,460

3.4 Site Health & Safety and QA/QC 10 day $166.00 $360.00 $0 $1,660 $3,600 $0 $5,260

3.5 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750

3.6 Material Handling Pad, 500 sf 500 sf $5.84 $0.89 $1.34 $0 $2,920 $445 $670 $4,035

4 DECONTAMINATION

4.1 Decon Services and Equipment Decon Pad 1 ls $500.00 $750.00 $450.00 $0 $500 $750 $450 $1,700

4.2 Disposal of Decon Waste (liquid & solid) 1 ls $1,500.00 $1,500 $0 $0 $0 $1,500

5 HOT SPOT PAI-27-SO-14, -15, 16 EXCAVATION, DISPOSAL, AND RESTORATION

5.1 Backhoe-Loader, 80 hp 3 day $318.80 $363.80 $0 $0 $956 $1,091 $2,048

5.2 Site Labor, (3 laborers) 9 day $280.80 $0 $0 $2,527 $0 $2,527

5.3 Temporary Fence 200 lf $8.75 $1,750 $0 $0 $0 $1,750

5.4 Common Fill 19 cy $17.96 $0 $341 $0 $0 $341

5.5 Topsoil (loam) 19 cy $27.67 $0 $526 $0 $0 $526

5.6 Seeding Disturbed Areas 1 ls $250.00 $250 $0 $0 $0 $250

5.7 Verification Sampling 1 ea $350.00 $30.00 $50.00 $30.00 $350 $30 $50 $30 $460

6 HOT SPOT PAI-9-SB02 EXCAVATION, DISPOSAL, AND RESTORATION

6.1 Backhoe-Loader, 80 hp 2 day $318.80 $363.80 $0 $0 $638 $728 $1,365

6.2 Site Labor, (3 laborers) 6 day $280.80 $0 $0 $1,685 $0 $1,685

6.3 Temporary Fence 60 lf $8.75 $525 $0 $0 $0 $525

6.4 Common Fill 2 cy $17.96 $0 $36 $0 $0 $36

6.5 Topsoil (loam) 2 cy $27.67 $0 $55 $0 $0 $55

6.6 Seeding Disturbed Areas 1 ls $150.00 $150 $0 $0 $0 $150

6.7 Verification Sampling 1 ea $350.00 $30.00 $50.00 $30.00 $350 $30 $50 $30 $460

7 ADDITIONAL PAVEMENT

7.1 Pavement - 6 locations 11,500 sf $3.73 $42,895 $0 $0 $0 $42,895

8 DISPOSAL

8.1 Off Site Disposal, Non-Hazardous 61 ton $86.00 $5,246 $0 $0 $0 $5,246

8.2 Waste Characterization 1 ea $850.00 $15.00 $850 $15 $0 $0 $865

Subtotal $63,916 $7,773 $37,327 $4,131 $113,147

Overhead on Labor Cost @ 30% $11,198 $11,198

G & A on Cost @ 10% $6,392 $777 $3,733 $413 $11,315

Tax on Materials and Equipment Cost @ 6% $466 $248 $714

Total Direct Cost $70,308 $9,017 $52,258 $4,792 $136,374

Indirects on Total Direct Cost @ 30% $40,912

Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls

Profit on Total Direct Cost @ 10% $13,637

Subtotal $190,924
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Capital Cost

Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls

Health & Safety Monitoring @ 4% $7,637

Total Field Cost $198,561

Contingency on Total Field Costs @ 20% $39,712

Engineering on Total Field Cost @ 20% $39,712

TOTAL CAPITAL COST $277,985
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2013/04/11 11:53 AM
MARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls

Annual Cost

Item Cost Item Cost

Item years 1-30 every 5 years Notes

Site Inspection $2,500 Report

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $2,500 $23,000

Contingency @ 10% $250 $2,300

TOTAL $2,750 $25,300
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2013/04/11 11:53 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND

Parris Island, South Carolina

Sites 9, 16, 27, and 55

Alternative S-3: Limited Hot Spot Removal, Off-site Disposal, and Land Use Controls

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present

Year Cost Cost Cost 1.1% Worth

0 $277,985 $277,985 1.000 $277,985

1 $2,750 $2,750 0.989 $2,720

2 $2,750 $2,750 0.978 $2,690

3 $2,750 $2,750 0.968 $2,661

4 $2,750 $2,750 0.957 $2,632

5 $28,050 $28,050 0.947 $26,557

6 $2,750 $2,750 0.936 $2,575

7 $2,750 $2,750 0.926 $2,547

8 $2,750 $2,750 0.916 $2,520

9 $2,750 $2,750 0.906 $2,492

10 $28,050 $28,050 0.896 $25,143

11 $2,750 $2,750 0.887 $2,438

12 $2,750 $2,750 0.877 $2,412

13 $2,750 $2,750 0.867 $2,385

14 $2,750 $2,750 0.858 $2,359

15 $28,050 $28,050 0.849 $23,805

16 $2,750 $2,750 0.839 $2,308

17 $2,750 $2,750 0.830 $2,283

18 $2,750 $2,750 0.821 $2,258

19 $2,750 $2,750 0.812 $2,234

20 $28,050 $28,050 0.803 $22,538

21 $2,750 $2,750 0.795 $2,186

22 $2,750 $2,750 0.786 $2,162

23 $2,750 $2,750 0.778 $2,138

24 $2,750 $2,750 0.769 $2,115

25 $28,050 $28,050 0.761 $21,338

26 $2,750 $2,750 0.752 $2,069

27 $2,750 $2,750 0.744 $2,047

28 $2,750 $2,750 0.736 $2,024

29 $2,750 $2,750 0.728 $2,002

30 $28,050 $28,050 0.720 $20,202

TOTAL PRESENT WORTH $473,829
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APPENDIX F 

Environmental Footprint Evaluation 

Feasibility Study 

Sites 27, 55, 9 and 16 

Marine Corps Recruit Depot 

Parris Island, South Carolina 

August 2012 

 

OBJECTIVE 

This Environmental Footprint Evaluation of remedial alternatives is provided as an Appendix to the 

Feasibility Study (FS) for Site 27, 55, 9 and 16 located at the Marine Corps Recruit (MRCD) Parris Island 

located in Parris Island, SC.  The purpose of the footprint evaluation is to assess the environmental 

impacts of the four remedial alternatives using the metrics of greenhouse gas (GHG) and criteria pollutant 

emissions, energy use, water consumption, and worker safety.  The results of this footprint evaluation are 

intended to provide additional information for consideration during remedy selection, design, and to 

enhance the understanding of the environmental impacts throughout the remedy life-cycle for each of the 

proposed alternatives. 

 

POLICY BACKGROUND 

Department of Defense (DOD) and Navy policies require continual optimization of remedies in every 

phase from remedy selection through site closeout (NAVFAC, 2010a).   

In January 2007, Executive Order 13423 set targets for sustainable practices for (i) energy efficiency, 

greenhouse gas emissions avoidance or reduction, and petroleum products use reduction, (ii) renewable 

energy, including bioenergy, (iii) water conservation, (iv) acquisition, (v) pollution and waste prevention 

and recycling, etc.  In October 2009, Executive Order 13514 was issued, which reinforced these 

sustainability requirements and established specific goals for federal agencies to meet by 2020. 

In August 2009 DOD issued a policy for “Consideration of Green and Sustainable Remediation Practices 

in the Defense Environmental Restoration Program.”  The DOD policy and related Navy guidance state 

that opportunities to increase sustainability should be considered throughout all phases of remediation 

(i.e., site investigation, remedy selection, remedy design and construction, operation, monitoring, and site 

closeout).  In response to this policy, the Department of the Navy (DON) issued an updated Navy 

Guidance for “Optimizing Remedy Evaluation, Selection, and Design” (NAVFAC, 2010), which includes 
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environmental footprint evaluations as part of the traditional DON optimization review process for remedy 

selection, design, and remedial action operation. In August 2010, the Naval Facilities Engineering 

Command (NAVFAC) issued policy requiring use of the SiteWise™ tool to perform environmental impact 

reviews as part of all Feasibility Studies. As such, this environmental footprint evaluation of remedial 

alternatives is being performed to estimate the environmental footprint associated with each alternative in 

the interest of reducing the environmental impact of remedial action at Sites 27, 55, 9 and 16, MRCD 

Parris Island.  

Applying the DON optimization concepts with an environmental footprint evaluation within the remedy 

selection and design phases allows for the following benefits: 

 Determining factors in each remedial alternative with the greatest environmental impacts and 
gathering insight into how to reduce these impacts; 

 Evaluating remedial alternatives with optimized or reduced environmental footprints in conjunction 
with other selection criteria;  

 Designing and implementing a more robust remedy while balancing the impact to the 
environment; and 

 Ensuring efficient, cost-effective and sustainable site closeout.  

 

EVALUATION TOOLS 

This evaluation was performed using a hybrid model of the Navy’s SiteWise™ tool supplemented with 

Tetra Tech developed model as appropriate for some site-specific items. 

SiteWise™ is a life-cycle footprint assessment tool developed jointly by the U.S. Navy, U.S. Army Corps 

of Engineers (USACE), and Battelle. SiteWise™ assesses the environmental footprint of a remedial 

alternative/technology using a consistent set of metrics.  The assessment is conducted using a building 

block approach, where each remedial alternative is first broken down into modules that follow the phases 

for most remedial actions, including remedial investigation (RI), remedial action construction (RA-C), 

remedial action operation (RA-O), and long-term monitoring (LTM).  Once broken down by remedial 

phase, the footprint of each phase is calculated.  The phase-specific footprints are then combined to 

estimate the overall footprint of the remedial alternative.  This building block approach reduces 

redundancy in the footprint assessment and facilitates the identification of specific impact drivers that 

contribute to the environmental footprint.  The inputs that need to be considered include (1) production of 

material required by the activity; (2) transportation of the required materials to the site, transportation of 

personnel; (3) all site activities to be performed; and (4) management of the waste produced by the 

activity. 
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GSRx builds off of SiteWise™ and allows for a flexible, detailed analysis, particularly for materials and 

equipment use.  GSRx was used to account for materials and activities not readily input into SiteWise™ 

and where equipment usage assumptions built into SiteWise™ were not consistent with site-specific 

requirements. 

 

ENVIRONMENTAL FOOTPRINT EVALUATION FRAMEWORK AND LIMITATIONS 

The environmental footprint evaluation performed for the FS of Sites 27, 55, 9 and 16 at MRCD Parris 

Island considered life-cycle quantitative metrics for global warming potential (through greenhouse gas 

emissions), criteria air pollutant emissions (through NOX, SOX and PM10 emissions), energy consumption, 

water usage, and worker safety.   

Life cycle impacts were calculated for energy consumption, emissions of GHG (carbon dioxide [CO2], 

methane [CH4], and nitrous oxide [N2O]) and criteria pollutants (nitrogen oxides [NOx], sulfur oxides [SOx] 

and particulate matter [PM10]), water usage, and energy consumption, and worker safety.   

Life cycle inventory inputs in SiteWise™ were divided into four categories – 1) materials production; 2) 

transportation of personnel, materials and equipment; 3) equipment use and miscellaneous; and 4) 

residual handling and disposal.  Cost estimates from the RI/FS and design calculations were used as a 

basis for inventory quantities and related assumptions.  Emission factors, energy consumption, and water 

usage data were correlated to material quantities, equipment, transportation distances, and installation 

time frames in order to calculate life-cycle emissions, energy consumption, water usage, and worker 

safety.  Default SiteWise™ emission, energy usage, water consumption, and worker fatality and accident 

risk factors were utilized. 

Although GSRx was used to minimize limitations resulting within SiteWise™, elimination of all limitations 

was not possible while using a hybrid model of SiteWise™ and GSRx.  For example, several materials 

and construction equipment inventoried were input into GSRx and these impacts were incorporated into 

SiteWise™ within the “Equipment Use and Miscellaneous” sector.  This sector in SiteWise™ does not 

differentiate into the specific equipment usage or material consumption items that are input in GSRx, but 

rather are considered miscellaneous items.  However, impact drivers for items input in GSRx can be 

identified and evaluated directly within the respective GSRx evaluation and output summary sheets.  In 

addition, worker safety results in general do not include worker safety related to equipment usage that 

was input within GSRx because GSRx was not developed to evaluate worker safety.  
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EVALUATION RESULTS: GROUNDWATER 

The following are the alternatives that were analyzed with SiteWise™ and GSRx for the Site 27, 55, 9 and 

16 MRCD Parris Island FS: 

 Alternative G-2: Monitored Natural Attenuation (MNA) and Land Use Controls (LUCs)  

 Alternative G-3: Excavation to Remove Highly Contaminated Saturated Soil with Suspected 

LNAPL Residual, MNA and LUCs 

 Alternative G-4: LNAPL Removal, MNA and LUCs 

 Alternative G-5: In-Situ Chemical Oxidation Using Injection at Hot Spot Areas, MNA and LUCs 

The following sections summarize the relative environmental impacts and primary impact drivers for the 

four alternatives and their respective metrics.  In addition, the attachment includes the inventory and 

output sheets that were used for the SiteWise™/GSRx hybrid model.  An evaluation of SiteWise™ and 

GSRx output summary sheets and related figures included in the footprint evaluation attachments 

(Appendix F-2 and F-3), provides detailed information on the contribution to each metric from each phase 

of the remedial process (RI, RAC, RAO, and LTM) and for each respective input category (materials 

production, transportation, equipment usage, etc).  Further inspection of related inventory sheets provide 

information on the specific contribution to a metric from each item of material, transportation, equipment, 

etc. This level of detail also helps clarify results that could be misinterpreted based on SiteWise™ data 

entry limitations mentioned previously.  The environmental impacts of the alternatives analyzed are 

summarized quantitatively in Table F1.  

 

Greenhouse Gas Emissions 

Emissions of CO2, CH4, and N2O were normalized to CO2 equivalents (CO2e), which is a cumulative 

method of weighing GHG emissions relative to global warming potential.  Figure F1 shows the overall 

GHG emissions of each of the alternatives analyzed; the x-axis represents the four alternatives evaluated 

and the y-axis represents the GHG emissions in metric ton of CO2e.   

