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EXECUTIVE SUMMARY 
 

This Feasibility Study (FS) Report for the Building 603 Lead Site (Site 45) at Naval Air Station (NAS) 

Pensacola in Pensacola, Florida, has been prepared by Tetra Tech NUS, Inc. (TtNUS) for the Naval 

Facilities Engineering Command Southeast (NAVFAC SE) under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) Program, Contract Number N62467-04-D-0055  Contract Task 

Order (CTO) 0079.  This report describes the basis for the development and evaluation of remedial action 

alternatives for soil and groundwater at Site 45.  

 

E.1 SITE BACKGROUND AND IDENTIFICATION OF CONTAMINANTS OF CONCERN 

Site 45 is located in a developed area of the base.  The Site 45 history begins in 1966 or 1967 when 

approximately 50 gallons of transformer fluid containing polychlorinated biphenyls (PCBs) was spilled at 

Site 18, which is in the northeastern portion of the current Site 45.  Subsequent investigations at Site 18 

discovered the existence of several areas of lead at concentrations that exceeded regulatory screening 

levels.  An investigation of Site 45 revealed a much larger area contaminated with lead and other 

chemicals.  A remedial investigation (RI) that took place from 2005 through 2009 provided environmental 

data indicating the presence of contaminants in surface soil and shallow subsurface soil to a depth of 4 

feet below ground surface (bgs).   

 

The following chemicals were identified in surface soils exceeding Florida Soil Cleanup Target Levels 

(SCTLs) under Chapter 62-777, Florida Administrative Code (F.A.C.): 

 

• Residential direct exposure SCTL – carcinogenic polynuclear aromatic hydrocarbons (cPAHs), 

arsenic, barium, lead, and total petroleum hydrocarbons (TPH). 

• Industrial direct exposure SCTL – cPAHs and lead. 

• Recreational SCTL – cPAHs and arsenic. 

 
The following chemicals were identified in subsurface soils exceeding SCTLs: 
 

• Residential direct exposure SCTL - cPAHs, arsenic, barium, and lead. 

• Industrial direct exposure SCTL - cPAHs. 

• Recreational SCTL - cPAHs and arsenic. 

 
The following chemicals were identified as chemicals of potential concern (COPCs) for groundwater 

based on comparisons of maximum detected concentrations to Florida Groundwater Cleanup Target 

Levels (GCTLs) under Chapter 62-777, F.A.C. and Maximum Contaminant Levels (MCLs) under Chapter 

62-550, F.A.C.; and United States Environmental Protection Agency (USEPA) Region 9 Tap Water 
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Preliminary Remediation Goals (PRGs): aluminum, iron, lead, mercury, manganese, vanadium, 

bromodichloromethane, chloroform, and arsenic.   

 

Arsenic was not detected at concentrations that exceed the state or federal drinking water quality criteria 

or Florida MCLs under Chapter 62-550, F.A.C. 

 

Bromodichloromethane and chloroform were not detected at concentrations that exceed the federal 

drinking water quality criteria or Florida MCLs under Chapter 62-550, F.A.C. for total trihalomethanes.  

However, bromodichloromethane exceeded its GCTL under Chapter 62-777 F.A.C. at one location, PEN-

45-06.  Bromodichloromethane and chloroform may form during chlorination treatment of drinking water.  

Their presence in groundwater may be associated with a possible leak in a drinking water system, or a 

field or laboratory artifact. 

  

The USEPA Region 9 Tap Water PRGs were replaced after 2008 with  the USEPA Regional Screening 

Levels (RSLs) (USEPA, 2009) , but the RI for OU 20, Site 45 was written in 2007 and used the earlier 

USEPA Region 9 Tap Water PRGs.  Therefore, the 2008 Region 9 Tap Water PRGs were used in this FS 

to be consistent with the Site 45 RI and the human health risk assessment.   

 

The secondary MCLs  under Chapter 62-550, F.A.C. for aluminum, iron and manganese are based on 

aesthetic considerations such as taste, odor, etc., and human health considerations under Chapter 62-

785, F.A.C. (aluminum-body weight, iron-gastrointestinal, and manganese-neurological); however, most 

of the groundwater samples contained aluminum, iron, and manganese at concentrations significantly 

less than their respective Health-Based USEPA Region 9 Tap Water PRGs.   

 

There were two exceptions: aluminum in the groundwater samples from deep monitoring wells at PEN-

45-09 and PEN-45-13 exceeded the Florida secondary MCLs.  However, the concentrations at PEN-45-

09 and PEN-45-13 were less than the USEPA Tap Water PRG of 37,000 micrograms per liter [μg/L].  The 

aluminum concentrations are a result of the high turbidity of the groundwater samples collected from each 

of the monitoring wells during sampling.  This is documented in the groundwater sample log sheets 

provided in Appendix D of the RI.  Therefore, only the following inorganics were retained as groundwater 

chemicals of concern (COCs) requiring cleanup for human health and environmental concerns:  

 

• Lead 

• Mercury 

• Vanadium 
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E.2 REMEDIAL ACTION OBJECTIVES AND ESTIMATION OF CONTAMINATED  
 MEDIA VOLUMES 

The remedial action objectives (RAOs) were developed based on the current land use as 

industrial/commercial property and future potential land use as residential property, with the objective of 

protecting the public from potential current and future health risks, as well as to protect the environment.   

Therefore, the following RAOs were developed for Site 45:  

 

RAO 1: Prevent unacceptable human health risk to site construction, industrial, and maintenance workers 

associated with exposure to soil containing lead and cPAHs at concentrations greater than Florida 

Department of Environmental Protection (FDEP) industrial direct exposure SCTLs.  

 

RAO 2: Prevent unacceptable human health risk to hypothetical residents associated with exposure to 

soil containing lead, arsenic, barium, TPH, and cPAHs at concentrations greater than FDEP residential 

direct exposure SCTLs.  

 

RAO 3: Prevent unacceptable human health risk associated with exposure to groundwater containing 

lead and mercury at concentrations exceeding primary FDEP MCLs, and vanadium at concentrations 

greater than the FDEP GCTL. 

 

The extent of soil contamination was estimated based on exceedances of FDEP residential and industrial 

direct exposure SCTLs.  The volume of soil exceeding residential direct exposure SCTLs was 3,052 cubic 

yards, and the volume of soil exceeding industrial direct exposure SCTLs was 556 cubic yards. 

 

Vanadium exceeded its GCTL at monitoring well location PEN-45-07D, and mercury exceeded its MCL at 

monitoring well location 18GS04S.  Lead exceeded its MCL at two monitoring well locations (PEN-45-04S 

and 18GS02S) that were less than 100 feet apart.  Conservative estimates of the lead, mercury, and 

vanadium plume volumes were calculated, and the total pore volume of contaminated groundwater was 

estimated at 229,000 gallons.  

 
E.3 SELECTION OF TECHNOLOGIES AND DEVELOPMENT OF REMEDIAL ALTERNATIVES 

The primary objective of this phase of the FS was to develop an appropriate range of remedial 

alternatives from applicable technology types and process options.  General response actions (GRAs) 

were screened to eliminate those that would not apply to the site, and technologies and process options 

in the categories of all applicable GRAs were screened in more detail.  The most effective and 

implementable options were retained for development of remedial alternatives.   
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The following alternatives were developed for soil, including No Action, which is required as a baseline for 

comparison, under the National Oil and Hazardous Substances Pollution Contingency Plan (NCP): 

• Alternative S-1:  No Action. 

• Alternative S-2:  In-Situ Treatment of Lead, and Land Use Controls (LUCs). 

• Alternative S-3:  Capping of Unpaved Areas Exceeding FDEP Industrial SCTLs, and LUCs.  

• Alternative S-4:  Excavation to meet FDEP Industrial SCTLs, Ex-Situ Treatment, Off-Site 

Disposal, and LUCs. 

 
The following remedial alternatives were developed for groundwater, including No Action: 
 

• Alternative GW-1:  No Action. 

• Alternative GW-2:  LUCs and Monitored Natural Attenuation. 

• Alternative GW-3:  In-situ Groundwater Treatment and LUCs with Monitoring. 

 
E.4 EVALUATION OF REMEDIAL ALTERNATIVES 

In accordance with the NCP [40 Code of Federal Regulations (CFR) Part 300.430], there are nine criteria,  

each assigned to one of three categories, used for the evaluation of remedial alternatives.  Threshold 

criteria are those that must be met for a remedy to be eligible for selection.  Primary balancing criteria are 

used to weigh major trade-offs among alternatives and are less important than threshold criteria, but of 

equal importance among themselves.  Modifying criteria are not used in the development and initial 

screening of alternatives, but are considered after public comments are received on the Proposed Plan.  

The following are the nine NCP criteria: 

 

• Threshold Criteria 

 - Overall Protection of Human Health and the Environment. 

 - Compliance with Applicable or Relevant and Appropriate Requirements (ARARs). 

• Primary Balancing Criteria 

- Long-Term Effectiveness and Permanence. 

- Reduction of Toxicity, Mobility, or Volume through Treatment. 

- Short-Term Effectiveness. 

- Implementability. 

- Cost. 

• Modifying Criteria 

- State Acceptance.  

- Community Acceptance. 

 
Summaries of the comparison of soil alternatives and groundwater alternatives are presented in 

Tables ES-1 and ES-2, respectively.  



TABLE ES-1 
 

SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA  
PENSACOLA, FLORIDA 

PAGE 1 OF 2 
 

Evaluation Criteria Alternative S-1: No 
Action 

Alternative S-2:  In-Situ Treatment 
of Lead and LUCs 

Alternative S-3:  Capping of 
Unpaved Areas Exceeding FDEP 

Industrial SCTLs and LUCs 
 
 

Alternative S-4:  Excavation to 
Meet FDEP Industrial SCTLs, 

Treatment, Off-Site Disposal, and 
LUCs 

Threshold Criteria     

Overall Protection of Human 
Health and Environment 

Not protective  Protective More protective than Alternative S-
2, regarding protection of human 
and ecological receptors.  

Most protective of Human Health and 
Environment by completely removing 
Industrial/Commercial contamination.  

Compliance with ARARs Would not comply Would comply Would comply Would comply 

Primary Balancing Criteria 

Long-Term Effectiveness 
and Permanence 

Not effective Effective and permanent in treating 
lead contamination, ineffective and 
not permanent in relation to cPAHS 

Less effective and permanent than 
Alternative S-2, but still effective 

Most effective and permanent 
through the removal of all Industrial 
risks.  

Reduction of Contaminant 
Toxicity, Mobility, or Volume 
through Treatment 

None Treatment of a portion of soil 
determined to be hazardous  

No reduction of toxicity,  mobility,  
or volume  through minor 
excavation.   

Treatment of an equal portion of soil 
determined to be hazardous 
compared to Alternative S-2. Total 
volume of industrial contamination 
removed from the site.  

Short-Term Effectiveness No potential for short 
term impacts from 
cleanup activities 

Would be effective.  Minimum 
potential for short-term risks. Would 
attain RAOs in 6 months. 

Would be effective. Minimum 
potential for short-term risks.  
Would attain RAOs immediately 

Would be effective. Greater potential 
for short-term risks than Alternatives 
S-2 and S-3 due to removal of a large 
volume of soil.  Would attain RAOs 
immediately.  

Implementability Nothing to  implement Poses  administrative concerns and 
short-term technical concerns 

Poses administrative concerns, but 
it the simplest to implement 
technically.  

Poses administrative and concerns 
and technical concerns that are 
slightly greater than Alternative S-3 
but less than Alternative S-2. 



TABLE ES-1 
 

SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA  
PENSACOLA, FLORIDA 

PAGE 2 OF 2 
 

Evaluation Criteria Alternative S-1: No 
Action 

Alternative S-2:  In-Situ Treatment 
of Lead and LUCs 

Alternative S-3:  Capping of 
Unpaved Areas Exceeding FDEP 

Industrial SCTLs and LUCs 
 
 

Alternative S-4:  Excavation to 
Meet FDEP Industrial SCTLs, 

Treatment, Off-Site Disposal, and 
LUCs 

Costs: 
Capital 
NPW of O&M 
NPW 

$0
$0
$0 

$447,000
$191,000
$638,000 

$276,000
$191,000
$467,000 

 
$795,000 
$191,000 
$986,000 

Modifying Criteria 

State Acceptance To Be Evaluated After 
Receipt of Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

Community Acceptance To Be Evaluated After 
Receipt of Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

 
NOTES: 

         ARARs Applicable or Relevant and Appropriate Requirements   O&M Operation and maintenance 
         LUCs Land use controls        RAOs Remedial Action Objectives 
         NPW Net present worth        TBCs To Be Considered (criteria) 
 



TABLE ES-2 
 

SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA  
PENSACOLA, FLORIDA 

 
Evaluation Criteria Alternative GW-1: No 

Action 
Alternative GW-2:  LUCs and Monitored 

Natural Attenuation 
Alternative GW-3:  In-situ Groundwater 
Treatment and LUCs with Monitoring 

Threshold Criteria    
Overall Protection of Human Health and 
Environment 

Not protective  Protective More protective than Alternative GW-2.  

Compliance with ARARs Would not comply Would eventually comply Would comply 

Primary Balancing Criteria    

Long-Term Effectiveness and Permanence Not effective or 
permanent  

Effective and permanent More effective than GW-2 and permanent 

Reduction of Contaminant Toxicity, Mobility, or 
Volume through Treatment 

None None Reduces toxicity and mobility of 
contaminants 

Short-Term Effectiveness No potential for short 
term impacts from 
cleanup activities 

Would be effective.  Minimum potential for 
short-term risks.  The RAO would be met 
immediately and eventual compliance with 
the cleanup goal (via attenuation of COCs) 
would be determined by monitoring. 

Would be effective.  Short-term risks can be 
adequately addressed.  The RAO would be 
met immediately.  Treatment goals would be 
attained within 2 years. 

Implementability Nothing to  implement Readily implementable, although long-term 
administrative controls would be required. 

Somewhat more difficult to implement 
technically compared to GW-2.  However, 
no long-term administrative concerns exist. 

Costs: 
Capital 
NPW of O&M 
NPW 

$0
$0
$0 

$ 143,000
$363,000
$506,000 

$ 368,000
$301,000
$669,000

 
Modifying Criteria    
State Acceptance To Be Evaluated After 

Receipt of Comments 
To Be Evaluated After Receipt of Comments To Be Evaluated After Receipt of Comments 

Community Acceptance To Be Evaluated After 
Receipt of Comments 

To Be Evaluated After Receipt of Comments To Be Evaluated After Receipt of Comments 

 
NOTES: 

O&M Operation and maintenance     LUCs Land use controls    NPW Net present worth 
ARARs Applicable or Relevant and Appropriate Requirements TBCs To be considered (criteria) 
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1.0  INTRODUCTION 

1.1 PURPOSE AND ORGANIZATION OF REPORT 

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

remedial technologies; and assembles, evaluates, and compares remedial alternatives for contaminated 

surface soil and subsurface soil areas and groundwater for Site 45 at Naval Air Station (NAS) Pensacola, 

Florida.   

 

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

in the United States Environmental Protection Agency (USEPA) Remedial Investigation/Feasibility Study 

(RI/FS) Guidance Document (1988) and contains the following five sections: 

 

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

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

 
• Section 2.0, RAOs and General Response Actions (GRAs), presents the RAOs, identifies 

Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) 

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

associated GRAs, and provides estimates of the volumes of contaminated soil and groundwater 

to be remediated. 

 
• Section 3.0, Screening of Remediation Technologies and Process Options, provides a two-tiered 

screening of potentially applicable soil and groundwater remediation technologies, and identifies 

the technologies that were assembled into remedial alternatives.   

 
• Section 4.0, Assembly and Detailed Analysis of Remedial Alternatives, assembles the remedial 

technologies retained from the Section 3 screening process into multiple soil and groundwater 

remedial alternatives, describes these alternatives, and performs a detailed analysis of these 

alternatives in accordance with seven of the nine remedy selection criteria set forth in 40 Code of 

Federal Regulations (CFR) Part 300.430 of USEPA’s National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP).  

 
• Section 5.0, Comparative Analysis of Remedial Alternatives, compares the soil and groundwater 

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

Environmental Response, Compensation, and Liability Act (CERCLA) analysis criteria used in 

Section 4. 
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Appendix A contains the analytical results for soil and groundwater samples collected during the RI, 

Appendix B contains contaminant volume calculations, and Appendix C contains the cost estimates for 

the developed alternatives.  Responses to regulatory comments on the Draft Final FS are provided in 

Appendix D. 

 

1.2 SITE BACKGROUND 

Figure 1-1 provides a general facility location map for NAS Pensacola.  Figure 1-2 shows an aerial view 

of the features in the vicinity of Site 45, and provides the general arrangement of the site. 

 

1.2.1 Site Description 

The United States Navy has maintained a presence in the Pensacola Area since 1825, when a Navy yard 

was established on Pensacola Bay.  Between 1828 and 1835, the Navy acquired approximately 

2,300 acres as operations in the area expanded.  Several natural disasters in the early 1900s destroyed 

the yard and forced it into maintenance status in 1911.  Three years later, the Navy’s first permanent air 

station was established on the site of the former Navy yard.  The air station has been the primary training 

base for Naval aviators since that time, and the base continues to expand.   

 

NAS Pensacola (Figure 1-1) is located in Escambia County in Florida's northwestern coastal area, 

approximately 5 miles west of the Pensacola City limits.  Current land use at NAS Pensacola consists of 

various military housing, training, and support facilities as well as large industrial complexes for major 

repairs and refurbishment of aircraft engines and frames.  Other land uses on base include training 

activities, equipment and materials storage, maintenance areas, and recreational facilities for military 

personnel.  Land use in off-base areas adjacent to NAS Pensacola is primarily residential. 

 

Site 45 is located at the southeastern end of NAS Pensacola, west of Center Avenue and north and south 

of Mustin Street.  Site 45 consists mostly of paved parking areas near occupied non-residential buildings, 

with the remaining area made up of grass and a concrete platform (Facility 1785 on Figure 1-2); 

therefore, only site and maintenance personnel are expected to use the site for parking and upkeep of the 

grassy areas and parking lot.   

 

The vicinity is generally flat, with land surface elevation averaging 5 feet mean sea level (msl) 

(Ensafe/Allen & Hoshall, 1996).  Pensacola Bay is approximately 800 feet south of the site and is the 

nearest surface water body.  Surface water bodies are not located on or adjacent to the site.  NAS 

Pensacola Supply Well No. 2 is not on the site, but is the nearest drinking water supply well, and is 

located approximately 1,600 feet west-southwest of Site 45 (TtNUS, 2005). An elevated concrete 

platform, approximately 4 feet high (Facility 1785), was the location of the electrical transformers from 
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which transformer fluid containing polychlorinated biphenyls (PCBs) was spilled at Site 18, which is in the 

northeastern portion of the current Site 45.  

 

Site 45 is located in a developed area of the base, and covers a total area of approximately 176,000 

square feet (approximately 4 acres).  Wetlands are not located in the vicinity of Site 45.  On-site wildlife 

may temporarily use Site 45, but because of a lack of suitable cover, wildlife use is assumed to be 

infrequent. 

 

1.2.2 Site History 

Site 45 was identified in 1996 during the investigation of the Site 18, Substation A, PCB spill.  A 

Preliminary Site Characterization Report (PSCR) for Site 18 was prepared as part of an Installation 

Restoration (IR) investigation (EnSafe/Allen & Hoshall, 1996).  Historical records indicate that in 1966 or 

1967, approximately 50 gallons of transformer fluid containing PCBs was spilled at Site 18.  A soil 

removal action was completed at Site 18 after which No Further Action (NFA) was recommended for the 

site.  The soil removal and accompanying actions were documented in a Remedial Action Completion 

Report (RACR) in November 1998.  Site 18 was approved for NFA in November 2000 upon Florida 

Department of Environmental Protection (FDEP) and USEPA approval of the RACR.  There was no 

Record of Decision (ROD) completed for Site 18.   

 

The initial site boundaries for Site 45 were based on sample locations from the Site 18 investigation 

where lead exceedances were identified.  Lead concentrations in soil that exceeded the screening level 

during sampling events for the PSCR increased to the west, away from Site 18.  This prompted the Navy 

to designate the area as Site 45, separate from Site 18, and to initiate an additional investigation of that 

area.   

 

A known source of contamination was not identified for the lead exceedances.  Based on the results of 

subsequent Site 45 investigations, the site boundary was expanded to incorporate all areas where lead 

concentrations exceeded FDEP regulatory criteria before the start of the Site 45 RI (Figure 1-2).  

Although unpaved at the time of the PCB spill at Site 18, the surface of Site 45 now consists primarily of 

asphalt parking lots north and south of Mustin Street.  

 

1.2.3 Site Characteristics 

The following sections discuss the site-specific physical characteristics of Site 45, including surface 

hydrology, geology, soil characteristics, and groundwater hydrogeology. 

 

NAS Pensacola is located in the extreme southeastern portion of Escambia County, Florida, which lies 

within the Coastal Plain Province of the United States.  As described in the Initial Assessment Study (IAS) 
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of NAS Pensacola [Naval Energy and Environmental Support Activity (NEESA), 1983], NAS Pensacola is 

located within the coastal lowland characterized by a series of broad, nearly level, marine terraces that 

extend several miles from the coast and merge with narrow terraces along the Escambia and Perdido 

Rivers.  NAS Pensacola is located on a peninsula with gently sloping terrain; land surface elevations on 

the peninsula range from sea level to approximately 40 feet above msl. 

 

Escambia County has a warm, humid-temperate climate [United States Department of Agriculture 

(USDA), 2004].  Along the coast, the Gulf of Mexico moderates high temperatures in the summer and low 

temperatures in the winter.  Total annual precipitation is about 62 inches, with the greatest amounts of 

rain falling in July and August.  Occasionally, short droughts occur in late spring. 

 

1.2.3.1 Surface Hydrology 

NAS Pensacola is bordered on the south by Big Lagoon, on the south and east by Pensacola Bay, and 

on the north by Bayou Grande, as shown on Figure 1-1 (NEESA, 1983).  Sandy surface soil in this area 

allows a high proportion of rainfall to infiltrate into the ground and consequently there are few streams.  

The surface topography has little dissection, and the natural drainage system is poorly developed.   

 

Much of the surface drainage has been constructed or modified to accommodate structures on base.  

Swampy areas exist on or near the western portion of NAS Pensacola.   Man-made drainage ways and 

storm drains feed into short intermittent streams emptying into Pensacola Bay and Bayou Grande.  

Perennial streams do not enter or exit NAS Pensacola, but marshy areas and three small lakes on the 

golf course (located in the northeastern portion of the base) retain water throughout the year. 

 

Surface water features are not present at Site 45, and overland runoff consists of sheet flow directed to 

the storm drain system.  A drainage ditch, located approximately 500 feet east of the site, is the nearest 

surface water feature.  This drainage ditch is hydrologically downgradient of the site and also at a lower 

elevation than the site.  Water in this drainage ditch flows north and empties into Bayou Grande. 

 

1.2.3.2 Geology and Soil Characteristics 

The surficial geology of the area consists of Pleistocene marine deposits made up of light brown to tan 

fine quartz sand with associated stringers and lenses of gravel and clay.  Underlying these deposits, 

increasing with age, are Citronelle Formation, Miocene Coarse Clastics, Pensacola Clay, Tampa 

Formation, Chickasawhay Limestone, Bucatunna Clay member of the Byram Formation, Ocala Group, 

Lisbon equivalent, Tallahatta Formation, and Hatchetigbee Formation.  The Pleistocene deposits and 

Citronelle Formation are often impossible to differentiate and together range in thickness from 

approximately 30 feet to 800 feet across the county (NEESA, 1983). 
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Based on the previous subsurface investigations conducted at NAS Pensacola, including those by 

Geraghty and Miller, Inc. (1984 and 1986), Ecology and Environment, Inc. (1991), and EnSafe/Allen & 

Hoshall, (1996), the stratigraphy at NAS Pensacola from 0 to 100 feet below ground surface (bgs) in 

descending order consists of: 

 

• An approximately 50-foot-thick upper unit composed of fine-to medium-grained quartz sand with 

abundant shell material and localized thin layers of silty clay. 

• An approximately 15-foot-thick blue to green marine clay that is laterally persistent across NAS 

Pensacola and serves as an aquitard, inhibiting groundwater movement between the units above 

and below it. 

• An underlying unit comprised of a complex mosaic of fine to coarse marine and fluvial sands with 

localized marine and fluvial clays. 

 

The lithology at Site 45 is typical of the undifferentiated Pleistocene marine deposits of the area.  The 

ground surface to 2-foot-bgs interval was reported in the Site 45 RI (TtNUS, 2009) as brown to red silty 

sand with oyster shells.  Below 2 feet bgs, typical lithologies included fine sand ranging from brown to 

light gray to off-white in color.  Water was encountered at approximately 4 feet bgs in the soil borings 

sampled during the Site 45 RI.  Significant clay or gravel horizons were not encountered. 

 

The depth of the low-permeability marine clay confining unit at Site 45 was determined during the Site 45 

RI (TtNUS, 2009) by the response to drilling resistance with a geosonic rig.  The low-permeability marine 

clay was estimated to range from approximately 53 to 55 feet bgs. 

 

1.2.3.3 Groundwater 

Groundwater in Escambia County occurs in three major aquifers: a shallow surficial aquifer, which is both 

artesian and non-artesian (the sand and gravel aquifer); and two deep artesian aquifers (the upper and 

lower limestones of the Floridian aquifer).  Because the shallow surficial aquifer is partly unconfined and 

recharged principally by direct infiltration of rain, this aquifer is particularly susceptible to contamination 

from surface sources (EnSafe/Allen & Hoshall, 1996).   

 

Based on data from the Site 45 RI (TtNUS, 2009), the depth to water in the shallow monitoring wells 

(screened from approximately 3 to 13 feet bgs) in the water table zone of the surficial aquifer ranged from  

3.92 feet to 5.14 feet beneath the top of the well casings at Site 45 in December 2005. The depth to water 

in the deep monitoring wells (screened from approximately 42 to 52 feet bgs) ranged from 3.93 to 4.86 

feet beneath the top of the well casing.  The groundwater flow direction is generally toward the east and 

southeast in the shallow aquifer, and appears to be generally toward the south in the deep aquifer zone.  
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Assuming from the water level measurements that the top of the aquifer lies 4 feet bgs, and from the soil 

borings that its depth is 54 feet bgs, the surficial aquifer is estimated to be approximately 50 feet thick at 

Site 45. 

 

Groundwater  elevation  data indicate an average hydraulic gradient of 0.0022 feet per foot (feet/foot) for 

the shallow surficial water table wells, and the gradient for the deep  aquifer zone is approximately 0.0021 

feet/foot south using PEN-45-05 (2.22 feet) and PEN-45-13 (1.88 feet) approximately 166 feet apart.  In 

December 2005, both upward and downward vertical gradients were measured at Site 45. 

 

Slug test data were used to determine hydraulic conductivity; the geometric mean hydraulic conductivity 

for the shallow water table aquifer zone was estimated at 29.1 feet per day (ft/day), and the deep aquifer 

zone was estimated at 39.8 ft/day. 

 

1.2.4 Environmental Investigations 

This section summarizes investigations performed at Site 45 at NAS Pensacola prior to the RI.   

 

Site 45 was identified during the preliminary site characterization of Site 18 (EnSafe/Allen & Hoshall, 

1996).  Thirteen soil borings and four shallow monitoring wells were installed and sampled as part of the 

characterization activities, several of which were located in what is now considered to be part of Site 45.  

At Site 45 locations, arsenic, lead, and benzo(a)pyrene were detected at concentrations in soil in excess 

of screening levels and background concentrations.  A soil removal action at was completed at Site 18 to 

address the PCB spill, resulting in approval by the USEPA of a NFA recommendation (USEPA, 1997). 

 

As stated above, lead in soil samples collected outside of the Site 18 boundary exceeded the screening 

level and concentrations increased to the west, which led the Navy to designate the area surrounding Site 

18 as Site 45.  During the Site 18 investigation, eight soil borings were advanced within the initial Site 45 

boundaries, and eight surface soil samples (0 to 1 foot bgs) and 16 subsurface soil samples (1 to 3 feet 

bgs and 3 to 5 feet bgs) were collected for laboratory analysis.  The samples were analyzed for Target 

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

[including polynuclear aromatic hydrocarbons (PAHs)], pesticides/PCBs, and Target Analyte List (TAL) 

metals. 

 

In the initial sampling at Site 45, four surface soil samples had lead concentrations greater than the 

residential direct exposure screening level [400 milligrams per kilogram (mg/kg)], with concentrations 

ranging from 706 to 1,800 mg/kg.  One surface soil sample contained arsenic at 7.8 mg/kg in excess of its 

residential direct exposure screening level (2.1 mg/kg).  Another surface soil sample had a 
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benzo(a)pyrene concentration of 110 µg/kg, which is greater than its residential direct exposure screening 

level (100 µg/kg).  None of the target analytes exceeded their regulatory screening levels in subsurface 

soil samples collected from within the initial Site 45 boundary. 

 
During the Site 18 characterization sampling, one shallow monitoring well (18GS02) was installed in the 

area now designated Site 45, and the groundwater sample collected from the monitoring well was 

analyzed for TCL and TAL analytes.  Manganese was detected at 85.5 µg/L in excess of its secondary 

maximum contaminant level (MCL) (50 µg/L). 

 

1.3 REMEDIAL INVESTIGATION 

TtNUS conducted an RI at Site 45 (TtNUS, 2009) to determine the nature and extent of contamination 

and to conduct a risk assessment to support an FS.  During the RI, field activities consisted of two phases 

of soil sampling, one phase of groundwater sampling, and aquifer testing.  Phase I soil sampling involved 

soil screening and characterization, and Phase II involved soil delineation sampling.    For additional 

information regarding characterization and delineation rationale, refer to the RI (TtNUS, 2009). 

 
During Phase I and Phase II, 98 soil samples were collected between 0 to 4 feet bgs at 44 different 

locations and analyzed for TCL SVOCs, TPH, and TAL metals.  The following table presents the general 

sampling areas, purpose of each sampling area, and the numbers of sampling locations for each area.  

The Mustin Street Area soil characterization samples were collected to confirm the existing lead/arsenic 

screening sample results.     

 

General Sampling Area Purpose Number of Sampling 
Locations Per Area 

Full Site Lead/Arsenic Screening 16 

Mustin Street Area Soil Characterization 2 

Mustin Street Area Arsenic Delineation 4 

Mustin Street Area TPH Delineation 3 

Building 1 Area Soil Characterization 1 

Building 1 Area Arsenic Delineation 4 

Building 1 Area Lead, TPH, and PAH 

Delineation 

4 

Building 1 Area Lead Delineation 4 

Building 1 Area PAH Delineation 6 
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Surface soil samples were collected from 0 to 2 feet bgs, and subsurface soil samples were collected 

from 2 to 4 feet bgs.  For details about sample depths and locations, see RI Table 2-1 (TtNUS, 2009).  

 

Eighteen groundwater samples were collected from the two existing micro wells and the twelve newly 

installed monitoring wells.  Thirteen of the groundwater samples were analyzed for TCL VOCs and TAL 

metals, four samples were analyzed for lead only, and one sample was analyzed for mercury only.  

 

1.4 NATURE AND EXTENT OF CONTAMINATION 

This section presents a discussion of the retained COCs and their extent in the soil and groundwater at 

Site 45 based on the RI results.  Figure 1-3 presents the distribution of retained COCs in surface soil at 

Site 45, Figure 1-4 presents the distribution of retained COCs in subsurface soil, and Figure 1-5 presents 

the distribution of retained COCs identified in groundwater at Site 45. 

 

1.4.1 Soil 

The RI concluded that the source and nature of the contaminants detected in soil at Site 45 are unknown 

and are not likely related to the PCB spill at Site 18.  Twelve of thirty-two surface soil samples collected 

between 0 and 0.5 foot bgs had exceedances of one or more FDEP residential and/or industrial FDEP 

Soil Cleanup Target Levels (SCTLs) for arsenic, barium, lead, TPH and PAHs expressed as 

benzo(a)pyrene equivalents (FDEP, 2005a).  Fifteen of thirty-seven surface soil samples collected 

between 0.5 and 2 feet bgs contained target analytes at concentrations that exceeded of one or more of 

the FDEP SCTLs.  One of twenty-five subsurface soil samples (2 to 4 feet bgs) contained target analytes 

at concentrations that exceeded of one or more of the FDEP SCTLs.   

 

Table 1-1 highlights the locations of surface soil samples (collected within the 0 to 2 foot bgs interval) 

where one or more target analyte concentrations exceeded both the residential and industrial direct 

exposure SCTLs.  Several detections of lead and PAHs exceeded both residential and industrial SCTLs, 

while concentrations of the other chemicals (arsenic, barium, and TPH) exceeded only residential SCTLs.  

Concentrations of lead exceeded the industrial direct exposure SCTL at one location, and concentrations 

of PAHs exceeded the industrial direct exposure SCTL at two locations.   

 

Also, a review of arsenic results indicated that the detected concentrations were within the NAS 

Pensacola background levels for arsenic. Therefore, a statistical analysis was performed on the data in 

the RI.  Arsenic data were plotted with corresponding reference element (aluminum and iron) 

concentrations.  The linear correlation between arsenic concentrations and reference element 

concentrations indicated that the concentrations of arsenic followed a linear trend as a result of natural 

site conditions and not base activities.  Samples with data pairs far from the regression line were 
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considered outliers.  Subsequently, a base-wide statistical analysis was performed for arsenic following 

the same procedure.  Several iterations were completed, with outlier concentrations being removed each 

time.  Through this process, the naturally occurring arsenic concentrations for the site were determined to 

range from 0.5 to 17.5 mg/kg.  Only arsenic samples that were considered statistical outliers were 

retained as site-related exceedances of regulatory criteria.  These samples included 45SB25 in all depth 

ranges (0 to 0.5 foot, 0.5 to 2 feet, 2 to 4 feet), 45SB20 from 0.5 to 2 feet bgs, and 45SB04 from 05.to 2 

feet bgs.   

