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EXECUTIVE SUMMARY

E.1 PURPOSE OF THE REPORT

The purpose of this Feasibility Study (FS) Report is to develop and evaluate options for the remediation of

contaminated soil and groundwater for Operable Unit (OU) 9, Sites 57 and 58 at Naval Air Station (NAS)

Cecil Field in Jacksonville, Florida. 

E.2 SITES DESCRIPTION AND HISTORY

Sites 57 and 58 are located in the northwestern portion of the Main Base west of the North-South runway.

  

Site 57 includes Buildings 293, 817, 824, 824A, 824ALS, 825, 825LS, 841, 846, 852, 870, and 1848, and

the adjacent land areas.  These buildings were used for aircraft maintenance and/or aircraft and aircraft

parts storage.  Site 57 also includes the Day Tank 1 area.  Day Tank 1 was a 200,000-gallon jet fuel

aboveground storage tank (AST) that was removed in 1999 along with 24,000 tons of petroleum

contaminated soil.  Following this removal action, a biosparge and vapor collection system was installed

and started in 2000 and groundwater contamination was monitored for natural attenuation.  Although it is

physically located within Site 57, the Day Tank 1 area is currently being investigated and remediated as

part of the Petroleum Program and will not be evaluated in this FS.

Site 58 includes Buildings 312 and 312LS and the adjacent land areas.  Building 312 was a corrosion

control facility that housed two paint booths and administrative offices.  Structures associated with

Building 312 included a hydraulic lift, an aircraft wash rack, an oil-water separator, and a waste oil

underground storage tank (UST), that have been removed.  Building 312LS is a sanitary sewer lift station

that serves Building 312 and used to serve the adjacent wash rack.

Several environmental investigations were performed at Site 57 and 58, starting with an Environmental

Baseline Survey (EBS) [ABB Environmental Services, Inc. (ABB-ES), 1994] through a Remedial

Investigation (RI) [Tetra Tech NUS, Inc. (TtNUS), 2002].  These investigations showed that the Site 58

soil is contaminated with polynuclear aromatic hydrocarbons (PAHs).  These investigations also showed

that the Site 57 and 58 groundwater is contaminated with volatile organic compounds (VOCs), PAHs, and

total recoverable petroleum hydrocarbons (TRPH). 

E.3 SUMMARY OF THE INVESTIGATIONS FINDINGS

Three PAHs [benzo(a)anthracene, benzo(a)pyrene, and dibenzo(a,h)anthracene] were detected in soil in

one Site 58 sample at concentrations in excess of their respective Soil Cleanup Target Levels (SCTLs)
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for direct residential exposure of 1,400, 100, and 100 micrograms per kilogram (µg/kg) as defined by the

Florida Department of Environmental Protection (FDEP) (FDEP, 1999a).  The source of this

contamination appears to be the former aircraft wash rack.  Soil contamination is assumed to extend over

an area approximately 2,400 square feet (ft2) in size and to a depth of 2 feet below ground surface (bgs).

This estimate represents a worst-case scenario and will be verified by additional sampling prior to

remediation.

Four non-chlorinated VOCs, including benzene, ethylbenzene, toluene, and xylenes (BTEX); four

chlorinated VOCs, including trichloroethene (TCE), 1,1- and 1,2-dichoroethene (DCE), and

1,1-dichoroethane (DCA); three PAHs, including naphthalene and 1- and 2-methylnaphthalene; and

TRPH were detected in the Site 57 groundwater at concentrations greater than the FDEP Groundwater

Cleanup Target Levels (GCTLs) (FDEP, 1999a).  Two distinct but partially overlapping contaminant

plumes have been delineated, including a petroleum plume and a TCE plume.  The Site 57 Petroleum

Plume, defined as the area of groundwater with benzene concentrations greater than the GCTL of

1.0 microgram per liter (µg/L), extends over an area approximately 137,000 ft2 in size and to a depth

ranging from 25 to 47.5 feet bgs.  The Site 57 TCE Plume, defined as the area of groundwater with TCE

concentrations greater than the GCTL of 3.0 µg/L, extends over an area approximately 48,000 ft2 in size

and down to a depth of up to 61 feet bgs.

Three chlorinated VOCs [1,1-DCA, 1,1-DCE, and 1,1,1-trichloroethane (TCA)], one PAH (naphthalene),

and TRPH were detected in the Site 58 groundwater at concentrations greater than FDEP GCTLs.  A

contaminant plume, designated as the Site 58 Naphthalene Plume, has been delineated as the area of

groundwater with naphthalene concentrations greater than the GCTL of 20 µg/L.  The Site 58

Naphthalene Plume extends over an area approximately 15,500 ft2 in size and to a depth of up to 21 feet

bgs.

The Preliminary Risk Evaluation (PRE) performed as part of the RI identified benzo(a)anthracene,

benzo(a)pyrene, and dibenzo(a,h)anthracene as chemicals of concern (COCs) for the Site 58 soil.  The

PRE also identified naphthalene and TRPH as COCs for groundwater at both Site 57 and 58.  In addition,

BTEX, 1,1-DCE, 1,1-DCA, cis-1,2-DCE, TCE, and 1- and 2-methylnaphthalene were identified as Site 57

groundwater COCs.

The ecological risk assessment performed as part of the RI established that Sites 57 and 58 consist

primarily of buildings and parking lots that provide an ecological habitat of marginal quality and can be of

little use to terrestrial wildlife.  Therefore, the RI concluded that Sites 57 and 58 does not present a

significant ecological risk.
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E.4 REMEDIAL ACTION OBJECTIVES AND CLEANUP GOALS

The Remedial Action Objectives (RAOs) identified for Sites 57 and 58 are as follows:

• Prevent unacceptable risk from exposure to Site 58 soil with concentrations of PAHs greater than the

FDEP SCTLs for residential exposure.

• Prevent unacceptable risk from exposure to Site 57 groundwater with concentrations of chlorinated

VOCs, BTEX, PAHs, and TRPH greater than the FDEP GCTLs.

• Prevent unacceptable risk from exposure to Site 58 groundwater with concentrations of naphthalene

and TRPH greater than the FDEP GCTLs.

• Restore groundwater quality at Sites 57 and 58.

The cleanup goals for the Site 58 soil are as follows:

Chemical of Concern Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

PAHS (µg/kg)
Benzo(a)anthracene 1 / 3 1,433 CEF-B312-SD001 1,400
Benzo(a)pyrene 2 / 3 78.3 J – 1,569 CEF-B312-SD001 100
Dibenzo(a,h)anthracene 1 / 3 172 CEF-B312-SD001 100

NOTES:
1 FDEP SCTL (FDEP, 1999a)

The cleanup goals for the Site 57 groundwater are as follows:

Chemical of
Concern

Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

VOCs (µg/L)
Benzene 11 / 41 0.87 – 248 CEF-824A-4S 1
cis-1,2-DCE 5 / 39 0.94 - 825 CEF-293-19 70
1,1-DCA 7 / 41 1.1 – 97.2 CEF-824A-14S 70
1,1-DCE 2 / 41 5 – 33.8 CEF-824A-8S 7
Ethylbenzene 11 / 41 1 - 150 CEF-293-11 30
Toluene 7 / 41 1 - 63 CEF-293-11 40
TCE 4 / 41 1 - 43 CEF-293-19 3
Xylenes 12 / 41 1.9 - 560 CEF-293-11 20
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Chemical of
Concern

Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

PAHs (µg/l)
1-Methylnaphthalene 13 / 41 1.2 - 160 CEF-824A-11S 20
2-Methylnaphthalene 12 / 41 1.6 - 184 CEF-824A-11S 20
Naphthalene 15 / 41 1.2 - 396 CEF-824A-11S 20
TRPH (µg/l)
TRPH 21 / 41 203 – 14,300 CEF-824A-11S 5,000

NOTES:
1 FDEP GCTL (FDEP, 1999a)

The cleanup goals for Site 58 groundwater are as follows:

Chemical of
Concern

Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

VOCs (µg/l)
1,1-DCA 10/18 1.0 - 421 CEF-B312-08S 70
1,1-DCE 2/18 1.6 - 130 CEF-B312-08S 7
1,1,1-TCA 1/18 841 CEF-B312-08S 200
PAHs (µg/l)
Naphthalene 9 / 18 1.3 - 156 CEF-B312-01S 20
TRPH µg/l)
TRPH 9 / 18 587 - 9,000 CEF-B312-01S 5,000

NOTES:
(1) FDEP GCTL (FDEP, 1999a)

E.5 SCREENING OF GENERAL RESPONSE ACTIONS, REMEDIATION TECHNOLOGIES,
AND PROCESS OPTIONS

General Response Actions (GRAs) and the remediation technologies and process options associated to

these GRAs were screened for effectiveness, implementability, and cost.  Remediation technologies that

were determined to be ineffective or too difficult to implement were eliminated from further consideration.  

The following technologies and process options were retained for Site 58 soil:

General Response Action Remedial Technology Process Options
No Action None Not Applicable

Institutional Controls Fencing, Posting, and Land Use Controls (LUCs)Limited Action

Monitoring Sampling and Analysis

Removal Excavation Excavation

Disposal Off-Base Disposal Solid Waste Disposal Facility
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The following GRAs, remediation technologies, and process options were retained to develop

groundwater remedial alternatives for Sites 57 and 58:

General Response Action Remediation Technology Process Options
No Action None Not Applicable

Monitoring Sampling and Analysis

Institutional Controls Groundwater Use Restrictions

Limited Action

Natural Attenuation Dispersion, Dilution, and Biodegradation

Removal Groundwater Extraction Extraction Wells

In-situ Treatment Biological Enhanced Biodegradation

Physical Air Sparging (AS) Treatment

Physical Filtration

Air Stripping

Ex-situ Treatment

Liquid-phase Granular Activated Carbon (GAC) Adsorption 

Discharge/Disposal Onsite Surface Discharge Direct Discharge

E.6 DEVELOPMENT OF REMEDIAL ALTERNATIVES

Based upon the results of the screening of remediation technologies, the following remedial alternatives

were assembled for Site 58 soil:

• Soil Alternative 1: No Action.  No action would be taken.  Retained as a baseline for comparison

with other alternatives.

• Soil Alternative 2: Institutional Controls and Monitoring.  Institutional controls would consist to

maintain, and if necessary to upgrade, the fence around the Site 58 drainage ditch area and to post

warning signs on that fence.  Institutional controls would also consist of implementing Land Use

Controls (LUCs) to prevent future residential development.  Annual site inspections would be

performed to verify implementation of the institutional controls.  Monitoring would consist of long-term

soil and groundwater sampling and analysis to evaluate any changes in soil COC concentrations and

detect potential migration of COCs from soil to groundwater.

• Soil Alternative 3: Excavation and Off-Base Disposal.  This alternative would consist of

excavating approximately 180 cubic yards (yd3) of soil with concentrations of PAHs greater than the

FDEP SCTLs for direct residential exposure and backfilling the excavated area with clean soil.  The

excavated soil would be transported off-base to a permitted treatment, storage, and disposal facility

(TSDF) for disposal through landfilling.
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Based upon the results of the screening of remediation technologies, the following remedial alternatives

were developed for Sites 57 and 58 groundwater:

• Groundwater Alternative 1: No Action.  No action would be taken.  Retained as a baseline for

comparison with other alternatives.

• Groundwater Alternative 2: Natural Attenuation, Institutional Controls, and Monitoring.  Natural

attenuation would consist of letting concentrations of groundwater COCs decrease through naturally-

occurring processes such as biodegradation, dilution, and dispersion.  Institutional controls would

consist of preventing the use of groundwater for drinking purposes until the cleanup goals has been

met.  Annual site inspections would be performed to verify implementation of the institutional controls.

Monitoring would consist of regularly collecting and analyzing groundwater samples both from within

the contaminant plumes to assess natural attenuation and downgradient of leading edge of the plume

to evaluate potential contaminant migration.

• Groundwater Alternative 3: In-Situ Biological Treatment (ORC/HRC), Institutional Controls,

and Monitoring.  In-situ biological treatment would consist of injecting oxygen release compounds

(ORC) and/or hydrogen release compounds (HRC) in the groundwater to accelerate

biodegradation of COCs.  ORC would be used to promote the aerobic biodegradation of the BTEX,

PAHs, and TRPH in the Site 57 Petroleum Plume (ORC System No. 1) and of the naphthalene and

TRPH in the Site 58 Naphthalene Plume (ORC System No. 2).  HRC would be used to promote the

anaerobic biodegradation of chlorinated VOCs in the Site 57 TCE Plume (HRC System).  ORC

System No. 1 would consist of an initial injection of 16,500 pounds of ORC through 138 direct push

technology (DPT) injection points.  The HRC System would consist of an initial injection of

19,800 pounds of HRC through 120 DPT injection points.  ORC System No. 2 would consist of

injecting a total of 10,200 pounds of ORC through 60 DPT injection points.  Institutional controls and

monitoring would be similar to those of Groundwater Alternative 2.

• Groundwater Alternative 4: In-Situ AS Treatment, Institutional Controls, and Monitoring.  In-situ

AS treatment would consist of injecting air in the groundwater to promote the volatilization of BTEX

and chlorinated VOCs and the aerobic biodegradation of BETX, PAHs, and TRPH.  There would be

one AS system for each of the three contaminant plumes.  AS System No. 1 would treat the Site 57

Petroleum Plume and feature 97 sparging wells, one 750 cubic feet per minute (cfm) compressor,

and one 300 cfm compressor.  AS System No. 2 would treat the Site 57 TCE Plume and feature 19

sparging wells and one 200 cfm compressor.  AS System No. 3 would treat the Site 58 Naphthalene

Plume and feature 16 sparging wells and one 200 cfm compressor.  Institutional controls and

monitoring would be similar to those of Groundwater Alternative 2.
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• Groundwater Alternative 5: Extraction, On-Site Treatment, Surface Discharge, Institutional
Controls, and Monitoring.  This alternative would consist of removing the contaminated

groundwater through extraction wells and treating the extracted groundwater in an on-site system

prior to discharge to local drainage ditches.  Separate extraction and on-site treatment systems would

be installed and operated for Sites 57 and 58.  The Site 57 system would have a design capacity of

37.5 gallons per minute (gpm) and would feature five extraction wells and an on-site treatment

system consisting of equalization, filtration, air stripping, and liquid-phase granular activated carbon

(GAC) adsorption.  The Site 58 system would have a design capacity of 22.5 gpm and would feature

three extraction wells and an on-site treatment system consisting of equalization, filtration, and liquid-

phase GAC adsorption.  Institutional controls and monitoring would be similar to those for

Groundwater Alternative 2. 

E.7 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

The remedial alternatives were analyzed in detail using seven of the nine criteria provided in the National

Oil and Hazardous Substance Pollution Contingency Plan (NCP) and the Comprehensive Environmental

Response, Compensation and Liability Act (CERCLA).  These seven criteria are as follows:

• Overall Protection of Human Health and the Environment,

• Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) and To-Be-

Considered (TBCs) guidance criteria,

• Long-term Effectiveness and Permanence,

• Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment,

• Short-term Effectiveness,

• Implementability, and

• Cost

Two other criteria, State and Community Acceptance were not evaluated in this report.  They will be

evaluated after regulatory and public comments are available.

E.8 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

The remedial alternatives were compared to each other using the same criteria that were used for

detailed analysis.  The following is a summary of these comparisons:
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Site 58 Soil

• Overall Protection of Human Health and Environment

Soil Alternative 1 would not be protective of human health and the environment.  Under the current

industrial land use scenario, unacceptable human health risk could occur from exposure to contaminated

soil.  Under a potential future residential land use scenario, the human health risk would be further

aggravated and an unacceptable ecological risk could also occur.  Also, the potential would remain for

soil COCs to migrate either offsite or to groundwater and no monitoring would be performed to detect this

potential migration.  Although Soil Alternative 2 would not actively remove contaminants, it would be

protective of human health and the environment because institutional controls would minimize

unacceptable risk from exposure to contaminated soil and monitoring would warn of possible migration of

soil COCs to groundwater.  Soil Alternative 3 would be most protective of human health and the

environment because soil contaminated above SCTLs for direct residential exposure would be physically

removed from the site and effectively and irreversibly disposed off-base.

• Compliance with ARARs and TBCs

Soil Alternative 1 would not comply with chemical- or location-specific ARARs and TBCs.  No action-

specific ARARs or TBCs would apply to this alternative.  Soil Alternative 2 would comply with location-

and action-specific ARARs and TBCs and might eventually comply with chemical-specific ARARs and

TBCs through natural attenuation, as verified by monitoring.  Soil Alternative 3 would comply with the

chemical-, location-, and action-specific ARARs and TBCs.

• Long-term Effectiveness and Permanence

Soil Alternative 1 would have no long-term effectiveness and permanence because no action would be

taken to reduce soil contamination, to control exposure to contaminated soil, or to monitor possible

migration of contaminants from soil to groundwater.  Soil Alternative 2 would have some long-term

effectiveness and permanence because institutional controls would effectively reduce the current risk of

exposure to contaminated soil and prevent future residential development and monitoring would

effectively measure possible natural attenuation of COCs in soil and detect potential migration of COCs

from soil to groundwater.  Soil Alternative 3 would have the best long-term effectiveness and permanence

because it would permanently remove from the site the soil contaminated above cleanup goals and

permanently and irreversibly dispose of the removed soil. 
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• Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment

Soil Alternatives 1 and 2 would not reduce contaminant toxicity, mobility, or volume through treatment.

Under these alternatives some reduction of contaminant toxicity and volume might occur through natural

attenuation but only Soil Alternative 2 would monitor this reduction.  Soil Alternative 3 would reduce

contaminant mobility and volume.  Under this alternative approximately 180 yd3 of soil containing

approximately 1.2 pounds of COCs would be permanently and irreversibly removed from the site.

• Short-term Effectiveness

There would be no short-term effectiveness concerns associated with Soil Alternative 1 because no

action would be taken.  Soil Alternative 2 would have minimal short-term effectiveness concerns

associated with the collection of soil and groundwater samples.  These concerns would be effectively

addressed by adherence to a site-specific Health and Safety Plan (HASP), including the wearing of the

appropriate personal protection equipment (PPE).  Soil Alternative 3 would have significant short-term

effectiveness concerns because excavation and off-base transportation and disposal would involve

greater exposure of workers to contaminated soil.  Because of off-base transportation, Soil Alternative 3

would also have the slight possibility to impact the surrounding community.  However, the short-term

concerns associated with Soil Alternative 3 could be adequately addressed through implementation of

proper engineering controls and adherence to applicable Occupational Safety and Health Act (OSHA)

regulations and to the site-specific HASP, including the wearing of appropriate PPE.

Soil Alternative 1 would not achieve the soil RAO and, although the soil cleanup goals might eventually

be attained through natural attenuation, there would be no means of verifying it.  Soil Alternative 2 would

achieve the soil RAO immediately upon implementation of institutional controls and monitoring and might

eventually attain soil cleanup goals through natural attenuation as verified through monitoring.  Soil

Alternative 3 would attain the soil RAO and cleanup goals within an estimated 2 months of the start of the

removal action.

• Implementability

Soil Alternative 1 would be easiest to implement because there would be no activities to implement.

Technically, the institutional controls and monitoring components of Soil Alternative 2 would be very

simple to implement.  Soil Alternative 3 would be hardest to implement because, although it would not

require institutional controls and long-term monitoring, it would involve a closely-coordinated multi-stage

operation for the excavation and off-base transportation and disposal of contaminated soil.  However,
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implementation of this alternative would still be relatively simple and the necessary resources, equipment,

and materials are readily available.

Administratively, the institutional controls component of Soil Alternative 2 would be simple to implement.

As part of change of the site from military to private ownership, appropriate provisions will be incorporated

into the property transfer documents to ensure continued implementation of land use restrictions and

monitoring.  The administrative implementability of Soil Alternative 3 would be somewhat more difficult

than that of Soil Alternative 2 as it would require construction permits, manifesting of the excavated soil

for off-base transportation, and acceptance of the excavated soil by the off-base TSDF.  However, these

requirements could be readily implemented.

• Cost

The capital and operation and maintenance (O&M) costs and the net present worth (NPW) of the soil

remedial alternatives were estimated to be as follows: 

Soil Alternatives Capital NPW of O&M (years) NPW (years)
1 $0 $0 $0
2 $20,000 $54,000 (30 Years) $74,000 (30 Years)
3 $32,000 $0 $32,000

The above cost figures have been rounded to the nearest $1,000 to reflect the preliminary nature of the

estimates.  A detailed breakdown of cost estimates is provided in Appendix C.

Sites 57 and 58 Groundwater

• Overall Protection of Human Health and Environment 

Groundwater Alternative 1 would not be protective of human health and the environment because COCs

would remain above cleanup goals, no institutional controls would be implemented to prevent

unacceptable risk from ingestion of contaminated groundwater, and no monitoring would be performed to

evaluate the progress of natural attenuation or the potential migration of COCs.

Groundwater Alternative 2 would be protective of human health and the environment.  Although no active

remediation would take place, natural attenuation would dissipate the contaminant plumes, institutional

controls would prevent unacceptable exposure to contaminated groundwater, and monitoring would

evaluate the progress of natural attenuation and verify that unacceptable migration of contaminants is not

taking place.
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Groundwater Alternatives 3, 4, and 5 would be slightly more protective of human health and the

environment than Groundwater Alternative 2 because, in addition to institutional controls and monitoring,

these alternatives would somewhat accelerate removal of COCs, especially at Site 57, through active

removal and treatment processes.  Although Groundwater Alternatives 3 and 4 would results in fugitive

emissions, the rate of these emissions would remain well under the FDEP’s allowable de-minimis of 13.75

pounds of VOCs per day and both alternatives would in fact be more protective than Groundwater

Alternative 5 because they would achieve complete protection in a significantly shorter time, especially at

Site 57.

• Compliance with ARARs and TBCs

Groundwater Alternative 1 would not comply with chemical- or location-specific ARARs and TBCs.  No

action-specific ARARs or TBCs would apply to this alternative.  Groundwater Alternatives 2, 3, 4, and 5

would comply with location- and action-specific ARARs and TBCs and, eventually, with chemical-specific

ARARs and TBCs as well.  It is anticipated that compliance with chemical-specific ARARs and TBCs

would first be achieved by Groundwater Alternatives 3 and 4, followed by Groundwater Alternative 5, and

then by Groundwater Alternative 2. 

• Long-term Effectiveness and Permanence

Groundwater Alternative 1 would have no long-term effectiveness and permanence because no action

would be taken to reduce contamination, or control exposure to contaminated groundwater, or to monitor

the progress of natural attenuation and detect potential migration of contaminants.

Groundwater Alternative 2 would have long-term effectiveness and permanence because natural

attenuation has been demonstrated as effective for the removal of the Sites 57 and 58 groundwater

COCs.  In addition, institutional controls and monitoring would effectively prevent unacceptable exposure

to contaminated groundwater until the cleanup goals have been met through natural attenuation.

Groundwater Alternatives 3, 4, and 5 would be more effective than Groundwater Alternative 2, because,

in addition to the same institutional controls and monitoring components as Groundwater Alternative 2,

they would also include an active treatment component that, compared to natural attenuation, would

somewhat accelerate the removal of COCs, especially at Site 57.  Groundwater Alternative 4 would be

most effective because it would be quickest to meet the cleanup goals and would use a well-proven

treatment technology.  Groundwater Alternative 3 would be slightly less effective than Groundwater

Alternative 4 because, although it would meet the cleanup goals in the same timeframe, its application at

Site 57 would use an innovative technology (HRC injection for removal of chlorinated VOCs) that would

require treatability testing.  Also at Site 57, there might be some interference between the treatment of
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BTEX, PAHs, and TRPH with ORC and the treatment of chlorinated VOCs with HRC.  Groundwater

Alternative 5 would be less effective than either Groundwater Alternatives 3 or 4 because, although it

would use an established active remedial approach (pump-and-treat), it would take somewhat more time

to meet the cleanup goals and would actually not be significantly quicker than Groundwater Alternative 2.

• Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment

Groundwater Alternatives 1 and 2 would not reduce contaminant toxicity, mobility, or volume through

treatment.  Under these alternatives, contaminant toxicity and volume would be reduced through natural

attenuation but only Groundwater Alternative 2 would monitor this reduction.

Groundwater Alternatives 3, 4, and 5 would significantly reduce contaminant toxicity and volume through

treatment.  The treatment systems of these alternatives would remove an estimated 525 pounds of COCs

from the groundwater (504 pounds from Site 57, 21 pounds from Site 58) through their operating life.  The

contaminant removal achieved by these alternatives would be completely irreversible.

• Short-term Effectiveness

There would be no short-term effectiveness concerns and no impact to the surrounding community

associated with Groundwater Alternative 1 because no action would be taken.

Groundwater Alternatives 2, 3, 4, and 5 would also not impact the surrounding community but there would

be some short-term effectiveness concerns associated with their implementation because of the risk of

workers being exposed to contaminated groundwater.  The magnitude of this risk would be proportional to

the extent of remedial activities, e.g., it would be lowest for Groundwater Alternative 2, higher for

Groundwater Alternatives 3 and 4, and highest for Groundwater Alternative 5.  However, regardless of its

magnitude, the risk of exposure would be properly mitigated through implementation of proper

engineering controls, and adherence to applicable OSHA regulations and to the site-specific HASP,

including the wearing of appropriate PPE. 

Groundwater Alternative 1 would not achieve the groundwater RAOs and, although the groundwater

cleanup goals would eventually be attained through natural attenuation, there would be no means of

determining when this had occurred.  Groundwater Alternatives 2, 3, 4, and 5 would achieve the first two

groundwater RAOs immediately upon implementation of institutional controls.  Based on the results of

experience with similar applications and the modeling presented in Appendix A, it is estimated that the

respective timeframes to achieve the third groundwater RAO and the groundwater cleanup goals at Sites

57 and 58 would be 20 years and 3 years for Groundwater Alternative 2, 3 years and 2 years for

Groundwater Alternatives 3 and 4, and 14 years and 3 years for Groundwater Alternative 5.
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• Implementability

Groundwater Alternative 1 would be easiest to implement since there would be no activities to implement.

Technical implementation of the various components of Groundwater Alternatives 2, 3, 4, and 5 would be

relatively simple. 

The technical implementation of the natural attenuation, institutional controls, and monitoring components

of Groundwater Alternative 2 would be very simple.  The resources, equipment, and material required for

the activities associated with these components are readily available. 

The technical implementation of Groundwater Alternatives 3, 4, and 5 would be somewhat more difficult

than that of Groundwater Alternative 2 because each of these alternatives would require the installation

and O&M of a groundwater treatment system.  Of these three alternatives, Groundwater Alternative 3

would be easiest to implement because it would only require the installation of small diameter

ORC/HRC injection points and the feeding of these chemicals without installation of permanent

equipment.  Groundwater Alternative 5 would be technically harder to implement than Groundwater

Alternative 3 because it would require two groundwater extraction arrays with wells, pumps, and transfer

piping, and of two on-site treatment systems featuring multiple process units.  Groundwater Alternative 4

would be most technically difficult to implement because it would require three AS systems, each

including numerous sparging wells, lengthy interconnecting piping, and one or more compressor systems.