The total amount of GHG emissions released to the atmosphere resulting from the activities during 

Alternative G-2 is 96.54 metric ton of CO2e.  The activities that have the highest contribution to GHG 

emissions during Alternative G-2 are: 

 Laboratory analytical services: 87.27 metric ton of CO2e (90.39 percent of total amount of GHG 

emissions) 

 Transportation of personnel: 8.75 metric ton of CO2e (9.06 percent of total amount of GHG 

emissions) 
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 IDW disposal: 0.29 metric ton of CO2e (0.31 percent of total amount of GHG emissions) 

The total amount of GHG emissions released to the atmosphere resulting from the activities during 

Alternative G-3 is 893.83 metric ton of CO2e.  The activities that have the highest contribution to GHG 

emissions during Alternative G-3 are: 

 Disposal of hazardous waste: 329.20 metric ton of CO2e (36.83 percent of total amount of GHG 

emissions) 

 Production of GAC: 14.74 metric ton of CO2e (12.84 percent of total amount of GHG emissions) 

 Use of dump trucks: 107.12 metric ton of CO2e (11.98 percent of total amount of GHG emissions) 

The total amount of GHG emissions released to the atmosphere resulting from the activities during 

Alternative G-4 is 132.26 metric ton of CO2e.  The activities that have the highest contribution to GHG 

emissions during Alternative G-4 are: 

 Laboratory analytical services: 87.27 metric ton of CO2e (65.98 percent of total amount of GHG 

emissions) 

 Transportation of personnel: 37.02 metric ton of CO2e (27.99 percent of total amount of GHG 

emissions) 

 Production of HDPE: 2.21 metric ton of CO2e (1.67 percent of total amount of GHG emissions) 

The total amount of GHG emissions released to the atmosphere resulting from the activities during 

Alternative G-5 is 1,263.38 metric ton of CO2e.  The activities that have the highest contribution to GHG 

emissions during Alternative G-5 are: 

 Production of hydrogen peroxide: 1,131.24 metric ton of CO2e (89.54 percent of total amount of 

GHG emissions) 

 Laboratory analytical services: 91.99 metric ton of CO2e (7.28 percent of total amount of GHG 

emissions) 

 Transportation of personnel: 16.10 metric ton of CO2e (1.27 percent of total amount of GHG 

emissions) 

 



6 
 

 

Figure F1: GHG Emissions for Proposed Groundwater Alternatives at Sites 27, 55, 9 and 16, MCRD 

Parris Island 

 

Figure F2 shows the breakdown of the percent that each of main activities of each alternative (x-axis) 

contributes to the GHG emissions (y-axis).  

 

 

Figure F2: GHG Emissions percentage breakdown for Proposed Groundwater Alternatives at Sites 27, 

55, 9 and 16, MCRD Parris Island 
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Criteria Pollutant Emissions 

NOX 

Figure F3 shows the breakdown of the NOX emissions for the two alternatives evaluated.  The x–axis of 

this figure represents Alternative G-2, Alternative G-3, Alternative G-3 and Alternative G-5, the y-axis 

represents the NOX emissions in metric ton.   

The total amount of NOX released to the atmosphere resulting from the activities during Alternative G-2 is 

3.06x10
-1

 metric ton of NOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-2 are: 

 Laboratory analytical services: 3.02x10
-1

 metric ton of NOX (98.56 percent of total amount of NOX 

emissions) 

 Transportation of personnel: 3.24x10
-3

 metric ton of NOX (1.06 percent of total amount of NOX 

emissions) 

 Use of DPT drill rig: 1.08x10
-3

 metric ton of NOX (0.35 percent of total amount of NOX emissions) 

The total amount of NOX released to the atmosphere resulting from the activities during Alternative G-3 is 

2.15 metric ton of NOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-3 are: 

 Use of dump trucks: 5.94x10
-1

 metric ton of NOX (27.66 percent of total amount of NOX 

emissions) 

 Production of GAC: 5.44x10
-1

 metric ton of NOX (25.34 percent of total amount of NOX emissions) 

 Use of excavator: 4.06x10
-1

 metric ton of NOX (18.89 percent of total amount of NOX emissions) 

The total amount of NOX released to the atmosphere resulting from the activities during Alternative G-4 is 

3.38x10
-1

 metric ton of NOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-4 are: 

 Laboratory analytical services: 3.02x10
-1

 metric ton of NOX (89.43 percent of total amount of NOX 

emissions) 

 Use of DPT drill rig: 2.15x10
-2

 metric ton of NOX (6.38 percent of total amount of NOX emissions) 

 Transportation of personnel: 1.37x10
-2

 metric ton of NOX (4.06 percent of total amount of NOX 

emissions) 
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The total amount of NOX released to the atmosphere resulting from the activities during Alternative G-5 is 

3.85x10
-1

 metric ton of NOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-5 are: 

 Laboratory analytical services: 3.18x10
-1

 metric ton of NOX (82.81 percent of total amount of NOX 

emissions) 

 Use of DPT drill rig: 5.93x10
-2

 metric ton of NOX (15.41 percent of total amount of NOX emissions) 

 Transportation of personnel: 5.96x10
-3

 metric ton of NOX (1.55 percent of total amount of NOX 

emissions) 

 

 

Figure F3 NOX Emissions for Proposed Groundwater Alternatives at Sites 27, 55, 9 and 16, MCRD Parris 

Island 

Figure F4 shows the percentage contribution from each of the main activity sectors.   
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Figure F4: NOX Emissions percentage breakdown for Proposed Groundwater Alternatives at Sites 27, 55, 

9 and 16, MCRD Parris Island 

 

SOX 

Figure F5 contains the distribution of the SOX emissions resulting from the activities related to Alternatives 

G-2, G-3 G-4 and G-5.  The x-axis of this graph represents the alternatives evaluated; the y-axis 

represents the SOX emissions in metric ton.   
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 metric ton of SOX (99.81 percent of total amount of SOX 
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 Production of PVC: 2.53x10
-4

 metric ton of SOX (0.13 percent of total amount of SOX emissions) 

 Transportation of personnel: 1.14x10
-4

 metric ton of SOX (0.06 percent of total amount of SOX 

emissions) 

The total amount of SOX released to the atmosphere resulting from the activities during Alternative G-3 is 

4.68x10
-1

 metric ton of SOX.  The activities that have the highest contribution to PM10 emissions during 
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 Laboratory analytical services: 2.16x10
-1

 metric ton of SOX (46.08 percent of total amount of SOX 

emissions) 

 Use of the excavator: 1.20x10
-1

 metric ton of SOX (25.54 percent of total amount of SOX 

emissions) 

 Production of GAC: 5.26x10
-2

 metric ton of SOX (11.23 percent of total amount of SOX emissions) 

The total amount of SOX released to the atmosphere resulting from the activities during Alternative G-4 is 

2.08x10
-1

 metric ton of SOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-4 are: 

 Laboratory analytical services: 2.01x10
-1

 metric ton of SOX (97.05 percent of total amount of SOX 

emissions) 

 Production of HDPE: 4.95x10
-3

 metric ton of SOX (2.39 percent of total amount of SOX emissions) 

 Transportation of personnel: 4.83x10
-4

 metric ton of SOX (0.23 percent of total amount of SOX 

emissions) 

The total amount of SOX released to the atmosphere resulting from the activities during Alternative G-5 is 

2.09 metric ton of SOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-5 are: 

 Production of hydrogen peroxide: 1.85 metric ton of SOX (88.21 percent of total amount of SOX 

emissions) 

 Laboratory analytical services: 2.12x10
-1

 metric ton of SOX (10.14 percent of total amount of SOX 

emissions) 

 Production of PVC: 2.87x10
-2

 metric ton of SOX (1.37 percent of total amount of SOX emissions) 
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Figure F5: SOX Emissions for Proposed Groundwater Alternatives at Sites 27, 55, 9 and 16, MCRD Parris 

Island 

 

Figure F6 shows the percentage breakdown of the activities contributing to SOX emissions. 

 

Figure F6: SOX Emissions percentage breakdown for Proposed Groundwater Alternatives at Sites 27, 55, 

9 and 16, MCRD Parris Island 
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PM10 

The breakdown of the distribution of the PM10 emissions resulting from the activities involved in 

Alternatives G-2, G-3, G-3 and G-4 are shown in Figure F7.  The x-axis of this figure represents the two 

alternatives evaluated, while the y-axis represents the PM10 emissions in metric ton.   

The total amount of PM10 released to the atmosphere resulting from the activities during Alternative G-2 is 

8.46x10
-3

 metric ton of PM10.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-2 are: 

 Laboratory analytical services: 7.65x10
-3

 metric ton of PM10 (90.45 percent of total amount of 

PM10 emissions) 

 Transportation of personnel: 6.56x10
-4

 metric ton of PM10 (7.76 percent of total amount of PM10 

emissions) 

 Use of DPT drill rig: 1.07x10
-4

 metric ton of PM10 (1.27 percent of total amount of PM10 emissions) 

The total amount of PM10 released to the atmosphere resulting from the activities during Alternative G-3 is 

1.79x10
-1

 metric ton of PM10.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-3 are: 

 Production of asphalt: 5.17x10
-2

 metric ton of PM10 (28.87 percent of total amount of PM10 

emissions) 

 Use of dump trucks: 4.42x10
-2

 metric ton of PM10 (24.69 percent of total amount of PM10 

emissions) 

 Use of excavator: 3.86x10
-2

 metric ton of PM10 (21.54 percent of total amount of PM10 emissions) 

The total amount of PM10 released to the atmosphere resulting from the activities during Alternative G-4 is 

1.34x10
-2

 metric ton of PM10.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-4 are: 

 Laboratory analytical services: 7.65x10
-3

 metric ton of PM10 (57.22 percent of total amount of 

PM10 emissions) 

 Transportation of personnel: 2.78x10
-3

 metric ton of PM10 (20.78 percent of total amount of PM10 

emissions) 

 Use of DPT drill rig: 2.15x10
-3

 metric ton of PM10 (16.05 percent of total amount of PM10 

emissions) 
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The total amount of PM10 released to the atmosphere resulting from the activities during Alternative G-5 is 

7.20x10
-1

 metric ton of PM10.  The activities that have the highest contribution to PM10 emissions during 

Alternative G-5 are: 

 Production of hydrogen peroxide: 7.00x10
-1

 metric ton of PM10 (97.24 percent of total amount of 

PM10 emissions) 

 Laboratory analytical services: 8.07x10
-3

 metric ton of PM10 (1.12 percent of total amount of PM10 

emissions) 

 Use of DPT drill rig: 5.90x10
-3

 metric ton of PM10 (0.82 percent of total amount of PM10 emissions) 

 

 

Figure F7: PM10 Emissions for Proposed Groundwater Alternatives at Sites 27, 55, 9 and 16, MCRD 

Parris Island 

 

Figure F8 shows the percentage of PM10 emissions contributed by each of the activity sectors per 

alternative. 
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Figure F8: PM10 Emissions percentage breakdown for Proposed Groundwater Alternatives at Sites 27, 

55, 9 and 16, MCRD Parris Island 

 

Energy Consumption 
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The activities that have the highest energy consumption during Alternative G-3 are: 
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The total amount of energy used resulting from the activities during Alternative G-4 is 1,964.54 MMBTU.  

The activities that have the highest energy consumption during Alternative G-4 are: 

 Laboratory analytical services: 1,302.40 MMBTU (66.30 percent of total energy consumed) 

 Transportation of personnel: 465.70 MMBTU (23.71 percent of total energy consumed) 

 Production of concrete: 71.97 MMBTU (3.66 percent of total energy consumed) 

The total amount of energy used resulting from the activities during Alternative G-5 is 32,367.83 MMBTU.  

The activities that have the highest energy consumption during Alternative G-5 are: 

 Production of hydrogen peroxide (to be used as treatment chemical): 29,665.83 MMBTU (91.65 

percent of total energy consumed) 

 Laboratory analytical services: 1,372.80 MMBTU (4.24 percent of total energy consumed) 

 Production of PVC: 919.42 MMBTU (2.84 percent of total energy consumed) 

 

 

Figure F9: Energy Consumption for Proposed Groundwater Alternatives at Sites 27, 55, 9 and 16, MCRD 

Parris Island 

 

Figure F10 shows the percentage breakdown contribution of energy consumption from the different 

activity groups.  
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Figure F10: Energy Consumption percentage breakdown for Proposed Groundwater Alternatives at Sites 

27, 55, 9 and 16, MCRD Parris Island 

 

Water Usage  

The water consumption of the evaluated alternatives is shown in Figure F11.  The x-axis shows the four 

evaluated alternatives, and the y-axis show the amount of water consumed in thousands of gallons.   

The total amount of water use during Alternative G-2 is 0.13 thousand gallons of water.  The production of 
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 Decontamination water: eight thousand gallons (97.94 percent of total water consumption) 
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 Production of PVC: 0.137 thousand gallons (9.17 percent of total water consumption) 

The total amount of water resulting from the activities during Alternative G-5 is 8.664 thousand gallons of 

water.  The activities that have the highest water consumption during Alternative G-5 are: 

 Production of PVC: 7.221 thousand gallons (83.35 percent of total water consumption) 

 Decontamination water: one thousand gallons (11.54 percent of total water consumption) 

 Production of HDPE: 0.251 thousand gallons (2.91 percent of total water consumption) 

 

 

Figure F11: Water Consumption for Proposed Groundwater Alternatives at Sites 27, 55, 9 and 16, MCRD 

Parris Island 

 

Figure F12 has a representation of the percentage breakdown of the contribution of the different sectors 

of the water use through the lifetime of the alternatives. 
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Figure F12: Water Consumption percentage breakdown for Proposed Groundwater Alternatives at Sites 

27, 55, 9 and 16, MCRD Parris Island 

 

Accident Risk 

Accident Risk Fatality 

Figure F13 shows the risk of fatality between the evaluated alternatives.  The x-axis represents the four 

alternatives evaluated, and the y-axis represents the risk of fatality. 

For Alternatives G-2, G-4 and G-5 the activity with the highest risk is of injury is the transportation of 

personnel.  For Alternative G-3 the activity with the highest risk of injury is the residual handling 

operations.   
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Figure F13 Risk of Fatality for Proposed Groundwater Alternatives Site 27, 55, 9 and 16, MCRD Parris 

Island 

 

Accident Risk Injury 

Figure F14 shows the risk of injury between the evaluated alternatives.  The x-axis represents the four 

alternatives evaluated, and the y-axis represents the risk of injury. 

For Alternatives G-2, G-4 and G-5 the activity with the highest risk is of injury is the transportation of 

personnel.  For Alternative G-3 the activity with the highest risk of injury is the residual handling 

operations.   
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Figure F14 Risk of Injury for Proposed Groundwater Alternatives Sites 27, 55, 9 and 16, MCRD 

 

CONCLUSIONS AND RECOMMENDATIONS 
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is largest from all other sectors to that impact category.  An advantage to identifying where the large 
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more efficient. 

Measures identified in the evaluation that may reduce the environmental footprint of the alternatives are 

listed below for consideration.   
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 All Alternatives: Some reduction of the environmental footprint, particularly GHG emissions and 

energy consumption, could be realized for all alternatives through the possible use of emission 

control measures such as alternate fuel sources (e.g. biodiesel), equipment exhaust controls (e.g. 

diesel), and equipment idle reduction.   

 All Alternatives: Consider optimizing of the use of equipment, particularly the use of the DPT drill 

rig, and even the type of equipment used during operations.  

 All Alternatives: Optimize the number of samples analyzed during the LTM stage given that the 

laboratory analytical services is one of the major drivers in some of the impact categories.  

 All Alternatives: Consider ways to reduce vehicle mileage to reduce worker risk as well as energy 

use and emissions. Encourage site workers to carpool daily to the site to reduce total vehicle 

mileage. 

