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FOREWORD 

The Depar~ment of the Navy developed the Installation Restoration (IR) program 
to locate, identify, and remediate environmental contamination from the past 
disposal of hazardous materials at Navy and Marine Corps installations. The 
Navyts IR program follows the Department of Defense's environmental restora~ion 
program mandated by the Superfund Amendments and Reauthorization Act of 1986 to 
address waste sites that may pose a threat to human health or the environment. 

The Navy's IR program consists of preliminary assessment (FA) and site inspection 
(SI), remedial investigation and feasibility study (RI/FS), and remedial design 
and remedial action (RD/RA) at sites where hazardous materials were allegedly 
disposed of. The FA and SI identify the presence of pollutants. The RI/FS 
analyzes the nature and extent of contamination and determines the optimum 
remedial solution. The RD/RA completes the implementation of the solution. 

Previous investigations have determined that Naval Air Station (NAS) Cecil Field 
has 18 sites that may pose a threat to human health or the environment. 
Therefore ~ an RI/FS will be performed at each site to address the extent and 
magnitude of contamination at these sites. 

This report presents the FS for Operable Unit 8, consisting of Site 3 (the Oil 
and Sludge Disposal Pit). This report includes a discussion of remedial action 
objectives (RAOs) , applicable and/or relevant and appropriate requirements, the 
identification and screening of applicable technologies to address the RAOs, the 
identification and description of remedial alternatives, and a detailed analysis 
of the identified alternatives against nine criteria. 

Questions regarding this report should be addressed to the Commanding Officer, 
Code OOB, P.O. Box 111, NAS Cecil Field, Jacksonville, Florida 32215-0111. 

CEC·QUS FS 
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EXECUTIVE SUMMARY

ABB Environmental Services, Inc., has been contracted by the Department of the
Navy, Southern Division, Naval Facilities Engineering Command to complete a
remedial investigation and feasibility study (RI/FS) for Operable Unit (OU) 8
located at Naval Air Station Cecil Field in Jacksonville, Florida. The Navy
prepared the RI, the baseline risk assessment (BRA), which is summarized in the
RI, and the FS as separate documents. This report documents the FS for OU 8 that
consists of Site 3, the Oil and Sludge Disposal Pit.

The purpose of the FS is to identify remedial action objectives (RAOs), identify
and evaluate remedial action alternatives that will achieve those objectives, and
evaluate how these alternatives meet prescribed evaluation criteria to provide
the basis for selection of a preferred remedial alternative. The FS contains an
overview of the RI and BRA, and includes remedial goal objectives from the risk
assessment (RA) and the identification and discussion of applicable and relevant
or appropriate requirements, in order to identify RAOs. Remedial technologies
that address site-specific considerations established in the RAOs are identified
and screened; those technologies that pass the screening phase are developed into
remedial alternatives. Remedial alternatives are then developed and analyzed in
detail for comparison in the comparative analysis.

The RI estimated that approximately 50 million gallons of groundwater are
contaminated with 1,1-dichloroethene and trichloroethene. The contaminated
groundwater plume covers an area of approximately 330 feet in width and 1,400
feet in length (10.6 acres), with the easternmost 2.7 acres located underneath
a wetlands area adjacent to Rowell Creek into which the plume discharges.

The RA completed for OU 8 identified no unacceptable human health risks for soil,
surface water, or sediment, and no ecological risks for any media. The RA
identified an unacceptable human health risk based on the assumption that a
potable water supply would be developed in the contaminated portion of the
surficial aquifer. Therefore, a risk-based RAO was developed to protect humans
from possible future risks resulting from potable water exposure to contaminants
currently present in the surficial aquifer groundwater. This RAO is summarized
below.

RAO 1: Protect human health from exposure to groundwater in the
surficial aquifer containing average concentrations of site-
related contaminants in excess of risk-based criteria.

The RAO developed for OU 8 relates to the groundwater medium only. Eight
remedial alternatives were developed to address management of migration (i.e.,
surficial aquifer groundwater) at OU 8.

Alternative MM-1: No action

Alternative MM-2: Enhanced biodegradation

Alternative MM-3: In situ air stripping with enhanced biodegradation

Alternative MM-4: Pump and treat with discharge to Rowell Creek

Alternative MM-5: Pump and treat with reinjection for enhanced
biodegradation

Alternative MM-6: Natural attenuation

Alternative MM-7: In situ permeable reactive wall and hydraulic barriers

Alternative MM-8: In situ air stripping with phytoremediation followed by
natural attenuation

CEC-OU8.FS
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The evaluation of alternatives was completed based on eight of the nine criteria
established in the National Oil and Hazardous Substances Contingency Plan. The
ninth criterion, public acceptance, will be addressed after the public comment
period for the proposed plan for OU 8 has occurred.

The proposed alternatives (except MM-1, No Action, and MM-6, Natural Attenuation)
rely in part, and to roughly the same extent, on utilities such as water supply,
electricity, and other public works and facilities for implementation at OU 8.
The following characteristics distinguish the alternatives:

Distinguishing
Factor

Best Worst

Duration time MM-4
(9 yrs)

MM-2
(12 yrs)

MM-3
(12 yrs)

MM-5
(12 yrs)

MM-8
(30 yrs)

MM-7
(62 yrs)

MM-6
(62 yrs)

MM-1
(62 yrs)

COC destruction MM-4 MM-5 MM-3 MM-2 MM-8 MM-7 MM-6 MM-1

Reliance on in
situ technology

MM-2 MM-7 MM-6 MM-3 MM-8 MM-1 MM-5 MM-4

Reliance on on-
site facilities

MM-1 MM-6 MM-7 MM-2 MM-8 MM-3 MM-4 MM-5

Present worth
cost

$427,000
(MM-1)

$606,000
(MM-6)

1,867,000
(MM-8)

$2,170,000
(MM-7)

$2,970,000
(MM-4)

$3,322,000
(MM-3)

$3,652,000
(MM-2)

$4,072,000
(MM-5)

Note: MM = management of migration.
yrs = years.
COC = chemicals of concern.

The greatest capture and destruction of chemicals of concern is provided by
Alternative MM-4, followed by MM-5, MM-3, MM-8, MM-2, MM-7, MM-6, and MM-1. MM-
2, MM-3, MM-7, and MM-8 rely on in situ treatment technologies, whereas MM-5
relies partially on these technologies. The costs, except for MM-1 at $427,000,
range from $2,970,000 to $4,072,000 for groundwater extraction-based alternatives
and from $606,000 to $3,652,000 for in situ treatment processes. The estimated
durations for these alternatives to achieve action levels and the RAOs are: MM-
4, 9 years; MM-2, MM-3, and MM-5, 12 years; MM-8, 30 years; and MM-1, MM-6, and
MM-7, 62 years.

CEC-OU8.FS
ASW.10.97 -iii-



TABLE OF CONTENTS

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Chapter Title Page No.

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.1 PURPOSE OF THE FEASIBILITY STUDY REPORT. . . . . . . . . . . . 1-1
1.2 FEASIBILITY STUDY PROCESS . . . . . . . . . . . . . . . . . . . 1-4
1.3 FACILITY BACKGROUND . . . . . . . . . . . . . . . . . . . . . . 1-6

1.3.1 Facility Description . . . . . . . . . . . . . . . . . . 1-6
1.3.1.1 Facility Land Use . . . . . . . . . . . . . . . 1-6
1.3.1.2 Adjacent Land Use . . . . . . . . . . . . . . . 1-6

1.3.2 Remedial Review and Status . . . . . . . . . . . . . . . 1-7
1.4 OU 8, SITE DESCRIPTION AND HISTORY . . . . . . . . . . . . . . 1-7

1.4.1 Site Location . . . . . . . . . . . . . . . . . . . . . 1-7
1.4.2 Site Description . . . . . . . . . . . . . . . . . . . . 1-9
1.4.3 History of OU 8 . . . . . . . . . . . . . . . . . . . . 1-9

2.0 SUMMARY OF THE REMEDIAL INVESTIGATION. . . . . . . . . . . . . . . 2-1
2.1 SUMMARY OF PREVIOUS INVESTIGATIONS . . . . . . . . . . . . . . 2-1
2.2 SUMMARY OF 1993-94 REMEDIAL INVESTIGATION . . . . . . . . . . . 2-1

2.2.1 Site Settin g . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2.2 Hydrogeolog y . . . . . . . . . . . . . . . . . . . . . . 2-1

2.2.2.1 Surficial Aquifer System . . . . . . . . . . . 2-4
2.2.2.2 Intermediate Aquifer System . . . . . . . . . . 2-8

2.2.3 Nature and Extent of Contamination . . . . . . . . . . . 2-8
2.2.3.1 Soil . . . . . . . . . . . . . . . . . . . . . 2-12
2.2.3.2 Groundwate r . . . . . . . . . . . . . . . . . . 2-15
2.2.3.3 Surface Water and Sediment . . . . . . . . . . 2-20

2.2.4 Data Limitations and Recommendations for Future Work . . 2-21
2.2.4.1 Data Limitations . . . . . . . . . . . . . . . 2-21
2.2.4.2 Data Gap s . . . . . . . . . . . . . . . . . . . 2-21
2.2.4.3 Recommendations . . . . . . . . . . . . . . . . 2-21

3.0 SUMMARY OF BASELINE RISK ASSESSMENT. . . . . . . . . . . . . . . . 3-1
3.1 APPROACH TO THE BASELINE RISK ASSESSMENT. . . . . . . . . . . 3-1
3.2 HUMAN HEALTH RISK ASSESSMENT. . . . . . . . . . . . . . . . . 3-1

3.2.1 Selection of Chemicals of Potential Concern . . . . . . 3-1
3.2.2 Exposure Assessment . . . . . . . . . . . . . . . . . . 3-1
3.2.3 Toxicity Assessment . . . . . . . . . . . . . . . . . . 3-3
3.2.4 Risk Characterization . . . . . . . . . . . . . . . . . 3-3
3.2.5 Summary of Human Health Risk Assessment . . . . . . . . 3-5

3.3 ECOLOGICAL RISK ASSESSMENT . . . . . . . . . . . . . . . . . . 3-5
3.3.1 Problem Formulation . . . . . . . . . . . . . . . . . . 3-9
3.3.2 Selection of Ecological Chemicals of Potential Concern . 3-9
3.3.3 Ecological Exposure and Effects Assessment . . . . . . . 3-9
3.3.4 Risk Characterization and Uncertainties in the

Ecological Risk Assessment . . . . . . . . . . . . . . . 3-12
3.3.5 Summary of Ecological Assessment . . . . . . . . . . . . 3-13

CEC-OU8.FS
ASW.10.97 -iv-



TABLE OF CONTENTS(Continued)

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Chapter Title Page No.

4.0 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES . . . . . . . . . . . . 4-1
4.1 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS. . . . . . 4-1

4.1.1 Definition of ARARs . . . . . . . . . . . . . . . . . . 4-1
4.1.2 Chemical-Specific ARARs . . . . . . . . . . . . . . . . 4-2
4.1.3 Location-Specific ARARs . . . . . . . . . . . . . . . . 4-2
4.1.4 Action-Specific ARARs . . . . . . . . . . . . . . . . . 4-3
4.1.5 To-Be-Considered Criteria . . . . . . . . . . . . . . . 4-3

4.2 REMEDIAL CONSIDERATIONS. . . . . . . . . . . . . . . . . . . . 4-3
4.3 REMEDIAL ACTION OBJECTIVES AND CRITERIA. . . . . . . . . . . . 4-4

4.3.1 Remedial Action Objectives . . . . . . . . . . . . . . . 4-4
4.3.2 Action Levels and Chemicals of Concern . . . . . . . . . 4-7

4.3.2.1 Considerations for Defining Action Levels . . . 4-7
4.3.2.2 Identification of Action Levels for OU 8 . . . 4-8

4.3.3 Treatment Levels . . . . . . . . . . . . . . . . . . . . 4-10
4.3.3.1 In Situ Treatment Technologies . . . . . . . . 4-10
4.3.3.2 Ex Situ Treatment Technologies . . . . . . . . 4-10

4.3.4 Volume of Contaminated Groundwater . . . . . . . . . . . 4-17
4.3.5 Physical Characteristics of VOCs and SVOCs Detected at

OU 8 . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17
4.4 IDENTIFICATION OF GENERAL RESPONSE ACTIONS . . . . . . . . . . 4-20

5.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES. . . . . . . . . . . . . . . . 5-1
5.1 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES. . . . . 5-1

5.1.1 Collecting Groundwater for Treatment . . . . . . . . . . 5-1
5.1.2 Treatment of Organic Compounds in Extracted Groundwater 5-2

5.1.2.1 Air Stripping and Aeration . . . . . . . . . . 5-2
5.1.2.2 Oxidatio n . . . . . . . . . . . . . . . . . . . 5-3
5.1.2.3 Biological Treatment . . . . . . . . . . . . . 5-5
5.1.2.4 Organic Adsorption . . . . . . . . . . . . . . 5-6

5.1.3 Treatment of Inorganic Compounds in Extracted
Groundwater . . . . . . . . . . . . . . . . . . . . . . 5-7
5.1.3.1 Chemical Precipitation and Separation . . . . . 5-7
5.1.3.2 Ion Exchange and Inorganic Adsorption . . . . . 5-8
5.1.3.3 Membrane Adsorption . . . . . . . . . . . . . . 5-8

5.1.4 Discharge Options for Groundwater . . . . . . . . . . . 5-9
5.1.5 In Situ Treatment of Groundwater . . . . . . . . . . . . 5-10

5.1.5.1 In Situ Gas Transfer . . . . . . . . . . . . . 5-11
5.1.5.2 Natural Attenuation . . . . . . . . . . . . . . 5-11
5.1.5.3 Microbial Stimulation . . . . . . . . . . . . . 5-12
5.1.5.4 Permeable Reactive Wall and Hydraulic Barrier . 5-12

5.2 SCREENING OF TECHNOLOGIES. . . . . . . . . . . . . . . . . . . 5-16
5.3 DEVELOPMENT OF ALTERNATIVES. . . . . . . . . . . . . . . . . . 5-16

5.3.1 No Action (Alternative MM-1) . . . . . . . . . . . . . . 5-21
5.3.2 Enhanced Biodegradation (Alternative MM-2) . . . . . . . 5-21

CEC-OU8.FS
ASW.10.97 -v-



TABLE OF CONTENTS(Continued)

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Chapter Title Page No.

5.3.3 In Situ Air Stripping with Enhanced Biodegradation
(Alternative MM-3) . . . . . . . . . . . . . . . . . . . 5-21

5.3.4 Pump-and-Treat with Discharge to Rowell Creek
(Alternative MM-4) . . . . . . . . . . . . . . . . . . . 5-21

5.3.5 Pump-and-Treat with Reinjection for Enhanced
Biodegradation (Alternative MM-5) . . . . . . . . . . . 5-22

5.3.6 Natural Attenuation (Alternative MM-6) . . . . . . . . . 5-22
5.3.7 In Situ Permeable Reactive Wall and Hydraulic Barriers

(Alternative MM-7) . . . . . . . . . . . . . . . . . . . 5-23
5.3.8 In Situ Air Stripping with Phytoremediation Followed by

Natural Attenuation (Alternative MM-8) . . . . . . . . . 5-23

6.0 DETAILED ANALYSES OF ALTERNATIVES . . . . . . . . . . . . . . . . . 6-1
6.1 DETAILED ANALYSIS FOR ALTERNATIVE MM-1 . . . . . . . . . . . . 6-1

6.1.1 Description of Alternative MM-1 . . . . . . . . . . . . 6-1
6.1.1.1 Five-Year Site Reviews . . . . . . . . . . . . 6-3
6.1.1.2 Groundwater Monitoring . . . . . . . . . . . . 6-3
6.1.1.3 Groundwater Use Restrictions . . . . . . . . . 6-3

6.1.2 Technical Assessment of Alternative MM-1 . . . . . . . . 6-5
6.2 DETAILED ANALYSIS FOR ALTERNATIVE MM-2 . . . . . . . . . . . . 6-7

6.2.1 Description of Alternative MM-2 . . . . . . . . . . . . 6-7
6.2.1.1 Nutrient and Carbon Infiltration . . . . . . . 6-10
6.2.1.2 Five-Year Site Reviews . . . . . . . . . . . . 6-11
6.2.1.3 Groundwater and System Monitoring . . . . . . . 6-11
6.2.1.4 Groundwater Use Restrictions . . . . . . . . . 6-12

6.2.2 Technical Assessment of Alternative MM-2 . . . . . . . . 6-12
6.3 DETAILED ANALYSIS OF ALTERNATIVE MM-3 . . . . . . . . . . . . . 6-15

6.3.1 Description of Alternative MM-3 . . . . . . . . . . . . 6-15
6.3.1.1 In Situ Air Stripping in the Source Area . . . 6-15
6.3.1.2 Vapor Treatment and Exhaust . . . . . . . . . . 6-18
6.3.1.3 Nutrient and Carbon Infiltration (Upgradient of

the Wetlands ) . . . . . . . . . . . . . . . . . 6-18
6.3.1.4 Five-Year Site Reviews . . . . . . . . . . . . 6-19
6.3.1.5 Groundwater and System Monitoring . . . . . . . 6-19
6.3.1.6 Groundwater Use Restrictions . . . . . . . . . 6-19

6.3.2 Technical Assessment of Alternative MM-3 . . . . . . . . 6-19
6.4 DETAILED ANALYSIS FOR ALTERNATIVE MM-4 . . . . . . . . . . . . 6-21

6.4.1 Description of Alternative MM-4 . . . . . . . . . . . . 6-21
6.4.1.1 Groundwater Extraction . . . . . . . . . . . . 6-24
6.4.1.2 Air Strippin g . . . . . . . . . . . . . . . . . 6-24
6.4.1.3 Polymer Addition and Clarification . . . . . . 6-27
6.4.1.4 Granular Activated Carbon Adsorption . . . . . 6-27
6.4.1.5 Treated Groundwater Discharge . . . . . . . . . 6-27
6.4.1.6 Vapor Extraction, Treatment, and Exhaust . . . 6-27
6.4.1.7 Five-Year Site Reviews . . . . . . . . . . . . 6-28

CEC-OU8.FS
ASW.10.97 -vi-



TABLE OF CONTENTS(Continued)

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Chapter Title Page No.

6.4.1.8 Groundwater and System Monitoring . . . . . . . 6-28
6.4.1.9 Wetland Monitoring and Mitigation . . . . . . . 6-28
6.4.1.10 Groundwater Use Restrictions . . . . . . . . . 6-29

6.4.2 Technical Assessment of Alternative MM-4 . . . . . . . . 6-29
6.5 DETAILED ANALYSIS OF ALTERNATIVE MM-5 . . . . . . . . . . . . . 6-32

6.5.1 Description of Alternative MM-5 . . . . . . . . . . . . 6-32
6.5.1.1 Groundwater Extraction in the Source Area . . . 6-32
6.5.1.2 Groundwater Treatment . . . . . . . . . . . . . 6-36
6.5.1.3 Nutrient and Carbon Infiltration (Upgradient of

the Wetlands ) . . . . . . . . . . . . . . . . . 6-36
6.5.1.4 Vapor Extraction, Treatment, and Exhaust . . . 6-36
6.5.1.5 Five-Year Site Reviews . . . . . . . . . . . . 6-36
6.5.1.6 Groundwater and System Monitoring . . . . . . . 6-37
6.5.1.7 Groundwater Use Restrictions . . . . . . . . . 6-37

6.5.2 Technical Assessment of Alternative MM-5 . . . . . . . . 6-37
6.6 DETAILED ANALYSIS FOR ALTERNATIVE MM-6 . . . . . . . . . . . . 6-40

6.6.1 Description of Alternative MM-6 . . . . . . . . . . . . 6-40
6.6.1.1 Five-Year Site Reviews . . . . . . . . . . . . 6-40
6.6.1.2 Groundwater Monitoring . . . . . . . . . . . . 6-42
6.6.1.3 Biodegradation Monitoring . . . . . . . . . . . 6-42
6.6.1.4 Groundwater Modeling . . . . . . . . . . . . . 6-44
6.6.1.5 Groundwater Use Restrictions . . . . . . . . . 6-44

6.6.2 Technical Assessment of Alternative MM-6 . . . . . . . . 6-44
6.7 DETAILED ANALYSIS FOR ALTERNATIVE MM-7 . . . . . . . . . . . . 6-45

6.7.1 Description of Alternative MM-7 . . . . . . . . . . . . 6-47
6.7.1.1 Perform Bench-Scale Testing . . . . . . . . . . 6-47
6.7.1.2 Perform Fate and Transport Modeling . . . . . . 6-50
6.7.1.3 Install Permeable Reactive Wall and Hydraulic

Barrie r . . . . . . . . . . . . . . . . . . . . 6-50
6.7.1.4 Groundwater and Wetland Monitoring . . . . . . 6-51
6.7.1.5 Five-Year Site Reviews . . . . . . . . . . . . 6-52
6.7.1.6 Groundwater Use Restrictions . . . . . . . . . 6-52

6.7.2 Technical Assessment of Alternative MM-7 . . . . . . . . 6-52
6.8 DETAILED ANALYSIS FOR ALTERNATIVE MM-8 . . . . . . . . . . . . 6-55

6.8.1 Description of Alternative MM-8 . . . . . . . . . . . . 6-55
6.8.1.1 In Situ Air Stripping in the Source Area . . . 6-58
6.8.1.2 Vapor Treatment and Exhaust . . . . . . . . . . 6-58
6.8.1.3 Phytoremediation in the Wetlands . . . . . . . 6-58
6.8.1.4 Natural Attenuation . . . . . . . . . . . . . . 6-59
6.8.1.5 Five-Year Site Reviews . . . . . . . . . . . . 6-59
6.8.1.6 Groundwater and System Monitoring . . . . . . . 6-59
6.8.1.7 Groundwater Use Restrictions . . . . . . . . . 6-60

6.8.2 Technical Assessment of Alternative MM-8 . . . . . . . . 6-60

CEC-OU8.FS
ASW.10.97 -vii-



TABLE OF CONTENTS(Continued)

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Chapter Title Page No.