 

Table 1-2 shows the location of the only subsurface soil sample (2 to 4 feet bgs) which exceeded the 

Florida SCTLs for one or more target analytes.  PAH concentrations were detected in exceedance of 

FDEP residential and industrial SCTLs in sample 45SB25.   

 

Appendix A contains a summary of the analytical results for the soil samples collected during the RI. 

 

1.4.2 Groundwater 

Table 1-3 summarizes the locations of groundwater samples with exceedances of one or more 

groundwater cleanup target levels (GCTLs).  Groundwater samples collected from six of the ten shallow 

monitoring wells sampled during the Site 45 RI contained iron at concentrations exceeding the secondary 

MCL under Chapter 62-550, Florida Administrative Code (F.A.C.), and GCTL under Chapter 62-777, 

F.A.C., but not the NAS Pensacola background value of 1,708 µg/L (Ensafe/Allen & Hoshall, 1994).   

 

The groundwater samples collected from each of the four deep monitoring wells also contained iron at 

concentrations exceeding the MCL under Chapter 62-550, F.A.C., and GCTL under Chapter 62-777, 

F.A.C.  Three of the four groundwater samples from the deep monitoring wells contained iron at 

concentrations exceeding the NAS Pensacola background value.   

 

However, the concentrations of iron detected in the groundwater samples collected from the shallow and 

deep monitoring wells were below the Department’s health-based value for iron located in Table A, 

Chapter 62-785, F.A.C., of 4,200 µg/L; and its health-based USEPA Region 9 Tap Water preliminary 

remediation goal (PRG) [and current Regional Screening Level (RSL) Table Tap Water, April 2009] of 

26,000 µg/L. 

 

The manganese concentration in the groundwater sample from one shallow well exceeded the secondary 

MCL, and NAS Pensacola background, defined as two times the mean concentration of the parameter 

based on the RI.   
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Lead was detected at concentrations that exceed the primary MCL in three groundwater samples 

collected from these Site 45 monitoring wells: 18GW0201, 18GW0202, PEN-45-04.   

 

Vanadium was detected at a concentration that exceeds the GCTL and NAS Pensacola background 

value at one location, PEN-45-07.   

 

Mercury was detected at concentrations that exceed the GCTL and NAS Pensacola background value at 

one location near Site 18.   

 

Aluminum was detected at concentrations that exceed its GCTL at five sampling locations, three of which 

also exceeded the NAS Pensacola background value of 3,882.76 µg/L.   

 

Two triohalomethanes, chloroform and bromodichloromentane, were detected in the groundwater 

samples; however, only bromodichloromethane was  detected at a concentration that exceeded the 

GCTL at one location, PEN-45-06. It should be noted that bromodichloromethane did not exceed the 

federal drinking water quality criteria or Florida MCLs under Chapter 62-550, F.A.C. for total 

trihalomethanes. Bromodichloromethane and chloroform are potentially products of the chlorination of 

drinking water.  Their presence in groundwater may be associated with a possible leak in a drinking water 

system or a field or laboratory artifact. 
 

1.5 RISK ASSESSMENT 

This section summarizes the findings of the human health risk assessment (HHRA) and screening-level 

ecological risk assessment (SLERA) conducted for Site 45 as part of the RI.   

 

1.5.1 Summary of Human Health Risk Assessment 

An HHRA was conducted using the chemical concentrations detected in surface soil, subsurface soil, and 

groundwater samples.  The evaluation was conducted using both USEPA and State of Florida regulations 

and guidelines for HHRA.  The USEPA risk assessment considered five receptors: the hypothetical future 

resident, typical industrial worker, construction worker, maintenance worker, and trespasser/recreational 

user; it assumed exposure via ingestion, dermal contact, and inhalation.  Maintenance workers and 

trespassers/recreational users are considered to be receptors at Site 45 under current land use. 

 

The list of chemicals of potential concern (COPCs) for Site 45, based on possible human health 

concerns, included the following: 
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• Surface Soil – cPAHs, arsenic, barium, lead, and TPH. 

• Subsurface Soil – cPAHs, arsenic, barium, and lead. 

• Groundwater – bromodichloromethane, aluminum, iron, lead, manganese, mercury, and vanadium. 

 
Lead concentrations exceeding the Office of Solid Waste and Emergency Response (OSWER) Soil 

Screening Level (SSL) of 400 mg/kg were detected at seven surface soil sampling locations (average 

concentration of 2,246 mg/kg for the seven samples), but at none of the subsurface soil locations.  Lead 

was detected in 17 of 18 groundwater samples, with concentrations in three samples exceeding the 15 

µg/L USEPA action level.   

 

Because published toxicity criteria are not available for lead, exposure to lead in soil was evaluated by the 

Integrated Exposure Uptake Biokinetic (IEUBK) Model (USEPA, 2002a) and the Technical Review 

Workgroup (TRW) (USEPA, 2003 and 2006) adult lead model for residential and non-residential exposure 

scenarios, respectively.  Results of the IEUBK and TRW adult lead model analyses indicate that exposure 

to average lead concentrations in surface and subsurface soil and the maximum detected concentration 

in groundwater would result in risks (i.e., probabilities) exceeding USEPA benchmarks. 

 

Quantitative estimates of non-carcinogenic and carcinogenic risks were developed for the receptors listed 

above for exposure to COPCs in soil and groundwater.  Total incremental lifetime cancer risks (ILCRs) 

developed for construction workers and maintenance workers exposed to COPCs in surface and 

subsurface soil were within the USEPA target risk range of 1x10-4 to 1x10-6 for all receptors, but the State 

of Florida target risk level of 1x10-6 was exceeded for residents, lifelong residential users, adult 

recreational users, construction workers, and industrial workers.  The cumulative ILCR for exposure to 

groundwater was greater than USEPA’s target risk range for the hypothetical future resident.  The risk 

associated with arsenic is greater than 1 x 10-4, the risk associated with chloroform is greater than 1 x   

10-5, and the risk associated with bromodichloromethane is greater than 1 x 10-6.  However, the 

concentrations of these two VOCs are less than their respective USEPA MCLs.  

 

Cumulative non-cancer risk estimates [total Hazard Indices (HIs)] developed on a target organ/effect 

basis for soil were greater than unity (1.0) for construction workers.  Total HIs developed for groundwater 

were greater than unity (1.0) for hypothetical future residents.  This indicates that there is a potential for 

adverse non-carcinogenic health effects based on the defined exposure conditions.  The primary 

contributors to the HIs were aluminum and manganese for soil, and  mercury and vanadium for 

groundwater.  The cumulative HIs for soil and groundwater for all other receptors were less than 1.0, and 

therefore indicate that adverse non-carcinogenic effects are not anticipated for these receptors under the 

conditions established in the exposure assessment. 
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The HHRA conducted per the State of Florida regulations and guidelines evaluated risks to a hypothetical 

future resident and current or future industrial worker using the published SCTLs for the residential and 

industrial land use scenario, respectively.  Risks to a hypothetical future recreational user were evaluated 

using SCTLs specifically developed for this risk assessment as stipulated in the State of Florida 

regulations and guidelines.  The following chemicals were identified as COPCs for surface soil: 

 

• Residential SCTLs – carcinogenic PAHs (cPAHs), arsenic, barium, lead, and total petroleum 

hydrocarbons (TPH). 

• Industrial SCTLs – cPAHs and lead. 

• Recreational SCTLs – cPAHs and arsenic. 

 

The following chemicals were identified as COPCs for subsurface soil: 

 

• Residential SCTLs - cPAHs, arsenic, barium, and lead. 

• Industrial SCTLs – cPAHs. 

• Recreational SCTLs - cPAHs and arsenic. 

 

Upon further review and evaluation of the COPCs for surface and subsurface soil, the following were 

selected as the COCs to be used to evaluate remedial options: 

 

• cPAHs 

• arsenic 

• barium 

• lead 

• TPH 

 
Chemicals identified as COPCs for groundwater based on comparisons of maximum detected 

concentrations to Florida MCLs and GCTLs, and USEPA Region 9 Tap Water Preliminary Remediation 

Goals (PRGs) (USEPA, 2009) included aluminum, iron, lead, mercury, manganese, vanadium, 

bromodichloromethane, chloroform, and arsenic.   

 

The USEPA Region 9 PRGs were replaced after 2008 with the USEPA RSLs (USEPA, 2009), but the RI 

for OU 20, Site 45 was written in 2007 and used the earlier USEPA Region 9 Tap Water PRGs.  

Therefore, the 2008 Region 9 Tap Water PRGs were used in this FS to be consistent with the Site 45 RI 

and human health risk assessment.   
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Arsenic was not detected at concentrations that exceed the state or federal drinking water quality criteria 

or Florida MCLs under Chapter 62-550, F.A.C. 

 

Although bromodichloromethane exceeded its GCTL under Chapter 62-777, F.A.C. at one monitoring well 

location, concentrations of bromodichloromethane and chloroform were below their federal and state 

MCLs, and Region 9 Tap Water PRGs.   

 

Aluminum, iron and manganese were also detected at concentrations that exceeded secondary MCLs 

under Chapter 62-550, F.A.C., and GCTLs under chapter 62-777, F.A.C. However, iron and manganese 

were detected at concentrations significantly less than their FDEP health–based GCTLs.  Aluminum was 

detected in two wells above FDEP’s health-based GCTLs.  However, the concentrations of all three 

contaminants, including aluminum, were well below their respective Health-Based USEPA Region 9 Tap 

Water PRGs and current RSLs.   The aluminum concentrations are a result of the high turbidity of the 

groundwater samples collected from each of the monitoring wells during sampling. This is documented in 

the groundwater sample log sheets provided in Appendix D of the RI.   

 

Therefore, only the following inorganics were retained as groundwater COCs requiring cleanup for human 

health and environmental concerns:  

  

• Lead 

• Mercury 

• Vanadium 

 

Chemicals detected in soil were also evaluated for the potential to impact groundwater quality at the site 

by comparing maximum concentrations to FDEP SCTLs for migration from soil to groundwater (FDEP, 

2005c).  This evaluation indicated that TPH concentrations exceeded leachability to groundwater criterion 

in surface soil, but were less than this criterion in subsurface soil.  Also, it is unlikely that the presence of 

TPH will adversely affect groundwater because TPH concentrations in groundwater were less than the 

Florida GCTL, as discussed in the RI.  

 

1.5.2 Summary of Screening-Level Ecological Risk Assessment 

The SLERA identified surface soil concentrations of lead that may pose risks to invertebrates and plants 

at five sampling locations.  All but one of these soil samples were collected from beneath pavement; 

therefore, any potential risk is mitigated by the extremely limited amount of exposed soil at the site.  

Minimal impacts to plants and invertebrates at Site 45 are expected at other locations. 

 



Rev. 3 
01/24/11 

 

TtNUS/TAL-11-07/0784-6.3 1-14 CTO 0079 

Site 45 and the adjacent areas provide only limited terrestrial habitat of poor quality in an urban setting.  A 

small area of exposed soil is present at Site 45, so soil invertebrates and plants may be exposed to soil 

contaminants through ingestion and direct contact.  The current land use (parking) discourages use of the 

site by birds and mammals except as occasional transients.  Exposure of higher trophic-level animals 

such as birds and mammals to site-related contamination through ingestion of contaminated food items is 

therefore considered unlikely because of the absence of habitat and site operations (vehicle parking) at 

and adjacent to Site 45. 

 

Few of the special status species recorded in Escambia County would likely occur at the site, with the 

possible exception of those species with ruderal habitats (least tern, snakes, and lupine).  Concentrations 

of a number of contaminants in surface soil exceeded conservative screening levels associated with 

potential risk to ecological receptors.  However, when conservative assumptions used in the ecological 

risk assessment are re-evaluated, and factors that affect potential exposures such as quality of the 

habitat and potential use of the site by ecological receptors are considered, the overall level of ecological 

risk associated with detected contaminants is considered to be minimal. 

 

1.6 CONCLUSION 

The results of the site characterization and human and ecological risk assessments indicate that there are 

potential risks to human health from exposure to COCs in surface and subsurface soil, and groundwater 

at Site 45.  These risks are driven by the presence of cPAHs, TPH, and several inorganics (especially 

lead) and are the basis for the development of remedial action objectives in Section 2.0.   



TABLE 1-1

SUMMARY OF SURFACE SOIL SAMPLES WITH FDEP SCTL EXCEEDANCES
SITE 45 FEASIBILITY STUDY

NAS PENSACOLA
PENSACOLA, FLORIDA

Depth of 
Sample (feet 

bgs)

Arsenic 
(mg/kg) 

Barium 
(mg/kg) Lead (mg/kg) TRPH (mg/kg)

cPAHs Expressed as 
Benzo(a)pyrene Equivalents 

(μg/kg)
2.1 120 400 460 100
12 130,000 1,400 2,700 700

0.39 540 400 NA 62
0.5-2 NE NE 447 NE NE
0.5-2 5.6 NE NE NE NE
0.5-2 NE NE 461 NE NE
0-0.5 NE NE NE 620 NE
0.5-2 NE NE NE 1,000 NE
0.5-2 11.4 NE NE NE NE
0-0.5 10.6 343 864 400 3,214
0.5-2 9.5 129 465 NE 1,610
0-0.5 NE NE 12,500 NE NE
0-0.5 NE NE 491 NE 2,998
0.5-2 NE NE 494 NE 900
0.5-2 NE NE NE NE 431

1 = Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, F.A.C., Florida Department of Environmental Protection (FDEP), April  2005.  
2 = U.S. EPA Region 9 Preliminary Remediation Goal Table.
μg/kg = Micrograms per kilogram.
mg/kg = Milligrams per kilogram.
cPAH = Carcinogenic polynuclear aromatic hydrocarbon.
SCTL = Soil Cleanup Target Level. 
NE = No exceedance.
Shaded cells indicate exceedances of residential SCTLs and industrial SCTLs. Entries in remaining cells indicate an exceedance of 
only residential SCTLs.
Arsenic exceedances are those remaining as statistical outliers after comparing arsenic values to background concentrations during the RI.

45SB34
45SB34
45SB41

Surface Soil Location

45SB01
45SB04
45SB08
45SB18
45SB18
45SB20

FDEP Residential SCTL¹
FDEP Industrial SCTL¹
U.S. EPA Region 9 PRG²

45SB32

45SB25
45SB25



TABLE 1-2

SUMMARY OF  SUBSURFACE SOIL SAMPLES WITH FDEP SCTL EXCEEDANCES
SITE 45 FEASIBILITY STUDY

NAS PENSACOLA
PENSACOLA, FLORIDA

Depth of 
Sample (feet 

bgs)
Arsenic (mg/kg) Barium (mg/kg) Lead (mg/kg) TRPH (mg/kg)

PAHs Expressed as 
Benzo(a)pyrene 

Equivalents (μg/kg)

2.1 120 400 460 100
12 130,000 1,400 2,700 700

0.39 540 400 NA 62

2-4 6.3 NE NE NE 1,097

1 = Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, F.A.C., Florida Department of Environmental Protection (FDEP), April  2005.  
2 = U.S. EPA Region 9 Preliminary Remediation Goal Table.
μg/kg = Micrograms per kilogram.
mg/kg = Milligrams per kilogram.
cPAH = Carcinogenic polynuclear aromatic hydrocarbon.
SCTL = Soil Cleanup Target Level. 
NE = No exceedance.
Shaded cells indicate exceedances of residential SCTLs and industrial SCTLs. Entries in remaining cells indicate an exceedance of 
only residential SCTLs.
Arsenic exceedances are those remaining as statistical outliers after comparing arsenic values to background concentrations during the RI.

Surface Soil 
Location

45SB25

FDEP Residential SCTL¹
FDEP Industrial SCTL¹
U.S. EPA Region 9 PRG²



TABLE 1-3

SUMMARY OF GROUNDWATER SAMPLES WITH FDEP GCTL EXCEEDANCES
SITE 45 FEASIBILITY STUDY

NAS PENSACOLA
PENSACOLA, FLORIDA

Date of 
Sampling

Depth of 
Sample (feet 

bgs)

Bromodichloro-
methane (μg/L) 

Aluminum 
(μg/L) Iron (μg/L) Lead 

(μg/L) 
Manganese 

(μg/L) 
Mercury 

(μg/L) 
Sodium 
(μg/L) 

Vanadium 
(μg/L) 

0.18 3600 1100 15 88 1.1 N 3.6
80 N 300 15 50 2 N N
0.6 200 300 15 50 2 160,000 49

12/19/2005 3-13 0.2  U 795  U 1,000 45 28.6 0.22  U 169,000 7.7  U
5/10/2006 3-13 NA NA NA 59.5 NA NA NA NA
12/19/2005 3-13 0.2  U 109  U 135  U 10.6 11.7 6.6 71,900 9.9  U
8/14/206 3-13 NA NA NA NA NA 5.5 NA NA

12/19/2005 3-13 0.2  U 633  U 923 16.5 72.2 0.24  U 252,000 10  U
12/19/2005 40-50 0.2  U 2,860 1,100 1.65  U 33.8 0.19  U 319,000 35.6
12/19/2005 3-13 0.7  J 583  U 209 6.7 2.8  U 0.1  U 15,800 6.5  U
12/19/2005 40-50 0.2  U 1,280 712 1.65  U 29.7 0.1  U 507,000 73.1
12/19/2005 3-13 0.2  U 239  U 508 2.4 13.7 0.02  U 32,300 7.6  U
12/19/2005 3-13 0.2  U 203  U 434 2.1 12.5 0.04  U 32,900 7.7  U
12/19/2005 40-50 0.2  U 14,400 1,930 5.1 20.1 0.07  U 82,700 20.8  U
12/19/2005 3-13 0.2  U 22  U 408 1.65  U 19.4 0.02  U 94,400 7.7  U
12/19/2005 40-50 0.2  U 4,330 796 2.7 41.1 0.06  U 123,000 16.3  U
12/19/2005 40-50 0.2  U 15,500 1,990 4.1 48.3 0.04  U 146,000 48.4

1 = USEPA Region 9, October 2004, Updated December 28, 2004).
2 = USEPA Primary Drinking Water Standard (USEPA, Summer 2006). 
3 = Groundwater Cleanup Target Levels (GCTLs) for Chapter 62-777, F.A.C., FDEP, April  2005.  
J = estimated value.
U = less than laboratory detection limit.
µg/L = micrograms per liter.
N = Criteria not available.
NA = Not Analyzed.

Concentrations in bold exceed FDEP GCTL.

PEN-45-10

18GS04
PEN-45-04

PEN-45-11

Groundwater 
Sample Location

18GS02
18GS02
18GS04

PEN-45-13

U.S.EPA Region 9 Tap Water PRG¹
U.S. EPA MCL²
FDEP GCTL3

PEN-45-06
PEN-45-07
PEN-45-08

PEN-45-05

PEN-45-08
PEN-45-09
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2.0  REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

This section develops RAOs for soil and groundwater at Site 45 based on the site conditions presented in 

Section 1.0.  The RAOs provide the basis for selecting appropriate GRAs that may be suitable to achieve 

the site-wide cleanup goals for soil and groundwater.  The regulatory requirements and guidance 

(chemical-, location-, and action-specific ARARs) that may potentially govern remedial activities are also 

presented in this section.  In addition, this section presents the COCs and conceptual pathways through 

which these chemicals may affect human health and the environmental media of concern.  Finally, this 

section presents an estimate of the volumes of contaminated soil and groundwater. 

 

2.1 REMEDIAL ACTION OBJECTIVES 

The purpose of this section is to develop RAOs for Site 45.  Development of RAOs is an important step in 

the FS process.  RAOs are medium-specific goals that define the objective of conducting remedial actions 

to protect human health and the environment.  The RAOs specify the COCs, potential exposure routes 

and receptors, and acceptable contaminant levels for the site.  Section 2.1.1 presents the RAOs 

developed for Site 45. 

 

The development of RAOs takes into consideration ARARs.  Section 2.1.2 identifies the ARARs, Section 

2.1.3 identifies the media of concern, and Section 2.1.4 identifies the COCs for remediation. 

 

2.1.1 Statement of Remedial Action Objectives 

Site-specific RAOs specify COCs, media of interest, exposure pathways, and cleanup goals or 

acceptable contaminant concentrations.  This FS addresses soil and groundwater contamination at Site 

45.  The RAOs were developed based on the current land use as industrial/commercial property and 

future potential land use as residential property, with the objective of protecting the public from potential 

current and future health risks, as well as to protect the environment.   

 

The following RAOs were developed for Site 45: 

 

RAO 1: Prevent unacceptable human health risk to site construction, industrial, and maintenance workers 

associated with exposure to soil containing lead and cPAHs at concentrations greater than FDEP 

industrial direct exposure SCTLs.  

 

RAO 2: Prevent unacceptable human health risk to hypothetical residents associated with exposure to 

soil containing lead, arsenic, barium, TPH, and cPAHs at concentrations greater than FDEP residential 

direct exposure SCTLs.  
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RAO 3: Prevent unacceptable human health risk associated with exposure to groundwater containing 

lead and mercury at concentrations exceeding primary FDEP MCLs, and vanadium at concentrations 

greater than the FDEP GCTL. 

 

2.1.2 Applicable or Relevant and Appropriate Requirements and To Be Considered Criteria 

ARARs generally consist ofthose substantive cleanup or control standards or environmental protection 

requirements, criteria, or limitations, promulgated under other federal environmental or state 

environmental or facility siting laws and regulations which are either: 

 

• Directly "Applicable" to the contaminants, proposed remedial action, location, or other 

circumstances found at a particular CERCLA site. 

• "Relevant and Appropriate" for use at a CERCLA site because they address problems or 

situations sufficiently similar to those encountered at the site such that their use is well suited to 

the site. 

 

To qualify, all state ARARs must be identified by the state in a timely manner and must be more stringent 

than the equivalent federal standard, requirement, criteria or limitation.   

 

TBC criteria are non-promulgated non-enforceable guidelines or criteria that may be useful for interpreting 

ARARs or to determine preliminary remediation goals when ARARs do not exist for a particular 

contaminant.  Examples of TBC criteria include USEPA’s Drinking Water Health Advisories, Reference 

Doses (RfDs), and Cancer Slope Factors (CSFs). TBCs will not be considered along with ARARs in 

determining the necessary level of cleanup or technology requirements. 

 

One of the primary concerns during the development of remedial action alternatives for hazardous waste 

sites under the CERCLA, or “Superfund,” is the degree of human health and environmental protection 

offered by a given remedy.  Section 121 of CERCLA requires that primary consideration be given to 

remedial alternatives that attain or exceed ARARs.  The purpose of this requirement is to ensure that 

CERCLA response actions are consistent with other pertinent federal and state environmental 

requirements.  

 

2.1.2.1 Definitions 

The definitions of ARARs and TBCs are as follows: 
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• 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 any 

federal or State environmental or facility siting law that while not directly 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.  

 

• TBCs are a category created by USEPA that includes non-promulgated criteria, advisories, and 

guidance issued by federal or state government that are not legally binding and do not have the 

status of potential ARARs.  TBCs will not be considered along with ARARs in determining the 

necessary level of cleanup or technology requirements.  

 

Under CERCLA Section 121(d)(4), the Navy as lead agency 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.  
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The NCP identifies the following three categories of ARARs [40 CFR Section 300.400(g)]: 

 

• Chemical-Specific:  Health risk-based numerical values or methodologies that establish 

concentration or discharge limits for particular contaminants.  Examples include MCLs under 

National Primary Drinking Water Regulations and Clean Water Act (CWA) Ambient Water Quality 

Criteria (AWQCs). 

 

• Location-Specific:  Restrict actions or contaminant concentrations in certain environmentally 

sensitive areas.  Examples of these areas under various federal laws include floodplains, 

wetlands, and other 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 include wastewater discharge 

standards and performance or design standards, controls, or restrictions on particular types of 

activities.  

 

This section discusses chemical- and location-specific ARARs.  Action-specific ARARs are presented in 

Section 2.3 along with the discussion of GRAs. 

 

2.1.2.2 Chemical-Specific ARARs  

Tables 2-1 and 2-2 present lists of federal and State of Florida chemical-specific ARARs  this FS.  These 

ARARs provide some medium-specific guidance on “acceptable” or “permissible” concentrations of 

contaminants.   

 

2.1.2.3 Location-Specific ARARs 

Table 2-3 presents a list of federal location-specific ARARs for this FS.  Location-specific ARARs place 

restrictions on concentrations of contaminants or the conduct of activities solely based on the site’s 

particular characteristics or location.  Any location-specific ARARs that were considered but subsequently 

deemed not applicable are included in Tables 2-3.  There are no State of Florida location-specific ARARs 

at Site 45. 
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2.1.3 Media of Concern 

Based on the discussion in Section 1.0 involving toxicity and risk assessment for human receptors, media 

of concern at Site 45 were determined to be surface (0 to 2 feet bgs) and subsurface soil (2 to 4 feet bgs) 

and groundwater (surficial aquifer).   

 

2.1.4 Chemicals of Concern for Remediation 

This section presents the COCs for soil and groundwater remediation consideration. 

 

2.1.4.1 Chemicals of Concern for Soil Remediation 

An HHRA was conducted to evaluate risks using FDEP SCTLs for residential and industrial land use 

scenarios and USEPA PRGs and the OSWER screening level (for lead).  TPH, cPAHs, arsenic, barium, 

and lead were identified as residential COCs for surface soil based on comparison of maximum detected 

concentrations to residential direct exposure SCTLs.  Lead and cPAHs were also identified as industrial 

COCs for surface soil based on comparison of maximum detected concentrations to industrial direct 

exposure SCTLs.   

 

Arsenic, barium, lead, and cPAHs were identified as residential COCs for subsurface soil based on 

comparison of maximum detected concentrations to residential direct exposure SCTLs.  cPAHs were 

identified as industrial COCs in subsurface soil based on comparison of maximum detected 

concentrations to industrial direct exposure SCTLs. 

 

Sections 1.4.1 and 1.5.1 describe the process used to develop the list of surface and subsurface soil 

COCs. 

 

2.1.4.2 Chemicals of Concern for Groundwater Remediation 

The following chemicals were identified as COCs for groundwater based on comparisons of maximum 

detected concentrations to Florida MCLs and GCTLs and USEPA Region 9 Tap Water PRGs: 

 

• Lead 

• Mercury 

• Vanadium 

 

Sections 1.4.2 and 1.5.1 describe the process used to develop the list of groundwater COCs.  
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2.2 CLEANUP GOALS 

Cleanup goals are concentrations of contaminants in environmental media that, when attained, should 

achieve RAOs.  In general, cleanup goals are established with consideration to the following:  

 

• Protection of human receptors from adverse health effects 

• Protection of the environment from detrimental impacts from site-related contamination  

• Compliance with federal and state ARARs  

 

2.2.1 Soil Cleanup Goals 

Surface soil and subsurface soil cleanup goals were determined for the COCs identified in Section 2.1.4. 

Often it is justifiable to develop site-specific cleanup goals that would help define the areas of 

contamination that need to be remediated.  FDEP residential and industrial direct exposure SCTLs are 

guidance values for the cleanup of COCs, as provided under Chapter 62-777, F.A.C.  The SCTLs for 

residential and industrial direct exposure scenarios are presented in Table 2-4.  

  

In applying the cleanup goals during remediation, site-wide concentrations would need to be decreased to 

equal to or less than site-wide average concentrations or 95 percent upper confidence limits (UCLs) as 

specified under Chapter 62-780, F.A.C. A sufficient number of surface soil samples (minimum 10) would 

be collected during confirmatory sampling in the areas where action is taken to demonstrate that after 

implementation of the chosen remedial action, site-wide concentrations would meet these cleanup goals. 

 

Using this approach, the surface soil contaminant concentrations, or average soil contaminant 

concentrations calculated based on the 95 percent UCL are compared to their direct exposure CTLs or 

alternative direct exposure soil CTLs that are established pursuant to paragraph 62-780.650(1)(d), F.A.C.  

If more than one contaminant is present in the surface soil in the unsaturated zone at the site, the soil 

CTLs for all contaminants detected in surface soil samples at the site would be apportioned based on 

their like-acting health affect. 

 

2.2.2 Groundwater Cleanup Goals 

For Site 45, groundwater cleanup goals were established based on protection of human health from direct 

exposure to contaminated groundwater and compliance with ARARs to the extent practicable.  The FDEP 

MCLs and GCTLs for groundwater COCs are presented in Table 2-5.  
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2.3 GENERAL RESPONSE ACTIONS AND ACTION-SPECIFIC ARARs 

GRAs are broadly defined remedial approaches that may be used, by themselves or in combination with 

one or more others, to attain RAOs.  Action-specific ARARs and TBC criteria are technology- or activity-

based controls or restrictions on activities related to management of hazardous substances.  Action-

specific ARARs pertain to implementing a given remedy.  Examples include requirements for 

management of hazardous waste that may be generated as part of remedial actions. 

 

2.3.1 General Response Actions 

GRAs describe categories of actions that could be implemented to satisfy or address a component of an 

RAO for the site.  Remedial action alternatives are then composed using GRAs individually or in 

combination to meet RAOs.  The remedial action alternatives, composed of GRAs, will be capable of 

achieving the RAOs for contaminated soil and groundwater at Site 45.  

 

The following GRAs were considered for soil:  

 

• No Action. 

• Limited Action: Land Use Controls (LUCs). 

• Removal. 

• Containment. 

• In-Situ Treatment. 

• Ex-Situ Treatment. 

• Disposal. 

 
The following GRAs were considered for groundwater: 
 

• No Action. 

• Limited Action:  Monitored Natural Attenuation and LUCs.  

• In-Situ Treatment. 

 
2.3.2 Action-Specific ARARs 

Action-specific ARARs are technology- or activity-based regulatory requirements or guidance that would 

control or restrict remedial action.  Tables 2-6 and 2-7 present a list of federal and State of Florida action-

specific ARARs for this FS.  
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2.4 ESTIMATED VOLUMES OF CONTAMINATED MEDIA  

2.4.1 Estimated Volumes of Contaminated Soil 

Preliminary surface areas and volumes of soil that require remediation to allow for the current and future 

uses of Site 45 were estimated.  The extent of COCs that exceed their industrial direct exposure SCTLs is 

described by Areas S1, S2, and S3  on Figure 2-1.  Each of the three areas was delineated by placing a 

boundary half way between sample locations that had FDEP industrial direct exposure SCTL 

exceedances, and sample locations that did not,  and by considering the depth of the sample locations 

where the exceedances occurred.   

 

The extent of COCs that exceed their residential direct exposure SCTLs  is described by Areas SR1, 

SR2, and SR3 on Figure 2-2.  Each of the three areas was delineated by placing a boundary half way 

between sample locations that had FDEP residential direct exposure SCTL exceedances and/or sample 

locations that did not,  and by considering the depth of the sample locations where the exceedances 

occurred..  

 

Based on data from the Site 45 RI (TtNUS, 2009) and the areas on Figures 2-1 and 2-2, a total area of 

approximately 5,830 square feet is estimated to contain soil at concentrations exceeding the industrial 

direct exposure SCTLs, and a total area of approximately 24,600 square feet is estimated to contain soil 

at concentrations exceeding residential direct exposure SCTLs.   

 

As shown in the data summary tables from the RI (TtNUS, 2009), presented in Appendix A of this FS, 

most samples exceeding residential direct exposure SCTLs were collected from less than 2 feet bgs with 

the exception of those in Area SR1.  Therefore, depth of soil exceeding residential direct exposure SCTLs 

was assumed to be 2 feet bgs outside Area SR1, but was conservatively assumed to be 4 feet bgs inside 

Area SR1 as a result of subsurface soil exceedances.   

 

Similarly, samples collected from S2 and S3 indicated industrial direct exposure SCTL exceedances for 

COCs in soil samples collected from 0 to 2 feet bgs.  COC exceedances of industrial direct exposure 

SCTLs were observed in samples collected from 2 to 4 feet bgs in Area S3.  Therefore, it was assumed 

that 4 feet bgs would be an adequate depth for estimating the volume of soil exceeding industrial direct 

exposure SCTLs at area S3, and 2 feet bgs was assumed to be an appropriate depth to determine the 

volume of soil exceeding industrial direct exposure SCTLs at areas S1 and S2.   

 

Prior to the implementation of a selected alternative involving excavation, additional delineation sampling 

will be conducted to verify the areas and depths of possible excavation.  A minimum of ten samples will 
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be collected from proposed excavation areas so that FDEP Global Risk Based Corrective Action (RBCA) 

(F.A.C. Chapter 62-780) may be evaluated.   

 

RBCA could not be considered during the FS because there was not a sufficient quantity of samples 

collected during the RI for statistical analysis.  Soil samples will also be collected and analyzed for 

synthetic precipitation leaching procedure (SPLP) parameters to determine site-specific leachability to 

groundwater values for the COCs.   

 

The areas where COCs exceed industrial direct exposure SCTLs  on Figure 2-1 are summarized as 

follows:  

 

• Area S1: Lead concentrations greater than the industrial direct exposure SCTL are present north 

of former Building 1 to a depth of 0.5 feet bgs.  The depth of contamination is conservatively 

assumed to be 2 feet bgs.  The area of S1 is approximately 1,930 square feet. 

 

• Area S2: cPAHs concentrations that are represented by Benzo(a)pyrene Equivalents (BaPEqs) 

greater than the industrial direct exposure SCTL are present west of former Building 1 to a depth 

of 2 feet bgs.  The area of S2 is approximately 2,200 square feet. 

 

• Area S3: cPAH concentrations that are represented by BaPEqs greater than the industrial direct 

exposure SCTL are present in the Building 1 footprint up to a depth of 4 feet bgs.  The area of S3 

is approximately 1,680 square feet. 

 
 

The areas where COCs exceed residential direct exposure SCTLs on Figure 2-2 are summarized as 

follows: 

 

• Area SR1: Arsenic, lead, barium, and cPAH concentrations greater than residential direct 

exposure SCTLs are present west of former Building 1 and in the Building 1 footprint to a depth of 

4 feet bgs.  The area was determined by extending the boundary out to each of the nearest 

sample locations where the COCs did not exceed SCTLs.  The area of SR1 is approximately 

16,600 square feet. 