EVALUATION RESULTS: SOIL 

The following are the alternatives that were analyzed with SiteWise™ and GSRx for the Site 27, 55, 9 and 

16 MRCD Parris Island FS: 

 Alternative S-2: Hot Spot Removal  

 Alternative S-3: Limited Hot Spot Removal and Land Use Controls (LUCs) 

The following sections summarize the relative environmental impacts and primary impact drivers for the 

four alternatives and their respective metrics.  In addition, the attachment includes the inventory and 

output sheets that were used for the SiteWise™/GSRx hybrid model.  An evaluation of SiteWise™ and 

GSRx output summary sheets and related figures included in the footprint evaluation attachments 

(Appendix F-2 and F-3), provides detailed information on the contribution to each metric from each phase 

of the remedial process (RI, RAC, RAO, and LTM) and for each respective input category (materials 

production, transportation, equipment usage, etc).  Further inspection of related inventory sheets provide 

information on the specific contribution to a metric from each item of material, transportation, equipment, 

etc. This level of detail also helps clarify results that could be misinterpreted based on SiteWise™ data 

entry limitations mentioned previously.  The environmental impacts of the alternatives analyzed are 

summarized quantitatively in Table F3.  

 

Greenhouse Gas Emissions 

Emissions of CO2, CH4, and N2O were normalized to CO2 equivalents (CO2e), which is a cumulative 

method of weighing GHG emissions relative to global warming potential.  Figure F15 shows the overall 

GHG emissions of each of the alternatives analyzed; the x-axis represents the four alternatives evaluated 

and the y-axis represents the GHG emissions in metric ton of CO2e.   
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The total amount of GHG emissions released to the atmosphere resulting from the activities during 

Alternative S-2 is 14.33 metric ton of CO2e.  The activities that have the highest contribution to GHG 

emissions during Alternative S-2 are: 

 Production of HDPE: 2.21 metric ton of CO2e (15.46 percent of total amount of GHG emissions) 

 Production of concrete: 2.14 metric ton of CO2e (14.92 percent of total amount of GHG 

emissions) 

 Production of borrow soil: 2.13 metric ton of CO2e (14.85 percent of total amount of GHG 

emissions) 

The total amount of GHG emissions released to the atmosphere resulting from the activities during 

Alternative S-3 is 10.09 metric ton of CO2e.  The activities that have the highest contribution to GHG 

emissions during Alternative S-3 are: 

 Production of HDPE: 2.21 metric ton of CO2e (21.94 percent of total amount of GHG emissions) 

 Production of concrete: 2.14 metric ton of CO2e (21.17 percent of total amount of GHG 

emissions) 

 Production of borrow soil: 1.31 metric ton of CO2e (13.02 percent of total amount of GHG 

emissions) 

 

 

Figure F15: GHG Emissions for Proposed Soil Alternatives at Sites 27, 55, 9 and 16, MCRD Parris Island 
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Figure F16 shows the breakdown of the percent that each of main activities of each alternative (x-axis) 

contributes to the GHG emissions (y-axis).  

 

 

Figure F16: GHG Emissions percentage breakdown for Proposed Soil Alternatives at Sites 27, 55, 9 and 

16, MCRD Parris Island 
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NOX 

Figure F17 shows the breakdown of the NOX emissions for the two alternatives evaluated.  The x–axis of 

this figure represents Alternative S-2, and Alternative S-3, the y-axis represents the NOX emissions in 
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 Use of the tractor: 7.99x10
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 Production of asphalt: 3.24x10
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 metric ton of NOX (13.90 percent of total amount of NOX 

emissions) 
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The total amount of NOX released to the atmosphere resulting from the activities during Alternative S-3 is 

1.52x10
-2

 metric ton of NOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative S-3 are: 

 Use of the tractor: 4.82x10
-1

 metric ton of NOX (59.60 percent of total amount of NOX emissions) 

 Use of backhoe loader: 3.2x10
-1

 metric ton of NOX (39.48 percent of total amount of NOX 

emissions) 

 Production of wood: 5.45x10
-3

 metric ton of NOX (0.67 percent of total amount of NOX emissions) 

 

 

Figure F17 NOX Emissions for Proposed Soil Alternatives at Sites 27, 55, 9 and 16, MCRD Parris Island 

Figure F18 shows the percentage contribution from each of the main activity sectors.   
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Figure F18: NOX Emissions percentage breakdown for Proposed Soil Alternatives at Sites 27, 55, 9 and 

16, MCRD Parris Island 

 

SOX 

Figure F19 contains the distribution of the SOX emissions resulting from the activities related to 

Alternatives S-2 and S-3.  The x-axis of this graph represents the alternatives evaluated; the y-axis 

represents the SOX emissions in metric ton.   

The total amount of SOX released to the atmosphere resulting from the activities during Alternative S-2 is 

9.19x10
-3

 metric ton of SOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative S-2 are: 

 Production of HDPE: 4.95x10
-3

 metric ton of SOX (53.86 percent of total amount of SOX 

emissions) 

 Use of backhoe loader: 1.99x10
-3

 metric ton of SOX (21.67 percent of total amount of SOX 

emissions) 

 Laboratory analytical services: 1.36x10
-3

 metric ton of SOX (14.81 percent of total amount of SOX 

emissions) 

The total amount of SOX released to the atmosphere resulting from the activities during Alternative S-3 is 

7.05x10
-3

 metric ton of SOX.  The activities that have the highest contribution to PM10 emissions during 

Alternative S-3 are: 
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 Use of the tractor: 4.78x10
-1

 metric ton of SOX (59.26 percent of total amount of SOX emissions) 

 Use of the backhoe loader: 3.18x10
-1

 metric ton of SOX (39.56 percent of total amount of SOX 

emissions) 

 Production of wood: 5.45x10
-3

 metric ton of SOX (0.67 percent of total amount of SOX emissions) 

 

 

Figure F19: SOX Emissions for Proposed Soil Alternatives at Sites 27, 55, 9 and 16, MCRD Parris Island 

 

Figure F20 shows the percentage breakdown of the activities contributing to SOX emissions. 
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Figure F20: SOX Emissions percentage breakdown for Proposed Soil Alternatives at Sites 27, 55, 9 and 

16, MCRD Parris Island 

 

PM10 

The breakdown of the distribution of the PM10 emissions resulting from the activities involved in 

Alternatives S-2, and S-3 are shown in Figure F21.  The x-axis of this figure represents the two 

alternatives evaluated, while the y-axis represents the PM10 emissions in metric ton.   

The total amount of PM10 released to the atmosphere resulting from the activities during Alternative S-2 is 

9.62x10
-3

 metric ton of PM10.  The activities that have the highest contribution to PM10 emissions during 

Alternative S-2 are: 

 Production of asphalt: 5.44x10
-3

 metric ton of PM10 (56.61 percent of total amount of PM10 

emissions) 

 Use of backhoe loader: 1.67x10
-3

 metric ton of PM10 (17.40 percent of total amount of PM10 

emissions) 

 Production of HDPE: 7.20x10
-4

 metric ton of PM10 (7.49 percent of total amount of PM10 

emissions) 

The total amount of PM10 released to the atmosphere resulting from the activities during Alternative S-3 is 

2.48x10
-3

 metric ton of PM10.  The activities that have the highest contribution to PM10 emissions during 

Alternative S-3 are: 
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 Use of tractor: 4.79x10
-1

 metric ton of PM10 (59.65 percent of total amount of PM10 emissions) 

 Use of backhoe loader: 3.17x10
-1

 metric ton of PM10 (39.56 percent of total amount of PM10 

emissions) 

 Production of wood: 5.45x10
-3

 metric ton of PM10 (0.68 percent of total amount of PM10 

emissions) 

 

 

Figure F21: PM10 Emissions for Proposed Soil Alternatives at Sites 27, 55, 9 and 16, MCRD Parris Island 

 

Figure F22 shows the percentage of PM10 emissions contributed by each of the activity sectors per 

alternative. 
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Figure F22: PM10 Emissions percentage breakdown for Proposed Soil Alternatives at Sites 27, 55, 9 and 

16, MCRD Parris Island 

 

Energy Consumption 

The energy consumption for each of the alternatives evaluated is shown in Figure F23.  The x-axis shows 

the two alternatives evaluated, and the y-axis shows the amount of energy consumed in units of million 

British Thermal Units (MMBTU).   

The total amount of energy used resulting from the activities during Alternative S-2 is 413.91 MMBTU.  

The activities that have the highest energy consumption during Alternative S-2 are: 

 Production of borrow soil: 191.86 MMBTU (46.35 percent of total energy consumed) 

 Production of concrete: 71.97 MMBTU (17.39 percent of total energy consumed) 

 Production of HDPE: 44.31 MMBTU (10.70 percent of total energy consumed) 

The total amount of energy used resulting from the activities during Alternative S-3 is 295.00 MMBTU.  

The activities that have the highest energy consumption during Alternative S-3 are: 

 Production of borrow soil: 118.50 MMBTU (41.29 percent of total energy consumed) 

 Production of concrete: 71.97 MMBTU (25.08 percent of total energy consumed) 

 Production of HDPE: 44.31 MMBTU (15.44 percent of total energy consumed) 
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Figure F23: Energy Consumption for Proposed Soil Alternatives at Sites 27, 55, 9 and 16, MCRD Parris 

Island 

 

Figure F24 shows the percentage breakdown contribution of energy consumption from the different 

activity groups.  

 

Figure F24: Energy Consumption percentage breakdown for Proposed Soil Alternatives at Sites 27, 55, 9 

and 16, MCRD Parris Island 
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Water Usage  

The water consumption of the evaluated alternatives is shown in Figure F25.  The x-axis shows the two 

evaluated alternatives, and the y-axis show the amount of water consumed in thousands of gallons.   

The total amount of water resulting from the activities during Alternative S-2 is 1,372.45 gallons of water.  

The activities that have the highest water consumption during Alternative S-2 are: 

 Decontamination water: one thousand gallons (72.86 percent of total water consumption) 

 Production of HDPE: 356 gallons (25.99 percent of total water consumption) 

 Production of fertilizer: 10 gallons (0.72 percent of total water consumption) 

The total amount of water resulting from the activities during Alternative S-3 is 1,372.45 gallons of water.  

The activities that have the highest water consumption during Alternative S-3 are: 

 Decontamination water: one thousand gallons (72.86 percent of total water consumption) 

 Production of HDPE: 356 gallons (25.99 percent of total water consumption) 

 Production of fertilizer: 10 gallons (0.72 percent of total water consumption) 

 

 

Figure F25: Water Consumption for Proposed Soil Alternatives at Sites 27, 55, 9 and 16, MCRD Parris 

Island 
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Figure F26 has a representation of the percentage breakdown of the contribution of the different sectors 

of the water use through the lifetime of the alternatives. 

 

Figure F26: Water Consumption percentage breakdown for Proposed Soil Alternatives at Sites 27, 55, 9 

and 16, MCRD Parris Island 

 

Accident Risk 

Accident Risk Fatality 

Figure F27 shows the risk of fatality between the evaluated alternatives.  The x-axis represents the four 

alternatives evaluated, and the y-axis represents the risk of fatality. 

For all Alternatives, the activity with the highest risk of fatality is the transportation of personnel, followed 

by the equipment use and miscellaneous. 
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Figure F27 Risk of Fatality for Proposed Soil Alternatives Site 27, 55, 9 and 16, MCRD Parris Island 

 

Accident Risk Injury 

Figure F28 shows the risk of injury between the evaluated alternatives.  The x-axis represents the four 

alternatives evaluated, and the y-axis represents the risk of injury. 

For all Alternatives, the activity with the highest risk of injury is the transportation of personnel, followed 

by the equipment use and miscellaneous. 
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Figure F28 Risk of Injury for Proposed Soil Alternatives Sites 27, 55, 9 and 16, MCRD 

 

CONCLUSIONS AND RECOMMENDATIONS 

During selection and design of the remedy, a sensitivity analysis considering elements of the remedy that 

have the greatest impact on remedy effectiveness, life-cycle cost, and environmental footprint metrics 

may provide additional insight into appropriate optimization.  To aid in the sensitivity analysis, an impact 

analysis summary was created to qualitatively highlight the relative impact of respective metrics for the 

two alternatives and to identify the primary drivers of emissions, energy consumption, and water usage 

for each alternative (see Table F4 for details). 

Figures F16, F18, F20, F22, F24 and F26 show the percentage breakdown of each of the sectors that 

take place during the remedial alternatives.  In these graphs, it is easy to identify the sector whose 

contribution is largest from all other sectors to that impact category.  An advantage to identifying where 

the large contributions are, the optimization process for lowering the environmental impacts is faster and 

could be more efficient. 

Measures identified in the evaluation that may reduce the environmental footprint of the alternatives are 

listed below for consideration.   

 All Alternatives: Consider the revision of the size of the material handling pad, the amount of 

materials needed for the size of the pad drives the environmental impacts.  

 All Alternatives: Some reduction of the environmental footprint, particularly GHG emissions and 

energy consumption, could be realized for all alternatives through the possible use of emission 
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control measures such as alternate fuel sources (e.g. biodiesel), equipment exhaust controls (e.g. 

diesel), and equipment idle reduction.   

 All Alternatives: Consider optimizing of the use of equipment, and even the type of equipment 

used during operations.  

 All Alternatives: Optimize the number of samples analyzed during the LTM stage given that the 

laboratory analytical services is one of the major drivers in some of the impact categories.  

 All Alternatives: Consider ways to reduce vehicle mileage to reduce worker risk as well as energy 

use and emissions. Encourage site workers to carpool daily to the site to reduce total vehicle 

mileage. 