However, the resources, equipment, and material necessary to implement any of these three alternatives

are readily available.

Administrative implementation of the various components of Groundwater Alternatives 2, 3, 4, and 5

would be relatively simple. 

Administrative implementation of the institutional controls component of Groundwater Alternative 2 would

be simple because, as part of change of the sites from military to private ownership, appropriate

provisions will be incorporated in the property transfer documents to ensure continued enforcement of

controls.  Administrative implementability of the monitoring component of Groundwater Alternative 2

should also be simple and it would not require the securing of permits.

The administrative implementation of Groundwater Alternatives 3, 4, and 5 would be slightly more difficult

than that of Groundwater Alternative 2, because in addition to the same requirements as Groundwater

Alternative 2, these three alternatives would also require the securing of permits for the construction of

groundwater treatment systems.  However, these permits should be relatively easy to obtain. 
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Groundwater Alternative 5 would also have to meet the substantive requirements of an National Pollutant

Discharge Elimination System (NPDES) permit for discharge of treated groundwater to surface water.

• Cost

The capital and O&M costs and the NPW of the groundwater remedial alternatives were estimated to be

as follows:

Groundwater Alternative Capital NPW of O&M (years) NPW (years)
1 $0 $0 $0
2 $5,000 $519,000 (20 Years) $52400 (20 Years)
3 $1,265,000 $352,000 (5 Years) $1,617,000 (5 Years)
4 $1,636,000 $564,000 (5 Years) $2,200,000 (5 Years)
5 $1,109,000 $1,542,000 (15 Years) $2,651,000 (15 Years)

The above cost figures have been rounded to the nearest $1,000 to reflect the preliminary nature of these

estimates.  A detailed breakdown of cost estimates is provided in Appendix D.
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1.0  INTRODUCTION

This Feasibility Study (FS) report for Operable Unit (OU) 9, Sites 57 and 58 at the former Naval Air

Station (NAS) Cecil Field, Jacksonville, Florida has been prepared by Tetra Tech NUS, Inc. (TtNUS) for

Southern Division, Naval Facilities Engineering Command (SOUTHDIVNAVFACENGCOM) under the

Navy Comprehensive Long-Term Environmental Action Navy (CLEAN) Program, Contract Number

N62467-94-D-0888, Contract Task Order (CTO) 0078.  This FS report describes the formulation and

evaluation of remedial alternatives for contaminated soil at Site 58 and groundwater at Sites 57 and 58.

The Remedial Investigation (RI) for these sites concluded that no further action is required for soil at

Site 57 other than for the soil associated with Day Tank 1 which is being evaluated under the Petroleum

Program.  (TtNUS, 2002).

The FS was conducted to establish Remedial Action Objectives (RAOs) and Cleanup Goals; screen

remedial technologies; and assemble, evaluate, and compare remedial alternatives.  This FS focuses on

a small area of surface soil contamination detected at Site 58 and on the groundwater contaminant

plumes that have been delineated at Sites 57 and 58. 

1.1 SITES DESCRIPTION AND BACKGROUND

1.1.1 Site 57

Figure 1-1 provides a site location map for Site 57, and Figure 1-2 provides the site layout and existing

monitoring well locations.  The Base Realignment and Closure (BRAC) Cleanup Team (BCT) made a

decision that the Building 824/824A and Day Tank 1 area groundwater contamination would be

investigated in its entirety under the Installation Restoration (IR) program, as governed by the

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Combining the

evaluation of this area under one program will expedite the remedial process, prevent duplication of

efforts, and provide a comprehensive investigative approach.  Previous investigations in the Site 57 area

were conducted under the petroleum and CERCLA/IR programs.  Site 57 consists of Day Tank 1 area,

MB-18 wells, and other wells installed under the BRAC program in the areas of Buildings 293, 846, and

1848.  Buildings associated with Site 57 include 824/824A, 293, 817, 824ALS, 825, 825LS, 841, 852,

870, and 1848.  Although the Day Tank 1 area is physically located within Site 57, the soil of this area is

currently being investigated and remediated as part of the Petroleum Program and thus will not be

evaluated in this FS.

Building 824, built in 1957, and Building 824A, annexed in 1988, were used as an electronics

maintenance and support facility for jet aircraft.  The buildings were used for testing and repair of
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electrical equipment including activities such as welding, painting, sandblasting, hydraulics repair,

corrosion control, and parts cleaning.  Floor drains in various areas of the building reportedly discharged

to the sanitary sewer system.  Wastewater from parts cleaning activities outside the building reportedly

drained into the storm sewer system.  Building 293, the Day Tank 1 administrative office building, was

constructed in 1955.  

Building 817, constructed in 1971, housed diesel-powered generators for use at Building 825, an aircraft

hangar, if Main Base power was unavailable.  Buildings 824ALS and 825LS are sanitary sewer lift

stations that received discharges for over 20 years from Building 824/824A and outside aircraft wash

racks, respectively.  Building 825 was built in 1966 and was used as an aircraft storage and maintenance

area and also used a hazardous waste satellite accumulation point.  Building 841, constructed in 1993,

was a flammable materials locker used for the storage of hazardous materials and petroleum products.

The locker was located on a raised grassy area next to the paved aircraft wash rack between Buildings

824 and 825.  Wash water from the rack discharged to storm drains in the pavement and eventually to

storm sewers.  

Building 846, the ground support equipment storage facility, was constructed in 1974 and was used to

temporarily store equipment and materials until they were transferred to Building 1846.  Hazardous

materials reportedly stored at this facility included hydraulic fluid, jet fuel, compressed gas, epoxy resin,

and petroleum naphtha.  Buildings 852 and 870, constructed in 1988 and 1980, respectively, were used

as hazardous materials storage lockers.  Materials stored in these lockers may have included paint, floor

adhesive, epoxy resin, polyamide epoxy, aliphatic naphtha, paint thinner, polyurethane coating, hydraulic

fluid, and insulating oil.  Building 1848 was built in 1985 and was used to store ground support equipment

before it was issued for use on the runway [ABB Environmental Services, Inc. (ABB-ES), 1994].    

The Day Tank 1 site is the former location of a 200,000-gallon aboveground storage tank (AST) that

received jet fuel from the North Fuel Farm and supplied it to high-speed refuelers along the flightline.  A

retention pond north of the tank received wastewater and drained to the storm sewer system.  Numerous

spills have been reported over the course of site operations.  As previously mentioned, the Day Tank 1

area is currently being investigated and remediated as part of the Petroleum Program and will not be

evaluated in this FS.

1.1.2 Site 58

Figure 1-3 provides a site location map for Site 58, and Figure 1-4 provides the site layout and existing

monitoring well locations.  Previous investigations in this area were conducted under the petroleum

program to investigate the aircraft wash rack.  Investigations identified that groundwater was
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contaminated with chlorinated compounds; therefore, the BCT made a decision that this area would be

investigated under the IR program.

Building 312, a corrosion control hangar, was built in 1957 and previously housed administrative offices

and two paint booths.  Activities conducted in this building included sanding, priming, and corrosion

control for jet aircraft and equipment.  Associated structures included an abandoned hydraulic lift, an

aircraft wash rack, an oil-water separator, and a waste oil underground storage tank (UST).  Wastewater

from the wash rack appears to have discharged to the storm sewer and sanitary sewer systems.

Building 312LS, a sanitary sewer lift station built in 1957, served Building 312 and the wash rack.  A small

unnumbered building to the northeast of Building 312 was used as a hazardous waste satellite

accumulation point (ABB-ES, 1994).   

1.2 SITE INVESTIGATIONS

1.2.1 Site 57

The following investigations and studies have been conducted in and around Site 57:

• A contamination assessment conducted in 1996 documented soil and groundwater contamination at

the site, and a Remedial Action Plan (RAP) was subsequently developed for the excavation of

20,000 tons of soil and installation of a biosparging/vapor collection groundwater remediation system

(ABB-ES, 1997).  In November 1999, the AST and approximately 24,000 tons of petroleum-

contaminated soil were removed.  Startup of the biosparge/vapor collection system was on

February 29, 2000.

• As part of the Sampling and Analysis Outline and Report (SAOR) at Main Base Area 18 (MB-18),

trichloroethene (TCE) and 1,1-dichloroethane (DCA) were detected in a direct-push technology (DPT)

groundwater sample (85Q01301) collected from 13 feet below ground surface (bgs) in a temporary

well located southeast of Building 824A [Harding Lawson Associates (HLA), 1999a].  The

concentration of TCE detected was greater than the Florida Department of Environmental Protection

(FDEP) Groundwater Cleanup Target Level (GCTL).  A permanent monitoring well, CEF-824A-01Sa,

was installed at this location, and analytical results from the sample identified as 85G01801 showed

naphthalene and 2-methylnaphthalene at concentrations in excess of their GCTLs, and 1,1-DCA at a

concentration less than its GCTL.  TCE was not detected in this sample.  This permanent well was re-

sampled in May 2000, and analytical data indicated TCE and 2-methylnaphthalene at concentrations

in excess of their GCTLs and naphthalene at a concentration less than its GCTL [Tetra Tech NUS,

Inc. (TtNUS), 2000].  
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• Because of the proximity of existing wells installed and sampled as part of the Day Tank 1

investigation to the 824A wells and because of the presence of common groundwater contaminants

(petroleum-related and chlorinated), it was decided that a more comprehensive evaluation of

groundwater in the area was necessary.  Four additional shallow monitoring wells (CEF-824A-02S

through CEF-824A-05S) were installed to delineate groundwater contamination detected during the

previous sampling and were sampled along with CEF-824A-01Sa in July 2000.  In September 2000,

an intermediate well (CEF-824A-06I) was installed at the CEF-824A-01Sa location, and a shallow

well (CEF-824A-07S) was installed downgradient (southeast) of CEF-824A-01Sa to the north of the

storm sewer running east-west through the area (TtNUS, 2000).  The intermediate well was installed

to investigate potential vertical migration of contamination, and CEF-824A-07S was installed to

investigate potential impacts of the storm sewer on contaminant migration.  These wells, along with

six wells from the Day Tank 1 monitoring program (CEF-293-10, -11, -19, -20, -21, and –22) and

CEF-825LS-1S, were sampled in January 2001.  In addition, a round of synoptic water level

measurements was obtained to investigate groundwater flow conditions.

• A quarterly groundwater monitoring program is ongoing for the biosparging and soil vapor extraction

system at Day Tank 1.  This program includes sampling of wells CEF-293-4, -9, -13, -20, and -21,

and eight vapor extraction wells (VEW-1 through VEW-8) and analysis for volatile organic compounds

(VOCs) and semivolatile organic compounds (SVOCs).  VEW-1 was not sampled during the quarterly

events, and VEW-2 was not sampled during the third quarterly event due to the presence of free

product in these wells.  VEW-1 has been bailed weekly since October 2000, and as of February 2001,

approximately 10 gallons of free product had been recovered.  The thickness of free product did not

significantly decrease in VEW-1 during this time period.  Free product was minimal in VEW-2 after

June 2000, and no recovery has been conducted at this well (CH2MHill, 2001). 

• A semi-annual groundwater monitoring program for Day Tank 1 was also implemented, which

includes collection of samples from wells CEF-293-4, -11, -13, -14, -19, -20, and -21 and analysis for

benzene, ethylbenzene, toluene, xylenes (BTEX), methyl tert-butyl ether (MTBE), and polynuclear

aromatic hydrocarbons (PAHs).

• A groundwater investigation was performed as part of the RI (TtNUS, 2002).  The objective of this

investigation was to evaluate the nature and extent of groundwater contaminated with chlorinated

VOCs and BTEX in the Building 824A/Day Tank 1 area.  Ten new permanent wells, including five

shallow, three intermediate, and two deep wells, were installed in the shallow Surficial Aquifer to

delineate the horizontal and vertical extent of groundwater contamination.  Shallow wells were

installed to a depth of 15 feet bgs, intermediate wells were installed to 40 feet bgs, and deep wells

were set at the bottom of the surficial sand unit.  One round of groundwater level measurements and
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sampling were performed in September 2001 on the 10 new wells and 31 existing wells.  Two of the

new wells and four of the existing wells were re-sampled in December 2001.  Samples were analyzed

for VOCs, PAHs, and total recoverable petroleum hydrocarbons (TRPH).  In addition, samples

collected from nine selected wells were analyzed for natural attenuation parameters.

• A free product investigation was performed as part of the RI.  The objective of this investigation was

to delineate the extent of the area of floating free product previously detected well CEF-293-VEW01.

Thirteen temporary wells were installed to a depth of 15 feet bgs using DPT.  Depth to groundwater

and depth to free product were measured in these wells (TtNUS, 2002).

• As part of the RI, one surface water sample was collected at the discharge of the storm sewer in the

area of wells CEF-824A-03S and -07S to investigate the potential impact of infiltration of

contaminated groundwater into the storm sewers.  Specific capacity (SPECAP) tests were performed

in one shallow and one intermediate well to determine the hydrogeological characteristics of the

Surficial Aquifer.  Also as part of the RI, a soil sample was collected from the 36 to 38 feet bgs

interval in well CEF-824A-15I and analyzed for geotechnical characteristics (grain size, porosity,

specific gravity, and bulk density). 

1.2.2 Site 58

The following investigations and studies have been conducted in and around Site 58:

• As part of field activities associated with the Sampling and Analysis Report (SAR), two groundwater

samples, two sediment samples, and one subsurface soil sample were collected (ABB-ES, 1996).

Sediment and subsurface soil samples were analyzed for SVOCs, pesticides, and inorganic

compounds, and groundwater samples were analyzed for VOCs, SVOCs, and inorganic compounds.

Groundwater samples were collected from wells CEF-312-01, located southeast of the wash rack

catch basin, and CEF-312-02, located at the northeast corner of Building 312.  Sediment samples

were collected from a drainage swale south of Building 312 that received discharge from the wash

rack.  The subsurface soil sample was collected from 2 to 3 feet bgs at a location adjacent to the

subsurface hydraulic lift cylinder housing.  Naphthalene, aluminum, arsenic, iron, and manganese

were detected in unfiltered groundwater samples at concentrations greater than screening criteria.

Arsenic was detected in sediment in excess of screening criteria.  No analytes were detected in

subsurface soil in excess of screening criteria.  Based on human health and ecological Preliminary

Risk Evaluations (PREs) performed as part of the SAR investigation, it was concluded that

concentrations of analytes in groundwater, sediment, and subsurface soil did not pose risks to human

health or the environment.
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• To investigate previous exccedances of groundwater criteria, monitoring well CEF-312-01 was

resampled in 1999 for total and dissolved iron and manganese and naphthalene.  Total and dissolved

manganese concentrations were less than their FDEP GCTL and NAS Cecil Field Inorganic

Background Data Set (IBDS) value (HLA, 1998).  Total and dissolved iron concentrations were

greater than their GCTL and IBDS value, and the naphthalene concentration was greater than its

GCTL.  Based on the SAR Addendum issued with these results, it was decided that the groundwater

at the site would be evaluated under the petroleum program (TtNUS, 1999).

• The Phase I Groundwater Assessment included the installation and sampling three shallow

monitoring wells at the site.  CEF-B312-1S was installed west of existing well CEF-312-01, and

CEF-B312-02S and CEF-B312-03S were installed northeast and southeast, respectively, of

CEF-312-01.  Groundwater samples from these wells were analyzed for constituents of the FDEP

Kerosene Analytical Group (KAG) including VOCs, PAHs, and lead (FDEP, 1999d).  Naphthalene

and TRPH concentrations exceeded their GCTLs in the three wells, and the vinyl chloride

concentration detected in well CEF-B312-03S exceeded its GCTL.  

• The Phase II Groundwater Assessment included installation of five additional shallow wells

(CEF-B312-04S, -05S, -06S, -07S, and -08S) and one intermediate well (CEF-B312-01I).

Groundwater samples were collected from CEF-312-01 and the nine new and existing Phase I and

Phase II wells and analyzed for KAG parameters.  Exceedances of GCTLs in Phase II sampling

included:

- CEF-312-01 – Naphthalene

- CEF-B312-01S – 1-Methylnaphthalene, 2-methylnaphthalene, naphthalene, and TRPH

- CEF-B312-02S – Naphthalene 

- CEF-B312-03S – Naphthalene, vinyl chloride, and 1,1-dichloroethene (DCE)

- CEF-B312-06S – Naphthalene

- CEF-B312-08S – 1-DCE, 1,1-DCA, naphthalene

Based on the results of the Phase I and Phase II Groundwater Assessments, it was decided that

groundwater in the Building 312 area would be addressed under the IR program.

• A groundwater investigation was performed as part of the RI.  The objective of this investigation was

to evaluate the nature and extent of groundwater contaminated with chlorinated compounds,

naphthalene, and BTEX in the Building 312 area.  A total of seven new permanent wells, including six

shallow and one intermediate well, were installed to delineate the horizontal and vertical extent of

groundwater contamination.  Shallow wells were installed to approximately 15 feet bgs, and the
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intermediate well was installed to a depth of 40 feet bgs.  One round of groundwater level

measurements and sampling was performed in September 2001 on the seven new wells and eleven

existing wells.  In December 2001, a second round of groundwater level measurements was

performed and one well (CEF-B312-08S) was re-sampled.  Samples were analyzed for VOCs, PAHs,

and TRPH.  In addition, samples collected from five selected wells were analyzed for natural

attenuation parameters.  Three chlorinated VOCs [1,1,1-trichloroethane (1,1,1-TCA), 1,1-DCA, and

1,1-DCE] and xylenes were detected in well CEF-B312-08S at concentrations greater than the

GCTLs in the September 2001, but not in December 2001.  Naphthalene and TRPH were detected at

concentrations greater than GCTLs both in September and December 2001.

• As part of the RI, a SPECAP test was performed in one shallow well to determine the hydrogeological

characteristics of the Surficial Aquifer.  Three sediment samples were collected from the drainage

ditch south of Building 312 to investigate potential migration of contaminants.  These samples were

analyzed for VOCs, PAHs, and TRPH.  Also as part of the RI, a soil sample was collected from the

6 to 8 feet bgs interval in well CEF-B312-10S and analyzed for geotechnical characteristics (grain

size, porosity, specific gravity, and bulk density).

1.3 SUMMARY OF INVESTIGATIONS FINDINGS

1.3.1 Nature and Extent of Soil Contamination

Analytical results for soil samples collected at Site 58 are summarized on Table 1-1 and illustrated on

Figure 1-5.  Although these samples were collected in a drainage ditch and were therefore classified

during the RI as sediment samples, this ditch is almost always dry and, for the purpose of this FS, these

samples are classified as soil.  As indicated by the results of the RI, a small area in the vicinity of

sampling location CEF-B312-SD-001 that received discharges from the aircraft wash rack had

concentrations of PAHs in excess of the FDEP Soil Cleanup Target Levels (SCTLs) for direct residential

exposure (FDEP, 1999a).  Samples collected downstream did not have PAH exceedances.

1.3.2 Nature and Extent of Groundwater Contamination

1.3.2.1 Site 57

Analytical results for the groundwater samples collected at Site 57 are summarized on Table 1-2 and

illustrated on Figures 1-6 through 1-8.  As indicated by these results, a Site 57 Petroleum Plume, defined

by benzene concentrations greater than the GCTL of 1.0 microgram per liter (µg/L), extends from the

eastern side of Building 846 toward the southeast to the area east of Building 824A.  This plume outline

also generally encompasses exceedances of toluene, ethylbenzene, xylenes, PAHs, and TRPH.  Just

east of Building 846, the Site 57 Petroleum Plume is limited to the shallow portion of the Surficial Aquifer,
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but extends into the intermediate zone to the west (CEF-824A-12I).  The Site 57 Petroleum Plume

extends approximately 750 feet to the southeast and has an average width of approximately 225 feet.

A Site 57 TCE Plume, defined by TCE concentrations greater than the GCTL of 3 µg/L, is centered to the

east of the Site 57 Petroleum Plume and partially overlaps that plume.  The Site 57 TCE Plume reaches

down to the intermediate zone of the Surficial Aquifer and, with the exception of the 1,1-DCE exceedance

at CEF-824A-08S, the outline of this plume encompasses other chlorinated exceedances at Site 57.  The

Site 57 TCE Plume extends approximately 250 feet to the southeast and has an average width of

approximately 180 feet.

Chlorinated VOCs detected during the RI and in previous investigations in wells to the southeast of the

Site 57 TCE Plume (CEF-824A-01Sa, CEF-824A-07S, CEF-824A-08S) do not appear to be associated

with that plume as defined by current data.  The lack of detections of chlorinated VOCs in wells

CEF-293-20, CEF-293-21, and CEF-824A-04S, located between the downgradient edge of the plume and

these wells, support this conclusion.  Exceedances of GCTLs by chlorinated VOCs are limited to the

shallow portion of the Surficial Aquifer in both of these areas.  No potential sources of chlorinated VOCs

were identified in either area and the presence of that type of contamination is likely a result of past spills,

leaks, and/or poor materials handling practices.  Solvents were reportedly used and stored in several

buildings associated with Site 57.

A surface water sample collected from the storm sewer outfall that receives discharge from Site 57

indicates that surface water quality is not being affected by contaminated groundwater potentially

infiltrating into the storm sewer.  Surface water analytical data are summarized on Table 1-3.

An area of floating free product, approximately 400 square feet (ft2) in size, was also delineated during the

RI.  This area is located east of the Day Tank 1 excavation area and extends beneath Building 846.  The

suspected source of the free product is a pipeline that transported fuel from Day Tank 1 to the north-south

high-speed refueler.  The line was capped, but not purged, during Day Tank 1 excavation activities.

Because the Navy decided to address this area of floating free product under the ongoing remedial

activities for Day Tank 1, it will not be further evaluated in this FS.

1.3.2.2 Site 58

Analytical results for the groundwater samples collected at Site 58 are summarized on Table 1-4 and

illustrated on Figures 1-9 through 1-11.  As indicated by these results, naphthalene was detected in

excess of its FDEP GCTL in four shallow wells and the Site 58 Naphthalene Plume is delineated by

naphthalene concentrations greater than the GCTL of 20 µg/L.  This plume is located southeast of

Building 312 and is approximately 230 feet by 100 feet in size.  This Site 58 Naphthalene Plume
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encompasses the TRPH exceedance at CEF-B312-01S, which is the only other confirmed GCTL

exceedance detected during the RI.  The outline of the Site 58 Naphtahlene Plume also encompasses

well CEF-B312-08S where three chlorinated VOCs (1,1-DCA, 1,1-DCE, 1,1,1-TCA) and xylenes were

detected at concentrations greater than their GCTLs during the September 2001 sampling but not during

the December 2001 sampling.

1.3.3 Human Health Risk Assessment

1.3.3.1 Site 57

The PRE performed as part of the RI for Site 57 indicates that exposure to soil and groundwater could

potentially result in adverse health effects (TtNUS, 2002).  Constituents resulting in incremental cancer

risks (ICRs) exceeding the United States Environmental Protection Agency (U.S. EPA) risk range of

1.0E-06 to 1.0E-04 and the FDEP’s target risk of 1.0E-06 include benzene, 1,1-DCE, and TCE.

Constituents resulting in non carcinogenic risks exceeding the allowable Hazard Quotient (HQ) of 1.0

include cis-1,2-DCE and naphthalene.

1.3.3.2 Site 58

The PRE performed as part of the RI for Site 58 indicates that exposure to groundwater could potentially

result in adverse health effects (TtNUS, 2002).  Some naphthalene concentrations could result in non

carcinogenic risks exceeding a HQ of 1.0.  The PRE also established that adverse effects would be

expected as a result of direct residential exposure to soil from the drainage ditch.

1.3.4 Ecological Risk Assessment

Sites 57 and 58 consist primarily of buildings and parking lots.  Most areas are either paved or consist of

buildings.  The limited terrestrial habitat is of marginal quality and results in little use of the site by

terrestrial wildlife; therefore, the soil exposure pathway is negligible, and an ecological risk assessment

was not conducted for soil contaminants.

1.4 DOCUMENT ORGANIZATION

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

in the RI/FS Guidance Document (U.S. EPA, 1988).  This report features the following five section:

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

information, summarizes findings of the RI, and provides the report outline.  
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• Section 2.0, RAOs and General Response Actions (GRAs), presents the RAO, identifies Applicable

or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) criteria, develops

soil and groundwater cleanup goals and associated GRAs, and provides an estimate of the volume of

contaminated media 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 will be assembled into remedial alternatives.  

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

technologies retained from the Section 3.0 screening process into multiple soil and groundwater

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

alternatives in accordance with seven CERCLA criteria. 

• 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 CERCLA analysis criteria

used in Section 4. 
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TABLE 1-1 

SUMMARY OF SITE 58 SOIUSEDIMENT RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

FDEP 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PARAMETER 
CEF-B312-SD-001 

Residential Leachability CEF-B312-SD-002 CEF-B312-SD-003 
~-----------------,---------------------i SCTL SCTL Sample 

POLYNUCLEAR AROMATIC HYDROCARBONS PAHs) ( Ik) . . 
Benzo(a)anthracene 1,400 3,200 2650(1) 430 U(l) 

Benzo(a)pyrene 100 8,000 3030(1) 108(1) 

Benzo(b)fluoranthene 1,400 10,000 1570(2) 

Benzo ,h,i e lene 2,300,000 32,000,000 3400 245 
Benzo k fluoranthene 15,000 25,000 775 59.1 J 
Ch sene 140,000 77,000 2770 430 U 

Dibenzo(a,h)anthracene 100 3 ,000 301 J(l) 86 U(l) 

Fluoranthene 2,900,000 1,2 0,000 6790 
Indeno(1,2,3-cd)pyrene 1,500 28,000 2030(2) 
Phenanthrene 2,000,000 250,000 5790 
P rene 2,200,000 880,000 5820 
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS TRPH 

TRPH 340 340 192(2) 

NOTES: 

U = Not detected at or above detection limit (associated value). 

J = Estimated concentration. 

240 J 

430 U 
209 J 

400 U 420 U 

78.3 J 84 U 

70.7 J 84 U 
152 84 U 

44.4 J 84 U 
400 U 420 U 
80 U 84 U 
169 J 420 U 
87.7 84 U 

400 U 420 U 
178J 420 U 

127 83.8 

FDEP SCTls = Florida Department of Environmental Protection Soil Cleanup Target levels from Florida Administrative Code (FAC) 62-777 (FDEP, 1999). 

Bolded values exceed detection limit. 

Shaded values exceed residential SCTl. 

1 Average of sample and duplicate exceeds residential SCTl. If sample or duplicate is non-detect, one-half the detection limit used to calculate average. 