7.0 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES. . . . . . . . . . . 7-1
7.1 COMPARISON OF IMPLEMENTATION TIME. . . . . . . . . . . . . . . 7-1
7.2 COMPARISON OF THRESHOLD CRITERIA. . . . . . . . . . . . . . . 7-4
7.3 COMPARISON OF PRIMARY BALANCING CRITERIA.. . . . . . . . . . . 7-6
7.4 SUMMARY OF COMPARATIVE ANALYSIS. . . . . . . . . . . . . . . . 7-8
7.5 CONSIDERATIONS FOR DEVELOPING THE PROPOSED PLAN. . . . . . . . 7-8
7.6 SENSITIVITY ANALYSIS . . . . . . . . . . . . . . . . . . . . . 7-11

REFERENCES

APPENDICES

Appendix A: Applicable or Relevant and Appropriate Requirements and To-Be-
Considered Criteria

Appendix B: Determination of Action Levels and Treatment Levels
Appendix C: Supporting Documentation for Detailed Analysis
Appendix D: Cost Estimates for Alternatives
Appendix E: Supporting Documentation for Comparative Analysis

CEC-OU8.FS
ASW.10.97 -viii-



LIST OF FIGURES

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Figure Title Page No.

1-1 General Location Map . . . . . . . . . . . . . . . . . . . . . . . . 1-2
1-2 Site Location Map . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1-3 Historical Pit Area, Surface Features and Topography . . . . . . . . 1-8
2-1 Monitoring Well Locations and Cross Sections A-A’, B-B’ . . . . . . 2-5
2-2 Lithologic Cross Section A-A’ . . . . . . . . . . . . . . . . . . . 2-6
2-3 Lithologic Cross Section B-B’ . . . . . . . . . . . . . . . . . . . 2-7
2-4 Surface Soil Screening Locations . . . . . . . . . . . . . . . . . . 2-9
2-5 Subsurface Soil and Groundwater Screening Locations . . . . . . . . 2-10
2-6 Confirmatory Surface and Subsurface Soil, Sediment, Surface Water

and Monitoring Well Sampling Locations . . . . . . . . . . . . . . . 2-11
2-7 TCE, TPH, and Total VOCs in Surface and Subsurface Soil . . . . . . 2-13
2-8 Organics in the Surficial Aquifer . . . . . . . . . . . . . . . . . 2-17
2-9 Trichloroethene (TCE) Vertical Distribution Along Flowpath . . . . . 2-18
2-10 1,1-Dichloroethene (DCE) Vertical Distribution Along Flowpath . . . 2-19
3-1 Complete Exposure Pathways for Human Receptors . . . . . . . . . . . 3-4
3-2 Contaminant Pathway Model for Ecological Receptors . . . . . . . . . 3-10
5-1 Various Configurations of "Funnel and Gate" Systems . . . . . . . . 5-14
6-1 Alternative MM-1, Proposed Groundwater Monitoring Well Locations . . 6-4
6-2 Alternative MM-2, Proposed Infiltration Trench Locations . . . . . . 6-8
6-3 Alternative MM-2, General Arrangement Drawing . . . . . . . . . . . 6-9
6-4 Alternative MM-3, Proposed In Situ Air Stripping and Infiltration

Trench Locations . . . . . . . . . . . . . . . . . . . . . . . . . . 6-16
6-5 Alternative MM-3, General Arrangement Drawing . . . . . . . . . . . 6-17
6-6 Alternative MM-3, Treatment System Component Costs . . . . . . . . . 6-23
6-7 Alternative MM-4, Proposed Groundwater Extraction Well and Soil

Vapor Extraction Well Locations . . . . . . . . . . . . . . . . . . 6-25
6-8 Alternative MM-4, General Arrangement Drawing . . . . . . . . . . . 6-26
6-9 Alternative MM-4, Potential Range of Costs . . . . . . . . . . . . . 6-33
6-10 Alternative MM-5, Proposed Groundwater Extraction Well, Soil Vapor

Extraction Well and Infiltration Trench Locations . . . . . . . . . 6-34
6-11 Alternative MM-5, General Arrangement Drawing . . . . . . . . . . . 6-35
6-12 Alternative MM-5, Treatment System Component Costs . . . . . . . . . 6-41
6-13 Alternative MM-6, Proposed Groundwater Monitoring Well Locations . . 6-43
6-14 Alternative MM-7, Plan View of Permeable Reactive Wall . . . . . . . 6-48
6-15 Schematic Cross Section through an In Situ Permeable Reactive Wall . 6-49
6-16 Alternative MM-8, Proposed In Situ Air Stripping and Phyto-

remediation Tree Line Locations . . . . . . . . . . . . . . . . . . 6-56
6-17 Alternative MM-8, General Arrangement Drawing . . . . . . . . . . . 6-57
7-1 Conceptual Time Comparisons Among Alternatives . . . . . . . . . . . 7-2
7-2 Comparison of Present Worth Costs Among Alternatives . . . . . . . . 7-3
7-3 Comparison of Costs Versus Time of Cleanup Among Alternatives . . . 7-9

CEC-OU8.FS
ASW.10.97 -ix-



LIST OF TABLES

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Table Title Page No.

2-1 Findings and Conclusions from Previous Investigations . . . . . . . 2-2
3-1 Human Health Chemicals of Potential Concern (HHCPCs) . . . . . . . . 3-2
3-2 Human Health Risk Summary . . . . . . . . . . . . . . . . . . . . . 3-6
3-3 Remedial Goal Options for Unfiltered Groundwater from Surficial

Aquifer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7
3-4 Ecological Chemicals of Potential Concern (ECPCs) . . . . . . . . . 3-11
3-5 Summary of Risk Characterization for Wildlife, Plant, and

Invertebrate Receptors, Site 3 . . . . . . . . . . . . . . . . . . . 3-14
4-1 Summary of Remedial Action Objectives for Operable Unit 8 . . . . . 4-7
4-2 Action Level Exceedances Summary . . . . . . . . . . . . . . . . . . 4-9
4-3 In Situ Treatment Requirements for Groundwater . . . . . . . . . . . 4-11
4-4 Treatment Requirements for Discharge to Surface Water . . . . . . . 4-14
4-5 Pretreatment Requirements for Extracted Groundwater Discharged to

Federally Owned Treatment Works . . . . . . . . . . . . . . . . . . 4-15
4-6 Treatment Requirements for Reinjection . . . . . . . . . . . . . . . 4-16
4-7 Characteristics of Volatile Organic Compounds and Semivolatile

Organic Compounds Detected at Operable Unit 8 . . . . . . . . . . . 4-18
5-1 Screening of Treatment Technologies for Organics in Extracted

Groundwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-17
5-2 Screening of Treatment Technologies for Inorganics in Extracted

Groundwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-18
5-3 Screening of In Situ Groundwater Treatment Technologies . . . . . . 5-19
5-4 Remedial Alternatives for Management of Migration (MM) . . . . . . . 5-20
6-1 Factors for Detailed Analysis of Remedial Alternatives . . . . . . . 6-2
6-2 Alternative MM-1: No Action Cost Summary . . . . . . . . . . . . . 6-6
6-3 Alternative MM-2: Enhanced Biodegradation Cost Summary . . . . . . 6-14
6-4 Cost Summary Table for Alternative MM-3: In Situ Air Stripping with

Enhanced Biodegradation . . . . . . . . . . . . . . . . . . . . . . 6-22
6-5 Alternative MM-4: Pump and Treat with Discharge to Rowell Creek

Cost Summar y . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-31
6-6 Alternative MM-5: Pump and Treat with Reinjection for Enhanced

Biodegradation Cost Summary . . . . . . . . . . . . . . . . . . . . 6-39
6-7 Alternative MM-6: Natural Attenuation Cost Summary . . . . . . . . 6-46
6-8 Alternative MM-7: In Situ Permeable Reactive Wall Cost Summary . . 6-54
6-9 Cost Summary Table for Alternative MM-8: In Situ Air Stripping with

Phytoremediation followed by Natural Attenuation . . . . . . . . . . 6-62
7-1 Comparative Analysis Summary . . . . . . . . . . . . . . . . . . . . 7-10
7-2 Present Worth Sensitivity of Administrative Operations and Mainte-

nance (O&M) Costs . . . . . . . . . . . . . . . . . . . . . . . . . 7-12
7-3 Present Worth Sensitivity to Soil Disposal Costs . . . . . . . . . . 7-13

CEC-OU8.FS
ASW.10.97 -x-



GLOSSARY

ABB-ES ABB Environmental Services, Inc.
AIMD Aircraft Intermediate Maintenance Department
ARARs applicable or relevant and appropriate requirements
AWQC Ambient Water Quality Criteria
AWWA American Water Works Association

bls below land surface
BRA baseline risk assessment
BRAC base realignment and closure
BW bentonite-water

°C degrees Celsius
CA contamination assessment
CB cement-bentonite
CERCLA Comprehensive Environmental Response, Compensation, and Liability

Act
CFR Code of Federal Regulations
cm/sec centimeters per second
COC chemical of concern
CPC chemical of potential concern

DCB dichlorobenzene
DCE dichloroethene
DSM deep soil mixing

EBS Environmental Baseline Survey
ECPC ecological chemical of potential concern
ELCR excess lifetime cancer risk
ERA ecological risk assessment

FAC Florida Administrative Code
FATE fate and treatability estimator
FDEP Florida Department of Environmental Protection
FFA Federal Facility Agreement
FOTW federally owned treatment works
FS feasibility study
ft/day feet per day
ft/ft feet per foot
ft 2 square feet
ft 3/min cubic feet per minute
ft/yr feet per year

GAC granular activated carbon
gpm gallons per minute

H Henry’s law constant
HHCPC human health chemical of potential concern
HHRA human health risk assessment
HI hazard index
HQ hazard quotient
HOCl hypochlorous acid

CEC-OU8.FS
ASW.10.97 -xi-



GLOSSARY(Continued)

IAS Initial Assessment Study
IDW investigation-derived waste
IR Installation Restoration
IZS intermediate zone of the surficial aquifer

K hydraulic conductivity

LZS lower zone of the surficial aquifer

MCL maximum contaminant level
mg/kg milligrams per kilogram
mg/ milligrams per liter
µg/kg micrograms per kilogram
µg/ micrograms per liter
m3/mol cubic meters per mole

NACIP Naval Assessment and Control of Installation Pollutants
NAS Naval Air Station
NCP National Oil and Hazardous Substances Contingency Plan
NPDES National Pollutant Discharge Elimination System
NPL National Priority List

O&M operation and maintenance
OLF Outlying Landing Field
OU operable unit

PAC powdered activated carbon
PCB polychlorinated biphenyl
PCE perchloroethene
PP proposed plan
PSC potential source of contamination

RA risk assessment
RAO remedial action objective
RCRA Resource Conservation and Recovery Act
redox oxidation-reduction (potential)
RFI RCRA facility investigation
RI remedial investigation
RI/FS remedial investigation and feasibility study
ROD record of decision
RTV reference toxicity value

SARA Superfund Amendments and Reauthorization Act
SB soil bentonite
SCB soil-cement-bentonite
SOUTHNAV-

FACENGCOM Southern Division, Naval Facilities Engineering Command
SVE soil vapor extraction
SVOC semivolatile organic compound

CEC-OU8.FS
ASW.10.97 -xii-



GLOSSARY(Continued)

TAL target analyte list
TBC to be considered
TCE trichloroethene
TCL target compound list
TCLP Toxicity Characteristic Leaching Procedure
THM trihalomethanes
TMSS Technical Memorandum for Supplemental Sampling
TOC total organic carbon
TRPH total recoverable petroleum hydrocarbons

USEPA U.S. Environmental Protection Agency
USGS U.S. Geological Survey
UST underground storage tank
UV/OX ultraviolet light and oxidation
UZH upper zone of the Hawthorn
UZS upper zone of the surficial aquifer

VOC volatile organic compound

yd 3 cubic yards

CEC-OU8.FS
ASW.10.97 -xiii-



1.0 INTRODUCTION

ABB Environmental Services, Inc. (ABB-ES), has been contracted by the Department
of the Navy, Southern Division, Naval Facilities Engineering Command (SOUTHNAVFA-
CENGCOM) to complete a remedial investigation and feasibility study (RI/FS) for
Operable Units (OUs) 1, 2, 7, and 8 at Naval Air Station (NAS) Cecil Field,
Jacksonville, Florida (Figure 1-1). The RI/FSs are being conducted under
contract number N62467-89-D-0317/090. This report presents the results of the
FS for OU 8, which consists of Site 3, the Oil and Sludge Disposal Pit (Figure
1-2).

The goals of the RI/FS for OU 8 are to assess the extent, magnitude, and impact
of contamination at the waste disposal site (i.e., the disposal pit and adjacent
area), to qualitatively and quantitatively assess the risk posed to human health
and the environment by site-related contamination, and to develop remedial
alternatives to address threats to human health and/or the environment.

The RI serves as the mechanism for collecting data to identify the source of
contamination and migration pathway characteristics, for conducting a baseline
risk assessment (BRA), and for collecting physical measurements and chemical
analytical data necessary for remedial alternative evaluation in the FS.

The risk assessment (RA) provides an evaluation of the potential threat of the
waste site to human health and the environment in the absence of any remedial
action. The RI and BRA provide the basis for determining whether or not remedial
action is necessary.

The FS uses the results of the RI and BRA along with other data available to
identify remedial action objectives (RAOs) and to develop, screen, and evaluate
potential remedial alternatives. The FS process is described in more detail
later in this chapter.

This FS report was prepared in accordance with the following guidance documents
and regulations: the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), as amended by the Superfund Amendments and
Reauthorization Act (SARA) (references made to CERCLA in this report should be
interpreted as "CERCLA, as amended by SARA"); the National Oil and Hazardous
Substances Contingency Plan (NCP) (U.S. Environmental Protection Agency [USEPA],
1990); and Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (RI/FS Guidance) (USEPA, 1988a).

Section 1.1 presents the purpose of the FS report for OU 8, and Section 1.2
provides an overview of the CERCLA FS process.

1.1 PURPOSE OF THE FEASIBILITY STUDY REPORT. The purpose of this FS report is
to document the results of the FS that included developing RAOs to address
contaminated media at OU 8 and developing, screening, and evaluating potential
remedial alternatives to meet these objectives. The FS was based on the results
and conclusions of the RI and the BRA completed for OU 8. Descriptions and
findings of the RI and BRA are presented as separate reports (ABB-ES, 1996;
1995a).
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Figure 1-1 General Location Map
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Figure 1-2 Site Location Map
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To develop RAOs and remedial alternatives, the FS report presents a conceptual
model of understanding of site conditions. The historical and cultural
characteristics and land use of Site 3, the Oil and Sludge Disposal Pit, and the
physical and chemical characteristics and contaminant transport mechanisms are
summarized in this report to establish the conceptual model of site conditions
(Chapter 2.0). Risks posed by the contaminants identified at the OU are
summarized for human and ecological receptors (Chapter 3.0). Based on the
conceptual understanding of site conditions and human health and ecological
risks, the report presents RAOs and describes how these objectives were developed
(Chapter 4.0). Quantitative criteria are presented for specific compounds found
to be causing risks or exceeding Federal or State criteria. Other requirements
identified to control or establish the parameters for remedial action alterna-
tives developed to meet the RAOs are also presented. Based on the RAOs,
identified criteria, and conceptual understanding of conditions within OU 8,
remedial action alternatives are identified (Chapter 5.0) and results of a
detailed analysis of each alternative are presented (Chapter 6.0). Finally, the
FS report presents a comparative analysis (Chapter 7.0) of how the remedial
alternatives meet the RAOs.

The purpose of the FS report is not to present all the possible variations and
combinations of remedial actions that could be taken at OU 8, but to present
distinctly different alternatives representing a range of possibilities for
meeting the RAOs. It is expected that these different alternatives can be
adjusted during the proposed plan (PP) and decision process, and to a lesser
extent during detailed design, to accomplish RAOs in a manner similar to the
initially proposed alternative. The FS report also does not present information
on alternatives that fail to meet the RAOs, except for a no-action alternative
that provides a baseline for comparison of alternatives.

1.2 FEASIBILITY STUDY PROCESS. The development of remedial alternatives for
CERCLA sites consists of developing RAOs and then identifying applicable
technologies and developing those technologies into remedial alternatives to meet
the RAOs. SARA emphasizes the use of treatment technologies that reduce
toxicity, mobility, or volume as a principal element rather than alternatives
that prevent exposure to contaminants. Also, permanent remedies are preferred.
The NCP requires that a range of alternatives be presented in the FS to the
maximum practicable extent.

The first step in the FS process is to develop RAOs that specify the contami-
nants, media of interest, exposure pathways, and preliminary remedial goals that
permit a range of alternatives to be developed. The preliminary remedial goals
are developed based on chemical-specific applicable or relevant and appropriate
requirements (ARARs) when available, site-specific risk-based factors, or other
available information (e.g., leachability of contaminants in soil to groundwa-
ter).

Once RAOs are identified, general response actions for each medium of interest
are developed. General response actions typically fall into the following
categories: no action, containment, excavation, extraction, treatment, disposal,
or other actions, singular or in combination, that may be taken to satisfy the
RAOs for the site.

Next, the volumes or areas to which general response actions might be applied are
identified. The volumes or areas are determined by taking into account the
requirements for protectiveness as identified in the RAOs and the chemical and
physical characterization of the site (i.e., the results and conclusions of the
RI).

The fourth step in the FS process is to identify and screen applicable
technologies for each general response action. This step eliminates those
technologies that cannot be implemented technically. Those technologies that
pass the screening phase are then assembled into remedial alternatives. Remedial
alternatives are then described and analyzed in detail using seven criteria
described in the NCP, including:
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overall protection of human health and the environment;

reduction of toxicity, mobility, or volume of contaminants through
treatment;

compliance with ARARs;

long-term effectiveness and permanence;

short-term effectiveness;

implementability; and

economics (i.e., cost).

Alternatives are evaluated against two additional factors after State participa-
tion and the public comment period for the FS:

State acceptance, and

community acceptance.

The results of the detailed analyses (for the first seven criteria) are
summarized and assessed in a comparative analysis. The alternatives are compared
with each other against several criteria, including:

protection of human health and the environment,

attainment of Federal and State human health and environmental require-
ments identified for the site,

cost effectiveness,

use of permanent solutions and alternative treatment technologies or
resource recovery technologies to the maximum extent practicable, and

preference for treatment that reduces toxicity, mobility, or volume of
contaminants as a principal element.

These criteria are used because SARA requires that they be considered during
remedy selection.

State acceptance is evaluated when the State reviews and comments on the draft
FS report. A PP is then prepared considering the State’s comments. Community
acceptance is evaluated based on comments received on the FS and PP during a
public comment period. This evaluation is described in a responsiveness summary
in the Record of Decision (ROD). The entire FS process provides the technical
information and analyses that form the basis for a proposed remedial action plan
(PP) and subsequent ROD that documents the identification and selection of the
remedy.

1.3 FACILITY BACKGROUND. The mission of NAS Cecil Field and available
background information for the facility and OU 8 are presented in this section.
A general description of NAS Cecil Field is given in Subsection 1.4.1.
Subsection 1.4.2 summarizes available historical information for the facility.

1.3.1 Facility Description The official mission of NAS Cecil Field is to
provide facilities, services, and material support for the operation and
maintenance (O&M) of naval weapons, aircraft, and other units of the operating
forces as designated by the Chief of Naval Operations. Some of the tasks
required to accomplish this mission include: (1) operation of fuel storage
facilities, (2) provision of facilities and performance of organizational level
aircraft maintenance, (3) provision of facilities and performance of intermediate
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level aircraft maintenance, and (4) maintenance and operation of an engine repair
facility and test cells for designated turbojet engines.

NAS Cecil Field comprises 11 departments and is host to more than 40 tenant
commands (SOUTHNAVFACENGCOM, 1989). The facility currently supports a workforce
of approximately 11,000 civilian and military personnel and can accommodate
approximately 3,500 residents in base quarters and housing. As a result of the
Base Realignment and Closure (BRAC) Commission recommendations in 1993, NAS Cecil
Field is scheduled to close in 1998.