 

REFERENCES 

(a) NAVFAC, DON Guidance for Optimizing Remedy Evaluation, Selection, and Design, March 2010 

(b) NAVFAC, DON Policy on SiteWise™ Optimization/GSR Tool Usage, email received from Brian 

Harrison/NAVFAC HQ dated 10 AUG 2010  

 

 



Table F-1

Environmental Footprint Evaluation Results

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 1 of 2

GHG 

Emissions

Total Energy 

Used

Water 

Impacts

NOX 

Emissions

SOX 

Emissions

PM10 

Emissions

metric ton 

CO2e
MMBTU gallons metric ton metric ton metric ton

Materials Production 0.13 8.13 137.55 0.00E+00 2.53E-04 3.66E-05 NA NA

Transportation-Personnel 8.75 110.01 NA 3.24E-03 1.14E-04 6.56E-04 1.79E-04 1.44E-02

Transportation-Equipment 0.00 0.00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Equpiment Use and Misc 87.37 1,305.07 0.00 3.03E-01 2.01E-01 7.76E-03 0.00E+00 0.00E+00

Residual Handling 0.29 3.84 NA 9.25E-05 1.64E-06 8.23E-06 1.56E-06 1.26E-04

Total 96.54 1,427.05 137.55 3.06E-01 2.02E-01 8.46E-03 1.81E-04 1.45E-02

Materials Production 226.94 6,280.01 38.85 5.44E-01 9.94E-02 5.84E-02 NA NA

Transportation-Personnel 24.83 312.31 NA 9.19E-03 3.24E-04 1.86E-03 5.08E-04 4.09E-02

Transportation-Equipment 29.00 378.45 NA 9.11E-03 1.61E-04 8.10E-04 7.18E-05 5.78E-03

Equpiment Use and Misc 283.45 3,306.67 19,542.57 1.48E+00 3.67E-01 1.09E-01 1.83E-04 4.59E-02

Residual Handling 329.61 4,302.00 NA 1.04E-01 1.83E-03 9.21E-03 8.17E-04 6.57E-02

Total 893.83 14,579.44 19,581.42 2.15E+00 4.68E-01 1.79E-01 1.58E-03 1.58E-01

Materials Production 4.49 124.44 500.07 0.00E+00 5.20E-03 7.57E-04 NA NA

Transportation-Personnel 37.02 465.70 NA 1.37E-02 4.83E-04 2.78E-03 7.58E-04 6.10E-02

Transportation-Equipment 0.33 4.25 NA 1.02E-04 1.81E-06 9.10E-06 1.56E-06 1.26E-04

Equpiment Use and Misc 89.32 1,355.77 1,000.00 3.24E-01 2.02E-01 9.80E-03 1.17E-05 2.94E-03

Residual Handling 1.10 14.37 NA 3.46E-04 6.12E-06 3.08E-05 5.85E-06 4.71E-04

Total 132.26 1,964.54 1,500.07 3.38E-01 2.08E-01 1.34E-02 7.77E-04 6.45E-02

Materials Production 1,147.50 30,616.55 7,476.82 0.00E+00 1.88E+00 7.04E-01 NA NA

Transportation-Personnel 16.10 202.53 NA 5.96E-03 2.10E-04 1.21E-03 3.30E-04 2.65E-02

Transportation-Equipment 1.65 21.53 NA 5.18E-04 9.17E-06 4.61E-05 4.41E-06 3.55E-04

Equpiment Use and Misc 97.83 1,523.38 1,187.49 3.78E-01 2.14E-01 1.40E-02 3.22E-05 8.10E-03

Residual Handling 0.29 3.84 NA 9.25E-05 1.64E-06 8.23E-06 1.56E-06 1.26E-04

Total 1,263.38 32,367.83 8,664.31 3.85E-01 2.09E+00 7.20E-01 3.68E-04 3.51E-02

G-4

G-5

Alternative Activities
Accident 

Risk Fatality

Accident 

Risk Injury

G-2

G-3



Table  F-2

Environmental Impact Drivers

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 2 of 2

Alternatives GHG Emsissions Energy Use
Water 

Consumption
NOX Emissions SOX Emissions PM10 Emissions Risk of fatality Risk of injury

Low Low Low Low Low Low Low Low 
Laboratory 

analytical 

services

Laboratory 

analytical 

services

Production of 

PVC

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Transportation of 

personnel

Transportation of 

personnel

Moderate to 

high
Moderate High High Low to moderate Low to moderate High High

Disposal of 

hazardous waste

Disposal of 

hazardous waste

Decontamination 

water

Use of dump 

trucks

Laboratory 

analytical 

services

Production of 

asphalt

Residual 

handling 

operations

Residual 

handling 

operations

Low Low Low Low Low Low Moderate Moderate
Laboratory 

analytical 

services

Laboratory 

analytical 

services

Decontamination 

water

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Transportation of 

personnel

Transportation of 

personnel

High High Moderate Low High High Low to moderate Low to moderate

Production of 

hydrogen 

peroxide

Production of 

hydrogen 

peroxide

Production of 

PVC

Laboratory 

analytical 

services

Production of 

hydrogen 

peroxide

Production of 

hydrogen 

peroxide

Transportation of 

personnel

Transportation of 

personnel

G-2

G-3

G-4

G-5



Table F-3

Environmental Footprint Evaluation Results

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 1 of 2

GHG 

Emissions

Total Energy 

Used

Water 

Impacts

NOX 

Emissions

SOX 

Emissions

PM10 

Emissions

metric ton 

CO2e
MMBTU gallons metric ton metric ton metric ton

Materials Production 6.64 318.61 372.45 1.04E-08 5.02E-03 6.17E-03 NA NA

Transportation-Personnel 1.85 23.25 NA 6.84E-04 2.41E-05 1.39E-04 3.78E-05 3.04E-03

Transportation-Equipment 1.38 18.07 NA 4.35E-04 7.70E-06 3.87E-05 3.43E-06 2.76E-04

Equpiment Use and Misc 3.53 41.90 1,000.00 2.19E-02 4.13E-03 3.24E-03 9.42E-06 2.37E-03

Residual Handling 0.93 12.08 NA 2.91E-04 5.15E-06 2.59E-05 3.12E-06 2.51E-04

Total 14.33 413.91 1,372.45 2.33E-02 9.19E-03 9.62E-03 5.38E-05 5.94E-03

Materials Production 5.72 237.19 372.45 1.04E-08 5.02E-03 7.25E-04 NA NA

Transportation-Personnel 1.12 14.14 NA 4.16E-04 1.47E-05 8.44E-05 2.30E-05 1.85E-03

Transportation-Equipment 0.66 8.65 NA 2.08E-04 3.69E-06 1.85E-05 1.64E-06 1.32E-04

Equpiment Use and Misc 1.94 26.63 1,000.00 1.44E-02 2.01E-03 1.64E-03 4.76E-06 1.20E-03

Residual Handling 0.64 8.38 NA 2.02E-04 3.57E-06 1.79E-05 2.34E-06 1.88E-04

Total 10.09 295.00 1,372.45 1.52E-02 7.05E-03 2.48E-03 3.17E-05 3.37E-03

Alternative Activities
Accident Risk 

Fatality

Accident Risk 

Injury

S-2

S-3



Table  F-4

Environmental Impact Drivers

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 2 of 2

Alternatives GHG Emsissions Energy Use
Water 

Consumption
NOX Emissions SOX Emissions PM10 Emissions Risk of injury Risk of fatality

high high high high high high high high
Production of 

HDPE

Production of 

borrow soil

Decontamination 

water

Use of backhoe 

loader

Production of 

HDPE

Production of 

asphalt

Transportation of 

personnel

Transportation of 

personnel

high high high high high high high moderate
Production of 

HDPE

Production of 

borrow soil

Decontamination 

water
Use of tractor Use of tractor Use of tractor

Transportation of 

personnel

Transportation of 

personnel

S-2

S-3



 

 

 

 

 

 

 

 

 

APPENDIX F-2 INPUT INVENTORIES AND ASSUMPTIONS 



Input Inventory Alternative G-2

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 1 of 13

Item Quantity Units Comments

monitoring wells 57.60 lb

80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 

lb/ft

Item Quantity Units Comments

Professional oversight 750.00 miles 5 days, 50 miles per day, 3 people

Item Quantity Units Comments

monitoring wells 0.03 ton

80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 

lb/ft

Item Quantity Units Comments

DPT Drill Rig 6.40 hours 1 day, 8 hours a day, 80% efficiency

Item Quantity Units Comments

IDW disposal 0.66 ton

4 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

IDW disposal 100.00 miles

4 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

Site isnpection 1,500.00 miles

1 day pey visit, 50 miles per day, 1 person, for 30 

years

Sampling 20,400.00 miles

6 days per sampling event, 4 sampling events for 

year 1, 2 sampling events for year 2, 1 sampling 

event for years 3 through 30, 50  miles per day, 2 

people

5 yr site review 300.00 miles

1 day per visit, 1 visit every 5 years, 50 miles per 

day, 1 person, 30 years

Item Quantity Units Comments

IDW disposal 5.63 ton

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 55 

gallons per drum, assume sludge density 721 kg/m3

Alternative G-2: Monitored Natural Attenuation (MNA) and LUCs

Residual Handling

Transportation-materials

Equipment Use

Residual Handling

Transportation-residual handling

Transportation-residual handling

LTM

Transportation-Personnel

RAC

Materials

Transportation-Personnel



Input Inventory Alternative G-2

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 2 of 13

Item Quantity Units Comments

IDW disposal 100.00 miles

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 55 

gallons per drum, assume sludge density 721 kg/m3

Item Quantity Units Comments

Shallow wells samples 81,600.00 dollars

12 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars per 

sample

Intermediate wells samples 54,400.00 dollars

8 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars per 

sample

deep wells samples 12,000.00 dollars

2 wells,  1 sample years 1 through 30; $200 dollars 

per sample

Laboratory Analytical Services



Input Inventory Alternative G-3

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 3 of 13

Item Quantity Units Comments

Material Handling Pad 1,044,000.00 lb

assume general concrete, Assume 120ftx120ftx0.5ft, 

145 lb/ft3

Material Handling  Pad Liner 8,405.65 lb

assume HDPE, Assume 120ftx120ft, 3 mm thick, 

0.95 g/cm3

Material Handling Pad Frame 1,764.63 lb

Assume wood, 4x4 in, (120ftx120ft pad) 140 ft of 

timber, density for pine 530 kg/m3

Bag filters, 180.00 lb 120 bags, assume 1.5 lb per bag, assume ldpe

GAC 20,000.00 lb GAC

Temporary Equipment Decon Pad 

Liner 700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 514.68 lb

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of 

timber, density for pine 530 kg/m3

Decon water 8,000.00 gallons

Fill 1,026,436.12 lb assume sand, 422 CY, density 1442 kg/m3

Pavement repair, stone base 90,263.66 lb

1900 sf, assume gravel, 6 in, density 1522 

kg/m3

Pavement repair, binder course 30,087.89 lb

1900 sf, assume gravel, 2 in, density 1522 

kg/m3

Pavement repair, topping 7,126.60 lb

1900 sf, assume asphalt, 1 in, density 721 

kg/m3

Fill 11,446,465.37 lb assume sand, 4706 CY, density 1442 kg/m3

topsoil 561.00 lb Assume soil, 374 cy, Assume 1.5 ton per cy

Seeding, mulch 1,050.00 lb 21 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 420.00 lb 21 msf, assume fertilizer, assume 20 lb per smf

Item Quantity Units Comments

Survey support 1,500.00 miles 15 days, 50 miles per day, 2 people

Site superintendent 8,500.00 miles 170 days, 50 miles per day, 1 person

Site health and safety, and QAQA 17,000.00 miles 170 days, 50 miles per day, 2 people

site labor for field support and site 

setup 750.00 miles 5 days, 50 miles per day, 3 people

Crew for placing fence 100.00 miles 1 day, 50 miles per day, 2 people

site labor foe excavation and 

backfill area 1 1,500.00 miles 10 days, 50 miles per day, 3 people

Crew for placing fence 100.00 miles 3day, 50 miles per day, 2 people

site labor foe excavation and 

backfill area 2 13,350.00 miles 89 days, 50 miles per day, 3 people

Site labor for revegetation area 2 150.00 miles 1 day, 50 miles per day, 3 people

RAC

Materials

Transportation-Personnel

Alternative G-3: Excavation to Remove Highly Contaminated Saturated Soil with 

Suspected LNAPL Residual, MNA and LUCs
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Item Quantity Units Comments

GAC system 1.00 ton assume 1 ton, 100 miles round trip

Bag Filter Housing 1.00 ton assume 1 ton, 100 miles round trip

pump 0.01 ton 1 pump, 24 pounds, 100 miles round trip

Clean Water Storage Tank 0.60 ton
4000 gallons capacity HPDE, 100  miles round trip

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 

150 lb per 500 gal capacity tank

Fence, 6 ft high chain link 0.22 ton 200, 108 lb per 50 ft long, galvanized steel

excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

dump trucks 66.00 ton 2 dump truck, 66000 lb, 100 miles round trip

Front loader, 185 hp 12.07 ton 24141 lb per loader, 1 loader, 100 miles round trip

compactor, 125 hp ton 1 compactor, 20 tons per compactor

Asphalt paver 130 hp 17.65 ton

 1 Asphalt pave, 130 hp, 35290 pounds per unit, 

100 miles round trip

Roller 10.00 ton Assume 10 ton, 100 miles round trip
Fence, 6 ft high chain link 0.76 ton 700, 108 lb per 50 ft long, galvanized steel

excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

dump trucks 66.00 ton 2 dump truck, 66000 lb, 100 miles round trip

Front loader, 185 hp 12.07 ton 24141 lb per loader, 1 loader, 100 miles round trip

compactor, 125 hp 20.00 ton 1 compactor, 20 tons per compactor

Tractor 13.29 ton 1 tractor, 26585 lb per tractor, 100 miles round trip

Hydromulcher 0.75 ton 1 hydromulcher, 1500 lb, 100 round trip

Item Quantity Units Comments

Material Handling Pad 522.00 ton

assume general concrete, Assume 120ftx120ftx0.5ft, 

145 lb/ft3

Material Handling  Pad Liner 4.20 ton

assume HDPE, Assume 120ftx120ft, 3 mm thick, 

0.95 g/cm3

Material Handling Pad Frame 0.88 ton

Assume wood, 4x4 in, (120ftx120ft pad) 140 ft of 

timber, density for pine 530 kg/m3

Bag filters, 0.09 ton 120 bags, assume 1.5 lb per bag, assume ldpe

GAC 10.00 ton GAC

Temporary Equipment Decon Pad 

Liner 0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 0.26 ton

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of 

timber, density for pine 530 kg/m3

Fill 513.22 ton assume sand, 422 CY, density 1442 kg/m3

Pavement repair, stone base 45.13 ton

1900 sf, assume gravel, 6 in, density 1522 

kg/m3

Pavement repair, binder course 15.04 ton

1900 sf, assume gravel, 2 in, density 1522 

kg/m3

Pavement repair, topping 3.56 ton

1900 sf, assume asphalt, 1 in, density 721 

kg/m3

Transportation-equipment

Transportation-materials
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Fill 5,723.23 ton assume sand, 4706 CY, density 1442 kg/m3

topsoil 0.28 ton Assume soil, 374 cy, Assume 1.5 ton per cy

Seeding, mulch 0.53 ton 21 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 0.21 ton 21 msf, assume fertilizer, assume 20 lb per smf

Item Quantity Units Comments

pump 512.00 hours 80 days, 8 hours per day, 80% utilization, 1 hp

excavator, 2.5 cy 96.00 hours 14 days, 8 hours per day, 80% utilization

dump trucks 128.00 hours

2 trucks, 10 days, 8 hours per day, 80% 

utilization

Front loader, 185 hp 64.00 hours 10 days, 8 hours per day, 80% utilization

compactor, 125 hp 25.60 hours 4 days, 8 hours per day, 80% utilization

Asphalt paver 130 hp 6.40 hours 1 day, 8 hours per day, 80% utilization

Roller 6.40 hours 1 day, 8 hours per day, 80% utilization

excavator, 2.5 cy 569.60 hours 89 days, 8 hours per day, 80% utilization

dump trucks 678.40 hours

2 trucks, 53 days, 8 hours per day, 80% 

utilization

Front loader, 185 hp 339.20 hours 53 days, 8 hours per day, 80% utilization

compactor, 125 hp 76.80 hours 12 days, 8 hours per day, 80% utilization

Tractor 6.40 hours 1 day, 8 hours per day, 80% utilization

Item Quantity Units Comments

Decon water 33.28 ton

8000 gallons, 8.32 pound per gallon, 2000 

pound per ton

Off- site hazardous disposal 7,615.00 ton

Item Quantity Units Comments

Decon water 100.00 miles

8000 gallons, 8.32 pound per gallon, 2000 

pound per ton

Off- site hazardous disposal 550.00 miles

Item Quantity Units Comments

lab abalysis for field support and 

site setup 3,200.00 dollars 16 samples, $200 per sample

verification samples area 1 1,000.00 dollars 5 samples, $200 per sample

verification samples area 2 2,200.00 dollars 11 samples, $200 per sample

waste characterization 4,200.00 dollars 21 samples, $200 per sample

Item Quantity Units Comments

Site isnpection 1,500.00 miles

1 day pey visit, 50 miles per day, 1 person, for 

30 years

Transportation-Personnel

Laboratory Analytical Services

LTM

Transportation-residual handling

Equipment Use

Residual Handling
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Sampling 20,400.00 miles