 

• Area SR2: Lead and TPH concentrations greater than residential direct exposure SCTLs are 

present along Mustin Street west of Center Avenue to a depth of 2 feet bgs.  The area was 

determined by extending the boundary out to the nearest sample locations  where the COCs did 

not exceed SCTLs.  The area of SR2 is approximately 7,200 square feet. 
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• Area SR3: Arsenic concentrations greater than the residential direct exposure SCTL are present 

west of Center Avenue and south of Mustin Street to a depth of 2 feet bgs.  The area was 

determined by extending the boundary out to the nearest point where arsenic did not exceed the 

SCTL to the west, and using Mustin Street and the concrete pad surrounding Facility 1785 to 

define the rest of the area boundary. Based on data from the RI, it was assumed that this would 

also limit the horizontal extent of arsenic contamination.  The area of SR3 is approximately 800 

square feet.  However, further delineation of arsenic will be necessary prior to remedial action 

implementation at SR3.  

 

The estimated total volume of soil that contains COCs exceeding lead, arsenic, barium, TPH and cPAH 

residential direct exposure SCTLs (sum of areas SR1, SR2, and SR3) is 3,052 cubic yards.  The 

estimated volume of soil that contains COCs exceeding industrial direct exposure SCTLs (sum of S1, S2, 

and S3) is 556 cubic yards.  Soil volume calculations are presented in Appendix B.  

 

2.4.2 Estimated Volume of Contaminated Groundwater 

 
The locations of FDEP GCTL exceedances are presented on Figure 1-5, and the estimated plumes are 

presented on Figure 2-3.  The three plume areas consist of: Area G1, where lead exceeds the primary 

MCL and covers approximately 5,000 square feet; Area G2, where vanadium exceeds the GCTL and  

covers approximately 500 square feet; and Area G3, where mercury exceeds the primary MCL and 

covers approximately 500 square feet.     

 

The site lithology that was presented in previous reports (EnSafe/Allen & Hoshall, 1996) for Site 45 and 

the general vicinity indicates the surficial aquifer sediments consist primarily of sand, with varying but 

relatively insignificant amounts of silt, silty clay, and shell material.  The depth of the low-permeability 

marine clay confining unit at Site 45 was determined during the Site 45 RI (TtNUS, 2009) by the response 

to drilling resistance with a geosonic rig.  The low-permeability marine clay was estimated to range from 

approximately 53 to 55 ft bgs.  Shallow monitoring wells at Site 45 are typically screened from 

approximately 3 to 13 feet bgs, and the deep wells from approximately 42 to 52 feet bgs.  Monitoring 

wells were not installed in an intermediate zone of the surficial aquifer at Site 45.   

 

The depth to water at Site 45 was found during the Site 45 RI (TtNUS, 2009) to range from approximately 

3.92 feet to 5.14 feet beneath the top of the well casing for the shallow monitoring wells, and 

approximately 3.93 to 4.86 feet beneath the top of the well casing for the deep monitoring wells.  

Assuming from the water level measurements that the top of the aquifer lies 4 feet bgs, and from the soil 

borings that its depth is 54 feet bgs, the surficial aquifer is estimated to be approximately 50 feet thick at 
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Site 45.  Based on these assumptions, it is estimated that 1/3 of the surficial aquifer thickness or a zone 

approximately 17 feet thick is contaminated by the COCs at each of the three plumes. 

 

At Area G1, lead was detected at concentrations exceeding the primary MCL under Chapter 62-550, 

F.A.C., but not the natural attenuation default concentration in groundwater samples collected from 

shallow monitoring wells PEN-45-04S and 18GS02S (hydraulically downgradient well).  Lead was not 

detected at concentrations exceeding the primary MCL in groundwater samples collected from deep 

monitoring wells PEN-45-05 and PEN-45-11.  This suggests that the plume is stable and limited to the 

area defined by shallow monitoring wells PEN-45-04S and 18GS02S.  Area S1 (Figure 2-1) is potentially 

the source of the plume. 

 

Based on a plume area that is approximately 5,000 square feet by 17 feet thick, the volume of lead-

contaminated groundwater at Area G1 is estimated to be approximately 190,740 gallons.  Assuming the 

entire plume has an average concentration of 59.5 µg/L lead, there is approximately 0.09 pounds of lead 

in the plume. 

 

At Area G2, vanadium was detected at a concentration that exceeded the health-based GCTL under 

Chapter 62-777, F.A.C., but not its natural attenuation default concentration in the groundwater sample 

collected from deep monitoring well PEN-45-07D.  Vanadium was not detected at a concentration that 

exceeded the GCTL in the groundwater sample collected from shallow monitoring well PEN-45-06 (PEN-

45-06 is clustered with PEN-45-07D), or the shallow and deep monitoring well cluster (PEN-45-08 and 

PEN-45-09) located hydraulically downgradient from monitoring well PEN-45-07D (Figure 2-3). This 

suggests that the plume is stable and limited to the area defined by deep monitoring well PEN-45-07D.  A 

source area for vanadium was not identified in the Site 45 RI. 

 

Based on a plume area that is approximately 500 square feet by 17 feet thick, the volume of vanadium-

contaminated groundwater at Area G2 is estimated to be approximately 19,074 gallons.  Assuming the 

entire plume has an average concentration of 73.1 µg/L vanadium, there is approximately 0.01 pounds of 

vanadium in the plume. 

 

At Area G3, mercury was detected at a concentration that exceeded the primary MCL under Chapter 62-

550, F.A.C., but not the natural attenuation default concentration in the groundwater sample collected 

from shallow monitoring 18GS04S (Figure 2-3).  Monitoring wells have not been installed hydraulically 

downgradient of shallow monitoring 18GS04S.  A source area for vanadium was not identified in the Site 

45 RI, and mercury was not detected in groundwater samples collected from shallow and deep monitoring 

wells (PEN-45-12 and PEN-45-13) located hydraulically upgradient of monitoring well 18GS04S. 
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Based on a plume area that is approximately 500 square feet by 17 feet thick, the volume of mercury-

contaminated groundwater at Area G3 is estimated to be approximately 19,074 gallons.  Assuming the 

entire plume has an average concentration of 6.6 µg/L mercury, there is approximately 0.001 pounds of 

mercury in the plume. 

 

Groundwater volume calculations are provided in Appendix B. 



TABLE 2-1 
 

FEDERAL CHEMICAL-SPECIFIC ARARs 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

 
Requirement Citation Status Synopsis Evaluation/Action to be Taken 

Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) Part 141 
Subpart G 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Would be used as protective levels for 
groundwater that is a potential drinking water 
source.  

SDWA 
Regulations, 
National 
Secondary 
Drinking Water 
Standards 
(SMCLs) 

40 CFR Part 
143.3 

 To Be 
Considered 
(TBC) 

Establishes welfare-based standards 
for public water systems for specific 
contaminants or water characteristics 
that may affect the aesthetic qualities 
of drinking water. 

Would be considered for groundwater that is 
a potential drinking water source. These 
guidelines were not used in determining 
cleanup goals. 

 
ARARs = Applicable or Relevant and Appropriate Requirements. 



TABLE 2-2 
 

STATE OF FLORIDA CHEMICAL-SPECIFIC ARARs 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

 
Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

Florida 
Groundwater 
Classes, 
Standards and 
Exemptions  

Chapter 62-520, 
Florida 
Administrative 
Code (F.A.C.) 

Applicable This rule designates the groundwater 
of the State into five classes and 
establishes minimum “free from” 
criteria.  This rule also specifies that 
Classes I and II must meet the 
primary and secondary drinking water 
standards listed in Chapter 62-550. 

This rule was used to classify groundwater 
and establish cleanup goals for groundwater. 
Groundwater at this site is considered a 
potential source of drinking water (Class II). 

Florida Drinking 
Water 
Standards. 
Monitoring, and 
Reporting 

Chapter 62-
550.310, F.A.C. 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality standards and maximum 
contaminant levels (MCLs) for public 
water supply systems. 

Cleanup goals for volatile organic 
compounds in groundwater are based on 
Florida MCLs listed in Table 4 of this rule. 

Florida 
Contaminant 
Cleanup Target 
Levels Rule 

Chapter 62-
777.170(1)(a), 
F.A.C. 

Relevant and 
appropriate 

This rule provides default criteria in 
tables and the process for deriving 
site-specific Cleanup Target Levels 
(CTLs) for soil, groundwater, and 
surface water cleanup. 

CTLs for soil and groundwater provided in 
Table 1 of this rule were used to establish 
cleanup goals for COCs. 

Florida Risk 
Management 
Option Level III 
[Alternate Soil 
Cleanup Target 
Levels (SCTLs)] 

Chapter 
62-780.689(3)(b), 
F.A.C. 

Relevant and 
Appropriate 

Allows the use of alternate SCTLs 
developed to represent site-specific 
exposures rather than defaulting to 
the residential and industrial SCTLs 
listed in Chapter 62.777. 

Alternate SCTLs were developed for COCs 
in soil at this site. 

 



TABLE 2-3 
 

FEDERAL LOCATION-SPECIFIC ARARs 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

PAGE 1 OF 1 
 

Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Floodplain 
Management, 
Executive Order 
11988  

44 CFR 9.11 Applicable If no practical alternative exists to 
performing cleanup in a floodplain, 
potential harm must be mitigated and 
actions taken to preserve the 
beneficial value of the floodplain.   

Remedial actions will take place in a floodplain, 
so alternatives would be considered that would 
reduce the risk of flood loss and restore and 
preserve the floodplain. 

 
CFR = Code of Federal Regulations 
 
 
 
 
  



TABLE 2-4 
 

SOIL CLEANUP GOALS 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

 

 

COCs 
Cleanup Goals 

Residential SCTL Industrial SCTL  
cPAHs (expressed as BaPTEQs)* 100 µg/kg  700 µg/kg 
Lead*  400 mg/kg 1,400 mg/kg 
Arsenic 2.1 mg/kg 12 mg/kg 
Barium 120 mg/kg  130,000 mg/kg 
TPH 460 mg/kg 2,700 mg/kg 

  

COCs = Chemicals of concern 
BaPTEQs = Benzo(a)pyrene equivalents 
TPH = Total petroleum hydrocarbons 
SCTL = Soil cleanup target level , Chapter 62-777, Florida Administrative Code 
* COC exceeds both residential and industrial direct exposure SCTLs at Site 45. 
 State of Florida SCTLs were chosen as cleanup goals 
 



TABLE 2-5 
 

GROUNDWATER CLEANUP GOALS 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

 

 

COC MCL / GCTL (µg/L) 
Lead1 15  
Mercury1 2 
Vanadium2 49 

  

COC = Chemical of concern 
MCL = Maximum Contaminant Level 
GCTL = Groundwater Cleanup Target Level 
µg/L = microgram per liter 
1 = MCL under Chapter 62-550, Florida Administrative Code. 
2 = GCTL under Chapter 62-777, Florida Administrative Code. 
State of Florida MCLs and GCTLs were chosen as cleanup goals 
 



TABLE 2-6 
 

FEDERAL ACTION-SPECIFIC ARARs 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

 
Requirement Citation Status Synopsis Evaluation/Action to be Taken 

Resource 
Conservation and 
Recovery Act 
(RCRA) 
Regulations, 
Identification and 
Listing of 
Hazardous Wastes 

40 CFR Part 
261.11 and 264.13 

Potentially 
Applicable 

Defines the listed and characteristic 
hazardous wastes subject to RCRA.  
Appendix II contains the Toxicity 
Characteristic Leaching Procedure. 

These regulations would apply when 
determining whether or not a solid waste is 
hazardous, either by being listed or by 
exhibiting a hazardous characteristic, as 
described in the regulations.  These would 
apply to response actions that include 
removal and off-site disposal of excavated 
material from Site 45. 

RCRA Regulations, 
Land Disposal 
Restrictions (LDRs)  

40 CFR Part 
268.49 

Potentially 
Applicable  

Prohibits the land disposal of 
untreated hazardous wastes and 
provides criteria for the treatment of 
hazardous waste prior to land 
disposal. 

Response actions that involve excavating, 
treating, and redepositing hazardous soil 
would comply with LDRs.  

RCRA Regulations, 
Use and 
Management of 
Containers  

40 CFR Part 
265.171 to 173 

Applicable Establish requirements for use and 
management of hazardous waste in 
containers. 

Containers that may be used for temporary 
storage of hazardous waste (i.e., 
contaminated soil) on site prior to off-site 
treatment and disposal will comply with these 
requirements.   

 
CFR = Code of Federal Regulations 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Florida 
Hazardous 
Waste - 
Requirements for 
Remedial Action 

Chapter 62-
730.225(3) 

Applicable Requires warning signs at sites 
suspected or confirmed to be 
contaminated with hazardous 
waste. 

This requirement will be met. 

Florida 
Underground 
Injection Control 
Regulations 

Chapter 62-528.600 
through 528.645, 
Florida 
Administrative Code 
(F.A.C.) 

Applicable Establishes standards and criteria 
for construction, operation, 
monitoring, plugging, and 
abandonment for Class V wells. 

Regulations pertaining to Class V Group 4 injection 
wells associated with aquifer remediation projects 
will be followed. 

Florida 
Groundwater 
Permitting and 
Monitoring 
Requirements  

Chapter 62-522.300 
and 522.300(2)(e), 
F.A.C. 

Applicable Establishes permitting and 
monitoring requirements for 
installations discharging to 
groundwater to prevent 
contaminants from causing a 
violation of water quality 
standards and criteria of the 
receiving groundwater. 

A zone of discharge is allowed for primary 
standards for groundwater for closed-loop 
reinjection systems and for the prime constituents 
of the reagents used to remediate the 
contaminants. 

Florida Natural 
Attenuation with 
Monitoring 
Regulation 

Chapter 62-780.690 
(8)(a) thru (c), F.A.C 

Relevant and 
Appropriate 

Specifies minimum number of 
wells and sampling frequency for 
conducting groundwater 
monitoring as part of a natural 
attenuation remedy. 

The requirements associated with implementation 
of groundwater monitoring will be met.(1) 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Florida Active 
Remediation  
Regulation for 
Groundwater In-
situ System(s) 

Chapter 62-
780.700(12)(g),  
F.A.C 

Relevant and 
Appropriate 

Specifies that operational 
parameters for in-situ system(s) 
should include measurements of 
biological, chemical, or physical 
indicators that will verify the 
radius of influence at 
representative monitoring 
locations, weekly for the first 
month, monthly for the next 2 
months, quarterly for the first 2 
years, and semi-annually 
thereafter. 

In-situ groundwater remediation will consider the 
relevant requirements of this rule. 

Florida Post 
Active 
Remediation 
Monitoring 
Regulation 

Chapter 62-
780.750(4)(a) thru 
(c), F.A.C 

Relevant and 
Appropriate 

Specifies minimum number of 
wells and sampling frequency for 
conducting groundwater 
monitoring as part of post active 
remediation monitoring. 

Post active remediation monitoring will consider 
the relevant requirements of this rule. 

Florida General 
Pollutant 
Emission 
Limitation 
Standards 

Chapter 62-296.320, 
F.A.C. 

Applicable Establishes requirements for 
generation of unconfined 
emissions of particulate matter 
from any activity. 

Requires reasonable precautions such as 
application of water or other dust suppressants to 
control emission from construction and land 
clearing activities. 

Florida Solid 
Waste 
Management 
Facilities 

Chapter 62-701.300, 
F.A.C. 

Relevant and 
Appropriate 

Prohibits storage, processing, or 
disposal except at a permitted 
solid waste management facility. 

Waste generated on site and deemed 
nonhazardous solid waste will be stored, 
transported, or disposed of properly. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Florida Water 
Well 
Permitting and 
Construction 
Requirements  

Chapter 62-532.500, 
FAC 
 

Applicable Establishes minimum standards 
for the location, construction, 
repair, and abandonment of water 
wells. 
 

The requirements for the construction, repair, 
and abandonment of monitoring, extraction, and 
injection wells will be met. 
 

Florida 
Hazardous 
Waste Rules 

Chapter 62-730, 
(F.A.C.) 

Relevant and 
Appropriate 

Adopts by reference sections of 
the federal hazardous waste 
regulations and establishes minor 
additions to these regulations 
concerning the generation, 
storage, treatment, transportation, 
and disposal of hazardous 
wastes.  

These regulations were applied when determining 
whether waste on site is hazardous, either by 
being listed or by exhibiting a hazardous 
characteristic, as described in the regulations. 

 
F.A.C. = Florida Administrative Code 
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N

125 0 125 Feet

Legend

                                      Residential
                                           SCTL
                                             [R]
Benzo(a)pyrene                    100 (ug/kg)
TPH                                      460 (mg/kg)
Lead                                     400 (mg/kg)
Arsenic                                 2.1 (ug/kg)
BAPeq                                  100 (ug/kg)

Soil Sample Locations with
No FDEP Residential SCTL Exceedance

Soil Sample Locations of
FDEP Residential SCTL Exceedances

#S

#S

Areas with Residential SCTL Exceedances:
SR 1 - 16,600 sq. ft.
SR 2 - 7,200 sq. ft.
SR 3 - 800 sq. ft.
Total Area - 24,600 sq. ft.

J = estimated value
[R] = residential SCTL exceedance
SCTL = soil cleanup target level
NC = no criteria
mg/kg = milligrams per kilogram of soil
ug/kg = micrograms per kilogram of soil
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Groundwater Plume Boundary

Road

Deep Monitoring Well
with FDEP GCTL Exceedance

Shallow Monitoring Well
with FDEP GCTL Exceedance

#³

#S

Fence

Legend

Building

Shallow Monitoring Well Sampled
with No FDEP GCTL Exceedance

#S

Florida GCTLs                 (ug/L)
Lead                                    15
Mercury                                2
Vanadium                             49

Area G1 :      5,000 sq. ft
Area G2:        500 sq. ft
Area G3:        500 sq. ft
Total Area:    6,000 sq. ft

N

100 0 100 Feet

SCTL = soil cleanup target level
ug/L = micrograms per liter of groundawater

#S Deep Monitoring Well Sampled
with No FDEP GCTL Exceedance
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3.0  SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies, screens, and evaluates potential technologies and process options that may be 

applicable to develop remedial alternatives for Site 45 at NAS Pensacola.  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:  

 

• Development of RAOs 

• Identification of ARARs 

• Identification of COCs 

• Development of cleanup goals 

• Identification of GRAs 

• Estimation of volumes of media of concern  

 

Technology screening evaluation is performed in this section with completion of the following analytical 

steps:  

 

• Identification and preliminary screening of remedial technologies and process options.  

• Detailed screening of remedial technologies and process options that pass the preliminary 

screening step.  

• Evaluation and selection of representative process options.  

 

In this section, a variety of technologies and process options are identified under each GRA (discussed in 

Section 2.3.1) and screened.  The selection of technologies and process options for initial screening is 

based on the Guidance for Conducting Remedial Investigations/Feasibility Studies under CERCLA 

(USEPA, 1988).  The screening is first conducted at a preliminary level to focus on relevant technologies 

and process options, then the screening is conducted at a more detailed level based on certain evaluation 

criteria.  Finally, process options are selected to represent the technologies that have passed the detailed 

evaluation and screening.  

 

The evaluation criteria for detailed screening of technologies and process options that have been retained 

after the preliminary screening are effectiveness, implementability, and cost.  The following are 

descriptions of these evaluation criteria: 
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• Effectiveness 

- Protection of human health and environment; reduction in toxicity, mobility, or volume; and 

permanence of the solution.  

- Ability of the technology to address the estimated areas or volumes of contaminated media.  

- Ability of the technology to meet the cleanup goals identified in the RAOs. 

- Technical reliability (innovative versus 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 are identified in the following sections for the remediation of soil and 

groundwater at Site 45.  

 

3.1 PRELIMINARY SCREENING OF SOIL AND GROUNDWATER TECHNOLOGIES AND 
PROCESS OPTIONS 

This section identifies and screens technologies and process options for soil and groundwater 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, and Table 

3-2 summarizes the preliminary screening of technologies and process options applicable to 

groundwater.  The tables present the GRAs, identify the technologies and process options, and provide a 

brief description of each process option followed by screening comments.   

 

The technologies and process options that pass the initial screening step are retained for detailed 

screening (if detailed screening is necessary, depending on the complexity of the technology) in Sections 

3.2 and 3.3 for soil and groundwater, respectively.   The technologies and process options for remediation 

of soil and groundwater that were retained for detailed screening are presented in Table 3-3.  
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3.2 DETAILED SCREENING OF SOIL TREATMENT TECHNOLOGIES AND PROCESS 
OPTIONS 

This section identifies and develops the representative process options, following a detailed screening of 

technologies that will be used in the formulation of remedial alternatives to accomplish the RAOs and 

meet the cleanup goals identified for soil in Section 2.0.  The active soil remediation technologies only 

consider industrial use of the site, to meet RAO 1.  RAO 2 will be met through the use of LUCs.    

 

3.2.1 No Action 

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 with the other 

alternatives and their effectiveness in mitigating risks posed by the COCs.   

 

Effectiveness 

The No Action alternative would not be effective in meeting the soil RAOs.  Because the contaminated 

media are left as is without the implementation of any monitoring, LUCs, containment, removal, treatment, 

or other mitigation actions, the No Action alternative would not actively reduce the toxicity, mobility, or 

volume of contaminants in the soil.   Therefore, No Action would not actively reduce the toxicity of 

contaminants in soil, and therefore the risk would remain. Furthermore, there would not be a reduction in 

risk through exposure control.  Although contaminant concentrations may attenuate slowly over time 

because of natural processes, there would not be monitoring to verify if this is occurring.   

 

Implementability 

There would not be any implementability concerns, because under No Action  there are  no actions to be 

implemented. 

 

Cost 

There would not be costs associated with No Action. 

 

Conclusion 

No Action is retained because of NCP requirements, although it would not be effective. 
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3.2.2 Limited Action 

3.2.2.1 Land Use Controls  

LUCs would be developed through implementation of a LUC Remedial Design (RD) to prevent the site 

from being used in the future for purposes that are not consistent with any residual risk that may remain 

after implementation of the final remedy.   

 

LUC performance objectives for Site 45 would be as follows: 

  

• Prohibit residential or residential-like use of the site unless prior written approval is obtained from 

the Navy, USEPA, and FDEP.  Prohibited residential or residential-like uses shall include, but are not 

limited to, any form of housing, any kind of school (including pre-schools, elementary schools, and 

secondary schools), child care facilities, playgrounds, and adult convalescent and nursing care 

facilities.   

• Prohibit the excavation of surface and subsurface soil from the site unless prior written approval 

is obtained from the Navy, USEPA, and FDEP. 

• Restrict access to the area of concern to limit exposure by workers to surface soil.   

• Maintain access restrictions unless prior written approval is obtained from the Navy, USEPA, and 

FDEP. 

 

A LUC RD would be prepared.  Periodic 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 FDEP.  Prior to any property conveyance, USEPA and FDEP would be notified. 

 

Effectiveness 

 
LUCs alone would not reduce the toxicity, mobility, or volume of COCs in soil.  Contaminant 

concentrations may decrease over time because of natural processes.  LUCs would clearly state what 

type of site use is prohibited following the remedial action.  For example, if only industrial risks are 

addressed by the remedial action, LUCs would state that residential use of the site is prohibited.   

 

Implementability 

 
LUCs would be readily implementable.  The implementability of these controls would be more of a 

concern if the site is transferred to private ownership.  Provisions would be incorporated into property 

transfer documents to ensure the continued implementation of LUCs.  Resources are readily available for 

the preparation of a LUC RD. 
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Cost 

 
Costs of LUCs would be low. 

 

Conclusion 

 
LUCs are retained for use in combination with other process options for the development of soil remedial 

alternatives. 

 

3.2.2.2 Monitoring 

Monitoring would involve sampling and analysis of soil to evaluate the concentrations of COCs at the site.  

A monitoring plan would be developed for the site if this option was part of the selected alternative.  

 

Effectiveness 

 
Monitoring alone would not reduce the toxicity, mobility, or volume of COCs in soil.  However, the COCs 

may decrease over time because of natural processes, and monitoring would provide proof of a decrease 

in concentrations.  Monitoring could also be used to demonstrate the effectiveness of another chosen active 

remedial alternative as necessary.   

 

Implementability 

 
Monitoring would be readily implementable.  The implementability would be more of a concern if the site 

is transferred to private ownership.  Provisions would be incorporated into property transfer documents to 

ensure that monitoring continued as planned.  Resources are readily available for the preparation of a 

monitoring plan. 

 

Cost 

 
Costs of monitoring would be low. 

 

Conclusion 

 
Monitoring is retained for use in combination with other process options for the development of soil 

remedial alternatives. 
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3.2.3 Removal 

Excavation 

A variety of standard construction equipment such as front-end loaders, backhoes, grade-alls, etc. could 

be used to perform soil excavation at the site.  The type of equipment selected would take into 

consideration several factors such as the type of material to be removed, load-bearing capacity of the 

ground surrounding the removal area, depth and areal extent of removal, required rate of removal, and 

elevation of the water table.  Excavation is the technology of choice for removal of well-consolidated 

material such as soil from well-defined areas of ground with significant load-bearing capacity (i.e., greater 

than 1,500 pounds per square foot).  

 

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 the excavation is 

completed, the voids would be filled and graded with clean fill material.   

 

Effectiveness 

 
Excavation is a well-proven and effective method for removing contaminated material from a site.  A 

properly designed excavation would remove soil with concentrations of COCs greater than the selected 

cleanup levels, and then backfill within the excavated areas using clean soil.  Following excavation and 

backfilling, overall site concentrations of COCs would not pose an unacceptable risk to human health or 

the environment as based on the selected cleanup level.   

 

Implementability 

 
Excavation of contaminated soil at Site 45 would be implementable.  Excavation equipment is readily 

available from multiple vendors, and this technology is well proven and established in the construction/ 

remediation industry.  Prior to excavation, a utility survey would be required, and utilities would be clearly 

marked so that the excavation would not impact any utility.  During excavation, it would be necessary to 

comply with site-specific health and safety procedures and regulations to ensure that the exposure of the 

workers to COCs is minimized.  Finally, the lack of above-ground structures (aside from parking lots) on 

the site eases concerns typically associated with excavation activities. 

 

Cost 

 
Cost of excavation at Site 45 on a unit volume basis would be low because of the shallow excavation 

depth (up to 4 feet bgs), and the presence of sandy soils.  Moreover, because the depth of the water table 

is approximately 4 feet bgs, dewatering would not be required under dry weather conditions.   
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Conclusion 

 
Excavation is retained in combination with other process options for the development of remedial 

alternatives.  

 

3.2.4 Containment 

Physical Capping 

Physical capping could be utilized by installing a relatively impermeable cover system over the 

contaminated soil to prevent direct exposure of receptors.  Capping would prevent the receptors from 

being exposed to the COCs by direct contact.  The cover system for this site would consist of a layer of 

pavement at least 0.5 foot thick, and areas where the COCs are already covered by pavement would 

remain in their current condition, with repair and maintenance to be completed as necessary.  

 

Effectiveness 

 
Capping would involve the removal of as much soil contaminated by the COCs as necessary to install the 

pavement cap, but would not reduce the toxicity of COCs.  Nonetheless, capping is a well-established 

and proven technology that could be effective in preventing direct exposure by  receptors to contaminated 

soil.   

 

Implementability 

 
Installation of a cap over contaminated soil is typically easy to implement, and the required material and 

services are readily available.  Also, because the majority of the site already consists of paved parking 

lots and therefore is not a major ecological habitat, paving the areas where the COCs exceed  selected 

cleanup levels should not be detrimental to any species known or anticipated to utilize the site.  

 

Cost 

 
The capital costs for physical capping would be low, particularly because of the limited area affected by 

theh COCs.  Because of the need for long-term monitoring of any residual contamination and 

maintenance of LUCs and pavement, O&M costs would be relatively high. 

 

Conclusion 

 
Physical capping is retained for further consideration in the development of remedial alternatives for NAS 

Pensacola Site 45. 
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3.2.5 In-Situ Treatment  

Chemical Stabilization/Solidification 

Chemical stabilization/solidification involves the remediation of contaminated soil through mixing and 

injection with limited or no excavation.  Chemical stabilization/solidification would consist of mixing 

contaminated soil with chemical reagents that modify the soil and COCs and render them less soluble 

and hence less mobile in soil.  Chemical solidification binds metal COCs within the matrix of the material 

being treated.  The most common stabilization/solidification reagents are phosphates, carbonates, 

hydroxides, and sulfates.  Common solidification reagents include pozzolanic-based materials such as 

Portland cement, cement kiln dust (CKD), and fly ash.  Other reagents such as thermoplastic binders (i.e., 

asphalt), sorbents such as granular activated carbon (GAC), clays, zeolites, anhydrous sodium silicate, 

and MAECTITE (a proprietary phosphate-based process) have also been successfully used for chemical 

stabilization/solidification.  

 

For in-situ chemical stabilization, the above mentioned chemical reagents are typically mixed with the 

contaminated soil using standard and specialized mechanical excavating, blending, and high pressure 

injection equipment.  

 

Effectiveness 

 
Chemical stabilization/solidification is a well-established and proven technology, but its effectiveness is 

highly dependent on the characteristics of the medium and the types of COCs being treated.  Treatability 

testing is typically required to determine the most suitable stabilization/solidification reagents and mixing 

ratios.   

 

The effectiveness of in-situ chemical stabilization/solidification could be limited by incomplete in-situ 

soil/reagent blending and the amount of direct contact between soil and reagent, which is typically not as 

complete as in an ex-situ environment.  The crystallized metals COCs would not degrade under a range 

of landfill or on-site conditions including acid rain, high-energy, the presence of other minerals, or 

biological factors if certain reagents are employed, but most treatments cannot guarantee that metals 

COCs will not degrade.  

 

In-situ chemical stabilization/solidification would not eliminate the toxicity of metals in the treated soil, and 

the soil would remain in place.  Long-term stability and of the treated soil would remain as potential 

concerns because metals would remain within the treated soil, but the risk of exposure would be 

decreased as the lead is not mobile.   
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Chemical stabilization/solidification would not be effective for non-metal COCs, such as the cPAHs at Site 

45.  

 

Implementability 

 

In-situ chemical stabilization/solidification is typically fairly easy to implement, and qualified contractors 

would be readily available to perform this work.  Treatability tests would be required to determine the 

appropriate mix ratios prior to implementation, but the COCs and characteristics of the soil should allow 

the Site 45 area to be treated fairly easily using this technology.   

 

Cost 

 

The O&M costs of stabilization/solidification would be moderate to high compared to other technologies 

being considered, and would depend on the number of injection/mixing sites.   

 

Conclusion 

In-situ chemical stabilization/solidification is retained for further consideration in developing remedial 

alternatives for Site 45 soil.  

  

3.2.6 Ex-Situ Treatment  

Ex-Situ Chemical Solidification/Stabilization 

Under this technology, site soil would be excavated and then treated using MAECTITE to reduce the 

leachability of contaminants.  This would allow for the excavated soil to be disposed of as non-hazardous 

waste at an appropriate Treatment, Storage, and Disposal Facility (TSDF) pending confirmation sampling 

results of treated soil.  The excavated area would then be backfilled with clean soil and restored to 

accommodate the current site use.  

 

The principle behind the MAECTITE process is chemical bonding, which creates substituted mixed 

mineral forms that are stable and resistant to leaching.  Metals and compounds that are successfully 

rendered non-hazardous by Resource Conservation and Recovery Act (RCRA) definition with the 

MAECTITE technology include, lead, cadmium, arsenic, chromium, selenium, and barium.   

 

Material treated by MAECTITE contains the metal species being treated as a mineral within the waste 

matrix. Traditional stabilization approaches employing silicates, pozzolans, or cement binders create 

mixtures that are susceptible to degradation from outside physical forces or pH conditions that overcome 
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buffering capacity.  However, the minerals created by MAECTITE cannot be degraded by physical forces 

or other environmental stressors such as chemical conditions present within landfills or associated with 

acid rain. MAECTITE's long term stability has been supported by exposing MAECTITE-treated material 

(containing metallic-complexed mixed mineral forms) to: (1) intense and prolonged ultrasonic energy as a 

physical degradation force; (2) toxicity characteristic leaching procedure (TCLP) and extraction procedure 

toxicity methods; (3) simulated 1,000-year acid rain conditions; and (4) simulated gastric fluids in 

bioavailability testing.  

 

Material treated by the MAECTITE process resembles the untreated material, is not monolithic, complies 

with the Paint Filter test free liquid limits, and is easily handled by standard earthmoving equipment. In-

situ treatment at voluntary remediation and RCRA sites has not required a RCRA Part B treatment permit 

and has allowed clients to significantly expedite regulatory approval for onsite treatment when the 

remedial alternative was for the excavation and offsite disposal as hazardous waste.  Because materials 

treated with MAECTITE reduce the toxicity and mobility of their COCs, they have been either transported 

as non-hazardous waste to  approved landfills or left on site.  

 

Effectiveness 

 

Ex-situ chemical solidification/stabilization is a well-established and proven technology, but it would not 

permanently and irreversibly reduce lead concentrations and would not treat cPAHs concentrations.  

Ex-situ chemical solidification/stabilization would be more effective than similar in-situ treatment because 

more contact between soil and reagent would be possible through mixing, and ex-situ treatment and 

offsite disposal removes contamination from the site rather than only treating it and leaving it in place.   

 

The ex-situ chemical stabilization/solidification process by MAECTITE successfully renders the treated 

material to a non-hazardous definition by RCRA,  and reduces the chance of exposure by making the 

lead less mobile.  Long-term stability and leachability of the treated soil would remain as potential 

concerns because metal COCs would remain within the treated soil, but the treated soil would be 

rendered non-hazardous for disposal at an appropriate TSDF.  However, some of the materials treated 

using MAECTITE have been allowed by regulatory agencies to remain onsite after treatment.   