1.3.1.1 Facility Land Use NAS Cecil Field occupies more than 31,000 non-
contiguous acres consisting of four distinct areas: the main facility (NAS Cecil
Field), which occupies 9,516 acres; the Yellow Water Weapons Department, which
occupies 8,091 acres; Outlying Landing Field (OLF) Whitehouse, which occupies
2,587 acres; and the 11,072-acre Land Target Complex Detachment Astor. The main
facility, the Yellow Water Weapons Department, and OLF Whitehouse are shown on
Figure 1-1. Land Target Complex Detachment Astor is located 120 miles south of
the main facility.

The main facility of NAS Cecil Field is located in southwestern Duval County,
Florida, and is within the Jacksonville, Florida, city limits. The main facility
consists of intersecting north-south and east-west runways bracketing the
flightline and support facilities. These facilities occupy approximately 1,000
acres in the northwest quadrant of NAS Cecil Field. Most of the remaining
acreage of the main base, including OU 8, is undeveloped (SOUTHNAVFACENGCOM,
1989) (Figure 1-2).

1.3.1.2 Adjacent Land Use The greatest population density is approximately 14
miles to the northeast in downtown Jacksonville, Florida. Land west and north
of the base is characterized as rural and is predominantly forested. A small
residential area on Nathan Hale Road abuts the NAS Cecil Field property to the
west. The closest incorporated municipality is the town of Baldwin, which is
centered approximately 6.4 miles to the northwest of the main facility entrance.

To the east, the rural surroundings grade into a suburban fringe bordering the
major east-west roadways. Low intensity commercial use, such as convenience
stores and low density residential areas, characterize the land use in this
eastern area. Herlong Airport lies approximately 4.5 miles east of NAS Cecil
Field along State Road 228. The region becomes more urbanized as downtown
Jacksonville, Florida, is approached (SOUTHNAVFACENGCOM, 1989).

1.3.2 Remedial Review and Status The first environmental study for the
investigation of waste handling and/or disposal sites at NAS Cecil Field was
completed between 1983 and 1985 by Geraghty & Miller, Inc. This study was
followed by an Initial Assessment Study (IAS) by Envirodyne Engineers in 1985.
The IAS was completed under the Naval Assessment and Control of Installation
Pollutants (NACIP) program, which was the precursor to the Navy’s present
Installation Restoration (IR) program. In 1988, a Resource Conservation and
Recovery Act (RCRA) Facility Investigation (RFI) was completed by Harding Lawson
Associates. The RFI acted on the recommendations of the IAS. OU 8 was included
in the IAS and the RFI.

NAS Cecil Field was placed on the National Priority List (NPL) by the USEPA and
the Office of Management and Budget in December 1989. A Federal Facility
Agreement (FFA) for NAS Cecil Field was signed by the Florida Department of
Environmental Protection (FDEP, formerly the Florida Department of Environmental
Regulation), USEPA, and the Navy in 1990. Following the listing of NAS Cecil
Field on the NPL and the signing of the FFA, remedial response activities at the
facility have been completed under CERCLA authority.

NAS Cecil Field has several sites where hazardous wastes may have been handled,
spilled, or buried. The individual sites are currently referred to as potential
sources of contamination (PSCs). The term "site" is applied to PSCs that are
currently under investigation at NAS Cecil Field as part of the IR program. At
the time of the facility’s listing on the NPL, 18 sites had been identified. The
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RFI (Harding Lawson Associates, 1988) identified another site (Site 19).
Remedial response activities are currently underway at Sites 1, 2, 3, 5, 7, 8,
10, 11, 14, 15, 16, and 17. Field investigation plans were prepared for the
investigation of PSCs 4, 6, 9, 12, 18, and 19 (ABB-ES, 1995b).

In 1993, NAS Cecil Field was selected for closure by the BRAC Commission. An
environmental baseline survey (EBS) was completed as the first step in the
closure process. The EBS identifies parcels of land for sale, lease, or
investigation depending on the condition of the parcel. OU 8 was designated in
the November 1994 EBS as "Red" (release of hazardous substances has occurred, but
required remedial actions have not yet been taken) (ABB-ES, 1994a). This color
classification was based on the seven categories defined in the BRAC Cleanup
Guidance Manual (Department of Defense, 1993).

1.4 OU 8, SITE DESCRIPTION AND HISTORY. This section presents a description and
history of OU 8.

1.4.1 Site Location OU 8 consists of Site 3, the Oil and Sludge Disposal Pit
and affected area (Figure 1-3). OU 8 is located immediately northeast of the
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Figure 1-3 Historical Pit Area, Surface Features and Topography
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intersection of Perimeter Road and the Lake Fretwell access road leading west
from the south end of Lake Fretwell. This access road diagonally divides OU 8,
with one third lying north and two thirds lying south of the road.

1.4.2 Site Description OU 8 is an area of relatively featureless terrain, hence
the former pit cannot be located visually. Review of aerial photographs
indicates the approximate pit location and road alignment depicted on Figure 1-3.
This area has no present use and is highly vegetated. This vegetation consists
of low weeds and briers. No indication of stressed vegetation has been observed
at OU 8. To the east, approximately 800 feet downgradient of the disposal pit
area, the study area grades into wetlands adjacent to Lake Fretwell and Rowell
Creek to the northeast and east. The wetlands adjacent to Rowell Creek comprise
an area of approximately 6.7 acres (292,000 square feet [ft 2]) at OU 8.

Surface water flow is locally to the east. The major drainage pathway is the
Lake Fretwell access road drainage ditch, which slopes slightly down toward Lake
Fretwell. Sheet flow is expected across most of OU 8, except near Rowell Creek
where a drainage swale drains south-southeast from the Lake Fretwell access road
approximately 440 feet to Rowell Creek.

The most prominent features near the former disposal pit area are the three
investigation-derived waste (IDW) storage areas (Figure 1-3). The stored IDW
consists exclusively of soil from soil borings and monitoring well installation.
The chemical content of the IDW will be discussed in Chapter 2.0.

Two of three locations where IDW was placed in shallow excavations are mounded
2 to 4 feet above the surrounding land surface. Approximately 100 cubic yards
(yd 3) of IDW from an investigation in 1991 were placed in an unlined excavation
approximately 45 feet long and 30 feet wide. The top of the pit is level with
the surrounding land surface. The IDW pit located immediately south of the 1991
pit is approximately 60 feet long and 20 feet wide, and contains approximately
100 yd 3 of IDW from the recent investigation in 1993-1994. It is mounded
approximately 2 feet above land surface. Directly south of this excavation is
a third pit approximately 20 feet long and 20 feet wide containing approximately
60 yd 3 of IDW from RIs at OU 7, Site 16. It is mounded approximately 4 feet
above land surface. Both of the more recent IDW pits are lined and covered with
18-mil high-density polyethylene sheeting.

1.4.3 History of OU 8 In October 1993, at the 1994 Fiscal Year Site Management
Plan meeting, the USEPA, FDEP, and the Navy decided to identify Site 3 as a
separate OU. In previous investigations, Site 3 was part of OU 2 (originally
composed of Sites 3, 5, and 17). The investigations for Sites 5 and 17 of OU 2
were completed at a time when Site 3 still required further investigation. To
avoid delaying progress on all three sites of OU 2 and to facilitate investiga-
tion procedures, Site 3 was designated as OU 8 and the RI/FS for Sites 5 and 17
under OU 2 proceeded. The site-specific history is presented below.

The Oil and Sludge Disposal Pit at Site 3 was used to dispose of liquid wastes
and sludge generated by the facility. The IAS (Envirodyne Engineers, 1985)
estimated that disposal operations at Site 3 occurred from as early as the mid-
1950s until 1975. Based on a review of aerial photographs of the area, however,
no disturbance in the pit area was observed in a 1960 photograph; it appears that
OU 8 disposal operations began between 1960 and 1969. An aerial photograph taken
in 1969 shows the basic outline of the pit to be circular and about 100 feet in
diameter (8,000 ft 2). It is estimated that the pit was 3 to 5 feet deep. The
photograph also shows a linear feature, approximately 10 feet wide and 50 feet
long, south of the disturbed area that appears to be a trench filled with liquid.
Aerial photographs from 1972, 1973, 1975, and 1984 show that OU 8 became
progressively more vegetated over this time, indicating that disposal activities
were discontinued some time in the early 1970s.

Liquid wastes were typically taken to the site by the individual shops (i.e., the
fuel farm, the Public Works, Aircraft Intermediate Maintenance Department [AIMD],
and the squadrons) in bowsers (trailer-mounted tanks) or 55-gallon drums, drained
into the pit, and allowed to seep into the soil or evaporate. The pit wastes
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were burned when the liquid level approached the top. This procedure was
repeated approximately once every 3 months by the fire department (Envirodyne
Engineers, 1985).

An estimated 200 to 300 gallons of waste oil, fuel, and tank sludge from the fuel
farm were disposed of weekly at the site. Although much of this volume consisted
of water, it is estimated that between 210,000 and 310,000 gallons of these fuel
farm wastes were disposed of throughout the operation (20 years) of the site.

Liquid wastes generated by the squadrons, AIMD, and Public Works were also
disposed of at Site 3. These wastes included fuel, oil, solvent, paint, and
paint stripper. No records were kept on disposal practices, and access to the
site was uncontrolled; therefore, the amount of the liquid wastes disposed of at
Site 3 from these sources is unknown.

Estimates developed during the IAS (Envirodyne Engineers, 1985) indicate that the
total quantity of wastes from all sources disposed of during the site operation
are as follows: waste paint, 4,200 gallons; spent solvent, 110,000 gallons; paint
thinner, 20,000 gallons; petroleum-oil-lubricant wastes, 440,000 gallons; and
waste fuel-, oil-, and sludge-contaminated water, 210,000 to 310,000 gallons.
Following closure of the site in 1975, the pit was filled and covered with soil
(Envirodyne Engineers, 1985).

On February 8, 1992, a Navy helicopter crashed into a wooded area located
approximately 800 feet east of the OU 8 source area (see Figure 1-3). The
helicopter had a fuel capacity of between 1,800 and 2,000 gallons and ignited on
impact. Soil and groundwater contamination were initially assessed by
Environmental Science and Engineering, Inc., in August and September 1993 during
a contamination assessment (CA). The results of the CA were presented in a
Preliminary Contamination Assessment Report.

CEC-OU8.FS
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2.0 SUMMARY OF THE REMEDIAL INVESTIGATION

This chapter summarizes the results of field investigations at OU 8 (Site 3),
focusing on the RI field investigation completed in 1994 (ABB-ES, 1996). As
discussed in Chapter 1.0, OU 8 was formerly used to dispose of liquid wastes and
sludge.

2.1 SUMMARY OF PREVIOUS INVESTIGATIONS. Investigation of the waste handling and
disposal areas at Site 3 began in 1983. The first environmental study for the
investigation of waste handling and/or disposal sites at NAS Cecil Field was
completed between 1983 and 1985 by Geraghty and Miller, Inc. This study was
followed by an IAS (Envirodyne Engineers, 1985), completed under the NACIP
program, which was a precursor to the Navy’s present IR program. In 1988, an RFI
was completed (Harding Lawson Associates, 1988). The RFI acted on the
recommendations of the IAS. Site 3 was included in both the IAS and the RFI.
In 1991, ABB-ES initiated the RI/FS process for Site 3 under OU 2, based on the
results of the previous investigations. Following completion of the 1991 RI
field activities, ABB-ES issued a Technical Memorandum for Supplemental Sampling
(TMSS) (ABB-ES, 1992) that summarized the data collected to date and recommended
additional data collection activities for several sites at NAS Cecil Field,
including Site 3.

The findings and conclusions of each of the previous studies are summarized in
Table 2-1. The individual IAS, RFI, and TMSS documents contain more detailed
information about each of the investigations.

2.2 SUMMARY OF 1993-94 REMEDIAL INVESTIGATION. This section presents a summary
of the conceptual understanding of OU 8, including the disposal pit, site
setting, physical aquifer characteristics, and the nature, extent, and fate of
contamination at OU 8. A description and history of OU 8 is included as Section
1.5 of Chapter 1.0.

2.2.1 Site Setting OU 8 is located near the western perimeter of NAS Cecil
Field, in the flight path of landing aircraft. It is a vacant, relatively
featureless area with no residential, commercial, or industrial functions. Human
activity is generally limited to security patrols or joggers on the Lake Fretwell
access road and Perimeter Road. Vegetative cover consists of thick brush and
briers. The disposal pit, estimated to be approximately 100 feet in diameter and
3 to 5 feet deep, is located immediately northeast of the intersection of
Perimeter Road and the Lake Fretwell access road, both of which are unpaved.
There is a relatively uniform gentle slope toward Rowell Creek and Lake Fretwell
over the length of OU 8 (see Figure 1-3 from Chapter 1.0). A 6.7-acre wetland
is located approximately 800 feet east of the disposal pit, adjacent to Rowell
Creek. Rowell Creek is classified by the State of Florida as Class III
freshwater.

2.2.2 Hydrogeology There are three water-bearing systems in the area of this
investigation. According to the Florida hydrostratographic nomenclature, these
units, from most shallow to deepest, are the surficial aquifer system, the
intermediate aquifer system and confining unit, and the carbonate-rich Floridan
aquifer system. The Floridan aquifer system, the principal source of groundwater
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Findings and Conclusions from Previous Investigations

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Previous Study Tasks Completed Findings Recommendations

Initial Assessment
Study (IAS)
(Envirodyne Engineers,
1985)

1. Records search.
2. Onsite survey.
3. Estimate waste quantities.
4. Site ranking.
5. Recommendations for future study.

1. Summarized available historical information
for Site 3.

2. Identified waste oil, fuel, tank sludge,
solvent, paint, and paint stripper.

3 Estimated waste quantities:
fuel, oil, and sludge-contaminated
water: 310,000 gallons
waste paint: 4,200 gallons
spent solvents: 110,000 gallons
petroleum and organic lubricant
waste: 440,000 gallons
paint thinner: 20,000 gallons

1. Confirmation Investigation recommended at
Site 3.

2. Install and sample two surficial monitoring wells.
3. Collect one surface water and one sediment

sample from Rowell Creek.

RCRA Facility
Investigation (RFI)
(Harding Lawson
Associates, 1988)

1. Site reconnaissance.
2. Geophysical survey.
3. Monitoring well installation

(two wells).
4. Collection of groundwater samples.

Groundwater:
1,1-dichloroethane: 210 µg/
1,1-dichloroethene: 110 µg/
ethylbenzene: 10 µg/
toluene: 8 µg/
1,1,1-trichloroethane: 88 µg/
4-methylphenol: 29 µg/
bis(2-ethylhexyl)phthalate: 19 µg/
naphthalene: 280 µg/
2-methylnaphthalene: 190 µg/
chromium: 90 µg/
lead: 164 µg/

Corrective action is recommended.

See notes at end of table.
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Findings and Conclusions from Previous Investigations

Feasibility Study, Operable Unit 8
Naval Air Station Cecil Field

Jacksonville, Florida

Previous Study Tasks Completed Findings Recommendations

RI/FS Workplan for
OUs 1, 2, and 7
(ABB-ES, 1991)

1. Summarize existing data.
2. Define RI/FS objectives.
3. Develop sampling approach to

achieve RI/FS objectives.

No sampling completed. 1. Well installation and sampling.
2. Soil sampling.
3. Surface water and sediment sampling.

Technical
Memorandum for
Supplemental
Sampling
(ABB-ES, 1992)

1. The 1993-1994 field program
completed.

2. Summary of contamination
detected in soil, sediment, surface
water, and groundwater.

3. Identification of additional
information required to characterize
site contamination.

1. Findings discussed in Chapter 4.0, Nature
and Extent of Contamination.

2. Hazardous constituents detected in soil and
groundwater.

3. Horizontal and vertical extent of
contaminants not fully characterized at the
site.

4. Data gathered not sufficient to
complete a baseline risk assessment.

1. Complete screening program to characterize
extent of detected contaminants in soil and
groundwater.

2. Complete confirmation sampling, based on
results of screening program.

3. Number and location of samples (per media) to
be finalized with agency approval.

Notes: RCRA = Resource Conservation and Recovery Act.
µg/ = micrograms per liter.
RI/FS = Remedial Investigation and Feasibility Study.
ABB-ES = ABB Environmental Services, Inc.



derived for public drinking water in most of northern peninsular Florida
(including five potable water supply wells and an irrigation well at NAS Cecil
Field), was not encountered during the investigation at OU 8.

Figure 2-1 presents a plan view of OU 8 showing lithologic cross-section
locations, which are presented on Figures 2-2 and 2-3. The following subsections
discuss the hydrogeology and lithology of the aquifers investigated at OU 8.

2.2.2.1 Surficial Aquifer System The undifferentiated sediments in the
surficial aquifer system in the area of OU 8 consist of mostly quartz sand with
some clayey sand and up to 10 percent silt and clay. The Pliocene-Pleistocene
Nashua Formation and the thick clay layer separating the Nashua from the
differentiated sediments at other OUs on Cecil Field were only encountered in the
northern part of the site. As a result, the surficial aquifer at OU 8 is not
separated into an upper and lower zone based on geology, but rather is considered
as one unit. Well screens were placed to investigate conditions in the
upper (UZS), intermediate (IZS), and lower (LZS) zones of the surficial aquifer
system. The surficial aquifer system is under water table conditions (uncon-
fined) and extends downward to the top of the clay unit, which separates the
surficial aquifer system from the intermediate aquifer system (Figures 2-2 and
2-3).

The general groundwater flow direction in the surficial aquifer is to the east-
southeast. There is also a downward flow gradient that is evident at the waste
disposal pit area and continues for approximately 900 to 1,000 feet downgradient
of the pit. At this point, the vertical flow potential becomes upward. Both the
upward and horizontal gradients become increasingly steeper over the remaining
300 to 400 feet eastward to Rowell Creek. The pronounced upward gradients
indicate that the surficial aquifer discharges to Rowell Creek. In the wetlands
west of Rowell Creek, the water table is near the land surface, but groundwater
has not been observed discharging to land surface.

The average horizontal gradient in the surficial aquifer measured along the
flowpath from the waste disposal pit area (CEF-3-3S) to Rowell Creek (CEF-3-20S)
for March through September 1994 was approximately 0.016 feet per foot (ft/ft).
The gradients increase as the groundwater approaches Rowell Creek; therefore, the
horizontal gradients at the waste disposal pit area are less than the gradients
near the creek. The average horizontal gradient at the waste disposal pit area
(CEF-3-8S to CEF-3-13S and CEF-3-4S to CEF-3-5S) for March through September 1994
was approximately 0.005 ft/ft. The horizontal gradient for the last 300 feet
before discharge to Rowell Creek was approximately 0.035 ft/ft, estimated from
the elevation contours from August 1994.

Hydraulic conductivity (K) values were estimated for each well in the surficial
aquifer at OU 8. The mean K values for the UZS wells, IZS wells, and LZS wells
are 7.5 feet per day (ft/day), 14 ft/day, and 16 ft/day, respectively. Based on
the results of an aquifer pumping test (generally a better estimate than slug
tests) conducted by the U.S. Geological Survey (USGS) at NAS Cecil Field, the K
of the surficial aquifer ranges from 3.0 to 5.0 ft/day (USGS, 1995).

The seepage velocity, or the rate at which groundwater moves through the aquifer,
was calculated for each gradient area of the surficial aquifer using a hydraulic
conductivity of 3.0 ft/day and an effective porosity of 0.20 (USGS, 1995). For
the entire distance from the waste disposal pit area to Rowell Creek (gradient of
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Figure 2-1 Monitoring Well Locations and Cross Sections A-A’, B-B’
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0.016 ft/ft), the seepage velocity is estimated at 88 feet per year (ft/yr). At 

the waste disposal pit area (gradient of 0.005 ft/ft), the seepage velocities 

estimated at 27 ft/yr, and, in the last 300 feet before Rowell Creek (gradient 

of 0.035 ft/ft), a seepage velocity of 190 ft/yr is estimated. 

2.2,2.2 Intermediate Aquifer System In the NAS Cecil Field area, the 

intermediate aquifer system or confining unit consists of sediments assigned t:o 

the Miocene Hawthorn Group. In addition to its clay-rich sediments. the HmoJtnorn 

includes near its top a locally continuous carbonate rich unit of dolomite with 

significant secondary (e.g., fractures) porosity, possibly including shell hash 

or sand bodies. This carbonate-rich unit forms the historical '1 rock aquiferll or 

Tlsecondary artesian aquifer, 11 a water-bearing unit widely used in this region as 

a private drinking water source. For this report, this unit will be referred to 

as the upper zone of the Hawthorne (UZH). The unit is approximately 20 to 25 

feet thick and occurs at a depth of 100 to 125 feet below land surface (bls). 

The top of this unit is irregular and may represent an erosional unconformity. 