6 days per sampling event, 4 sampling events 

for year 1, 2 sampling events for year 2, 1 

sampling event for years 3 through 30, 50  

miles per day, 2 people

5 yr site review 300.00 miles

1 day per visit, 1 visit every 5 years, 50 miles 

per day, 1 person, 30 years

Item Quantity Units Comments

IDW disposal 5.63 ton

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 

55 gallons per drum, assume sludge density 

721 kg/m3

Item Quantity Units Comments

IDW disposal 100.00 miles

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 

55 gallons per drum, assume sludge density 

721 kg/m3

Item Quantity Units Comments

Shallow wells samples 81,600.00 dollars

12 wells, 4 samples first year, 2 samples 

second year, 1 sample years 3 through 30; 

$200 dollars per sample

Intermediate wells samples 54,400.00 dollars

8 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars 

per sample

deep wells samples 12,000.00 dollars

2 wells,  1 sample years 1 through 30; $200 

dollars per sample

Laboratory Analytical Services

Residual Handling

Transportation-residual handling
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Item Quantity Units Comments

Permantent Equipment Decon Pad 36,250.00 lb

assume general concrete, Assume 25ftx20ftx0.5ft, 145 

lb/ft3

Permanent Equipment Decon Pad 

Liner 291.86 lb

assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 

g/cm3

Permanent Equipment Decon Pad 

Frame 330.87 lb

Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, 

density for pine 530 kg/m3

Temporary Equipment Decon Pad 

Liner 700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 514.68 lb

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

Decon water 1,000.00 gallons

monitoring wells 57.60 lb

80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 

lb/ft

Item Quantity Units Comments

Survey support 200.00 miles 2 day, 50 miles per day, 2 people

Site superintendent 2,250.00 miles 45 days, 50 miles per day 1 person

Site Health and Safety and QAQC 4,500.00 miles 45 days, 50 miles per day, 2 people

Item Quantity Units Comments

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 

lb per 500 gal capacity tank

Clean Water Storage Tank 0.60 ton
4000 gallons capacity HPDE, 100  miles round trip

Skimmers 0.75 ton

75 skimmers, assume 20 pounds per skimmer, 100 

miles round trip

DPT Drill Rig 3.05 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 1 drill rig, 6100 lb, 100 miles round trip

Item Quantity Units Comments

Permantent Equipment Decon Pad 18.13 lb

assume general concrete, Assume 25ftx20ftx0.5ft, 145 

lb/ft3

Permanent Equipment Decon Pad 

Liner 0.15 lb

assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 

g/cm3

Permanent Equipment Decon Pad 

Frame 0.17 lb

Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, 

density for pine 530 kg/m3

Temporary Equipment Decon Pad 

Liner 0.35 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 0.26 lb

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

monitoring wells 0.03 lb

80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 

lb/ft

Item Quantity Units Comments

RAC

Materials

Transportation-Personnel

Transportation-equipment

Transportation-materials

Equipment Use

Alternative G-4: LNAPL Removal, MNA and LUCs
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DPT Drill Rig 121.60 hours

75 wells, 4 wells per day, 19 day, 8 hours a day, 

80% efficiency

DPT Drill Rig 6.40 hours 1 day, 8 hours a day, 80% efficiency

Item Quantity Units Comments

IDW disposal 6.62 ton

40 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

IDW disposal 0.66 ton

4 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

IDW disposal 100.00 miles

40 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

IDW disposal 100.00 miles

4 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

Item Quantity Units Comments

Site isnpection 1,500.00 miles

1 day pey visit, 50 miles per day, 1 person, for 30 

years

Sampling 20,400.00 miles

6 days per sampling event, 4 sampling events for 

year 1, 2 sampling events for year 2, 1 sampling 

event for years 3 through 30, 50  miles per day, 2 

people

5 yr site review 300.00 miles

1 day per visit, 1 visit every 5 years, 50 miles per 

day, 1 person, 30 years

LNAPL collection 68,000.00

20 days per collection event, 4 events year 1, two 

events year 2, 1 event years 3 through 30, 50 miles 

per day, 2 people

Item Quantity Units Comments

Skimmers replacement (year 15) 0.75 ton

75 skimmers, assume 20 pounds per skimmer, 100 

miles round trip

Item Quantity Units Comments

IDW disposal 5.63 ton

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 55 

gallons per drum, assume sludge density 721 

kg/m3

IDW disposal 1.70 ton 408 gallons, assume density of water

Item Quantity Units Comments

Transportation-Personnel

Transportation-equipment

Residual Handling

Transportation-residual handling

Laboratory Analytical Services

LTM

Transportation-residual handling

Residual Handling
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IDW disposal 100.00 miles

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 55 

gallons per drum, assume sludge density 721 

kg/m3

IDW disposal of LNAPL, 

Hazardous waste 550.00 miles

40 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

Shallow wells samples 81,600.00 dollars

12 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars per 

sample

Intermediate wells samples 54,400.00 dollars

8 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars per 

sample

deep wells samples 12,000.00 dollars

2 wells,  1 sample years 1 through 30; $200 dollars 

per sample

Laboratory Analytical Services
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Item Quantity Units Comments

monitoring wells 57.60 lb

80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 

lb/ft

Temporary Equipment Decon Pad 

Liner 700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 514.68 lb

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

Decon water 1,000.00 gallons

injection wells 177.12 lb

9 injection wells, assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assume 20 ft 

deep

vent wells 448.80 lb

4 vent wells, assume pvc, schedule 80, assume 6 

in diameter, 5.61 lb/ft, assume 20 ft deep

reagents 27,000.00 lb assume hydrogen peroxide

injection wells 1,594.08 lb

81 injection wells, assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assum e 20 ft 

deep

vent wells 2,468.40 lb

22 vent wells, assume pvc, schedule 80, assume 6 

in diameter, 5.61 lb/ft, assume 20 feet deep

reagents 243,000.00 lb assume hydrogen peroxide

injection wells 177.12 lb

9 injection wells,  assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assume 20 feet 

deep

reagents 28,488.00 lb assume hydrogen peroxide

injection wells 55.39 lb

81 injection wells, assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assume 20 feet 

deep

reagents 318,645.00 lb assume hydrogen peroxide

Item Quantity Units Comments

Professional oversight 750.00 miles 5 days, 50 miles per day, 3 people

construction crew for area 1 750.00 miles 3 days, 50 miles per day, 5 people

injection crew for area 1 1,100.00 miles 11 days, 50 miles per day, 2 people

construction crew for area 2 3,750.00 miles 15 days, 50 miles per day, 5 people

injection crew for area 1 2,400.00 miles 24 days, 50 miles per day, 2 people

Sampling events 500.00 miles 5 days, 50 miles per day, 2 people

construction crew for area 1 750.00 miles 3 days, 50 miles per day, 5 people

injection crew for area 1 1,000.00 miles 10 days, 50 miles per day, 2 people

construction crew for area 1 5,250.00 miles 21 days, 50 miles per day, 5 people

injection crew for area 1 3,800.00 miles 38 days, 50 miles per day, 2 people

Item Quantity Units Comments

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 

lb per 500 gal capacity tank

RAC

Materials

Transportation-Personnel

Transportation-equipment

Alternative G-5: In-Sity Chemical Oxidation Using Injection at Hot Spot Areas, MNA 

and LUCs
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Clean Water Storage Tank 0.60 ton
4000 gallons capacity HPDE, 100  miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT drill rig zone 1 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Pump 0.01 ton 1 pump, 24 pounds, 100 miles round trip

DPT drill rig zone 1 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Pump 0.01 ton 1 pump, 24 pounds, 100 miles round trip

DPT drill rig zone 1 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Pump 0.01 ton 1 pump, 24 pounds, 100 miles round trip

DPT drill rig zone 1 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Pump 0.01 ton 1 pump, 24 pounds, 100 miles round trip

Item Quantity Units Comments

monitoring wells 0.03 ton

80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 

lb/ft

Temporary Equipment Decon Pad 

Liner 0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 0.26 ton

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

injection wells 0.09 ton

9 injection wells, assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assume 20 ft 

deep

vent wells 0.22 ton

4 vent wells, assume pvc, schedule 80, assume 6 

in diameter, 5.61 lb/ft, assume 20 ft deep

reagents 13.50 ton assume hydrogen peroxide

injection wells 0.80 ton

81 injection wells, assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assum e 20 ft 

deep

vent wells 1.23 ton

22 vent wells, assume pvc, schedule 80, assume 6 

in diameter, 5.61 lb/ft, assume 20 feet deep

reagents 121.50 ton assume hydrogen peroxide

injection wells 0.09 ton

9 injection wells,  assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assume 20 feet 

deep

reagents 14.24 ton assume hydrogen peroxide

injection wells 61.00 ton

81 injection wells, assume pvc, schedule 80, 

assume 2 in diameter, 0.984 lb/ft, assume 20 feet 

deep

reagents 159.32 ton assume hydrogen peroxide

Item Quantity Units Comments

DPT Drill Rig 6.40 hours 1 day, 8 hours a day, 80% efficiency

DPT drill rig zone 1 25.60 hours

13 wells, 4 days per well, 4 days, 8 hours per day, 

80% utilization

Pump 57.60 hours 9 days, 8 hours per day, 80% utilization

DPT drill rig zone 1 166.40 hours

103 wells, 4 days per well, 26 days, 8 hours per 

day, 80% utilization

Pump 153.60 hours 22 days, 8 hours a day, 80% utilization

DPT drill rig zone 1 19.20 hours

9 wells, 4 days per well, 3 days, 8 hours per day, 

80% utilization

Transportation-materials

Equipment Use
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Pump 51.20 hours 8 days, 8 hours per day, 80% utilization

DPT drill rig zone 1 134.40 hours

81 wells, 4 days per well, 21 days, 8 hours per day, 

80% utilization

Pump 230.40 hours 36 days, 8 hours per day, 80% utilization

Item Quantity Units Comments

IDW disposal 0.66 ton

4 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

IDW disposal 100.00 miles

4 drums, 55 gallons per drum, assume sludge 

density 721 kg/m3

Item Quantity Units Comments

post injection sample events 8,000.00 dollars 8 samples per event, 5 events, $200 per sample

Item Quantity Units Comments

Site isnpection 1,500.00 miles

1 day pey visit, 50 miles per day, 1 person, for 30 

years

Sampling 20,400.00 miles

6 days per sampling event, 4 sampling events for 

year 1, 2 sampling events for year 2, 1 sampling 

event for years 3 through 30, 50  miles per day, 2 

people

5 yr site review 300.00 miles

1 day per visit, 1 visit every 5 years, 50 miles per 

day, 1 person, 30 years

Item Quantity Units Comments

IDW disposal 5.63 ton

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 55 

gallons per drum, assume sludge density 721 

kg/m3

Item Quantity Units Comments

IDW disposal 100.00 miles

1 drums per event, 4 events first year, 2 events 

second year, 1 event from years 3 through 30, 55 

gallons per drum, assume sludge density 721 

kg/m3

Item Quantity Units Comments

Shallow wells samples 81,600.00 dollars

12 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars 

per sample

Intermediate wells samples 54,400.00 dollars

8 wells, 4 samples first year, 2 samples second 

year, 1 sample years 3 through 30; $200 dollars 

per sample

Laboratory Analytical Services

Transportation-Personnel

Residual Handling

Transportation-residual handling

Laboratory Analytical Services

LTM

Transportation-residual handling

Residual Handling
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deep wells samples 12,000.00 dollars

2 wells,  1 sample years 1 through 30; $200 dollars 

per sample
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Item Quantity Units Comments

Permantent Equipment Decon Pad 36,250.00 lb

assume general concrete, Assume 25ftx20ftx0.5ft, 145 

lb/ft3

Permanent Equipment Decon Pad 

Liner 291.86 lb

assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 

g/cm3

Permanent Equipment Decon Pad 

Frame 330.87 lb

Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, 

density for pine 530 kg/m3

Temporary Equipment Decon Pad 

Liner 700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 514.68 lb

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

Decon water 1,000.00 gallons

Backfill 12,000.00 lb Assume soil, 4 CY, 1.5 ton/cy, 

Pavement repair, stone base 4,750.72 lb 100 sf, assume gravel, 6 in, density 1522 kg/m3

Pavement repair, binder course 1,583.57 lb 100 sf, assume gravel, 2 in, density 1522 kg/m3

Pavement repair, topping 375.08 lb 100 sf, assume asphalt, 1 in, density 721 kg/m3

Backfill 57,000.00 lb Assume soil, 19 CY, 1.5 ton/cy, 

Topsoil 57,000.00 lb Assume soil, 19 CY, 1.5 ton/cy, 

Seeding, mulch 50.00 lb 1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 20.00 lb 1 msf, assume fertilizer, assume 20 lb per smf

Backfill 6,000.00 lb Assume soil, 2 CY, 1.5 ton/cy, 

Topsoil 6,000.00 lb Assume soil, 2 CY, 1.5 ton/cy, 

Seeding, mulch 5.00 lb 0.1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 2.00 lb 0.1 msf, assume fertilizer, assume 20 lb per smf

Backfill 66,000.00 lb Assume soil, 22 CY, 1.5 ton/cy, 

Pavement repair, stone base 4,750.72 lb 100 sf, assume gravel, 6 in, density 1522 kg/m3

Pavement repair, binder course 1,583.57 lb 100 sf, assume gravel, 2 in, density 1522 kg/m3

Pavement repair, topping 375.08 lb 100 sf, assume asphalt, 1 in, density 721 kg/m3

Item Quantity Units Comments

Survey Support Crew 200.00 miles 2 days, 50 miles per day, 2 people

Superintendent 650.00 miles 13 days. 50 miles per day, 1 person

Health and Safety, QAQC 1,300.00 miles 13 days. 50 miles per day, 2 people

Site labor for excavation area 1 300.00 miles 2 days, 50 miles per day, 3 people

Site labor for fence placement 100.00 miles 1 day, 50 miles per day, 2 people

site labor for asphalt placement 250.00 miles 1 day, 50 miles per day, 5 people

Site labor for excavation area 2 450.00 miles 3 days, 50 miles per day, 3 people

Site labor for fence placement 100.00 miles 1 day, 50 miles per day, 2 people

Alternative S-2: Hot Spot Removal
RAC

Materials

Transportation-Personnel
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Site labor for revegetation area 2 150.00 miles 1 day, 50 miles per day, 3 people