2 Average of sample and duplicate does not exceed residential SCTl. If sample or duplicate is non-detect, one-half the detection limit used to calculate average. 
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TABLE 1-2 

SUMMARY OF SITE 57 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 1 OF6 

PARAMETER CLEANUP CEF-293-1 CEF-293-3 CEF-293-4 CEF-293-5 CEF-293-8 CEF-293-10 
GOAL(1) 

SEMIVOLATILE ORGANIC COMPOUNDS (SVOCs) (uglL) 

Acenaphthene 20 4.4 U 4.4 U 4.4 U 4 U 4.4 U 4.4 U 

1-Methylnaphthalene 20 2.2 U 2.2 U 2.2 U 2 U 2.2 U 2.2 U 

2-Methylnaphthalene 20 2.2 U 2.2 U 2.2 U 2 U 2.2 U 2.2 U 
Naphthalene 20 2.2 U 2.2 U 2.2 U 2 U 2.2 5.6 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (TRPH) (mg/L) 

CEF-293-11 

Sep-01 I Dec-01 

60.4 84.8 

57.5 84.8 

126 155 

~IT_R_PH ____________ ~I ___ 5~~I~~0_.2~54~J~I~~0~.2~8~U~~1~~0~.2~8_U~~~0~.2~8~U~~ __ 0~.6~4~3 __ ~ __ 0~.3~3~5 __ ~ __ ~2~.46~~IIIEIBIII 
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PARAMETER 

TABLE 1-2 

SUMMARY OF SITE 57 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

CEF-293-13 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 2 OF6 

CEF-293-14 CEF-293-15D CEF-293-19 CEF-293-20 
TARGET 

CLEANUP 
GOAL(1) 1------r------1 

5 0.404 0.372 0.944 0.28 U 4.44 0.58 

CEF-293-21 
CEF-293-22 

I----~----I 

0.269 0.242 J 0.946 



PARAMETER 

Acenaphthene 

1-Methylnaphthalene 

2-Methylnaphthalene 

Naphthalene 

TRPH (mg/L) 

ITRPH 

() 
-i 
0 
0 
0 
-...I 
CD 

TABLE 1-2 

SUMMARY OF SITE 57 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 3 OF 6 

TARGET CEF-824A-01 Sa CEF-824A-4S 
CLEANUP CEF-824A-01S CEF-824A-2S CEF-824A-3S CEF-824A-5S CEF-824A-61 
GOAL(1) t--S-e-p-_0-1--r--o-eC--O-1--I t-----r-----I 

71.6 51.9 

20 2.4 J 4.4 U 4 U 4.4 U 4 U 8.8 U 8.8 U 4.4 U 4.4 U 

20 2 U 2.1 J 1.2 J 0.93 J 2 U 7.8 7.4 2.2 U 2 U 

20 2 U 3.7 2 1.6 J 2 U 8.9 8.6 2.2 U 2 U 

20 2 U 2.2 U 2 U 2.2 U 2 U 30.3 30.8 2.2 U 2 U 

5 0.28 U 0.482 0.438 0.28 U 0.25 U 1.72 1.69 0.28 U 0.267 
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TARGET 
PARAMETER CLEANUP 

GOAL(1) 

TABLE 1-2 

SUMMARY OF SITE 57 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 4 OF 6 

CEF-824A-7S CEF-S24A-11S 
CEF-S24A-SS CEF-S24A-9S CEF-S24A-10S 

Sep-01 I Dec-01 Sep-01 J Dec-01 

25.5 24.6 

30.4 30.9 

~ 25.7 

CEF-S24A-121 CEF-S24A-13D 

~IT_R_PH ____________ ~ ___ 5~~~ __ 1~.6_7 __ ~ ___ 2_.1~3 __ ~~O~.3~O~U~~ __ O~.3~5~2 __ ~ __ ~4~.S~3~1IIIImIIIIIIIII~ __ 3_.2_S __ ~ __ O_.2_5_U __ ~ 
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PARAMETER 

SVOCs (ug/L) 

Acenaphthene 

1-Methylnaphthalene 

2-Methylnaphthalene 

Naphthalene 

TRPH (mg/L) 

ITRPH 

TARGET 
CLEANUP 
GOAL(1) 

20 

20 

20 

20 

5 

TABLE 1-2 

SUMMARY OF SITE 57 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

CEF-824A-14S 

4 U 

2 U 

2 U 

2 U 

2.01 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 5 OF 6 

CEF-824A-151 CEF-824A-16D CEF-824A-17I CEF-824A-18S 

4 U 4.4 U 4.4 U 4.4 U 

2.0 2.2 U 2.2 U 2.2 U 

2 U 2.2 U 2.2 U 2.2 U 

2.4 2.2 U 2.2 U 2.2 U 

1.21 0.28 U 0.533 0.28 U 

CEF-824A-19S 

4 U 

2 U 

2 U 

2 U 

0.28 U 

CEF-824A-20S CEF-824A-21 1** 

4.4 U 4 U 

2.2 U 10.5 

2.2 U 13.3 

2.2 U 6.3 

0.28 U 0.744 
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TABLE 1-2 

SUMMARY OF SITE 57 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

TARGET CEF-824A-22S" 
PARAMETER CLEANUP 

GOAL(1) Sample I 
VOCs (uglL) 

Acetone 700 50 U 

Benzene 1 1 U 

Chloroform 5.7 2 U 

cis-1 ,2-Dichloroethene 70 2 U 

1,1-Dichloroethane 70 2 U 

1,1-Dichloroethene 7 2 U 

Ethylbenzene 30 2 U 

4-Methyl-2-pentanone 560 10 U 

Methylene chloride 5 5 U 

Methyl tert-butyl ether 50 2 U 

Tetrachloroethene 3 2 U 

Toluene 40 2 U 

trans-1,2-Dichloroethene 31 2 U 

Trichloroethene 3 2 U 

Xylenes, total 20 6 U 

SVOCs (uglL) 

Acenaphthene 20 4 U 

1-Methylnaphthalene 20 2 U 

2-Methylnaphthalene 20 2 U 

Naphthalene 20 2 U 

TRPH (mglL) 

ITRPH 5 0.28 U 

U ; Not detected at or above method detection limit as listed. 
J ; Estimated value. 
NA ; Not analyzed. 
NC ; No criterion. 

Duplicate 

50 U 

1 U 

2 U 

2 U 

2 U 

2 U 

2 U 

10 U 

5 U 

2 U 

2 U 

2 U 

2 U 

2 U 

6 U 

4.8 U 

2.4 U 

2.4 U 

2.4 U 

0.28 U 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 6 OF 6 

CEF-825LS-1 S 
CEF-16-38S 

Sample I Duplicate 

50 U 50 U 50 U 

1 U 1 U 1 U 

2 U 2 U 2 U 

2 U NA 2 U 

2 U 1 U 2 U 

2 U 1 U 2 U 

2 U 1 U 2 U 

10 U 10 U 10 U 

5 U 5 U 5 U 

2 U 2 U 2 U 

2 U 1 U 2 U 

2 U 1 U 2 U 

2 U 1 U 2 U 

2 U 1 U 2 U 

6 U 6 U 6 U 

4 U 4.4 U 4.4 U 

2 U 2.2 U 2.2 U 

2 U 2.2 U 2.2 U 

2 U 2.2 U 2.2 U 

0.203 J 0.28 U 0.25 U 

CEF-16-391 CEF-16-40D 
REGION IX 

PRGs(2) 

50 U 50 U 610 

1 U 1 U 0.35 

2 U 2 U 0.16 

2 U 2 U 61 

2 U 2 U 810 

2 U 2 U 0.046 

2 U 2 U 1300 

10 U 10 U 160 

5 U 5 U 4.3 

2 U 2 U 20 

2 U 2 U 1.1 

2 U 2 U 720 

2 U 2 U 120 

2 U 2 U 1.6 

6 U 6 U 1400 

4.4 U 4.4 U NC 

2.2 U 2.2 U NC 

2.2 U 2.2 U NC 

2.2 U 2.2 U 6.2 

0.25 U 0.25 U NC 

RI sampling was conducted in September/October 2001. 
(1) FDEP GCTL, FAC. 62-777,1999. 
(2) U.S. EPA Region IX PRGs. 
(3) U.S. EPA federal MCLs. 
• Total of 0-, m-, and p-xylenes. 

FEDERAL 
MCLs(3) 

NC 

5 

NC 

70 

NC 

7 

700 

NC 

NC 

NC 

5 

1000 

100 

5 

10000 

NC 

NC 

NC 

NC 

NC 

Bolded values exceed detection limits. 
Shaded values exceed target cleanup goals. •• Wells CEF-824A-21I and CEF-824A-22S were installed in December 2001. 



\ 

040207/P 

TABLE 1-3 

SUMMARY OF SITE 57 SURFACE WATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

NAVAL AIR STATION CECIL FIELD 

PARAMETER 
TARGET CLEANUP 

GOAL(1) 

VOLATILE ORGANIC COMPOUNDS (VOCs) (uglL) 

Benzene 71.28 

cis-1,2-Dichloroethene NC 

1,1-Dichloroethane NC 

1,1-Dichloroethene 3.2 

Ethylbenzene 605 

Tetrachloroethene 8.85 

Toluene 475 

trans-1,2-Dichloroethene 11000 

T richloroethene 80.7 

Xylenes, total 370 

SEMIVOLATILE ORGANIC COMPOUNDS (SVOCs) (uglL) 

1-Methylnaphthalene 95 

2-Methylnaphthalene 30 

Naphthalene 26 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (TRPH) (mg/L) 

ITRPH I 5 I 
NOTES: 

j 

CEF-824A-SW01 

1 U 

2 U 

2 U 

2 U 

2 U 

2 U 

2 U 

2 U 

2 U 

6 U 

2 U 

2 U 

2 U 

0.28 U 

(1) Florida Department of Environmental Protection (FDEP) Freshwater Surface Water Criteria, 

Forida Administrative Code (FAC) Chapter 62-777 (FDEP, 1999). 

NC = No criterion. 

, U = Not detected at or above detection limit (associated value). 

CEF-824A-SW01 was collected at Runway Outfall No.4, the discharge point for storm sewer 

runoff from the Site 57 area. 
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TABLE 1-4 

SUMMARY OF SITE 58 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

TARGET 
PARAMETER CLEANUP 

GOAL(l) 312-01 

VOLATILE ORGANIC COMPOUNDS (VOCs) (uglL) 

Acetone 700 50 U 

Benzene 1 1 U 

2-Butanone 4200 10 U 

Chloroform 5.7 2 U 

1 ,l-Dichloroethane 70 9.1 

l,l-Dichloroethene 7 2 U 

Ethylbenzene 30 0.48 J 

4-Methyl-2-pentanone 560 10 U 

Methyl tert-butyl ether 50 2 U 

Toluene 40 2 U 

Trichloroethene 3 2 U 

l,l,l-Trichloroethane 200 2 U 

Vinyl chloride 1 1 U 

Xylenes. total 20 0.60 J 

SEMIVOLATILE ORGANIC COMPOUNDS (SvOI.;S) (uglL) 

1-Methylnaphtha.". '" 20 2.2 U 
.... ... 20 ...... c.' """ .y .. • af''''' .a.""" 
Napht~,a.". '" 20 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 1 OF 3 

CEF-

312LS-olSa B312-011 B312-01S 

50 U 50 U 122 J 

1 U 1 U 1 U 

10 U 10 U 10 U 

2 U 2 U 2 U 

2 U 2 U 6.8 

2 U 2 U 2 U 

2 U 2 U 2 U 

10 U 10 U 36.9 

2 U 2 U 2 U 

2 U 2 U 1.6 J 

2 U 2 U 2 U 

2 U 2 U 2 U 

1 U 1 U 1 U 

6 U 6 U 4.1 J 

2.2 U 2.2 U 16 U 

2.2 U 2.2 U ...... 2.2 U 2.2 U 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (TRPH) (mglL) 

B312-o2S 

50 U 

1 U 

10 U 

2 U 

14.3 

2 U 

2 U 

10 U 

2 U 

2 U 

2 U 

2 U 

1 U 

6 U 

2 U 

2 U 

8.3 

B312-o3S B312-04S 

50 U 50 U 

1 U 1 U 

10 U 10 U 

2 U 2 U 

2 U 2.2 

2 U 2 U 

2 U 2 U 

10 U 10 U 

2 U 2 U 

2 U 2 U 

2 U 2 U 

2 U 2 U 

1 U 1 U 

6 U 6 U 

2 2 U 

2 U 2 U 

1.9 J 0.96 J 

I~TR_P_H ____________ ~I ____ 5 __ ~I ____ l_.3_6 __ ~I ___ o_._28 __ U __ ~ ___ 0_.2_8_U __ ~IIIIEImIIII~ __ 3_._10 ____ ~ ___ 1_.8_5 __ ~ ___ 0_.2_8 __ U __ ~ 
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PARAMETER 

TRPH (mg/L) 

I TRPH 

TABLE 1-4 

SUMMARY OF SITE 58 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE20F3 

CEF-
TARGET ~--------~--------~--------~-----------------r---------r--------~ 

CLEANUP 
GOAL(1) 

5 0.567 I 0.607 J I 

8312-065 8312-075 

2.89 0.25 U 

8312-095 8312-105 

871 811 --70.3 59.7 J 

1.29 1.18 NA 0.28 U 0.28 U 



() 

(3 
o o 
-..J 
(Xl 

TARGET 
PARAMETER CLEANUP 

GOAL(1) 

VOCs (uglL) 

Acetone 700 

Benzene 1 

2-Butanone 4200 

Chloroform 5.7 

1,1-Dichloroethane 70 

1 ,1-Dichloroethene 7 

Ethylbenzene 30 

4-Methyl-2-pentanone 560 

Methyl tert-butyl ether 50 

Toluene 40 

T richloroethene 3 

1 ,1 ,1-Trichloroethane 200 

Vinyl chloride 1 

Xylenes, total 20 

SVOCs (ug/L) 

1-Methylnaphthalene 20 

2-Methylnaphthalene 20 

Naphthalene 20 

TRPH (mg/L) 

I TRPH 5 

NOTES: 

NA = Not analyzed. 
Bolded values exceed detection limits. 
Shaded values exceed GCTLs. 

TABLE 1-4 

SUMMARY OF SITE 58 GROUNDWATER RI ANALYTICAL DATA 
OU 9, SITES 57 AND 58 FEASIBILITY STUDY 

8312-11S 

50 U 

1 U 

10 U 

2 U 

5.7 

1.6 J 

1.1 J 

10 U 

2 U 

2 U 

2 U 

2 U 

1 U 

3 J 

3.5 

2 U 

2 U 

2.19 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 3 OF 3 

CEF-

8312-12S 8312-13S 8312-14S 

50 U 50 U 50 U 

1 U 1 U 1 U 

5.1 J 10 U 10 U 

2 U 2 U 2 U 

3.7 5.1 2 U 

1.8 J 2 U 2 U 

2 U 2 U 2 U 

10 U 10 U 10 U 

2 U 2 U 2 U 

2 U 2 U 2 U 

2 U 2 U 2 U 

2 U 2 U 2 U 

1 U 1 U 1 U 

6 U 6 U 6 U 

2 U 2.2 U 2 U 

2 U 2.2 U 2 U 
1.7 J 2.2 U 2 U 

0.25 U 0.84 0.25 U 

8312-151 

50 U 

1 U 

10 U 

2 U 

2 U 
2 U 

2 U 

10 U 

2 U 

2 U 

2 U 

2 U 

1 U 

6 U 

2.2 U 

2.2 U 

2.2 U 

0.28 U 

REGION IX 
PRGs(2) 

610 

0.35 

1900 

0.16 

810 

0.046 

1300 

1600 

20 

720 

1.6 

540 

0.014 

1400 

NC 

NC 

6.2 

NC 

RI sampling was conducted in September/October 2001. 
* CEF-B312-08S was resampled in December 2001. 

U = Not detected at or above method detection limit as listed. 

FEDERAL 
MCLs(3) 

NA 

5 

NA 

NA 

NC 

7 

700 

NA 

NA 

1000 

5 

200 

2 

10000 

NC 

NC 

NC 

NC 
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$ CE~293-06 

$ CEF-29:HJ5 

CEF-293--01 .. 
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$CE~293-10 

CEF-824A-211 , 

'··a·······: 
CEF-825L5-1S : ~ $ CEF-a17·1S 61. __ 

$ CEF-a2.fA·1OS 

CEF·293-11 

!lCEF-293-BPOB 

$ CEF-29J..19 

: ~2""-121 

CEF-82.fA·13D 

CEF-29J..17D 

5 CEF-293-21 

.. 
CEF-a24A"'{)2S 

.. 
~24MJ5S 

CEF--824A·14S 

$ 5 CEF-82.!A·151 .. 
CEF-824A-16D 

, 
CEF-824A·171 

CEF·8UA-07S .. 

$ CEF-293-20 

48 CEF-82.fA.22S 
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l-'-/ Storm Sewer 
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OillWater Separator 

Discharge to OillWater Separator 

x---~x 

-312-01 
iC'---ftit-t1't:F-B312-011 

S CEF-B312-05S 

X X~ 
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OillWater Separator 

315 

Former 
Wash 
Rack 

x---

CEF-B312-SD-00l 
Semi volatile Organics 
Benzo(a) anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Phenanthrene 
Pyrene 
Petroleum Hydrocarbons 
TPH (C8-C40) 

CEF-B312-SD-002 
Semi volatile Organics 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Pyrene 
Petroleum Hydrocarbons 
TPH (C8-C40) 

(ug/kg) 
2650/430 
3030/108 
1570/95 
3400/245 
775/59.1 
2770/430 
301 J/86 
6790/240 
2030/134 
5790/430 
5820/209 

(mg/kg) 
192/426 

(ug/kg) 
78.3 J 
70.7 J 
152 
44.4 J 
169 J 
87.7 
178 J 

(mg/kg) 
127 

N 

U [1400*/3200J 
[100*/8000J 
[1400/10000J 
[2300000/32000000J 

J [15000/25000J 
U [140000/77000J 
U [100* /30000J 
J [2900000/1200000J 

[1500/28000J 
U [2000000/250000J 
J [2200000/880000J 

[340/340J 

[100/8000J 
[1400/10000J 
[2300000/32000000J 
[15000/25000J 
[2900000/1200000J 
[1500/28000J 
[2200000/880000J 

.•.•.•.•...•... 

[340/340J /::,. Sediment Sample Locations 
:.... Sewer Storm Swal~-+1--- : 

CEF-B312-SD-003 · · · · · · · · · · · 
80 
I 

~C;:;E;;F;:-;;B"31;:2;:-:;;snD-:;O:;;O;-..:===~--,- Sample 10 
Petroleum Hydrocarbons (mq/kg) 
TPH (C8- 0) 83.3 {340/34 Cleanup Levels 

-----Detection Concentration 
Parameter 

a 80 Feet 
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- - - - - Sewer Storm 

- - TCE Plume 3 ug/L 
- Benzene Plume 1,10, and 100 ug/L 

~C;:;E;-;F;:-:non03:;:-:;7"S---:~===---1 ~e~~~ Interval 
[3-13I ..... .:....-------ir 

'"B:::E:::N::Z~E::;NE::....:I .... ::::::::::-O::..:..:. 6:.:7 ..... ""'==~= Groundwater C1eanup level 
Detection Concentration 
(Reported In mgfL) 
Parameter 

· · · · · · · · · · · · 

. •.. _----_ .. _ . . _---.., 

• • TRPH 

CEF-824A-07S 09 /0 1 12/01 
[5-15] 
TRPH 1. 67 2.13 

~ ..•..•...•...••.. , •.....•.. : .••••...•.•...............•.•..•. ~ . : · · · · · 
• 

CEF-016-34gp 
CEF-016-33D, 

CEF-016-32S 

S 
CEF-B24A-03S 
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DATE 
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CEF-B24A-20S 
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S Monitoring Well Locations 
:\: Sewer Storm 
IV Naphthalene Isoconcentration Contour (ug/L) 
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L=~:.::....: ..... ::::::::::::-~::.:...:~::::::=:=:= Groundwater Cleanup level 
Detection Concentration --_____ ~~::~r'n ug/L) 

x 

........ 
CEF-B312-01S 
[4 -14] 
1,1-DICHLOROETHANE 
4-METHYL-2-PENTANONE 
ACETONE 

6.8 
36.9 
122 
1.6 
4.1 

[70] 
[560] 

J [700] 
J [40] 
J [20] 

TOLUENE 
TOTAL XYLENES 

CEF-B312-08S 
[4-14] 
1,1,1-TRICHLOROETHANE 
1,1-DICHLOROETHANE 
1,I-DICHLOROETHENE 
ETHYLBENZENE 
TOLUENE 
TOTAL XYLENES 

o 

CEF-B312.09S S 
09/01 

871 * /811 * 
426*/416* 
131*/129* 
15.1 J/12.3J 
24.6/21.7 
70.3*/59.7 J* 

12 /01 

66.1 [200] 
24.1 [70] 
2 U [7] 
1.9 J [30] 
1.3 J [40] 
8.7 [20] 

CEF-B312-10S 
[4-14] 
CHLOROFORM 1 

80 Feet . 
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OillWater Separator 

CEF-312-01 
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1,1-DICHLOROETHANE 9.1 [70] 
ETHYLBENZENE 0.48 J [30] 
TOTAL XYLENES 0.60 J [20 ] 

CEF-B312-02s 
[4-14] 
1,1-DICHLOROETHANE 14.3 [70] 

1,1-DICHLOROETHANE 

Ir~~~--~:-------X:------+ 

S 
CEF·B312·07S :x 
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X TOTAL XYLENES 
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RI ANALYTICAL DATA 
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S Monitoring Well Locations 
:'.: Sewer Storm 
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13-13) +-.:.....-------11 

~B~E::.!:N",Z:::EN::!E:....:.......,::::::::-~O;..:. 6~7..J>._.:::::::[ ':)=~ Groundwater Cleanup Level 
Detection Concentration 
(Reported In uglL) 
Parameter 

........ 

CEF-B312-08S 
[4-14] 
1-METHYLNAPHTHALENE 
2-METHYLNAPHTHALENE 
NAPHTHALENE 

5.1/5.1 [20] 
4.7/4.6 [20] 
80*/76.3* [20] 
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OillWater Separator 

CEF-B312-02S 
[4-14] 

8.3 [20] 

CEF-B312-03S 
[4-14] 

2.2 U/1.3 J [20] 

1-METHYLNAPHTHALENE 2 J [20] 
NAPHTHALENE 1.9 J [20] 
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LEGEND 

S Monitoring Well Locations 
:'.: Sewer Storm 
IV Naphthalene Isoconcentration Contour (ug/L) 

r;:;=;;n;~.-----====--""'"I- SamplelD 
~;:~~~:.3-_7..::S __ .:..-______ r Well Screen Inlerval 
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2.0  REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

This section develops RAOs and derives cleanup goals for the contaminated media.  The regulatory

requirements and guidances (e.g., ARARs) that may potentially govern remedial activities are presented

in this section.  In addition, this section presents the chemicals of concern (COCs) identified in Section

1.0 and the conceptual pathways through which these chemicals may affect human health and the

environment, and thus derives the environmental media of concern.  The cleanup goals for the

contaminated media are developed in this section, and GRAs that may be suitable to achieve the cleanup

goals are presented.  Finally, this section presents an estimate of the volumes of contaminated media.

2.1 REMEDIAL ACTION OBJECTIVES

The purpose of this section is to develop RAOs for Sites 57 and 58 at NAS Cecil Field, Jacksonville,

Florida.  Development of RAOs is an important step in the FS process.  The 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 an acceptable

range contaminant level (i.e., cleanup goals) for the site.

The development of cleanup goals takes into consideration ARARs and TBCs.  Section 2.1.2 identifies

the ARARs and TBCs, 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.  RAOs may be developed to permit consideration of a range of

treatment and containment alternatives.  This FS addresses soil contamination at Site 58 and

groundwater contamination at Sites 57 and 58.  To protect the public from potential current and future

health risks, as well as to protect the environment, the following RAOs have been developed:

• Prevent unacceptable risk from exposure to Site 58 soil with concentrations of PAHs greater than the

FDEP SCTLs for residential exposure.

• Prevent unacceptable risk from exposure to Site 57 groundwater with concentrations of chlorinated

VOCs, BTEX, PAHs, and TRPH greater than the FDEP GCTLs.
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• Prevent unacceptable risk from exposure to Site 58 groundwater with concentrations of naphthalene

and TRPH greater than the FDEP GCTLs.

• Restore groundwater quality at Sites 57 and 58.

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

ARARs consist of the following:

• Any standard, requirement, criterion, or limitation under Federal environmental law.

• Any promulgated standard, requirement, criteria, or limitation under a state environmental or facility-

siting law that is more stringent than the associated Federal standard, requirement, criterion, or

limitation.

TBCs are nonpromulgated, nonenforceable guidelines or criteria that may be useful for developing a

remedial action or are necessary for determining what is protective to human health and/or the

environment.  Examples of TBCs include United States Environmental Protection Agency (U.S. EPA)

Drinking Water Health Advisories, Reference Doses (RfDs) and Cancer Slope Factors (CSFs).

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

sites under CERCLA 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 make CERCLA response actions

consistent with other pertinent Federal and state environmental requirements.

2.1.2.1 Definitions

The definitions of ARARs are given below:

• Applicable Requirements are those cleanup standards, standards of control, and other substantive

environmental protection requirements, criteria, or limitations promulgated under Federal or state law

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or

other circumstance at a CERCLA site.

• Relevant and Appropriate Requirements are cleanup standards, standards of control, and other

substantive environmental protection requirements, criteria, or limitations promulgated under Federal

or state law, while not "applicable" to a hazardous substance, pollutant, contaminant, or remedial
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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 the U.S. EPA 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.  However, pertinent TBCs will be considered along with the ARARs in

determining the necessary level of cleanup or technology requirements.

Under CERCLA Section 121(d)(4), the U.S. EPA 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; or 

• Compliance with the ARAR will not provide a balance between protecting public health, welfare, and

the environment at the facility with the availability of Superfund money for response at other facilities

(fund-balancing).  This condition only applies to Superfund-financed actions.

The National Oil and Hazardous Substance Pollution Contingency Plan (NCP) has identified 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 Maximum Contaminant Levels

(MCLs) and Clean Water Act (CWA) Ambient Water Quality Criteria (AWQC).
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• Location-Specific:  Restrictions on actions or contaminant concentrations in certain environmentally

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

wetlands, and locations where endangered species or historically significant cultural resources are

present.

• Action-Specific:  Technology- or activity-based requirements, limitations on actions, or conditions

involving special substances.  Examples of action-specific ARARs include wastewater discharge

standards.

The following section discusses contaminant- and location-specific ARARs and TBCs.  Action-specific

ARARs and TBCs are presented in Section 2.3 along with the discussion of GRAs.

2.1.2.2 Chemical-Specific ARARs and TBCs

This section presents a summary of Federal and state chemical-specific ARARs and TBCs.  These

ARARs and TBCs provide some medium-specific guidance on “acceptable” or “permissible”

concentrations of contaminants.  Tables 2-1 and 2-2 present a list of Federal and State of Florida

chemical-specific ARARs and TBCs for this FS.

2.1.2.3 Location-Specific ARARs and TBCs

This section presents a summary of Federal and state location-specific ARARs and TBCs.  These ARARs

and TBCs place restrictions on concentrations of contaminants or the conduct of activities based upon the

site’s particular characteristics or location.  Tables 2-3 and 2-4 present a list of Federal and State of

Florida location-specific ARARs and TBCs for this FS.