The total thickness of the entire Hawthorn Group (including the underlying clayey 

confining beds) exceeds 300 feet in this area (Scott and others, 1991). At au 8, 

all of the IlDDIl monitoring wells are screened in the UZH. 

Regional groundwater flow in the UZH is to the east (Fairchild, 1972). At OU 8, 

the potentiometric surface in this unit is generally higher than the potentio

metric surface in the LZS. As a result, there is the potential for upward 

leakage of water from this unit to the surficial aquifer system. This is 

particularly true near creeks, where topographic relief and lowering of surficial 

heads due to gaining streams accentuates this head difference. At au 8, the 

groundwater flow direction in the intermediate aquifer is to the east-southeast, 

toward Rowell Creek. The horizontal hydraulic gradient in the intermediate 

aquifer is approximately 0.0013 ft/ft, based on water level data collected from 

May through August 1994. 

A vertical upward gradient from the intermediate aquifer to the surficial aquifer 

is present, as documented by the higher head in the "DD" wells compared to the 

wells screened in the LZS. Groundwater appears to be flowing from the 

intermediate aquifer to the surficial aquifer beginning southeast of well cluster 

CEF-3-28S, CEF-3-29D, and CEF-3-30DD. 

K values were estimated for monitoring well CEF-3-33DD in the intermediate 

aquifer at OU 8. The mean K from the intermediate aquifer slug tests is 11 

ft/day. Based on the results of the USGS aquifer pumping test at NAS Cecil 

Field, the K of the upper part of the intermediate aquifer is estimated at 40 

ft/day. 

For the intermediate aquifer, a seepage velocity of 0.20 ft/day or 73 ft/yr was 

calculated. This was based on a K of 40 ft/day, a horizontal gradient of 0.001 

ft/ft (based on average water levels from May through August 1994), and an 

effective porosity of 0.20 (USGS, 1995). 

2.2,3 Nature and Extent of Contamination The OU 8 RI, completed in 1994, 

investigated surface soil, subsurface soil, groundwater, sediment, and surface 

water. Field screening and confirmatory sampling programs were conducted for 

soil and groundwater at au 8. Sampling locations for the screening and 

confirmatory programs are shown on Figures 2-4 through 2-6. The evaluation of 

investigative results indicates that contaminants were found in samples from all 
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The only pesticides and PCBs that were detected in the groundwater at au 8 were 
the pesticides Endosulfan II and beta-benzene hexachloride and the PCB Aroclor-
1248. Aroclor-1248 was detected in samples from t,"O monitoring wells. both of 
which are located in the disposal pit area, at concentrations of 0.6 J Mg/i (CEF-
3-4S) and 0.79 J Mg/Y. (CEF-3-6S). PCB detections may be related to the waste 
disposal operations at OU 8 as a contaminant of waste oil. 

Eighteen inorganics were detected in unfiltered groundwater samples collected 
from the surficial aquifer. Of these 18 inorganics, arsenic, chromium, 
manganese, and vanadium exceed human health risk criteria and appear to have 
elevated concentrations in the vicinity of the disposal pit. However, arsenic 
concentrations are higher in the LZS as opposed to the UZS, where most site
related contaminants were detected. Therefore, arsenic is believed to be 
indigenous to the aquifer in this area and unrelated to disposal practices at au 
8. Manganese was widely distributed throughout the surficial aquifer and was 
present in an upgradient \vell; its presence is also interpreted not to be 
attributable to disposal practices at au 8. Chromium may be related to disposal 
practices because it was detected in UZS wells in the disposal pit area. 

Arsenic and manganese were also detected in the intermediate aquifer; however, 
they were below surficial aquifer background screening concentrations and are not 
believed to be related to disposal practices at OU 8. 

Based on the vertical and lateral distribution of organic contaminants, and a 
porosity of 0.20, the volume of contaminated groundwater in the surficial aquifer 
is estimated at 50 million gallons. 

2.2.3.3 Surface Water and Sediment Three surface water and sediment samples 
were collected from three locations in Rowell Creek. Four organic compounds were 
detected in the surface water samples collected for OU 8: bromodichloromethane, 
dibromochloromethane. methylene chloride, and chloroform. With the exception of 
methylene chloride (a common laboratory contaminant that was not detected in 
groundwater at au 8), these VOCs are most likely attributable to the wastewater 
treatment plant effluent, which enters Rowell Creek upstream of these sampling 
locations near the base of the Lake Fretwell dam. These VOCs are common by
products of the chlorination process used during the treatment of wastewater. 

Organics detected in groundwater at au 8 were most likely not detected in surface 
water because of biodegradation as the groundwater migrates through streambed 
sediment or dilution of the groundwater as it discharges to Rowell Creek. It is 
estimated that groundwater discharging to surface water is diluted 99.2 percent, 
or 133 times. Appendix K of the RI report (ABB-ES, 1995a) contains calculations 
for estimating this dilution. 

Three organic compounds were detected in the sediment samples collected at au 8: 
one VOC, 2-butanone, and two SVOCs, di-n-butylphthalate and bis(2-ethylhexyl)
phthalate. Due to their absence in nearby surface soil samples and groundwater 
samples from the UZS west of Rowell Creek, the presence of these compounds in 
sediment is not believed to be linked to the disposal pit area. 

One pesticide was detected in the background surface water sample CEF-SWjSD-2. 
Four pesticides and one PCB isomer were detected in sediment samples collected. 
The presence of these compounds is believed to be attributable to basewide 
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pesticide use and the past practice of using oil containing PCBs as a road dust 
suppressant. 

Five inorganic contaminants detected in surface water samples were identified as 
chemicals of potential concern (CPCs) in the RA: aluminum, antimony, iron, lead, 
and silver. Of these five inorganics, only iron was detected in the upstream 
background sample CF-SD-2. Antimony, lead, and silver were not detected in 
samples from nearby monitoring well CEF-3-3IS. 

Four inorganic contaminants detected in sediment samples were identified as epcs 
in the RA: barium, copper. lead, and zinc. Barium, copper, and zinc were not 
detected in the upstream background sample CF-SD-2. Lead was detected in both 
sediment sample locations and the upstream background sample. The upstream 
background screening lead concentration of 5.8 mg/kg is nearly the same as at RC
SD-3 (6.2 mg/kg). 

Barium and lead were detected in surface soil samples collected from the 
helicopter crash site area. However, the surface soil concentrations of these 
inorganics did not exceed the background soil concentrations and do not appear 
to be the source of the analytes detected in the sediment samples. Copper was 
also detected in surface soil samples at the helicopter crash site but at 
concentrations lower than what was detected in sediment. 

2.2.4 Data Limitations and Recommendations for Future Work This subsection 
outlines the limits within which the conclusions of the RI are made and 
identifies areas for which USe of the data, findings, and conclusions developed 
during the RI may be inappropriate. This information will assist in the 
evaluation of RI data during the FS and assist the Navy and regulatory agencies 
during the selection of the final remedy for OU 8. 

2.2.4,1 Data Limitations Based on the evaluation of data gathered during the 
OU 8 RI, the following data limitation was identified: 

Information on aquifer conditions is limited to field screening 
analytical results within the central third of the plume length. 

2.2.4.2 Data Gaps Based on the evaluation of data gathered during the OU 8 RI, 
no data gaps were identified that would prevent the deve lopment and 5e lec tion of 
a remedial action for au 8. 

2.2.4.3 Recommendations Based on the evaluation of data gathered during the 
au 8 RI, the following recommendation is presented: 
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3.0 SUMMARY OF BASELINE RISK ASSESSMENT 

This chapter presents a summary of the human health and ecological BRAs for au 8. 
A BRA was completed at au 8 to characterize the risks associated with exposures 
to site-related chemicals for hwnan health and ecological receptors (ABB-ES, 
1995a), Although the BRA is presented as a separate document, it is summarized 
here to provide the rationale for developing RAGs and alternatives as part of the 
FS. 

3.1 APPROACH TO THE BASELINE RISK ASSESSMENT. The BRA was completed in 
accordance with the USEPA's human health risk assessment (HHRA) guidance for 
Superfund (USEPA, 1989b; 1989c; 1991d; 1991a; 1992b; 1992a) , Region IV Risk 
Assessment Guidance (USEPA, 1991c), Ecological Assessment of Hazardous waste 
Sites, A Field and Laboratory Reference (USEPA, 198ge); and Ecological Assessment 
of Superfund Sites, An Overview (USEPA, 1991d). Recent risk assessment guidance 
documents including the USEPA "ECO Update" bulletins (USEPA, 1991e; 1992b; 1992c) 
and recent publications (Maughan 1993; Suter, 1993) were also consulted. 

The BRA for OU 8 consisted of three primary components: (1) data evaluation, (2) 
HHRA, and (3) ecological assessment. The purpose of the BRA was to evaluate 
whether or not contamination present at au 8 poses unacceptable risks to human 
health and/or environmental receptors in the absence of any remedial action. 

Discussion of data is limited to data collected during the most recent (1993-94) 
field investigation at OU 8; data collected during other investigations Were 
evaluated qualitatively during the BRA. 

Subsurface soil samples were collected from 2 to 4 feet during the 1991 sampling 
event and from 1 to 3 feet during the 1993-1994 sampling event. Data fron both 
sampling events were evaluated in the HBRA to provide greater representation of 
any contamination in the subsurface soil. 

3.2 HUMAN HEALTH RISK ASSESSMENT. The purpose of the HHRA was to characterize 
the risks associated with potential exposures to site-related chemicals at au 8 
for human health receptors. Four components for the HHRA were completed: 
(1) data evaluation (including selection of human health chemicals of potential 
concern [HHCPCsj), (2) exposure assessment, (3) toxicity assessment, and (4) risk 
characterization (including an uncertainty analysis). The details of these 
components are presented in the BRA report (ABB-ES, 1995b). 

3.2.1 Selection of Chemicals of Potential Concern Generally t chemicals for 
which data of sufficient quality are available, that are potentially site 
related, and whose maximum detected concentrations exceed risk-based screening 
concentrations or standards are defined as HHCPCs. Selection of HHCPCs is 
discussed in the BRA (ABB-ES, 1995a). The HHCPCs for OU 8 for each medium 
(surface soil, subsurface soil, surface water, sediment, and groundwater) are 
presented in Table 3-1. 

3.2,2 Exposure Assessment OU 8 was evaluated to identify actual or hypothetical 
populations that could contact site-related chemicals and the pathways through 
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Table 3-1 
Human Health Chemicals of Potential Concern (HHCPCs) 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Environmental Medium Human Health Chemicals of Potential Concern ' 

Surface SoiJ Inorganics: Manganese. 

Organics: Benzo(a)anthracene, benzo{a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 
dibenz(a,h)anthracene, indeno(1 ,2,3-dc)pyrene, and TRPH. 

Subsurface Soil Inorganics: Beryllium and manganese. 

Organics: TRPH. 

Surface Water I"organics: Antimony. 

Organics: Dibromochloromethane, bromodichloromethane, and chloroform, 

Sediment Inorganics: None. 

Organics' Aroclor-1254 and endrin ketone. 

Surficial Aquifer Groundwater Inorganic: Aluminum, arsenic, chromium, iron, manganese, and vanadium. 

Organics: 1,1,1-Trichloroethane, 1, 1-dichloroethane, 1, 1-dichloroethene, 1,2-dlchloroethene (total), benzene, 
trichloroethene, 1,2-dichlorobenzene, 1,3-dlchlorobenzene, 1 ,4-dichlorobenzene, 2-methyl-
naphthalene, 4-methylphenol, benzo (b )f1uoranthene, naphthalene, bls(2-ethylhexyl)phthalate, 
Aroclor-1246, and TRPH. 

Intermediate Aquifer Groundwater Inorganics: Arsenic and manganese. 

Organic. None. 

1 HHCPCs were selected for each medium as presented in Tables 4-4, 4-5, 4-6, 4-6, 4-9, and 4-10 of the Baseline Risk Assessment (ABS Environmental Services, 
Inc., 1 995a). 

Note: TRPH = total recoverable petroleum hydrocarbons. 



which exposure could occur. The BRA report contains a rationale for the 
selection of exposure pathways for media at au 8. Figure 3-1 summarizes the 
exposure scenarios developed for au 8. Under current use conditions, the 
follmving exposure scenarios were evaluated: (1) incidental ingestion, dermal 
contact, and inhalation of fugitive dust associated with surface soil by child 
and adult trespAssers and an adult site worker; and (2) incidental ingestion and 
dermal contact with surface water or sediment by child and adult trespassers 
while wading. Under future land use, these exposure scenarios were evaluated: 
(1) incidental ingestion, dermal contact, and inhalation of fugitive dust 
associated with surface soil by adult and child residents, an adult occupa-cional 
vlOrker, and an adult excavation worker; (2) incidental ingestion, dermal contact, 
and inhalation of fugitive dust associated with subsurface soil by an adult 
excavation worker; (3) domestic use of groundwater (surficial and intermediate 
aquifers) by an adult resident; and (4) incidental ingestion and dermal contact 
with surface water and sediment by adult and child resident \~Taders. 

Exposure scenarios associated with future land use are difficult to predict. 
Residential land use was selected as a future land-use scenario at au 8 based on 
USEPA Region IV guidance (USEPA, 1991c). The inclusion of a residential land-use 
scenario at au 8 is intended to represent a worst-case scenario. Because NAS 
Cecil Field is scheduled for closure in 1998, land use near OU 8 may be altered 
to a residential use. However, continued use of NAS Cecil Field as an airfield 
is being evaluated, which would likely continue nonresidential use of OU 8 
because it is in the flight path of landing aircraft. 

3.2,3 Toxicity Assessment A toxicity assessment was conducted to identify the 
relevant oral, dermal, and inhalation toxicity values for carcinogenic and non
carcinogenic effects of au 8 HHCPCs. These values were identified from either 
the USEPA' s Integrated Risk Information System database (USEPA, 1994b) or USEPA' s 
Health Effects Assessment Summary Tables (USEPA, 1994c). 

3.2.4 Risk Characterization Quantitative estimates of both carcinogenic and 
noncarcinogenic risks were calculated for each HHCPC and each complete exposure 
scenario selected for evaluation in the exposure assessment. Explanations and 
calculatcons of quantitative risks are contained in the BRA (ABB-ES. 1995a). 

USEPA guidelines state that the acceptable excess lifetime cancer risk (ELCR) for 
an individual resulting from exposure at a hazardous waste site is in a range of 
1 in 1 million (10- 6

) to 1 in 10,000 (10- 4
) (USEPA, 1990). The acceptable 

carcinogenic risk recommended by the State of Florida is 10-6 or less. The ELCR 
is a measure of the increased probability of developing cancer as a result of 
exposure to contaminants from a site over baseline conditions. The current 
average cancer burden in the United States in 1993 is 1 in 3 for women and 1 in 
2 for men (American Cancer Society, 1994). 

The hazard index (HI), a quantitative estimate of noncarcinogenic risks for 
exposure of individuals to contaminants at a hazardous waste s1 Le, is the sum of 
hazard qaotients (HQs) calculated for individual chemicals. An HI equal to 1 
represents concentrations and levels of exposure that are generally considered 
to be without adverse effects for a lifetime exposure. For an HI below 1, no 
adverse effects are expected. An HI equal to or less than 1 is considered 
acceptable by both USEPA and the State of Florida. 
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3.2.5 Summary of Human Health Risk Assessment The results of the BRA for human 
health are summarized in Table 3-2. 

Health risks for carcinogens and noncarcinogens associated with current land use 
at au 8 are not of concern. Cancer risk estimates associated with future use of 
au 8 surface soil, subsurface soil, surface water, sediment, and intermediate 
aquifer groundwater are all below or within the acceptable risk range defined by 
USEPA (10- 6 to 10-4 ). The total ELCR associated with ingestion of groundwater 
from the surficial aquifer under future land-use conditions (adult resident) is 
3xlO- 3 , which exceeds USEPA's acceptable cancer risk range. The major 
contaminants contributing cancer risk to the ELCR for the resident are 1,I-DeE 
(ELCR ~ 3xlO-3 ), TCE (ELCR ~ 2xlO-4), 1,4-DCB (ELCR ~ 2X10- 4), and arsenic (ELCR 
~ 2xlO- 4 ). 

Noncancer risk estimates associated with future use of au 8 surface soil, 
subsurface soil, surface water, sediment, and intermediate aquifer groundwater 
are all equal to or less than an HI of 1. The noncancer risk estimate (HI) 
associated with ingestion of groundwater from the surficial aquifer under future 
land-use conditions (adult resident) is 20. Major contributors to this HI are 
TCE (HQ ~ 7.8), 1,2-DCE (total) (HQ ~ 5.8), 1,2-DCB (HQ ~ 3.0), and l,l-DCE (HQ 
~ l.l). 

Concern over the contamination in the surficial aquifer may be warranted because 
of the risk of adverse health effects (cancer and noncancer) associated with 
assumed future use of the groundwater as a potable water supply. However, use 
of the surficial aquifer as a potable water supply at au 8 may never occur 
because NAS Cecil Field is served by a community water supply system. 

An analysis was conducted to determine if there would be any human health risk 
associated with discharge of surficial aquifer groundwater to Rowell Creek. The 
maximwn detected concentration of chemicals in surficial aquifer groundwater "'(<Jere 
divided by a dilution factor of 133 to obtain an estimated surface water 
concentration. These surface water concentrations were then compared to the 
USEPA Region III risk-based concentrations for tap (potable) water (USEPA, 1994d) 
and background screening concentrations. Any analyte that exceeded either of 
these screening criteria was retained as an HHCPC. Exposure to surface water by 
an adult and child resident was evaluated because these are the most conservative 
scenarios for surface water exposure. The cancer risk associated wi th a resident 
(child and adult) was 2xlO- 6

, which is within USEPA's acceptable risk range. The 
HIs associated with the child (HI ~ 0.5) and adult (HI ~ 0.3) were both below the 
acceptable level of 1. In summary, discharge of the surficial aquifer 
groundwater into Rowell Creek is not associated with any unacceptable human 
health risk. 

Based on the results of the human health BRA, the development of remedial action 
strategies may be necessary for the surficial aquifer ground",(<Jater at au 8. 
Table 3 - 3 sWIUuarizes potential remedial goal options for groundwater in the 
surficial aquifer at OU 8. 

3.3 ECOLOGICAL RISK ASSESSMENT. The purpose of the ecological risk assessment 
(ERA) for OU 8 was to assess actual and potential adverse effects to ecological 
receptors associated with exposure to site-related chemicals at au 8. The 
componer.ts of the ERA include: (1) problem formulation, (2) selection of 
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Table 3-2 
Human Health Risk Summary 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Risks Above 

Medium 
USEPA Risk Range? 1 

Concentrations Above 
Current Future Flonda Guidance Criteria? 2 

Land Use 3 Land Use 4-

Surface Soil No No Yes S 

Subsurface Soil NA No Yes 6 

Surface Water No No NA 

Sediment No No NA 

Surficial Aquifer Groundwater NA Yes Yes 7 

Intermediate Aquifer Groundwater NA No Yes 8 

1 The U.S. Environmental Protection Agency regulations, established in the National Oil and Hazardous Substances 
Pollution Contingency Plan, indicate that the total lifetime cancer risk due to exposure to the Human Health 
Chemicals of Potential Concern at a site, by each complete exposure pathway, should not exceed a range of 1 in 
1,000,000 (1xl0·6

) to 1 in 10,000 (1xi0·4
) (USEPA, 1990b) or a hazard index of 1. 

2 Florida soil cleanup goals are identified in the Florida Department of Environmental Protection (FDEP) memoran-
dum dated September 29, 1995 (FDEP, 1995). Florida guidance concentrations are taken from Chapter 6 (Guidance 
Concentrations Index) of the FDEP groundwater guidance concentrations issued in June 1994 (FDEP, 1994a). 
3 Current land uses evaluated in this report include nonresidential exposures with no current use of groundwater. 
.!. Potential future land uses evaluated in this report include residential exposures with the use of groundwater as 
dnnking water. 
S In suriace soil, the maximum concentration of benzo(a)pyrene exceeded its Florida soil cleanup goal. 
S In subsuriace soil, the maximum concentration of trichloroethene exceeded its Florida guidance concentration for 
leaching to groundwater. 
7 In the surficial aquifer, the maximum detected concentrations of 1,1, i-trichloroethane, 1,1~dichloroethene, 1 ,2~ 
dichloroethene (total), benzene, trichloroethene, 1,2-dichlorobenzene, 1.4-dichlorobenzene, 4-methylphenol, and 
Aroclor-1248 exceeded their respective Florida guidance concentrations. 
:3 In the intermediate aquifer, the maximum concentration of aluminum exceeded its Florida guidance concentration. 

Note: 

CEe-QUB FS 
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USEPA == U.S. Environmental Protection Agency. 
NA = not applicable. 
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EXECUTIVE SUMMARY 

ABB Environmental Services, Inc" has been contracted by the Department of the 
Navy, Southern Division, Naval Facilities Engineering Command to complete a 
remedial investigation and feasibility study (RI/FS) for Operable Unit (OU) 8 
located at Naval Air Station Cecil Field in Jacksonville, Florida. The Nav.y 
prepared the RI, the baseline risk assessment (BRA)~ which is summarized in the 
RI, and ':he FS as separate documents. This report docwnents the FS for au 8 that 
consists of Site 3, the Oil and Sludge Disposal Pit. 