Site labor for excavation area 1 300.00 miles 2 days, 50 miles per day, 3 people

Site labor for fence placement 100.00 miles 1 day, 50 miles per day, 2 people

Site labor for revegetation area 3 150.00 miles 1 day, 50 miles per day, 3 people

Site labor for excavation area 2 450.00 miles 3 days, 50 miles per day, 3 people

Site labor for fence placement 100.00 miles 1 day, 50 miles per day, 2 people

site labor for asphalt placement 250.00 miles 1 day, 50 miles per day, 5 people

Item Quantity Units Comments

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 

lb per 500 gal capacity tank

Clean Water Storage Tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Fence, 6 ft high chain link 0.06 ton 60 lft, 108 lb per 50 ft long, galvanized steel

Backhoe Loader, 80 hp 6.70 ton 1 loader, 13404 lb per loaderd, 100 miles round trip

Asphalt paver 130 hp 17.645 ton

 1 Asphalt pave, 130 hp, 35290 pounds per unit, 100 

miles round trip

Roller 10.00 ton Assume 10 ton, 100 miles round trip
Fence, 6 ft high chain link 0.22 ton 200 lft, 108 lb per 50 ft long, galvanized steel

Backhoe Loader, 80 hp 6.70 ton 1 loader, 13404 lb per loaderd, 100 miles round trip

Tractor 13.2925 ton 1 tractor, 26585 lb per tractor, 100 miles round trip

Hydromulcher 0.75 ton 1 hydromulcher, 1500 lb, 100 round trip

Fence, 6 ft high chain link 0.06 ton 60 lft, 108 lb per 50 ft long, galvanized steel

Backhoe Loader, 80 hp 6.70 ton 1 loader, 13404 lb per loaderd, 100 miles round trip

Tractor 13.2925 ton 1 tractor, 26585 lb per tractor, 100 miles round trip

Hydromulcher 0.75 ton 1 hydromulcher, 1500 lb, 100 round trip

Fence, 6 ft high chain link 0.06 ton 60 lft, 108 lb per 50 ft long, galvanized steel

Backhoe Loader, 80 hp 6.70 ton 1 loader, 13404 lb per loaderd, 100 miles round trip

Asphalt paver 130 hp 17.645 ton

 1 Asphalt pave, 130 hp, 35290 pounds per unit, 100 

miles round trip

Roller 10.00 ton Assume 10 ton, 100 miles round trip

Item Quantity Units Comments

Permantent Equipment Decon Pad 18.13 ton

assume general concrete, Assume 25ftx20ftx0.5ft, 145 

lb/ft3

Permanent Equipment Decon Pad 

Liner 0.15 ton

assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 

g/cm3

Permanent Equipment Decon Pad 

Frame 0.17 ton

Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, 

density for pine 530 kg/m3

Temporary Equipment Decon Pad 

Liner 0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 0.26 ton

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

Backfill 6.00 ton Assume soil, 4 CY, 1.5 ton/cy, 

Pavement repair, stone base 2.38 ton 100 sf, assume gravel, 6 in, density 1522 kg/m3

Pavement repair, binder course 0.79 ton 100 sf, assume gravel, 2 in, density 1522 kg/m3

Transportation-equipment

Transportation-materials
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Pavement repair, topping 0.19 ton 100 sf, assume asphalt, 1 in, density 721 kg/m3

Backfill 28.50 ton Assume soil, 19 CY, 1.5 ton/cy, 

Topsoil 28.50 ton Assume soil, 19 CY, 1.5 ton/cy, 
Seeding, mulch 0.03 ton 1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 0.01 ton 1 msf, assume fertilizer, assume 20 lb per smf

Backfill 3.00 ton Assume soil, 2 CY, 1.5 ton/cy, 

Topsoil 3.00 ton Assume soil, 2 CY, 1.5 ton/cy, 
Seeding, mulch 0.00 ton 0.1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 0.00 ton 0.1 msf, assume fertilizer, assume 20 lb per smf

Backfill 33.00 ton Assume soil, 22 CY, 1.5 ton/cy, 

Pavement repair, stone base 2.38 ton 100 sf, assume gravel, 6 in, density 1522 kg/m3

Pavement repair, binder course 0.79 ton 100 sf, assume gravel, 2 in, density 1522 kg/m3

Pavement repair, topping 0.19 ton 100 sf, assume asphalt, 1 in, density 721 kg/m3

Item Quantity Units Comments

Backhoe Loader, 80 hp 12.80 hours 2 days, 8 hours per day, 80% utilization

Asphalt paver 130 hp 6.40 hours 1 day, 8 hours per day, 80% utilization

Roller 6.40 hours 1 day, 8 hours per day, 80% utilization

Backhoe Loader, 80 hp 19.20 hours 3 days, 8 hours per day, 80% utilization

Tractor 6.40 hours 1 day, 8 hours per day, 80% utilization

Backhoe Loader, 80 hp 12.80 hours 2 days, 8 hours per day, 80% utilization

Tractor 6.40 hours 1 day, 8 hours per day, 80% utilization

Backhoe Loader, 80 hp 19.20 hours 3 days, 8 hours per day, 80% utilization

Asphalt paver 130 hp 6.40 hours 1 day, 8 hours per day, 80% utilization

Roller 6.40 hours 1 day, 8 hours per day, 80% utilization

Item Quantity Units Comments

Decon water 4.16 ton

1000 gallons, 8.32 pounds per gallon, 2000 lb per 

ton

Non hazardous soil 99.00 ton

Item Quantity Units Comments

Decon water 100.00 miles

1000 gallons, 8.32 pounds per gallon, 2000 lb per 

ton

Non hazardous soil 100.00 miles

Item Quantity Units Comments

Verification Sample for area 1 200.00 dollars 1 sample, $200 per sample

Verification Sample for area 1 200.00 dollars 1 sample, $200 per sample

Verification Sample for area 1 200.00 dollars 1 sample, $200 per sample

Verification Sample for area 1 200.00 dollars 1 sample, $200 per sample

Waste characterization 200.00 dollars 1 sample, $200 per sample

Equipment Use

Residual Handling

Transportation-residual handling

Laboratory Analytical Services
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Item Quantity Units Comments

Permantent Equipment Decon Pad 36,250.00 lb

assume general concrete, Assume 25ftx20ftx0.5ft, 145 

lb/ft3

Permanent Equipment Decon Pad 

Liner 291.86 lb

assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 

g/cm3

Permanent Equipment Decon Pad 

Frame 330.87 lb

Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, 

density for pine 530 kg/m3

Temporary Equipment Decon Pad 

Liner 700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 514.68 lb

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

Decon water 1,000.00 gallons

Backfill 57,000.00 lb Assume soil, 19 CY, 1.5 ton/cy, 

Topsoil 57,000.00 lb Assume soil, 19 CY, 1.5 ton/cy, 
Seeding, mulch 50.00 lb 1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 20.00 lb 1 msf, assume fertilizer, assume 20 lb per smf

Backfill 6,000.00 lb Assume soil, 2 CY, 1.5 ton/cy, 

Topsoil 6,000.00 lb Assume soil, 2 CY, 1.5 ton/cy, 
Seeding, mulch 5.00 lb 0.1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 2.00 lb 0.1 msf, assume fertilizer, assume 20 lb per smf

Item Quantity Units Comments

Survey Support Crew 200.00 miles 2 days, 50 miles per day, 2 people

Superintendent 500.00 miles 10 days. 50 miles per day, 1 person

Health and Safety, QAQC 1,000.00 miles 10 days. 50 miles per day, 2 people

Site labor for excavation area 1 450.00 miles 3 days, 50 miles per day, 3 people

Site labor for fence placement 100.00 miles 1 day, 50 miles per day, 2 people

site labor for revegetation area 1 150.00 miles 1 day, 50 miles per day, 3 people

Site labor for excavation area 2 300.00 miles 2 days, 50 miles per day, 3 people

Site labor for fence placement 100.00 miles 1 day, 50 miles per day, 2 people

Site labor for revegetation area 2 150.00 miles 1 day, 50 miles per day, 3 people

Item Quantity Units Comments

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 

lb per 500 gal capacity tank

Clean Water Storage Tank 0.60 ton
4000 gallons capacity HPDE, 100  miles round trip

Fence, 6 ft high chain link 0.22 ton 200 lft, 108 lb per 50 ft long, galvanized steel

Backhoe Loader, 80 hp 6.70 ton 1 loader, 13404 lb per loaderd, 100 miles round trip

Tractor 13.29 ton 1 tractor, 26585 lb per tractor, 100 miles round trip

Hydromulcher 0.75 ton 1 hydromulcher, 1500 lb, 100 round trip

Fence, 6 ft high chain link 0.06 ton 60 lft, 108 lb per 50 ft long, galvanized steel

Backhoe Loader, 80 hp 6.70 ton 1 loader, 13404 lb per loaderd, 100 miles round trip

RAC

Materials

Transportation-Personnel

Transportation-equipment

Alternative S-3: Limited Hot Spot Removal and Land Use Controls (LUCs)
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Tractor 13.29 ton 1 tractor, 26585 lb per tractor, 100 miles round trip

Hydromulcher 0.75 ton 1 hydromulcher, 1500 lb, 100 round trip

Item Quantity Units Comments

Permantent Equipment Decon Pad 18.13 ton

assume general concrete, Assume 25ftx20ftx0.5ft, 145 

lb/ft3

Permanent Equipment Decon Pad 

Liner 0.15 ton

assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 

g/cm3

Permanent Equipment Decon Pad 

Frame 0.17 ton

Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, 

density for pine 530 kg/m3

Temporary Equipment Decon Pad 

Liner 0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon Pad 

Frame 0.26 ton

Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, 

density for pine 530 kg/m3

Backfill 28.50 ton Assume soil, 19 CY, 1.5 ton/cy, 

Topsoil 28.50 ton Assume soil, 19 CY, 1.5 ton/cy, 
Seeding, mulch 0.03 ton 1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 0.01 ton 1 msf, assume fertilizer, assume 20 lb per smf

Backfill 3.00 ton Assume soil, 2 CY, 1.5 ton/cy, 

Topsoil 3.00 ton Assume soil, 2 CY, 1.5 ton/cy, 
Seeding, mulch 0.003 ton 0.1 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 0.001 ton 0.1 msf, assume fertilizer, assume 20 lb per smf

Item Quantity Units Comments

Backhoe Loader, 80 hp 19.20 hours 3 days, 8 hours per day, 80% utilization

Tractor 6.40 hours 1 day, 8 hours per day, 80% utilization

Backhoe Loader, 80 hp 19.20 hours 2 days, 8 hours per day, 80% utilization

Tractor 6.40 hours 1 day, 8 hours per day, 80% utilization

Item Quantity Units Comments

Decon water 4.16 ton

1000 gallons, 8.32 pounds per gallon, 2000 lb per 

ton

Non hazardous soil 61.00 ton

Item Quantity Units Comments

Decon water 100.00 miles

1000 gallons, 8.32 pounds per gallon, 2000 lb per 

ton

Non hazardous soil 100.00 miles

Item Quantity Units Comments

Verification Sample for area 1 200.00 dollars 1 sample, $200 per sample

Verification Sample for area 1 200.00 dollars 1 sample, $200 per sample

Waste characterization 200.00 dollars 1 sample, $200 per sample

Laboratory Analytical Services

Transportation-residual handling

Transportation-materials

Equipment Use

Residual Handling
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Sustainable Remediation - Environmental Footprint Summary

G-2

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.29 3.6E+00 NA 1.1E-04 3.7E-06 2.1E-05 5.9E-06 4.7E-04

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.23 1.1E+01 1.4E+02 1.1E-03 2.7E-04 1.4E-04 0.0E+00 0.0E+00

Residual Handling 0.14 1.9E+00 NA 4.5E-05 7.9E-07 4.0E-06 7.8E-07 6.3E-05

Sub-Total 0.66 1.62E+01 1.38E+02 1.23E-03 2.79E-04 1.69E-04 6.63E-06 5.34E-04

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 8.46 1.1E+02 NA 3.1E-03 1.1E-04 6.3E-04 1.7E-04 1.4E-02

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 87.27 1.3E+03 0.0E+00 3.0E-01 2.0E-01 7.7E-03 0.0E+00 0.0E+00

Residual Handling 0.15 2.0E+00 NA 4.8E-05 8.5E-07 4.3E-06 7.8E-07 6.3E-05

Sub-Total 95.88 1.41E+03 0.00E+00 3.05E-01 2.02E-01 8.29E-03 1.74E-04 1.40E-02

9.7E+01 1.4E+03 1.4E+02 3.1E-01 2.0E-01 8.5E-03 1.8E-04 1.5E-02

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 4.3E-03

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 1.1E-01

Total 0.0E+00 0.0E+00 0.0E+00 $0 1.2E-01

$0

Activities
Accident Risk 

Fatality

Accident Risk 

Injury

Lost Hours - Injury

Total Cost with 

Footprint 

Reduction 
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0% 
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0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 1.33% 

0.00% 

98.38% 

0.28% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

88% 

0% 

0% 

12% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 12.67% 

0.00% 

84.99% 

2.34% 

PM10 Emissions 
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GHG Emissions 
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NOx Emissions 
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0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 9% 

0% 

91% 

0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC monitoring wells PVC 80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 lb/ft 80 lft 0.13 0.07 0.00 0.00 0.00 0.00 0.00 2.38 0.14

Subtotal 0.13 0.07 0.00 0.00 0.00 0.00 0.00 2.38 0.14

Construction Equipment MWhr gal x 1000

RAC DPT Drill Rig Drill Rig, DPT (diesel) 1 day, 8 hours a day, 80% efficiency 6.40 hrs 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.78

Subtotal 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.78 0

Total 0 0 0.00 0.00 0.00 0.00 0.00 3 0

Alternative 1

Values Input into SiteWise as "Other"

Energy 

Consumption

Water 

Consumption

CO2e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

MMBTU gal

-                  -            -              -              -              -              -              -                     -                      

0.23                0.17           0.05            0.02            0.00            0.00            0.00            10.79                 137.55                

-                  -            -              -              -              -              -              -                     -                      

-                  -            -              -              -              -              -              -                     -                      

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

Tonnes

Tonnes

Tonnes

Technology Module / Phase Module Components Comments / Assumptions Quantity (Units)

Energy 

Consumption

Water 

Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

RI

RAC

RAO

LTM

Criteria Pollutant Emission
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Sustainable Remediation - Environmental Footprint Summary

G-3

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 16.37 2.1E+02 NA 6.1E-03 2.1E-04 1.2E-03 3.4E-04 2.7E-02

Transportation-Equipment 29.00 3.8E+02 NA 9.1E-03 1.6E-04 8.1E-04 7.2E-05 5.8E-03

Equipment Use and Misc 423.12 8.3E+03 2.0E+04 1.7E+00 2.6E-01 1.6E-01 1.8E-04 4.6E-02