 

Chemical solidification/stabilization is not effective for non-metals COCs such as the cPAHs at Site 45.   

 

Implementability 

 

A treatability study would be required to determine reagent dosage requirements.  Ex-situ treatment 

would be easily implementable.  Facilities, services, and chemical reagents are readily available.   
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Cost 

 

The cost of ex-situ treatment would be low to moderate depending on volume.  Capital and O&M costs of 

off-site chemical solidification/stabilization and degradation would be low compared to onsite treatment.  

 

Conclusion 

 

Ex-situ chemical stabilization/solidification is retained for development of soil remedial alternatives.  

Contaminated soil would be treated using chemical solidification/stabilization and degradation 

immediately prior to disposal at a TSDF.   

 

3.2.7 Disposal 

Off-Site Landfilling 

Off-site landfilling would consist of transporting excavated soil for disposal at an off-site TSDF, then 

backfilling the excavated area with clean material.  Excavated soil characterized as non-hazardous waste 

under RCRA regulations could be disposed of in a RCRA Subtitle D solid waste landfill.  Excavated soil 

characterized as hazardous waste under RCRA would have to be disposed of in a RCRA Subtitle C 

hazardous waste landfill.  Treatment would be employed prior to land disposal as necessary to meet Land 

Disposal Restrictions (LDRs) (USEPA, 2002d).   

 

Effectiveness 

 

Off-site landfilling 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 option for addressing small quantities of contaminated soil at a site.  Off-site landfills are only 

permitted to operate if they meet certain requirements regarding design and operation governing the 

foundation, liner, leak detection, leachate collection and treatment, daily cover, post-closure inspections 

and monitoring, etc., which ensure the effectiveness of these facilities.   

 

Implementability 

 

Off-site disposal and backfilling with clean material would be easily implementable.  Facilities and 

services are available.  Disposal at a RCRA Subtitle D landfill may require certain pre-treatment, mainly 

removal of free liquids, but because soil would only be excavated to a depth of 4 feet, groundwater should 

not be present under dry weather conditions; therefore, the free liquids requirement should be easy to 
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meet.  If treatment achieves ten times the Universal Treatment Standards (UTSs) (USEPA, 2002c), then 

disposal of the treated soil in a RCRA Subtitle D landfill would be permissible.  If not, the treated soil 

would need to be disposed of in a RCRA Subtitle C landfill. 

 

Cost 

 

The cost of off-site disposal and backfilling with clean material would be low to moderate depending on 

volume.  The unit cost for disposal at a RCRA Subtitle C facility is typically much higher than the cost for 

disposal at a RCRA Subtitle D facility. 

 

Conclusion 

 

Off-site disposal is retained for use in combination with other process options for the development of soil 

remedial alternatives. 

 

3.3 DETAILED SCREENING OF GROUNDWATER TREATMENT TECHNOLOGIES AND 
PROCESS OPTIONS 

This section identifies and develops the representative process options, following a detailed screening of 

technologies that will be used in the formulation of groundwater remedial alternatives to accomplish the 

groundwater RAOs identified in Section 2.  

 

3.3.1 No Action 

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 with the other 

alternatives and their effectiveness in mitigating risks posed by the COCs. 

 

Effectiveness 

The No Action alternative would not be effective in meeting the groundwater RAOs.  Controls would not 

be present to prohibit the use of groundwater as a drinking water source at Site 45, and therefore this 

option would not be protective of human health. 

 

Implementability 

There would not be any implementability concerns because under No Action there are no actions to be 

implemented. 
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Cost 

There would not be costs associated with No Action. 

 

Conclusion 

No Action is retained for comparison to the other options as mandated by the NCP. 

 

3.3.2 Limited Action 

The technologies considered under this GRA consist of restricting groundwater use by implementing 

LUCs, and monitoring natural attenuation. 

 

3.3.2.1 Land Use Controls  

Groundwater use restrictions would be detailed in a LUC RD for the remedy under the LUC component to 

prevent use of contaminated groundwater underlying Site 45 unless prior written approval is obtained 

from the Navy, USEPA, and FDEP. 

 

Effectiveness 

 

Groundwater use restrictions would not reduce the toxicity of contaminants in groundwater at the site.  

Contamination would remain although it may dissipate over time through natural processes.  Prohibiting 

use of the surficial aquifer at the site would effectively prevent the occurrence of unacceptable risks to 

human receptors from direct exposure to contaminated groundwater.  Groundwater migration has not 

been identified as a concern for downgradient receptors; however, monitoring would provide adequate 

warning of the potential for such migration so that additional action may be taken. 

 

Implementability 

 

Groundwater use restrictions would be readily implementable.  The implementability of these controls 

would be more of a concern if the site is transferred to private ownership.  Provisions would be 

incorporated in property transfer documents to ensure the continued implementation of LUCs.  Resources 

are readily available for the preparation of an LUC RD including groundwater use restrictions. 

 

Cost 

 

Costs of groundwater use restrictions would be low. 
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Conclusion 

 

Groundwater LUCs are retained in combination with other process options for the development of 

groundwater remedial alternatives. 

 

3.3.2.2 Monitored Natural Attenuation 

Monitored natural attenuation could be used to achieve reductions in the concentrations of COCs at Site 

45 as a result of natural processes.  Migration of the COCs in groundwater has not been identified as a 

concern for downgradient receptors; however, monitored natural attenuation would provide adequate 

warning of the potential for such migration so that additional action may be taken, if appropriate.   

 

Effectiveness 

 

Monitoring would not reduce the toxicity of COCs in the groundwater by itself; however, it would allow for 

potential reductions in concentrations through natural attenuation.  

 

Implementability 

 

A groundwater monitoring program could be readily implemented at Site 45.  Local permits would be 

required for monitoring well installation. Additional monitoring wells may not be necessary for the 

monitoring of lead and vanadium because there are an adequate number of monitoring wells already 

present at these locations; however, to adequately monitor mercury, hydraulic downgradient monitoring 

wells would be required.  

 

Cost 

 

Capital and O&M costs of monitoring would be low.  

 

Conclusion 

 

Monitored natural attenuation is retained in combination with other process options for the development of 

groundwater remedial alternatives.  
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3.3.3 In-Situ Treatment 

In-Situ Precipitation 

Inorganics cannot be destroyed (unlike organic contaminants); therefore, the toxicity caused by their 

presence in groundwater can be addressed only by their transformation to a different phase or by 

changing their oxidation state to a less toxic form.  In-situ precipitation is a process wherein a metallic 

contaminant is made less soluble by the use of precipitating agents.  In this process, a relatively 

innocuous chemical would be introduced throughout the groundwater plume to react with the dissolved 

lead, mercury, and vanadium.  The resultant precipitate would bind with the soil particles in the aquifer 

matrix and render the metal less available to be brought to the surface under a groundwater use scenario.  

 

The precipitating chemical would be prepared as an aqueous solution at the site and injected using 

direct–push technology (DPT) at select locations within the plumes.  After a period of a few months, the 

groundwater would be sampled to evaluate the effectiveness of the process, and a follow-up round of 

injections would be performed as necessary, with adjustments to the injectant concentrations or addition 

of other chemicals as required to improve the effectiveness of the process.  The second round of 

injections would be followed by additional rounds of monitoring and injections (if necessary) until 

satisfactory monitoring results are achieved. 

 

Effectiveness 

 
In-situ precipitation is a relatively innovative approach for treatment of metals in groundwater.  Its 

effectiveness at a site depends on the relative concentrations of metals present as particulates compared 

to the amounts present in their dissolved form.  At Site 45, the pH values of the majority of groundwater 

samples were generally neutral.  The pH of groundwater in an area can be used to estimate the amount 

of inorganics dissolved in groundwater compared to the amount bound to soil particles suspended in the 

groundwater: a pH greater than seven signifies greater concentrations of metals suspended in soil.  In the 

Site 45 RI, it was documented that four shallow monitoring well locations had slightly basic  pH 

measurements [maximum pH of 10.88 (TtNUS, 2009)].  This indicates that for the areas of concern, the 

pH is favorable for COC precipitation. Therefore, it is likely that the use of an alkaline precipitating agent 

would render aquifer conditions suitable to reduce the solubility of the COCs sufficiently to achieve 

cleanup goals.   

 

Implementability 

 
The equipment required for injection of chemicals into the groundwater is readily available.  The 

chemicals that would be used to precipitate the COCs at Site 45 are commonly available in the 
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manufacturing and chemical industry.  Typically these chemicals would not pose a human health hazard if 

appropriate health and safety protection measures are taken.   

 

Cost 

 
In-situ treatment is typically more cost effective than ex-situ treatment of groundwater.  The costs would 

be moderate to high compared to other in-situ groundwater treatment technologies. 

 

Conclusion 

 
In-situ groundwater treatment using precipitation is retained for further consideration in the development 

of remedial alternatives.  

 

3.4 SELECTION OF REPRESENTATIVE PROCESS OPTIONS FOR SOIL AND 
GROUNDWATER 

Soil 

 
The following GRAs, technologies, and process options were retained for the development of soil 

remedial alternatives: 

• No Action. 

• Limited Action: LUCs and Monitoring. 

• Removal: Excavation. 

• Containment. 

• In-Situ Treatment: Chemical Stabilization/Solidification. 

• Ex-Situ Treatment: Chemical Stabilization/Solidification. 

• Disposal: Off-Site Disposal. 

 

 

Groundwater 

 

The following GRAs, technologies, and process options were retained for the development of 

groundwater remedial alternatives: 

 

• No Action 

• Limited Action: LUCs and Monitored Natural Attenuation 

• In-Situ Treatment: In-Situ Precipitation 
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The next step  is 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.  All process options listed in Table 3-3 were retained for the formulation of alternatives because 

the processes are sufficiently varied in their functions and would be effective and implementable at Site 

45 to a considerable degree. 



TABLE 3-1 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS FOR SOIL 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

PAGE 1 OF 6 
 

General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

No Action None Not Applicable No activities conducted at the site to address 
contamination.  Biodegradation of polynuclear 
aromatic hydrocarbons (PAHs) may occur through 
natural attenuation processes, but this would not 
be verified. 

Required by law.  Retain for baseline 
comparison to other technologies. 

Limited Action Land Use 
Controls (LUCs) 

Engineered 
Controls:  
Physical Barriers/ 
Security Guards 

Fencing, markers, and warning signs to restrict site 
access. 

Retain to possibly be used in conjunction 
with other remedial technologies. 

  Administrative 
Controls:  
Deed or Site Use 
Restrictions 

Administrative action using property deeds or other 
land use prohibitions to restrict future site activities. 

Retain to possibly be used in conjunction 
with other remedial technologies. 

 Monitoring Sampling and 
Analysis 

Sampling and analysis of soil to evaluate whether 
additional remedial actions would be warranted and 
monitoring to restrict site access. 

Retain to assess natural attenuation of 
contaminants from the site and to 
evaluate the effectiveness of remedial 
actions. 

Removal Excavation Mechanical Means for removal of contaminated soil by 
backhoe, bulldozer, loader, etc. 

Retain for removal of contaminated soil. 

Containment Capping Paving Pave soil areas to prevent exposure of receptors to 
contaminants.  

Retain to possibly be used in conjunction 
with other remedial technologies.  

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 

Eliminate.  Typically used for highly 
contaminated or radioactive materials.  
Vitrified material may affect future uses of 
Site 45. 
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General 
Response 
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Remedial 
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Process Option 
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Screening Comment 

vadose zone. 
In-Situ 
Treatment 
(continued) 

Thermal 
(continued) 

Radio-frequency 
Heating 

Use of radio-frequency energy to heat soil and 
cause volatilization of contaminants. 

Eliminate.  Not applicable for treatment of 
metals or cPAHs. 

  Electrical Heating Use of an electrical blanket or electrical heating 
elements within slotted pipes to volatilize 
contaminants. 

Eliminate.   Not applicable for treatment 
of metals or cPAHs. 

 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.  The result of this technology 
would be the migration of COCs from soil 
to groundwater.  Not recommended when 
groundwater is relatively  “clean” 
compared to COCs concentrations in 
unsaturated zone soil. 

  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.   Not applicable for treatment 
of metals or cPAHs. 

  Soil Vapor 
Extraction 

Use of vacuum and possibly air sparging to 
volatilize contaminants. 

Eliminate.  This technology is better 
suited to volatile organic contaminants 
than the PAHs at Site 45.  In addition, it is 
not applicable for treatment of metals. 

  Chemical 
Stabilization/ 
Solidification 

Mixing of chemical agents in the vadose zone to 
chemically bind, and solidify and reduce inorganic 
contaminant mobility.  

Retain for treatment of contaminated soil. 
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In-Situ 
Treatment 
(continued) 

Physical/ 
Chemical 
(continued) 

Electrokinetic 
Separation 

Use of electrodes with the application of direct 
current-based electrical fields that can induce the 
migration of metallic contaminants from soil 
towards electrodes or to induce electrochemical 
reactions to destroy selected organic contaminants. 

Eliminate.  May be applicable for lead but 
not applicable for the treatment of PAHs, 
and the cost is relatively high. 

 Biological Biodegradation Nutrients and amendments are added to surface 
soil to promote biodegradation. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 

  Bioventing Oxygen is delivered to contaminated unsaturated 
soil by forced air movement to increase oxygen 
concentrations and stimulate biodegradation. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 

  Phytoremediation Use of selected plants cultivated in contaminated 
soil to facilitate uptake of metallic contaminants or 
enhancement of biodegradation of organic 
contaminants by indigenous microorganisms in the 
root zone. 

Eliminate.  This innovative technology 
has limited demonstrated effectiveness 
for the variety of metals and PAHs 
present at Site 45. 

Ex-Situ 
Treatment 

Biological Biopiles/ 
Composting 

Excavated soils are mixed with amendments and 
placed in aboveground enclosures. A biopile is an 
aerated static pile composting process in which 
compost is formed into piles and aerated with 
blowers or vacuum pumps. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 

  Landfarming Contaminated soil, sediment, or sludge is 
excavated, applied into lined beds, and periodically 
turned over or tilled to aerate the waste. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment 
(cont.) 

Biological 
(continued) 

Slurry Phase 
Biological 
Treatment 

An aqueous slurry is created by combining soil with 
water and other additives. The slurry is mixed to 
keep solids suspended and microorganisms in 
contact with the soil contaminants. Upon 
completion of the process, the slurry is dewatered 
and the treated soil is disposed. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 

 Physical/ 
Chemical 

Chemical 
Stabilization/ 
Solidification 

Mixing of chemical agents to chemically bind, 
solidify, and reduce inorganic contaminant mobility. 

Retain for treatment of contaminated soil. 

  Chemical 
Extraction 

Contaminated soil and extractant are mixed in an 
extractor, thereby dissolving the contaminants. The 
extracted solution is then placed in a separator, 
where the contaminants and extractant are 
separated for treatment and further use. 

Eliminate.  Not effective for treatment of 
metals. 

  Chemical 
Reduction/ 
Oxidation 

Reduction/oxidation chemically converts organic 
hazardous contaminants to non-hazardous or less 
toxic compounds that are more stable, less mobile, 
and/or inert. The oxidizing agents most commonly 
used are ozone, hydrogen peroxide, hypochlorites, 
chlorine, and chlorine dioxide. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 

  Dehalogentation Reagents are added to soil contaminated with 
halogenated organics. The dehalogenation process 
is achieved by either replacement of halogen 
molecules or the decomposition and partial 
volatilization of the contaminants. 

Eliminate.  Would not be effective to 
achieve cleanup levels for metals or 
PAHs.  
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment 
(continued) 

Physical/ 
Chemical 
(continued) 

Soil Washing Contaminants sorbed onto fine soil particles are 
separated from bulk soil in an aqueous-based 
system on the basis of particle size. The wash 
water may be augmented with a basic leaching 
agent, surfactant, pH adjustment, or chelating 
agent to help remove organics and heavy metals. 

Eliminate.  This technology is most 
effective when used with coarse-grained 
soil, which is not the predominant soil 
type at Site 45.  

  Separation Separation techniques concentrate contaminated 
solids through physical and chemical means. 
These processes seek to detach contaminants 
from their medium (i.e., soil, sand, and/or binding 
material that contains them). 

Eliminate.  Would not be effective in 
treating metals found at Site 45 because 
they are not heavy enough to be easily 
separated.   

 Thermal Hot Gas 
Decontamination 

The process involves raising the temperature of the 
contaminated material for a specified period of 
time. The gas effluent from the material is treated in 
an afterburner system to destroy all volatilized 
contaminants. 

Eliminate.  This technology is most 
effective for removal of explosives and 
would be ineffective for removing Site 45 
COCs.  

  Incineration High temperatures, 870 to 1,200 °C (1,600 to 
2,200°F), are used to combust (in the presence of 
oxygen) organic constituents in hazardous wastes. 

Eliminate.  This technology is most 
effective for removal of explosives and 
would be ineffective for removing Site 45 
COCs. 

  Pyrolysis Chemical decomposition is induced in organic 
materials by heat in the absence of oxygen. 
Organic materials are transformed into gaseous 
components and a solid residue containing fixed 
carbon and ash. 

Eliminate.  This technology would be 
ineffective for removing Site 45 COCs. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment 
(continued) 

Thermal 
(continued) 

Thermal 
Desorption 

Wastes are heated to volatilize water and organic 
contaminants. A carrier gas or vacuum system 
transports volatilized water and organics to the gas 
treatment system. 

Eliminate.  Would be difficult to achieve 
cleanup levels for PAHs.  Not effective for 
treatment of metals. 

Disposal Off-Site Hazardous/ Non-
Hazardous Waste 
Landfilling 

Disposal of excavated wastes and treatment 
residuals in a permitted RCRA Subtitle C or RCRA 
Subtitle D facility. 

Retain.  Landfilling could be used in 
conjunction with other remedial 
technologies.   

 On-Site Beneficial Reuse Reuse of treated soil as fill material. Eliminate.  Excavated and treated soil 
would still contain contaminants, so it 
would not be able to be reused in a 
beneficial way on site.  

 
COCs = Contaminants of concern. 
PAHs = Polynuclear aromatic hydrocarbons. 
RCRA = Resource Conservation and Recovery Act. 
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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 Monitored Natural 
Attenuation 

Sampling and 
Analysis 

Periodic sampling and analysis of 
groundwater to track the natural attenuation of 
site COCs. 

Retain to assess natural attenuation of 
contaminants from the site and to 
evaluate the effectiveness of remedial 
actions. 

Land Use Controls 
(LUCs) 

Administrative 
Controls:  Deed 
and Groundwater 
Use Restrictions 

Administrative action that restricts future site 
activities and use of groundwater as source of 
drinking water. 

Retain to limit human exposure to 
contaminated groundwater. 

In-Situ 
Treatment 

Physical/Chemical In-Situ 
Precipitation 

Reduction of the solubility of metals to 
precipitate and allow them to bind to soil 
particles. 

Retain for consideration as a possible 
remedial alternative for contaminated 
groundwater.   

  Air Sparging Air is injected into saturated matrices to 
remove contaminants through volatilization. 

Eliminate.  Would not be effective in 
removing metals COCs.  

  Bioslurping Bioslurping combines two remedial 
approaches: bioventing and vacuum-
enhanced free-product recovery (VEFPR). 
Bioventing stimulates the aerobic 
bioremediation of hydrocarbon-contaminated 
soils. VEFPR extracts fuels from the capillary 
fringe and water table. 

Eliminate.  Would not be effective in 
removing metals from groundwater. 

  Directional Wells Drilling techniques are used to position wells 
horizontally, or at an angle, to reach 
contaminants not accessible by direct vertical 
drilling. 

Eliminated due to cost and 
implementability concerns.  
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

In-situ 
Treatment 
(continued) 

Physical/Chemical 
(continued) 

Dual Phase 
Extraction 

A high vacuum system is applied to the 
aquifer to simultaneously remove various 
combinations of contaminated groundwater, 
separate-phase petroleum product, and 
hydrocarbon vapor from the subsurface. 

Eliminate.  Most effective in low-
porosity materials and ineffective in 
remediating metals COCs.  

  Thermal Treatment Steam is forced into an aquifer through 
injection wells to vaporize volatile and 
semivolatile organics. Vaporized components 
rise to the unsaturated zone where they are 
removed by vacuum extraction and then 
treated. 

Eliminate.  Would not be effective in 
removing metals from groundwater. 

  Hydrofracturing 
Enhancements 

Injection of pressurized water through wells 
cracks low permeability and over-consolidated 
sediments. Cracks are filled with porous 
media that serve as substrates for 
bioremediation or to improve pumping 
efficiency. 

Eliminate due to effectiveness and 
implementability concerns that arise 
from the possibility of fracture collapse 
and the inability to control fracture size 
and location.  

  In-Well Air 
Stripping 

Air is injected into a double-screened well, 
lifting the water in the well and forcing it out 
the upper screen.  Additional water is drawn in 
the lower screen. Some of the volatile 
organics in groundwater are transferred from 
the dissolved to the vapor phase by air 
bubbles. The contaminated air rises to the 
water surface where vapors are drawn off and 
treated by a soil vapor extraction system. 

Eliminate.  Would not be effective in 
removing metals from groundwater. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

In-Situ 
Treatment 
(continued) 

Physical/Chemical 
(continued) 

Passive/Reactive 
Treatment Walls 

These barriers allow the passage of water 
while causing the degradation or removal of 
contaminants. 

Eliminate.  The effectiveness of this 
technology is questionable, because 
treatment walls can become less 
reactive or less permeable and require 
replacement.  

 
 

Biological Phytoremediation Use of selected plants cultivated in 
contaminated soil to facilitate uptake of 
metallic contaminants. 

Eliminate.  This is an innovative 
technology that has not been proven 
for uptake of the COCs from 
groundwater.  At Site 45, a deep root 
zone at 15 to 25 feet bgs would be 
required, which cannot be established 
in a reasonable remediation time 
frame. 

  Aerobic/Anaerobic 
biodegradation 

Use of in-situ microbial populations to 
biologically breakdown organic contaminants. 

Eliminate.  Metals are the only COCs in 
groundwater. 

 
 



TABLE 3-3 
 

TECHNOLOGIES AND PROCESS OPTIONS RETAINED FOR DETAILED SCREENING 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

 

General Response Action Remedial Technology Process Option 
Soil   
No Action None Not Applicable 
Limited Action LUCs Engineering and Administrative Controls 

Monitoring Sampling and Analysis 
Removal Excavation Mechanical 
Containment Physical Capping Paving 
In-Situ Treatment Physical/Chemical Chemical Stabilization/Solidification 
Ex-Situ Treatment Physical/Chemical Chemical Stabilization/Solidification 
Disposal Off-site Hazardous/Non-Hazardous Waste Landfill 
Groundwater   
No Action None Not Applicable 
Limited Action LUCs Administrative Controls:  Deeds and 

Groundwater Use Restrictions 
Monitored Natural Attenuation Sampling and Analysis to Track the Natural 

Decreases in COC Concentrations 
In-Situ Treatment Physical/Chemical Chemical Precipitation 
 

LUC = Land Use Control 
COC = Chemical of Concern 
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4.0  ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

4.1 INTRODUCTION 

This section describes the nine evaluation criteria that are required by the NCP (40 CFR Part 300) to 

evaluate the remedial alternatives that are retained for additional evaluation.  These nine criteria, their 

relative importance, and the additional evaluation of the retained remedial alternatives are described in 

the following subsections.  

 

4.1.1 Evaluation Criteria 

In accordance with the NCP (40 CFR Part 300.430), the nine evaluation criteria are used to evaluate the 

retained remedial alternatives, and are divided into three categories: Threshold Criteria, Primary 

Balancing Criteria and Modifying Criteria.  Threshold criteria are those that must be met for a remedy to 

be eligible for selection.  Primary balancing criteria are used to weigh major trade-offs among alternatives 

and are less important than threshold criteria but of equal importance among themselves.  Modifying 

criteria are not used in the development and initial screening of alternatives, but are considered after 

public comments are received on the Proposed Plan.  The following are the nine NCP criteria: 

 

• Threshold Criteria 

• Overall Protection of Human Health and the Environment.  

• Compliance with ARARs. 

 

• Primary Balancing Criteria 

• Long-Term Effectiveness and Permanence. 

• Reduction of Toxicity, Mobility, or Volume through Treatment. 

• Short-Term Effectiveness. 

• Implementability. 

• Cost. 

 

• Modifying Criteria 

• 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 
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the site. Overall protection is achieved by eliminating, reducing, or controlling exposure to contaminant 

levels exceeding cleanup goals.  The assessment of 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; otherwise, a waiver must 

be obtained [see also 40 CFR 300.430(f)(1)(ii)(B)].  Section 2.1.2.1 presents the basis for invoking a 

waiver.  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 (TBC guidance 

category). 

 

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 would 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 containments 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 

alternatives such as a treatment system, and the potential exposure pathways and risks posed if 

the remedial action needs replacement.  
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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 of contaminants is 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 would 

treat.  

 

• The amount of hazardous substances, pollutants, or contaminants that would be destroyed, 

treated, or recycled.  

 

• The degree of expected reduction in toxicity, mobility, or volume of wastes as a result of 

treatment or recycling, and the specification of which reduction(s) is occurring.  

 

• The degree to which treatment is irreversible.  

 

• The type and quantity of residuals that would 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 the 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 

mitigating measures during implementation. 

 
• Time until protection is achieved. 
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4.1.1.6 Implementability 

The ease or difficultly of implementing the alternatives would be 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.  

 

• 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.  

 

• 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 include both direct and indirect costs.  Annual O&M costs are provided, and a net present 

worth (NPW) of the capital and O&M costs is also 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 this FS.  These 

concerns would be discussed, to the extent possible, in the Proposed Plan to be issued for public 

comment.  
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4.1.1.9 Community Acceptance 

This assessment consists of responses from the community to the Proposed Plan and includes 

determining which components of the alternatives interested persons 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. 

 

4.1.2 Relative Importance of Criteria 

Among the nine criteria, the threshold criteria are considered to be:  

 

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs 

 

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 Contaminant 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 Florida and the Proposed Plan has been 

discussed at a public meeting, if required and requested, and opened to public comment.  Therefore, the 

FS addresses only seven of the nine criteria.  

 

4.1.3 Selection of Remedy 

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 as stipulated by CERCLA §121b: 
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• 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 the review of public comments and determination by the Navy and USEPA, 

in consultation with the State of Florida, as to whether the preferred alternative continues to be the most 

appropriate remedial action for the site.  

 

4.2 ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES FOR SOIL 

This section develops the remedial alternatives for soil at Site 45.  Additional site-specific information and 

assumptions are provided in this section to further explain the alternative development process.   

 

The following alternatives for soil remediation have been developed for Site 45:  

 

• Alternative S-1:  No Action. 

 

This alternative is required by NCP as a baseline for comparison to other alternatives.  

 

• Alternative S-2:  In-Situ Treatment of Lead, and LUCs. 

 

This alternative was developed to address the area where soil contamination exceeds FDEP 

industrial SCTLs for lead.  This alternative would treat the minimum soil volume required to allow 

for continued use of the site as an industrial area without placing health and safety restrictions on 

NAS Pensacola employees that use Site 45.  Chemical injections of stabilizing/solidifying 

reagents would be applied to the soil to cause inorganic contaminants to become immobile and 

fixed to the soil.  The site would require LUCs to prohibit residential land use in the future 

because residual contaminant concentrations would exceed FDEP residential SCTLs, and 

contaminants would still be present in the soil although in a less mobile form.  This alternative 

would not actively treat cPAHs in the soil.  

 

• Alternative S-3:  Capping of Unpaved Areas Exceeding FDEP Industrial SCTLs, and LUCs.  
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This alternative was developed to address the area where soil contamination exceeds FDEP 

industrial SCTLs.  This alternative would place a cap over the minimum soil volume required to 

allow for continued use of the site as an industrial area without placing health and safety 

restrictions on NAS Pensacola employees that use Site 45.  However, the site would require 

LUCs to prohibit residential land use in the future because residual contaminant concentrations 

would exceed FDEP residential SCTLs.  It is assumed that the pavement covering contaminated 

soil areas that are already capped is providing protection currently by preventing exposure, so 

only currently unpaved areas with soil COCs exceeding FDEP industrial SCTLs would require 

capping.    

 

• Alternative S-4:  Excavation to Meet FDEP Industrial SCTLs, Ex-Situ Treatment, Disposal, and LUCs 

 

This alternative was developed to address the area where soil contamination exceeds FDEP 

industrial SCTLs.  This alternative would address the minimum soil volume required to allow for 

continued use of the site as an industrial area without placing health and safety restrictions on 

NAS Pensacola employees that use Site 45.  However, the site would require LUCs to prohibit 

residential land use in the future because residual contaminant concentrations would exceed 

FDEP residential SCTLs.  Under Alternative S-4, soil would be treated by chemical 

stabilization/solidification and degradation after excavation to render it non-hazardous, therefore 

allowing it to be disposed of at a RCRA Subtitle D facility.  

 

A description and detailed analysis of these alternatives are provided in the following sections. 

 

4.2.1 Alternative S-1: No Action 

4.2.1.1 Description 

The No Action alternative maintains the site as it is today.  This alternative does not address the soil 

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.   

 

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 

commercial/industrial land use, there could be unacceptable risks to human health from direct exposure 

to contaminated soil.  The potential would remain for site workers to be exposed to lead- and PAH- 

contaminated soil.    
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Compliance with ARARs 

Alternative S-1 would not comply with chemical-specific ARARs because no action would be taken to 

reduce contaminant concentrations.  Federal and state location-specific ARARs (i.e., wetland or surface 

waters) and action-specific (i.e., treatment, transportation, and disposal of hazardous waste) ARARs do 

not apply to this alternative.  

 

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 disturbance of soil within the site 

boundaries, the potential would also exist for unacceptable risk to develop for human receptors.   

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-1 would not reduce the toxicity, mobility, or volume of contaminants 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 and the environment.   

 

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 required.   

 

Cost 

There would be no costs associated with the No Action alternative.   

 

4.2.2 Alternative S-2:  In-Situ Treatment of Lead and LUCs 

4.2.2.1 Description 

In-situ stabilization would consist of chemically treating contaminated soil to decrease the risk of exposure 

to lead by causing lead to adhere to soil particles, making the contamination less mobile and less 

accessible to receptors.  This would eliminate or reduce the potential for unacceptable human health risks 
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as a result of exposure to contaminated soil and groundwater.  This alternative would not treat cPAHs.  

This alternative consists of the following three components: 

 

• Delineation of treatment area and collection of SPLP data 

• In-situ treatment of lead  

• Implementation of LUCs 

 

Component 1:  Delineation of Treatment Area and Collection of SPLP Data 

The soil within and near the identified treatment area would be sampled and analyzed for lead with rapid 

turn analysis in a fixed-based laboratory.  An x-ray fluorescence (XRF) spectrometer (field portable) would 

be used to obtain real-time concentrations of lead, which is the primary COC, to determine the extent of 

contamination.  Soil samples would be collected and analyzed by SPLP to determine the potential risk for 

the COCs to leach to groundwater.  The data obtained for lead obtained via XRF would be correlated with 

fixed-base laboratory results for additional confidence in determining the horizontal and vertical extent of 

soil requiring in-situ treatment.  A minimum of ten samples would be collected during this delineation step 

to allow for FDEP Global RBCA regulations (Chapter 62-780, F.A.C) to be considered, which could 

decrease the volume of soil that requires treatment.   

 

Component 2:  In-Situ Treatment of Lead  

The pavement covering the soil area delineated in Component 1 would be excavated to allow access to 

the contaminated soil.  MAECTITE would be added to the soil to immobilize and stabilize the lead in the 

soil.  Appendix B presents the estimated amount of MAECTITE that would be required.  The soil would be 

mixed in place to ensure maximum contact between the stabilization agents and the lead in the soil.  The 

treatment would be reapplied until lead is no longer mobile in the soil, as verified by 20 confirmatory 

samples taken during the treatment process.   

 

Component 3:  Implementation of LUCs 

LUCs would consist of restrictions on land use to eliminate or reduce the potential for unacceptable 

human health risks that may result from exposure to the COCs in soil by restricting access to the areas of 

residential SCTLs exceedances.  See Figure 2-2 for the areas that exceed FDEP residential SCTLs that 

would be governed by the LUCs. 

 

Restrictions on land use would consist of preparing and implementing a LUC RD, including restrictions to 

limit future access or development at the site.  Periodic inspections of the site would be conducted to 

confirm compliance with LUC objectives, and an annual compliance certificate would be prepared by the 
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Navy and provided to USEPA and FDEP.  Prior to any property conveyance, USEPA and FDEP would be 

notified by the Navy. 

 

The LUCs would be maintained for as long as they are required to prevent unacceptable exposure to the 

COCs in the soil and/or to preserve the integrity of the selected remedy.   

 

4.2.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-2 would be somewhat protective of human health.  Chemically treating the soil would fix 

lead to the soil and decrease the risk of exposure to human receptors.  However, treatment would not 

reduce the concentration of cPAHs in soil, and Alternative S-2 would not remove lead contamination 

completely.  Confirmatory sampling would be conducted under Alternative S-2 to evaluate the 

effectiveness of the treatment. 

 

Compliance with ARARs 

Alternative S-2 would comply with chemical-, and action-specific ARARs.  Location-specific ARARs (i.e., 

wetland or surface waters) do not apply to this alternative. 

  

Long-Term Effectiveness and Permanence 

Alternative S-2 would provide long-term effectiveness and permanence for human receptors.  Chemical 

stabilization using MAECTITE is permanent, and the lead in treated soil would not degrade over time 

regardless of the surrounding environmental conditions.  Alternative S-2 would not be effective at treating 

cPAHs.  

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-2 would employ treatment of soil that would reduce the toxicity and mobility of lead.  

Approximately 140 cubic yards of soil are assumed to require in-situ treatment. 

 

Short-Term Effectiveness 

Implementation of Alternative S-2 would pose little risk to on-site workers with the proper use of personal 

protective equipment (PPE) and compliance with Occupational Safety and Health Administration (OSHA) 

regulations and site-specific health and safety procedures.  Implementation of Alternative S-2 would not 

result in short-term adverse impact to the local community and the environment. 
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Implementability 

Alternative S-2 would be fairly simple to implement as qualified contractors and resources are readily 

available and the site is easy to access.   