2.1.3 Media of Concern

Based upon the discussion in Section 1.0 involving toxicity and risk assessment for both human and

ecological receptors, soil and groundwater from the Surficial Aquifer were determined to be the two media

of concern at OU 9, Sites 57 and 58.

2.1.4 Chemicals of Concern for Remediation

2.1.4.1 Soil Chemicals of Concern 

The RI PRE identified several chemicals in the surface soil as a concern to human receptors for Site 58.

Three PAHs [benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene] were detected in surface



040207/P 2-5 CTO 0078

soil at concentrations greater than the FDEP SCTLs for direct residential exposure, and these chemicals

were therefore retained as COCs.

2.1.4.2 Groundwater Chemicals of Concern

Site 57

The RI PRE identified several chemicals in the Surficial Aquifer groundwater as a concern to human

receptors for Site 57.  Groundwater analytical data for the site were compared to the U.S. EPA’s current

drinking water standards (U.S. EPA, 1998), the U.S. EPA Region IX PRGs (U.S. EPA, 2001), the FDEP

drinking water criteria (FDEP, 1999c), and the FDEP GCTLs (FDEP, 1999a).

Three chlorinated VOCs (cis-1,2-DCE, 1,1-DCA, 1,1-DCE), BTEX, three PAHs (1- and

2-methylnaphthalene, naphthalene), and TRPH were detected in groundwater at concentrations greater

than the FDEP GCTLs.  These chemicals were therefore retained as COCs.

Site 58

The RI PRE also identified chemicals in the Surficial Aquifer groundwater as a concern to human

receptors for Site 58.  Analytical groundwater data for the site were compared to the U.S. EPA’s current

drinking water standards (U.S. EPA, 1998), the FDEP drinking water criteria (FDEP, 1999c), and the

FDEP GCTLs (FDEP, 1999a).  One PAH (naphthalene) and TRPH were detected in the groundwater at

concentrations greater than the FDEP GCTLs.  These chemicals were therefore retained as COCs.

2.2 CLEANUP GOALS

A cleanup goal is the target concentration that a COC must be reduced to within a particular medium of

concern to achieve one or more of the established RAOs.  Cleanup goals are developed to ensure that

contaminant concentrations left on site are protective of human and ecological receptors. 

For OU 9, Sites 57 and 58, Cleanup Goals were established based on the following criteria:

• Protection of human health from direct exposure to contaminated soil and groundwater

• Compliance with ARARs and TBCs to the extent practicable

2.2.1 Site 58 Soil Cleanup Goals

The Site 58 soil cleanup goals can be summarized as follows:
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Chemical of Concern Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

PAHs (µg/kg)
Benzo(a)anthracene 1 / 3 1,433 CEF-B312-SD001 1,400
Benzo(a)pyrene 2 / 3 78.3 J – 1,569 CEF-B312-SD001 100
Dibenzo(a,h)anthracene 1 / 3 172 CEF-B312-SD001 100

NOTES:
1 FDEP SCTL for residential exposure (FDEP, 1999a)

2.2.2 Site 57 Groundwater Cleanup Goals

The Site 57 groundwater cleanup goals can be summarized as follows:

Chemical of
Concern

Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

VOCs (µg/L)
Benzene 11 / 41 0.87 – 248 CEF-824A-4S 1
cis-1,2-DCE 5 / 39 0.94 - 825 CEF-293-19 70
1,1-DCA 7 / 41 1.1 – 97.2 CEF-824A-14S 70
1,1-DCE 2 / 41 5 – 33.8 CEF-824A-8S 7
Ethylbenzene 11 / 41 1 - 150 CEF-293-11 30
Toluene 7 / 41 1 - 63 CEF-293-11 40
TCE 4 / 41 1 - 43 CEF-293-19 3
Xylenes 12 / 41 1.9 - 560 CEF-293-11 20
PAHs (µg/L)
1-Methylnaphthalene 13 / 41 1.2 - 160 CEF-824A-11S 20
2-Methylnaphthalene 12 / 41 1.6 - 184 CEF-824A-11S 20
Naphthalene 15 / 41 1.2 - 396 CEF-824A-11S 20
TRPH (µg/L)
TRPH 21 / 41 203 – 14,300 CEF-824A-11S 5,000

NOTES:
1 FDEP GCTL (FDEP, 1999a)

2.2.3 Site 58 Groundwater Cleanup Goals

The Site 58 groundwater cleanup goals can be summarized as follows:



040207/P 2-7 CTO 0078

Chemical of
Concern

Frequency of
Detection

Range of
Concentrations

Location of
Maximum

Cleanup
Goal(1)

VOC (µg/L)
1,1-DCA 10/18 1.0 -4 21 CEF-B312-08S 70
1,1-DCE 2/18 1.6 - 130 CEF-B312-08S 7
1,1,1-TCA 1/18 841 CEF-B312-08S 200
PAHs (µg/L)
Naphthalene 9 / 18 1.3 - 156 CEF-B312-01S 20
TRPH (µg/L)
TRPH 9 / 18 587 - 9,000 CEF-B312-01S 5,000

NOTES:
1 FDEP GCTL (FDEP, 1999a)

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 of the others) to attain the RAO.  Action-specific ARARs and TBCs are those regulations,

criteria, and guidances that must be complied with or taken into consideration during remedial activities

on site.

2.3.1 General Response Actions

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

RAOs for the site.  Remedial action alternatives will then be assembled using GRAs singly or in

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

achieving the RAOs for each contaminated medium at the site.  

The following GRAs were considered for soil and groundwater remediation at OU 9, Sites 57 and 58:

• No Action,

• Limited Action (Natural Attenuation, Institutional Controls, Monitoring),

• Containment.

• Removal,

• In-Situ Treatment,

• Ex-Situ (On-Site or Off-Base) Treatment, and

• Disposal
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2.3.2 Action-Specific ARARs

Action-specific ARARs and TBCs are technology- or activity-based regulatory requirements or guidance

that would control or restrict remedial action.  Tables 2-5 and 2-6 present a list of Federal and state

action-specific ARARs and TBCs for this FS.

2.4 ESTIMATED VOLUMES OF CONTAMINATED MEDIA 

For remedial action purposes, volumes of contaminated soil at Site 58 and groundwater at Sites 57 and

58 were estimated based on the location of samples where COCs were detected in excess of cleanup

goals.  

2.4.1 Estimated Volume of Site 58 Contaminated Soil

Based on the analytical results of the RI, it was established that the Site 58 soil contamination where

COC concentrations exceed the cleanup goals extends only in the immediate vicinity of sampling point

CEF-B312-SD-001, which is located in the fenced-in drainage ditch extending south of Building 312.  It is

therefore conservatively assumed that the Site 58 area of contaminated soil extends over the entire width

of the drainage ditch and from the headwall of that ditch north of sampling point CEF-B312-SD-001 to the

halfway point between sampling points CEF-B312-SD-001 and –002.  Areal extent of contaminated soil is

thus estimated at approximately 2,400 square feet (ft2).  Soil contamination is assumed to extend down to

2 feet bgs, and the estimated volume of contaminated soil at Site 58 was therefore computed at

approximately 4,800 cubic feet (ft3), or 180 cubic yards (yd3).  This estimate represents a worst-case

scenario and will be verified by additional sampling prior to remediation.  The area of soil contamination at

Site 58 is illustrated on Figure 2-1, and volume computations are presented in Appendix C.1.

2.4.2 Estimated Volume of Site 57 Contaminated Groundwater

Based on the analytical results of the RI, two contaminant plumes were delineated at Site 57, including a

petroleum plume and a TCE plume.  The Site 57 Petroleum Plume is defined as that area of groundwater

where concentrations of benzene are greater than the GCTL of 1 µg/L.  The Site 57 TCE Plume is

defined as that area of groundwater where concentrations of TCE are higher than the GCTL of 3 µg/L.

The Site 57 Petroleum Plume extends over an area approximately 137,000 ft2 in size (3.1 acres) and to a

depth of ranging from 25 to 47.5 feet bgs.  Based on a water table elevation of 5 ft bgs and a porosity of

0.35 that are typical at NAS Cecil Field, the estimated volume of the Site 57 Petroleum Plume was

computed at approximately 11,100,000 gallons.  The extent of the Site 57 Petroleum Plume is illustrated

on Figure 2-2, and volume computations are presented in Appendix B.2.
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The Site 57 TCE Plume extends over an area approximately 48,000 ft2 in size (1.1 acres) and to a depth

of up to 61 feet bgs.  Based on a water table elevation of 5 ft bgs and a porosity of 0.35, the estimated

volume of the Site 57 TCE Plume was computed at approximately 7,000,000 gallons.  The extent of the

Site 57 TCE Plume is illustrated on Figure 2-3, and volume computations are presented in Appendix C.2.

2.4.3 Estimated Volume of Site 58 Contaminated Groundwater

Based on the analytical results of the RI, a naphthalene plume was delineated at Site 58.  The Site 58

naphthalene plume is defined as that area of groundwater where concentrations of naphthalene are

greater than the GCTL of 20 µg/L.  The Site 58 Naphthalene Plume extends over an area approximately

15,500 ft2 in size (0.4 acres) and to a depth of up to 22 feet bgs.  Based on a water table elevation of

5 feet bgs and a porosity of 0.35, the estimated volume of the Site 58 Naphthalene Plume was computed

at approximately 695,000 gallons.  The extent of the Site 58 Naphthalene Plume is illustrated on Figure

2-4, and volume computations are presented in Appendix C.2.
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3.0  SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

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

applicable to assemble the remedial alternatives for OU 9, Sites 57 and 58 at NAS Cecil Field.  The

primary objective of this phase of the FS is to develop an appropriate range of remedial technologies and

process options that will be used for developing the remedial alternatives.

The basis for technology identification and screening began in Section 2.0 with a series of discussions

that included the following: 

• Identification of ARARs

• Development of RAOs 

• Identification of GRAs

• Identification of areas and volumes of contaminated soil and groundwater

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

analytical steps:

• Identification and screening of remedial technologies and process options

• 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” (U.S.

EPA, 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 the environment; reduction in toxicity, mobility, or volume; and

permanence of solution.

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

- Ability of the technology to attain the Cleanup Goals required to meet the RAOs.

- Technical reliability (innovative versus well-proven) with respect to contaminants and site

conditions.

• Implementability

- Overall technical feasibility at the site.

- Availability of vendors, mobile units, storage and disposal services, etc.

- Administrative feasibility.

- Special long-term maintenance and operation requirements.

• Cost (Qualitative)

- Capital cost.

- Operation and maintenance (O&M) costs.

Technologies and process options will be identified in the following sections.

3.1 PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

This section identifies and screens remediation technologies and process options for soil at a preliminary

stage based on implementation with respect to site-specific conditions and COCs.  Table 3-1 summarizes

the preliminary screening of technologies and process options applicable to soil.  It presents the general

response actions, identifies the technologies and process options, and provides a brief description of

each process option followed by the screening comments.  

The following are the soil remediation technologies and process options retained for detailed screening:

General Response Action Technology Process Options
No Action None Not Applicable

Institutional Controls Fencing, Posting, and Land Use Controls (LUCs)Limited Action

Monitoring Sampling & Analysis

Containment Capping Soil/Multimedia Cover

Removal Bulk Excavation Excavation

Ex-situ Treatment Biological Off-Base Bio-Slurry Reactor or Bio-Pile
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General Response Action Technology Process Options
Off-Base IncinerationEx-Situ Treatment Thermal

Off-Base Low-Temperature Thermal Desorption (LTTD)

Disposal Landfill Off-Base Landfilling

3.2 DETAILED SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

3.2.1 No Action

No Action consists of maintaining 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 of alternative and their

effectiveness in mitigating risks posed by site contaminants.  Because no remedial actions are conducted

under this alternative, there are no costs associated with “walking away from” the site.  There is also no

reduction in risk through exposure control or treatment.  No action would not be effective in evaluating

contaminant mobility and potential migration off-site because no monitoring would be performed.

Effectiveness

No Action would not be effective in meeting the RAOs.  No Action would not be effective in evaluating

either potential contaminant reduction through natural attenuation or potential contaminant migration off-

site since no monitoring would be performed.

Implementability

There would be no implementability concerns because no action would be implemented.

Cost

There would be no costs associated with No Action.

Conclusion

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

3.2.2 Limited Action

3.2.2.1 Institutional Controls

Institutional controls would consist of restricting site access through fencing and posting.  The existing

fence around the Site 58 drainage ditch south of Building 312 would be maintained and upgraded, if
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necessary.  Warning signs would be posted to clearly indicate the risk associated with exposure to

contaminated soil.  Institutional controls would also consist of planning and implementing Land Use

Controls (LUCs), including deed restrictions to prevent Site 58 from being used in the future as a

residential area.  As part of institutional controls, regular site inspections would be conducted to verify and

enforce the continued application of these controls.

Effectiveness

Fencing and posting of the Site 58 drainage ditch would effectively reduce the risk of unacceptable

human health risk from exposure to contaminated soil.  Prohibiting future residential development of the

site would effectively prevent the aggravation of unacceptable human health risk and the occurrence of

unacceptable ecological risk.   

Implementability

Institutional controls would be readily implementable.  Fencing already exists around the Site 58 drainage

ditch area and it could easily be maintained and, if necessary, upgraded.  Warning signs would be easy to

post.  As part of change of the site from military to private ownership, provisions will be incorporated in

property transfer documents to insure the continued implementation of institutional controls.  Resources

are readily available for the preparation of deed restrictions.

Cost

Costs of institutional controls would be low.

Conclusion

Institutional controls are retained in combination with other process options for the development of

remedial alternatives.

3.2.2.2 Monitoring

Sampling and analysis of soil in the area of contamination would be used to determine potential changes

in concentrations of COCs through either migration or natural attenuation.  Groundwater sampling and

analysis would also be conducted to determine if COCs are migrating from soil to groundwater.
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Effectiveness

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

monitoring would allow for a determination to be made of the potential off-site migration of contaminants

or of the potential reduction in contaminant concentrations through natural attenuation.

Implementability

A sampling and analysis program could be readily implemented.

Cost

Capital and O&M costs of monitoring would be low.

Conclusion

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

alternatives.

3.2.3 Containment

The only technology considered under this GRA is capping.  Capping would consist of providing a

horizontal barrier to prevent direct contact with contaminated soil and minimize the extent of potential

contaminant migration, either to surface water through soil erosion and/or to groundwater through

percolation of precipitation through the vadose zone.  

Effectiveness

Capping is a well-proven technology and it would be an effective means of preventing direct contact of

potential receptors with the contaminated soil.  Capping would also be effective in minimizing the

migration of COCs into the environment by preventing erosion of and leaching through the contaminated

soil.  However, at Site 58, the area of soil contamination is located in a drainage ditch, which would

greatly diminish the effectiveness of the cap and make its long-term maintenance very difficult. 

Implementability

Installation of a cap at Site 58 would be simple to implement.  Resources, equipment, and materials

required to implement this technology are readily available.  However, as previously mentioned, the

location of the cap in a drainage ditch would somewhat complicate its construction and make its long-term

maintenance very difficult and demanding.
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Cost

Capital and O&M costs for capping would be low to moderate.

Conclusion

Capping is eliminated from further consideration because of effectiveness and implementability concerns.

3.2.4 Removal

The only technology considered under this GRA is excavation.  Excavation can be performed by a variety

of equipment, such as front-end loaders, backhoes, grade-alls, etc.  The type of equipment selected must

take into consideration several factors, such as the type of material to be excavated, the load-bearing

capacity of the ground surrounding the excavation area, the depth and areal extent of excavation, the

required rate of excavation, and the elevation of the groundwater table.  Excavation is the technology of

choice for the removal of well-consolidated material, such as soil, to depths of up to 30 feet bgs and from

well-defined areas of ground with significant load-bearing capacity (i.e., greater than 1,500 pounds

per ft2).

The logistics of excavation must take into account the available space for operating the equipment, the

staging of the excavated material, the access to and from the site of excavation, etc.  Once excavation is

completed, the location is backfilled and graded with clean fill material or treated soils.  Because of the

relative proximity to a flightline, dust and debris produced as a result of excavation would have to be

strictly controlled.

Effectiveness

Excavation is a well-proven and effective method of removing contaminated material from a site.  Properly

designed excavation would remove most of the soil contaminated above cleanup goals and the remaining

soil would not pose an unacceptable risk to human health or the environment.  Sandy/silty soil, such as

that at Site 58, would be amenable to excavation.

Implementability

Excavation of contaminated soil at Site 58 would be implementable.  Excavation equipment and/or

services are readily available from multiple vendors or contractors.  This technology is well-proven and

established in the construction/remediation industry.  The area to be excavated is relatively open and free

of obstructions.  The depth of excavation is shallow (2 feet bgs or less), and no shoring or dewatering
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would be required.  During excavation, site-specific health and safety procedures and Occupational

Safety and Health Act (OSHA) regulations would have to be complied with to ensure that the exposure of

the workers to COCs is minimized.  This would include, the wearing of appropriate personal protective

equipment (PPE) and the implementation of dust suppression measures.

Cost

Cost of excavation at Site 58 would be low. 

Conclusion

Excavation is retained in combination with other process options for the development of remedial

alternatives. 

3.2.5 Ex-Situ Treatment

3.2.5.1 Off-Base Bio-Slurry Reactor/Bio-Pile

Bio-slurry reactor is a technology that biologically treats the excavated soil in an enclosed vessel.  After

removal of foreign materials, such as stones and rubble, the contaminated soil is mixed with water to form

a slurry containing 10 to 30 percent solids and placed in a tank featuring process controls so that

temperature, mixing, and nutrient additions can be manipulated to achieve maximum efficiency.

Following treatment, the soil slurry is dried and tested to verify that contaminants have been adequately

removed and the treated soil is replaced in its original location or used as fill material somewhere else.

Bio-pile is a technology that mixes the excavated soil with amendments (e.g., wood chips, saw dust) and

forms it into an enclosed pile for composting biological treatment. Oxygen is provided either by the

inducing of an air current through the pile with air blowers or vacuum pumps or by mixing-in an oxygen-

release reagent (e.g., calcium peroxide).  Moisture, heat, nutrients, oxygen, and pH are also controlled to

enhance biodegradation.  Duration of operation may vary from a few weeks to several months, at which

time the treated soil is either returned to its original location or used as fill material somewhere else.

Effectiveness

Bio-slurry reactors and bio-piles are relatively well-proven technologies that are effective for the treatment

of soil contaminated with a variety of non-chlorinated organic compounds, such as BTEX, TRPH, and low

molecular weight PAHs (e.g., naphthalene).  However with high molecular weight PAHs such as those

detected in the Site 58 soil (e.g., benzo(a)pyrene), the effectiveness of these technologies is not nearly as



040207P 3-8 CTO 0078

well established.  Treatability testing would typically be required to determine the biodegradability of

contaminants and appropriate oxygenation and nutrient loading rates. 

Implementability

Off-base bio-slurry reactor or bio-pile technologies would be implementable but both would require a

relatively complex sequence of operations including staging, treatment, and disposal of treated soil.  In

addition, treated soil from a bio-slurry reactor would also require dewatering and drying prior to disposal.

Equipment and resources may not be readily available to implement either of these technologies at most

permitted treatment, storage, and disposal facilities (TSDFs).

Cost

Capital and O&M costs for off-base bio-slurry reactors/bio-piles would be moderate to high.

Conclusion 

Off-base bio-slurry reactors/bio-piles are eliminated from further consideration because of effectiveness

and implementability concerns.

3.2.5.2 Off-Base Incineration

Incineration is a thermal oxidation process that converts organic solids, liquids, and gases to inorganic

substances at high temperatures in the presence of oxygen.  The technology uses controlled flame

combustion in an enclosed reactor to decompose organics.  Carbon and hydrogen waste components are

converted to carbon dioxide (CO2) and water, respectively.  Other combustion products are also present

in smaller quantities.  These may include carbon monoxide, nitrogen oxides, chlorine, fluorine, and trace

metals.  If a wet scrubber air pollution control system is used, a liquid waste stream could also be

generated.  Screening of the contaminated material would be required to remove the noncombustible

waste/debris.  The noncombustible waste/debris must be treated or disposed of by other means,

depending upon the level of contamination.  

Rotary kilns are one of the most widely used incinerators for wastes in the form of solids, sludges, liquids,

and gases.  An integrated system for incineration by rotary kiln includes a solid feed system, a rotary kiln

and secondary combustion chamber, air pollution control units for particulate and acid gas removal, and

an exhaust stack.  Such a system employs a refractory-lined rotary kiln operating at high temperatures

(1,470 to 2,910°F or 800 to 1,600°C) to combust wastes in the presence of oxygen.  A typical throughput

for a transportable rotary kiln is 75 to 200 tons per day.  For wastes that have a high heat content, the
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throughput may be limited by the capacity of the unit to control the heat generation rate.  Fixed-based

units such as cement kilns that may be permitted to accept contaminated soil are also available.

Effectiveness

Incineration is a well-proven technology that would be very effective for destroying the PAHs in the

Site 58 soil.  Incineration would typically achieve in excess of 99.99 percent destruction of organic

contaminants with the resulting formation of inert carbon dioxide and water.  Incinerated soil could

typically be reused as fill material.

Implementability

Off-base incineration would be relatively easy to implement and would only require pre-approval of the

waste.  Qualified TSDFs would be available to provide the required services.

Cost

Cost of off-base incineration would be high to very high.

Conclusion

Off-base incineration is eliminated from further consideration because, although it would be very effective,

it would also be very costly and this degree of treatment is generally reserved for waste material classified

as hazardous under the Resource Conservation and Recovery Act (RCRA), which the Site 58

contaminated soil is not expected to be. 

3.2.5.3 Off-Base Low Temperature Thermal Desorption (LTTD)

LTTD technology uses direct or indirect heating to thermally desorb or volatilize organic contaminants.

The temperatures used are contaminant- and matrix-specific, with a range of approximately 200 to

1,200°F (95 to 650°C).  Typically, wastes are processed through an externally fired pug mill or rotary

drum system equipped with heat transfer surfaces that are heated by circulating hot oil.  An induced

airflow conveys the desorbed organic chemicals through a secondary treatment system, such as a

granular activated carbon (GAC) adsorption unit, a catalytic oxidation unit, a condenser unit, or even an

afterburner.  It should be noted, however, use of an afterburner for secondary treatment has typically

resulted in the LTTD unit being considered as an incinerator by regulatory agencies.  The off-gas is then

discharged through a stack.  
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Effectiveness

The effectiveness of LTTD is highly contaminant- and matrix-specific.  Therefore, a full characterization of

the waste to be treated would be required, and treatability testing would have to be performed to verify

the level of effectiveness and determine the optimum operating temperature and detention time.  LTTD

effectiveness is very sensitive to particle size; therefore, pre-treatment might be required with screening

and/or size reduction (e.g., crushing, grinding, shredding).

LTTD is a well-proven technology that would be very effective for the removal of the PAHs from the Site

58 soil.  Because these PAHs are not particularly volatile, the operating temperature would be expected

to be towards the higher end of the range (probably 800 to 900º F). 

LTTD would likely require additional treatment of the volatilized contaminants that would be accomplished

through treatment of off-gases by such processes as condensation, vapor-phase GAC adsorption, or

catalytic oxidation. 

Implementability

Off-base treatment of contaminated soil with LTTD would be implementable.  Qualified TSDFs would be

readily available to provide the necessary services.  Treatability testing may have to be performed.  Pre-

treatment of the excavated soil would probably not be needed but off-gases from the thermal desorption

unit would have to be treated, most likely with vapor-phase GAC adsorption.

Cost

Costs of off-base LTTD would be moderate.  

Conclusion

Off-base LTTD is eliminated from further consideration because, although effective, this type of treatment

is not anticipated to be necessary for the Site 58 contaminated soil because of the experience from the

removal action for similarly contaminated soil at NAS Cecil Field Site 21.

3.2.6 Disposal

The only technology considered under this GRA is off-base landfilling.  Off-base landfilling consists of

transporting the excavated soil for burial in a permitted off-base TSDF.  RCRA non-hazardous waste may

be disposed of in an RCRA Subtitle D, or solid waste, landfill.  RCRA-hazardous waste must be disposed
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of in a RCRA Subtitle C, or hazardous waste, landfill.  It is anticipated that the excavated soil would be

classified as RCRA non-hazardous.

Effectiveness

Off-base landfilling would not permanently or irreversibly reduce COCs concentrations.  However,

although CERCLA preference for treatment relegates landfilling to a less preferable option, this

technology is an effective disposal option for contaminated soil.  Off-base landfills are only permitted to

operate if they meet certain requirements of design and operation governing foundation, liner, leak

detection, leachate collection and treatment, daily cover, post-closure inspections, and monitoring.  The

requirements of a RCRA Subtitle C hazardous waste landfill are typically more stringent than those of a

RCRA Subtitle D solid waste landfill.

Implementability

Off-base landfilling would be easily implementable.  Permitted TSDFs are available for this purpose.

Disposal at a RCRA Subtitle D solid waste landfill may require certain pre-treatment, mainly the removal

of free liquids but, because soil would only be excavated to a depth of 2 feet bgs or less, no water is likely

to be present.  In addition, a waste profile would have to be prepared, including indication of contaminant

concentrations and their leachability.

Cost

Cost of off-base landfilling would be low to moderate.

Conclusion

Off-base landfilling is retained in combination with other process options for the development of remedial

alternatives.

3.3 SELECTION OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

The following remediation technologies and process options are retained to develop soil remedial

alternatives:

• No Action

• Institutional Controls

• Monitoring
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• Excavation

• Off-Base landfilling

3.4 PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS
OPTIONS

This section identifies and screens groundwater technologies and process options at a preliminary stage

based on implementation with respect to site-specific conditions and COCs.  Table 3-2 summarizes the

results of this preliminary screening process.  It presents the GRAs, identifies the technologies and

process options, and provides a brief description of each process option followed by the screening

comments. 

The following are the groundwater technologies and process options retained for detailed screening:

General Response Action Technology Process Options
No Action None Not Applicable

Monitoring Sampling & Analysis

Institutional Controls Passive Restrictions:  Groundwater Use Restrictions

Limited Action

Natural Attenuation Naturally-Occurring Biodegradation and Dilution

Removal Groundwater Extraction Extraction Wells

Biological Aerobic/Anaerobic biological treatment with oxygen and/or
hydrogen release compounds (ORC/HRC)

In-situ Treatment

Physical Air Sparging (AS)  or Air Sparging/ Vapor Extraction (AS/VE)

Biological Aerobic/Anaerobic Treatment

Sedimentation

Filtration

Air Stripping

Physical

GAC Adsorption

Coagulation/ Flocculation

Neutralization/pH Adjustment 

Ex-situ Treatment

Chemical

Enhanced Oxidation

Direct DischargeDisposal Onsite Surface Discharge

Indirect Discharge

3.5 DETAILED SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS
OPTIONS

3.5.1 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 of alternatives and
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their effectiveness in mitigating risks posed by site contaminants.  Because no remedial actions are

conducted under this alternative, there are no costs associated with “walking away from” the site, and

there is no reduction in risk through exposure control or treatment.  