The purpose of the FS is to identify remedial action objectives (MOs), identify 
and evaluate remedial action alternatives that will achieve those obj ectives, and 
evaluate how these alternatives meet prescribed evaluation criteria to provide 
the basis for selection of a preferred remedial alternative. The FS contains an 
overview of the RI and BRA, and includes remedial goal objectives from the risk 
assessment eRA) and the identification and discussion of applicable and relevant 
or appropriate requirements, in order to identify RAOs. Remedial technologies 
that address site-specific considerations established in the RAGs are identified 
and screened; those technologies that pass the screening phase are developed into 
remedial alternatives. Remedial alternatives are then developed and analyzed in 
detail for comparison in the comparative analysis. 

The RI estimated that approximately 50 million gallons of groundwater are 
contaminated with 1, l-dichloroethene and trichloroethene. The contaminated 
groundwater plume covers an area of approximately 330 feet in width and 1,400 
feet in length (10.6 acres), with the easternmost 2.7 acres located underneath 
a wetlands area adjacent to Rowell Creek into which the plume discharges, 

The RA completed for OU 8 identified no unacceptable human health risks for soil. 
surface water, or sediment, and no ecological risks for any media. The RA 
identified an unacceptable human health risk based on the assumption that a 
potable '\Tater supply would be developed in the contaminated portion of the 
surficial aquifer. Therefore, a risk-based RAO was developed to protect "numans 
from possible future risks resulting from potable water exposure to contaminants 
currently present in the surficial aquifer groundwater. This RAO is summarized 
below. 

RAO 1: Protect human health from exposure to groundwater in the 
surficial aquifer containing average concentrations of site
related contaminants in excess of risk-based criteria. 

The RAO developed for OU 8 relates 
remedial alternatives were developed 
surficial aquifer groundwater) at OU 

Alternative MM-l: No action 

to the groundwater medium only. 
to address management of migration 
8. 

Alternative MM-2: Enhanced biodegradation 

Eight 
(i. e. , 

Alternative MM-3: In situ air stripping with enhanced biodegradation 

Alternative MM-4: Pump and treat with discharge to Rowell Creek 

CEC-DUB.FS 
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Alternative MM-S: Pump and treat with reinjection for enhanced 
biodegradation 

Alternative MM-6: Natural attenuation 

Alternative MM-7: In situ permeable reactive wall and hydraulic barriers 

Alternative MM-8: In sit:u air stripping with phytoremediation followed by 
natural attenuation 

The evaluation of alternatives was completed based on eight of the nine criteria 
established in the National Oil and Hazardous Substances Contingency Plan. The 
ninth criterion, public acceptance, will be addressed after the public comment 
period for the proposed plan for OU 8 has occurred. 

The proposed alternatives (except MM-l, No Action, and MM-6, Natural Attenuation) 
rely in part, and to roughly the same extent, on utilities such as water supply, 
electricity, and other public works and facilities for implementation at OU 8. 
The following characteristics distinguish the alternatives: 

Distinguishing 
Best Worst 

Factor 

Duration time MM-4 MM-2 MM-3 MM-5 MM-8 MM-? MM-6 MM-1 
(9 yrs) (12 yrs) (12 yrs) (12 yrs) (30 yrs) (62 yrs) (62 yrs) (62 yrs) 

coe destruction MM-4 MM-5 MM-3 MM-2 MM-8 MM-? MM-6 MM-1 

Reliance on in MM-2 MM-7 MM-6 MM-3 MM-8 MM-1 MM-5 MM-4 
situ technology 

Reliance on MM-1 MM-6 MM-7 MM-2 MM-8 MM-3 MM-4 MM-5 
onslte faCilities 

Present worth $427,000 $606,000 1,867,000 $2,170,000 $2,970,000 $3,322,000 $3,652,000 $4,072,000 
cost IMM-1) IMM-6) IMM-8) IMM-7) IMM-4) IMM-3) IMM-2) IMM-5) 

Note: MM = management of migration. 
yrs = years. 
COC = chemicals of concern. 

The greatest capture and destruction of chemicals of concern is provided by 
Alternative MM-4, followed by MM-5, MM-3, MM-8, MM-2, MM-7, MM-6, and MH-l. MM-
2, MM-3, MM-7, and MM-8 rely on in situ treatment technologies, whereas MM-S 
relies partially on these technologies, The costs, except for MM-l at $427,000, 
range from $2,970,000 to $4,072,000 for groundwater extraction- based al ternatives 
and from $606,000 to $3,652,000 for in situ treatment processes. The estimated 
durations for these alternatives to achieve action levels and the RAGs are: MM-
4, 9 years; MM-2, MM-3, and MM-5, 12 years; MM-8, 30 years; and MM-l, MM-6, and 
}!M-7, 62 years. 
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1.0 INTRODUCTION 

ABB Environmental Services, Inc. (ABB-ES), has been contracted by the Department 

of the Na,,"'Y, Southern Division, Naval Facilities Engineering Command (SOUTHNAVFA

CENGCOM) to complete a remedial investigation and feasibility study (RI/FS) for 

Operable Units (OUs) 1, 2, 7, and 8 at Naval Air Station (NAS) Cecil Field, 

Jacksonville, Florida (Figure 1-1). The RI/FSs are being conducted under 

contract number N62467-89-D-0317/090. This report presents the results of the 

FS for au 8, which consists of Site 3, the Oil and Sludge Disposal Pit (Figure 

1-2). 

The goals of the RI/FS for au 8 are to assess the extent, magnitude, and impact 

of contamination at the waste disposal site (i.e., the disposal pit and adj~cent 

area), to qualitatively and quantitatively assess the risk posed to human health 

and the environment by site-related contamination, and to develop remedial 

alternatives to address threats to human health and/or the environment. 

The RI serves as the mechanism for collecting data to identify the source of 

contamination and migration pathway characteristics, for conducting a baseline 

risk assessment (BRA), and for collecting physical measurements and chemical 

analytical data necessary for remedial alternative evaluation in the FS. 

The risk assessment (RA) provides an evaluation of the potential threat of the 

waste site to human health and the environment in the absence of any remedial 

action. The RI and BRA provide the basis for determining whether or not remedial 

action is necessary. 

The FS uses the results of the RI and BRA along with other data available to 

identify remedial action objectives (RAOs) and to develop, screen, and evaluate 

potential remedial alternatives. The FS process is described in more detail 

later in this chapter. 

This FS report was prepared in accordance with the follOWing guidance documents 

and regulations: the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA), as amended by the Superfund Amendments and 

Reauthorization Act (SARA) (references made to CERCLA in this report should be 

interpreted as "CERCLA, as amended by SARA"); the National Oil and Hazardous 

Substances Contingency Plan (NCP) (U.S. Environmental Protection Agency [USEPAj, 

1990); and Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA (RI/FS Guidance) (USEPA, 1988a). 

Section 1.1 presents the purpose of the FS report for OU 8, and Section 1.2 

provides an overview of the CERCLA FS process. 

1.1 PURPOSE OF THE FEASIBILITY STUDY REPORT. The purpose of this FS report is 

to document the results of the FS that included developing RAOs to address 

contaminated media at au 8 and developing, screening, and evaluating potential 

remedial alternatives to meet these objectives. The FS was based on the results 

and conclusions of the RI and the BRA completed for au 8. Descriptions and 

findings of the RI and BRA are presented as separate reports (ABB-ES, 1996; 

1995a) . 
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To develop RAOs and remedial alternatives. the FS report presents a conceptual 
model of understanding of site conditions. The historical and cultural 
characteristics and land use of Site 3, the Oil and Sludge Disposal Pit, and the 
physical and chemical characteristics and contaminant transport mechanisms are 
summarized in this report to establish the conceptual model of site conditions 
(ChClpter 2.0). Risks posed by the contaminants identified at the OU are 
summarized for human and ecological receptors (Chapter 3.0). Based on the 
conceptual understanding of site conditions and human health and ecological 
risks, the report presents RAOs and describes how these obj ectives were developed 
(Chapter 4.0). Quantitative criteria are presented for specific compounds found 
to be causing risks or exceeding Federal or State criteria. Other requirements 
identified to control or establish the parameters for remedial action alterna
tives developed to meet the RAOs are also presented. Based on the RAOs, 
identified criteria, and conceptual understanding of conditions within au 8, 
remedial action alternatives are identified (Chapter 5.0) and results of a 
detailed analysis of each alternative are presented (Chapter 6.0). Finally, the 
FS report presents a comparative analysis (Chapter 7.0) of how the remedial 
alternatives meet the RAOs. 

The purpose of the FS report is not to present all the possible variations and 
combinations of remedial actions that could be taken at au 8, but to present 
distinctly different alternatives representing a range of possibilities for 
meeting the RAOs. It is expected that these different alternatives can be 
adjusted during the proposed plan (PP) and decision process, and to a lesser 
extent during detailed design, to accomplish RAOs in a manner similar to the 
initially proposed alternative. The FS report also does not present information 
on alternatives that fail to meet the RAOs, except for a no-action alternative 
that provides a baseline for comparison of alternatives. 

1.2 FEASIBILITY STUDY PROCESS. The development of remedial alternatives for 
CERCLA sites consists of developing RAOs and then identifying applicable 
technologies and developing those technologies into remedial alternatives to meet 
the RAOs. SARA emphasizes the use of treatment technologies that reduce 
toxicity, mobility, or volume as a principal element rather than alternatives 
that prevent exposure to contaminants. Also, permanent remedies are preferred. 
The NCP requires that a range of alternatives be presented in the FS to the 
maximum practicable extent. 

The first step in the FS process is to develop RAOs that specify the contami
nants, media of interest, exposure pathways, and preliminary remedial goals that 
permit a range of alternatives to be developed. The preliminary remedial goals 
are developed based on chemical-specific applicable or relevant and appropriate 
requirements (ARARs) when available, site-specific risk-based factors, or other 
available information (e.g., leachability of contaminants in soil to ground\va
ter). 

Once RAOs are identified, general response actions for each medium of interest 
are developed. General response actions typically fall into the following 
categories: no action, containment, excavation, extraction, treatment, disposal, 
or other actions, singular or in combination, that may be taken to satisfy the 
RAOs for the site. 
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Next, the volumes or areas to ,,,hich general response actions might be applied are 
identified. The volumes or areas are determined by taking into account the 
requirements for protectiveness as identified in the RAOs and the chemical and 
physical characterization of the site (i.e .. the results and conclusions of the 
RI). 

The fourth step in the FS process is to identify and screen applicable 
technologies for each general response action. This step eliminates those 
technologies that cannot be implemented technically. Those technologies that 
pass the screening phase are then assembled into remedial alternatives. Remedial 
alternatives are then described and analyzed in detail using seven criteria 
described in the NCP. including: 

overall protection of human health and the environment; 

reduction of toxicity, mobility, or volume of contaminants through 
treatment; 

compliance with ARARs; 

long-term effectiveness and permanence; 

short-term effectiveness; 

implementability; and 

economics (i.e., cost). 

Alternatives are evaluated against two additional factors after State participa
tion and the public comment period for the FS: 

State acceptance, and 

community acceptance. 

The results of the detailed analyses (for the first seven criteria) are 
swnmarized and assessed in a comparative analysis. The alternatives are compared 
with each other against several criteria, including: 

protection of human health and the environment, 

attainment of Federal and State human health and environmental require
ments identified for the site, 

cost effectiveness, 

use of permanent solutions and alternaLive Lrea"L.lllent technologies or 
resource recovery technologies to the maximum extent practicable, and 

preference for treatment that reduces toxicity, mobility, or volume of 
contaminants as a principal element. 

These criteria are used because SARA requires that they be considered during 
remedy selection. 

CEe-GU8 FS 
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State acceptance is evaluated when the State reviews and comments on the draft 
FS report. A PP is then prepared considering the Statels comments. Community 
acceptance is evaluated based on comments received on the FS and PP during a 
public comment period. This evaluation is described in a responsiveness summary 
in the Record of Decision (ROD). The entire FS process provides the technical 
information and analyses that form the basis for a proposed remedial action plan 
(PP) and subsequent ROD that documents the identification and selection of the 
remedy. 

1.3 FACILITY BACKGROUND. The mission of NAS Cecil Field and available 
background information for the facility and au 8 are presented in ~his section. 
A general description of NAS Cecil Field is given in Subsection 1.4.1. 
Subsection 1.4.2 summarizes available historical information for the facility. 

1.3.1 Facility Description The official mission of NAS Cecil Field is to 
provide facilities, services, and material support for the operation and 
maintenance (O&M) of naval weapons, aircraft, and other units of the operating 
forces as designated by the Chief of Naval Operations. Some of the tasks 
required to accomplish this mission include: (1) operation of fuel storage 
facilities, (2) provision of facilities and performance of organizational level 
aircraft maintenance. (3) provision of facilities and performance of intermediate 
level aircraft maintenance, and (4) maintenance and operation of an engine repair 
facility and test cells for designated turbojet engines. 

NAS Cecil Field comprises 11 departments and is host to more than 40 tenant 
commands (SOUTHNAVFACENGCOM, 1989). The facility currently supports a workforce 
of approximately 11, 000 civilian and military personnel and can accommodate 
approximately 3,500 residents in base quarters and housing. As a result of the 
Base Realignment and Closure (BRAC) Corrunission recommendations in 1993, NAS Cecil 
Field is scheduled to close in 1998. 

1.3.1.1 Facility Land Use NAS Cecil Field occupies more than 31,000 non
contiguous acres consisting of four distinct areas: the main facility (NAS Cecil 
Field), which occupies 9,516 acres; the Yellow Water Weapons Department. which 
occupies 8,091 acres; Outlying Landing Field (OLF) Whitehouse, which occupies 
2,587 acres; and the 11,072-acre Land Target Complex Detachment Astor. The main 
facility, the Yellow water Weapons Department, and OLF Whitehouse are shown on 
Figure 1-1. Land Target Complex Detachment Astor is located 120 miles south of 
the main facility. 

The main facility of NAS Cecil Field is located in southwestern Duval County, 
Florida, and is wi thin the Jacksonville I Florida, city limits. The main facili ty 
consists of intersecting north- south and east-west runways bracketing the 
f1ightline and support facilities. These facilities occupy approximately 1,000 
acres in the northwest quadrant of NAS Cecil Field. Most of the remaining 
acreage 01 the main base, including OU 8, is undeveloped (SOUTHNAVFACENGCOM, 
1989) (Figure 1-2). 

1.3.1.2 Adjacent Land Use The greatest population density is approximately 14 
miles to the northeast in downtown Jacksonville, Florida. Land west and north 
of the base is characterized as rural and is predominantly forested. A small 
residential area on Nathan Hale Road abuts the NAS Cecil Field property to the 
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west. The closest incorporated municipality is the town of Baldvlin, which is 
centered approximately 6.4 miles to the northwest of the main facility entrance. 

To the east, the rural surroundings grade into a suburban fringe bordering the 
maj or east-west roadways. Low intensity commercial use, such as convenience 
storp.s and low density residential areas, characterize the land use in this 
eastern area. Herlong Airport lies approximately 4.5 miles east of NAS Cecil 
Field along State Road 228. The region becomes more urbanized as do-wntm .. TTl 

Jacksonville, Florida, is approached (SOUTHNAVFACENGCOM, 1989). 

1,3.2 Remedial Review and Status The first environmental study for the 
investigation of waste handling and/or disposal sites at NAS Cecil Field 'vas 
completed bet,,,een 1983 and 1985 by Geraghty & Miller, Inc. This study was 
followed by an Initial Assessment Study (lAS) by Envirodyne Engineers in 1985. 
The lAS was completed under the Naval Assessment and Control of Installation 
Pollutants (NACIP) program, which was the precursor to the Navy's present 
Installation Restoration (IR) program. In 1988, a Resource Conservation and 
Recovery Act (RCRA) Facility Investigation (RFI) was completed by Harding Lawson 
Associates. The RFI acted on the recommendations of the lAS. au 8 was included 
in the lAS and the RFI. 

NAS Cecil Field was placed on the National Priority List (NPL) by the USEPA and 
the Office of Management and Budget in December 1989. A Federal Facility 
Agreement (FFA) for NAS Cecil Field was signed by the Florida Department of 
Environmental Protection (FDEP, formerly the Florida Department of Environmental 
Regulation), USEPA, and the Navy in 1990. Following the listing of NAS Cecil 
Field on the NPL and the signing of the FFA, remedial response activities at the 
facility have been completed under CERCLA authority. 

NAS Cecil Field has several sites where hazardous wastes may have been handled, 
spilled. or buried. The individual sites are currently referred to as potential 
sources of contamination (PSGs). The term lIsite lT is applied to PSCs that are 
currently under investigation at NAS Cecil Field as part of the IR program. At 
the time of the facility's listing on the NPL, 18 sites had been identified. The 
RFI (Harding Lawson Associates, 1988) identified another site (Site 19). 
Remedial response activities are currently underway at Sites 1, 2, 3, 5, 7, 8, 
10, 11, 14, 15, 16, and 17. Field investigation plans were prepared for the 
investigation of PSCs 4, 6, 9, 12, 18, and 19 (ABB-ES, 1995b). 

In 1993, NAS Cecil Field was selected for closure by the BRAC Commission. An 
environmental baseline survey (EBS) was completed as the first step in the 
closure process. The EBS identifies parcels of land for sale, lease, or 
investigation depending on the condition of the parcel. au 8 was deSignated in 
the November 1994 EBS as lTRed" (release of hazardous substances has occurred, but 
required remedial actions have not yet been taken) (ABB-ES, 1994a). This color 
classification was based on the seven categories defined in the BRAG Cleanup 
Guidance Manual (Department of Defense, 1993). 

1. 4 OU 8, SITE DESCRIPTION AND HISTORY. This section presents a description and 
history of OU 8. 

1.4.1 Site Location OU 8 consists of Site 3, the Oil and Sludge Disposal Pit 
and affected area (Figure 1-3). OU 8 is located immediately northeast of the 
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intersection of Perimeter Road and the Lake Fretwell access road leading west 
from the south end of Lake Fretwell. This access road diagonally divides OU 8, 
with one third lying north and two thirds lying south of the road. 

1.4,2 Site Description au 8 is an area of relatively featureless terrain, hence 
the forrr:er pit cannot be located visually, Review of aerial photographs 
indicates the approximate pit location and road alignment depicted on Figure 1-3, 
This area has no present use and is highly vegetated. This vegetation consists 
of low weeds and briers, No indication of stressed vegetation has been observed 
at OU 8. To the east, approximately 800 feet downgradient of the disposal pit 
area, the study area grades into wetlands adjacent to Lake Fretwell and Rowell 
Creek to the northeast and east. The wetlands adjacent to Rowell Creek comprise 
an area of approximately 6.7 acres (292,000 square feet [ft2

]) at OU 8. 

Surface ".vater flow is locally to the east. The maj or drainage path'ivay is the 
Lake Fretwell access road drainage ditch, which slopes slightly down toward Lake 
Fretwell. Sheet flow is expected across most of au 8, except near Rowell Creek 
where a drainage swale drains south-southeast from the Lake Fretwell access road 
approximately 440 feet to Rowell Creek. 

The most prominent features near the former disposal pit area are the three 
investigation-derived waste (IDW) storage areas (Figure 1-3). The stored IDW 
consists exclusively of soil from soil borings and monitoring well installation. 
The chemical content of the IDW will be discussed in Chapter 2.0. 

Two of three locations where IDW ,vas placed in shallow excavations are mounded 
2 to 4 feet above the surrounding land surface. Approximately 100 cubic yards 
(yd3

) of IDW from an investigation in 1991 were placed in an unlined excavation 
approximately 45 feet long and 30 feet wide. The top of the pit is level with 
the surrounding land surface. The IDW pit located immediately south of the 1991 
pit is approximately 60 feet long and 20 feet wide, and contains approximately 
100 yd3 of IDW from the recent investigation in 1993-1994. It is mounded 
approximately 2 feet above land surface. Directly south of this excavation is 
a third pit approximately 20 feet long and 20 feet wide containing approximately 
60 yd3 of IDW from RIs at OU 7, Site 16. It is mounded approximately 4 feet 
above land surface. Both of the more recent IDW pits are lined and covered with 
18-mil high-density polyethylene sheeting. 

1.4.3 History of au 8 In October 1993, at the 1994 Fiscal Year Site Management 
Plan meeting, the USEPA, FDEP, and the Navy decided to identify Site 3 as a 
separate au, In previous investigations, Site 3 was part of au 2 (originally 
composed of Sites 3, 5, and 17). The investigations for Sites 5 and 17 of au 2 
were completed at a time when Site 3 still required further investigation. To 
avoid delaying progress on all three sites of au 2 and to facilitate investiga
tion procedures, Site 3 was designated as au 8 and the RI/FS for Sites 5 and 17 
under au 2 proceeded. The site-specific history is presented below. 