 

The administrative aspects of Alternative S-2 would be relatively simple to implement.   

 

Cost 

Estimated costs for Alternative S-2 are as follows: 

 

• Capital: $ 447,000 

• 30-Year NPW of O&M: $  191,000 

• 30-Year NPW of Alternative S-2: $  638,000  

 

The above figures have been rounded to the nearest $1,000 to reflect the preliminary nature of the 

estimates.  A more detailed breakdown of these cost estimates is provided in Appendix C.  30-Year NPW 

costs of O&M include six 5-year reviews and 30 annual inspections.  The cost of each review was 

included with groundwater alternative costs and can be found on the calculations sheet in Appendix C.  

 

4.2.3 Alternative S-3:  Capping of Unpaved Areas Exceeding FDEP Industrial SCTLs, and 
LUCs 

4.2.3.1 Description 

Alternative S-3 would involve the capping of soil that contains lead and cPAHs at concentrations 

exceeding their industrial SCTLs.  The Cap would prevent contact with the COCs by industrial workers at 

the site.  The estimated area to be excavated to meet these SCTLs is shown on Figure 4-1.  The 

following five components are included in this alternative:  

 

• Delineation of excavation area and collection of SPLP data 

• Excavation to allow for capping 

• Capping 

• Off-site disposal 

• Implementation of LUCs 
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Component 1:  Delineation of Excavation Area and Collection of SPLP Data 

The soil within and near the identified excavation and capping area would be sampled and analyzed for 

lead and cPAHs with rapid turn analysis by a fixed-based laboratory.  A field portable XRF spectrometer 

would be used to obtain real-time concentrations of lead.  Soil samples would also be collected and 

analyzed by SPLP to determine the leachability to groundwater screening values for the COCs.  The field 

screening data obtained for lead via the XRF would be correlated with fixed-base laboratory analytical 

results for lead and cPAHs to determine the extent of soil requiring excavation and capping.  A minimum 

of ten soil samples would be collected to allow use of the FDEP Global RBCA regulations (Chapter 62-

780, F.A.C.) to be considered, which could decrease the volume of soil that requires excavation and 

capping.  

 

Component 2: Excavation of Soil to Allow for Capping 

Excavation would occur over an area of approximately 2,500 square feet to a depth of 0.5 foot bgs to 

allow for the area to be capped with pavement, depending on the results of the delineation sampling and 

Global RBCA consideration.  A total of approximately 46 cubic yards of soil would be excavated.  Dust 

control measures and appropriate health and safety measures would be implemented during the 

excavation.  The excavation would prepare the area for capping and would incidentally remove COCs in 

soil to a depth of 0.5 foot bgs.  See Figure 4-1 for the proposed area to be excavated and paved. 

 

Component 3: Capping 

 

The area shown in Figure 4-1 would then be capped with pavement to a depth of 0.5 foot bgs.  This 

would prevent direct exposure of receptors to soil containing the COCs.    

 

Component 4: Off-Site Disposal 

It is assumed that the COCs in the soil would not exceed TCLP limits and that the excavated soil would 

be disposed of at a RCRA Subtitle C facility.  Soil samples would be collected and analyzed for the COCs 

by TCLP to ensure that the soil meets the limits of the TSDF before it is disposed.    

 

Component 5: Implementation of LUCs 

This component would be identical to that of Alternative S-2, Component 3. 

  



Rev. 3 
01/24/11 

 

TtNUS/TAL-11-07/0784-6.3 4-13 CTO 0079 

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.  The capping of areas where 

the COCs excced their industrial SCTL or alternate SCTL as determined using the FDEP Global RBCA 

regulations would protect human receptors from exposure to unacceptable levels of cPAHs and lead.  

The RAOs for soil at Site 45 would be met. 

 

Compliance with ARARs 

Alternative S-3 would comply with chemical- and action-specific ARARs.  Chemical-specific ARARs would 

be achieved at Site 45 by the covering of soil containing COPCs, because the pavement cap would 

prevent the direct exposure pathway to receptors.  Federal and state location-specific ARARs (i.e., 

wetland or surface waters) do not apply to this alternative. 

 

Long-Term Effectiveness and Permanence 

Alternative S-3 would provide long-term effectiveness and permanence as long as the land uses at the 

site remain industrial.  Following the excavation and the capping of soil containing lead and cPAHs at 

concentrations that exceed FDEP industrial SCTLs, the COCs would not be accessible to current 

possible receptors and would therefore not pose a threat.  However, residual concentrations would 

exceed FDEP Residential SCTLs, which could pose a threat to human receptors if the land use was  

changed to residential in the future.  LUCs implemented after capping would provide protection from the 

risk of a change in land use.  

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-3 would not reduce the toxicity, mobility or  volume of contaminants.  Also, the placement of 

a pavement cap would reduce surface water infiltration and contaminant migration.  

 

Short-Term Effectiveness 

Some short-term risks could be incurred by workers from exposure to the COCs in the soil during on-site 

excavation and capping activities.  However, the potential for exposure would be minimized by the 

wearing of appropriate PPE and compliance with OSHA regulations and site-specific health and safety 

procedures.  Any potential negative short-term impacts to the surrounding community and environment 

from fugitive emissions and/or spillage of contaminated soil could be minimized through the 
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implementation of appropriate engineering controls (e.g., perimeter air monitoring, spill prevention 

procedures, etc.).  

 

Implementability 

Alternative S-3 would be easily implementable as qualified contractors and resources for this alternative 

are readily available, the site is easily accessible, and this alternative does not require any active 

treatment.  

 

The administrative aspects of Alternative S-3 would be relatively simple to implement.  Off-site 

transportation and disposal of the excavated soil and capping of the contaminated areas would require 

the completion of administrative procedures, which could readily be accomplished.  If property ownership 

changed, appropriate provisions would be incorporated into the property transfer documents to ensure 

continued implementation of land use restrictions. 

 

Cost 

Estimated costs for Alternative S-3 are as follows: 

 

• Capital: $ 276,000 

• 30-Year NPW of O&M: $  191,000 

• 30-Year NPW of Alternative S-3: $  467,000  

 

The above figures have been rounded to the nearest $1,000 to reflect the preliminary nature of the 

estimates.  A more detailed breakdown of these cost estimates is provided in Appendix C.  30-Year NPW 

costs of O&M include six 5-year reviews and 30 annual inspections.  The cost of each review was priced 

along with groundwater alternative costs and can be found on the calculations sheet in Appendix C.  

 

4.2.4 Alternative S-4: Excavation to Meet FDEP Industrial SCTLs, Ex-Situ Treatment, Off-Site 
Disposal, and LUCs 

4.2.4.1 Description 

Alternative S-4 consists of the following major components:  

 

• Delineation of excavation area and collection of SPLP data 

• Excavation of soil to meet FDEP industrial SCTLs 

• Ex-situ treatment of soil 
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• Off-site soil disposal 

• Implementation of LUCs  

 

Component 1:  Delineation of Excavation Area and Collection of SPLP Data 

The soil within and near the identified treatment area would be sampled and analyzed for lead and cPAHs 

with rapid turn analysis in a fixed-based laboratory.  A (field portable) XRF spectrometer would be used to 

obtain real-time concentrations of lead.  Soil samples would also be collected and analyzed by SPLP to 

determine the leachability to groundwater screening values for the soil COCs.  The field screening data 

obtained for lead via the XRF would be correlated with fixed-base laboratory analytical results to 

determine the extent of soil requiring ex-situ treatment.  A minimum of ten soil samples would be collected 

to allow use of the FDEP Global RBCA regulations (Chapter 62-780, F.A.C.) to be considered, which 

could decrease the volume of soil that requires treatment.  

 

Component 2: Excavation of Soil to Meet FDEP Industrial SCTLs   

Utility clearance would be conducted in the proposed areas of excavation for water, communication, and 

electrical lines at a minimum.  Following the utility clearance, excavation would occur over an area of 

approximately 5,800 square feet to depths varying from 2 to 4 feet bgs as determined by the delineation 

activities described in Component 1.  A total of approximately 556 cubic yards would be excavated, 

depending on the results of Component 1 and the Global RBCA analysis.  Dust control measures and 

appropriate health and safety measures would be implemented during the excavation.  Approximately 

twenty samples of soil from the side walls and bottom of the excavated areas would be collected for 

confirmatory analysis of concentrations of lead and PAHs. 

 

Component 3:  Ex-Situ Treatment of Soil 

Soil excavated from Area S1 would be treated with MAECTITE to render the soil non-hazardous.  The soil 

would be mixed after excavation with chemical agents so that maximum contact would occur between the 

COCs and the stabilizing agents.  This treatment would immobilize lead, but would not treat the cPAHs  

 

Component 4:  Off-Site Disposal 

After treatment, it is assumed that the excavated soil would be considered non-hazardous and could be 

disposed of in a RCRA Subtitle D landfill.  This would lead to a significant cost savings as compared to 

disposal as hazardous waste.  Soil samples of the excavated soil would be collected and analyzed to 

ensure that the waste material complies with the landfill permit.    
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Approximately 556 cubic yards of excavated void would be filled with clean backfill and then the area 

would be paved in order to return the site to its current purpose. 

  

Component 5:  Placement of LUCs 

This component would be identical to that of Alternative S-2, Component 3.  

 

4.2.4.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-4 would be protective of human health and the environment. 

 

Excavation of soil with lead and cPAHs concentrations greater than cleanup goals would eliminate the 

potential for unacceptable human health exposure to soil with COCs concentrations greater than 

industrial SCTLs.  LUCs would be effective in restricting potential residential exposure that remains as a 

residual risk.   

 

Compliance with ARARs 

Alternative S-4 would comply with all chemical-, location-, and action-specific ARARs. 

 

Alternative S-4 would comply with chemical- and action-specific ARARs.  Chemical- and action-specific 

ARARs would be achieved at Site 45 by the excavation and treatment of soil containing COPCs.  Federal 

and state location-specific ARARs (i.e., wetland or surface waters) do not apply to this alternative.. 

 

Long-Term Effectiveness and Permanence 

Excavation of soil with lead and cPAH at concentrations greater than their FDEP industrial SCTLs would 

effectively and permanently prevent unacceptable risk of exposure to the COCs at levels that exeed their 

industrial SCTLs.  LUCs would be effective in restricting potential residential exposure that remains as a 

residual risk, but would require maintenance and reviews.  

  

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-4 would employ treatment of soil to meet LDRs prior to disposal.  Approximately 140 cubic 

yards of soil are assumed to require treatment using MAECTITE prior to disposal.  Thus, the toxicity of 

lead would decrease in the treated soil, but the toxicity, volume, and mobility of cPAHs would remain 

unchanged.  
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Short-Term Effectiveness 

Some short-term risks could be incurred by workers from exposure to contaminated soil during on-site 

remedial activities.  However, the potential for exposure would be minimized through implementation of 

engineering controls, wearing of appropriate PPE, and compliance with OSHA regulations and 

site-specific health and safety procedures.  Any potential negative short-term impacts to the surrounding 

community and environment from fugitive emissions and/or spillage of contaminated soil could be 

minimized through the implementation of appropriate engineering controls (e.g., perimeter air monitoring, 

spill prevention procedures, etc.).  

 

Alternative S-4 would attain the soil cleanup goals at completion. 

 

Implementability 

Alternative S-4 would be fairly simple to implement as qualified contractors and resources for this 

alternative are readily available and the site is easily accessible. Non-hazardous waste landfills for the 

off-site disposal of soil would be readily available, as would equipment for the excavation and treatment.   

 

The administrative aspects of Alternative S-4 would be relatively simple to implement.  Off-site 

transportation and disposal of the excavated soil would require the completion of administrative 

procedures, which could be readily accomplished.  If property ownership changed, appropriate provisions 

would be incorporated into the property transfer documents to ensure continued implementation of LUCs. 

 

Cost 

Estimated costs for Alternative S-4 are as follows: 

 

• Capital: $ 795,000  

• 30-Year NPW of O&M: $  191,000  

• 30-Year NPW of Alternative S-4: $  986,000  

 

The above figures have been rounded to the nearest $1,000 to reflect the preliminary nature of the 

estimates.  A more detailed breakdown of these cost estimates is provided in Appendix C.  30-Year NPW 

costs of O&M include six 5-year reviews and 30 annual inspections.  The cost of each review was priced 

along with the groundwater alternatives and can be found on the calculations sheet in Appendix C.  
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4.3 ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES FOR 
GROUNDWATER 

Groundwater at Site 45 poses a risk to human receptors because concentrations of lead, mercury and 

vanadium exceed human health risk criteria.  Three areas (G1, G2, and G3 as seen on Figure 2-3) were 

established for groundwater remediation.  Following evaluation of the technologies and process options 

presented in Section 3.3, the following remedial alternatives were developed for Site 45 Areas G1, G2, 

and G3:  

 

• Alternative GW-1: No Action. 

This alternative was developed and analyzed to serve as a baseline for other alternatives, as required 

by CERCLA and the NCP.   

 

• Alternative GW-2: LUCs and Monitored Natural Attenuation. 

This alternative was formulated to prevent the unacceptable risks by future residents to exposure to 

groundwater contaminated by the COCs. Currently, there is no exposure to groundwater because 

potable water is not recovered at NAS Pensacola. All potable water at NAS Pensacola is obtained 

from Corry Station.   

 

• Alternative GW-3: In-situ Groundwater Treatment, and LUCs  with Monitoring.  

This alternative was developed to provide active remediation that would eliminate the potential for 

long-term LUCs that may be required if Alternative G-2 is implemented.  

 

A description and detailed analysis of these alternatives are presented in the following sections. 

 

4.3.1 Alternative GW-1: No Action 

4.3.1.1 Description 

The No Action alternative maintains the site as it currently exists.  This alternative does not address the 

groundwater contamination and is retained to provide a baseline for comparison to other alternatives.  

There would be no reduction in the toxicity, mobility, or volume of the contaminants  

 

4.3.1.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative GW-1 would not provide protection of human or ecological receptors.  Under the current 

industrial land use, there could be unacceptable risks to human receptors from exposure to contaminated 
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groundwater.  Because monitoring would not be performed, changes in the concentrations of 

contaminants would not be detected.  

 

Compliance with ARARs 

Alternative GW-1 would not comply with chemical-specific ARARs because no action would be taken to 

reduce the concentrations of the COCs.  Federal and state location-specific ARARs (i.e., wetland or 

surface waters) and action-specific (i.e., treatment, transportation, and disposal of hazardous waste) 

ARARs are not applicable to this alternative. 

  

Long-Term Effectiveness and Permanence 

Alternative GW-1 would have no long-term effectiveness and permanence because contaminated 

groundwater would remain on site.  Because there would not be LUCs to restrict the use of groundwater, 

the potential would exist for unacceptable risk to develop for human receptors.  Because there would not 

be groundwater monitoring, potential off-site migration of COCs would not be detected nor would it be 

known if the concentrations of COCs decreased  below their cleanup goals.  

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative GW-1 would not reduce the toxicity, mobility, or volume of contaminants through treatment 

because treatment would not occur.  

 

Short-Term Effectiveness 

Because no action would occur, implementation of Alternative GW-1 would not pose any risks to on-site 

workers or result in short-term adverse impacts to the local community and the environment.  Because 

monitoring would not be conducted it would not be known if Alternative GW-1 achieved its RAO.  

 

Implementability 

Because no action would occur, Alternative GW-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 current or future costs associated with the No Action alternative.   
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4.3.2 Alternative GW-2: LUCs and Monitored Natural Attenuation 

4.3.2.1 Description 

Alternative GW-2 consists of two major components:  LUCs and  Monitored Natural Attenuation.   

 

Component 1:  LUCs 

LUCs would be developed to specify groundwater use restrictions that would prevent unacceptable risks 

from exposure to the COCs in groundwater.  At a minimum, installation of potable water supply wells 

would be prevented.  The specifics of the controls would be stated in the remedial design.  Controls would 

be maintained for as long as they are required to prevent unacceptable exposure to the COCs in 

groundwater or to preserve the integrity of the selected remedy.  Periodic inspections would be performed 

to verify the implementation of the groundwater use restrictions.    

 

Component 2:  Monitored Natural Attenuation 

Monitoring would consist of collecting and analyzing groundwater samples from existing monitoring wells 

at the source areas’ plumes (two within plume G-1, one within plume G-2, and one within plume G-3), and 

the installation of  hydraulic upgradient and downgradient monitoring wells  at each plume.  

 

Based on the groundwater flow direction at Site 45, Plume G-1 would require the installation of a shallow 

upgradient monitoring well; Plume G-2 would require the installation of deep hydraulic upgradient and 

downgradient monitoring wells; and Plume G-3 would require the installation of a shallow hydraulic 

downgradient monitoring well.  Figure 4-2 shows the locations of the existing and proposed monitoring 

wells for Areas G1, G2 and G3.  The monitoring activities would be conducted to assess the progress and 

estimate the duration of the natural attenuation of each COC.  Monitoring results would be evaluated with 

respect to the exit-strategy decision flow charts that would be developed in the remedial work plan.  If 

natural attenuation has progressed to a point that the concentrations of the COCs meet the RAO for the 

COCs, the monitoring program could be modified or discontinued, and a technical basis would be 

available to negotiate the removal of LUCs. 

 

4.3.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative GW-2 would be protective of the environment.  LUCs would prohibit use of the groundwater 

and would therefore be protective of human health by preventing unacceptable exposure to 

contamination.   
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Although contamination in groundwater would not be treated, natural processes would eventually reduce 

concentrations of lead, mercury, and vanadium to acceptable levels for human health.  The reduction in 

contaminant concentrations for lead is more likely to occur if soil remediation is implemented to remove a 

potential source of groundwater contamination.  Monitoring would be conducted to assess decreases in 

the COCs concentrations over time as a result of natural attenuation. 

 

Compliance with ARARs 

Alternative GW-2 would eventually comply with chemical-specific ARARs.  The monitored natural 

attenuation processes would be evaluated so that there would ultimately be evidence that the COCs 

concentrations meet their chemical-specific ARARs. Federal and state location-specific ARARs (i.e., 

wetland or surface waters) and action-specific (i.e., treatment, transportation, and disposal of hazardous 

waste) are not applicable for this alternative. 

 

Long-Term Effectiveness and Permanence 

Alternative GW-2 would provide long-term effectiveness and permanence. 

 

Naturally occurring processes such as advection, dispersion, dilution and sorption would likely reduce 

lead, mercury, and vanadium concentrations to their cleanup goals over the long term.  However, it would 

be some time before these processes would achieve cleanup goals, and until that time, risk from 

exposure to contaminated groundwater would be addressed through LUCs, which would effectively 

prevent unacceptable risk from exposure until the cleanup goals have been met.  The rate at which the 

COCs meet their chemical-specific ARARs would be based on the information obtained from the 

monitored natural attenuation sampling events. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative GW-2 would not immediately reduce the toxicity, mobility, or volume of contaminants; 

however, they are expected to  decrease through natural processes over time. 

 

Short-Term Effectiveness 

Some short-term risks could be incurred by workers from exposure to COCs in soil during sampling 

activities.  However, the potential for exposure would be minimized by wearing appropriate PPE and 

compliance with OSHA regulations and site-specific health and safety procedures.   
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Implementation of Alternative GW-2 would not result in short-term adverse impact to the local community 

and the environment. 

 

Implementability 

Alternative GW-2 would be easily implementable as the resources for this alternative are readily available 

and the site is easily accessible.  

 

The administrative aspects of Alternative GW-2 would be relatively simple to implement.  If property 

ownership changed, appropriate provisions would be incorporated into the property transfer documents to 

ensure continued implementation of LUCs. 

 

Cost 

Estimated costs for Alternative GW-2 are as follows: 

 

• Capital: $ 143,000  

• 30-Year NPW of O&M: $  363,000 

• 30-Year NPW of Alternative GW-2: $  506,000  

 

The above figures have been rounded to the nearest $1,000 to reflect the preliminary nature of the 

estimates.  A more detailed breakdown of these cost estimates is provided in Appendix C.   

 

4.3.3 Alternative GW-3: In-Situ Groundwater Treatment and LUCs with Monitoring 

4.3.3.1 Description 

Alternative GW-3 would consist of in-situ groundwater treatment, LUCs, and monitoring.  Figure 4-2 

shows the locations of the monitoring wells that are proposed to be added to the three plume areas.  

Figure 4-3 shows the estimated locations for injection wells that would be used to deliver the proposed 

precipitation agent for treatment of the COCs.  The following are the major components of this alternative:   

 

• Plume delineation 

• Installation of additional monitoring wells 

• In-situ precipitation 

• LUCs and Monitoring 
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Component 1:  Plume Delineation 

The delineation of the COCs in groundwater would be conducted using several temporary well points 

(assumed to be 12 for cost estimation purposes) around the existing wells at G1, G2, and G3 (Figure 4-

3).  A DPT rig would be mobilized and groundwater samples would be collected to characterize the 

horizontal and vertical extent of the COCs at each plume area.  Unfiltered and filtered samples would be 

sent to the laboratory for quick-turnaround time analysis of lead, mercury, vanadium, and total suspended 

solids (TSS).   Based on the findings of the plume characterization event, monitoring wells screened in 

the intermediate zone (approximately 30 to 35 feet bgs) of the surficial aquifer may be installed at each 

plume area.  The location and depth of the intermediate monitoring wells will be based on the results of 

the DPT groundwater sample analysis. 

 

Component 2:  Installation of Additional Monitoring Wells  

 

Based on the groundwater flow direction at Site 45, Plume G-1 would require the installation of a shallow 

upgradient monitoring well; Plume G-2 would require the installation of deep hydraulic upgradient and 

downgradient monitoring wells; and Plume G-3 would require the installation of a shallow hydraulic 

downgradient monitoring well.  Figure 4-2 shows the locations of the existing and proposed monitoring 

wells for Areas G1, G2 and G3. The additional shallow monitoring wells at plumes G-1 and G-3 would be 

installed to a depth of approximately 13 feet bgs, each with 10-foot screens to provide a similar screen 

interval as the existing shallow monitoring wells.  The additional deep monitoring wells at Plume G-2 

would be installed to a depth of approximately 53 feet bgs, each with 10-foot screens to provide a similar 

screen interval as the existing deep monitoring wells.   

Component 3:  In-Situ Precipitation 

 

It is assumed that the proposed in-situ precipitation treatment would consist of two rounds of injections of 

a precipitation agent at each of the three areas.  The first round of injections would be conducted after 

plume delineation has been completed, and the second round (if necessary) would be conducted after 

data have been obtained and evaluated from monitoring wells for 1 year (4 quarters). 

For cost estimation purposes, it is assumed that for each injection round a DPT rig would be mobilized 

and operated for 5 days during which approximately 1 gallon diammonium phosphate solution would be 

injected at 32 locations (eight locations in each of the 25-foot radius plumes, G2 and G3; and sixteen 

locations in the 100-feet by 50-feet plume, G1) to treat approximately 229,000 gallons of contaminated 

groundwater.  At plumes G-1 and G-3, the injections are estimated to be from the water table to a depth 

of approximately 20 feet bgs, and at plume G-2 the injections would be to a depth of approximately 35 to 
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50 feet bgs.  The actual depths of the injections would be based on the findings of the plume delineation 

activities.  The proposed injection locations are presented on Figure 4-3. 

 

After 4 quarters of monitoring have been completed, the data would be analyzed for dissolved lead, 

mercury, and vanadium, and a determination would be made regarding the effectiveness of the in-situ 

precipitation treatment. 

   

It is anticipated that an initial increase in concentrations of the COCs would occur because of an increase 

in turbidity after the initial injection; however, these concentrations should subsequently decrease as the 

colloidal species bind to the surface of soil particles that comprise the aquifer sediments.  Laboratory 

analytical results obtained from 4 quarters of monitoring would be used to determine if the chemical 

dosage needs to be revised and/or if additional chemicals (such as drinking-water grade polymers) 

should be included to improve the binding of the colloidal precipitates to soil during the second round of 

injections.  The follow-up groundwater monitoring events would be expected to demonstrate that lead, 

mercury, and vanadium concentrations have decreased to levels below their RAO. 

 

Component 4: LUCs and Monitoring 

LUCs would be developed specifying short-term groundwater use restrictions to prevent unacceptable 

risks from exposure to contaminated groundwater.  At a minimum, installation of potable water supply 

wells would be prevented until lead, mercury, and vanadium concentrations have been reduced to 

acceptable levels.  These controls are presumed to be in place during the time that in-situ treatment 

would be conducted because the property would continue to be in the Navy’s possession. 

 

Monitoring of groundwater during the in-situ treatment process would consist of sampling the existing 

monitoring wells where contamination was first determined, along with sampling each of the monitoring 

wells that are proposed to be added for the purpose of monitoring during remediation.  These monitoring 

wells would be sampled and analyzed for lead at Plume area G-1, vanadium at Plume area G-2, and 

mercury in unfiltered and filtered fractions at Plume Area G-3.  Additional wells (existing or newly 

installed) may be proposed for monitoring depending on the delineation of the lead, vanadium, and 

mercury plumes and the findings of the initial rounds of the groundwater monitoring.  It is assumed that 

groundwater monitoring would occur over four quarterly events during the first year following the first 

round of in-situ injections, and over two semi-annual rounds over the second year following the second 

round of in-situ injections if a second round is necessary. 
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4.3.3.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative GW-3 would be protective of human health and the environment. 

 

This alternative would not destroy the COCs present in the saturated zone.  Instead, the COCs that are 

present in dissolved form in groundwater would be treated by in-situ precipitation to render them less 

available in dissolved or colloidal fractions.  In the short term, groundwater use can be effectively 

prevented by controls and restrictions, and this would protect human health.  In-situ precipitation would be 

effective in treating lead, mercury, and vanadium; therefore, LUCs would be removed once the 

concentrations of COCs in groundwater meet their respective cleanup goals.    

 

Compliance with ARARs 

Alternative GW-3 would achieve the chemical-specific ARARs by treating groundwater to meet FDEP 

GCTLs and USEPA Action Levels for the lead, mercury, and vanadium, which would be verified by 

monitoring.  Alternative GW-3 would also comply with action- and location-specific ARARs. 

 

Long-Term Effectiveness and Permanence 

Alternative GW-3 would provide long-term effectiveness and permanence.  Active treatment of 

contaminated groundwater would reduce potential risks to human health and the environment.    

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative GW-3 would employ treatment to reduce the toxicity and mobility of COCs in groundwater.  

The actual mass of lead, mercury, and vanadium that would be treated to reduce their toxicity and 

mobility could be better estimated after the additional delineation of the contaminated groundwater 

plumes.   

 

Short-Term Effectiveness 

Alternative GW-3 would have minimal short-term effectiveness concerns.  Exposure of workers to 

contamination during the maintenance and sampling of monitoring wells would be minimized by wearing 

appropriate PPE and complying with site-specific health and safety procedures.  Alternative GW-3 would 

also not adversely impact the surrounding community or the environment.  RAO 3 would be met upon 

implementation and completion of the remedy, and would be verified through groundwater monitoring.   
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Implementability 

Alternative GW-3 would require bench-scale testing prior to implementation, which could be performed in 

several treatability study laboratories because of the simplicity of the process.  Installation of monitoring 

wells, sampling and analysis of groundwater, and performance of regular site inspections could readily be 

accomplished.  The resources, equipment, chemicals, and materials required to implement these 

activities would be readily available.   

 

Cost 

Estimated costs for Alternative GW-3 are as follows: 

 

• Capital: $ 368,000  

• 30-Year NPW of O&M:   $  301,000 

• 30-Year NPW of Alternative GW-3: $  669,000  

 

The above figures have been rounded to the nearest $1,000 to reflect the preliminary nature of the 

estimates.  A more detailed breakdown of these cost estimates is provided in Appendix C.   
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5.0  COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

This section compares the analyses that were presented for each of the remedial alternatives 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 SOIL 

The following remedial alternatives for soil are being compared in this section: 
 

• Alternative S-1:  No Action. 

• Alternative S-2:  In-Situ Treatment of Lead, and LUCs. 

• Alternative S-3:  Capping of Unpaved Areas Exceeding FDEP Industrial SCTLs, and LUCs. 

• Alternative S-4: Excavation to Meet FEDP Industrial SCTLs, Ex-Situ Treatment, Disposal, and  

LUCs. 

5.1.1 Overall Protection of Human Health and the Environment 

Alternative S-1 would not be protective.  Alternatives S-2, S-3, and S-4 would be protective; however, 

because they address COCs at the site, Alternative S-4 would be the most protective of human health 

and the environment.  Alternative S-3 would be more protective of human receptors than Alternative S-2 

because S-3 removes some soil (and inherently some COCs) and protects receptors from risks resulting 

from lead and cPAHs, where S-2 only protects receptors from risks resulting from lead mobility.  

 

5.1.2 Compliance with ARARs 

Alternative S-1 would not comply with the chemical-specific ARARs, and action-specific ARARs do not 

apply since no action would be taken.  Alternatives S-2, S-3, and S-4 would comply with the 

chemical-specific ARARs, and action-specific ARARs.   Federal and state location-specific ARARS (i.e., 

wetland or surface waters) do not apply to Alternatives S-1, S-2, S-3 and S-4. 

 

5.1.3 Long-Term Effectiveness and Permanence 

Alternative S-1 would not be effective in the long term and offers no permanent solution.  Alternatives S-2, 

S-3, and S-4 would offer different degrees of long-term effectiveness and permanence.  Alternatives S-2, 

S-3 and S-4 would all require LUCs to protect human health against residual health risks under a 

residential scenario.  However, Alternative S-3 leaves the COCs that exceed industrial SCTLs, but are not 

considered a “hot spot,” on-site under a cap.  Alternative S-3 would require maintenance to be effective in 

the long-term, and could become completely ineffective if construction were to take place that required 

the removal of the cap.  Therefore, Alternatives S-2 and S-4 are more effective and permanent than 
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Alternative S-3.  Alternative S-4 ranks higher than S-2 because it achieves the most permanence through 

the complete removal of the COCs that exceed industrial SCTLs, and it removes risk resulting from lead 

and cPAHs; whereas, Alternative S-2 treats lead only.  

 

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

No treatment would occur under Alternative S-1.  Alternative S-2 would employ on-site treatment to 

reduce the possibility of exposure to contamination to lead, but would not reduce cPAHs concentrations; 

while Alternative S-4 would employ off-site treatment with the same goals.  Alternative S-3 would not treat 

contaminated soil, so S-3 would not reduce toxicity, but it would reduce the mobility of contaminants, and 

would also reduce volume of contamination slightly through minor excavation.  Alternative S-4 would 

provide the greatest reduction of toxicity, mobility, and volume because ex-situ treatment allows for 

maximum contact of reagents and contaminants, and excavation of soil that exceeds industrial SCTLs 

reduces the contaminant volumes onsite.  

 

5.1.5 Short-Term Effectiveness 

Alternative S-1 would have no short-term effectiveness concerns because no activities would be 

undertaken.  Under Alternatives S-2, S-3 and S-4, any potential short term risk(s) to site workers or the 

community from the undertaking of the described active remedial measures could be effectively avoided 

with proper planning.    Short-term risks would be properly mitigated by application of engineering controls 

and adherence to OSHA requirements. 

 

Alternative S-1 would not achieve the soil RAOs.  The approximate timeframe for attainment of RAOs 

would be within 6 months for Alternative S-2; Alternatives S-3 and S-4 would attain RAOs upon 

completion of their respective actions. 

 

5.1.6 Implementability 

Alternative S-1 would be readily implementable because there would be no action to implement.  

Alternative S-4 would require the excavation and transportation of the largest volume of soil.  Alternative 

S-2 would not require excavation and transportation of a significant volume of soil, but would involve 

excavation of the pavement covering the treatment area, along with the addition of chemicals and mixing.  

Also, it is likely that multiple treatments would be necessary with Alternative S-2, whereas Alternatives S-

3 and S-4 would be complete in one event.  Alternative S-3 would involve excvating a very small volume 

of soil,  and the paving of the area, but this would be simpler to implement because of the volume of the 

soil and the lack of treatment.  Altenatives S-2, S-3 and S-4 would require administrative procedures 

related to removing materials from the site and disposing of them according to regulations, but 
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Alternatives S-2 and S-3 require removing and transporting a fraction of the volume as compared to 

Alternative S-4.  Therefore, Alternative S-4 would pose a greater administrative implementability concern, 

whereas Alternative S-2 would pose a greater technical implementability concern.  Alternative S-3 would 

be the simplest to implement.  

 

5.1.7 Cost 

The estimated capital costs, NPW of O&M costs and NPWs of the alternatives are shown below.  Costs 

have been rounded to the nearest $1,000 to reflect the preliminary nature of the estimates.  Detailed cost 

estimates are provided in Appendix C. 

 

Alternative Capital ($) NPW of O&M ($) NPW of 
Alternative($)

S-1 0 0 0
S-2 447,000 191,000 (30-year) 638,000
S-3 276,000 191,000 (30-year) 467,000
S-4 795,000 191,000 (30-year) 986,000

 

5.2 GROUNDWATER 

The following remedial alternatives for groundwater are being compared in this section: 

 

• Alternative GW-1:  No Action. 

• Alternative GW-2:  LUCs and Monitored Natural Attenuation. 

• Alternative GW-3:  In-Situ Groundwater Treatment, and LUCs with Monitoring. 

 

5.2.1 Overall Protection of Human Health and the Environment 

Alternative GW-1 would not be protective.  Alternatives GW-2 and GW-3 would be protective.  Alternative 

GW-3 would rank higher than GW-2 because it would employ treatment and would not depend on 

long-term controls that would prohibit groundwater use during the natural attenuation of the COCs. 