Effectiveness

No Action would not be effective in meeting the RAOs.  No Action would not be effective in evaluating

either potential contaminant reduction through natural attenuation or potential contaminant migration off-

site because no monitoring would be performed.

Implementability

There would be no implementability concerns because No Action would be implemented.

Cost

There would be no costs associated with No Action.

Conclusion

No Action is retained for comparison to other options.

3.5.2 Limited Action

3.5.2.1 Institutional Controls

Institutional controls would consist of limiting access to groundwater by restricting future land use.  LUCs,

including deed restrictions, would be formulated and implemented to prevent the use of the groundwater

from the Surficial Aquifer at Sites 57 and 58 as a source of drinking water.  A formal notice would be

issued to the St. John’s River Water Management District not to issue permits for installation of wells at

Sites 57 and 58 that would draw water from the Surficial Aquifer.  As part of institutional controls, regular

site inspections would be conducted to verify and enforce the continued application of these controls.

Effectiveness

Groundwater use restrictions would be effective in combination with source control activities.  These

controls would minimize potential human health risks associated with exposure to contaminated

groundwater.  At Sites 57 and 58, significant source control activities have either already been

implemented (Site 57 Day Tank 1 removal) or are planned (Site 57 free product removal, Site 58 soil
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excavation).  As such, institutional controls would achieve two of the three groundwater RAOs for Sites 57

and 58.

Implementability

Institutional controls would be readily implementable.  As part of change of the sites from military to

private ownership, provisions will be incorporated in property transfer documents to insure the continued

implementation of institutional controls.  Resources are readily available for the preparation of deed

restrictions.

Cost

Costs of institutional controls would be low.

Conclusion

Institutional controls are retained in combination with other process options for the development of

groundwater remedial alternatives. 

3.5.2.2 Monitoring

Sampling and analysis of groundwater throughout the area of potential groundwater contamination could

be used to evaluate migration of contaminants and the potential for contamination of onsite drinking water

supplies and nearby residential, municipal, and commercial wells.  Monitoring can also be used to monitor

potential natural attenuation or the progress of active groundwater remediation. 

Effectiveness

Monitoring would not of itself reduce the toxicity, mobility, or volume of contaminants in the groundwater;

but it would allow the evaluation of potential off-site migration of contaminants and the potential reduction

in contaminant concentrations through natural attenuation.  By serving as a warning mechanism, periodic

groundwater monitoring would enable households to discontinue use of groundwater if a threat of

contamination arose in the area.  Monitoring would also be helpful in measuring and evaluating the

effectiveness of natural attenuation or active remediation technologies.

Implementability

A groundwater monitoring program could be readily implemented at the sites under consideration.  Local

and state permits would be required for monitoring well installation.
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Cost

Capital and O&M costs of monitoring would be low.

Conclusion

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

remedial alternatives.

3.5.2.3 Natural Attenuation

Natural attenuation would consist of monitoring groundwater quality to determine the extent to which

naturally-occurring processes such as biodegradation, abiotic transformation, dispersion, and dilution

would break down petroleum hydrocarbons and chlorinated VOCs over time.  For this purpose, new

monitoring wells would be installed as required and samples from these new wells and existing wells

would be regularly collected and analyzed for natural attenuation parameters such as oxidation/reduction

potential (ORP), dissolved oxygen (DO), pH, alkalinity, temperature, conductivity, total organic carbon

(TOC), ferrous and total iron, sulfur compounds (sulfides, sulfates), nitrogen compounds (nitrites,

nitrates), orthophosphates, chloride, and metabolic gases [methane, ethane, ethene, carbon dioxide

(CO2)].

Effectiveness

Naturally occurring processes are expected to reduce contaminant concentrations in the aquifer over the

long term.  This is evidenced by the results of the natural attenuation monitoring conducted at Sites 57

and 58 as reported upon in Section 6.3 of the RI report (TtNUS, 2002).  These results showed strong

evidence of an environment favorable to biodegradation in general, and reductive biodegradation of

chlorinated VOCs in particular, in the shallow and intermediate zones of the Surficial Aquifer where the

highest concentrations of these contaminants have been detected. Effectiveness of natural attenuation is

also supported by the fact that all of the concentrations of COCs in the Site 57 TCE Plume and Site 58

Naphthalene Plume and nearly all of the concentrations of COCs in the Site 57 Petroleum Plume are well

within the FDEP’s natural attenuation default values (FDEP, 1999b).

Groundwater monitoring would provide an effective means of evaluating the concentrations of COCs in

groundwater and of assessing the rate of decrease of these concentrations.  Monitoring of indicator

parameters would help to evaluate the effectiveness of natural attenuation in reducing COCs

concentrations.  
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Implementability

Natural attenuation would be easy to implement.  Monitoring groundwater quality, restricting groundwater

use, and periodic reviewing of site conditions could readily be performed, and the necessary resources

are available to provide these services.

Cost

Capital and O&M costs for natural attenuation would be low.

Conclusion

Natural attenuation is retained in combination with other process options for the development of

groundwater remedial alternatives.

3.5.3 Removal

The only technology considered under this GRA is groundwater extraction.  Groundwater extraction uses

a pumping system composed of a series of wells that are used to capture contaminated groundwater for

treatment.  The wells used in the capture system are designed and located to provide optimum efficiency

in capturing contaminated groundwater while minimizing the collection of uncontaminated groundwater.

Effectiveness

Groundwater extraction is a well-established technology for the removal of contaminated groundwater

and the containment of groundwater contaminant plumes.  While the initial effectiveness of this

technology for contaminant capture is high, it has often been shown to decrease over time.  This

decrease is generally due to one or more of several factors including the presence of preferential flow

pathways due to aquifer heterogeneity, contaminant adsorption onto aquifer materials, diffusion of

contaminants into the pore spaces of low-permeability materials, and creation of stagnation zones due to

pumping operations.  It should be noted, however, that no such decrease over time is observed in the

effectiveness of this technology for containment of contaminant plumes.  The effectiveness of an

extraction well system depends largely on the extent of contamination and site-specific geology and

hydrogeology.  The use of wells to extract groundwater should reduce contaminant concentrations and

may attain the cleanup goals over the long term.  This technology is reliable, and minimal effects on

human health and the environment would be expected during implementation. 
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Implementability

Groundwater extraction through a pumping well system could be readily implemented at Sites 57 and 58.

This technology uses readily available equipment and techniques and has been widely used in similar

situations.  Implementation of this technology would require long term O&M.  Maintenance may require

periodic replacement of mechanical components and well flushing to remove fine-grained material that

may clog the wells.  Local and state permits would be required to install the extraction wells.  Removal

actions would need to be conducted with consideration to existing structures at Sites 57 and 58.

Cost

Capital and O&M costs for groundwater extraction would be low to moderate, depending on the extent of

the contaminant plumes to be remediated.

Conclusion

A pumping well system is retained in combination with other process options for the development of

groundwater remedial alternatives.

3.5.4 In-Situ Treatment

3.5.4.1 In-Situ Aerobic/Anaerobic Biological Treatment

Biological treatment involves the use of microorganisms, primarily bacteria, actinomycetes, and fungi, to

breakdown hazardous organic compounds into nontoxic or less toxic forms.  This technology would

enhance natural attenuation of organic COCs.  

This option would consist of using an oxygen-release compound (ORC) and/or an hydrogen-release

compound (HRC) to enhance the growth of indigenous microorganisms and natural biodegradation

processes, while monitoring groundwater quality to determine the extent to which these microorganisms

and processes would break down contaminants over time.  ORCs such as hydrogen or magnesium

peroxide could be used to enhance the aerobic biodegradation of the Site 57 Petroleum and Site 58

Naphthalene Plumes and an HRC such as lactic acid could be used to enhance the anaerobic

biodegradation of the Site 57 TCE Plume.  These compounds would initially be injected into the

contaminant plume using DPT, after which a maintenance dosage would be periodically fed into

monitoring wells.  New monitoring wells would be installed as required, and samples from these new wells

and existing wells would be regularly collected and analyzed.
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Effectiveness

In-situ aerobic biological treatment with ORC is a well-proven technology that would be effective for the

removal of COCs from the Site 57 Petroleum and Site 58 Naphthalene Plumes such as BTEX, low

molecular weight PAHs, and TRPH.  However, while increasingly documented, the effectiveness of in-situ

anaerobic biological treatment with HRC for the removal of chlorinated VOCs such as those in the

Site 57 TCE Plume is not as of yet as well established.  This is especially the case with overlapping

contaminant plumes such as Site 57, where the injection of ORC for aerobic treatment of BTEX and

TRPH might interfere with the effectiveness of HRC injection for the anaerobic treatment of TCE.  There

is also the possibility that anaerobic dechlorination could lead to the formation of vinyl chloride that is

more toxic than the original chlorinated VOCs (i.e., TCE or DCE).  A treatability study would be needed in

order to fully evaluate the process. 

Implementability

In-situ aerobic/anaerobic biological treatment processes could be implemented.  The DPT application of

ORC and HRC would be relatively unobtrusive with respect to continued use of existing structures.

Coring of DPT injection points through concreted or asphalted surfaces would be avoided as much as

possible.  Several qualified contractors would be available for the implementation of this technology.

Cost

Capital and O&M costs for in-situ aerobic/anaerobic biological treatment would be low to moderate,

depending on the extent of the area treated.

Conclusion

In-situ aerobic/anaerobic biological treatment is retained in combination with other processes options for

the development of groundwater remedial alternatives.

3.5.4.2 Air Sparging (AS) or Air Sparging/ Vapor Extraction (AS/VE)

AS consists of injecting air in the contaminant plume to induce an air current through the groundwater that

promotes short-term stripping of VOCs and long-term biodegradation of PAHs and TRPH.  Air is injected

through a network of vertical wells screened at various depths within the contaminant plume.  If capture

and treatment of vaporized groundwater COCs or if treatment of overlying soil are required, a VE system

is added.  In this case, a vacuum is applied through a network of vertical wells screened in the vadose

zone above the contaminant plume and the extracted vapors are collected and treated through vapor-

phase GAC adsorption prior to venting to atmosphere.  When saturated, the GAC is replaced and sent
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off-site for regeneration or incineration.  Groundwater samples are regularly collected and analyzed to

monitor the progress of the remedial action and, if a VE system is used, offgas samples are collected and

analyzed to evaluate its performance and to verify compliance with regulatory emission requirements. 

Effectiveness

AS or AS/VE is a very well proven technology that would be effective for the treatment of contaminated

groundwater at Sites 57 and 58.  A biosparging system, which is a form of AS/VE treatment, was installed

and is currently being successfully operated to treat the Day Tank 1 area that is the main source of the

Site 57 Petroleum Plume.  AS or AS/VE would effectively remove VOCs in the Site 57 Petroleum and

TCE Plumes, primarily through volatilization.  AS or AS/VE would also be effective for the removal of

TRPH in the Sites 57 and 58 groundwater and, although probably less so, for the removal of the PAHs in

the Site 58 Naphthalene Plume, principally through enhanced aerobic biodegradation.  However, there

are certain limitations associated with AS that should be considered.  One of these is that air flow through

the saturated zone may not be uniform due to non-homogenous soil conditions.  Another limitation is that

there may be some uncontrolled movement of potentially dangerous vapors.  For Sites 57 and 58, these

potential limitations are not expected to be significant.  Also, because groundwater COCs concentrations

are relatively low and soil contamination is not of concern, no VE system would likely be required.

Implementability

AS or AS/VE would be relatively simple to implement at Sites 57 and 58.  AS and VE wells and piping

would have to be designed and located for minimum impact on existing structures. Drilling of these wells

through concreted or asphalted surfaces would be avoided as much as possible.  Several qualified

contractors would be available for the implementation of this technology.

Cost

Capital and O&M costs would be low to moderate for AS and moderate to high for AS/VE.

Conclusion

AS is retained in combination with other process options for the development of groundwater remedial

alternatives.
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3.5.5 Ex-Situ Treatment

3.5.5.1 Aerobic/Anaerobic Biological Treatment

Biological treatment involves the use of microorganisms, primarily bacteria, actinomycetes, and fungi, to

breakdown hazardous organic compounds into nontoxic or less toxic forms.

Ex-situ aerobic or anaerobic biological treatment consists of contacting the contaminated groundwater

with a concentrated culture of such microorganisms under controlled operating conditions including

mixing, presence or absence of oxygen, pH, temperature, and addition of nutrients.

Ex-situ aerobic/anaerobic biological treatment of groundwater may require pre-treatment of groundwater,

including neutralization/pH adjustment and/or the removal of excess suspended solids by

coagulation/flocculation and sedimentation or filtration.  Ex-situ aerobic/anaerobic biological treatment

also generates fugitive emissions that must be controlled and solid or liquid residues, such as sludges,

that require further treatment and disposal.

Effectiveness

Ex-situ aerobic biological treatment is a well-proven technology that would effectively remove BTEX, low

molecular weight PAHs, and TRPH from the Site 57 Petroleum and Site 58 Naphthalene Plumes.

However, the effectiveness of ex-situ anaerobic treatment for removal of chlorinated VOCs such as those

in the Site 57 TCE Plume is not nearly as well established.  A treatability study would be needed in order

to fully evaluate the process. 

Implementability

Ex-situ aerobic/anaerobic biological treatment would be implementable.  Numerous qualified vendors and

contractors offer equipment and services for ex-situ aerobic biological treatment of BTEX, low molecular

weight PAHs, and TRPH.  However, availability of proven technology and know-how for the ex-situ

anaerobic biological treatment of chlorinated VOCs is very limited.

Implementation of ex-situ aerobic/anaerobic biological treatment for the Sites 57 and 58 groundwater

would require pre-treatment for suspended solids removal and treatment and disposal of the residues

generated by these processes. 

Cost

Capital and O&M costs for ex-situ aerobic/anaerobic biological treatment would be low to moderate.
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Conclusion

Ex-situ aerobic/anaerobic biological treatment is eliminated from further consideration because of

concerns regarding its effectiveness for the removal of chlorinated VOCs and because of the relative

complexity introduced by the requirement for treatment and disposal of treatment residues. 

3.5.5.2 Filtration

Filtration is a process using a porous medium to remove solid particles from a liquid or gas.  This

technology is generally used as a groundwater pre-treatment to remove suspended solids before other

treatment processes and/or for the final cleaning or polishing of treated effluent. 

Liquid filtration may be accomplished by numerous methods including screens, fibrous fabrics (paper or

cloth), ultrafiltration, or beds of granular material such as sand.  Flow through a filter can be encouraged

by pressure on the inlet side or by drawing a vacuum on the filter outlet.

Most type of liquid filters, except those utilizing disposable filter elements (such as cartridge filters) require

periodic cleaning to remove the suspended solids accumulated in the filter medium and to restore

filtration efficiency.  This cleaning is typically performed with a countercurrent of water, or backwash,

which carries away the solids retained on the filter medium. 

Effectiveness

Filtration would not be expected to be effective of itself for the removal of COCs from groundwater at

Sites 57 and 58.  However, this technology would provide an effective pre-treatment by removing

moderate concentrations [typically up to 50 milligrams per liter (mg/L)] of particles suspended in the

groundwater that might otherwise undermine the efficiency of downstream treatment technologies such

as air stripping and liquid-phase GAC adsorption.  Filtration would also effectively remove whatever

contaminants may be adsorbed on the solid particles suspended in the groundwater.  Based on previous

characterization of the groundwater at Sites 57 and 58, which typically contains 10 to 20 mg/L suspended

solids, it is likely that filtration pre-treatment would be required.

Implementability

Filtration would be readily implementable.  Filtration systems are commercially available from a wide

variety of manufacturers and can be readily ordered to almost any specification. Liquid or solid residues

resulting from the periodic cleaning or replacement of the filter medium would have to be properly

disposed. 
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Cost

Capital and O&M costs for filtration would be low. 

Conclusion

Because the groundwater of the Surficial Aquifer at NAS Cecil Field typically contains 10 to 20 mg/L of

suspended solids, filtration is retained as a pre-treatment technology for the development of groundwater

remedial alternatives.

3.5.5.3 Air Stripping

Air stripping is an aeration process that promotes the transfer of VOCs from the aqueous phase to the

gas phase.  Air stripping is typically most effective for the removal of VOCs with a Henry's Law constant

greater than or equal to 3.0 atmosphere-liter per mole (atm-L/mole).  Removal efficiencies of VOCs

typically exceed 99 percent depending on the operating parameters as well as the physical properties of

the organic contaminants.

The counter-current packed tower is the most commonly used air stripping configuration.  Water is

distributed over the top of the unit while air is forced upward through the bottom.  Loosely fitted packing

material serves to increase the air/water interface area to provide maximum mass transfer.  Key factors

that influence process performance include air to water ratio, height of packing and type of packing

material, operating temperature, surface hydraulic loading, and contact time. 

Effectiveness

Air stripping is a well-proven and reliable technology that would be effective for removing the VOCs in the

Site 57 Petroleum and TCE Plumes.  Removal efficiencies greater than 99 percent could theoretically be

achieved for these compounds.  However, air stripping would not be nearly as effective for the removal of

the TRPH in the Sites 57 and 58 groundwater and would probably also not be effective for the removal of

the SVOCs in the Site 58 Naphthalene Plume.  Because air stripping only removes the contaminants from

the water and concentrates them in an exhaust gas, this offgas may have to be treated prior to release to

atmosphere by such means as vapor-phase GAC adsorption, catalytic oxidation, or thermal destruction to

satisfy air emissions regulations.  However, VOC concentrations in the groundwater of Sites 57 and 58 is

not high enough that such offgas treatment would be required. 
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Implementability

Air stripping would be readily implementable.  There are a significant number of vendors that provide air

stripping equipment.

A maintenance problem commonly associated with air stripping is the long-term clogging of the air

stripping elements.  Typical causes of this clogging include biological growth and/or the deposition of

minerals and solids from the groundwater being treated.  Low-profile type air strippers with perforated tray

elements are less susceptible to this problem than conventional packed tower type air strippers but pre-

treatment for suspended solids control is still often required.  Based upon the quality of the Sites 57 and

58 groundwater, it is anticipated that filtration would be needed prior to air stripping.  

Cost

Capital and O&M costs for air stripping of the Site 57 groundwater would be low would be low because

only minimal treatment would be required (filtration) and no offgas treatment would be necessary.

Conclusion

Air stripping is retained in combination with other process options for the development of groundwater

remedial alternatives but only for Site 57.

3.5.5.4 GAC Adsorption

GAC adsorption is a frequently applied technology for the removal of contaminants from air or water.

GAC adsorbs most organic compounds to some extent but is more effective for the less polar and less

soluble compounds.  The fundamental principle behind GAC adsorption involves the physical attraction of

organic solute molecules to exchange sites on the internal pore surface areas of the specially treated

(activated) carbon grains.  As the contaminated liquid or vapor passes through one or more vessels

containing GAC, the organic molecules are captured on the active sites of the carbon grains and

eventually occupy all of these sites.  The exhausted GAC must then either be regenerated or disposed.

Typical GAC adsorption treatment systems include atmospheric or pressurized columns operating in

series and/or parallel configuration.  Liquid-phase GAC columns are typically designed with backwashing

capability to minimize solids fouling that would increase GAC replacement frequency.  Factors such as pH

and temperature of the fluid to be treated, empty bed contact time (EBCT), surface area/volume ratio of

the GAC, and solubility of the target organic compound(s) will affect the adsorption process.
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Effectiveness

Liquid-phase GAC adsorption is a well-proven, reliable technology that would be effective for removing

most of the VOCs, PAHs, and TRPH from the groundwater at Sites 57 and 58.  Removal efficiency

exceeding 99 percent is possible depending on the type of organic compound and system operating

parameters such as the retention time.  Generally, the most effective application of GAC adsorption is for

low concentrations of organic compounds, that result in relatively low GAC consumption.  Additionally,

other organic compounds could compete with the COCs for removal, although no such other organic

compounds have been detected in the groundwater at levels above detection limits.  

Implementability

GAC adsorption would be readily implementable.  There are a sufficient number of qualified vendors that

provide GAC adsorption units.

As with air stripping, a maintenance problem commonly associated with liquid-phase GAC adsorption is

long-term clogging in the GAC bed.  Typical causes of this clogging include biological growth and/or the

deposition of minerals and solids from the groundwater being treated.  Based upon the quality of the Sites

57 and 58 groundwater, it is anticipated that filtration would be needed prior to liquid-phase GAC

adsorption.  Spent GAC containing the concentrated organic contaminants would have to be regenerated,

incinerated, or disposed of in a hazardous waste landfill.  Thermal, steam, and solvent treatments are the

most common types of GAC regeneration technologies and are typically conducted off site.  Special

handling of the periodically generated backwash liquids must also be taken into account.  

Cost

Capital cost for GAC adsorption would be moderate.  O&M costs are primarily a function of GAC usage

that is expected to be low to moderate based upon the relatively low concentrations of COCs to be

removed.

Conclusion

Liquid-phase GAC adsorption is retained in combination with other process options for the development

of groundwater remedial alternatives.



040207P 3-25 CTO 0078

3.5.5.5 Coagulation/Flocculation and Sedimentation

Coagulation/flocculation is a process that consists of adding one or more chemical reagents that result in

the agglomeration of small suspended solids particles into larger ones, thus increasing significantly the

effectiveness of sedimentation.

Sedimentation is a process that removes suspended solid particles from a liquid by producing quiescent

hydraulic conditions that promote the gravity settling of these particles.  This technology is often used in

conjunction with chemical precipitation.  Two slightly different sedimentation options, clarification and

thickening, can be used.  Clarification aims at optimum solids removal and typically produces a 2 to

8 percent (by weight) sludge.  Thickening is typically used to further concentrate clarification sludges to 8

to 15 percent (by weight).

Effectiveness

Coagulation/flocculation and sedimentation would not of themselves be effective for the removal of COCs

from groundwater at Sites 57 and 58.  However, these technologies would provide an effective pre-

treatment by removing high concentrations (typically 50 mg/L or more) of suspended solids that would

otherwise undermine the efficiency of COC removal technologies such as air stripping and GAC

adsorption.  Based on previous characterization of the groundwater at Sites 57 and 58, which typically

contains only 10 to 20 mg/L suspended solids, it is unlikely that this degree of pre-treatment would be

required.

Implementability

Coagulation/flocculation and sedimentation would be readily implementable.  Numerous qualified

equipment vendors and contractors offer this type of equipment and services.  

Cost

Capital and O&M costs for coagulation/flocculation and sedimentation would be low.

Conclusion

Coagulation/flocculation and sedimentation are eliminated because the concentrations of suspended

solids in the Surficial Aquifer at Sites 57 and 58 are not anticipated to be sufficiently high to require this

degree of pre-treatment.
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3.5.5.6 Neutralization/pH Adjustment

Neutralization/pH adjustment is a process for achieving appropriate pH levels for removal of

contaminants.  This is generally accomplished by adding acidic compounds to balance alkaline solutions

or vice-versa.

Effectiveness

Neutralization/pH adjustment is generally effective for the removal of certain contaminants, mostly

inorganic compounds, by bringing them out of solution.  For Sites 57 and 58, neutralization/pH adjustment

would not of itself be effective for the removal of COCs in groundwater.  However, this technology would

enhance the effectiveness of such pretreatment technologies as coagulation/flocculation and

sedimentation and may be required prior to discharge of treated groundwater.

Implementability

Neutralization/pH adjustment would be readily implementable.  This technology is widely used, and

numerous qualified equipment vendors and contractors offer this type of equipment and services.

Cost

Capital and O&M costs for neutralization/pH adjustment would be low.

Conclusion

Neutralization/pH adjustment is eliminated because the pH of the extracted groundwater is anticipated to

be acceptable for discharge, and pH adjustment would not be required for removing contaminants out of

solution.

3.5.5.7 Enhanced Oxidation

Enhanced oxidation processes use a controlled combination of either ozone or hydrogen peroxide and

ultraviolet (UV) light to induce photochemical oxidation of organic compounds.  Ozone has been used

extensively in Europe for purification, disinfection, and odor control of drinking water.  Ozone alone has

the ability to break down some organics but has generally proven to be an ineffective oxidant of

halogenated organics under conditions normally used for drinking water treatment or for disinfecting

wastewaters (i.e., 1 to 10 mg/L concentration and 5- to 10-minute contact times).  
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UV radiation is electromagnetic energy with wavelengths between those of visible light and X-ray

radiation on the electromagnetic spectrum.  UV energy is capable of breaking down or rearranging a

molecular structure depending on the dissociation energies of the chemical bonds within the structure.

The combination of UV radiation with ozone or hydrogen peroxide treatment results in the oxidation of

organic contaminants at a rate many times faster than that obtained from applying UV light alone.

A typical continuous-flow hydrogen peroxide/ozone and UV system consists of an oxygen or air source,

an ozone generator or hydrogen peroxide feed system, a UV/oxidation reactor, and an ozone

decomposer.  Flow patterns and configurations are designed to maximize exposure of the wastewater to

the UV radiation, supplied by an arrangement of lamps.  Typical reactor designs range from mechanically

agitated reactors to spray, packed, and tray-type towers.  If ozone is utilized, reactor gases are passed

through a catalytic ozone decomposer that converts remaining ozone to oxygen and destroys any

residual VOCs.  

Effectiveness

Enhanced oxidation with hydrogen peroxide/ozone and UV technology has been proven effective for the

destruction of halogenated organic compounds, benzene derivatives, and various aliphatics

hydrocarbons.  TCE has been reduced from 20 mg/L to less than 5 µg/L.  Effectiveness varies greatly

depending on the COCs.  For the Site 57 groundwater, BTEX and chlorinated alkenes, such as, TCE and

DCE would be readily removed while chlorinated alkanes, such as DCA, would be more refractory.  As

with air stripping, UV/oxidation is not expected to be very effective for the removal of PAHs and TRPH.

Implementability

Enhanced oxidation with hydrogen peroxide/ozone and UV would be readily implementable.  However,

only a few vendors currently offer this technology.  Recent improvements have been made by vendors of

this technology to minimize energy usage and reduce UV lamp fouling problems.  With this treatment, no

toxics are emitted to the atmosphere or adsorbed onto media that require further treatment or disposal.

Hydrogen peroxide is a strong oxidizing agent; therefore, diking and other engineering controls are

required to minimize potential risks associated with peroxide releases.

Cost

Capital cost of enhanced oxidation with hydrogen peroxide/ozone and UV would be moderate to high.

O&M costs vary significantly depending on flow rate, and contaminant type, and concentration. 
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Conclusion

Enhanced oxidation with hydrogen peroxide/ozone and UV is eliminated from further consideration

because air stripping is more cost effective at the sites being evaluated.

3.5.6 Disposal

3.5.6.1 Direct Discharge 

This technology would consist of discharging the treated (or untreated) groundwater to the storm sewer

system located near Sites 57 and 58.  This storm sewer system itself discharges to a network of surface

drainage ditches that eventually flow into Sal Taylor Creek.