Residual Handling 329.46 4.3E+03 NA 1.0E-01 1.8E-03 9.2E-03 8.2E-04 6.6E-02

Sub-Total 797.94 1.32E+04 1.96E+04 1.84E+00 2.67E-01 1.71E-01 1.41E-03 1.44E-01

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 8.46 1.1E+02 NA 3.1E-03 1.1E-04 6.3E-04 1.7E-04 1.4E-02

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 87.27 1.3E+03 0.0E+00 3.0E-01 2.0E-01 7.7E-03 0.0E+00 0.0E+00

Residual Handling 0.15 2.0E+00 NA 4.8E-05 8.5E-07 4.3E-06 7.8E-07 6.3E-05

Sub-Total 95.88 1.41E+03 0.00E+00 3.05E-01 2.02E-01 8.29E-03 1.74E-04 1.40E-02

8.9E+02 1.5E+04 2.0E+04 2.1E+00 4.7E-01 1.8E-01 1.6E-03 1.6E-01

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 1.2E+00

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 1.1E-01

Total 0.0E+00 0.0E+00 0.0E+00 $0 1.3E+00
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC Material Handling Pad General Concrete assume general concrete, Assume 120ftx120ftx0.5ft, 145 lb/ft3 1,044,000.00 lbs 61.55 61.55 0.00 0.00 0.00 0.00 0.00 607.53 0.00

RAC Material Handling  Pad Liner HDPE assume HDPE, Assume 120ftx120ft, 3 mm thick, 0.95 g/cm3 8,405.65 lbs 18.76 9.91 0.02 0.07 0.00 0.04 0.01 110.00 3.02

RAC Material Handling Pad Frame Wood

Assume wood, 4x4 in, (120ftx120ft pad) 140 ft of timber, density for pine 530 

kg/m3 1,764.63 lbs 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.01

RAC Bag filters, LDPE 120 bags, assume 1.5 lb per bag, assume ldpe 180.00 lbs 0.16 0.16 0.00 0.00 0.00 0.00 0.00 9.85 0.00

RAC GAC GAC GAC 20,000.00 lbs 114.74 58.50 0.18 0.00 0.54 0.05 0.00 304.13 7.91

RAC

Temporary Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC

Temporary Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, density for pine 530 kg/m3 514.68 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Fill Sand assume sand, 422 CY, density 1442 kg/m3 1,026,436.12 lbs 2.33 2.33 0.00 0.00 0.00 0.00 0.00 62.87 0.00

RAC Pavement repair, stone base Gravel 1900 sf, assume gravel, 6 in, density 1522 kg/m3 90,263.66 lbs 0.70 0.70 0.00 0.00 0.00 0.00 0.00 16.59 0.00

RAC Pavement repair, binder course Gravel 1900 sf, assume gravel, 2 in, density 1522 kg/m3 30,087.89 lbs 0.23 0.23 0.00 0.00 0.00 0.00 0.00 5.53 0.00

RAC Pavement repair, topping Asphalt 1900 sf, assume asphalt, 1 in, density 721 kg/m3 7,126.60 lbs 0.07 0.06 0.00 0.00 0.00 0.00 0.05 0.32 0.00

RAC Fill Sand assume sand, 4706 CY, density 1442 kg/m3 11,446,465.37 lbs 25.96 25.96 0.00 0.00 0.00 0.00 0.00 701.15 0.00

RAC topsoil Soil Assume soil, 374 cy, Assume 1.5 ton per cy 561.00 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.15 0.00

RAC Seeding, mulch Mulch 21 msf, assume mulch assume, 50 lb per msf 1,050.00 lbs 0.33 0.12 0.00 0.00 0.00 0.00 0.00 3.76 0.00

RAC Seeding, fertilizer Fertilizer 21 msf, assume fertilizer, assume 20 lb per smf 420.00 lbs 0.52 0.52 0.00 0.00 0.00 0.00 0.00 9.49 0.19

Subtotal 226.94 160.89 0.21 0.08 0.54 0.10 0.06 1840.57 11.39

Construction Equipment MWhr gal x 1000

RAC excavator, 2.5 cy

Excavator, Hydraulic, 2 CY 

(diesel) 14 days, 8 hours per day, 80% utilization 96.00 hrs 9.30 9.30 0.00 0.00 0.06 0.02 0.01 42.24

RAC dump trucks

Dump Truck (40 0hp, Diesel) off 

road 2 trucks, 10 days, 8 hours per day, 80% utilization 128.00 hrs 17.00 17.00 0.00 0.00 0.09 0.00 0.01 31.27

RAC Front loader, 185 hp Loader, 200 HP, 4 CY (diesel) 10 days, 8 hours per day, 80% utilization 64.00 hrs 2.07 2.07 0.00 0.00 0.02 0.00 0.00 7.56

RAC compactor, 125 hp Compactor 120 hp 4 days, 8 hours per day, 80% utilization 25.60 hrs 1.02 1.02 0.00 0.00 0.01 0.00 0.00 4.73

RAC Asphalt paver 130 hp Paver, 100 HP (diesel) 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.23 0.23 0.00 0.00 0.00 0.00 0.00 0.78

RAC Roller Roller, 100 HP (diesel) 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.23 0.23 0.00 0.00 0.00 0.00 0.00

RAC excavator, 2.5 cy

Excavator, Hydraulic, 2 CY 

(diesel) 89 days, 8 hours per day, 80% utilization 569.60 hrs 55.20 55.20 0.00 0.00 0.35 0.10 0.03 250.60

RAC dump trucks

Dump Truck (40 0hp, Diesel) off 

road 2 trucks, 53 days, 8 hours per day, 80% utilization 678.40 hrs 90.12 90.12 0.00 0.00 0.50 0.00 0.04 165.75

RAC Front loader, 185 hp Loader, 200 HP, 4 CY (diesel) 53 days, 8 hours per day, 80% utilization 339.20 hrs 10.99 10.99 0.00 0.00 0.10 0.02 0.01 40.07

RAC compactor, 125 hp Compactor 120 hp 12 days, 8 hours per day, 80% utilization 76.80 hrs 3.07 3.07 0.00 0.00 0.02 0.00 0.00 14.19

RAC Tractor

Tractor (agricultural equipment), 

250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.48 0.48 0.00 0.00 0.00 0.00 0.00 1.72

Subtotal 189.72 189.72 0.00 0.00 1.16 0.15 0.10 558.92 0

Total 417 351 0.21 0.08 1.70 0.25 0.16 2,399 11

Alternative 1

Values Input into SiteWise as "Other"

Energy 

Consumption

Water 

Consumption

CO2e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

MMBTU gal

-                  -            -              -              -              -              -              -                     -                      

416.66            350.61      64.40          1.66            1.70            0.25            0.16            8,187.05            11,386.70          

-                  -            -              -              -              -              -              -                     -                      

-                  -            -              -              -              -              -              -                     -                      

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

Tonnes

Tonnes

Tonnes

Technology Module / Phase Module Components Comments / Assumptions Quantity (Units)

Energy 

Consumption

Water 

Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

RI

RAC

RAO

LTM

Criteria Pollutant Emission
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Sustainable Remediation - Environmental Footprint Summary

G-4

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 2.65 3.3E+01 NA 9.8E-04 3.5E-05 2.0E-04 5.4E-05 4.4E-03

Transportation-Equipment 0.25 3.3E+00 NA 8.0E-05 1.4E-06 7.1E-06 1.2E-06 9.4E-05

Equipment Use and Misc 6.54 1.8E+02 1.5E+03 2.2E-02 5.6E-03 2.9E-03 1.2E-05 2.9E-03

Residual Handling 0.16 2.0E+00 NA 4.9E-05 8.7E-07 4.4E-06 7.8E-07 6.3E-05

Sub-Total 9.60 2.16E+02 1.50E+03 2.27E-02 5.67E-03 3.11E-03 6.79E-05 7.46E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 34.38 4.3E+02 NA 1.3E-02 4.5E-04 2.6E-03 7.0E-04 5.7E-02

Transportation-Equipment 0.07 9.3E-01 NA 2.2E-05 4.0E-07 2.0E-06 3.9E-07 3.1E-05

Equipment Use and Misc 87.27 1.3E+03 0.0E+00 3.0E-01 2.0E-01 7.7E-03 0.0E+00 0.0E+00

Residual Handling 0.94 1.2E+01 NA 3.0E-04 5.3E-06 2.6E-05 5.1E-06 4.1E-04

Sub-Total 122.66 1.75E+03 0.00E+00 3.15E-01 2.02E-01 1.03E-02 7.09E-04 5.71E-02

1.3E+02 2.0E+03 1.5E+03 3.4E-01 2.1E-01 1.3E-02 7.8E-04 6.5E-02

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 6.0E-02

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 4.6E-01

Total 0.0E+00 0.0E+00 0.0E+00 $0 5.2E-01
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Equipment Use and Misc Residual Handling
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC monitoring wells PVC 80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 lb/ft 80.00 lft 0.13 0.07 0.00 0.00 0.00 0.00 0.00 2.38 0.14

RAC

Permantent Equipment Decon 

Pad General Concrete assume general concrete, Assume 25ftx20ftx0.5ft, 145 lb/ft3 36,250.00 lbs 2.14 2.14 0.00 0.00 0.00 0.00 0.00 21.09 0.00

RAC

Permanent Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 g/cm3 291.86 lbs 0.65 0.34 0.00 0.00 0.00 0.00 0.00 3.82 0.10

RAC

Permanent Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, density for pine 530 kg/m3 330.87 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

RAC

Temporary Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC

Temporary Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, density for pine 530 kg/m3 514.68 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

Subtotal 4.49 3.38 0.00 0.01 0.00 0.01 0.00 36.47 0.50

Construction Equipment MWhr gal x 1000

RAC DPT Drill Rig Drill Rig, DPT (diesel) 75 wells, 4 wells per day, 19 day, 8 hours a day, 80% efficiency 121.60 hrs 1.95 1.90 0.00 0.00 0.02 0.00 0.00 14.86

RAC DPT Drill Rig Drill Rig, DPT (diesel) 1 day, 8 hours a day, 80% efficiency 6.40 hrs 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.78

Subtotal 2.05 2.00 0.00 0.00 0.02 0.00 0.00 15.64 0

Total 7 5 0.00 0.01 0.02 0.01 0.00 52 1

Alternative 1

Values Input into SiteWise as "Other"

Energy 

Consumption

Water 

Consumption

CO2e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

MMBTU gal

-                  -            -              -              -              -              -              -                     -                      

6.54                5.38           0.91            0.24            0.02            0.01            0.00            177.82               500.07                

-                  -            -              -              -              -              -              -                     -                      

-                  -            -              -              -              -              -              -                     -                      

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI

RAC

RAO

LTM

Criteria Pollutant Emission Energy 

Consumption

Water 

Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / Phase Module Components Comments / Assumptions Quantity (Units)
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Sustainable Remediation - Environmental Footprint Summary

G-5

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 7.64 9.6E+01 NA 2.8E-03 1.0E-04 5.7E-04 1.6E-04 1.3E-02

Transportation-Equipment 1.65 2.2E+01 NA 5.2E-04 9.2E-06 4.6E-05 4.4E-06 3.6E-04

Equipment Use and Misc 1,158.06 3.1E+04 8.7E+03 7.6E-02 1.9E+00 7.1E-01 3.2E-05 8.1E-03

Residual Handling 0.14 1.9E+00 NA 4.5E-05 7.9E-07 4.0E-06 7.8E-07 6.3E-05

Sub-Total 1,167.49 3.10E+04 8.66E+03 7.92E-02 1.89E+00 7.11E-01 1.94E-04 2.11E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 8.46 1.1E+02 NA 3.1E-03 1.1E-04 6.3E-04 1.7E-04 1.4E-02

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 87.27 1.3E+03 0.0E+00 3.0E-01 2.0E-01 7.7E-03 0.0E+00 0.0E+00

Residual Handling 0.15 2.0E+00 NA 4.8E-05 8.5E-07 4.3E-06 7.8E-07 6.3E-05

Sub-Total 95.88 1.41E+03 0.00E+00 3.05E-01 2.02E-01 8.29E-03 1.74E-04 1.40E-02

1.3E+03 3.2E+04 8.7E+03 3.8E-01 2.1E+00 7.2E-01 3.7E-04 3.5E-02

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 1.7E-01

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 1.1E-01

Total 0.0E+00 0.0E+00 0.0E+00 $0 2.8E-01
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC injection wells PVC

9 injection wells, assume pvc, schedule 80, assume 2 in diameter, 0.984 lb/ft, 

assume 20 ft deep 180.00 lft 0.40 0.20 0.00 0.00 0.00 0.00 0.00 7.32 0.31

RAC vent wells PVC

4 vent wells, assume pvc, schedule 80, assume 6 in diameter, 5.61 lb/ft, assume 

20 ft deep 80.00 lft 1.01 0.51 0.00 0.01 0.00 0.00 0.00 18.56 0.14

RAC injection wells PVC

81 injection wells, assume pvc, schedule 80, assume 2 in diameter, 0.984 lb/ft, 

assum e 20 ft deep 1,620.00 lft 3.59 1.81 0.00 0.02 0.00 0.01 0.00 65.91 2.79

RAC vent wells PVC

22 vent wells, assume pvc, schedule 80, assume 6 in diameter, 5.61 lb/ft, assume 

20 feet deep 440.00 lft 5.56 2.80 0.01 0.03 0.00 0.01 0.00 102.06 0.76

RAC injection wells PVC

9 injection wells,  assume pvc, schedule 80, assume 2 in diameter, 0.984 lb/ft, 

assume 20 feet deep 180.00 lft 0.40 0.20 0.00 0.00 0.00 0.00 0.00 7.32 0.31

RAC monitoring wells PVC 80 lf, assume pvc, 2 in diameter, schedule 40, 0.72 lb/ft 80.00 lft 0.13 0.07 0.00 0.00 0.00 0.00 0.00 2.38 0.14

RAC injection wells PVC

81 injection wells, assume pvc, schedule 80, assume 2 in diameter, 0.984 lb/ft, 

assume 20 feet deep 1,620.00 lft 3.59 1.81 0.00 0.02 0.00 0.01 0.00 65.91 2.79

RAC

Temporary Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC

Temporary Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, density for pine 530 kg/m3 514.68 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC reagents Hydrogen Peroxide assume hydrogen peroxide 27,000.00 lbs 49.49 14.69 0.11 0.08 0.00 0.08 0.03 380.39 0.00

RAC reagents Hydrogen Peroxide assume hydrogen peroxide 243,000.00 lbs 445.43 132.24 0.96 0.76 0.00 0.73 0.28 3423.54 0.00

RAC reagents Hydrogen Peroxide assume hydrogen peroxide 28,488.00 lbs 52.22 15.50 0.11 0.09 0.00 0.09 0.03 401.36 0.00

RAC reagents Hydrogen Peroxide assume hydrogen peroxide 318,645.00 lbs 584.10 173.41 1.26 1.00 0.00 0.95 0.36 4489.27 0.00