 

5.2.2 Compliance with ARARs 

Alternative GW-1 would not comply with the chemical-specific ARARs, and action-specific ARARs do not 

apply since no action will be taken.  Alternative GW-2 may eventually attain compliance with chemical-

specific ARARs and obtain groundwater cleanup goals (USEPA MCLs and GCTLs) because of natural 

attenuation . GW-2 would also employ controls until the cleanup goals were achieved and provide 

monitoring to verify that the cleanup goals had been achieved.  GW-3 would employ treatment to achieve 
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the cleanup goal and monitoring to track the effectiveness of the treatment.  Therefore, the 

chemical-specific ARARs (USEPA MCLs and GCTLs) that govern the groundwater cleanup goals for 

lead, mercury and vanadium would be complied with under Alternative GW-3.  Alternatives GW-2 and 

GW-3 would also comply with action-specific ARARs.  Federal and state location-specific ARARs (i.e., 

wetland or surface waters) do not apply to Alternatives GW-1, GW-2, and GW-3. 

 

5.2.3 Long-Term Effectiveness and Permanence 

Alternative GW-1 would not be effective in the long term and would offer no permanent solution.  

Alternatives GW-2 and GW-3 would offer long-term effectiveness to different degrees.  Alternative GW-3 

would certainly attain the cleanup goal with a degree of permanence.  It is assumed that Alternative GW-2 

would eventually attain the cleanup goals, but until that point, Alternative GW-2 would depend on LUCs 

for long-term effectiveness.  Therefore, Alternative GW-3 would rank higher than GW-2 in terms of long-

term effectiveness and permanence. 

 

5.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

No treatment would occur under Alternative GW-1.   Alternative GW-2 would not employ any treatment;  

however, there would most likely be some reduction in toxicity (i.e., concentrations) of lead, mercury, and 

vanadium over time as a result of natural attenuation. This process would only be assessed via 

monitoring.  Alternative GW-3 would employ active treatment to achieve a reduction in toxicity and 

mobility, and would track the reduction in toxicity and mobility through monitoring. 

 

5.2.5 Short-Term Effectiveness 

There would be no relevant short-term effectiveness issues for Alternative GW-1 as no action would be 

implemented.  Alternative GW-2 would be effective in terms of short-term risks to workers, the community 

and the environment.  These risks would be adequately mitigated through adherence to OSHA 

regulations and site-specific health and safety procedures.  Alternative GW-3 would pose slightly more 

short-term concerns to workers during the treatment process because of the injection process and 

handling of a caustic chemical; however, these concerns could also be adequately mitigated with site-

specific health and safety procedures.  Alternative GW-2 would achieve the groundwater RAO upon 

implementation of LUCs and the monitoring plan; however, the natural attenuation of the COCs to levels 

that achieve GCTLs is anticipated to be 5 years.  Eventual compliance of Alternative GW-2 with the 

groundwater cleanup goal would be determined through monitoring.  Alternative GW-3 would also 

achieve the groundwater RAO upon implementation of LUCs.  Alternative GW-3 should attain 

groundwater cleanup goals (assuming the bench-scale treatability study verifies its effectiveness) 
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following two rounds of treatment (approximately 2 years) and 1 year of monitoring (estimated 3 years 

total for this alternative). 

 

5.2.6 Implementability 

Alternative GW-1 would be readily implementable because there would be no action to implement.  

Alternative GW-2 would involve administrative implementability requirements because of the need to 

indefinitely maintain LUCs and monitoring; whereas Alternative GW-3 would involve more technical 

implementability requirements associated with in-situ treatment, and would also have administrative 

concerns associated with LUCs and monitoring.    

 

5.2.7 Cost 

The estimated capital costs, NPW of O&M costs and NPWs of the alternatives are shown below.  Costs 

have been rounded to the nearest $1,000 to reflect the preliminary nature of the estimates.  Detailed cost 

estimates are provided in Appendix C. 

 

Alternative Capital ($) NPW of O&M ($) NPW of 
Alternative($)

GW-1 0 0 0
GW-2 143,000 363,000 (30-year) 506,000 (30-year)
GW-3 368,000 301,000 (30-year) 669,000 (30-year)

 

5.3 SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 

Table 5-1 summarizes the comparative analysis of the soil remedial alternatives.  Table 5-2 summarizes 

the comparative analysis of the groundwater remedial alternatives. 



TABLE 5-1 
 

SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA  
PENSACOLA, FLORIDA 

PAGE 1 OF 2 
 

Evaluation Criteria Alternative S-1: No 
Action 

Alternative S-2:  In-Situ Treatment 
of Lead and LUCs 

Alternative S-3:  Capping of 
Unpaved Areas Exceeding FDEP 

Industrial SCTLs and LUCs 
 
 

Alternative S-4:  Excavation to 
Meet FDEP Industrial SCTLs, 

Treatment, Off-Site Disposal, and 
LUCs 

Threshold Criteria     

Overall Protection of Human 
Health and Environment 

Not protective  Protective More protective than Alternative S-
2, regarding protection of human 
and ecological receptors.  

Most protective of Human Health and 
Environment by completely removing 
Industrial/Commercial contamination.  

Compliance with ARARs Would not comply Would comply Would comply Would comply 

Primary Balancing Criteria 

Long-Term Effectiveness 
and Permanence 

Not effective or 
permanent 

Effective and permanent in treating 
lead contamination, ineffective and 
not permanent in treating cPAHs 

Less effective and permanent than 
Alternative S-2, but still effective 

Most effective and permanent 
through the removal of all Industrial 
risks.  

Reduction of Contaminant 
Toxicity, Mobility, or Volume 
through Treatment 

None Treatment of a portion of soil 
determined to be hazardous  

No reduction of toxicity, mobility,  or 
volume  through minor excavation.  

Treatment of an equal portion of soil 
determined to be hazardous 
compared to Alternative S-2. Total 
volume of industrial contamination 
removed from the site.  

Short-Term Effectiveness No potential for short 
term impacts from 
cleanup activities 

Would be effective.  Minimum 
potential for short-term risks. Would 
attain RAOs in 6 months. 

Would be effective. Minimum 
potential for short-term risks.  
Would attain RAOs immediately 

Would be effective. Greater potential 
for short-term risks than Alternatives 
S-2 and S-3 due to removal of a large 
volume of soil.  Would attain RAOs 
immediately.  

Implementability Nothing to  implement Poses  administrative concerns and 
short-term technical concerns 

Poses administrative concerns, but 
it the simplest to implement 
technically.  

Poses administrative and concerns 
and technical concerns that are 
slightly greater than Alternative S-3 
but less than Alternative S-2. 
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SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA  
PENSACOLA, FLORIDA 

PAGE 2 OF 2 
 

Evaluation Criteria Alternative S-1: No 
Action 

Alternative S-2:  In-Situ Treatment 
of Lead and LUCs 

Alternative S-3:  Capping of 
Unpaved Areas Exceeding FDEP 

Industrial SCTLs and LUCs 
 
 

Alternative S-4:  Excavation to 
Meet FDEP Industrial SCTLs, 

Treatment, Off-Site Disposal, and 
LUCs 

Costs: 
Capital 
NPW of O&M 
NPW 

$0
$0
$0 

$447,000
$191,000
$638,000 

$276,000
$191,000
$467,000 

 
$795,000 
$191,000 
$986,000 

Modifying Criteria 

State Acceptance To Be Evaluated After 
Receipt of Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

Community Acceptance To Be Evaluated After 
Receipt of Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

To Be Evaluated After Receipt of 
Comments 

 
NOTES: 

         ARARs Applicable or Relevant and Appropriate Requirements   O&M Operation and maintenance 
         LUCs Land use controls        RAOs Remedial Action Objectives 
         NPW Net present worth        TBCs To Be Considered (criteria) 
 



TABLE 5-2 
 

SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY REPORT 

NAS PENSACOLA  
PENSACOLA, FLORIDA 

 
Evaluation Criteria Alternative GW-1: 

No Action 
Alternative GW-2:  LUCs and Monitored 

Natural Attenuation 
Alternative GW-3:  In-situ Groundwater 
Treatment and LUCs with Monitoring 

Threshold Criteria    
Overall Protection of Human Health and 
Environment 

Not protective  Protective More protective than Alternative GW-2 

Compliance with ARARs Would not comply Would eventually comply Would comply 

Primary Balancing Criteria    

Long-Term Effectiveness and Permanence Not effective or 
permanent 

Effective and permanent More effective than GW-2 and permanent 

Reduction of Contaminant Toxicity, Mobility, or 
Volume through Treatment 

None None Reduces toxicity and mobility of contaminants 

Short-Term Effectiveness No potential for short 
term impacts from 
cleanup activities 

Would be effective.  Minimum potential for short-
term risks.  The RAO would be met immediately 
and eventual compliance with the cleanup goal 
(via attenuation of COCs) would be determined by 
monitoring. 

Would be effective.  Short-term risks can be 
adequately addressed.  The RAO would be met 
immediately.  Treatment goals would be 
attained within 2 years. 

Implementability Nothing to  implement Readily implementable, although long-term 
administrative controls would be required. 

Somewhat more difficult to implement 
technically compared to GW-2.  However, no 
long-term administrative concerns exist. 

Costs: 
Capital 
NPW of O&M 
NPW 

 
$0
$0
$0 

$143,000
$363,000
$506,000 

 
$ 368,000 
$301,000 
$669,000 

 
Modifying Criteria    
State Acceptance To Be Evaluated After 

Receipt of Comments 
To Be Evaluated After Receipt of Comments To Be Evaluated After Receipt of Comments 

Community Acceptance To Be Evaluated After 
Receipt of Comments 

To Be Evaluated After Receipt of Comments To Be Evaluated After Receipt of Comments 

 
NOTES: 

O&M Operation and maintenance     LUCs Land use controls    NPW Net present worth 
ARARs Applicable or Relevant and Appropriate Requirements TBCs To be considered (criteria) 
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TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA 45SB01 45SB01 45SB01 45SB02 45SB02 45SB02 45SB03 45SB03 45SB03
SAMPLE ID DIRECT DIRECT PEN45SB0101 PEN45SB0102 PEN45SB0103 PEN45SB0201 PEN45SB0202 PEN45SB0203 PEN45SB0301 PEN45SB0302 PEN45SB0303
DEPTH RANGE EXPOSURE EXPOSURE 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4
SAMPLE DATE RESIDENTIAL INDUSTRIAL 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005
Inorganics (mg/kg)
ALUMINUM 80000 NC 3530 1920 261 4690 8880 78.9 3720 4280 85.1
ANTIMONY 27 370 .
ARSENIC 2.1 12 1.3  J 2.1  J 0.28  J 1.4  J 2.7  J[R] 0.27  UJ 1.4  J 2.5  J[R] 0.37  UJ
BARIUM 120 130000 6
BERYLLIUM 120 1400 6
CADMIUM 82 1700 .
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC 2170 1770 629 3080 11400 120 3230 5410 121
LEAD 400 1400 76.3  J 447  J[R] 134  J 48  J 38.7  J 0.7  J 49.5  J 85.3  J 9.9  J
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17 .
NICKEL 340 35000 3
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000 8
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB04 45SB04 45SB04 45SB05 45SB05 45SB05 45SB06 45SB06 45SB06
PEN45SB0401 PEN45SB0402 PEN45SB0403 PEN45SB0501 PEN45SB0502 PEN45SB0503 PEN45SB0601 PEN45SB0602 PEN45SB0603

0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4
10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005 10/04/2005

5780 1700 209 20400 4870 671 15800 5140 160

2.1  J 5.6  J[R] 0.63  J 3.7  J[R] 1.7  J 0.97  J 3.1  J[R] 2.6  J[R] 0.26  UJ

3000 2180 342 11300 3360 804 9130 3610 157
212  J 247  J 24.2  J 5  J 131  J 279  J 5.7  J 27.2  J 5.2  J



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB07 45SB07 45SB07 45SB08 45SB08 45SB08 45SB09 45SB09 45SB09
PEN45SB0701 PEN45SB0702 PEN45SB0703 PEN45SB0801 PEN45SB0802 PEN45SB0803 PEN45SB0901 PEN45SB0902 PEN45SB0903

0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4
10/04/2005 10/04/2005 10/04/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005

19600 9700 612 19500 2270 1400 16900 1870 146

3.7  J[R] 2.2  J[R] 0.83  J 4[R] 0.58 0.59 3.5[R] 1.2 0.36  U

11500 5490 831 11400 1450 1050 11500 2110 139
4.8  J 88.5  J 78.9  J 4.5 461[R] 330 6 86.9 5.9



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB10 45SB10 45SB10 45SB11 45SB11 45SB12 45SB12 45SB12 45SB13 45SB13
PEN45SB1001 PEN45SB1002 PEN45SB1003 PEN45SB1101 PEN45SB1102 PEN45SB1201 PEN45SB1202 PEN45SB1203 PEN45SB1301 PEN45SB1302

0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2
10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005

3990 1050 90.5  U 23900 12300 5410 2720 158 2040 7190

1.1 0.73 0.34  U 4.2[R] 2.6[R] 1.6 1.1 0.29  U 1.2 2.3[R]

3110 1590 95 15000 6820 2940 2130 128 1580 4510
68.5 71.7 5.6 104 86.6 85.6 111 5.6 5.5 142



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB13 45SB14 45SB14 45SB14 45SB15 45SB15 45SB15 45SB16 45SB16 45SB16
PEN45SB1303 PEN45SB1401 PEN45SB1402 PEN45SB1403 PEN45SB1501 PEN45SB1502 PEN45SB1503 PEN45SB1601 PEN45SB1602 PEN45SB1603

2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4
10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/05/2005 10/17/2005 10/17/2005 10/17/2005

71.9  U 9410 2710 198 2140 2500 438 20000  J 548  J 944  J

0.32  U 1.8 2.5[R] 0.27  U 1.2 1.8 1.9 3.5  J[R] 0.31  J 0.60  J

74.3 3740 3240 137 1760 2300 725 11400  J 476  J 774  J
7.1 90.1 56.2 4.9 98 116 46.6 26.6 25.6 65.0



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB17 45SB17 45SB17 45SB18 45SB18 45SB18 45SB18 45SB19 45SB20
PEN45SB1701 PEN45SB1702 PEN45SB1703 PEN45SB1801 PEN45SB1801-D PEN45SB1802 PEN45SB1803 PEN45SB1901 PEN45SB2001

0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0 - 0.5 0.5 - 2 2 - 4 0.5 - 2 0.5 - 2
10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/21/2005 10/21/2005

18200  J 3340  J 3650  J 2650  J 7150  J 1190  J 60.3  J 3080 5350
0.29  U 0.26  U 0.38  U 0.30  U 0.40  U 0.32  U 0.24  U

4.0  J[R] 1.4  J 1.2  J 1.3  J 5.7  J[R] 0.92  J 0.20  UJ 2.1 11.4[R]
4.9  J 4.7  J 18.4  J 60.7  J 104  J 18.9  J 1.2  J

0.07  U 0.02  U 0.09  U 0.30  J 1.1  J 0.06  U 0.02  U
0.30  U 0.28  U 0.41  U 0.32  J 0.45  J 0.34  U 0.25  U

535 1590 1040 176000 196000 20100 534
14.2 4.3 5.7 4.5  J 7.7  J 4.5 0.89

0.21  UJ 0.20  U 0.28  U 0.24  J 0.83  J 0.24  UJ 0.18  U
6.1 8.0 16.8 95.1 98.9 20.3 1.3

10400  J 2190  J 1960  J 1700  J 6260  J 1100  J 78.2  J 6890 6540
2.4  J 26.9 63.8 71.6 89.5 76.6 6.7
285  J 140  J 143  J 1920  J 5600  J 552  J 20.8  J
15.3  J 14.4  J 66.3  J 246  J 572  J 55.6  J 4.5  J
0.01  U 0.06 0.03  U 0.06 0.07 0.20 0.14
3.4  U 2.2  U 2.8  U 3.0  U 4.5  U 2.2  U 0.90  U
95.8  U 67.4  U 127  U 266  J 1380  J 101  U 24.4  UJ
21.8  U 18.9  U 17.3  U 1270 1470 151 14.8  U
25.4  J 5.8  J 5.8  J 7.4  J 18.8  J 2.6  J 0.28  UJ
4.5  J 21.2 43.8 75.4 89.4 62.6 5.6



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB21 45SB22 45SB23 45SB24 45SB25 45SB25 45SB25 45SB26 45SB27 45SB31
PEN45SB2101 PEN45SB2201 PEN45SB2301 PEN45SB2401 PEN45SB2501 PEN45SB2502 PEN45SB2503 PEN45SB2601 PEN45SB2701 45SB3101

0.5 - 2 0.5 - 2 0.5 - 2 0.5 - 2 0 - 0.5 0.5 - 2 2 - 4 0.5 - 2 0.5 - 2 0 - 0.5
10/21/2005 10/21/2005 10/21/2005 10/21/2005 12/02/2005 12/02/2005 12/02/2005 12/02/2005 12/02/2005 05/08/2006

372 10300 4000 1510 8840 8020 2810 9360 8180
1.7  J 0.38 0.24

1.3 3.1[R] 0.98 0.8 10.6[R] 9.5[R] 6.3[R] 2.8[R] 2.6[R]
343[R] 129[R] 57.5

1.1 1.2 0.29  U
1.7 2.9 0.67

17200 8760 945
20.8 10.0 5.9
2.9  J 1.9 1.1
53.5 57.9 68.5

4850 6440 2880 1780 7230  J 4090  J 4500  J 7300  J 6430  J
864[R] 465[R] 312 27.4
2800 1810 346
323  J 241  J 40.7  J

1.6 1.1 1.9
9.4 5.0 3.3
707 390  U 119  U

142  J 53.3 2.71  U
13.8 9.2 7.0
679 628 231



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB31 45SB32 45SB32 45SB33 45SB33 45SB34 45SB34 45SB34 45SB35 45SB36 45SB37 45SB37
45SB3102 45SB3201 45SB3202 45SB3301 45SB3302 45SB3401 45SB3402 45SB3403 45SB3501 45SB3601 45SB3701 45SB3702

0.5 - 2 0 - 0.5 0.5 - 2 0 - 0.5 0.5 - 2 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0 - 0.5 0 - 0.5 0.5 - 2
05/08/2006 05/08/2006 05/08/2006 05/08/2006 05/08/2006 05/08/2006 05/08/2006 05/11/2006 05/11/2006 05/11/2006 05/11/2006 05/11/2006

38.4 12500[R][I] 164 17.8 16.4 491[R] 494[R] 20.5 47.6 337 65.0 89.7



TABLE A-1
ANALYTICAL RESULTS SUMMARY FOR INORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

LOCATION FLORIDA CRITERIA
SAMPLE ID DIRECT DIRECT
DEPTH RANGE EXPOSURE EXPOSURE
SAMPLE DATE RESIDENTIAL INDUSTRIAL
Inorganics (mg/kg)
ALUMINUM 80000 NC
ANTIMONY 27 370
ARSENIC 2.1 12
BARIUM 120 130000
BERYLLIUM 120 1400
CADMIUM 82 1700
CALCIUM NC NC
CHROMIUM NC NC
COBALT 1700 42000
COPPER 150 89000
IRON 53000 NC
LEAD 400 1400
MAGNESIUM NC NC
MANGANESE 3500 43000
MERCURY 3 17
NICKEL 340 35000
POTASSIUM NC NC
SODIUM NC NC
VANADIUM 67 10000
ZINC 26000 630000
Notes:
J = estimated value
U = less than laboratory method detection limit
Blank cells denote not analyzed
Shaded values exceed Florida Soil Cleanup Target Levels:
[R] residential, [I] industrial, and [L] leaching
NC: no criteria established in 62.777 FAC
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
PAH: polynuclear aromatic hydrocarbons
BAP EQUIVALENT: benzo(a)pyrene equivalent concentrations

45SB37 45SB38 45SB38 45SB38
45SB3703 45SB3801 45SB3802 45SB3803

2 - 4 0 - 0.5 0.5 - 2 2 - 4
05/11/2006 05/11/2006 05/11/2006 05/11/2006

216 83.4 272 107



TABLE A-2
ANALYTICAL RESULTS SUMMARY FOR ORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA
Location Florida SCTL 45SB17 45SB17 45SB17 45SB18 45SB18 45SB18 45SB18 45SB25 45SB25 45SB25 45SB31 45SB31 45SB32
Sample ID Direct Direct 45SB1701 45SB1702 45SB1703 45SB1801 45SB1801D 45SB1802 45SB1803 45SB2501 45SB2502 45SB2503 45SB3101 45SB3102 45SB3201
Depth Range Exposure Exposure 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 0 - 0.5
Sample Date Residential Industrial 10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/17/2005 10/17/2005 12/02/2005 12/02/2005 12/02/2005 05/08/2006 05/08/2006 05/08/2006
Volatile Organics (ug/kg)
Acetone 11,000,000 68,000,000 18  U 23  U 43  U 28  U 15  U 20  U 18  U 5  UR 19  J 4  UR
Carbon Disulfide 270,000 1,500,000 1  U 2  U 2  U 3  J 2  U 2  U 2  U 2  UJ 2  U 2  U
Semivolatile Organics (ug/kg)
1-Methylnaphthalene 200,000 1,800,000 1.3  U 5.8 1.4  J
2-Methylnaphthalene 210,000 2,100,000 0.6  U 6  J 6  J 22 23  J 6  J 0.6  U 60 16  J 18  J 1.4  J 6.8 1.7  J
Acenaphthene 2,400,000 20,000,000 0.8  U 0.7  U 0.8  U 2  J 2  J 0.7  U 0.7  U 33 0.8  U 6  J 1.2  U 1.1  U 1.1  U
Acenaphthylene 1,800,000 20,000,000 0.6  U 2  J 1  J 7  J 8  J 1  J 0.5  U 79 79 46 12 7.6 3.2  J
Anthracene 21,000,000 300,000,000 0.9  U 0.8  U 0.9  U 3  J 1  U 0.8  U 0.8  U 94 34 22 5.2 4 2.6  J
BAP Equivalent 100 700 NA 20 21 96 91 22 NA 3,214 1,610 1,097 81 66 22
Benzo(a)anthracene NC NC 1  UJ 21  J 20  J 73  J 75  J 28  J 1  UJ 1,800 920 680 47 39 14
Benzo(a)pyrene 100 700 0.8  U 13  J 13  J 66 62 14  J 0.8  U 2,100 1,100 760 66 42 19
Benzo(b)fluoranthene NC NC 2  UJ 29  J 35  J 170  J 160  J 29  J 2  UJ 3,300 1,700 1,000 90 65 13
Benzo(g,h,i)perylene 2,500,000 52,000,000 2  UJ 13  J 12  J 45  J 42  J 9  J 2  UJ 1400 560 460 37 30 20
Benzo(k)fluoranthene NC NC 2  U 1  U 2  U 36 29 9  J 1  U 1,200 620 440 77 47 16
bis(2-ethylhexyl)phthalate 72,000 390,000 85  UJ 79  UJ 83  UJ 78  UJ 100  J 77  U 77  U 1,200  J 240  J 80  UJ
Butyl Benzyl Phthalate 17,000,000 380,000,000 77  UJ 72  UJ 76  UJ 71  UJ 87  UJ 70  U 70  U 130  J 110  J 73  U
Chrysene NC NC 1  U 7  J 7  J 47 43 11  J 1  U 1,600 830 560 59 75 23
Dibenzo(a,h)anthracene NC NC 2  U 2  U 2  U 2  U 2  U 2  U 2  U 470  J 190  J 120 0.35  U 13 0.33  U
Fluoranthene 3,200,000 59,000,000 2  U 11  J 13  J 47 55 22 7  J 2,500 1,100 870 36 53 23
Fluorene 2,600,000 33,000,000 0.7  U 0.6  U 0.7  U 0.6  U 0.8  U 0.6  U 0.6  U 37 10  J 7  J 0.99  U 0.96  U 0.92  U
Indeno(1,2,3-cd)pyrene NC NC 2  U 13  J 14  J 44 44 8  J 2  U 1,200 510 440 37 26 12
Naphthalene 55,000 300,000 1  U 1  J 1  U 3  J 3  J 1  J 0.9  U 38 12  J 9  J 4  U 6.1  U 1.3  U
Phenanthrene 2,200,000 36,000,000 2  U 8  J 7  J 28 32 9  J 5  J 350  J 120 110 7.6 29 13
Pyrene 2,400,000 45,000,000 2  U 6  J 6  J 70 70 16  J 2  J 2,400 1,100 710 55 54 33
Pesticides/PCBs (ug/kg)
4,4'-DDE 2,900 15,000 0.57  UJ 1.2  J 0.56  UJ 11  J 14  J 0.52  UJ 0.52  UJ 27  J 0.54  U 0.54  U
4,4'-DDT 2,900 15,000 0.76  UJ 0.71  UJ 0.75  UJ 0.7  UJ 0.85  UJ 0.69  UJ 0.69  UJ 95  J 23  J 2.7  J
alpha-Chlordane NC NC 0.53  UJ 0.49  UJ 0.52  UJ 1.2  J 1.2  J 0.48  UJ 0.48  UJ 5.2  J 0.5  U 0.5  U
Petroleum Hydrocarbons (mg/kg)
Total Petroleum Hydrocarbons 460 2700 48  U 63  U 50  U 620 1,000 45  U 27  U 400 220 120 11  U 34 32

Notes:
J = estimated value
U = less than laboratory method detection limit
SCTL = Soil Cleanup Target Levels (Chapter 62-777 F.A.C.)
Concentrations in bold exceed Florida SCTL
NC: no criteria established in 62-777 F.A.C.
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
BAP = benzo(a)pyrene
TEF = toxicity equivalency factor
DDE = dichlorodiphenyldichloroethylene
DDT = dichlorodiphenyltrichoroethane



TABLE A-2
ANALYTICAL RESULTS SUMMARY FOR ORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA
Location Florida SCTL
Sample ID Direct Direct
Depth Range Exposure Exposure
Sample Date Residential Industrial
Volatile Organics (ug/kg)
Acetone 11,000,000 68,000,000
Carbon Disulfide 270,000 1,500,000
Semivolatile Organics (ug/kg)
1-Methylnaphthalene 200,000 1,800,000
2-Methylnaphthalene 210,000 2,100,000
Acenaphthene 2,400,000 20,000,000
Acenaphthylene 1,800,000 20,000,000
Anthracene 21,000,000 300,000,000
BAP Equivalent 100 700
Benzo(a)anthracene NC NC
Benzo(a)pyrene 100 700
Benzo(b)fluoranthene NC NC
Benzo(g,h,i)perylene 2,500,000 52,000,000
Benzo(k)fluoranthene NC NC
bis(2-ethylhexyl)phthalate 72,000 390,000
Butyl Benzyl Phthalate 17,000,000 380,000,000
Chrysene NC NC
Dibenzo(a,h)anthracene NC NC
Fluoranthene 3,200,000 59,000,000
Fluorene 2,600,000 33,000,000
Indeno(1,2,3-cd)pyrene NC NC
Naphthalene 55,000 300,000
Phenanthrene 2,200,000 36,000,000
Pyrene 2,400,000 45,000,000
Pesticides/PCBs (ug/kg)
4,4'-DDE 2,900 15,000
4,4'-DDT 2,900 15,000
alpha-Chlordane NC NC
Petroleum Hydrocarbons (mg/kg)
Total Petroleum Hydrocarbons 460 2700

Notes:
J = estimated value
U = less than laboratory method detection limit
SCTL = Soil Cleanup Target Levels (Chapter 62-777 F.A.C.)
Concentrations in bold exceed Florida SCTL
NC: no criteria established in 62-777 F.A.C.
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
BAP = benzo(a)pyrene
TEF = toxicity equivalency factor
DDE = dichlorodiphenyldichloroethylene
DDT = dichlorodiphenyltrichoroethane

45SB32 45SB33 45SB33 45SB34 45SB34 45SB39 45SB39 45SB39 45SB40 45SB40 45SB40 45SB41 45SB41 45SB41
45SB3202 45SB3301 45SB3302 45SB3401 45SB3402 45SB3901 45SB3902 45SB3903 45SB4001 45SB4002 45SB4003 45SB4101 45SB4102 45SB4103

0.5 - 2 0 - 0.5 0.5 - 2 0 - 0.5 0.5 - 2 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4 0 - 0.5 0.5 - 2 2 - 4
05/08/2006 05/08/2006 05/08/2006 05/08/2006 05/08/2006 08/09/2006 08/09/2006 08/09/2006 08/09/2006 08/09/2006 08/09/2006 08/09/2006 08/09/2006 08/09/2006

15  UJ 12  UJ 1.2  U 66 75 51  U 56  U 51  U 53  U 54  U 52  U 52  U 290 53  U
16  UJ 12  UJ 1.2  U 76 90 20  U 22  U 20  U 21  U 22  U 21  U 37  J 200 21  J
14  UJ 11  UJ 1.1  U 18 66 20  U 22  U 20  U 21  U 22  U 21  U 21  U 21  U 21  U
27  J 9.5  UJ 0.96  U 680 59 20  U 22  U 20  U 21  U 22  U 21  U 21  U 21  U 21  U

14  UJ 11  UJ 1.1  U 260 140 20  U 22  U 20  U 21  U 22  U 21  U 21  U 21  U 21  U
9 NA 1 2,848 1,100 NA NA NA NA NA NA 35 431 28

11  UJ 8.2  UJ 0.82  U 1,400 670 20  UJ 22  U 20  U 21  U 22  U 21  U 54  J 260  J 52  J
11  UJ 8.2  UJ 0.82  U 2,100 620 20  UJ 22  UJ 20  U 21  UJ 22  U 21  U 21  U 330  J 21  UJ
8.1  UJ 6.2  UJ 0.63  U 2,200 520 20  UJ 22  UJ 20  U 21  UJ 22  U 21  U 69  J 410  J 21  UJ
5.1  UJ 3.9  UJ 0.4  U 1,800 360 20  UJ 22  UJ 20  U 21  UJ 22  U 21  U 21  U 220  J 21  UJ
9.8  UJ 7.5  UJ 0.76  U 1,700 630 20  UJ 22  UJ 20  U 21  UJ 22  U 21  U 61  J 230  J 21  UJ

100  J 4.6  UJ 3.2  J 1,400 770 20  UJ 22  U 20  U 21  U 22  U 21  U 85  J 340  J 50  J
4.3  UJ 3.3  UJ 0.33  U 370 120 20  UJ 22  UJ 20  U 21  UJ 22  U 21  U 21  U 21  UJ 21  UJ
90  J 18  J 3  J 2,000 1,400 20  U 55  J 20  U 21  U 22  U 21  U 64  J 290 64  J

12  UJ 9.1  UJ 0.92  U 0.96  U 42 20  U 22  U 20  U 21  U 22  U 21  U 21  U 21  U 21  U
10  UJ 7.8  UJ 0.79  U 1,500 340 20  UJ 22  UJ 20  U 21  UJ 22  U 21  U 21  U 210  J 21  UJ
38  U 13  UJ 1.3  U 1.3  U 58 20  U 22  U 20  U 21  U 22  U 21  U 21  J 77  J 21  U
11  UJ 8.5  UJ 0.86  U 320 770 41  J 68  J 20  U 21  U 22  U 21  U 78  J 520 50  J
120  J 6.5  UJ 4.9 1,900 1,300 85  J 99  J 20  U 21  U 22  U 21  U 93  J 450  J 97  J

21  U 43 15  U 140  J 140



TABLE A-2
ANALYTICAL RESULTS SUMMARY FOR ORGANICS IN SOIL

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA
Location Florida SCTL
Sample ID Direct Direct
Depth Range Exposure Exposure
Sample Date Residential Industrial
Volatile Organics (ug/kg)
Acetone 11,000,000 68,000,000
Carbon Disulfide 270,000 1,500,000
Semivolatile Organics (ug/kg)
1-Methylnaphthalene 200,000 1,800,000
2-Methylnaphthalene 210,000 2,100,000
Acenaphthene 2,400,000 20,000,000
Acenaphthylene 1,800,000 20,000,000
Anthracene 21,000,000 300,000,000
BAP Equivalent 100 700
Benzo(a)anthracene NC NC
Benzo(a)pyrene 100 700
Benzo(b)fluoranthene NC NC
Benzo(g,h,i)perylene 2,500,000 52,000,000
Benzo(k)fluoranthene NC NC
bis(2-ethylhexyl)phthalate 72,000 390,000
Butyl Benzyl Phthalate 17,000,000 380,000,000
Chrysene NC NC
Dibenzo(a,h)anthracene NC NC
Fluoranthene 3,200,000 59,000,000
Fluorene 2,600,000 33,000,000
Indeno(1,2,3-cd)pyrene NC NC
Naphthalene 55,000 300,000
Phenanthrene 2,200,000 36,000,000
Pyrene 2,400,000 45,000,000
Pesticides/PCBs (ug/kg)
4,4'-DDE 2,900 15,000
4,4'-DDT 2,900 15,000
alpha-Chlordane NC NC
Petroleum Hydrocarbons (mg/kg)
Total Petroleum Hydrocarbons 460 2700

Notes:
J = estimated value
U = less than laboratory method detection limit
SCTL = Soil Cleanup Target Levels (Chapter 62-777 F.A.C.)
Concentrations in bold exceed Florida SCTL
NC: no criteria established in 62-777 F.A.C.
ug/kg: micrograms per kilograms
mg/kg: milligrams per kilograms
BAP = benzo(a)pyrene
TEF = toxicity equivalency factor
DDE = dichlorodiphenyldichloroethylene
DDT = dichlorodiphenyltrichoroethane

45SB42 45SB42 45SB42
45SB4201 45SB4202 45SB4203

0 - 0.5 0.5 - 2 2 - 4
08/09/2006 08/09/2006 08/09/2006

51  U 51  U 53  U
20  U 20  U 21  U
20  U 20  U 21  U
20  U 20  U 21  U
20  U 20  U 21  U
NA NA NA

20  U 20  U 21  U
20  UJ 20  UJ 21  UJ
20  UJ 20  UJ 21  UJ
20  UJ 20  UJ 21  UJ
20  UJ 20  UJ 21  UJ

20  U 20  U 21  U
20  UJ 20  UJ 21  UJ
20  U 20  U 21  U
20  U 20  U 21  U
20  UJ 20  UJ 21  UJ
20  U 20  U 21  U
20  U 20  U 21  U
20  U 20  U 21  U