The Oil and Sludge Disposal Pit at Site 3 was used to dispose of liquid wastes 
and sludge generated by the facility. The lAS (Envirodyne Engineers, 1985) 
estimated that disposal operations at Site 3 occurred from as early as the mid-
1950s until 1975. Based on a review of aerial photographs of the area, however, 
no disturbance in the pit area was observed in a 1960 photograph; it appears that 
OU 8 disposal operations began between 1960 and 1969. An aerial photograph taken 
in 1969 shows the basic outline of the pit to be circular and about 100 feet in 
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diameter (8,000 ft2 ). It is estimated that the pit was 3 to 5 feet deep. The 
photograph also shows a linear feature, approximately 10 feet wide and 50 feet 
long, south of the disturbed area that appears to be a trench filled 'with liquid. 
Aerial photographs from 1972, 1973, 1975, and 1984 show that OU 8 became 
progressively more vegetated over this time, indicating that disposal activities 
were discontinued some time in the early 19705. 

Liquid wastes were typically taken to the site by the individual shops (i. e., the 
fuel farm, the Public Works, Aircraft Intermediate Maintenance Department [AIMD] , 
aYld the squadrons) in bawsers (trailer-mounted tanks) or 55-gallon drums, drained 
into the pit, and allowed to seep into the soil or evaporate. The pit wastes 
were burned when the liquid level approached the top. This procedure was 
repeated approximately once every 3 months by the fire department CEnvirodyne 
Engineers, 1985). 

An estimated 200 to 300 gallons of waste oil, fuel, and tank sludge from the fuel 
farm were disposed of weekly at the site. Although much of this volume consisted 
of water, it is estimated that between 210,000 and 310,000 gallons of these fuel 
farm wastes were disposed of throughout the operation (20 years) of the site. 

Liquid wastes generated by the squadrons, AIMD, and Public Works were also 
disposed of at Site 3. These wastes included fuel, oil, solvent, paint, and 
paint stripper. No records were kept on disposal practices, and access to the 
site was uncontrolled; therefore, the amount of the liquid wastes disposed of at 
Site 3 from these sources is unknown. 

Estimates developed during the lAS (Envirodyne Engineers, 1985) indicate that the 
total quantity of wastes from all sources disposed of during the site operation 
are as follows: waste paint, 4,200 gallons; spent solvent, 110,000 gallons; paint 
thinner, 20,000 gallons; petroleum-oil-lubricant wastes. 440,000 gallons; and 
waste fuel-, oil-, and sludge-contaminated water, 210,000 to 310,000 gallons. 
Following closure of the site in 1975, the pit was filled and covered with soil 
(Envirodyne Engineers, 1985). 

On February 8, 1992, a Navy helicopter crashed into a wooded area located 
approximately 800 feet east of the OU 8 source area (see Figure 1-3). The 
helicopter had a fuel capacity of between 1,800 and 2,000 gallons and ignited on 
impact. Soil and groundwater contamination were initially assessed by 
Environmental Science and Engineering, Inc., in August and September 1993 during 
a contamination assessment (GA). The results of the CA were presented in a 
Preliminary Contamination Assessment Report. 
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2.0 SUMMARY OF THE REMEDIAL INVESTIGATION 

This chapter summarizes the results of field investigations at OU 8 (Site 3). 
focusing on the RI field investigation completed in 1994 (ABB-ES. 1996). As 
discussed in Chapter 1.0 , OU 8 Wa.s formerly used to dispose of liquid 'i<lastes and 
sludge. 

2.1 SUMMARY OF PREVIOUS INVESTIGATIONS. Investigation of the waste handling and 
disposal areas at Site 3 began in 1983. The first environmental study for the 
investigation of waste handling and/or disposal sites at NAS Cecil Field was 
completed between 1983 and 1985 by Geraghty and Miller. Inc. This study was 
followed by an lAS (Envirodyne Engineers, 1985), completed under the NACIP 
program, which was a precursor to the Navy I s present IR program. In 1988. an RFI 
was completed (Harding Lawson Associates, 1988). The RFI acted on the 
recommendations of the lAS. Site 3 was included in both the lAS and the RFI. 
In 1991, ABB-ES initiated the RI/FS process for Site 3 under OU 2, based on the 
results of the previous investigations. Following completion of the 1991 RI 
field activities, ABB-ES issued a Technical Memorandum for Supplemental Sampling 
(TMSS) (ABB-ES, 1992) that summarized the data collected to date and recommended 
additional data collection activities for several sites at NAS Cecil Field, 
including Site 3. 

The findings and conclusions of each of the previous studies are summarized in 
Table 2-1. The individual lAS, RFI, and TMSS docwnents contain more detailed 
information about each of the investigations. 

2.2 SUMMARY OF 1993-94 REMEDIAL INVESTIGATION. This section presents a summary 
of the conceptual understanding of au 8, including the disposal pit. site 
setting, physical aquifer characteristics, and the nature. extent, and fate of 
contamination at au 8. A description and history of au 8 is included as Section 
1.5 of Chapter 1.0. 

2.2.1 Site Setting au 8 is located near the western perimeter of NAS Cecil 
Field, in the flight path of landing aircraft. It is a vacant, relatively 
featureless area with no residential, commercial, or industrial functions. Human 
activity is generally limited to security patrols or joggers on the Lake Fretwell 
access road and Perimeter Road. Vegetative cover consists of thick brush and 
briers. The disposal pit, estimated to be approximately 100 feet in diarne ter and 
3 to 5 feet deep, is located immediately northeast of the intersection of 
Perimeter Road and the Lake Fretwell access road, both of which are unpaved. 
There is a relatively uniform gentle slope toward Rowell Creek and Lake Fretwell 
over the length of OU 8 (see Figure 1-3 from Chapter 1.0). A 6.7-acre wetland 
is located approximately 800 feet east of the disposal pit, adjacent to Rowell 
Creek. Rowell Creek is classified by the Stat.e of Florida as Class III 
freshwater. 

2.2.2 Hydrogeology There are three water-bearing systems in the area of this 
investigation. According to the Florida hydrostratographic nomenclature, these 
uni ts, from most shallow to deepest, are the surficial aquifer system J the 
intermediate aquifer system and confining unit, and the carbonate-rich Floridan 
aquifer system. The Floridan aquifer system, the principal source of groundwater 
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Table 2-1 
Findings and Conclusions from Previous Investigations 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Tasks Completed Findings Recommendations 

Records search. 1. Summarized available historical information 1 Confirmation Investigation recommended at 
Onsite survey for Site 3. Site 3. 
Estimate waste quantities. 2. Identified waste oil, fuel, tank sludge, 2 Install and sample two surficial monitoring wells. 
Site ranking solvent, paint, and paint stripper. 3. Collect one surface water and one sediment 
Recommendations for future study. 3 Estimated waste quantities: sample from Rowel[ Creek. 

• fuel, oil, and sludge-contaminated 
water. 310,000 gallons 

• waste paint. 4,200 gallons 
• spent solvents: 110,000 gallons 
• petroleum and organic lubricant 

waste: 440,000 gallons 
• paint thinner: 20,000 gallons 

Site reconnaissance. Groundwater. Corrective action IS recommended. 
Geophysical survey 1,1-dichloroethane: 210 pg/l 
Monitoring well Installation 1,1-dichloroethene: 110 P9/1 
(two wells). ethyl benzene: 10 pg/l 
Collection of groundwater samples. toluene: 8 pg/l 

1,1,1-trichloroethane: 88 P9/1 
4-methylphenol: 29 Jig/l 
bis(2-ethylhexyl)phthalate: 19 Jig! I 
naphthalene: 280 Jig! 1 
2-methylnaphthalene: 190 fJg/l 
chromium: 90 fJg/ t 
lead: 164 Jig! I 
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Table 2-1 (Continued) 
Findings and Conclusions from Previous Investigations 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Previous Study Tasks Completed Findings 

RI/FS Workplan for 1. Summarize existing data No sampling completed. 1. 
DUs 1, 2, and 7 2. Define RifFS objectives. 2. 
IABB-ES, 1991) 3. Develop sampling approach to 3. 

achieve RifFS objectives, 

Technical 1. The 1993-1994 field program 1. Findings discussed in Chapter 4.0, Nature 1. 
Memorandum for completed. and Extent of Contamination. 
Supplemental 2 Summary of contamination 2. Hazardous constituents detected in soil and 
Sampling detected in soil, sediment, surface groundwater. 2. 
IABB-ES, 1992) water, and groundwater. 3. Horizontal and vertical extent of 

3. Identification of additional contaminants not fully characterized at the 3 
information required to characterize site. 
site contamination. 4 Data gathered not sufficient to 

complete a baseline risk assessment. 

Notes: ReRA = Resource Conservation and Recovery Act. 
Jig/l = micrograms per liter. 
Rl/FS = Remedial Investigation and FeaSibility Study. 
ABB·ES = ABB Environmental Services, Inc, 

---

Recommendations 

Well installation and sampling 
Soil sampling. 
Surface water and sediment sampling. 

Complete screening program to characterize 
extent of detected contaminants in soli and 
groundwater. 
Complete confirmation sampling, based on 
results of screening program. 
Number and location of samples (per media) to 
be finalized with agency approval 



derived for public drinking water in most of northern peninsular Florida 
(including five potable water supply wells and an irrigation well at NAS Cecil 
Field), was not encountered during the investigation at au 8. 

Figure 2 -1 presents a plan view of au 8 showing lithologic cross - section 
locations, which are presented on Figures 2-2 and 2-3. The following subsections 
discuss the hydrogeology and lithology of the aquifers investigated at OU 8. 

2.2.2.1 Surficial Aquifer System The undifferentiated sediments in the 
surficial aquifer system in the area of au 8 consist of mostly quartz sand with 
some clayey sand and up to 10 percent silt and clay. The Pliocene-Pleistocene 
:"Jashua Formation and the thick clay layer separating the Nashua from the 
differentiated sediments at other ODs on Cecil Field were only encountered in the 
northern part of the site. As a result, the surficial aquifer at au 8 is not 
separated into an upper and lower zone based on geology, but rather is considered 
as one unit. Well screens were placed to investigate conditions in the 
upper (UZS), intermediate (IZS), and lower (LZS) zones of the surficial aquifer 
system. The surficial aquifer system is under water table conditions (uncon
fined) and extends downward to the top of the clay unit, which separates the 
surficial aquifer system from the intermediate aquifer system (Figures 2-2 and 
2 - 3) . 

The general groundwater flow direction in the surficial aquifer is to the east
southeast. There is also a downward flow gradient that is evident at the waste 
disposal pit area and continues for approximately 900 to 1,000 feet downgradient 
of the pit. At this point, the vertical flow potential becomes upward. Both the 
upward and horizontal gradients become increasingly steeper over the remaining 
300 to 400 feet eastward to Rowell Creek. The pronounced upward gradients 
indicate that the surficial aquifer discharges to Rowell Creek. In the wetlands 
west of Rowell Creek, the water table is near the land surface, but groundwater 
has not been observed discharging to land surface. 

The average horizontal gradient in the surficial aquifer measured along the 
flowpath from the waste disposal pit area (CEF-3-3S) to Rowell Creek (CEF-3-20S) 
for March through September 1994 was approximately 0.016 feet per foot (ft/ft). 
The gradients increase as the groundwater approaches Rowell Creek; therefore, the 
horizontal gradients at the waste disposal pit area are less than the gradients 
near the creek. The average horizontal gradient at the waste disposal pit area 
(CEF-3-SS to CEF-3-13S and CEF-3-4S to CEF-3-5S) for March through September 1994 
was approximately 0.005 ft/ft. The horizontal gradient for the last 300 feet 
before discharge to Rowell Creek was approximately 0.035 ft/ft, estimated from 
the elevation contours from August 1994. 

Hydraulic conductivity (K) values were estimated for each well in the surficial 
aquifer at OU S. The mean K values for the UZS wells, IZS wells, and LZS wells 
are 7.5 feet per day (ft/day), 14 ft/day, and 16 ft/day, respectively. Based on 
the results of an aquifer pumping test (generally a better estimate than slug 
tests) conducted by the U.S. Geological Survey (USGS) at NAS Cecil Field, the K 
of the surficial aquifer ranges from 3.0 to 5.0 ft/day (USGS, 1995). 

The seepage velocity, or the rate at which groundwater moves through the aquifer, 
was calculated for each gradient area of the surficial aquifer using a hydraulic 
conductivity of 3.0 ft/day and an effective porosity of 0.20 (USGS, 1995). For 
the entire distance from the waste disposal pit area to Rowell Creek (gradient of 
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media sampled, though not all constituents detected were attributable to was"Ce 
disposal activities at Site 3. 

Samples were analyzed using Contract Laboratory program-approved methods, and 
USEPA's Level IV data quality objectives were utilized. Some minor data quality 
issues arose during independent evaluation of the analytical data. However, 
these issues do not affect the overall credibility of the reported data for au 
8: on the whole, the analytical data were of sufficient technical quality to 
support preparation of the RI, BRA, and FS. The RI report for au 8 (ABB-ES, 
1995a) contains more detail about the nature of these validation and data quality 
issues. 

At au 8, the primary source of contamination is interpreted to be the liquid 
wastes (described earlier) that were deposited in the disposal pit. Another 
possible source area of contamination, unrelated to the waste disposal pits, is 
the helicopter crash site. The helicopter crash occurred on February 8, 1992. 
Although the crash area is located within the au 8 study area, the resultant 
petrolewu contamination from the crash is being addressed under the Navy r s 
underground storage tank (UST) program. 

The results of the RI are summarized, by medium, in the following paragraphs. 

2.2.3.1 Soil The results of the confirmatory soil sampling and analytical 
program indicate the presence of volatile organic compounds (VOCs), semivolatile 
organic compounds (SVaCs), total recoverable petroleum hydrocarbons (TRPH), 
pesticides, polychlorinated biphenyls (PCBs). and inorganics in both surface and 
subsurface soil. Trichloroethene (TCE), vacs, and TRPH detected in both surface 
and subsurface soil are depicted on Figure 2-7. Results of analyses of IDW being 
stored at au 8 are also discussed in this segment. 

The most frequent vac detection in the 24 surface soil samples (0 to 2 feet bls) 
was xylene (12 of 24 samples), a common component of fuel, at concentrations 
ranging from 3 to 8 micrograms per kilogram (I'g/kg). All other vacs had a 
frequency of detection of 2 out of 24 samples or less and were detected at 
concentrations below 5 pg/kg. 

Several svacs were detected in surface soil, although no single svac was detected 
in more than 4 of the 24 samples collected. Many of the detected SVOCs are 
commonly found in fuel and waste oil, both of which were reportedly disposed of 
at OU 8. 

TRPH was detected in 6 of the 24 surface soil samples; detections were located 
both in the disposal pit area and in the helicopter crash area. The presence of 
TRPH at au 8 is likely attributable to historic activities at these areas. 

Few pesticides and one PCB isomer were detected in surface soil, Because of 
their wide distribution and low concentrations, the detections are interpreted 
to be the result of both former basewide pesticide application and the suspected 
past practice of using oil containing PCBs for dust control along unpaved roads, 
and are not attributed to disposal operations at au 8. Contaminants present 
along roadways at NAS Cecil Field are being investigated under the BRAC program. 

Eight inorganics exceeded background screening concentrations. 
cadmium, copper, mercury, selenium, silver, sodium, and zinc were 
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OU 8 surface soil but were not detected in any background soil samples. The 
inorganics most frequently detected and with the highest concentrations were 
located within or near the former disposal pit. The helicopter crash area 
typically had inorganic concentrations near or below the background screening 
concentrations and also had fewer total inorganic contaminants detected than the 
disposal pit area. 

A total of 16 subsurface soil samples was collected from eight soil borings 
during the 1991 investigation. Two samples were collected from each boring, the 
first from 0 to 2 feet bls and the second from 2 to 4 feet bls. In the 1994 
investigation, an extensive surface and subsurface soil sample screening program 
was undertaken (Figures 2-4 and 2-5); confirmatory soil sampling and chemical 
analysis followed the screening program (Figure 2-6). Between the 1991 and 1994 
investigations, 37 subsurface soil samples were used to evaluate the nature and 
extent of contamination at au 8. 

Evaluation of results for the subsurface soil samples indicates that VOCs, SVOCs, 
and inorganics appear to be related to past disposal practices because the 
highest concentrations were detected near the disposal pit area and the 
helicopter crash site. Pesticides and PCBs were not detected frequently and have 
a sporadic distribution, indicating that they are probably not related to 
historical activities at the disposal pit area or the helicopter crash site. 

The vac detections were primarily chlorinated solvents and fuel-related VOCs and 
appear to be related to the previous waste disposal operations at au 8. 
Detections of these compounds in subsurface soil near the helicopter crash site 
are believed to be the result of volatilization of vacs in groundwater, which is 
'\vi thin 2 feet of the land surface in this area. 

TCE was detected in 5 out of 37 subsurface soil samples. There were two TCE 
detections in subsurface samples located in the vadose zone in the disposal pit 
area, with the highest detection of 270 ~g/kg occurring in the sample from soil 
boring CEF-3-BOR-6. These two TCE detections were the only subsurface soil 
detections that were in the vadose zone versus the saturated zone. The Summers 
model (USEPA, 1989) and the USEPA Batch model (USEPA, 1988) were used to assess 
whether vadose zone soil contaminated with TCE (i.e., vadose zone soil in the 
disposal pit area) would continue to act as a source of groundwater contamination 
(i. e., vtould produce leachate containing TCE above its State of Florida 
groundwater guidance concentration of 3 micrograms per liter [~g/YJ) and, if so, 
to determine how long it would take for vadose zone soil in the disposal pit area 
to be flushed so that TCE in subsurface soil would no longer act as a source. 
The Summers and Batch model results indicated that it would take 23 years to 
flush the vadose zone soil in the disposal pit area so that the TCE in the upper 
10 feet of the surficial aquifer would be less than 3 ~g/J. 

Several SVOCs were detected in subsurface soil at au 8. The most commonly 
detected SVOCs included I, 4-dichlorobenzene (DCB) and bis (2 - e Lhylhexyl)phthalate. 
Of these two compounds, bis(2-ethylhexyl)phthalate had the most detections (IS) 
and was detected at the highest concentration (6,800 ~g/kg). Similar to VOCs, 
svacs appear to have the highest concentrations in locations within the disposal 
pit boundary and are most likely attributable to past disposal activities. 

TRPH was detected in 20 of 37 subsurface soil samples collected, both within the 
disposal pit area and the helicopter crash site) with a maximum detection of 
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1,600 milligrams per kilogram (mg/kg). The presence of TRPH is believed to be 

linked to historical activities in these areas. 

The most frequently detected inorganics exceeding background screening 

concentrations were barium, calcium, chromium, copper, magnesium, and nickel. 

Antimony, cadmium, cyanide, selenium. silver, and zinc were detected in at least 

one subsurface soil sample at the site but not in the background data set. 

Based on the results of the confirmatory soil sampling and analysis, it is 

estimated that an average TeE concentration of 146 rg/kg remains in the vadose 

zone soil near the disposal pit at au 8 over an area of approximately 8 1 000 ft 2 

and that this contaminated soil will continue to act as a source of groundwater 

contamination for 23 years. This is a conservative assumption based on two 

detections of TCE in vadose zone soil in the disposal pit area. 

As discussed in Chapter 1.0, IDW from Sites 3 and 16 is being stored at au 8. The 

IDW from the 1993 investigations of Sites 3 and 16 were screened for the 

hazardous toxicity characteristic using the toxicity characteristic leaching 

procedure (TCLP). No organic analytes were detected in the leachate. Barium was 

detected in one leachate sample at a concentration lower than its regulatory 

limit. 

The IDW stored at au 8 has not been sampled for total concentrations of 

constituents; therefore, no quantitative assessment of risk due to the presence 

of IDW can be made at this time. However, analytical data from the soil borings 

from which the IDW was generated were reviewed to assess the probable chemical 

content of the soil. Maximum concentrations of detected chemicals in subsurface 

soil samples were compared to Florida Soil Cleanup Goals. Detected concentra

tions of beryllium exceeded its cleanup goal of 0.2 mg/kg in 3 of the 62 samples 

evaluated. No other analytes exceeded their respective soil cleanup goals. 

2.2.3.2 Groundwater A total of 37 monitoring wells were installed at au 8 

during field investigations. One well, CEF- 3 - 2, was abandoned because of an 

inappropriate screen length (30 feet). Of the 36 existing wells, 33 are screened 

in the surficial aquifer and 3 are screened in the intermediate aquifer (UZH). 

Of the 33 wells installed in the surficial aquifer, 16 are screened in the 

shallow zone (UZS water table to approximately 30 feet bls), 6 are screened in 

the intermediate zone (IZS: at 30 to 77 feet bls), and 11 are screened in the 

deep or lower zone (LZS: at 60 to 100 feet bls). Evaluation of the analytical 

results indicates that groundwater in the surficial aquifer at au 8 contains 

VOCs, SVOCs, pesticides, PCBs, and inorganics. Not all constituents detected in 

groundwater appear to be related to past disposal activities at OU 8. Discussion 

of groundwater sample results is limited to unfiltered groundwater samples. 