Subtotal 1147.50 344.08 2.45 2.02 0.00 1.88 0.70 8973.20 7.48

Construction Equipment MWhr gal x 1000

RAC DPT Drill Rig Drill Rig, DPT (diesel) 1 day, 8 hours a day, 80% efficiency 6.40 hrs 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.78

RAC DPT drill rig zone 1 Drill Rig, DPT (diesel) 13 wells, 4 days per well, 4 days, 8 hours per day, 80% utilization 25.60 hrs 0.41 0.40 0.00 0.00 0.00 0.00 0.00 3.13

RAC DPT drill rig zone 1 Drill Rig, DPT (diesel) 103 wells, 4 days per well, 26 days, 8 hours per day, 80% utilization 166.40 hrs 2.67 2.60 0.00 0.00 0.03 0.00 0.00 20.34

RAC DPT drill rig zone 1 Drill Rig, DPT (diesel) 9 wells, 4 days per well, 3 days, 8 hours per day, 80% utilization 19.20 hrs 0.31 0.30 0.00 0.00 0.00 0.00 0.00 2.35

RAC DPT drill rig zone 1 Drill Rig, DPT (diesel) 81 wells, 4 days per well, 21 days, 8 hours per day, 80% utilization 134.40 hrs 2.15 2.10 0.00 0.00 0.02 0.00 0.00 16.43

Subtotal 5.64 5.51 0.00 0.01 0.06 0.00 0.01 43.02 0

Total 1,153 350 2.45 2.03 0.06 1.88 0.71 9,016 7

Alternative 1

Values Input into SiteWise as "Other"

Energy 

Consumption

Water 

Consumption

CO2e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

MMBTU gal

-                  -            -              -              -              -              -              -                     -                      

1,153.14         349.58      760.94        42.62          0.06            1.88            0.71            30,763.32          7,476.82             

-                  -            -              -              -              -              -              -                     -                      

-                  -            -              -              -              -              -              -                     -                      

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

Tonnes

Tonnes

Tonnes

Technology Module / Phase Module Components Comments / Assumptions Quantity (Units)

Energy 

Consumption

Water 

Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

RI

RAC

RAO

LTM

Criteria Pollutant Emission
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SiteWise™ Results Alternative S-2

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 1 of 1

Sustainable Remediation - Environmental Footprint Summary

S-2

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 1.85 2.3E+01 NA 6.8E-04 2.4E-05 1.4E-04 3.8E-05 3.0E-03

Transportation-Equipment 1.38 1.8E+01 NA 4.4E-04 7.7E-06 3.9E-05 3.4E-06 2.8E-04

Equipment Use and Misc 10.17 3.6E+02 1.4E+03 2.2E-02 9.2E-03 9.4E-03 9.4E-06 2.4E-03

Residual Handling 0.93 1.2E+01 NA 2.9E-04 5.1E-06 2.6E-05 3.1E-06 2.5E-04

Sub-Total 14.33 4.14E+02 1.37E+03 2.33E-02 9.19E-03 9.62E-03 5.38E-05 5.94E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1.4E+01 4.1E+02 1.4E+03 2.3E-02 9.2E-03 9.6E-03 5.4E-05 5.9E-03

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 4.8E-02

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Total 0.0E+00 0.0E+00 0.0E+00 $0 4.8E-02
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Phase

Total

$0

Activities
Accident Risk 

Fatality

Accident Risk 

Injury

Lost Hours - Injury

Total Cost with 

Footprint 

Reduction 



SiteWise™ Results Alternative S-2

Residual Action Construction Stage

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.26% 

0.08% 

99.60% 

0.06% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

70% 

6% 

18% 

6% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 1.44% 

0.40% 

97.89% 

0.27% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

51% 

5% 

40% 

4% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 2.94% 

1.87% 

93.95% 

1.25% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 6% 

4% 

87% 

3% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
13% 

10% 

71% 

6% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling



SiteWise™ Results Alternative S-2

Residual Action Construction Stage

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina
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GSRx Results Alternative S-2

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC

Permantent Equipment Decon 

Pad General Concrete assume general concrete, Assume 25ftx20ftx0.5ft, 145 lb/ft3 36,250.00 lbs 2.14 2.14 0.00 0.00 0.00 0.00 0.00 21.09 0.00

RAC

Permanent Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 g/cm3 291.86 lbs 0.65 0.34 0.00 0.00 0.00 0.00 0.00 3.82 0.10

RAC

Permanent Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, density for pine 530 kg/m3 330.87 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

RAC

Temporary Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC

Temporary Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, density for pine 530 kg/m3 514.68 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Backfill Soil Assume soil, 4 CY, 1.5 ton/cy, 12,000.00 lbs 0.13 0.13 0.00 0.00 0.00 0.00 0.00 3.31 0.00

RAC Pavement repair, stone base Gravel 100 sf, assume gravel, 6 in, density 1522 kg/m3 4,750.72 lbs 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.87 0.00

RAC Pavement repair, binder course Gravel 100 sf, assume gravel, 2 in, density 1522 kg/m3 1,583.57 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.29 0.00

RAC Pavement repair, topping Asphalt 100 sf, assume asphalt, 1 in, density 721 kg/m3 375.08 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00

RAC Backfill Soil Assume soil, 19 CY, 1.5 ton/cy, 57,000.00 lbs 0.59 0.59 0.00 0.00 0.00 0.00 0.00 15.71 0.00

RAC Topsoil Soil Assume soil, 19 CY, 1.5 ton/cy, 57,000.00 lbs 0.59 0.59 0.00 0.00 0.00 0.00 0.00 15.71 0.00

RAC Seeding, mulch Mulch 1 msf, assume mulch assume, 50 lb per msf 50.00 lbs 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.18 0.00

RAC Seeding, fertilizer Fertilizer 1 msf, assume fertilizer, assume 20 lb per smf 20.00 lbs 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.45 0.01

RAC Backfill Soil Assume soil, 2 CY, 1.5 ton/cy, 6,000.00 lbs 0.06 0.06 0.00 0.00 0.00 0.00 0.00 1.65 0.00

RAC Topsoil Soil Assume soil, 2 CY, 1.5 ton/cy, 6,000.00 lbs 0.06 0.06 0.00 0.00 0.00 0.00 0.00 1.65 0.00

RAC Seeding, mulch Mulch 0.1 msf, assume mulch assume, 50 lb per msf 5.00 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00

RAC Seeding, fertilizer Fertilizer 0.1 msf, assume fertilizer, assume 20 lb per smf 2.00 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00

RAC Backfill Soil Assume soil, 22 CY, 1.5 ton/cy, 66,000.00 lbs 0.69 0.69 0.00 0.00 0.00 0.00 0.00 18.19 0.00

RAC Pavement repair, stone base Gravel 100 sf, assume gravel, 6 in, density 1522 kg/m3 4,750.72 lbs 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.87 0.00

RAC Pavement repair, binder course Gravel 100 sf, assume gravel, 2 in, density 1522 kg/m3 1,583.57 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.29 0.00

RAC Pavement repair, topping Asphalt 100 sf, assume asphalt, 1 in, density 721 kg/m3 375.08 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00

Subtotal 6.64 5.58 0.00 0.01 0.00 0.01 0.01 93.38 0.37

Construction Equipment MWhr gal x 1000

RAC Backhoe Loader, 80 hp Loader, 80 HP, 1.5 CY (diesel) 2 days, 8 hours per day, 80% utilization 12.80 hrs 0.21 0.21 0.00 0.00 0.00 0.00 0.00 0.94

RAC Asphalt paver 130 hp Paver, 100 HP (diesel) 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.23 0.23 0.00 0.00 0.00 0.00 0.00 0.78

RAC Roller Roller, 100 HP (diesel) 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.23 0.23 0.00 0.00 0.00 0.00 0.00

RAC Backhoe Loader, 80 hp Loader, 80 HP, 1.5 CY (diesel) 3 days, 8 hours per day, 80% utilization 19.20 hrs 0.32 0.32 0.00 0.00 0.00 0.00 0.00 1.41

RAC Tractor

Tractor (agricultural equipment), 

250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.48 0.48 0.00 0.00 0.00 0.00 0.00 1.72

RAC Backhoe Loader, 80 hp Loader, 80 HP, 1.5 CY (diesel) 2 days, 8 hours per day, 80% utilization 12.80 hrs 0.21 0.21 0.00 0.00 0.00 0.00 0.00 0.94

RAC Tractor

Tractor (agricultural equipment), 

250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.48 0.48 0.00 0.00 0.00 0.00 0.00 1.72

RAC Backhoe Loader, 80 hp Loader, 80 HP, 1.5 CY (diesel) 3 days, 8 hours per day, 80% utilization 19.20 hrs 0.32 0.32 0.00 0.00 0.00 0.00 0.00 1.41

RAC Asphalt paver 130 hp Paver, 100 HP (diesel) 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.23 0.23 0.00 0.00 0.00 0.00 0.00 0.78

RAC Roller Roller, 100 HP (diesel) 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.23 0.23 0.00 0.00 0.00 0.00 0.00

Subtotal 2.94 2.93 0.00 0.00 0.02 0.00 0.00 9.70 0

Total 10 9 0.00 0.01 0.02 0.01 0.01 103 0

Alternative 1

Values Input into SiteWise as "Other"

Energy 

Consumption

Water 

Consumption

CO2e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

MMBTU gal

-                  -            -              -              -              -              -              -                     -                      

9.58                8.52           0.88            0.18            0.02            0.01            0.01            351.70               372.45                

-                  -            -              -              -              -              -              -                     -                      

-                  -            -              -              -              -              -              -                     -                      

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI

RAC

RAO

LTM

Criteria Pollutant Emission Energy 

Consumption

Water 

Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / Phase Module Components Comments / Assumptions Quantity (Units)



SiteWise™ Results Alternative S-3

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina

Page 1 of 1

Sustainable Remediation - Environmental Footprint Summary

S-3

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 1.12 1.4E+01 NA 4.2E-04 1.5E-05 8.4E-05 2.3E-05 1.9E-03

Transportation-Equipment 0.66 8.7E+00 NA 2.1E-04 3.7E-06 1.9E-05 1.6E-06 1.3E-04

Equipment Use and Misc 7.66 2.6E+02 1.4E+03 1.4E-02 7.0E-03 2.4E-03 4.8E-06 1.2E-03

Residual Handling 0.64 8.4E+00 NA 2.0E-04 3.6E-06 1.8E-05 2.3E-06 1.9E-04

Sub-Total 10.09 2.95E+02 1.37E+03 1.52E-02 7.05E-03 2.48E-03 3.17E-05 3.37E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

1.0E+01 2.9E+02 1.4E+03 1.5E-02 7.1E-03 2.5E-03 3.2E-05 3.4E-03

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 2.7E-02

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Total 0.0E+00 0.0E+00 0.0E+00 $0 2.7E-02
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Activities
Accident Risk 

Fatality

Accident Risk 

Injury

Lost Hours - Injury

Total Cost with 

Footprint 

Reduction 



SiteWise™ Results Alternative S-3
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Parris Island, South Carolina
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.21% 

0.05% 

99.69% 

0.05% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

73% 

5% 
15% 

7% 
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SiteWise™ Results Alternative S-3

Residual Action Construction Stage

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina
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GSRx Results Alternative xx

Marine Corps Recruit Depot Parris Island, Sites 9, 16, 27, 55

Parris Island, South Carolina
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC

Permantent Equipment Decon 

Pad General Concrete assume general concrete, Assume 25ftx20ftx0.5ft, 145 lb/ft3 36,250.00 lbs 2.14 2.14 0.00 0.00 0.00 0.00 0.00 21.09 0.00

RAC

Permanent Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 25ftx20ft, 3 mm thick, 0.95 g/cm3 291.86 lbs 0.65 0.34 0.00 0.00 0.00 0.00 0.00 3.82 0.10

RAC

Permanent Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (25ftx20ft pad) 90 ft of timber, density for pine 530 kg/m3 330.87 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

RAC

Temporary Equipment Decon 

Pad Liner HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC

Temporary Equipment Decon 

Pad Frame Wood Assume wood, 4x4 in, (30ftx40ft pad) 140 ft of timber, density for pine 530 kg/m3 514.68 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Backfill Soil Assume soil, 19 CY, 1.5 ton/cy, 57,000.00 lbs 0.59 0.59 0.00 0.00 0.00 0.00 0.00 15.71 0.00

RAC Topsoil Soil Assume soil, 19 CY, 1.5 ton/cy, 57,000.00 lbs 0.59 0.59 0.00 0.00 0.00 0.00 0.00 15.71 0.00

RAC Seeding, mulch Mulch 1 msf, assume mulch assume, 50 lb per msf 50.00 lbs 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.18 0.00

RAC Seeding, fertilizer Fertilizer 1 msf, assume fertilizer, assume 20 lb per smf 20.00 lbs 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.45 0.01

RAC Backfill Soil Assume soil, 2 CY, 1.5 ton/cy, 6,000.00 lbs 0.06 0.06 0.00 0.00 0.00 0.00 0.00 1.65 0.00

RAC Topsoil Soil Assume soil, 2 CY, 1.5 ton/cy, 6,000.00 lbs 0.06 0.06 0.00 0.00 0.00 0.00 0.00 1.65 0.00

RAC Seeding, mulch Mulch 0.1 msf, assume mulch assume, 50 lb per msf 5.00 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00

RAC Seeding, fertilizer Fertilizer 0.1 msf, assume fertilizer, assume 20 lb per smf 2.00 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00

Subtotal 5.72 4.66 0.00 0.01 0.00 0.01 0.00 69.52 0.37

Construction Equipment MWhr gal x 1000

RAC Backhoe Loader, 80 hp Loader, 80 HP, 1.5 CY (diesel) 3 days, 8 hours per day, 80% utilization 19.20 hrs 0.32 0.32 0.00 0.00 0.00 0.00 0.00 1.41

RAC Tractor

Tractor (agricultural equipment), 

250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.48 0.48 0.00 0.00 0.00 0.00 0.00 1.72

RAC Backhoe Loader, 80 hp Loader, 80 HP, 1.5 CY (diesel) 2 days, 8 hours per day, 80% utilization 19.20 hrs 0.32 0.32 0.00 0.00 0.00 0.00 0.00 1.41

RAC Tractor

Tractor (agricultural equipment), 

250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.40 hrs 0.48 0.48 0.00 0.00 0.00 0.00 0.00 1.72

Subtotal 1.59 1.59 0.00 0.00 0.01 0.00 0.00 6.26 0

Total 7 6 0.00 0.01 0.01 0.01 0.00 76 0

Alternative 1

Values Input into SiteWise as "Other"

Energy 

Consumption

Water 

Consumption

CO2e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

MMBTU gal

-                  -            -              -              -              -              -              -                     -                      

7.31                6.25           0.88            0.18            0.01            0.01            0.00            258.54               372.45                

-                  -            -              -              -              -              -              -                     -                      

-                  -            -              -              -              -              -              -                     -                      

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI

RAC

RAO

LTM

Criteria Pollutant Emission Energy 

Consumption

Water 

Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / Phase Module Components Comments / Assumptions Quantity (Units)
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