Effectiveness

Direct discharge of groundwater to the storm sewer system would be an effective means of disposal for

groundwater at Sites 57 and 58.  However, the groundwater would have to undergo adequate treatment

for this option to be environmentally acceptable.

Implementability

Direct discharge of groundwater to the storm sewer system would be implementable.  Prior to discharge,

groundwater would have to be treated to comply with Florida Water Quality Standards.  The substantive

requirements of a National Pollutant Discharge Elimination System (NPDES) permit would have to be met

for discharge into the creek, but actually securing such a permit would not be necessary.  Ongoing

monitoring of discharged water would be required to ensure that Sal Taylor Creek and other areas

downstream are not adversely effected.  These requirements would be implementable, and the resources

necessary to satisfy them are available.

Cost

Capital and O&M costs of direct discharge would be low.

Conclusion

Direct discharge is retained in combination with other process options for the development of

groundwater remedial alternatives.
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3.5.6.2 Indirect Discharge

This technology would consist of discharging the treated (or untreated) groundwater to a local sewage

treatment plant (STP) where it would undergo either the full or incremental treatment required for

discharge to Sal Taylor Creek.

Effectiveness

Indirect discharge to a local STP would be an effective mean for the disposal of the Sites 57 and 58

groundwater.  The STP would provide the necessary polishing treatment for ultimate discharge to surface

water. 

Implementability

Indirect discharge to a local STP is unlikely to be implementable due to the large flow rate anticipated for

remediation and complications arising from the closing of the Base.  A thorough evaluation of impacts to

the STP would be required before proceeding with this option.  Discharge flow rate, contaminant types,

and concentrations would have to comply with the STP permit conditions.

It is highly unlikely that the STP would have adequate excess capacity to address the large flow rates

anticipated for groundwater remediation at the sites under consideration.  Even if excess capacity were

available, the large volume of essentially clean effluent from the groundwater treatment system would

significantly alter STP operations.

Cost

Capital and O&M costs for indirect discharge to a local STP would be moderate to high, depending on the

distance to the STP and whether upgrading of the STP would be necessary.

Conclusion

Indirect discharge is eliminated from further consideration due to significant implementability concerns.

3.6 SELECTION OF REPRESENTATIVE GROUNDWATER TECHNOLOGIES AND PROCESS
OPTIONS

The following technologies and process options are retained for development of groundwater remedial

alternatives:
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• No Action

• Institutional Controls

• Monitoring

• Natural Attenuation

• Groundwater Extraction

• In-situ Aerobic/Anaerobic Biological Treatment

• AS

• Filtration

• Air Stripping (Site 57 only)

• Liquid-Phase GAC Adsorption

• Direct Discharge
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4.0  ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

4.1 INTRODUCTION

This section presents an evaluation of each remedial alternative with respect to the criteria of the NCP of

40 CFR 300, as revised in 1990.  The criteria as required by the NCP and the relative importance of these

criteria are described in the following subsections.

4.1.1 Evaluation Criteria

In accordance to the NCP (40 CFR 300.430), the following nine criteria are used for the evaluation of

remedial alternatives:

• Overall Protection of Human Health and the Environment,

• Compliance with ARARs,

• Long-term Effectiveness and Permanence,

• Reduction of Toxicity, Mobility, and Volume through Treatment,

• Short-term Effectiveness,

• Implementability,

• Cost,

• State Acceptance, and

• Community Acceptance

Overall Protection of Human Health and the Environment

Alternatives must be assessed for adequate protection of human health and environment in both the

short-and long-terms, from unacceptable risks posed by hazardous substances or contaminants present

at the site by eliminating, reducing, or controlling exposure to levels exceeding remediation goals.  Overall

protection draws on the assessments of other evaluation criteria, especially long-term effectiveness and

permanence, short-term effectiveness, and compliance with ARARs.

Compliance with ARARs

Alternatives must be assessed to determine whether they attain ARARs under Federal environmental

laws and state environmental or facility siting laws.  If one or more regulations that are applicable cannot

be complied with, then a waiver must be invoked.  Grounds for invoking a waiver would depend on the

circumstances described in Section 2.1.2.1 of this FS report.
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Long-Term Effectiveness and Permanence

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along with the

degree of certainty that the alternative will prove successful.  Factors that shall be considered as

appropriate include the following:

Magnitude of Residual Risk:

Risk posed by untreated waste or treatment residuals at the conclusion of remedial activities.  The

characteristics of residuals should be considered to the degree that they remain hazardous, taking into

account their volume, toxicity, mobility, and propensity to bioaccumulate.

Adequacy and reliability of controls:

Controls such as containment systems and institutional controls that are necessary to manage treatment

residuals and untreated waste must be shown reliable.  In particular, the uncertainties associated with

land disposal for providing long-term protection from residuals, the assessment for the potential need to

replace technical components of the alternative (such as a cap, a slurry wall, or a treatment system), and

the potential exposure pathways and risks posed should the remedial action need replacement must be

considered.

Reduction of Toxicity, Mobility, or Volume Through Treatment

The degree to which the alternative employs recycling or treatment that reduces the toxicity, mobility or

volume shall be assessed, including how treatment is used to address the principal threats posed by the

site.  Factors that shall be considered, as appropriate, include the following:

• The treatment or recycling processes the alternative employs and the materials that they will treat.

• The amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or

recycled.

• The degree of expected reduction in toxicity, mobility, or volume of waste due to treatment or

recycling and the specification of which reduction(s) are occurring.

• The degree to which the treatment is irreversible.
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• The type and quantity of residuals that will remain following treatment considering the presistence,

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.

Short-Term Effectiveness

The short-term impacts of the alternative shall be assessed considering the following:

• Short-term risks that might be posed to the community during implementation.

• Potential impacts on workers during remedial action, and the effectiveness and reliability of protective

measures.

• Potential environmental impacts of the remedial action, and the effectiveness and reliability of

mitigative measures during implementation.

• Time until protection is achieved.

Implementability

The ease or difficulty of implementing the alternatives shall 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 necessary approvals and permits from other agencies (for

off-site actions).

• Availability of services and materials, including the availability of adequate off-site treatment, storage

capacity, and disposal capacity and services, the availability of necessary equipment and specialists,

and necessary additional resources, the availability of services and materials, and availability of

prospective technologies.
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Cost

Capital costs shall include both direct and indirect costs.  Annual O&M costs shall be provided.  A net

present value of the capital and O&M costs shall also be provided.  Typically, the cost estimate accuracy

range is plus 50 percent to minus 30 percent.

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 at this time in the FS until the State of Florida has reviewed and

commented on the RI/FS.  These concerns will be discussed, to the extent possible, in the Proposed Plan

to be issued for public comments.

Community Acceptance

This assessment consists of responses of the community to the Proposed Plan.  This assessment

includes determining which components of the alternatives interested persons in the community support,

have reservations about, or oppose.  This assessment can be done 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 (excluding those that may be waived)

The threshold criteria must be satisfied in order for an alternative to be eligible for selection.

Among the remaining criteria, the following five criteria are considered to be the primary balancing

criteria:

• Long-term Effectiveness and Permanence

• Reduction of Toxicity, Mobility, or Volume Through Treatment
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• Short-Term Effectiveness

• Implementability

• Cost

The balancing criteria are used to weigh the relative merits of alternatives.

The remaining two of the nine criteria, namely 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 Proposed Plan has been reviewed by the State of Florida and has been

discussed in a public meeting.  Therefore, this document addresses only seven out 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:

• 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 the comments and determination of whether or not the

preferred alternative continues to be the most appropriate remedial action for the site, in consultation with

the State of Florida.

4.2 ASSEMBLY AND DETAILED ANALYSIS OF SOIL REMEDIAL ALTERNATIVES

The following alternatives for soil remediation have been developed for Site 58:

1. No Action

2. Institutional Controls and Monitoring

3. Excavation and Off-Base Disposal

A description and detailed analysis of these alternatives are provided in the following sections.
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4.2.1 Soil Alternative 1: No Action

4.2.1.1 Description

This alternative is a "walk-away" alternative that is required under CERCLA to establish a basis for

comparison with other alternatives.  Under this alternative, the property would be released for unrestricted

use.  This alternative cannot be chosen if waste remains on site.

4.2.1.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Soil Alternative 1 would not be protective of human health and the environment.  Under the current

industrial land use scenario, there would be unacceptable risk from direct human exposure to

contaminated soil.  Under a possible future residential land use scenario, this unacceptable human health

risk would be further aggravated and an unacceptable risk to ecological receptors could also occur.  The

potential would also continue to exist for the undetected migration of COCs either offsite or from soil to

groundwater. 

Compliance with ARARs and TBCs

Soil Alternative 1 would not comply with chemical-specific ARARs and TBCs because no action would be

taken to reduce COCs concentrations.  Alternative 1 would also not comply with location-specific ARARs.

Action-specific ARARs are not applicable. 

Long-Term Effectiveness and Permanence

Soil Alternative 1 would have no long-term effectiveness and permanence because contaminated soil

would remain on site.  As there would be no institutional controls to prevent site access and/or residential

development, the potential would exist for current and future unacceptable risk to human receptors.

Residential development of Site 58 could also result in unacceptable risk to a correspondingly increased

population of ecological receptors from exposure to contaminated soil.  Because there would be no

monitoring, the possible migration of COCs either offsite or from soil to groundwater would not be

detected.  Although COCs concentrations might eventually decrease to acceptable levels through natural

attenuation, no monitoring would verify this.
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Reduction of Toxicity, Mobility, or Volume through Treatment

Soil Alternative 1 would not reduce toxicity, mobility, or volume of COCs through treatment because no

treatment would occur.  Some reduction of toxicity or volume might occur through natural dispersion,

dilution, or other attenuation process, but no monitoring would be performed to verify this.  

Short-Term Effectiveness

Because no action would occur, implementation of Soil Alternative 1 would not pose a short-term risk to

onsite workers or result in adverse impacts to the local community and the environment.  

Soil Alternative 1 would not achieve the soil RAO, and although the soil cleanup goals might eventually

be achieved through natural attenuation, it would not be known when.

Implementability

Soil Alternative 1 would be readily implementable because there would be nothing to implement.  The

technical feasibility criteria including constructability, operability, and reliability are not applicable.  The

implementability of administrative measures is not applicable because no such measures would be taken.

Cost

There would be no costs associated with Soil Alternative 1.

4.2.2 Soil Alternative 2: Institutional Controls and Monitoring

4.2.2.1 Description

Soil Alternative 2 is illustrated on Figure 4-1 and would consist of two major components: (1) institutional

controls and (2) monitoring.

Component 1: Institutional Controls

Institutional controls would consist of restricting site access and preventing residential development.  The

existing fencing around the drainage ditch south of Building 312 would be maintained and upgraded if

needed.  Warning signs would be posted to clearly identify risks associated with exposure to

contaminated soil.  LUCs would be developed and implemented to prevent residential development of

Site 58.
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Regular site inspections would be performed to verify the continued implementation of the institutional

controls.  The frequency of these inspections would be based on the allowable time of exposure before

an unacceptable human health risk associated with residential exposure would develop.  Based on the

results of the risk analysis provided in Appendix A, this frequency would be less than one year.  However,

at a minimum, the planning and construction phases for a residence is expected to be 1 year considering

the site is located near the flightline.  Consequently the frequency of site inspections would be annual.

Component 2: Monitoring

Monitoring would consist of regularly checking PAH concentrations in surface soil by collecting samples

near the location where exceedances of the residential SCTLs were detected (CEF-B312-SD001).

Monitoring would also consist of collecting groundwater samples from one existing well downgradient of

the contaminated soil area (CEF-B312-10S) and analyzing these samples for PAHs.

Monitoring would be conducted for 30 years, and the data would be evaluated to determine the need for

additional remedial action at the site.  Sampling frequency would be annual, and each sampling event

would consist of collecting one surface soil sample and one groundwater sample.  Both of these samples

would be analyzed for PAHs.

Every 5 years, site reviews would be conducted to evaluate the continued adequacy of the remedial

alternative.  These site reviews are required because this alternative allows contaminants to remain in soil

at levels that exceed cleanup goals.

As part of the change of Site 58 from military to private ownership, provisions will be incorporated into the

property transfer documents to ensure continuation of the above-described monitoring.

4.2.2.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Soil Alternative 2 would be protective of human health and the environment.

Institutional controls restricting access to the Site 58 area of contaminated soil would be protective of

human health by reducing the potential for unacceptable human health risks from direct exposure to that

soil.  Institutional controls preventing residential development of Site 58 would be protective of human

health and the environment by minimizing the potential for unacceptable risks from exposure of future

human residents or ecological receptors with contaminated soil.
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Monitoring would be protective of the environment by detecting the potential migration of COCs either

offsite or from soil to groundwater.

Compliance with ARARs and TBCs

Soil Alternative 2 would comply with location- and action-specific ARARs and TBCs.  In the short-term,

Soil Alternative 2 would not comply with chemical-specific ARARs and TBCs because COC

concentrations would not actively be reduced.  However, monitoring would determine whether

contamination is being reduced through natural processes. 

Long-Term Effectiveness and Permanence

Soil Alternative 2 would provide long-term effectiveness and permanence.  Although soil COC

concentrations would not be actively reduced, risks to human health and the environment would be

minimized through LUCs and monitoring.

Fencing and posting the drainage ditch south of Building 312 would effectively reduce the current risk of

exposure to contaminated soil.  Restricting Site 58 to industrial use would effectively and permanently

prevent its development as a residential area, thereby preventing unacceptable risk from direct exposure

of future residents and of an increased ecological population to contaminated soil.

Long-term monitoring would effectively detect potential migration of COCs either offsite or from soil to

groundwater and determine whether contamination is being reduced as a result of natural processes.

Reduction of Toxicity, Mobility, or Volume through Treatment

Soil Alternative 2 would not reduce toxicity, mobility, or volume of contaminants through treatment

because no treatment would occur.  Some reduction in toxicity and volume might occur through natural

attenuation, and this would be determined through monitoring.

Short-Term Effectiveness

Soil Alternative 2 would have minimal short-term effectiveness concerns.  Exposure of onsite workers to

contaminated soil during the collection of soil samples and the maintenance and sampling of existing

monitoring wells would be minimized by wearing of appropriate PPE and complying with site-specific

health and safety procedures.  Implementation of institutional controls and monitoring would not adversely

impact the surrounding community or the environment.  
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The soil RAO would be achieved immediately upon implementation of institutional controls and

monitoring.  Eventual attainment of the soil cleanup goals through natural attenuation would be

determined through monitoring.

Implementability

Soil Alternative 2 would be readily implementable.

Maintenance and/or upgrade of existing fencing, posting of warning signs, maintenance of existing

monitoring wells, sampling and analysis of soil and groundwater, and performance of regular site

inspections and five-year reviews could readily be accomplished.  The resources, equipment, and

materials required for these activities are readily available.

The administrative aspects of Soil Alternative 2 would be relatively simple to implement.  No construction

permit would be required for this alternative.  As part of change of the site from military to private

ownership, appropriate provisions will be incorporated into the property transfer documents to ensure

continued implementation of land use restrictions and monitoring.

Cost

The estimated costs for Soil Alternative 2 are as follows.  These costs have been rounded to the nearest

$1,000 to reflect the preliminary nature of the estimates:

• Capital Cost: $20,000

• 30-Year net present worth (NPW) of O&M Cost: $54,000

• 30-Year NPW: $74,000

A detailed cost estimate for this alternative is provided in Appendix D.1.

4.2.3 Soil Alternative 3: Excavation and Off-Base Disposal

4.2.3.1 Description

Soil Alternative 3 is illustrated on Figure 4-2 and would consist of two major components:  (1) excavation

and (2) off-base transportation and disposal.
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Component 1: Excavation 

Soil contaminated with concentrations of PAHs in excess of the FDEP SCTLs for direct residential

exposure would be excavated.  Pre-excavation sampling would be conducted in order to verify the exact

extent of the contamination.

An area approximately 2,400 ft2 in size as shown on Figure 2-1 would be excavated to 2 feet bgs.  This

corresponds to a volume of approximately 180 yd3 of excavated material.  Following excavation, the

excavated area would be backfilled with clean soil and the site would be restored to its original condition.

Component 2:  Off-Base Transportation and Disposal

The excavated soil would be transported to an off-base permitted TSDF for disposal.  For the purpose of

this FS, it is assumed that excavated soil would not require treatment prior to disposal in a solid waste

RCRA Subtitle D landfill.

4.2.3.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Soil Alternative 3 would be protective of human health and the environment. 

Excavation of soil with concentrations of COCs in excess of the FDEP SCTLs for direct residential

exposure would eliminate the potential for unacceptable human health risk in case of residential

development of the site.  Excavation of contaminated soil would also minimize the potential for COCs to

migrate either offsite or from soil to groundwater.

Off-base disposal of the excavated soil at a permitted TSDF would protect human health and the

environment.

Some short-term risks could be incurred by workers from exposure to contaminated soil during on- and

off-base remedial activities.  However, the potential for exposure would be minimized by the

implementation of engineering controls (e.g., dust suppression), the wearing of appropriate PPE, and

compliance with OSHA regulations and site-specific health and safety procedures.  Potential negative

short-term impacts to the surrounding community and environment from 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.).
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Compliance with ARARs and TBCs

Soil Alternative 3 would comply with the chemical-, location-, and action-specific ARARs and TBCs.  

Long-term Effectiveness and Permanence

Soil Alternative 3 would provide long-term effectiveness and permanence.

Excavation of soil with PAH concentrations in excess of the FDEP SCTLs for direct residential exposure

would effectively eliminate the potential for unacceptable human health risk in case of residential

development of the site.  Excavation would also effectively minimize the potential for COCs to migrate

either offsite or from soil to groundwater.  Off-base disposal would effectively minimize the adverse impact

from contaminated soil on human health and the environment.

Reduction of Toxicity, Mobility, or Volume through Treatment

Although no treatment would be performed, Soil Alternative 3 would reduce mobility and volume of COCs.

Approximately 180 yd3 of contaminated soil containing an estimated 1.2 pounds of PAHs would be

removed from Site 58 by this alternative.  Mobility of these PAHs would be irreversibly reduced through

landfilling.

Short-Term Effectiveness

Implementation of the excavation and off-base disposal components of Soil Alternative 3, could expose

construction workers to contaminated soil.  This potential for exposure would be minimized by the

implementation of engineering controls such as dust suppression and air quality monitoring.  The

potential for worker exposure would be further reduced by the wearing of appropriate PPE and

compliance with applicable OSHA regulations and proper site-specific health and safety procedures.  

Implementation of the excavation, and off-base disposal components could adversely impact either the

surrounding community or the environment.  However, measures such as spill prevention and

containment, erosion and sedimentation control, perimeter air monitoring, and traffic control would be

taken to insure that the impact remains acceptable.

Soil Alternative 3 could be completed within approximately 2 months of the start of the removal action and

would achieve the soil RAO and attain the soil cleanup goals at completion.
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Implementability

Soil Alternative 3 would be easily implementable.

The excavation component of this alternative could be performed with normal construction equipment,

resources, and materials that would be readily available for this purpose.  Because the excavation would

be limited to 2 feet bgs, there would be no need for shoring and dewatering. 

Permitted TSDFs with non-hazardous landfilling capabilities are available that would make

implementation of this alternative relatively easy.  

The administrative aspects of Soil Alternative 3 would be relatively simple to implement.  A construction

permit would have to be obtained for excavation.  Off-base transportation of the excavated soil might

require the preparation and implementation of a traffic control plan and would require the completion of

waste manifests.  Off-base disposal of the excavated soil would require prior securing of waste

acceptance from the TSDF.  These administrative procedures, while constituting a significant effort, could

readily be accomplished.  

Cost

The estimated costs for Soil Alternative 3 are:

• Capital Cost: $32,000

• NPW of O&M Cost: $0

• NPW: $32,000

A detailed cost estimate for this alternative is provided in Appendix D.2.

4.3 ASSEMBLY AND DETAILED ANALYSIS OF GROUNDWATER REMEDIAL
ALTERNATIVES

The following alternatives have been developed for groundwater remediation at OU 9, Sites 57 and 58:

1. No Action

2. Natural Attenuation, Institutional Controls, and Monitoring

3. In-Situ Biological Treatment (ORC/HRC), Institutional Controls, and Monitoring
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4. In-Situ AS Treatment, Institutional Controls, and Monitoring

5. Extraction, On-site Treatment, and Surface Discharge, Institutional Controls, and Monitoring

Groundwater Alternative 1 was developed and analyzed to serve as a baseline for other alternatives, as

required by CERCLA and the NCP. 

Groundwater Alternative 2 was formulated and analyzed to evaluate the adequacy of minimal action.  For

Site 57 in particular, Groundwater Alternative 2 was evaluated as a supplement to the source control

actions performed in the Day Tank 1 area, including the 1999 soil removal and the ongoing biosparging

system.

Groundwater Alternatives 3, 4, and 5 were formulated to evaluate active remediation of the entire

contaminant plumes at both Site 57 and Site 58.  Although the Site 57 Petroleum and TCE Plumes are

relatively large (approximately 3.1 and 1.1 acres, respectively), this approach was taken because source

control actions have already been taken for the Petroleum Plume and the source for the TCE Plume is

believed to be past activities at a former nearby wash rack.  For Site 58, this approach was taken

because the size of the Naphthalene Plume is small enough (approximately 0.4 acres), and its source is

believed to be past activities at a former nearby wash rack.  Groundwater Alternatives 3 and 4 represent

relatively innovative in-situ treatment approaches while Groundwater Alternative 5 represents a more

traditional pump-and-treat approach. 

A description and detailed analysis of these alternatives are provided in the following sections.

4.3.1 Groundwater Alternative 1 - No Action

4.3.1.1 Description

This alternative is a "walk-away" alternative that is required under CERCLA to establish a basis for

comparison with other alternatives.  Under this alternative the property would be released for unrestricted

use.  This alternative cannot be chosen if waste remains on site.

4.3.1.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Groundwater Alternative 1 would not provide protection of human health and the environment.  The

current potential for human exposure to contaminated groundwater would remain.  Groundwater COCs
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might migrate that could adversely impact additional human and ecological receptors.  Because no

monitoring would be performed, potential contaminant migration would not be detected. 

Compliance with ARARs and TBCs

Groundwater Alternative 1 would not comply with chemical-specific ARARs or TBCs because no action

would be taken to reduce concentrations of COCs.  Compliance with location-specific ARARs or TBCs

would be purely incidental.  Action-specific ARARs or TBCs are not applicable.

Long-Term Effectiveness and Permanence

Groundwater Alternative 1 would have no long-term effectiveness and permanence because

contaminated groundwater would remain.  As there would be no institutional controls to limit groundwater

use, the potential would exist for unacceptable risk to develop for human receptors.  Because there would

be no groundwater monitoring, potential migration of COCs would not be detected.  Although

concentrations of COCs might eventually decrease to the cleanup goals through natural attenuation, no

monitoring would verify this.

Reduction of Toxicity, Mobility, or Volume through Treatment

Groundwater Alternative 1 would not reduce toxicity, mobility, or volume of contaminants through

treatment because no treatment would occur.  Some reduction of contaminant toxicity or volume might

occur through natural dispersion, dilution, or other attenuation process, but no monitoring would be

performed to verify this.  

Short-term Effectiveness

Since no action would occur, implementation of Groundwater Alternative 1 would not pose a short-term

risk to onsite workers or result in short-term adverse impacts to the local community and the environment.

Alternative 1 would not achieve the groundwater RAOs and, although the cleanup goals might eventually

be achieved through natural attenuation, it would not be known when.

Implementability

Because no action would occur, Groundwater Alternative 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.
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Cost

There would be no costs associated with the No-Action alternative.

4.3.2 Groundwater Alternative 2: Natural Attenuation, Institutional Controls, and Monitoring

4.3.2.1 Description

Groundwater Alternative 2 was formulated and analyzed to evaluate the adequacy of minimal action.  For

Site 57 in particular, Groundwater Alternative 2 was evaluated as a supplement to the source control

actions performed in the Day Tank 1 area, including the 1999 soil removal and the ongoing biosparging

system.

Groundwater Alternative 2 is illustrated on Figure 4-3 and would consist of three major components: (1)

natural attenuation, (2) institutional controls, and (3) monitoring.

Component 1:  Natural Attenuation

Natural attenuation would rely on naturally occurring processes within the Surficial Aquifer to significantly

reduce the concentrations of BTEX, chlorinated VOCs, PAHs, and TRPH.  These processes include a

combination of biodegradation, dispersion, dilution, and adsorption in various proportions depending on

the type of contaminant and aquifer conditions.  Aquifer conditions would be continually monitored to

ensure that they are favorable and to verify that concentrations of COCs are indeed being adequately

reduced.

Component 2:  Institutional Controls

Institutional controls would consist of prohibiting use of the groundwater from the Surficial Aquifer for

drinking purposes until the cleanup goals are met.  Use of groundwater would be controlled through deed

restrictions, and formal notification would be given to the St. John’s River Water Management District not

to issue permits for installation of drinking water wells that would draw water from the Surficial Aquifer at

Sites 57 and 58.

Regular site inspections would be performed to verify implementation of the institutional controls until

cleanup goals are met.  The frequency of these inspections is typically based upon the allowable time of

exposure before an unacceptable human health risk associated with residential exposure would develop.

Based on the results of the risk analysis provided in Appendix A, this frequency should be less than one

year.  However, at a minimum, the planning and construction phases for a residence is expected to be
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one year considering the sites are located on or near the flightline.  Consequently the frequency of site

inspections would be annual.

Component 3: Monitoring

Monitoring would consist of regularly collecting and analyzing groundwater samples both from within the

contaminant plume to assess performance of the natural attenuation processes and downgradient of the

leading edge of the contaminant plumes to verify that COCs are not migrating.

Based on the results of the modeling presented in Appendix B, performance monitoring would take place

over a period of 20 years at Site 57 and 5 years at Site 58.  This monitoring would consist of collecting

groundwater samples from 8 existing monitoring wells at Site 57 and 4 existing wells at Site 58.  Samples

would be analyzed for VOCs, SVOCs, and TRPH.  In addition, during the first 5 years, samples would

also be analyzed for natural attenuation indicator parameters such as ORP, DO, pH, alkalinity,

temperature, conductivity, TOC, ferrous and total iron, sulfur compounds (sulfates, sulfides), nitrogen

compounds (nitrates, nitrites), orthophosphates, chlorides, and metabolic gases (methane, ethane,

ethene, and CO2).  Sampling frequency would be quarterly for the first year, semi-annually for the next

2 years, and annually thereafter.

As agreed by the BCT, if the results of two consecutive sampling events indicate that the cleanup goals

have been met, the site would be considered as remediated.