Field screening data from the Aquaprobe™ sampling locations ~were used in 

conjunction with Level IV monitoring well data to qualitatively determine the 

nature and extent ot groundwater contamination at au 8. For areas where 

monitoring wells exist, field screening data that Were well-correlated with Level 

IV data were used to confirm the presence or absence of contaminants in these 

areas. In some locations~ particularly in the center portion of the plume where 

no monitoring wells exist, field screening data were used to assess the vertical 

extent of groundwater contamination. Only representative field screening data 

(i.e., at screening locations where there was no suspected leakage of contamina

tion downward from overlying zones into the Aquaprobe~ sampling equipment) were 
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used to delineate the vertical extent of contamination in areas where sufficient 
Level IV data were not available, 

Ten VaGs were detected in groundwater samples collected from the surficial 
aquifer, Five of these 10 compounds exceeded human health risk criteria: 1,1-
dichloroethane, l,l-dichloroethene (DCE), 1,2-DCE, TeE, and benzene. No VOCs 
were detected in the intermediate aquifer at au 8. Figure 2-8 shows concentra
tion contour lines for TCE, a VOC that is widely distributed at OU 8, and all 
other organic compounds detected in surficial aquifer ground'ivater at au 8. 

VOCs in the surficial aquifer appear to have migrated with the natural flow of 
groundwater approximately 1,400 feet, from the former waste disposal pit area to 
Rowell Creek. There is a downward flow component that is evident at the waste 
disposal pit area and continues for approximately 700 to 800 feet dOWTIgradient 
(east-southeast). At this point) the vertical flow gradient becomes upward, 
Both the vertical and horizontal gradients become steeper over the remaining 400 
feet to Rowell Creek. The pronounced upward gradients indicate that the 
surficial aquifer discharges to Rowell Creek, which is supported by the fact that 
no VOCs were detected in monitoring wells located east of Rowell Creek. 

The migration pattern of VOCs from the disposal pit area at OU 8 is confirmed by 
the vertical distribution of TCE and l,l-DCE (Figures 2-9 and 2-10), two 
constituents detected in both screening and confirmatory groundwater samples. 
Representative Aquaprobe™ screening samples were used to help delineate the 
vertical extent of vaG contamination at the center of the OU 8 plume where no 
groundwater monitoring wells exist. Contaminants are understood to have migrated 
downward and eastward through the aquifer from the disposal pit, to a maximum 
depth of approximately 70 feet bls 500 to 800 feet downgradient of the pit (in 
the approximate center of the plume), and to have continued to move eastward and 
upward with the natural groundwater flow until discharged to Rowell Creek. 
Solvent contamination detected in surface soil and groundwater at the helicopter 
crash site is understood to be attributable to this contaminant migration pattern 
rather than to the crash. 

Using a two-dimensional contaminant transport model (which takes into account 
longitudinal and lateral dispersion), it is estimated that groundwater presently 
containing more than 3 ~g!P of TCE (Figure 2-8) would flush to Rowell Creek in 
approximately 39 years. TCE concentrations were modeled because this chemical 
is widely distributed at OU 8. The estimate asswnes that it would take 
approximately 17 years to flush one plume volume of groundwater from OU 8 to 
Rowell Creek, using an effective porosity of 0.20 and a TCE retardation factor 
of 2,3. This time estimate does not take into account any leaching of TCE from 
soil into groundwater, As discussed previously, soil in the disposal area 
containing an average TeE concentration of 146 pg/kg will continue to leach to 
groundwater over a 23-year period. Therefore, it is estimated that the total 
amount of time that TCE would leach into groundwater (at concentrations higher 
than 3 pg/1!) and flush into Rowell Creek ranges from 39 to 62 years. 

A total of 14 SVOCs was detected in groundwater samples collected from the 
surficial aquifer. A limited number of SVOCs were detected in the intermediate 
aquifer but were not detected in shallow UZS wells nearby (Figure 2-8). Of the 
14 compounds detected in the surficial aquifer, six were identified as 
characteristic of disposal practices at OU 8: 1,2-DCB, 1,4-DCB, benzo(b)
fluoranthene, naphthalene, 4-methylphenol, and bis(2-ethylhexyl)phthalate. 
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Table 3-3 

Remedial Goal Options for Unfiltered Groundwater from Surficial Aquifer 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

JacksonviHe, Florida 

Potential future land use: residential 

Medium: groundwater 

Exposure routes: Ingestion of groundwater as drinking water and inhalation of volatiles while showering 

Range 01 Total Excess Lifetime Cancer Risk Total Hazard Index 

Chemical 
Detected 

Concentrations I I I I 
Ipg/ /) 

10-4- 10-5 10-6 10 1 0.1 

Volatile Organic Com~ounds 

1 r 1, 1-Trichloroethane 96 to 860 NA NA NA NC NC NC 

1,1-Dlchloroethane 1 to 590 NA NA NA 28,500 2,850 285 

1,1-Dichloroethene 2 to 350 12.6 1 26 0.126 3,290 329 32.9 

1,2-Dichloroethene (total) 9 to 1,900 NA NA NA 3,290 329 32.9 

Benzene 26 203 20.3 2.03 NC NC NC 

Trichloroethene 9 to 1,700 647 647 6,47 2,180 218 21.8 

Semivolatile Organic Comeounds 

1,2-Dichlorobenzene 350 to 9,800 NA NA NA 32,850 3,285 328.5 

1,3-Dichlorobenzene 9 to 240 NA NA NA 32,270 3,227 322.7 

1 A-Dichlorobenzene 49 to 1,300 354 35,4 354 33,350 3,335 333.5 

4-Methylphenol 3 to 61 NA NA NA 1,825 182.5 18.25 

BenzD (b)fluoranthene 3 1 17 0.117 0.0117 NC NC NC 

Naphthalene 0.6 to 450 NA NA NA 14,600 1,460 146 

bis(2-Ethylhexyl)phthalate 0.6 to 5 608 60.8 6.08 7300 730 73 

See notes at end oftable. 

Florida Federal 
Primary MCl' 

Standard 2 

Ipg/ /) 
lpg/I) 

200 200 

-- --

7 7 

'70 '70 

1 5 

3 5 

600 600 

,- 4600 

75 75 

-- --

-- 0.2 

-- --

6 6 
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Table 3-3 (Continued) 
Remedial Goal Options for Unfiltered Groundwater from Surficial Aquifer 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Potential future land use; residential 
Medium: groundwater 
Exposure routes, ingestion of groundwater as drinking water and inhalation of volatiles while showering 

Range of Total Excess Lifetime Cancer Risk Total Hazard Index 
Chemical Detected 

Concentrations I I I I (jJgj i) 
10-4 10-5 10-6 10 1 01 

Pesticides .nd PCBs 

Aroclor-1248 0.6 to 0.79 1.11 0.111 0.0111 NC NC NC 
Inorganic Com~ounds 

Aluminum 37.4 to 47,400 NA NA NA 400,000 40,000 4,000 

Arsenic 1.5 to 24,7 4.87 0.487 0.0487 110 11.0 1.1 

Chromium 36.6 NA NA NA 1825 182.5 18.25 

Iron 44.6 to 36,500 NA NA NA -- -- --
Manganese 42to170 NA NA NA 1,825 182.5 18.25 

Vanadium 26.5 NA NA NA 2,555 255.5 25.55 

1 Chapter 62-550, Florida Administrative Code Sate Drinking Water Act, September 1994. 
2 U.S Environmental Protection Agency, 1994. 
<I Value is for cis-dichloroethene. 
4 Value is based on data for 1,2-dichlorobenzene. 

Notes: I1g/ t =; micrograms per liter. 
Mel = maximum contaminant level. 
NA == not applicable. 
-- == not available. 
NC = not calculated. 
PCBs = polychlorinated biphenyls. 

Florida Federal 
Primary Mel' 

Standard 1 

(jJgj I) 
(jJgj £) 

0.5 0.5 

-- --
50 50 

100 100 

-- --

-- --

-- 2 

, 

I 

I 

I 



ecological chemicals of potential concern (ECPCs), (3) ecological exposure ass

essment. (4) risk characterization, and (5) uncertainty analysis. 

3.3.1 Problem Formulation The problem formulation component of the ecological 

risk evaluation identifies ecological receptors, exposure pathways for the 

receptors, and the endpoints selected for the ERA. For au 8, four groups of 

ecological receptors were identified: terrestrial and wetland wildlife, aquatic 

receptors, terrestrial plants, and terrestrial invertebrates. The exposure 

pathway includes a source of contamination, contaminated media (surface soil, 

food, groundwater, surface water, and sediment), and an exposure route. The 

receptors and exposure pathways are summarized on Figure 3 - 2. The pathways 

include: 

for terrestrial and wetland wildlife, ingestion of soil, surface water, 

sediment, and food items that have accumulated chemicals from site 

media; 

for aquatic receptors, direct contact with surface water. sediment, and 

groundwater (as it discharges to surface water); and 

for terrestrial and wetland plants and invertebrates, direct contact 

with surface soil, root uptake of chemicals from soil (for plants), and 

(for invertebrates) ingestion of soil. 

Based on the results of the RI, it is understood that groundwater, though close 

to the land surface, does not discharge to the land surface within the wetlands 

area at au 8. Additionally, no overland transport of contaminants in the 

wetlands area was identified at CU 8. Therefore, there is no exposure pathway 

identified for groundwater discharging to the land surface at au 8 (and thereby 

potentially causing risks to terrestrial plants, invertebrates, and wildlife). 

The measurement endpoints (i.e. laboratory toxicity studies) selected to best 

correlate wi th the assessment endpoint (i. e. maintenance of wildlife populations) 

include growth, reproduction, and survival laboratory studies. 

3.3.2 Selection of Ecological Chemicals of Potential Concern ECPCs are the 

analytes detected in evaluated media (surface soil, surface \vater .. sediment, and 

groundwater) at CU 8 that were considered in the RA process. Selection of ECPCs 

is discussed in the BRA (ABB-ES, 1995a). Table 3-4 provides a summary of the 

ECPCs selected for au 8 for each medium. 

3.3.3 Ecological Exposure and Effects Assessment Exposure assessment is the 

process of estimating or measuring the amount of an ECPC to which an ecological 

receptor may be exposed via several exposure routes. The ecological effects 

assessment describes the potential adverse effects to ecological receptors 

associated with exposure to ECPCs. The methods for identifying and characteriz

ing ecological effects for ECPC::; in surface soil, surfac..e water, sediment, and 

groundwater are described below and in more detail in the baseline ERA (ABB-ES, 

1995b) . 

Surface Soil. Surface soil toxicity to terrestrial and wetland wildlife is 

evaluated based on food-web models that estimate the contaminant exposure dose 

to representative wildlife species that is obtained via the diet and incidental 

ingest~on of soil. Measured reference toxicity doses representing threshold 

CEC-QUg FS 
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Table 3-4 

Ecological Chemicals of Potential Concern (ECPCs) 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecl! Field 

Jacksonville, Florida 

Environmental Medium Ecological Chemicals of Potential Concern 1 

Surface Soli, Disposal Pit Inorganics' Antimony, barium, cadmium, copper, lead, manganese, mercury, silver, and zinc. 

Organics: Acetone, 2-butanone, methylene chloride, xylenes (total), benzo(ajanthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benZD (g,h,i)perylene, benZD (k)fluoranthene, chrysene, dibenz(a,h)-

anthracene, di-n-butyl phthalate, bis (2-ethylhexyl)phthalate, fluoranthene, Indena (1, 2,3-cd)pyrene, 

2-methylphenol, pyrene, aroclor-1254, alpha-Chlordane, gamma-Chlordane, 4,4'-00T, Dieldrin, 

and Endosulfan I\. 

Surface SoiL Helicopter Crash Site Inorganics: Copper. 

Organics: 1,1-Dichloroethylene, 1 ,2-dichloroethylene, toluene, phenol, alpha-BHC, alpha-Chlordane, 

4,4'-00T, Endosulfan 11, and Endrin ketone. 

Surface Water lnorganics: Aquatic and wildlife receptors· aluminum and silver. 

Wildlife receptors only: antimony, iron, and lead. 

Organics: Aquatic and wildlife receptors: bromadlchloramethane and dlbromochloromethane. 

Wildlife receptors only: chloroform and methylene chlonde, 

Sediment Inorganics: Aquatic and wildlife receptors: barium. 

Wildlife receptors only: copper, lead, and zinc. 

Organics: Aquatic and wildlife receptors: 2-butanone, di-n-butylphthalate, bls(2-ethylhexyl)phthalate, 

Aroclor-1254, and 4,4'-00T. 

Wildlife receptors only: 4,4'-DDE and endrin ketone. 

Unfiltered, Undiluted Groundwater lnorganics' Aluminum, barium, chromium, copper, iron, lead, manganese, and vanadium. 

Organics: Acetone, 2-butanone, 1, 1-dichloroethYlene, 1,2-dichloroethylene, 1,1, i-trichloroethane, trichloro-

ethylene, xylenes (total), benzo (b)fluoranthene, 1,2-dichlorobenzene, i,3-dichlorabenzene, 

1,4-dichlorobenzene, bis (2-ethylhexyl) phthalate, 2-methylnaphthalene, 2, methylphenol 4-methyl-

phenol, naphthalene, and Aroclor-1248. 

Unfiltered, Diluted Groundwater2 lnorganics: Aluminum and vanadium. 

Organics: Acetone, 2-butanane, tTichloroethene, xylenes (total), benzo(b)fluoranthene, 1,2-dlchI0:obenzene. 

2-methylnaphthalene, 2-methylphenol, and 4-methylphenol. 

, 
ECPCs were selected for each medium in the Baseline Risk Assessment report (ABB Environmental Services, Inc, 1995a). 

2 A dilution factor of 7.53 x 10-3
, approximating the ratio between volume of groundwater discharge and U.S. Geological Survey discharge measurements of 

Rowell Creek, was applied to the maximum detected concentrations. 

Notes· 4,4'-00T = dlchlorodlphenyltTlchloroethane 

BHe = benzene hexachlonde. 

4,4'-ODE = dichlorodiphenyldichloroethene. 



values for lethal and sublethal effects (i. e. ~ mortality, decreased growth 
potential, or decreased reproductive fitness) relate potential adverse effects 
with the estimated exposure doses. 

Adverse effects on soil invertebrates and plants are evaluated based on the 
results of laboratory toxicity testing of surface soil samples from au 8 using 
earthworms (Eisenia foetida) to observe adverse effects on survival and lettuce 
seed (Lactuca sativa) to observe germination effects. 

Surface Water and Sediment. Adverse ecological effects to terrestrial and 
wetland wildlife exposed to contamination in surface water and sediment (i.e., 
in Rowell Creek) are evaluated using food-web models. These models estimate the 
contaminant exposure to representative wildlife species that is obtained via the 
diet and incidental ingestion of surface water and sediment. Measured reference 
toxicity doses representing threshold values for lethal and sublethal effects 
(i.e., mortality, decreased growth potential~ or decreased reproductive fitness) 
relate potential adverse effects with the estimated exposure doses. 

Potential adverse ecological effects for aquatic receptors are indirectly 
measured for the entire mixture of ECPCs through the use of a benthic macro inver
tebrate study. In addition, surface water and sediment criteria, guidelines, and 
benchmark values (which are described in more detail in the baseline ERA [ABB-ES, 
1995bJ) relate adverse effects to aquatic receptors associated with exposure to 
site-specific surface water and sediment chemical concentrations. 

Groundwater. Current and future risks for aquatic receptors from exposure to 
ECPCs in groundwater as it discharges to surface water are also evaluated. 
Surface water criteria, guidelines, and benchmarks relate adverse effects to 
aquatic organisms from exposure to concentrations of ECPCs in groundwater from 
the surficial aquifer. 

Additionally~ potential adverse ecological effects for aquatic receptors based 
on exposure to groundwater as it discharges to surface water are directly 
measured by performing a dilution-series chronic toxicity test using the water 
flea (Ceriodaphnia dubia) and fathead minnow (Pimephales promelas). Adverse 
effects on survival and reproduction of the water flea and survival of the 
fathead minnows were measured. 

3.3.4 Risk Characterization and Uncertainties in the Ecological Risk Assessment 
The following paragraphs describe how risks are quantified for ecological 
receptors at au 8. 

Terrestrial and Wetland Wildlife Exposure to Surface Soil. Risks to representa
tive wildlife species from ingestion and bioaccwnulation of ECPCs in surface soil 
and prey items are evaluated quantitatively for each ECPC using HQs. HQs are 
equal to the ratio of the potential dietary exposure dose to reference toxicity 
values (RTVs). When an HQ falls below the RTV for a given chemical ~ the 
contaminant exposures are asswned to fall below the range considered to be 
associated with adverse effects for growth, reproduction, and survival of the 
individual organism~ and no risks to wildlife populations are asswned. When the 
HQ is greater than the RTV, a discussion of the ecological significance of this 
result is included and risk maybe assumed. All analyte HQs are summed to 
quantify the overall risk, or HI, to wildlife receptors. 

CEC·OU8.FS 

ASW.l0 97 3-12 



Plant and Invertebrate Exposure to Surface Soil. Risks for terrestrial plants 

and invertebrates are estimated based on the results of laboratory toxicity tests 

(using the earthworm and lettuce seed). Chemical analytical results are used to 

help interpret the results of the toxicity testing. 

Terrestrial arlU Wetland Wildlife Exposure to Surface Water and Sediment. Risks 

to representative wildlife species from ingestion of surface water, potentially 

contaminated aquatic life, and sediment are evaluated quantitatively using HQs 

and/or HIs as described above. 

Aquatic Receptor Exposure to Surface Water and Sediment. Risks for aquatic 

receptors are estimated for the sample locations in Rowell Creek based on the 

weight of evidence of the following factors: 

measurements of the aquatic macro invertebrate community structure and 

function; 

comparison of concentrations of ECPCs in surface water to benchmark 

values (i.e., AQUIRE information, USEPA, 1994e, Ambient Water Quality 

Criteria (AWQC) [40 Code of Federal Regulations [CFR] 122; USEPA, 

1991f], and State of Florida surface water quality standards for Class 

III waters [Chapter 62-302, Florida Administrative Code [FAC]; Florida 

Legislature, 1995]); and 

comparison of concentrations of ECPCs in sediment to benchmark values 

(i.e., National Oceanic and Atmospheric Administration effects range

low and effects range-median sediment guidelines [Long and others, 

1993], USEPA sediment quality guidelines based on equilibrium parti

tioning [USEPA, 1988c] and Ontario Ministry of the Environment lowest 

effect level provincial sediment quality guidelines [Persaud and 

others, 1992]). 

Aquatic Receptor Exposure to Groundwater. Risks for aquatic life associated with 

exposures to ECPCs in groundwater as it discharges to Rowell Creek are evaluated 

based on the weight of evidence of the following factors: 

comparison of concentrations of ECPCs in groundwater to toxicity 

benchmarks (i.e., AQUIRE information. [USEPA, 1994e], Federal AWQC [40 

CFR 122; USEPA, 1991f], and State of Florida surface water quality 

standards for Class III waters [Chapter 62-302, FAC; Florida Legisla

ture, 1995]) and 

responses of P. promelas and C. dubia in the groundwater laboratory 

toxicity tests. 

Uncertainties associated with the OU 8 ERA, and inherent in the RA process, are 

provided in the baseline ERA (ABB-ES, 1995b). 

3.3.5 Summary of Ecological Assessment The results of the ERA are sUffill'arized 

in Table 3-5. Potential risks for ecological receptors were evaluated for 

chemicals in surface soil, surface water, sediment, and groundwater at OU 8. 

Results indicate that ecological receptors are not likely to be at risk from 

exposure to OU 8 surface soil, surface water, or sediment. Risks to aquatic 

CEC-OUB.FS 
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Table 3-5 
I Summary of Risk Characterization for Wildlife, Plant, and Invertebrate Receptors, Site 3 

Feasibility Study, Operable Unit 8 I 

Naval Air Station Cecil Field 
Jacksonville, Florida 

I 

Receptor Biological Parameters 
Surface 80ill 

Risks Estimated (per Medium) 

Surface Water J Sediment J Future Groundwater Discharge I 

Terrestrial and wetland Food web modeling None None None NA 
wildlife i 

Terrestrial and wetland Toxicity tests with lettuce seeds None1 NA NA NA 
plants 

i 

Soil Invertebrates Toxicity tests with, earthworms None NA NA NA 
Aquatic organisms Benchmark comparison NA Minimal to none Minimal to none Adverse effects possible 2 

I 

Aquatic organisms Macroinvertebrate community NA Poor habitat Poor habitat quality NA 
structure analysis quality 

Aquatic organisms Laboratory toxicity tests with NA NA NA Reduced reproduction, growth, 
water fleas and fathead minnows and survival observed 3 

1 Slight reduction of lettuce seed germination believed to be associated with a noncontaminant stressor. 

I 

2 Adverse effects from dichlorobenzene, bis(2-ethylhexyljphthalate, Aroclor-1248, aluminum, chromium (unfiltered only), copper, and iron were estimated for 
current/undiluted concentrations 01 groundwater. Adverse effects from only l,2-dlchlofobenzene and possibly aluminum were estimated for future/diluted 
concentrations of groundwater 

I 
3 Groundwater concentrations of 1, l-dlchloroethane, dichlorobenzene, aluminum, chromium, copper, iron, and lead detected In the monitoring wells used 
for the toxicity tests exceed available benchmarks. It is believed that the dichlorobenzene are the primary chemicals causing adverse effects to the water 
flea and fathead minnow. 