TABLE A-3
GROUNDWATER ANALYTICAL SUMMARY

SITE 45 FEASIBILITY SUDY
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA
Location 18GS02 18GS02 18GS04 18GS04 PEN-45-04 PEN-45-04 PEN-45-05 PEN-45-06 PEN-45-07 PEN-45-08 PEN-45-08 PEN-45-09
Sample ID 18GW0201 18GW0202 18GW0401 18GS0402 45GW0401 45GW0402 45GW0501 45GW0601 45GW0701 45GW0801 45GW0801-D 45GW0901
Sample Date 12/19/2005 5/10/2006 12/19/2005 8/14/206 12/19/2005 5/10/2006 12/19/2005 12/19/2005 12/19/2005 12/19/2005 12/19/2005 12/19/2005
Screen Depth (feet) 3-13 3-13 3-13 3-13 3-13 3-13 40-50 3-13 40-50 3-13 3-13 40-50
Aquifer Interval Shallow Shallow Shallow Shallow Shallow Shallow Deep Shallow Deep Shallow Shallow Deep
Volatile Organics (µg/L)
Acetone 6,300 2  UR 2  UR 4  J 2  UR 2  UR 2  UR 2  UR 2  UR 2  UR
Bromodichloromethane 0.6 0.2  U 0.2  U 0.2  U 0.2  U 0.7  J 0.2  U 0.2  U 0.2  U 0.2  U
Chloroform 70 0.4  U 0.4  U 0.4  U 0.4  U 3 0.4  U 0.7  J 0.6  J 0.4  U
Chloromethane 2.7 0.3  U 2 0.3  U 0.7  J 0.3  U 0.3  U 0.3  U 0.5  J 0.8  J
Semivolatile Organics (µg/L)
2-Methylnaphthalene 28 0.06  U 0.06  U 0.06  U 0.1  J 0.06  U 0.06  U 0.06  U 0.06  U 0.06  U
Naphthalene 14 0.05  U 0.05  U 0.05  U 0.05  U 0.05  U 0.06  J 0.05  U 0.05  U 0.05  U
Pesticides/PCBs (µg/L)
alpha-Chlordane NC 0.11 0.022  UJ 0.2 0.022  UJ 0.022  UJ 0.022  UJ 0.022  UJ 0.022  UJ 0.022  UJ
gamma-Chlordane NC 0.044  J 0.029  U 0.12 0.029  UJ 0.028  UJ 0.029  UJ 0.029  U 0.029  U 0.029  UJ
Total Chlordane 2 0.154 U 0.32 U U U U U U
Inorganics (µg/L)
Aluminum 200 795  U 109  U 633  U 2,860 583  U 1,280 239  U 203  U 14,400
Arsenic 10 8.8 9.2 6.9 3.45  U 3.45  U 3.45  U 3.45  U 3.45  U 3.45  U
Barium 2,000 144 83.5 194 8.4 14.5 11.4 42.1 42.3 28
Calcium NC 38,000 46,400 42,800 11,000 7,340 14,300 19,400 20,000 33,400
Chromium 100 2.2 1.1 3.1 26.7 1.01  U 76.6 1.01  U 1.01  U 12
Copper 1,000 44.6 10.6  U 123 10.3  U 2.86  U 14.5  U 2.86  U 2.86  U 12.1  U
Iron 300 1,000 135  U 923 11,00 209 712 508 434 1,930
Lead 15 45 59.5 10.6 16.5 6 1.65  U 6.7 1.65  U 2.4 2.1 5.1
Magnesium NC 11,000 13,100 21,500 16,100 2,080 23,200 3,860 3,930 16,800
Manganese 50 28.6 11.7 72.2 33.8 2.8  U 29.7 13.7 12.5 20.1
Mercury 2 0.22  U 6.6 5.5 0.24  U 0.19  U 0.1  U 0.1  U 0.02  U 0.04  U 0.07  U
Nickel 100 11.7  U 11.7  U 11.7  U 12.9 11.7  U 14.4 11.7  U 11.7  U 17
Potassium NC 5,980 6,250 7,830 18,800 981  U 26,100 2,270  U 2,690  U 11,300
Sodium 160,000 169,000 71,900 252,000 319,000 15,800 507,000 32,300 32,900 82,700
Vanadium 49 7.7  U 9.9  U 10  U 35.6 6.5  U 73.1 7.6  U 7.7  U 20.8  U
Zinc 5,000 330 64.3 442 6.2  U 38.4 5.8  U 70.5 66 10.5  U
Petroleum Hydrocarbons (µg/L)
Total Petroleum Hydrocarbons 5,000 220  U 220  U 26  J 240  J 210  U 220  UJ 220  U 220  U 220  U

Notes:
GCTL = Groundwater Cleanup Target Level
J = estimated value
U = less than laboratory detection limit
µg/L = micrograms per liter
N = Criteria not available
Concentrations in bold exceed Florida GCTL

Florida GCTL



TABLE A-3
GROUNDWATER ANALYTICAL SUMMARY

SITE 45 FEASIBILITY SUDY
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA
Location 18GS02 18GS02 18GS04 18GS04
Sample ID 18GW0201 18GW0202 18GW0401 18GS0402
Sample Date 12/19/2005 5/10/2006 12/19/2005 8/14/206
Screen Depth (feet) 3-13 3-13 3-13 3-13
Aquifer Interval Shallow Shallow Shallow Shallow
Volatile Organics (µg/L)
Acetone 6,300 2  UR 2  UR
Bromodichloromethane 0.6 0.2  U 0.2  U
Chloroform 70 0.4  U 0.4  U
Chloromethane 2.7 0.3  U 2
Semivolatile Organics (µg/L)
2-Methylnaphthalene 28 0.06  U 0.06  U
Naphthalene 14 0.05  U 0.05  U
Pesticides/PCBs (µg/L)
alpha-Chlordane NC 0.11 0.022  UJ
gamma-Chlordane NC 0.044  J 0.029  U
Total Chlordane 2 0.154 U
Inorganics (µg/L)
Aluminum 200 795  U 109  U
Arsenic 10 8.8 9.2
Barium 2,000 144 83.5
Calcium NC 38,000 46,400
Chromium 100 2.2 1.1
Copper 1,000 44.6 10.6  U
Iron 300 1,000 135  U
Lead 15 45 59.5 10.6
Magnesium NC 11,000 13,100
Manganese 50 28.6 11.7
Mercury 2 0.22  U 6.6 5.5
Nickel 100 11.7  U 11.7  U
Potassium NC 5,980 6,250
Sodium 160,000 169,000 71,900
Vanadium 49 7.7  U 9.9  U
Zinc 5,000 330 64.3
Petroleum Hydrocarbons (µg/L)
Total Petroleum Hydrocarbons 5,000 220  U 220  U

Notes:
GCTL = Groundwater Cleanup Target Level
J = estimated value
U = less than laboratory detection limit
µg/L = micrograms per liter
N = Criteria not available
Concentrations in bold exceed Florida GCTL

Florida GCTL

PEN-45-10 PEN-45-11 PEN-45-12 PEN-45-13 PEN-45-14 PEN-45-15
45GW1001 45GW1101 45GW1201 45GW1301 45GW1401 45GW1501
12/19/2005 12/19/2005 12/19/2005 12/19/2005 8/14/2006 8/14/2006

3-13 40-50 3-13 40-50 2-12 4-14
Shallow Deep Shallow Deep Shallow Shallow

2  UR 2  UR 2  UR 2  UR
0.2  U 0.2  U 0.2  U 0.2  U
0.4  U 0.4  U 2 0.4  U
0.8  J 0.3  U 0.3  U 0.3  U

0.06  U 0.06  U 0.06  U 0.06  U
0.05  U 0.05  U 0.05  U 0.05  U

0.023  UJ 0.022  UJ 0.022  UJ 0.022  UJ
0.031  U 0.029  UJ 0.028  U 0.028  UJ

U U U U

22  U 4,330 199  U 15,500
3.45  U 3.45  U 4.4 3.45  U

50.9 4.3 55.4 6.9
47,900 20,500 34,800 23,200
1.01  U 11.2 1.01  U 27.2
2.86  U 14.2  U 6.5  U 17.7  U

408 796 123  U 1,990
1.65  U 2.7 1.65  U 4.1 5.2 9.8
11,900 15,300 7,740 16,200
19.4 41.1 6.8  U 48.3

0.02  U 0.06  U 0.06  U 0.04  U
11.7  U 11.7  U 11.7  U 13.6
6,330 11,700 4,800 12,600
94,400 123,000 52,600 146,000
7.7  U 16.3  U 6.5  U 48.4
14.4 6.1  U 85.8 7.6  U

230  U 220  UJ 210  U 210  U
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APPENDIX B
SOIL VOLUME CALCULATIONS

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: MEB MOJ DATE:
Date: 07-16-09 1-20-11

Area Designation
(sq. feet)

S1 1930
S2 2220
S3 1680
Alt S-3 2490
SR 1 16600
SR 2 7200
SR 3 800

Alternative S-1: No Action
Zero soil volume

Alternative S-2: In-Situ Treatment and LUCs

Area Designation -->
Area Depth Range Thickness

(sq. feet) (feet)
1930 0-2 feet 2

Area Depth Range Thickness Area Depth Range Thickness Area Depth Range Thickness
(sq. feet) (feet) (sq. feet) (feet) (sq. feet) (feet)

16600 0-4 feet 4 7200 0-2 feet 2 800 0-2 feet 2

SR3

ESTIMATION OF IN-SITU CONTAMINATED SOIL VOLUMES, SITE 45 FEASIBILITY STUDY

Feasibility Study Figures 2-1 and 2-2

 

S1

S1

SR1

SR1

SR2

NAVAL AIR STATION PENSACOLA

Site 45 RI Data DRAWING NUMBER:

112G00784 - 11.205

SR2

CHECKED & EDITED BY: APPROVED BY:

Area Qty

SR3



APPENDIX B
SOIL VOLUME CALCULATIONS

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: MEB MOJ DATE:
Date: 07-16-09 1-20-11

ESTIMATION OF IN-SITU CONTAMINATED SOIL VOLUMES, SITE 45 FEASIBILITY STUDY

Feasibility Study Figures 2-1 and 2-2

 

NAVAL AIR STATION PENSACOLA

Site 45 RI Data DRAWING NUMBER:

112G00784 - 11.205

CHECKED & EDITED BY: APPROVED BY:

(cu. feet) (cu. yards) (cu. feet) (cu. yards) (cu. feet) (cu. yards) (cu. feet) (cu. yards)
3860 143 66400 2459 14400 533 1600 59

Total in-situ volume to be addressed with treatment= 143 cu. ft.
Total in-situ volume to be addressed by LUCs to meet Residential SCTLs= 3052 cu. yd.

Volume of MAECTITE® required for treatment:
density of soil= 100 lb/cubic foot
kg of soil per pound= 0.454
kg of MAECTITE® per kg of soil= 0.05
one ton= 1016.05 kg

Volume of MAECTITE® required for treatment= density of soil * volume of soil (cubic feet) * kg of soil per pound * kg of MAECTITE ® per kg of soil
Volume of MAECTITE® required for treatment= 324.52593 kg
Volume of MAECTITE® required for treatment= 0.3193996 ton

Alternative S-3: Pavement of Unpaved Areas to Meet FDEP Industrial/Commercial SCTLs and LUCs

Area Designation -->
Area Depth Range Thickness Area Depth Range Thickness Area Depth Range Thickness Area Depth Range Thickness

(sq. feet) (feet) (sq. feet) (feet) (sq. feet) (feet) (sq. feet) (feet)
2490 0-0.5 feet 0.5 16600 0-4 feet 4 7200 0-2 feet 2 800 0-2 feet 2

(cu. feet) (cu. yards) (cu. feet) (cu. yards) (cu. feet) (cu. yards) (cu. feet) (cu. yards)
1245 46 66400 2459 14400 533 1600 59

Total volume to be excavated to allow for pavement= 36 cu. yd.

SR3
In-Situ Volume In-Situ Volume In-Situ Volume In-Situ Volume

In-Situ Volume

Alt S-3 SR1 SR2 SR3

In-Situ Volume In-Situ Volume In-Situ Volume

Alt S-3 SR1 SR2
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ESTIMATION OF IN-SITU CONTAMINATED SOIL VOLUMES, SITE 45 FEASIBILITY STUDY

Feasibility Study Figures 2-1 and 2-2
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Total area to be paved= 2490 sq. feet
Total in-situ volume to be addressed by LUCs to meet Residential SCTLs= 3052 cu. yd.

Alternative S-4: Excavation to meet FDEP Industrial/Commercial SCTLs, Treatment, Off-Site Disposal, and LUCs

Area Designation -->
Area Depth Range Thickness Area Depth Range Thickness Area Depth Range Thickness

(sq. feet) (feet) (sq. feet) (feet) (sq. feet) (feet)
1930 0-2 feet 2 2220 0-2 feet 2 1680 0-4 feet 4

Area Depth Range Thickness Area Depth Range Thickness Area Depth Range Thickness
(sq. feet) (feet) (sq. feet) (feet) (sq. feet) (feet)

16600 0-4 feet 4 7200 0-2 feet 2 800 0-2 feet 2

(cu. feet) (cu. yards) (cu. feet) (cu. yards) (cu. feet) (cu. yards) (cu. feet) (cu. yards)
15020 556 66400 2459 14400 533 1600 59

Total in-situ volume to be excavated to meet Inustrial/Commercial SCTLs= 556 cu. yd.
Total in-situ volume to be addressed by LUCs to meet Residential SCTLs= 3052 cu. yd.

SR3
In-Situ Volume In-Situ Volume In-Situ Volume In-Situ Volume

S1 SR1 SR2
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APPENDIX B
GROUNDWATER VOLUME CALCULATIONS

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: MEB MOJ DATE:
Date: 03-30-09 1-20-11

Assume aquifer thickness to be treated: G1, G2, and G3= 17 ft.
Assume aquifer porosity: 0.3
Assume three areas to be treated (one around 45-04S and 18G02S, one at 45-07D, and one at 18GS04S)

Plume 
Designation Area Qty

(sq. feet) (cu. feet) (gallons)
G1 5000 25500 190740
G2 500 2550 19074
G3 500 2550 19074

Total Volume of Plumes: 228888 gallons
Total Volume of Groundwater to be addressed by LUCs: 228888 gallons

Assume a 10-ft radius of incluence per injection point:
Number of injection points required: 32
Assume a concentration of 1 mg/L of diammonium phosphate will be sufficient
Obtain a concentrated solution and prepare a 1% solution
Volume of chemical to be injected: 17.5 gallons
Assume 1 gall per location to provide adequate coverage

Assume 10 foot injection intervat and 2-inch diameter injection hole
Sustainable flow rate = Surface Area of injection hole x groundwater flow velocity

2 x pi() x r x l x v

Test for abilit of aquifer to disperse 1 gallon at each location within a day:

CHECKED & EDITED BY: APPROVED BY:  

Area Volume

NAVAL AIR STATION PENSACOLA 112G00784 - 11.205

ESTIMATION OF IN-SITU CONTAMINATED GROUNDWATER VOLUMES, SITE 45 FEASIBILITY STUDY

Site 45 RI Data DRAWING NUMBER: Feasibility Study Figures 4-2 and 4-3
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GROUNDWATER VOLUME CALCULATIONS

SITE 45 FEASIBILITY STUDY REPORT
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: MEB MOJ DATE:
Date: 03-30-09 1-20-11
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ESTIMATION OF IN-SITU CONTAMINATED GROUNDWATER VOLUMES, SITE 45 FEASIBILITY STUDY

Site 45 RI Data DRAWING NUMBER: Feasibility Study Figures 4-2 and 4-3

where
r= radius of injection hole 1 inch
l= height of cylindrical injection hole 15 feet
v= 0.21 ft/day (lowest darcy flow rate reported in RI) (TtNUS, 2009)

Sustainable flow rate= 12.34 gal/day
Therefore, 1 gpd can easily be dispersed through each injection point within 1 hr
Assume two-day injection event will be adequate for all 32 locations



 

 

APPENDIX C 
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1/24/2011 3:24 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS

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 350 hr $37.00 $0 $0 $12,950 $0 $12,950
1.2 Completion Report 100 hr $37.00 $0 $0 $3,700 $0 $3,700
2 MOBILIZATION AND DEMOBILIZATION
2.1 Preconstruction Meeting 24 hr $60.00 $0 $0 $1,440 $0 $1,440
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/Demobilizatio 3 ea $170.00 $522.00 $0 $0 $510 $1,566 $2,076
3 FIELD SUPPORT
3.1 Office Trailer 1 mo $375.00 $0 $0 $0 $375 $375
3.2 Field Office Equipment, Utilities, & Support 1 mo $470.00 $0 $470 $0 $0 $470
3.3 Storage Trailer 1 mo $99.00 $0 $0 $0 $99 $99
3.4 Utility Connection/Disconnection (phone/electric 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3.5 Construction Layout Survey 2 day $1,675.00 $3,350 $0 $0 $0 $3,350
3.6 Site Superintendent 25 day $156.00 $384.64 $0 $3,900 $9,616 $0 $13,516
3.7 Site Health & Safety and QA/QC 25 day $156.00 $307.68 $0 $3,900 $7,692 $0 $11,592
4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Equipment Decon Pad 1 ls $7,000.00 $6,500.00 $1,200.00 $0 $7,000 $6,500 $1,200 $14,700
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $781.00 $0 $0 $0 $781 $781
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $706.00 $0 $0 $0 $706 $706
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
5 SITE PREPARATION AND SOIL SAMPLING
5.1 Underground Utility Clearance 1 ls $6,500.00 $6,500 $0 $0 $0 $6,500
5.2 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
5.3 DPT Rig Rental 2 day $3,000.00 $6,000 $0 $0 $0 $6,000
5.4 Sampling (Lead & PAHs, 72-hr TAT) 20 ea $340.00 $15.00 $6,800 $300 $0 $0 $7,100
5.5 Excavator 5 day $330.80 $1,619.00 $0 $0 $1,654 $8,095 $9,749
5.6 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
5.7 Pavement Removal & Disposa 54 ton $40.00 $2,160 $0 $0 $0 $2,160
6 SOIL TREATMENT
6.1 Excavator 10 day $330.80 $1,619.00 $0 $0 $3,308 $16,190 $19,498
6.2 Soil Mixing Auger 10 day $579.60 $0 $0 $0 $5,796 $5,796
6.3 Site Labor, (3 laborers) 10 day $758.40 $0 $0 $7,584 $0 $7,584
6.4 Soil Storage Area 1 ls $3,200.00 $1,400.00 $0 $3,200 $1,400 $0 $4,600
6.5 Soil Treatment - Macetite 1 ton $22.00 $0 $22 $0 $0 $22
6.6 Soil Treatment - ORC - Degrading Agent 0 lb $9.50 $0 $0 $0 $0 $0
6.7 Treatment, Transportation and Disposa 21 ton $288.00 $6,048 $0 $0 $0 $6,048
7 SITE RESTORATION
7.1 Excavator 5 day $330.80 $1,619.00 $0 $0 $1,654 $8,095 $9,749
7.2 Compactor 5 day $330.80 $594.60 $0 $0 $1,654 $2,973 $4,627
7.3 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
7.4 Pavement Replacement (base & top) 2,000 sf $2.83 $5,660 $0 $0 $0 $5,660

Subtotal $40,718 $21,212 $69,491 $50,926 $182,347

Overhead on Labor Cost @ 30% $20,847 $20,847
G & A on Labor Cost @ 10% $6,949 $6,949

G & A on Material Cost @ 10% $2,121 $2,121
G & A on Equipment Cost @ 10% $5,093 $5,093

G & A on Subcontract Cost @ 10% $4,072 $4,072
Tax on Materials and Equipment Cost @6%  $1,273 $3,056 $4,328

Total Direct Cost $44,790 $24,606 $97,287 $59,074 $225,757

Alternative S-2: In-Situ Treatment

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - Jan 2011\Appendicies\App C\Alt S-2\capcost Page 1 of 2



1/24/2011 3:24 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-2: In-Situ Treatment

Indirects on Total Direct Cost @ 35% (excluding transportation and disposal cost $75,810
Profit on Total Direct Cost @ 10% $22,576

Subtotal $324,143

Health & Safety Monitoring @ 2% $6,483

Total Field Cost $330,626

Contingency on Total Field Costs @25% $82,656
Engineering on Total Field Cost @10% $33,063

TOTAL CAPITAL COST $446,345

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - Jan 2011\Appendicies\App C\Alt S-2\capcost Page 2 of 2



1/24/2011 3:24 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS

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 300 hr $37.00 $0 $0 $11,100 $0 $11,100
1.2 Completion Report 100 hr $37.00 $0 $0 $3,700 $0 $3,700
2 MOBILIZATION AND DEMOBILIZATION
2.1 Preconstruction Meeting 24 hr $60.00 $0 $0 $1,440 $0 $1,440
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 3 ea $170.00 $522.00 $0 $0 $510 $1,566 $2,076
3 FIELD SUPPORT
3.1 Office Trailer 1 mo $375.00 $0 $0 $0 $375 $375
3.2 Field Office Equipment, Utilities, & Support 1 mo $470.00 $0 $470 $0 $0 $470
3.3 Storage Trailer 1 mo $99.00 $0 $0 $0 $99 $99
3.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3.5 Construction Layout Survey 2 day $1,675.00 $3,350 $0 $0 $0 $3,350
3.6 Site Superintendent 15 day $156.00 $384.64 $0 $2,340 $5,770 $0 $8,110
3.7 Site Health & Safety and QA/QC 15 day $156.00 $307.68 $0 $2,340 $4,615 $0 $6,955
4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Equipment Decon Pad 1 ls $7,000.00 $6,500.00 $1,200.00 $0 $7,000 $6,500 $1,200 $14,700
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $781.00 $0 $0 $0 $781 $781
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $706.00 $0 $0 $0 $706 $706
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
5 SITE PREPARATION AND SOIL SAMPLING
5.1 Underground Utility Clearance 1 ls $6,500.00 $6,500 $0 $0 $0 $6,500
5.2 Sampling (Lead & PAHs, 72-hr TAT) 20 ea $340.00 $15.00 $6,800 $300 $0 $0 $7,100
5.3 Site Labor, (3 laborers) 2 day $758.40 $0 $0 $1,517 $0 $1,517
6 EXCAVATION AND DISPOSAL
6.1 Excavator 3 day $330.80 $1,619.00 $0 $0 $992 $4,857 $5,849
6.2 Site Labor, (3 laborers) 3 day $758.40 $0 $0 $2,275 $0 $2,275
6.3 Verification Samples, lead & PAHs 10 ea $210.00 $15.00 $2,100 $150 $0 $0 $2,250
6.4 Transportation and Disposal, subtitle C 69 ton $250.00 $17,250 $0 $0 $0 $17,250
7 SITE RESTORATION
7.1 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
7.2 Pavement Replacement (base & top) 2,490 sf $2.83 $7,047 $0 $0 $0 $7,047

Subtotal $45,247 $15,020 $44,456 $14,634 $119,357

Overhead on Labor Cost @ 30% $13,337 $13,337
G & A on Labor Cost @ 10% $4,446 $4,446

G & A on Material Cost @ 10% $1,502 $1,502
G & A on Equipment Cost @ 10% $1,463 $1,463

G & A on Subcontract Cost @ 10% $4,525 $4,525
Tax on Materials and Equipment Cost @ 6%  $901 $878 $1,779

Total Direct Cost $49,771 $17,423 $62,239 $16,975 $146,409

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $32,052
Profit on Total Direct Cost @ 10% $14,641

Subtotal $193,102

Health & Safety Monitoring @ 2% $3,862

Total Field Cost $196,964

Alternative S-3: Paving of Unpaved Areas to Meet FDEP Industrial/Commercial SCTLs

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - Jan 2011\Appendicies\App C\Alt S-3\capcost Page 1 of 2



1/24/2011 3:24 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-3: Paving of Unpaved Areas to Meet FDEP Industrial/Commercial SCTLs

Contingency on Total Field Costs @ 25% $49,241
Engineering on Total Field Cost @ 15% $29,545

TOTAL CAPITAL COST $275,749

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - Jan 2011\Appendicies\App C\Alt S-3\capcost Page 2 of 2



1/24/2011 3:41 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS

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 300 hr $37.00 $0 $0 $11,100 $0 $11,100
1.2 Completion Report 100 hr $37.00 $0 $0 $3,700 $0 $3,700
2 MOBILIZATION AND DEMOBILIZATION
2.1 Preconstruction Meeting 24 hr $60.00 $0 $0 $1,440 $0 $1,440
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 3 ea $170.00 $522.00 $0 $0 $510 $1,566 $2,076
3 FIELD SUPPORT
3.1 Office Trailer 1 mo $375.00 $0 $0 $0 $375 $375
3.2 Field Office Equipment, Utilities, & Support 1 mo $470.00 $0 $470 $0 $0 $470
3.3 Storage Trailer 1 mo $99.00 $0 $0 $0 $99 $99
3.4 Utility Connection/Disconnection (phone/electric) 1 ls $1,250.00 $1,250 $0 $0 $0 $1,250
3.5 Construction Layout Survey 2 day $1,675.00 $3,350 $0 $0 $0 $3,350
3.6 Site Superintendent 25 day $156.00 $384.64 $0 $3,900 $9,616 $0 $13,516
3.7 Site Health & Safety and QA/QC 25 day $156.00 $307.68 $0 $3,900 $7,692 $0 $11,592
4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Equipment Decon Pad 1 ls $7,000.00 $6,500.00 $1,200.00 $0 $7,000 $6,500 $1,200 $14,700
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $781.00 $0 $0 $0 $781 $781
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $706.00 $0 $0 $0 $706 $706
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
5 SITE PREPARATION AND SOIL SAMPLING
5.1 Underground Utility Clearance 1 ls $6,500.00 $6,500 $0 $0 $0 $6,500
5.2 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
5.3 DPT Rig Rental 2 day $3,000.00 $6,000 $0 $0 $0 $6,000
5.4 Sampling (Lead & PAHs, 72-hr TAT) 20 ea $340.00 $15.00 $6,800 $300 $0 $0 $7,100
5.5 Excavator 5 day $330.80 $1,619.00 $0 $0 $1,654 $8,095 $9,749
5.6 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
5.7 Pavement Removal & Disposal 161 ton $40.00 $6,440 $0 $0 $0 $6,440
6 EXCAVATION AND DISPOSAL
6.1 Excavator 10 day $330.80 $1,619.00 $0 $0 $3,308 $16,190 $19,498
6.2 Site Labor, (3 laborers) 10 day $758.40 $0 $0 $7,584 $0 $7,584
6.3 Verification Samples, lead & PAHs 20 ea $210.00 $15.00 $4,200 $300 $0 $0 $4,500
6.4 Treatment, Transportation and Disposal 834 ton $288.00 $240,192 $0 $0 $0 $240,192
6.5 Soil Treatment - Macetite 1 ton $22.00 $0 $22 $0 $0 $22
7 SITE RESTORATION
7.1 Common Fill 1,400 cy $12.50 $0 $17,500 $0 $0 $17,500
7.2 Excavator 5 day $330.80 $1,619.00 $0 $0 $1,654 $8,095 $9,749
7.3 Compactor 5 day $330.80 $594.60 $0 $0 $1,654 $2,973 $4,627
7.4 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
7.5 Pavement Replacement (base & top) 9,400 sf $2.83 $26,602 $0 $0 $0 $26,602

Subtotal $304,284 $35,812 $66,241 $45,130 $451,467

Overhead on Labor Cost @ 30% $19,872 $19,872
G & A on Labor Cost @ 10% $6,624 $6,624

G & A on Material Cost @ 10% $3,581 $3,581
G & A on Equipment Cost @ 10% $4,513 $4,513

G & A on Subcontract Cost @ 10% $30,428 $30,428
Tax on Materials and Equipment Cost @ 6% $2,149 $2,708 $4,857

Total Direct Cost $334,712 $41,542 $92,737 $52,351 $521,343

Alternative S-4: Excavation to Meet FDEP Industrial/Commercial SCTLs, Ex-Situ Treatment with Off-Site Disposal
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1/24/2011 3:41 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-4: Excavation to Meet FDEP Industrial/Commercial SCTLs, Ex-Situ Treatment with Off-Site Disposal

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $68,440
Profit on Total Direct Cost @ 10% $52,134

Subtotal $641,917

Health & Safety Monitoring @ 2% $12,838

Total Field Cost $654,755

Contingency on Total Field Costs @ 15% $98,213
Engineering on Total Field Cost @ 4% $26,190

TOTAL CAPITAL COST $779,159
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1/24/2011 3:21 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-2: Monitored Natural Attenuation and LUCs
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 150 hr $37.00 $0 $0 $5,550 $0 $5,550
1.2 Prepare Groundwater Monitoring Plan 100 hr $37.00 $0 $0 $3,700 $0 $3,700
1.3 Prepare LUC Documents 200 hr $37.00 $0 $0 $7,400 $0 $7,400
1.4 Completion Report 100 hr $37.00 $0 $0 $3,700 $0 $3,700

2  SITE SUPPORT FACILITIES INCLUDING MOB/DEMOB
2.1 Storage Trailer 1 mo $99.00 $0 $0 $0 $99 $99
2.2 Equipment Decontamination Pad 1 ls $1,850.00 $1,000.00 $300.00 $0 $1,850 $1,000 $300 $3,150
2.3 Underground Utility Clearances 1 ls $6,500.00 $6,500 $0 $0 $0 $6,500
2.4 Construction Survey Support 2 day $1,050.00 $2,100 $0 $0 $0 $2,100
2.5 Site Superintendent 10 day $156.00 $384.64 $0 $1,560 $3,846 $0 $5,406

3  WELL INSTALLATION
3.1 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
3.2 Monitoring Well Installation, 2" diam., 10 wells 200 lf $50.00 $10,000 $0 $0 $0 $10,000
3.3 Vault & Cover 10 ea $750.00 $7,500 $0 $0 $0 $7,500
3.4 Collect/Containerize IDW 10 drum $65.00 $650 $0 $0 $0 $650
3.5 Transport/Dispose IDW 10 drum $185.00 $1,850 $0 $0 $0 $1,850

4  SITE RESTORATION
4.1 Pavement Repair 1 ls $2,000.00 $2,000 $0 $0 $0 $2,000

Subtotal $32,600 $3,410 $25,196 $399 $61,605

Overhead on Labor Cost @ 30% $7,559 $7,559
G & A on Labor Cost @ 10% $2,520 $2,520

G & A on Material Cost @ 10% $341 $341
G & A on Equipment Cost @ 10% $40 $40

G & A on Subcontract Cost @ 10% $3,260 $3,260
Tax on Materials and Equipment Cost @ 6% $205 $24 $229

Total Direct Cost $35,860 $3,956 $35,275 $463 $75,553

Indirects on Total Direct Cost @ 35% $26,444
Profit on Total Direct Cost @ 10% $7,555

Total Field Cost $109,552

Contingency on Total Field Costs @ 20% $21,910
Engineering on Total Field Costs @ 10% $10,955

TOTAL CAPITAL COST $142,418
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1/24/2011 3:21 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-2: Monitored Natural Attenuation and LUCs
Sampling Cost

Item Cost Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 & 3 years 4 & 5 years 6 to 30 every 5 years Notes

Site Inspection: Visit $2,156 $2,156 $2,156 $2,156 One-day visit to verify LUC
Site Inspection: Report $800 $800 $800 $800

Sample Collection $37,600 $18,800 $9,400 $9,400 Labor and supplies for groundwater samples using a crew of two, four times in 
year 1, twice a year years 2 and 3, and once a year in years 4 through 30.

Analysis; Water $4,704 $2,352 $1,176 $1,176 Analyze groundwater samples for lead, mercury, vanadium, for 30 years

Analysis; Water $24,696 $12,348 $6,174 Analyze groundwater samples for natural attenuation parameters, for 5 years.