Monitoring to verify that contaminant plumes are not expanding and COCs are not migrating would take

place over a period of 20 years at Site 57 and 5 years at Site 58.  This monitoring would consist of

collecting groundwater samples from 8 existing Site 57 monitoring wells and 3 existing Site 58 monitoring

wells.  Samples would be analyzed for VOCs, SVOCs, and TRPH.  Sampling frequency would be

quarterly for the first year, semi-annually for the next two years, and annually thereafter.  Based on the

results of the COC migration modeling provided in Appendix B.2, one of the 8 existing Site 57 wells (CEF-

0824A-19S) and one of the 3 existing Site 58 wells (CEF-B312-12S) would be designated as “sentinel”

wells.  If analysis of the groundwater collected from these two “sentinel” wells indicate that the

groundwater cleanup goals have been exceeded, the following step-by-step actions would be taken as

agreed by the BCT:

1. The sentinel well(s) where the exceedance(s) was(were) detected would be re-sampled to verify the

exceedance(s).
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2. If the exceedance(s) is(are) verified, additional hydrogeological modeling would be performed to

determine a revised predicted expansion of the contaminant plume(s) based upon the new monitoring

data.

3. If the revised expansion of the contaminant plume(s) predicted by the additional modeling is such that

it would be of concern, contingency remedies would be developed.

Reviews would be performed every 5 years to evaluate site status, assess the continued adequacy of

remedial activities, and determine whether further action is necessary.  These site reviews are required

because this alternative allows contaminants to remain in groundwater at concentrations in excess of

cleanup goals.

The monitoring component would include the maintenance of the existing wells that are sampled.  As part

of the change in the ownership of Sites 57 and 58 from the military to the private sector, provisions will be

incorporated into the property transfer documents to ensure that monitoring would continue.

4.3.2.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Groundwater Alternative 2 would be protective of human health and the environment.

Natural attenuation would be protective of human health and the environment as it would eventually

reduce COC concentrations to the cleanup goals.  Results of the cleanup time projections presented in

Appendix B also indicate that this attenuation would be achieved within a reasonable timeframe,

especially at Site 58.

Institutional controls would be protective of human health by prohibiting the use of the groundwater from

the Surficial Aquifer for drinking purposes until the cleanup goals are met, thus preventing unacceptable

risks from potential future exposure to contaminated groundwater.

Monitoring would be protective of the environment by evaluating the progress of remediation and

detecting potential migration of COCs so that appropriate contingency measures can be taken, if

required.  

Some short-term risks could be incurred by workers from exposure to contamination during

implementation of this alternative.  However, the potential for such exposure would be minimized by the

wearing of appropriate PPE and compliance with site-specific health and safety procedures.
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No adverse short-term or cross-media effects are anticipated as a result of implementing this alternative.  

Compliance with ARARs and TBCs

Groundwater Alternative 2 would comply with location- and action-specific ARARs and TBCs.  In the

short-term, Groundwater Alternative 2 would not comply with chemical-specific ARARs, but compliance

would eventually be achieved as natural processes within the aquifer would reduce COC concentrations.

Long-Term Effectiveness and Permanence

Groundwater Alternative 2 would provide long-term effectiveness and permanence.  

Naturally-occurring processes would effectively and permanently reduce COC concentrations to the

cleanup goals.  This is supported by the results of the natural attenuation monitoring conducted at Sites

57 and 58 and reported upon in Section 6.3 of the RI Report (TtNUS, 2002).  These results show

evidence of an environment favorable to biodegradation in general, and reductive biodegradation of

chlorinated VOCs in particular, in the shallow and intermediate zones of the Surficial Aquifer where these

COCs have been detected.  Long-term effectiveness of natural attenuation for the reduction of

groundwater COC concentrations is also supported by the fact that all of the concentrations of COCs in

the Site 57 TCE Plume and Site 58 Naphthalene Plume and nearly all of the concentrations of COCs in

the Site 57 Petroleum Plume are well within the FDEP’s natural attenuation default values (FDEP,

1999b).

Until the cleanup goals are met, risk from exposure to contaminated groundwater would be addressed

through institutional controls.  Groundwater use restrictions would effectively prevent the use of the

Surficial Aquifer as a potable water source.

Long-term monitoring would be an effective means to evaluate the progress of natural attenuation and

detect the potential migration of COCs.

Reduction of Toxicity, Mobility, or Volume through Treatment

Although no active treatment is included in this alternative, the toxicity and volume of groundwater COCs

would be reduced over time through natural processes.  Groundwater Alternative 2 would not provide an

immediate reduction in contaminant mobility because neither groundwater containment nor extraction are

proposed.  This alternative would not increase the rate of natural transformation processes that reduce
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the toxicity, mobility, or volume of contaminants in groundwater.  No treatment residuals would be

produced if Groundwater Alternative 2 were implemented.

Short-term Effectiveness

Groundwater Alternative 2 would have minimal short-term effectiveness concerns.  Exposure of workers

to contamination during sewer repairs, installation of monitoring wells, and groundwater sampling would

be minimized by wearing of appropriate PPE and complying with site-specific health and safety

procedures.  Groundwater Alternative 2 would also not adversely impact the surrounding community or

the environment.

The first two groundwater RAOs would be achieved immediately upon implementation of institutional

controls and monitoring.  

Cleanup time projections, as presented in Appendix B, indicate that Groundwater Alternative 2 would

achieve the third groundwater RAO and meet the groundwater cleanup goals through natural attenuation

within approximately 18 years at Site 57 and within approximately 3 years at Site 58.

The reasonableness of these remediation timeframes can be evaluated against the eight criteria provided

in the Office of Solid Waste and Emergency Response (OSWER) Directive 9200.4-17P (U.S. EPA, 1999)

as discussed below:

Classification of the Groundwater – The Surficial Aquifer at the site is classified by the FDEP as G-II.

Groundwater in this classification is defined as “potable water use, groundwater in aquifers which has a

total dissolved solids content of less than 10,000 mg/l, unless otherwise classified by the Commission.”

However, the wells that provide water for the Base withdraw water from the Floridan Aquifer and are 400

to 800 feet deep.  The wells are located on the northern side of the Base and upgradient of Sites 57 and

58.  Thus, while the Surficial Aquifer at Sites 57 and 58 is classified as potable water resource, this water

is not used as a drinking water source.

Relative Timeframe in Which the Affected Portion Might Be Used As A Future Source – The Base wells

provide sufficient water for current operations and, as water supply will be switched from wells to a

municipal source in a few years, no new wells will be needed.  Thus, the contaminant plumes are not

likely to have any future impact on water supplies at NAS Cecil Field.

Subsurface Conditions and Plume Stability – The Surficial Aquifer is composed primarily of silty fine sand.

Some minor variations in lithology were observed over the entire depth of the sand unit, and isolated clay

lenses were observed, however, the formation is generally consistent.  No materials were observed that
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would create a significant change in the direction or velocity of the groundwater flow.  The runways and

tarmac generally overlie the contaminant plume.  These are established and permanent features because

the Base will continue to be used by aircraft.  Storm water and run-off controls are in place and are

unlikely to be moved.  Thus, the groundwater flow will not be affected by changes in the distribution of

run-off and percolation.  

Long-Term Impact of Contamination on Water Supplies – There are no water supplies either within or

downgradient of the contaminant plume, so there is no long-term impact on water supplies.  In addition,

the nearest receiving water where the contaminants in the groundwater could migrate to is approximately

8,000 feet away from the leading edges of the plumes.  Based on the results of the modeling presented in

Appendix A, the contaminant plumes are not predicted to reach this far.

Uncertainties Regarding Mass of Contaminants And Predictive Analyses – Physical properties of the

formation were derived from SPECAP tests and also relied on information from other sites at the Base.

The Surficial Aquifer is generally consistent throughout the Base, so information from one part of the base

can reasonably be applied at other parts of the base.  This information was used for the selection of

conservative inputs to the modeling presented in Appendix B.  Because of the conservativeness of these

inputs, the predicted remediation time is expected to be conservative also.

Reliability of Monitoring And Institutional Controls Over Time – The Base was turned over to the City of

Jacksonville which has an environmental staff.  The City is aware of and sensitive to the environmental

issues at the site and; therefore, long-term maintenance of monitoring and institutional controls is

expected.

Public Acceptance of Timeframe – Because this FS has not yet been presented to the public, its

acceptance of the remediation timeframe for this alternative cannot yet be evaluated.

Provisions by Responsible Party for Adequate Monitoring and Evaluation – The Navy will be making the

provisions for monitoring and evaluation.  This includes performing the required five-year reviews to

monitor the progress of each site. 

In summary:

• There are no current users or anticipated users of the Surficial Aquifer at Sites 57 and 58. 

• The subsurface and surface conditions are favorable to stable and consistent groundwater flow

conditions.
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• No detrimental impacts on other water supplies or environmental resources are predicted.

• The new site owner has the resources to maintain institutional controls and monitor environmental

conditions.  Similarly, the Navy is committed to continuing monitoring of the site if required, as has

been done at other sites.

• Conservative values were used in the model so uncertainties in the time frame are expected to be

conservative also.

All of the above factors support the conclusion that the estimated remediation timeframes of 18 years for

Site 57 and 3 years for Site 58 may be considered as reasonable.

Implementability

The technical implementation of Groundwater Alternative 2 would be very simple as it would only require

routine monitoring activities, and no new monitoring wells would have to be installed.

The administrative implementation of Groundwater Alternative 2 would be simple.  No construction

permits would be required for this alternative.  As part of change of the site from military to private

ownership, appropriate provisions will be incorporated into the property transfer documents to ensure

continued implementation of groundwater use restrictions and monitoring.

Cost

The estimated costs for Groundwater Alternative 2 are:

• Capital Cost: $5,000

• 20-Year NPW of O&M Cost: $519,000

• 20-Year NPW: $524,000

A detailed cost estimate for this alternative is provided in Appendix D.3.
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4.3.3 Groundwater Alternative 3: In-Situ Biological Treatment (ORC/HRC), Institutional

Controls, and Monitoring

4.3.3.1 Description

Groundwater Alternative 3 was formulated to evaluate active remediation of the entire contaminant

plumes at both Site 57 and Site 58.  Although the Site 57 Petroleum and TCE Plumes are relatively large

(approximately 3.1 and 1.1 acres, respectively), this approach was taken because source control actions

have already been taken for the Petroleum Plume, and no clear area can be identified as a source for the

TCE Plume.  For Site 58, this approach was taken because the size of the Naphthalene Plume is small

enough (approximately 0.4 acres), and no clear source area can be identified. 

Groundwater Alternative 3 is illustrated on Figure 4-4 and would consist of three major components: (1)

in-situ biological treatment with ORC/HRCinjection, (2) institutional controls, and (3) monitoring.

Component 1:  In-situ Biological Treatment (ORC/HRC) 

In-situ biological treatment would consist of using ORC and/or HRC to enhance the growth of

indigenous microorganisms and augment natural biodegradation processes in the contaminant plumes.

ORC and/or HRC would be injected using DPT.  Areas of groundwater predominantly contaminated

with non-chlorinated organic compounds, such as the Site 57 Petroleum Plume and Site 58 Naphthalene

Plume would be treated with an ORC such as magnesium peroxide.  An HRC, such as lactic acid,

would be used to remediate the areas of groundwater predominantly contaminated with chlorinated

VOCs, such as the Site 57 TCE Plume.  Based upon the information obtained from a qualified

remediation contractor specializing with this technology (REGENESIS, see Appendix C.3), the following

ORC/HRC treatment scheme is assumed:

• The Site 57 Petroleum Plume that consists mostly of BTEX, PAHs, and TRPH, would be treated with

ORC.  The initial application of ORC would be performed with an injection system consisting of

138, 35-foot deep DPTs in which ORC would be injected at the rate of 4 pounds per foot of depth in

the 5- to 35-foot bgs interval.  For the purposes of this FS, it is assumed that no repeat ORC

application would be required.

• The Site 57 TCE Plume that consists mostly of chlorinated VOCs would be treated with HRC.  The

initial application of HRC would be performed with an injection system consisting of 120, 60-foot

deep DPTs in which HRC would be injected at the rate of 3 pounds per foot in depth in the 5- to
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60-foot bgs interval.  For the purposes of this FS, it is assumed that no repeat ORC application

would be required.

• The Site 58 Naphthalene Plume that consists mostly of naphthalene and TRPH would be treated with

ORC.  The initial application of ORC would be performed with an injection system consisting of 60,

22-foot deep DPTs in which ORC would be injected at the rate of 10 pounds per foot of depth in the

5- to 20-foot bgs interval.  For the purposes of this FS, it is assumed that no repeat ORC application

would be required.  

The exact nature of the treatment scheme would be verified through treatability testing prior to

implementation.

Component 2:  Institutional Controls

This component would be identical to Component 2 of Groundwater Alternative 2.

Component 3: Monitoring

Monitoring would consist of regularly collecting and analyzing groundwater samples both from within the

contaminant plume to assess performance of the in-situ biodegradation processes and downgradient of

the leading edge of the plume to evaluate potential migration of COCs.

Performance monitoring for Groundwater Alternative 3 would be identical to that for Groundwater

Alternative 2, except that monitoring would only last 5 years at Site 57.

Monitoring for potential migration of COCs would be identical to that for Groundwater Alternative 2,

except that monitoring would only last 5 years for Site 57.

At the end of five years, a review would be conducted to evaluate site status, assess the continued

adequacy of remedial activities, and determine whether further action is necessary.

The monitoring component would include the maintenance of the existing wells that are sampled.  As part

of the change in the ownership of Sites 57 and 58 from the military to the private sector, provisions will be

incorporated into the property transfer documents to ensure that monitoring would continue.
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4.3.3.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Groundwater Alternative 3 would be protective of human health and the environment.

In-situ biological treatment with ORC/HRC injection would be protective of human health and the

environment as it would actively reduce COCs concentrations to levels that would no longer constitute an

unacceptable human health risk.

Institutional controls would be protective of human health by prohibiting the use of the groundwater from

the Surficial Aquifer for drinking purposes until the Cleanup Goals are met, thus preventing unacceptable

risks from potential exposure to contaminated groundwater.

Monitoring would be protective of the environment by evaluating the progress of remediation and

detecting potential migration of COCs so that appropriate contingency measures could be taken, if

required.

Some short-term risks could be incurred by workers from exposure to contamination during

implementation of this alternative.  However, the potential for this exposure would be minimized by the

wearing of appropriate PPE and compliance with site-specific health and safety procedures.

No adverse short-term or cross-media effects are anticipated as a result of implementing this alternative. 

Compliance with ARARs and TBCs

Groundwater Alternative 3 would eventually comply with chemical-specific ARARs and TBCs through

active in-situ biological treatment.  Alternative 3 would also comply with location- and action-specific

ARARs and TBCs.

Long-Term Effectiveness and Permanence

Groundwater Alternative 3 would provide long-term effectiveness and permanence.  

In-situ biological treatment with ORC/HRC injection would effectively and permanently remove

groundwater COCs.  Although ORC injection is a well-established and proven technology for the

treatment of non-chlorinated organic compounds, HRC injection for the treatment of chlorinated organics

is somewhat innovative, and treatability testing would be needed to verify its site-specific effectiveness. 
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At Site 57, there would also be the possibility that, with the partially overlapping Petroleum and TCE

Plumes, the injection of ORC for aerobic treatment of BTEX and TRPH might interfere with the

effectiveness of HRC injection for the anaerobic treatment of TCE.

Groundwater use restrictions would effectively prevent the use of the Surficial Aquifer as a potable water

source until the cleanup goals have been achieved. 

Long-term groundwater monitoring would be an effective means to evaluate progress of remediation and

verify that no contaminant migration is occurring.  

The components proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Groundwater Alternative 3 would reduce the toxicity and volume of groundwater COCs through biological

treatment.  The ORC/HRC injection systems of this alternative are designed to irreversibly remove a

total of approximately 525 pounds of COCs (504 pounds from Site 57, 21 pounds from Site 58) over their

operating life.  Because this removal would be achieved through biodegradation, it would be irreversible.

However, it should be noted that biological treatment could result in the formation of vinyl chloride that is

more toxic than the parent COCs (TCE, DCE).  The monitoring portion of this alternative would detect this

formation.  No treatment residues would be produced during in-situ biological treatment. 

Short-Term Effectiveness

There would be minimal short-term concerns associated with implementation of Groundwater Alternative

3.  Exposure of onsite workers to contamination during installation of DPT injection points and monitoring

wells and groundwater sampling would be minimized by wearing of appropriate PPE and complying with

site-specific health and safety procedures.  Implementation of this alternative would also not adversely

impact the surrounding community or the environment.  

The first two groundwater RAOs would be achieved immediately upon implementation of controls and

monitoring.  

Based on the information received from a qualified contractor, it is anticipated that ORC/HRC treatment

would achieve the third groundwater RAO and lower concentrations of groundwater COCs to cleanup

goals within approximately 3 years at Site 57 and 2 years at Site 58.
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Implementability

Groundwater Alternative 3 would be readily implementable.  

Injection of ORC/HRC would be technically implementable but would require the installation of a

significant number of DPT injection points (a total of 447 in two events over 18 months) at locations where

such activities might interfere with the functions of Sites 57 and 58 as active airport facilities.  This would

especially be the case for treatment of the large contaminant plume at Site 57, which is located in a

tarmac and taxiway area.  However, any interference would be very temporary in nature.  Treatability

testing would have to be performed to verify the effectiveness and the design parameters for the in-situ

biological treatment of chlorinated VOCs with HRC injection.  Groundwater monitoring and performance

of five-year reviews could easily be accomplished.  Although the number of contractors qualified for the

application of ORC/HRC is relatively limited, the resources, equipment, and materials required for these

activities are readily available.

The administrative aspects of Groundwater Alternative 3 would be relatively simple to implement.  The

substantive requirements of an Underground Injection Control (UIC) permit would have to be met for the

injection of ORC/HRC.  A construction permit might also be needed for installation of the DPT injection

points, but such a permit would be easy to secure.  As part of change of the sites from military to private

ownership, appropriate provisions will be incorporated in property transfer documents to insure continued

implementation of groundwater use restrictions and monitoring.

Cost

The estimated costs for Groundwater Alternative 3 are:

• Capital Cost: $1,265,000

• 5-Year NPW of O&M Cost: $352,000

• 5-Year NPW: $1,617,000

Detailed cost estimates for this alternative are provided in Appendix D.4.

4.3.4 Groundwater Alternative 4: In-Situ AS Treatment, Institutional Controls, and Monitoring

Groundwater Alternative 4 was formulated to evaluate active remediation of the entire contaminant

plumes at both Site 57 and Site 58.  Although the Site 57 Petroleum and TCE Plumes are relatively large

(approximately 3.1 and 1.1 acres, respectively), this approach was taken because source control actions

have already been taken for the Petroleum Plume and no clear area can be identified as a source for the
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TCE Plume.  For Site 58, this approach was taken because the size of the Naphthalene Plume is small

enough (approximately 0.4 acres), and no clear source area can be identified. 

Groundwater Alternative 4 is illustrated on Figure 4-5 and would consist of three major components: (1)

AS treatment, (2) institutional controls, and (3) monitoring.

4.3.4.1 Detailed Description

Component 1:  AS Treatment

This component would consist of installing three AS systems (AS Systems Nos. 1, 2, & 3) and operating

these systems for a period of 3 years at Site 57 and 2 years at Site 58.  AS System No. 1 system would

treat the Site 57 Petroleum Plume, AS System No. 2 would treat the Site 57 TCE Plume, and AS System

No. 3 would treat the Site 58 Naphthalene Plume. 

Figure 4-6 shows the process flow diagram for a typical AS System.  Each AS System would consist of

one or more AS compressor systems, each connected to an array of AS wells screened to a specific

depth.  Each AS compressor system would feature a compressor, a receiver tank, and the necessary

instrumentation and controls.  The AS compressor systems would each be housed in pre-engineered pre-

constructed structures enclosed in a fenced-in area.

Design AS flows would be 10 cubic feet per minute (cfm) per well.  Based upon the operating results of

similar AS systems at NAS Cecil Field Sites 3 and 16 and factoring in a conservative overlap, it is

assumed that the effective treatment area and radius of influence (ROI) of each AS well would be

1,000 ft2 and 18 feet, respectively, for the shallower wells and 2,500 ft2 and 28 feet, respectively, for the

deeper wells.

AS System No. 1 for the Site 57 Petroleum Plume would feature two air compressor systems (AS

Compressor Systems Nos.1.1 and 1.2), each connected to an array of AS wells (AS Well Arrays Nos. 1.1

and 1.2).  AS Compressor System No. 1.1 would consist of a 750 cfm compressor and a 1,000-gallon

receiver tank.  AS Well Array No. 1.1 would consist of 71 wells screened from 23 to 25 feet bgs.  AS

Compressor System No. 1.2 would consist of a 300 cfm compressor and a 400-gallon receiver tank.  AS

Well Array No. 1.2 would consist of 26 wells screened from 48 to 50 feet bgs.

AS System No. 2 for the Site 57 TCE Plume would feature one air compressor system (AS Compressor

System No. 2) connected to an array of 19 AS wells (AS Well Array No. 2) screened from 63 to 65 feet

bgs.  AS Compressor System No. 2 would consist of a 200 cfm compressor and a 250-gallon receiver

tank.
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AS System No. 3 for the Site 58 Naphthalene Plume would feature one air compressor system (AS

Compressor System No. 3) connected to an array of 16 AS wells (AS Well Array No. 3) screened from 23

to 25 feet bgs.  AS Compressor System No. 3 would consist of a 200 cfm compressor and a 250-gallon

receiver tank.

Conceptual design calculations for the AS systems are provided in Appendix C.4.

Component 2:  Institutional Controls

This component would be identical to Component 2 of Groundwater Alternative 2.

Component 3: Monitoring

This component would be identical to Component 3 of Groundwater Alternative 3, except that

performance monitoring samples would not be analyzed for natural attenuation parameters. 

4.3.4.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Groundwater Alternative 4 would be protective of human health and the environment.

AS treatment would be protective of human health and the environment as it would actively reduce COC

concentrations to levels that would no longer constitute a human health risk.

Institutional controls would be protective of human health by prohibiting the use of the groundwater from

the Surficial Aquifer for drinking purposes until the cleanup goals are met, thus preventing unacceptable

risks from potential future exposure to contaminated groundwater.

Monitoring would be protective of the environment by evaluating the progress of remediation and

detecting potential migration of contaminated groundwater so that appropriate contingency measures

could be taken, if required.

Some short-term risks could be incurred by workers from exposure to contamination during

implementation of this alternative.  However, the potential for this exposure would be minimized by the

wearing of appropriate PPE and compliance with site-specific health and safety procedures.  Fugitive

emissions would also result from AS treatment, but it is conservatively estimated that the maximum initial

level of fugitive emission would be approximately 4 pounds per day at Site 57 and less than one pound



040207/P 4-30 CTO 0078

per day at Site 58, after which these levels would decrease.  Both of these levels are well under the

FDEP allowable de minimis level of 13.75 pounds of VOCs per day.  

No adverse short-term or cross-media effects are anticipated as a result of implementing this alternative. 

Compliance with ARARs and TBCs

Groundwater Alternative 4 would eventually comply with chemical-specific ARARs and TBCs through in-

situ AS treatment.  Alternative 4 would also comply with location- and action-specific ARARs and TBCs.

Long-Term Effectiveness and Permanence

Groundwater Alternative 4 would provide long-term effectiveness and permanence.

AS treatment would effectively and permanently remove groundwater COCs.  AS treatment is a well-

established technology and its effectiveness has been proven at very similar NAS Cecil Field site (Sites 3

and 16).

Groundwater use restrictions would effectively prevent the use of the Surficial Aquifer as a potable water

source until the cleanup goals have been achieved.

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that

no contaminant migration is occurring.

The components proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Groundwater Alternative 4 would reduce the toxicity and volume of groundwater COCs through AS

treatment.  The AS systems of Alternative 4 are designed to irreversibly remove a total of approximately

525 pounds of COCs (504 pounds from Site 57, 21 pounds from Site 58) over their operating life.  No

treatment residuals would be produced by Groundwater Alternative 4.

Short-Term Effectiveness

There would be minimal short-term concerns associated with implementation of Groundwater Alternative

4.  Exposure of workers to contamination during installation of AS and monitoring wells and groundwater

sampling would be minimized by wearing of appropriate PPE and complying with site-specific health and
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safety procedures.  Implementation of this alternative would also not adversely impact the surrounding

community or the environment.  

The first two groundwater RAOs would be achieved immediately upon implementation of institutional

controls and monitoring. 

Based on the performance of similar AS systems currently operating at NAS Cecil Field, it is anticipated

that the third groundwater RAO and the groundwater cleanup goals would be achieved within

approximately 3 years at Site 57 and within approximately 2 years at Site 58. 

 

Implementability

Groundwater Alternative 4 would be implementable. 

Although it could be implemented, installation of three AS Systems featuring a total of 132 AS wells (116

at Site 57 and 16 at Site 58) and several thousand feet of air distribution piping over a concrete-paved

area approximately 200,000 ft2 (4.6 acres) in size (185,000 ft2 at Site 57 and 15,000 ft2 at Site 58) would

have somewhat of an impact on the functions of Sites 57 and 58 as active airport areas.  As previously

mentioned, this would especially be the case for treatment of the Site 57 contaminant plume.  However,

any site interference would be relatively temporary in nature.  Qualified personnel would be required to

operate and maintain this system; and such personnel are available.  Installation of new monitoring wells,

maintenance of new and existing monitoring wells, sampling and analysis of groundwater, and if

necessary of surface water and sediment, and performance of five-year reviews could easily be

accomplished.  The resources, equipment, and materials required for these activities are readily

available.

The administrative aspects of Groundwater Alternative 4 would be relatively simple to implement.  This

alternative would require construction permits for installation of the AS systems but such permits would be

simple to obtain.  As part of change of the sites from military to private ownership, appropriate provisions

will be incorporated in the property transfer documents to insure continued implementation of

groundwater use restrictions and monitoring.

Cost

The estimated costs for Groundwater Alternative 4 are:

• Capital Cost: $1,636,000

• 5-Year NPW of O&M Cost: $564,000
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• 5-Year NPW: $2,200,000

A detailed cost estimate for this alternative is provided in Appendix D.5.

4.3.5 Groundwater Alternative 5: Extraction, On-Site Treatment, and Surface Discharge,
Institutional Controls, and Monitoring

Groundwater Alternative 5 was formulated to evaluate active remediation of the entire contaminant

plumes at both Site 57 and Site 58.  Although the Site 57 Petroleum and TCE Plumes are relatively large

(approximately 3.1 and 1.1 acres, respectively), this approach was taken because source control actions

have already been taken for the Petroleum Plume, and no clear area can be identified as a source for the

TCE Plume.  For Site 58, this approach was taken because the size of the Naphthalene Plume is small

enough (approximately 0.4 acres), and no clear source area can be identified. 

Groundwater Alternative 5 is illustrated on Figure 4-7 and would consist of five major components: (1)

groundwater extraction (2) on-site treatment (3) discharge to surface water, (4) institutional controls, and

(5) monitoring.  A typical process flow diagram for Components 1 and 2 is shown on Figure 4-8.