Report $6,000 $3,000 $1,500 $1,500 Document sampling events and results

Site Review $17,000 Five year review reports

Subtotal $75,956 $39,456 $21,206 $15,032 $17,000

Contingency @ 10% $7,596 $3,946 $2,121 $1,503 $1,700

TOTAL $83,552 $43,402 $23,327 $16,535 $18,700
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1/24/2011 3:21 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-2: Monitored Natural Attenuation and LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Present 
Year Cost Cost Cost Rate at 7% Worth

0 $142,418 $142,418 1.000 $142,418
1 $83,552 $83,552 0.935 $78,121
2 $43,402 $43,402 0.873 $37,890
3 $43,402 $43,402 0.816 $35,416
4 $23,327 $23,327 0.763 $17,798
5 $42,027 $42,027 0.713 $29,965
6 $16,535 $16,535 0.666 $11,012
7 $16,535 $16,535 0.623 $10,301
8 $16,535 $16,535 0.582 $9,623
9 $16,535 $16,535 0.544 $8,995

10 $35,235 $35,235 0.508 $17,899
11 $16,535 $16,535 0.475 $7,854
12 $16,535 $16,535 0.444 $7,342
13 $16,535 $16,535 0.415 $6,862
14 $16,535 $16,535 0.388 $6,416
15 $35,235 $35,235 0.362 $12,755
16 $16,535 $16,535 0.339 $5,605
17 $16,535 $16,535 0.317 $5,242
18 $16,535 $16,535 0.296 $4,894
19 $16,535 $16,535 0.277 $4,580
20 $35,235 $35,235 0.258 $9,091
21 $16,535 $16,535 0.242 $4,002
22 $16,535 $16,535 0.226 $3,737
23 $16,535 $16,535 0.211 $3,489
24 $16,535 $16,535 0.197 $3,257
25 $35,235 $35,235 0.184 $6,483
26 $16,535 $16,535 0.172 $2,844
27 $16,535 $16,535 0.161 $2,662
28 $16,535 $16,535 0.150 $2,480
29 $16,535 $16,535 0.141 $2,331
30 $35,235 $35,235 0.131 $4,616

TOTAL PRESENT WORTH $505,982
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1/24/2011 3:22 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-3: In-Situ Treatment, LUCs, and Monitoring
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 200 hr $37.00 $0 $0 $7,400 $0 $7,400
1.2 Prepare Groundwater Monitoring Plan 100 hr $37.00 $0 $0 $3,700 $0 $3,700
1.3 Prepare LUC Documents 200 hr $37.00 $0 $0 $7,400 $0 $7,400
1.4 Completion Report 150 hr $37.00 $0 $0 $5,550 $0 $5,550

2  SITE SUPPORT FACILITIES INCLUDING MOB/DEMOB
2.1 Storage Trailer 2 mo $99.00 $0 $0 $0 $198 $198
2.2 Equipment Decon Pad 1 ls $1,850.00 $1,000.00 $300.00 $0 $1,850 $1,000 $300 $3,150
2.3 Underground Utility Clearances 1 ls $6,500.00 $6,500 $0 $0 $0 $6,500
2.4 Construction Survey Support 2 day $1,050.00 $2,100 $0 $0 $0 $2,100
2.5 Site Superintendent 30 day $156.00 $384.64 $0 $4,680 $11,539 $0 $16,219

3  PLUME DELINEATION
3.1 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
3.2 DPT Rig 5 day $3,000.00 $15,000 $0 $0 $0 $15,000
3.3 Well Point Supplies 1 ls $500.00 $0 $500 $0 $0 $500
3.4 Analytical cost, 14 samples 1 ls $4,704.00 $4,704 $0 $0 $0 $4,704
3.5 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792

4  WELL INSTALLATION
4.1 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
4.2 Monitoring Well Installation, 2" diam., 10 wells 200 lf $50.00 $10,000 $0 $0 $0 $10,000
4.3 Vault & Cover 10 ea $750.00 $7,500 $0 $0 $0 $7,500
4.4 Collect/Containerize IDW 10 drum $65.00 $650 $0 $0 $0 $650
4.5 Transport/Dispose IDW 10 drum $185.00 $1,850 $0 $0 $0 $1,850

5  IN-SITU TREATMENT
5.1 DPT Rig (32 injection points @ 20' bgs) 5 day $3,000.00 $15,000 $0 $0 $0 $15,000
5.2 Pump & Hose 5 day $166.40 $0 $0 $0 $832 $832
5.3 Mix Tank & Equipment 5 day $200.00 $0 $0 $0 $1,000 $1,000
5.4 Injection Point Supplies 640 lf $4.00 $2,560 $0 $0 $0 $2,560
5.5 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
5.6 Diammonium Phosphate 1 ea $100.00 $0 $100 $0 $0 $100

6  SITE RESTORATION
6.1 Pavement Repair 1 ls $5,000.00 $5,000 $0 $0 $0 $5,000

Subtotal $74,864 $7,130 $44,173 $2,330 $128,497

Overhead on Labor Cost @ 30% $13,252 $13,252
G & A on Labor Cost @ 10% $4,417 $4,417

G & A on Material Cost @ 10% $713 $713
G & A on Equipment Cost @ 10% $233 $233

G & A on Subcontract Cost @ 10% $7,486 $7,486
Tax on Materials and Equipment Cost @ 6% $428 $140 $568

Total Direct Cost $82,350 $8,271 $61,842 $2,703 $155,166

Indirects on Total Direct Cost @ 35% $54,308
Profit on Total Direct Cost @ 10% $15,517

Total Field Cost $224,991

Contingency on Total Field Costs @ 20% $44,998
Engineering on Total Field Costs @ 10% $22,499

TOTAL CAPITAL COST $292,489Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - Jan 2011\Appendicies\App C\Alt GW-3\capcost Page 1 of 1



1/24/2011 3:22 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-3: In-Situ Treatment, LUCs, and Monitoring
Capital Cost (Second Treatment)

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 100 hr $37.00 $0 $0 $3,700 $0 $3,700
1.2 Prepare Groundwater Monitoring Plan 0 hr $37.00 $0 $0 $0 $0 $0
1.3 Prepare LUC Documents 0 hr $37.00 $0 $0 $0 $0 $0
1.4 Completion Report 50 hr $37.00 $0 $0 $1,850 $0 $1,850

2  SITE SUPPORT FACILITIES INCLUDING MOB/DEMOB
2.1 Storage Trailer 0 mo $99.00 $0 $0 $0 $0 $0
2.2 Equipment Decon Pad 0 ls $1,850.00 $1,000.00 $300.00 $0 $0 $0 $0 $0
2.3 Underground Utility Clearances 0 ls $6,500.00 $0 $0 $0 $0 $0
2.4 Construction Survey Support 1 day $1,050.00 $1,050 $0 $0 $0 $1,050
2.5 Site Superintendent 10 day $156.00 $384.64 $0 $1,560 $3,846 $0 $5,406

3  PLUME DELINEATION
3.1 DPT Mobilization/Demobilization 0 ea $2,000.00 $0 $0 $0 $0 $0
3.2 DPT Rig 0 day $3,000.00 $0 $0 $0 $0 $0
3.3 Well Point Supplies 0 ls $500.00 $0 $0 $0 $0 $0
3.4 Analytical cost, 14 samples 0 ls $4,704.00 $0 $0 $0 $0 $0
3.5 Site Labor, (3 laborers) 0 day $758.40 $0 $0 $0 $0 $0

4  WELL INSTALLATION
4.1 DPT Mobilization/Demobilization 0 ea $2,000.00 $0 $0 $0 $0 $0
4.2 Monitoring Well Installation, 2" diam., 10 wells 0 lf $50.00 $0 $0 $0 $0 $0
4.3 Vault & Cover 0 ea $750.00 $0 $0 $0 $0 $0
4.4 Collect/Containerize IDW 0 drum $65.00 $0 $0 $0 $0 $0
4.5 Transport/Dispose IDW 0 drum $185.00 $0 $0 $0 $0 $0

5  IN-SITU TREATMENT
5.1 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
5.2 DPT Rig (32 injection points @ 20' bgs) 5 day $3,000.00 $15,000 $0 $0 $0 $15,000
5.3 Pump & Hose 5 day $166.40 $0 $0 $0 $832 $832
5.4 Mix Tank & Equipment 5 day $200.00 $0 $0 $0 $1,000 $1,000
5.5 Injection Point Supplies 640 lf $4.00 $2,560 $0 $0 $0 $2,560
5.6 Site Labor, (3 laborers) 5 day $758.40 $0 $0 $3,792 $0 $3,792
5.7 Diammonium Phosphate 1 ea $100.00 $0 $100 $0 $0 $100

6  SITE RESTORATION
6.1 Pavement Repair 1 ls $2,000.00 $2,000 $0 $0 $0 $2,000

Subtotal $22,610 $1,660 $13,188 $1,832 $39,290

Overhead on Labor Cost @ 30% $3,957 $3,957
G & A on Labor Cost @ 10% $1,319 $1,319

G & A on Material Cost @ 10% $166 $166
G & A on Equipment Cost @ 10% $183 $183

G & A on Subcontract Cost @ 10% $2,261 $2,261
Tax on Materials and Equipment Cost @ 6% $100 $110 $210

Total Direct Cost $24,871 $1,926 $18,464 $2,125 $47,385

Indirects on Total Direct Cost @ 35% $16,585
Profit on Total Direct Cost @ 10% $4,739

Total Field Cost $68,709

Contingency on Total Field Costs @ 10% $6,871
Engineering on Total Field Costs @ 0% $0
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1/24/2011 3:22 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-3: In-Situ Treatment, LUCs, and Monitoring
Capital Cost (Second Treatment)

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

TOTAL CAPITAL COST $75,580
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1/24/2011 3:23 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-3: In-Situ Treatment, LUCs, and Monitoring
Sampling Cost

Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 & 3 years 4 to 30 every 5 years Notes

Site Inspection: Visit $2,156 $2,156 $2,156 One-day visit to verify LUC
Site Inspection: Report $800 $800 $800

Sample Collection $37,600 $18,800 $9,400 Labor and supplies for groundwater samples using a crew of two, four times in 
year 1, twice a year years 2 and 3, and once a year in years 4 through 30.

Analysis; Water $4,704 $2,352 $1,176 Analyze groundwater samples for lead, mercury, vanadium, for 30 years

Report $6,000 $3,000 $1,500 Document sampling events and results

Site Review $17,000 Five year review reports

Subtotal $51,260 $27,108 $15,032 $17,000

Contingency @ 10% $5,126 $2,711 $1,503 $1,700

TOTAL $56,386 $29,819 $16,535 $18,700
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1/24/2011 3:23 PMNAS PENSACOLA
Pensacola, Florida
Site 45 FS
Alternative GW-3: In-Situ Treatment, LUCs, and Monitoring
Present Worth Analysis

Capital Annual Total Year Annual Discount Present 
Year Cost Cost Cost Rate at 7% Worth

0 $292,489 $292,489 1.000 $292,489
1 $75,580 $56,386 $131,966 0.935 $123,388
2 $29,819 $29,819 0.873 $26,032
3 $29,819 $29,819 0.816 $24,332
4 $16,535 $16,535 0.763 $12,616
5 $35,235 $35,235 0.713 $25,123
6 $16,535 $16,535 0.666 $11,012
7 $16,535 $16,535 0.623 $10,301
8 $16,535 $16,535 0.582 $9,623
9 $16,535 $16,535 0.544 $8,995

10 $35,235 $35,235 0.508 $17,899
11 $16,535 $16,535 0.475 $7,854
12 $16,535 $16,535 0.444 $7,342
13 $16,535 $16,535 0.415 $6,862
14 $16,535 $16,535 0.388 $6,416
15 $35,235 $35,235 0.362 $12,755
16 $16,535 $16,535 0.339 $5,605
17 $16,535 $16,535 0.317 $5,242
18 $16,535 $16,535 0.296 $4,894
19 $16,535 $16,535 0.277 $4,580
20 $35,235 $35,235 0.258 $9,091
21 $16,535 $16,535 0.242 $4,002
22 $16,535 $16,535 0.226 $3,737
23 $16,535 $16,535 0.211 $3,489
24 $16,535 $16,535 0.197 $3,257
25 $35,235 $35,235 0.184 $6,483
26 $16,535 $16,535 0.172 $2,844
27 $16,535 $16,535 0.161 $2,662
28 $16,535 $16,535 0.150 $2,480
29 $16,535 $16,535 0.141 $2,331
30 $35,235 $35,235 0.131 $4,616

TOTAL PRESENT WORTH $668,355
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TETRA TECH NUS, INC. CALCULATION SHEET PAGE 1 OF 4

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TJR MOJ DATE:
Date: Date: 1/21/11

GW-2: Monitored Natural Attenuation and LUCs
Annual Cost

Yearly Site Inspection/Visit for LUCs implementation (1 person)
Assume out of town travel to site.

Air $850
Per Diem $156

Car $100
Hours $900 (12 hours * $75/hr)

Misc $150
$2,156

Annual Report:  Document site visit $800

Groundwater Sampling
Labor & Materials, per round (14 well samples)
Assume 6 days to sample with 2 people, local

2 people @ $60.00 per hour for 10 hours for 6 days = $7,200
car for 6 days = $600

report @ $55.00 per hour for 20 hours = $1,100
Misc supplies, copying, etc. = $500

$9,400

Analytical,  per round for 30 years

type cost each number total
lead $20 14 $280

mercury $20 14 $280
vanadium $20 14 $280

$840
40% QA/QC & Data Validation $336

$1,176

Analytical,  per round for 5 years

type cost each number total
natural attenuation parameters $315 14 $4,410

$4,410
40% QA/QC & Data Validation $1,764

$6,174

5-year review  = $17,000

NAS PENSACOLA 112G00784.11.190

Site 45 FS

DRAWING NUMBER: 

 CHECKED BY: APPROVED BY:

Collect 14 water samples and analyze for lead, mercury, vanadium

Collect 14 water samples and analyze for natural attenuation parameters

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - 
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TETRA TECH NUS, INC. CALCULATION SHEET PAGE 2 OF 4

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TJR MOJ DATE:
Date: Date: 1/21/11

NAS PENSACOLA 112G00784.11.190

Site 45 FS

DRAWING NUMBER: 

 CHECKED BY: APPROVED BY:

GW-3: In-Situ Treatment, LUCs, and Monitoring
Capital Cost

Initial Plume Delineation
Collect 20 groundwater samples from 10 DPT points, 15 to 25 feet deep
Assume 5 days to sample with $500 in supplies

Analytical,  sampling conducted by site field labor

Sample cost for fast turn-a-round
type cost each number total
lead $60 14 $840

vanadium $60 14 $840
mercury $60 14 $840

TSS $60 14 $840
$3,360

40% QA/QC & Data Validation $1,344
$4,704

Installation of Additional Wells
Install 10, 2 inch wells (15 to 25' bgs) with DPT rig
Assume 10 days to install and 10 drums of IDW

In-Situ Treatment: Two treatments one year apart
Inject 5.4 pounds of diammonium phosphates in 5 days with DPT rig
Use 64 gallons of water as mix
32 inject points @ 20 feet deep = 640 lf

Annual Cost
Yearly Site Inspection/Visit for LUCs implementation (1 person)
Assume out of town travel to site.

Air $850
Per Diem $156

Car $100
Hours $900 (12 hours * $75/hr)

Misc $150
$2,156

Annual Report:  Document site visit $800

Groundwater Sampling
Labor & Materials, per round (14 well samples)
Assume 6 days to sample with 2 people, local

2 people @ $60.00 per hour for 10 hours for 6 days = $7,200
car for 6 days = $600

report @ $55.00 per hour for 20 hours = $1,100
Misc supplies, copying, etc. = $500

$9,400

Collect 20 water samples and analyze for lead, mercury, vanadium, total suspended solids (TSS)

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - 
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TETRA TECH NUS, INC. CALCULATION SHEET PAGE 3 OF 4

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TJR MOJ DATE:
Date: Date: 1/21/11

NAS PENSACOLA 112G00784.11.190

Site 45 FS

DRAWING NUMBER: 

 CHECKED BY: APPROVED BY:

Analytical,  per round for 30 years

type cost each number total
lead $20 14 $280

mercury $20 14 $280
vanadium $20 14 $280

$840
40% QA/QC & Data Validation $336

$1,176

5-year review  = $17,000

S-2: In-Situ Treatment
Capital Cost

Soil Characterization
Collect 20 soil samples from DPT and analyze for lead & PAHs
Sample cost for 72 hour TAT

Lead @ $40
PAHs @ $300

Pavement Removal
1,930 sf by 0.5' deep = 965 cf or 36 cy or 54 tons

Soil Treatment
Add Macetite (1 tons) to 140 cy of soil
Mix using excavator with mixing auger (boss)
Assume 14 cy or 21 tons of excess soil are disposed offsite as hazardous

Time to complete:
Mob 3 days

Soil Characterization & Site Prep 5 days
Soil Treatment 10 days

Backfill & Pavement 5 days
Demob 2 days

25 days
1.2 months

S-3: Paving of Unpaved Areas to Meet FDEP Industrial/Commercial SCTLs
Capital Cost

Soil Characterization
Collect 20 soil samples from DPT and analyze for lead & PAHs
Sample cost for 72 hour TAT

Lead @ $40
PAHs @ $300

Collect 14 water samples and analyze for lead, mercury, vanadium

Z:\NAVY\NAS Pensacola & OLF Bronson\CTO IV 0079 site 44, 45, & 46 FS, PP, and ROD\Site 45 FS\Final FS - 
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TETRA TECH NUS, INC. CALCULATION SHEET PAGE 4 OF 4

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TJR MOJ DATE:
Date: Date: 1/21/11

NAS PENSACOLA 112G00784.11.190

Site 45 FS

DRAWING NUMBER: 

 CHECKED BY: APPROVED BY:

Soil Excavation
46 cy
1.5 tons per cy
69 tons

Pavement
2,490 sf 

Time to complete:
Mob 3 days

Soil Characterization & Site Prep 5 days
Excavation and Disposal 3 days

Backfill & Pavement 2 days
Demob 2 days

15 days
0.7 months

Capital Cost
Soil Characterization
Collect 20 soil samples from DPT and analyze for lead & PAHs
Sample cost for 72 hour TAT

Lead @ $40
PAHs @ $300

Pavement Removal
5,830 sf by 0.5' deep = 2,900 cf or 108 cy or 161 tons

Soil Excavation
556 cy
1.5 tons per cy
834 tons

Soil Treatment
Add Macetite (1 tons) to 140 cy of soil

Time to complete:
Mob 3 days

Soil Characterization & Site Prep 5 days
Excavation, Off-Site Treatment, and Disposal 10 days

Backfill & Pavement 5 days
Demob 2 days

25 days
1.2 months

S-4: Excavation to Meet FDEP Industrial/Commercial SCTLs, Ex-Situ Treatment with Off-Site Disposal
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APPENDIX D 
 

RESPONSE TO REGULATORY COMMENTS 
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NAVAL AIR STATION PENSACOLA 

PENSACOLA, FLORIDA 

FEASIBILITY STUUDY FOR SITE 45 

(BUILDING 603 LEAD SITE) 

RESPONSE TO FDEP COMMENTS DATED MARCH 5, 2010 AND EXPANDED VIA 
LETTER DATED AUGUST 16, 2010 

Comments by the Florida Department of Environmental Protection (FDEP) are shown in bold 
font.  Responses follow each comment and are shown in regular font.  Changes to Feasibility 
Study text are italicized and enclosed in quotation marks. 

 

Comment 1:  On page 1-5, Section 1.2.3.3, last sentence, it says that the depth to the shallow 
surficial aquifer is approximately 13 feet bgs at Site 45.  This is incorrect as the depth to the 
water table is approximately 4 feet bgs.  The depth of the shallow surficial aquifer is being 
confused with the total depth of shallow monitoring wells that have screens that intersect 
the water table. 
Response:  Section 1.2.3.3 will be changed to: “Groundwater in Escambia County occurs in 
three major aquifers: a shallow surficial aquifer, which is both artesian and non-artesian (the 
sand and gravel aquifer), and two deep artesian aquifers (the upper and lower limestones of the 
Floridian aquifer).  Because the shallow surficial aquifer is partly unconfined and recharged 
principally by direct infiltration of rain, this aquifer is particularly susceptible to contamination 
from surface sources (EnSafe/Allen & Hoshall, 1996).   

Based on data from the Site 45 RI (TtNUS, 2009), the depth to water in the shallow monitoring 
wells (screened from approximately 3 to 13 feet bgs) in the water table zone of the surficial 
aquifer ranged from 3.92 feet to 5.14 feet beneath the top of the well casings at Site 45 in 
December 2005. The depth to water in the deep monitoring wells (screened from approximately 
42 to 52 feet bgs ranged from 3.93 to 4.86 feet beneath the top of the well casing.  The 
groundwater flow direction is generally toward the east and southeast in the shallow aquifer, and 
appears to be generally toward the south in the deep aquifer zone.  

Assuming from the water level measurements that the top of the aquifer lies 4 feet bgs, and from 
the soil borings that its depth is 54 feet bgs, the surficial aquifer is estimated to be approximately 
50 feet thick at Site 45. 

Groundwater  elevation  data indicate an average hydraulic gradient of 0.0022 feet per foot 
(feet/foot) for the shallow surficial water table wells and the gradient for the deep  aquifer zone 
is approximately 0.0021 feet/foot south using PEN-45-05 (2.22 feet) and PEN-45-13 (1.88 feet) 
approximately 166 feet apart.  In December 2005, both upward and downward vertical gradients 
were measured at Site 45. 

Slug test data were used to determine hydraulic conductivity, the geometric mean hydraulic 
conductivity for the shallow water table aquifer zone was estimated at 29.1 feet per day (ft/day) 
and the deep aquifer zone was estimated at 39.8 ft/day.” 
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Comment 2:  On page 1-7, Section 1.4.1, first paragraph, some of the groundwater 
chemicals of concern (COCs) have been inadvertently added to a discussion regarding 
chemicals detected in soil. 
Response:  The sentence will be changed to:  “Twelve of thirty-two surface soil samples 
collected between 0 and 0.5 foot bgs had exceedances of one or more FDEP residential and/or 
industrial FDEP Soil Cleanup Target Levels (SCTLs) for arsenic, barium, lead, TPH and PAHs 
expressed as benzo(a)pyrene equivalents (FDEP, 2005a).” 
 

Comment 3:  On page 1-8, Section 1.4.2, second sentence, it says that Table A of Chapter 
62-785, Florida Administrative Code, specifies chemicals that have secondary standards.  
This is incorrect.  Table A of Chapter 62-785, F.A.C., contains groundwater cleanup target 
levels (GCTLs) calculated solely based on protection of human health for chemicals that 
either have GCTLs listed in Chapter 62-777, F.A.C., based on organoleptic considerations 
(example: cumene) or have secondary standards.  
Response:  The 1st paragraph of Section 1.4.2 will be changed to:  “Table 1-3 summarizes the 
locations of groundwater samples with exceedances of one or more groundwater cleanup target 
levels (GCTLs).  Groundwater samples collected from six of the ten shallow monitoring wells 
sampled during the Site 45 RI contained iron at concentrations exceeding the secondary MCL 
under Chapter 62-550, F.A.C., and GCTL under Chapter 62-777, F.A.C but not the NAS 
Pensacola background value of 1,708 µg/L (Ensafe/Allen & Hoshall, 1994).   
 
The groundwater samples collected from each of the four deep monitoring wells also contained 
iron at concentrations exceeding the MCL under Chapter 62-550, F.A.C., and GCTL under 
Chapter 62-777, F.A.C.  Three of the four groundwater samples from the deep monitoring wells 
contained iron at concentration exceeding the NAS Pensacola background value.   
 
However, the concentrations of iron detected in the groundwater samples collected from the 
shallow and deep monitoring wells were below the Department’s health-based value for iron 
located in Table A in Chapter 62-785, F.A.C., of 4,200 µg/L and its health-based USEPA Region 
9 Tap Water preliminary remediation goal (PRG) [and current Regional Screening Level (RSL) 
Table Tap Water April 2009] of 26,000 µg/L.” 
 

Comment 4:  On page 1-8, Section 1.4.2, the terms “background concentration” and 
“reference concentration” are both used in the same paragraph.  If the terms mean the 
same thing, one term should be chosen and referred to throughout the document for 
consistency and clarity sake.  If there are differences between “background concentration” 
and “reference concentration”, the differences should be explained.  
Response: The term “background concentration” will be used throughout the document for 
consistency and clarity sake. 
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Comment 5:  One page 1-11, second paragraph from the top of the page, first sentence, 
please revise the sentence to read correctly per my comment (3) above.  
Response:  The sentence will be changed to:  “Aluminum, iron and manganese were also 
detected at concentrations that exceeded secondary MCLs under Chapter 62-550, F.A.C., and 
GCTLs under chapter 62-777, F.A.C. However iron and manganese were detected at 
concentrations significantly less than their FDEP health–based GCTLs.  Aluminum was detected 
in two wells above FDEP’s health-based GCTLs.  However the concentrations of all three 
contaminants, including aluminum, were well below their respective Health-Based USEPA 
Region 9 Tap Water PRGs and current RSLs .” 
 

Comment 6:  On page 2-6, Section 2.2.1, second paragraph, it discusses the use of the 95% 
upper confidence level (UCL) of the mean.  Please identify this as a technique for 
calculating exposure point concentrations for a specified area to which a receptor could be 
exposed and that the technique requires apportionment of the risks of like-acting chemicals 
per Chapter 62-780, F.A.C.  
Response: The paragraphs will be changed to: “In applying the cleanup goals during 
remediation, site-wide concentrations would need to be decreased to equal to or less than site-
wide average concentrations or 95 percent) upper confidence limits (UCLs) as specified under 
Chapter 62-780, F.A.C. A sufficient number of surface soil samples (minimum 10) would be 
collected during confirmatory sampling in the areas where action is taken to demonstrate that 
after implementation of the chosen remedial action, site-wide concentrations would meet these 
cleanup goals. 

Using this approach, the surface soil contaminant concentrations, or average soil contaminant 
concentrations calculated based on the 95 percent UCL are compared to their direct exposure 
CTLs or alternative direct exposure soil CTLs that are established pursuant to paragraph 62-
780.650(1)(d), F.A.C.  If more than one contaminant is present in the surface soil in the 
unsaturated zone at the site, the soil CTLs for all contaminants detected in surface soil samples 
at the site would be apportioned based on their like-acting health affect.” 

 

Comment 7:  On page 2-9, Section 2.4.2, it describes how the volume of contaminated 
groundwater was estimated.  I found the description somewhat confusing.  A figure 
depicting graphically how the volume was calculated would be appreciated.  Please note 
that the volume calculated in this section is extremely important in deriving costs for any 
remedy that actively treats groundwater.  
Response:  Section 2.4.2 will be changed to: “The locations of FDEP GCTL exceedances are 
presented on Figure 1-5 and the estimated plumes are presented on Figure 2-3.  The three plume 
areas consist of: Area G1, where lead exceeds the primary MCL and covers approximately 5,000 
square feet; Area G2, where vanadium exceeds the GCTL and  covers approximately 500 square 
feet; and Area G3, where mercury exceeds the primary MCL and covers approximately 500 
square feet.     

The site lithology that was presented in previous reports (EnSafe/Allen & Hoshall, 1996) for Site 
45 and the general vicinity indicates the surficial aquifer sediments consist primarily of sand, 
with varying but relatively insignificant amounts of silt, silty clay, and shell material.  The depth 
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of the low-permeability marine clay confining unit at Site 45 was determined during the Site 45 
RI (TtNUS, 2009) by the response to drilling resistance with a geosonic rig.  The low-
permeability marine clay was estimated to range from approximately 53 to 55 ft bgs.  Shallow 
monitoring wells at Site 45 are typically screened from approximately 3 to 13 feet bgs and the 
deep wells from approximately 42 to 52 feet bgs.  Monitoring wells were not installed in an 
intermediate depth between the two previously discussed zones at Site 45.   

The depth to water at Site 45 was found during the Site 45 RI (TtNUS, 2009) to range from 
approximately 3.92 feet to 5.14 feet beneath the top of the well casing for the shallow monitoring 
wells, and approximately 3.93 to 4.86 feet beneath the top of the well casing for the deep 
monitoring wells.  Assuming from the water level measurements that the top of the aquifer lies 4 
feet bgs, and from the soil borings that its depth is 54 feet bgs, the surficial aquifer is estimated 
to be approximately 50 feet thick at Site 45.  Based on these assumptions, it is estimated that 1/3 
of the surficial aquifer thickness or a zone approximately 17 feet thick is contaminated by the 
COCs at each of the three plumes. 

At Area G1, lead was detected at concentrations exceeding the primary MCL under Chapter 62-
550, F.A.C. but not the natural attenuation default concentration in groundwater samples 
collected from shallow monitoring wells PEN-45-04S and 18GS02S (hydraulically downgradient 
well).  Lead was not detected at concentrations exceeding the primary MCL in groundwater 
samples collected from deep monitoring wells PEN-45-05 and PEN-45-11.  This suggests that 
the plume is stable and limited to the area defined by shallow monitoring wells PEN-45-04S and 
18GS02S.  Area S1 (Figure 2-1) is potentially the source of the plume. 

Based on a plume area that is approximately 5,000 square feet by 17 feet thick the volume of 
lead contaminated groundwater at Area G1 is estimated to be approximately 190,740 gallons.  
Assuming the entire plume has an average concentration of 59.5 µg/L lead, there is 
approximately 0.09 pounds of lead in the plume. 

At Area G2, vanadium was detected at a concentration that exceeded the health based GCTL 
under Chapter 62-777, F.A.C. but not its natural attenuation default concentration in the 
groundwater sample collected from deep monitoring well PEN-45-07D.  Vanadium was not 
detected at a concentration that exceeded the GCTL in the groundwater sample collected from 
shallow monitoring well PEN-45-06 (PEN-45-06 is clustered with PEN-45-07D) or the shallow 
and deep monitoring well cluster (PEN-45-08 and PEN-45-09) located hydraulically 
downgradient from monitoring well PEN-45-07D (Figure 2-3). This suggests that the plume is 
stable and limited to the area defined by deep monitoring well PEN-45-07D.  A source area for 
vanadium was not identified in the Site 45 RI. 

Based on a plume area that is approximately 500 square feet by 17 feet thick the volume of 
vanadium contaminated groundwater at Area G2 is estimated to be approximately 19,074 
gallons.  Assuming the entire plume has an average concentration of 73.1 µg/L vanadium, there 
is approximately 0.01 pounds of vanadium in the plume. 

At Area G3, mercury was detected at a concentration that exceeded the primary MCL under 
Chapter 62-550, F.A.C. but not the natural attenuation default concentration in the groundwater 
sample collected from shallow monitoring 18GS04S (Figure 2-3).  Monitoring wells have not 
been installed hydraulically downgradient of shallow monitoring 18GS04S.  A source area for 
vanadium was not identified in the Site 45 RI and mercury was not detected in groundwater 
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samples collected from shallow and deep monitoring wells (PEN-45-12 and PEN-45-13) located 
hydraulically upgradient of monitoring well 18GS04S. 

Based on a plume area that is approximately 500 square feet by 17 feet thick the volume of 
mercury contaminated groundwater at Area G3 is estimated to be approximately 19,074 gallons.  
Assuming the entire plume has an average concentration of 6.6 µg/L mercury, there is 
approximately 0.001 pounds of mercury in the plume. 

Groundwater volume calculations are provided in Appendix B.” 

 

Comment 8:  On page 3-6, Section 3.2.3, subsection on Cost, same comment as (1) above.  
Response:  The sentence will be changed to:  “Moreover, because the depth of the water table is 
approximately 4 feet bgs, dewatering would not be required under dry weather conditions.” 
 

Comment 9:  On page 4-15, Component 1, fourth sentence, please replace the word “in-
situ” with the word “ex-situ”.  This will conform with what is written in Component 3. 
Response:  The sentence will be changed to: “The field screening data obtained for lead via 
XRF would be correlated with fixed-base laboratory analytical results to determine the extent of 
soil requiring ex-situ treatment.” 

 

Comment 10:  On page 4-19, Section 4.3.1.2, subsection on Long-Term Effectiveness and 
Permanence, please change “surface water” to “groundwater”. 
Response:   The sentence will be changed to: “Alternative GW-1 would have no long-term 
effectiveness and permanence because contaminated groundwater would remain on site.” 

 

Comment 11:  Why has the active treatment component for groundwater been limited to 
in-situ treatment?  There are other groundwater treatment options available that could 
have been evaluated in the FS.  Please note that monitoring groundwater for the natural 
attenuation of metals like lead (Pb), mercury (Hg) and vanadium (V) could be a very 
expensive option if natural attenuation processes are very slight and no appreciable 
difference is detected between monitoring events.  It may be advisable to estimate 
timeframes for remediating groundwater via natural attenuation and active treatment in 
order to better calculate which remedy is truly the most cost effective option. 
Response:  The Navy has conducted, for the past several years, focused Feasibility Studies that 
include the remedial technologies that are most appropriate for the site conditions, would likely 
be conducted in a reasonable time period and are cost effective.  The other remedial options that 
were screened for Site 45 (Please refer to Tables 3-1 and 3-2 of the FS) could have been 
evaluated in more detailed but were not considered because they were not applicable for the site 
conditions presented in Section 1.0 of the FS, could be conducted in a reasonable time period and 
were not considered cost effective. 

Additionally, in December, 1999, EnSafe, Inc. prepared a Final Technical Memorandum for 
Evaluation for MNA for Site 38, Buildings 71 and 604 at Naval Air Station (NAS), Pensacola, 
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Florida.  The MNA study found that measurements of dissolved oxygen, oxidation reduction 
potential, hydrogen, iron and sulfate and sulfide supported reductive dechlorination of 
chlorinated solvents and anaerobic conditions that support the sorption of lead to the aquifer 
sediments.  

Other evidence of MNA at NAS Pensacola for inorganics includes the long-term monitoring data 
obtained from Operable Unit (OU) 4, Site 15 Pesticide Rinsate Disposal Area.  At this site 
concentrations of arsenic have decreased through time based on long-term monitoring results.  
The evidence for MNA is documented by laboratory analytical results that have been obtained 
through a long-term quarterly monitoring program that has been conducted since 2001.  For 
example arsenic has decreased in the groundwater samples from monitoring well 15GR03R from 
150 µg/L in January 2004 to less than 5 µg/L in March 2006.  It is possible that the arsenic 
removal occurred under anaerobic conditions because sulfate-reducing bacteria is present and 
produce sulfides at sufficient concentrations to result in the precipitation of arsenopyrite (FeAsS) 
or co precipitate with iron.  The decrease in arsenic concentrations may also occur by other 
natural attenuation mechanisms including advection, dilution, and dispersion. 

Also, there have been several studies conducted at NAS Pensacola to obtain data to evaluate 
treatability of petroleum related constituents using oxygen enriching technologies at various sites 
across Naval Air Station (NAS) Pensacola.  The preponderance of data from these studies 
suggest that the shallow groundwater across NAS Pensacola is typically under reducing 
(anaerobic) conditions that range from limited to strongly favorable for reductive dechlorination 
of chlorinated solvents and reducing conditions that potentially result in the sorption and 
immobilization of some inorganics.   

Therefore, based on the known favorable site conditions MNA was appropriately selected as an 
alternative in the FS because the shallow groundwater across NAS Pensacola is typically under 
reducing conditions that are favorable for reductive dechlorination of chlorinated solvents and 
reducing conditions that result in the sorption and immobilization of some inorganics. 

We concur with the FDEP that the timeframe for each remedial technology should be included to 
assist in the evaluation and selection of an options that is protective of human health and the 
environment based on the projected site use, and is implementable, timely and cost effective.  
However, at NAS Pensacola, it appears that each site has some variation in the presence of 
limited to strong anaerobic conditions to slightly mild aerobic conditions.  Because of this 
variation, estimates in the rate of decline are likely to be inaccurate and would best be evaluated 
by a monitoring program that is coupled with a contingency plan. 
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