4.3.5.1 Detailed Description

Component 1: Groundwater Extraction

This component would consist of installing two arrays of groundwater extraction wells.  One of these

arrays (EW Array No. 1) would extract groundwater from the Site 57 Petroleum and TCE Plumes, and the

other array (EW Array No. 2) would extract groundwater from the Site 58 Naphthalene Plume.  EW Array

No. 1 would consist of five extraction wells screened from 10 to 40 feet bgs and would be operated at a

combined pumping rate of 30 gallons per minute (gpm) for a period of 14 years.  EW Array No. 2 would

consist of three extraction wells screened from 10 to 30 feet bgs and would be operated at a combined

pumping rate of 18 gpm for a period of 3 years.  Figures 4-9 and 4-10 illustrate the location of the

extraction wells for EW Array No. 1 and EW Array No. 2, respectively. 

A submersible centrifugal pump equipped with level controls would be installed in each groundwater

extraction well.  Each of these pumps would be connected to a piping network that would convey the

extracted groundwater to an on-site treatment system.

Conceptual design calculations for the EW Arrays are provided in Appendices B and C.5.
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Component 2:  On-Site Treatment

This component would consist of installing two on-site treatment systems (On-Site Treatment Systems

Nos. 1 and 2).  On-Site Treatment System No. 1 would treat the groundwater extracted from the Site 57

Petroleum and TCE Plumes by EW Array No. 1.  On-Site Treatment System No. 2 would treat the

groundwater extracted from the Site 58 Naphthalene Plume by EW Array No. 2.  On-Site Treatment

System No. 1 would be operated for a period of 14 years, and On-Site Treatment System No. 2 would be

operated for a period of 3 years.  Each treatment system would be housed in a pre-engineered and pre-

fabricated structure and would consist of the following sequence of unit processes:

• Equalization

• Filtration

• Liquid-Phase GAC Adsorption

In addition, On-Site Treatment System No. 1 would include an air stripping process unit between the

filtration and liquid-phase GAC adsorption process units.  The design flow of On-Site Treatment System

No. 1 would be 37.5 gpm and that of On-Site Treatment System No. 2 would be 22.5 gpm.  Conceptual

design calculations for the on-site treatment systems are provided in Appendix C.5.

The extracted groundwater would enter the treatment system through an equalization tank.  The purpose

of this equalization tank would be to blend the groundwater from the various extraction wells to equalize

the quality of the influent to the downstream unit processes.  The equalization tank could also be used to

provide additional treatment as may be required, such as pH adjustment.  For this purpose, the

equalization tank would be equipped with a mixer and sized to provide approximately 30 minutes

detention time under design flow conditions.  Accordingly, the equalization tank of On-Site Treatment

System No. 1 would have a design capacity of 1,200 gallons, and the equalization tank of On-Site

Treatment No. 2 would have a design capacity of 750 gallons.

The equalized groundwater flow would be pumped from the equalization tank to a filter unit by one of two

(one spare) centrifugal pumps.  The purpose of this filter unit would be to remove most of the suspended

solids that might be present in the groundwater.  If these suspended solids are not removed, they could

result in premature fouling of the downstream air stripper and liquid-phase GAC adsorption units.  The

filter unit would be of the pressurized type and would be equipped with multiple disposable filter elements

installed in parallel to allow for continued service during the periodic replacement of a clogged element.

Clogged filter elements would be disposed off site and replaced with fresh ones.  The filter unit of On-Site

Treatment System No. 1 would have a 30 ft2 filtration area and the filter unit of On-Site Treatment System

No. 2 would have a 20 ft2 filtration area
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In On-Site Treatment System No. 1, the equalized and filtered groundwater would then cascade down

through the multiple trays of a low-profile type air stripper unit where it would be submitted to the frothing

action of a countercurrent of air.  This frothing action would volatilize most of the BTEX and chlorinated

VOCs as well as some of the TRPH.  The air-stripped groundwater would be collected in a sump at the

bottom of the air stripper unit.  The air stripper unit would feature four trays and be equipped with a

300 cfm centrifugal blower to provide the necessary countercurrent of air and a 40 gpm centrifugal pump

to convey the treated groundwater to the liquid-phase GAC adsorption unit.

The liquid-phase GAC adsorption unit would be used to remove BTEX, chlorinated VOCs, PAHs, and

TRPH down to their surface water discharge criteria.  The GAC unit would consist of two activated

carbon-packed bed canisters connected in series.  Manifolding and valving would be provided so that

each canister can operate in either the lead or lag position.  Both the lead and lag adsorption canister

would feature backwash capabilities to deal with potential long-term accumulation of suspended solids in

the GAC beds.  The treated groundwater effluent would be conveyed under residual pressure to its

discharge point.  For On-Site Treatment System No. 1, each canister would contain approximately 900

pounds of GAC and, based upon an estimated total GAC usage of 6,500 pounds, the lead canister would

require replacement seven times over the 14-year operating life of the system.  For On-Site Treatment

System No. 2, each canister would contain approximately 575 pounds of GAC and, based upon an

estimated total GAC usage of 265 pounds, no replacement of the lead canister would be required over

the 3-year operating life of the system.

Performance of the on-site treatment systems would be regularly monitored.  Performance monitoring

would consist of collecting monthly water samples from the inlet and outlet of each treatment system and

analyzing these samples for VOCs, SVOCs, TRPH, and other criteria as may be required for surface

water discharge.

Component 3: Discharge to Surface Water

Treated groundwater would be discharged to the storm sewer system and eventually into Sal Taylor

Creek.  Treated water sampling would be required to satisfy the substantive requirements of an NPDES

permit administered by FDEP.  Sampling and analysis of the discharge stream would be completed to

ensure compliance with these criteria.

Component 4:  Institutional Controls

This component would be identical to Component 2 of Groundwater Alternative 2.
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Component 5: Monitoring

This component would be similar to Component 3 of Groundwater Alternative 3 except that performance

monitoring and monitoring for potential migration of COCs would both take place over a period of 15

years at Site 57, instead of 5, and that performance monitoring samples would not be analyzed for natural

attenuation parameters.  Also three five-year reviews would be conducted instead of one.

4.3.5.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Groundwater Alternative 5 would be protective of human health and the environment.

Extraction of contaminated groundwater and its treatment by use of air stripping followed by discharge of

the treated water would be protective of human health and the environment as it would significantly

reduce risk from exposure to contaminated groundwater and provide protection to future human receptors

who may use the Surficial Aquifer as a source of potable water. 

Institutional controls would be protective of human health by prohibiting the use of Surficial Aquifer

groundwater for drinking purposes until the cleanup goals are met, thus preventing unacceptable risks

from potential future exposure to contaminated groundwater.

Monitoring would be protective by evaluating the effectiveness of groundwater extraction and treatment

and detecting potential migration of groundwater contaminants.

Some short-term risks could be incurred by workers from exposure to contamination during the

implementation of this alternative.  However, the potential for this exposure would be minimized by the

wearing of appropriate PPE and compliance with site-specific health and safety procedures.  Fugitive

emissions would also result from on-site air stripping, but it is conservatively anticipated that the

maximum level of these emissions would be approximately 1 pound per day, which is well under the

FDEP allowable de-minimis level of 13.75 pounds of VOCs per day.

No adverse short-term or cross-media effects are anticipated as a result of implementing this alternative. 

Compliance with ARARs and TBCs

Groundwater Alternative 5 would eventually comply with chemical-specific ARARs and TBCs through

groundwater extraction and on-site treatment.  Alternative 5 would also comply with location- and action-

specific ARARs and TBCs.
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Long-Term Effectiveness and Permanence

Groundwater Alternative 5 would provide long-term effectiveness and permanence.

Groundwater extraction and on-site treatment would effectively and permanently remove groundwater

COCs.  Groundwater extraction and treatment is a well-established remedial approach and results of the

cleanup time projections presented in Appendix B predict that such an approach would be effective at

Sites 57 and 58.

Groundwater use restrictions would effectively prevent the use of the Surficial Aquifer as a potable water

source until the cleanup goals have been achieved.

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that

no contaminant migration is occurring.

The components proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Groundwater Alternative 5 would reduce the toxicity, mobility, and volume of groundwater COCs.  The

two groundwater extraction and treatment systems provided under this alternative are designed to

irreversibly remove approximately 525 pounds of COCs (504 pounds from Site 57 and 21 pounds from

Site 58) over their operating lives.  Implementation of Groundwater Alternative 5 would produce treatment

residuals including clogged filter elements and spent GAC. 

Short-term Effectiveness

Groundwater Alternative 5 would reduce human health risks in the short term because groundwater use

restrictions would be implemented.  Exposure of workers to contamination during installation of

groundwater extraction and monitoring wells, operation of the groundwater treatment system, and

groundwater sampling would be minimized by wearing of appropriate PPE and complying with site-

specific health and safety procedures.  Implementation of institutional controls and monitoring would not

adversely impact the surrounding community or the environment.  

The first two groundwater RAOs would be achieved immediately upon implementation of institutional

controls and monitoring.  
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Cleanup time projections, as presented in Appendix B, indicate that Groundwater Alternative 5 would

achieve the third groundwater RAO and reduce the concentrations of groundwater COCs to the cleanup

goals within approximately 14 years at Site 57 and approximately 3 years at Site 58.

Implementability

Groundwater Alternative 5 would be readily implementable.

Groundwater extraction and treatment systems could readily be constructed and operated without unduly

restricting the ability of Sites 57 and 58 to function as active airport areas.  Qualified personnel would be

needed to operate and to maintain this system, but such personnel is available.  Installation of new

monitoring wells, maintenance of existing and new wells, sampling and analysis of groundwater, and if

necessary, of surface water and outfall sediment, and performance of five-year reviews could readily be

accomplished.  Off-site disposal of clogged filter elements and off-site regeneration or disposal of the

spent GAC would be easily implementable.  The resources, equipment, and materials required for these

activities are readily available.

The surface discharge of the treated water would also be implementable.  Storm sewers are located in

the vicinity of Sites 57 and 58 and would be available for such discharge.

The administrative aspects of Groundwater Alternative 5 would be relatively simple to implement.  This

alternative would require construction permits for installation of the EW arrays and on-site treatment

systems but such permits would be simple to obtain.  The substantive requirements of an NPDES permit

would have to be met but the actual securing of such a permit would not be necessary.  As part of change

of the sites from military to private ownership, appropriate provisions will be incorporated into the property

transfer documents to ensure continued implementation of groundwater use restrictions and monitoring.

Cost

The estimated costs for Groundwater Alternative 5 are:

• Capital Cost: $1,109,000

• 15-Year NPW of O&M Cost: $1,542,000

• 15-Year NPW: $2,651,000

A detailed cost estimate for this alternative is provided in Appendix D.6.
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5.0  COMPARATIVE ANALYSIS OF ALTERNATIVES

This section compares the analyses for each of the remedial alternatives presented in Section 4.0 of this

FS.  The criteria for comparison are identical to those used for the detailed analysis of individual

alternatives.

5.1 COMPARISON OF SOIL REMEDIAL ALTERNATIVES BY CRITERIA

The following remedial alternatives for soil are being compared in this section:

• Alternative 1: No Action

• Alternative 2: Institutional Controls and Monitoring

• Alternative 3: Excavation and Off-Base Disposal

5.1.1 Overall Protection of Health and Environment

Alternative 1 would not be protective of human health and the environment.  Under the current industrial

land use scenario, unacceptable human health risk could occur from exposure to contaminated soil.

Under a potential future residential land use scenario, the human health risk would be further aggravated

and an unacceptable ecological risk could also occur.  Also, the potential would remain for soil COCs to

migrate either offsite or to groundwater, and no monitoring would be performed to detect this potential

migration.

Alternative 2 would be protective of human health and the environment.  Institutional controls would limit

current risks by reducing the potential for human exposure to contaminated soil.  Institutional controls

would also minimize potential future human health and ecological risk by preventing residential

development.  Monitoring would provide protection by detecting potential migration of COCs either offsite

or from soil to groundwater.

Alternative 3 would be more protective than Alternative 2.  Soil contaminated above cleanup goals would

be excavated and taken to an off-base permitted TSDF for disposal. 

5.1.2 Compliance with ARARs and TBCs

Alternative 1 would not comply with chemical-specific ARARs as discussed in Section 4.  No action-

specific ARARs or TBCs apply to this alternative.
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Alternative 2 would comply with the location- and action-specific ARARs and TBCs.  Although

Alternative 2 would not immediately comply with chemical-specific ARARs, monitoring would determine

whether any contaminant reduction is occurring through natural processes.

Alternative 3 would comply with the chemical-, location-, and action-specific ARARs and TBCs. 

5.1.3 Long-Term Effectiveness and Permanence

Alternative 1 would have no long-term effectiveness and permanence.  Current unacceptable human

health risks would continue unabated, and residential development could occur that would further

aggravate these risks and would also result in unacceptable ecological risks.  Because there would be no

monitoring, potential migration of COCs either offsite or from soil to groundwater would go undetected.

Alternative 2 would have long-term effectiveness and permanence.  Institutional controls including

fencing, posting, and prevention of residential development would effectively and permanently reduce the

risk from direct exposure of human and ecological receptors to contaminated soil.  Long-term monitoring

would be effective for the detection of potential migration of COCs either offsite or from soil to

groundwater and for the determination of contamination reduction through natural processes.

Alternative 3 would offer the best long-term effectiveness and permanence.  Soil contaminated above the

cleanup goals would be excavated and transported to a permitted off-base TSDF for disposal.  These

remedial actions would effectively and permanently eliminate the risk from direct exposure to

contaminated soil and the potential for soil COCs to migrate to the groundwater. 

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternatives 1 and 2 would not achieve reduction of toxicity, mobility, or volume of contaminants through

treatment.  Both alternatives might achieve some reduction of contaminant toxicity and volume through

natural processes, but this would only be verified through the monitoring provided under Alternative 2. 

Alternative 3 would best reduce contaminant mobility and volume.  Alternative 3 would remove

approximately 180 yd3 of contaminated soil containing an estimated 1.2 pounds of PAHs.  The excavation

of contaminated soil at Site 58 would permanently and irreversibly reduce the volume of these PAHs.

Off-base disposal would permanently and irreversibly reduce mobility.  
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5.1.5 Short-Term Effectiveness

Implementation of Alternative 1 would not result in risks to site workers or adversely impact the

surrounding community or environment because no remedial activities would be performed.  Alternative 1

would not achieve the soil RAO and, although the soil cleanup goals might eventually be achieved over

time through natural processes, this would not be verified through monitoring.

Implementation of Alternative 2 would result in a slight possibility of exposing site workers to

contaminated soil during the sampling of soil and groundwater.  However, the risk of exposure would be

effectively controlled by wearing appropriate PPE and complying with proper site-specific health and

safety procedures.  Implementation of Alternative 2 would not adversely impact the surrounding

community or environment.  Alternative 2 would immediately achieve the soil RAO, and the eventual

attainment of the soil cleanup goals through natural attenuation would be determined through monitoring.

Implementation of Alternative 3 would result in a significant possibility of exposing construction workers to

contaminated soil during the excavation and off-base transportation and disposal activities.  However,

these risks of exposure would be effectively controlled by the implementation of engineering controls

(e.g., dust suppression), by the wearing of appropriate PPE, and by compliance with applicable OSHA

regulations and proper site-specific health and safety procedures.  

With the implementation of Alternative 3, there will be a slight risk to the surrounding community during

the transportation of the contaminated soil to the off-base TSDF.  This risk would be controlled through

adherence to Department of Transportation (DOT) regulations and implementation of traffic control and

spill prevention measures.  Alternative 3 would achieve the soil RAO and soil Cleanup Goals within

approximately 2 months of the start of the removal action.

5.1.6 Implementability

Alternative 1 would be very simple to implement because no action would occur.

Alternative 2 would be relatively easy to implement.  Preparation and implementation of LUCs to restrict

Site 58 to industrial use could be readily accomplished.  Installation of new monitoring wells, maintenance

and sampling of new and existing wells, and performance of five-year reviews as part of the monitoring

component could also be readily accomplished.  Resources, equipment, and materials are available for

these tasks.  The administrative implementability of institutional controls and monitoring would also be

relatively easy.  As part of change of the site from military to private ownership, appropriate provisions will

be incorporated into the property transfer documents to ensure the continuation of these controls and

monitoring.
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Alternative 3 would be slightly more difficult to implement than Alternative 2.  This alternative would

consist of excavation and off-base disposal of contaminated soil.  Off-base permitted TSDFs are available

that make the implementation of this alternative relatively easy.  Alternative 3 would not require long-term

monitoring.  The ease of administrative implementation of Alternative 3 would be similar to that of

Alternative 2 because it would also require a construction permit and, although it would not require

institutional controls, it would require manifesting of the excavated soil.

5.1.7 Cost

The capital and O&M costs and NPW of the soil alternatives are as follows.  Costs have been rounded to

the nearest $1,000 to reflect the preliminary nature of the estimates.  Detailed cost estimates are provided

in Appendix D.

Alternative Capital NPW of O&M (year) NPW (year)
1 $0 $0 $0
2 $20,000 $54,000 (30 Years) $74,000 (30 Years)
3 $32,000 $0 $32,000

5.2 SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES

Table 5-1 summarizes the comparative analysis of the three soil remedial alternatives.

5.3 COMPARISON OF GROUNDWATER REMEDIAL ALTERNATIVES BY CRITERIA

The following remedial alternatives for groundwater are being compared in this section:

• Alternative 1: No Action

• Alternative 2: Natural Attenuation, Institutional Controls, and Monitoring

• Alternative 3: In-Situ Biological Treatment (ORC/HRC), Institutional Controls, and Monitoring

• Alternative 4: In-Situ AS Treatment, Institutional Controls, and Monitoring

• Alternative 5: Extraction, On-site Treatment, and Discharge, Institutional Controls, and

Monitoring

5.3.1 Overall Protection of Health and Environment

Alternative 1 would not provide protection of human health and the environment because contaminants

would remain in groundwater, and potential use of groundwater for drinking purpose could result in
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unacceptable risk to human receptors.  Also under this alternative, no warning would be provided of the

potential for migration of COCs because no monitoring would occur.

Alternatives 2, 3, 4, and 5 would be protective of human health and the environment.

The natural attenuation component of Alternative 2 would be protective of human health and the

environment because it would eventually reduce the concentrations of COCs to the cleanup goals over a

reasonable timeframe.  The institutional controls component of Alternative 2 would be protective of

human health and the environment as it would reduce exposure to contaminated groundwater by

prohibiting use of the Surficial Aquifer for drinking purposes until the cleanup goals are met.  The

monitoring component Alternative 2 would be protective of human health and the environment by

evaluating the progress of remediation and detecting potential migration of COCs so that appropriate

contingency measures can be taken.

Alternatives 3, 4, and 5 would be more protective than Alternative 2, because, in addition to the same

institutional controls and monitoring components, these three alternatives would also include an active

treatment component that would remove groundwater COCs faster than natural attenuation.  Although

Alternatives 3 and 4 would results in fugitive emissions, the rate of these emissions would remain well

under the FDEP’s allowable de minimis of 13.75 pounds of VOCs per day, and both alternatives would in

fact be more protective than Alternative 5 because they would achieve complete protection in a

significantly shorter time, especially at Site 57.

5.3.2 Compliance with ARARs and TBCs

Alternative 1 would not comply with chemical- and location-specific ARARs.  Action-specific ARARs or

TBCs would not apply.

Alternatives 2, 3, 4, and 5 would comply with location- and action-specific ARARs and TBCs. 

Alternatives 2, 3, 4, 5 would not immediately comply with chemical-specific ARARs and TBCs, but these

four alternatives would eventually achieve compliance as they attain cleanup goals either through natural

attenuation alone (Alternative 2) or through active treatment (Alternatives 3, 4, and 5).  First to achieve

compliance would be Alternatives 3 and 4, followed by Alternative 5, and followed by Alternative 2.

5.3.3 Long-Term Effectiveness and Permanence

Alternative 1 would have very limited long-term effectiveness and permanence because no contaminant

removal or reduction would occur through treatment although, over time, some contaminant reduction
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would occur through natural attenuation.  As there would be no institutional controls to restrict residential

development or use of the Surficial Aquifer groundwater for drinking water purposes, the potential would

also exist for unacceptable risk to develop due to direct exposure of human or ecological receptors to

contamination.  Because there would be no monitoring, potential migration of COCs would remain

undetected.

Alternatives 2, 3, 4, and 5 would provide long-term effectiveness and permanence.

Given that significant source control activities have either already been implemented (Site 57 Day Tank 1

removal) or are planned (Site 57 free product removal, Site 58 soil excavation), the natural attenuation

component of Alternative 2 would effectively and permanently reduce concentrations of groundwater

COCs to cleanup goals.  The institutional controls component of Alternative 2 would effectively prevent

the use of the Surficial Aquifer as a drinking water source until the cleanup goals have been achieved.

The long-term monitoring component of Alternative 2 would provide an effective means of evaluating the

progress of remediation and verifying that no COC migration is occurring.

Alternatives 3, 4, and 5 would be more effective than Alternative 2, because, in addition to the same

institutional controls and monitoring components, these three alternatives would also include an active

treatment component that accelerates the removal of COCs, especially at Site 57.  Alternative 4 would be

most effective because it would be quickest to meet the cleanup goals and would use a well-proven

treatment technology.  Alternative 3 would be slightly less effective than Alternative 4 because, although it

would meet the cleanup goals in the same timeframe, its application at Site 57 would use an innovative

technology (HRC injection for removal of chlorinated VOCs) that would require treatability testing.  Also

at Site 57, there might be some interference between the treatment of BTEX, PAHs, and TRPH with

ORC and the treatment of chlorinated VOCs with HRC.  Alternative 5 would be less effective than

either Alternatives 3 or 4 because, although it would use a well-established active remedial approach

(pump-and-treat), it would take somewhat more time to meet the cleanup goals and would actually not be

significantly quicker than Alternative 2.

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternatives 1 and 2 would not achieve any reduction of toxicity, mobility, or volume of COCs through

treatment.  Both alternatives would achieve reduction of contaminant toxicity and volume through natural

attenuation; however, under Alternative 1, this reduction would neither be verified nor quantified. 

Alternatives 3, 4, and 5 would achieve a reduction in COC toxicity and volume through treatment.
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Alternatives 3, 4, and 5 would irreversibly remove an estimated 525 pounds of COCs from the

contaminant plumes (504 pounds from Site 57 and 21 pounds from Site 58) through either in-situ

biological or AS treatment or through extraction, on-site air stripping and liquid-phase GAC adsorption,

and surface discharge.  Alternatives 3 and 4 would not generate treatment residues.  Alternative 5 would

generate treatment residues including clogged filter bags and spent GAC.

5.3.5 Short-Term Effectiveness

Implementation of Alternative 1 would not result in risks to site workers or adversely impact the

surrounding community or environment because no remedial activities would be performed.  Alternative 1

would not achieve the groundwater RAOs and although the groundwater cleanup goals might eventually

be attained through natural processes, this would not be verified.

Implementation of Alternative 2 would result in a slight possibility of exposing site workers to

contaminated groundwater during the installation, maintenance, and sampling of new and existing

monitoring wells.  However, these risks of exposure would be effectively controlled by wearing

appropriate PPE and compliance with proper site-specific health and safety procedures.  Implementation

of Alternative 2 would not adversely impact the surrounding community or environment.  Alternative 2

would achieve the first two groundwater RAOs immediately upon implementation of institutional controls

and monitoring.  Based on the results of the modeling presented in Appendix B, the third groundwater

RAO and the groundwater cleanup goals would be attained within an estimated 18 years at Site 57 and

within an estimated 3 years at Site 58.

Implementation of Alternatives 3, 4, or 5 would result in a significant possibility of exposing construction

workers to contaminated groundwater during the construction and operation of groundwater treatment

systems, the installation of new monitoring wells, and the sampling of new and existing wells.  However,

these risks of exposure would be effectively controlled by wearing appropriate PPE and compliance with

proper site-specific health and safety procedures.  Implementation of Alternatives 3, 4, and 5 would not

adversely impact the surrounding community or environment.  Alternatives 3, 4, and 5 would achieve the

first two groundwater RAOs immediately upon implementation of institutional controls.  It is estimated that

the respective timeframes to achieve the third groundwater RAO and the groundwater cleanup goals at

Sites 57 and 58 would be 3 and 2 years, respectively, for Alternatives 3 and 4, and 14 and 3 years,

respectively, for Alternative 5.

5.3.6 Implementability

Alternative 1 would be easiest to implement because there would be no activities to implement.
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Technical implementation of the various components of Alternatives 2, 3, 4, and 5 would be relatively

simple. 

The technical implementation of the natural attenuation, institutional controls, and monitoring components

of Alternative 2 would be very simple.  The resources, equipment, and material required for the activities

associated with these components are readily available. 

The technical implementation of Alternatives 3, 4, and 5 would be somewhat more difficult than that of

Alternative 2 because each of these alternatives would require the installation and O&M of a groundwater

treatment system.  Of these three alternatives, Alternative 3 would be easiest to implement because it

would only require the installation of small diameter ORC/HRC injection points and the feeding of these

chemicals without installation of permanent equipment.  Alternative 5 would be technically harder to

implement than Alternative 3 because it would require two groundwater extraction arrays with wells,

pumps, and transfer piping and two on-site treatment systems featuring multiple process units.

Alternative 5 would also require off-site disposal of clogged filter bags and off-site regeneration or

disposal of spent GAC.  Alternative 4 would be most technically difficult to implement because it would

require three AS systems, each including numerous sparging wells, lengthy interconnecting piping, and

one or more compressor systems.  However, the resources, equipment, and material necessary to

implement any of these three alternatives are readily available.

Administrative implementation of the various components of Alternatives 2, 3, 4, and 5 would be relatively

simple. 

Administrative implementation of the institutional controls component of Alternative 2 would be simple

because, as part of change of the sites from military to private ownership, appropriate provisions will be

incorporated in the property transfer documents to ensure continued enforcement of controls.

Administrative implementation of the monitoring component of Alternative 2 would also be simple and it

would not require permits.

The administrative implementation of Alternatives 3, 4, and 5 would be slightly more difficult than that of

Alternative 2.  In addition to the same requirements as Alternative 2, Alternative 3 might require a

construction permit for installation of DPT injection points, and Alternatives 4 and 5 would need

construction permits for the installation of groundwater treatment systems.  However, these permits

should be relatively easy to obtain.  Alternative 3 would also have to meet the substantive requirements of

a UIC permit for ORC/HRC injection.  Alternative 5 would also have to meet the substantive

requirements of a NPDES permit for discharge of treated groundwater to surface water.



040207/P 5-9 CTO 0078

5.3.7 Cost

The capital and O&M costs and NPW of the alternatives are as follows.  

Alternative Capital NPW of O&M (year) NPW (year)
1 $0 $0 $0
2 $5,000 $519,000 (20 Years) $524,000 (20 Years)
3 $1,265,000 $352,000 (5 Years) $1,617,000 (5 Years)
4 $1,636,000 $564,000 (5 Years) $2,200,000 (5 Years)
5 $1,109,000 $1,542,000 (15 Years) $2,651,000 (15 Years)

Detailed cost estimates are provided in Appendix D.

5.4 SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL
ALTERNATIVES

Table 5-2 summarizes the comparative analysis of the remedial alternatives.  
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