Notes; None = no effect. 
NA = not applicable. 



organisms were estimated and adverse effects were observed in laboratory toxicity 

studies from exposure to OU 8 groundwater. The following paragraphs describe the 

risk characterization for OU 8 in more detail. 

Terrestrial and Wetland Wildlife Exposure to Surface Soil. Risks associated vlith 

exposures 1...-u ECPCs in au 8 surfAce soil were evaluated by comparing estimated 

doses for wildlife species with reference toxicity doses representing thresbolds 

for both lethal and sublethal effects on reproduction, growth, or survival. No 

risks '\vere estimated for wildlife exposed to OU 8 surface soil. 

Though no confirmatory surface soil samples were collected in the 6. 7-acre 

wetlands area identified at OU 8, the assessment of the confirmatory samples 

collected outside this area indicated no risk to wildlife species. Further, no 

pathway for exposure to contaminated groundwater v-,ras identified in the '\vetlands 

area. 

Terrestrial Plant and Invertebrate Exposure to Surface Soil. Evaluation of 

results of toxicity tests of earthworm exposure to contaminants in surface soil 

showed that earthworm survival (i.e., mortality) was not adversely affected 

following exposure to OU 8 surface soil. 

The results of a lettuce seed germination test with OU 8 surface soil resulted 

in a reduction in germination, as compared to the reference soil sample. for two 

of eight samples. However, regression tests that correlate the concentration of 

ECPCs in surface soil samples to these observed responses could not determine a 

correlation between the concentration of any ECPC and the observed response. 

Interpretation of the results of the lettuce seed germination tests is confounded 

by the limited number of samples, which results in a limited statistical analysis 

(i.e., for the regression tests). It is likely that another physical, chemical, 

or biological stressor not identified in the RI may be responsible for the 

observed adverse response. 

Groundwater concentrations underneath the wetlands area were compared to 

reference values representing concentrations that would cause toxic effects to 

plant life. The resul ts of this comparison indicate that concentrations of ECPCs 

present in groundwater underlying the wetlands would not have an adverse impact 

on plant life present in the wetlands area. Groundwater has not been observed 

discharging to the wetlands at OU 8. (Needs to checked with original text 

corrected previously) . 

Terrestrial Wildlife Exposure to Surface Water and Sediment. Risks associated 

with exposures to ECPCs in au 8 surface water and sediment were evaluated by 

compar:'ng estimated doses for wildlife species with reference toxicity doses 

representing thresholds for both lethal and sublethal effects on reproduction, 

growth, and survival. No risks '\vere estimated for wildlife exposed to Rowell 

Creek surface water and sediment. 

Aquatic Receptor Exposure to Surface Water. Two inorganics in surface water 

(aluminum and silver) exceeded their aquatic toxicity benchmarks. Two organics 

in sediment (Aroclor-1254 and 4,4'-DDT) exceeded their sediment toxicity 

benchmarks. However, the ERA concluded that exposure to these chemicals was not 

believed to present a risk to ecological receptors. The BRA (ABB-ES, 1995a) 

contains a more detailed explanation on the results of this assessment. 

CEC·OU8.FS 

ASW.l0.97 3-15 



Aluminum and silver exceeded benchmarks; however, these benchmarks are protective 
of species of fish that do not occur in Rowell Creek. In addition, the amount 
of bioavailable aluminum and silver are likely overestimated because the 
concentrations represent total, rather than dissolved, amounts of these analytes. 
The BRA (ABB-ES, 1995b) contains a more detailed explanation of the results of 
this assessment. 

A review of the macro invertebrate habitat quality in Rowell Creek adjacent to 
au S suggests that habitat quality conditions at this location represent a poor 
environment for many types of aquatic organisms. Community metrics data from 
this location support this conclusion. Differences in habitat structure (i.e. J 

lack of aquatic vegetation and poor bottom substrate composition) between the 
station in Rowell Creek and the Florida regional reference station used for this 
evaluation may be sufficient to explain the relatively decreased biological 
condition. It is possible that the discharge of chlorinated effluent from the 
sewage treatment plant located upgradient of OU 8 may be affecting the community 
structure at the sample locations. 

Aquatic Receptor Exposure to Sediment No substantial exceedances of toxicity 
benchmarks by ECPC concentrations are identified for aquatic receptors in Rowell 
Creek in the vicinity of OU 8. Aroclor 1254 (180 I'g/kg) and 4,4' -DDT (4.4 I'g/kg) 
exceeded benchmarks; however, neither of these analytes were detected in au S 
groundwater, indicating that transport of these chemicals from the disposal pit 
is probably not occurring. The BRA (ABB-ES, 1995a) contains a more detailed 
explanation of the results of this assessment. 

Aquatic Receptor Exposure to Groundwater. Comparison of the exposure concentra
tions of each ECPC in filtered and unfiltered groundwater to toxicity benchmarks 
indicates that several constituents in groundwater may cause risk to aquatic 
receptors. The analytes identified as primary risk contributors in the ERA were 
DCBs. Table 3-5 lists all the analytes that exceeded benchmarks. The baseline 
ERA provides a detailed discussion of the significance of many of the exceedances 
(ABB-ES, 1995b). 

Results of the dilution-series groundwater laboratory toxicity testing suggest 
that invertebrate and small fish exposures to undiluted groundwater from au 8 may 
result in reduced survival and reproduction. Three DCB isomers were found to be 
the primary risk contributors. 1~en groundwater samples were diluted (approxi
mately 20-fold; actual dilution upon entering Rowell Creek is more than 133-
fold), little toxicity was observed in the test species. Evaluation of these 
results supports the conclusion that groundwater discharging to Rowell Creek 
poses little risk to aquatic receptors. 
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4,0 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES 

This chapter presents the P~Os for OU 8, The RAOs will provide the basis for 

selecting appropriate remedial technologies and developing remedial alternatives 

from those technologies for 011 8. Section 4.1 presents the chemical-, location-, 

and action-specific ARARs that Were considered prior to defining technologies and 

alternatives for OU 8. Section 4.2 presents various remedial considerations, 

such as regulations and risk issues, that are evaluated prior to defining RP~s. 

Section 4,3 presents the RAOs for OU 8. 

4.1 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS. ARARs are Federal and 

State human health and environmental requirements used to: (1) evaluate the 

appropriate extent of site cleanup, (2) determine the scope and formulate 

remedial technologies and alternatives, and (3) control the implementation and 

operation of a selected remedial action. CERCLA (the law) and the NCP (the 

regulation) require that remedial actions comply with State ARARs that are more 

stringent than Federal ARARs, legally enforceable, and consistently enforced 

statewide. 

CERCLA, SARA, and the NCP require that ARARs be identified during the development 

of remedial alternatives. .~s are used to define the appropriate extent of 

site cleanup, identify sensitive land areas or land uses, develop remedial 

al terna tives, and direct site remediation. Potential ARARs in each category 

(i, e., chemical, location, and action specific) are described in the Handbook of 

APJtRs for Navy Sites within the StaCe of Florida (ABB-ES, 1995c). 

4.1.1 Definition of ARARs The NCP defines two AP~ components: (1) applicable 

requirements and (2) relevant and appropriate requirements. 

Applicable requirements are those cleanup standards, standards of control~ 

and other substantive requirements~ criteria~ or limitations promulgated 

under Federal or State environmental or facility siting laws that 

specifically address a hazardous substance~ pollutant, contaminant, 

remedial action, or other circumstance found at a CERCLA site. Only those 

State standards that are: (1) identified by the State in a timely manner, 

(2) consistently enforced, and (3) more stringent than Federal requirements 

may be applicable. 

Relevant and appropriate requirements are those cleanup standards, 

standards of control, and other substantive requirements under Federal and 

State envirorunental and facility siting laws that, while not "applicable" 

to a hazardous substance, pollutant, contaminant I or remedial action I 

address situations sufficiently similar to those encountered at the CERCLA 

site that their use is well-suited to the particular site. Only those 

State standards that are identified in a timely manner and are more 

stringent than Federal requirements may be relevant and appropriate, 

"Applicability" is a legal determination of jurisdiction of existing statutes and 

regulations, whereas" relevant and appropriate" is a si te- specific determination 

of the appropriateness of existing statutes and regulations. Therefore, relevant 

and appropriate requirements allow flexibility not provided by applicable 

requirements in the final determination of cleanup levels. Once a requirement 
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is identified as an A~4R, the selected remedy must comply with ARARs, even if the ARAR is not required to assure protectiveness. The general 
appropriate requirements apply only to actions at the site. requirements apply both to onsite and off-site remedial actions. 

relevant and 
Applicable 

Other criteria to be considered (TBCs) are Federal and State nonprornulgated advisories or guidance that are not legally binding and do not have the status of potential ARARs (i.e., they have not been promulgated by statute or regulation). However, if there are no specific ARARs for a chemical or site condition, or if ARARs are not deemed sufficiently protective, then guidance or advisory criteria should be identified and used to ensure the protection of human health and the environment. 

Under the description of ARARs set forth in the NCP and S~~, State and Federal ARARs are categorized as: 

chemical-specific 
regard to specific 

(i.e., govern the extent of site 
contaminants and pollutants), 

remediation with 

location-specific 
floodplains, and 
and manmade site 

(i.e., govern site features such as wetlands, 
sensitive ecosystems and pertain to existing natural 
features such as historical or archaeological sites), and 

action-specific (i,e., pertain to the proposed site remedies and govern the implementation of the selected site remedy). 

During the detailed analysis of remedial alternatives, each alternative will be analyzed to determine its compliance with ARARs. Chemical-, location-, and aCLion-specific ARAP~s are discussed in the following subsections. 

4,1,2 Chemical-Specific ARARs Chemical-specific requirements limit the concentration of a chemical found in or discharged to the envirorunent. They govern the extent of site remediation by providing either actual cleanup levels or the basis for calculating such levels. Chemical-specific ARARs for a site may also be used to indicate acceptable levels of discharge in determining treatment and disposal requirements and to assess the effectiveness of future remedial alternatives. Table A-I (Appendix A) presents and discusses the chemicalspecific ARARs identified for OU 8, 

Currently, there are no promulgated Federal or State chemical-specific ARARs that provide limits for the concentration of chemicals in soil. However, the State of Florida has provided guidance values for clean soil at residential and industrial sites (FDEP, 1995); these values are TBCs. 

Federal and State chemical-specific ARARs are available for groundwater. Table A-2 (Appendix A) provides the Federal and State chemical-specific ARARs and TBCs for groundwater: Federal maximum contaminant levels (MCLs) (Safe Drinking Water Act Regulations [40 CFR 141J), State of Florida Drinking Water Standards (Chapter 62-550, FAC, Florida Legislature, 1994a), and State of Florida Groundwater Guidance Concentrations (FDEP, 1994a). 

4,1.3 
(e, g, , 
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Location-Specific ARARs 
wetlands, floodplains, 

Location-specific ARARs govern site features 
wilderness areas, and endangered species) and 
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cultural features (e.g .. places of historic or archaeological significance). 

These lillARs place restrictions on concentrations of hazardous substances or the 

conduct of activities solely based on the site's particular characteristics or 

location. ARARs addressing floodplains and wetlands are considered at au 8 

because wetlands comprise a part of au 8, and Rowell Creek is adjacent to the 

area. Table 1'..-3 (Appendix A) presents the location-specific ARARs identified for 

OU 8. 

4.1.4 Action-Specific ARARs Action- specific ARARs are technology- or activi ty

based limitations controlling activities for remedial actions. Action-specific 

ARARs generally set performance or design standards, controls, or restrictions 

on particular types of activities. To develop technically feasible alternatives. 

applicable performance or design standards must be considered during the detailed 

analysis of remedial alternatives (see Chapter 6.0). 

Certain action-specific ARARs include permit requirements. Under CERClA Section 

l2l(e), permits are not required for remedial actions conducted entirely onsite. 

This perrnit exemption applies to all administrative requirements, including 

approval of or consultation with administrative bodies, documentation, 

recordkeeping, and enforcement, However, the substantive requirements of these 

ARARs must be attained. 

Table A-4 (Appendix A) swnmarizes potential action-specific ARARs for OU 8. 

During the detailed analysis of alternatives, each alternative will be analyzed 

to determine compliance with action-specific ARARs, 

4.1.5 To-Be-Considered Criteria ather criteria not promulgated as statutes or 

regulations are identified as TBCs and are summarized in Table A-S (Appendix A). 

4.2 REMEDIAL CONSIDERATIONS. Prior to establishing RAOs for OU 8, the 

identification of NAS Cecil Field for BRAC was considered. NAS Cecil Field is 

scheduled for closure in September 1999. A local committee, the Cecil Field 

Development Commission, prepared a Community Reuse Plan outlining alternatives 

for future use of the land and facilities at NAS Cecil Field. Future use of OU 

8 land has been designated as general aviation joint use (i.e. runway buffer 

area). Currently, au 8 is a vacant area with no residential, commercial, or 

industrial functions; human activity is generally limited to security patrols or 

joggers on the Lake Fretwell access road and Perimeter Road. 

The BRA completed for au 8 assumed that future residents would live at au 8 and 

would drink unfiltered water from the contaminated part of the surficial aquifer. 

However, this is unlikely to occur at au 8 according to the current Community 

Reuse Plan, au 8 is located near the western perimeter of NAS Cecil Field, in 

the flight path of landing aircraft. Current speculation is that the runways in 

place at NAS Cecil Field could be used for a global airport for supersonic 

transport aircratt because population den.sity in the vicinity of NAS Cecil Field 

is low. If this is the case, it is unlikely that any residential, commercial, 

or industrial use for OU 8 would be identified. It is further unlikely that, if 

residence were established at au 8, unfiltered water from the surficial aquifer 

would be consumed, because a community potable water supply already exists at the 

base. 
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However, for the purpose of this FS, RAOs and I hence, action levels (see 
Subsections 4.3.1 and 4.3.2) were developed based on the BRA completed for GU 8 
that assumed potable use of the surficial aquifer. The stringency of these 
action levels. as well as the ability of any proposed remedial alternative to 
meet the established action levels, is discussed in the detailed analysis of 
alternatives in Chapter 6.0. 

4.3 REMEDIAL ACTION OBJECTIVES AND CRITERIA. This section presents the goals 
and obj ectives for remedial action at au 8. First, RADs are established for au 8 
based on consideration of the RI, BRA, and ARARs. Next, action levels, or the 
concentrations of chemicals in a medium above which remedial action (e.g., 
extraction and treatment, in SiLU treatment, or natural attenuation) would be 
necessary, are defined for media of concern. Treatment levels, or the 
concentrations of chemicals in a mediwn that a treatment technology would achieve 
if implemented, are also identified. Treatment levels that differ from action 
levels are necessary if an excavation or extraction technology is chosen for 
au 8. Next, volumes and physical characteristics of media of concern are 
swnmarized for au 8. Information presented in this section will be used to 
identify appropriate remedial technologies for GU 8 in Chapter S.O. 

4.3.1 Remedial Action Objectives RAGs are defined in the CERCLA RI/FS guidance 
manual as media-specific goals that are established to protect human health and 
the environment (USEPA, 1988a). The RAGs are typically based on chemicals of 
concern (COCs), exposure routes, and receptors present or available at the site. 
Additionally, RAGs are developed to comply with ARARs that were identified in 
Section 4.1. RAGs will be identified for GU 8 by consideration of the RI, the 
HHRA, the ERA, and ARARs. 

Consideration of the RI. The results of the investigation to delineate the 
nature and extent of contamination resulting from past disposal in the pit area 
indicates the presence of chemicals in all media sampled. However, not all of 
the chemicals detected in these media are related to chemicals originally 
disposed of in the pit. This is the case for surface soil, surface water, 
sediment, and various contaminants detected in groundwater. 

Sampling and analytical results from surface soil sampling indicate the presence 
of low levels of vacs and SVOCs in the historic pit area and the helicopter crash 
site. Most organics were not detected frequently (no more than 4 out of 24 
locations sampled), and the helicopter crash si te is being investigated under the 
Navy's UST program. 

Sampling and analytical results from the subsurface vadose zone and saturated 
soil indicate the presence of TeE and other chemicals. Calculations indicate 
that TCE present in the subsurface vadose zone soil in the historic pit area is 
still leaching to groundwater and causing TCE contamination above the Florida 
groundwater guideline concentrations of 3 /Jg/.R at au 8. However, this 
calculation was conservatively based on the results of only two vadose zone 
detections of TeE in the pit area. Chemicals were also detected in the 
subsurface soil in the vicinity of the helicopter crash area. However, this area 
is located in the wetlands identified at au 8. Groundwater tends to be within 
2 feet of the land surface most of the year in this area. Therefore, chemicals 
detected in subsurface soil in this area are believed to have volatilized from 
groundwater. 
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Based on these interpretations of the surface and subsurface soil analytical 

data, no RAOs specific to surface soil and subsurface soil were developed. 

Organics detected in surface water are believed to be related to discharge of the 

wastewater treatment plant effluent to Rowell Creek rather than discharge of 

cuntaminants from au 8 groundwater to the creek. Likewise, organic compounds 

found in sediment were not believed to be attributable to disposal activities at 

au 8. Based on these results, no RA.Ds specific to surface water or sediment were 

developed. 

As discussed in Chapter 1.0, IDW from investigations at OU 8 (Site 3) and DU 7 

(Site 16) was stockpiled onsite, One excavation containing IDW from an 

investigation at Site 3 in 1991 is unlined; the remaining two excavations, 

containing IDW from Site 3 and Site 16, are lined and covered, Results of TCLP 

analyses of the IDW indicated no exceedances of regulatory limits. Additionally, 

the BRA for both Sites 3 and 16 did not identify risks outside USEPA' s acceptable 

range associated with exposure to contaminated soil. Based on these results, 

management of IDW as part of an overall remedial action at au 8 '''''-as not 

considered. 

Consideration of Human Health Risk Assessment. The HHRA conducted for OU 8 

evaluated current and future land-use conditions for a subset of contaminants 

detected in surface soil, subsurface soil, surface water, sediment, and 

groundwater in both the surficial and intermediate aquifers, Chapter 3.0 

provides a more detailed discussion of this assessment, 

CUrrent and future land-use cancer and noncancer risk estimates calculated for 

subsurface soil, surface water, and sediment are below acceptable risk ranges as 

defined by USEPA. Therefore, the development of RAOs for these media at OU 8 is 

not necessary for protection of human health, There is no current use of 

groundw-ater at OU 8; therefore, calculations of risk in the surficial and 

intermediate aquifers for current use were not completed. 

Cancer and noncancer risk estimates were calculated for surface soil and 

groundw.s.ter exposure for a future resident. For surface soil, the exposure 

scenario assumes that future residents at OU 8 would be exposed to surface soil 

via incidental ingestion and direct contact, For groundwater, the exposure 

scenario assumes that residents would live at au 8, install a potable water 

supply well in either the surficial or intermediate aquifer, and consume 

unfiltered water from this supply well, The cancer risk estimates for the 

scenarios for surface soil and intermediate-aquifer groundwater were calculated 

at 7xlO- 6 and 2xlO-s , respectively. The risk estimates are within the acceptable 

range for USEPA, though they are above FDEP's threshold value of lxlO- 5
. Both 

of the noncancer risk estimates (i,e" the HIs) were below the acceptable level 

of 1. Based on consideration of these results, no RAOs for these media will be 

developed for the following reasons: 
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the cancer risk calculated for surface soil is only sightly above 

FDEP's threshold value and is within USEPA's acceptable risk rang~; and 

the risk contributors for intermediate-aquifer groundwater were arsenic 

and manganese, which are not believed to be site related. 
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The cancer risk estimate for groundwater in the surficial aquifer for the future 
resident exposure assumption was calculated at 3xlO-3

; the maj or risk contributor 
for this scenario was 1, I-DCE. The HI was calculated at 20; the major risk 
contributors for this scenario were TCE, 1,2-DCE, 1,2-DCB, and l,l-DCE, Because 
both the cancer and noncancer risk estimates are well above acceptable ranges for 
both USEPA and FDEP, the following RAO is established: 

RAO 1: Protect human health from exposure to groundwater from the 
surficial aquifer containing average concentrations of site-related 
contaminants in excess of risk-based criteria. 

Consideration of the Ecological Risk Assessment. The ERA conducted for au 8 
evaluated potential risks for ecological receptors for a subset of contaminants 
(i.e., ECPCs) found in surface soil, surface water , sediment, and groundwater. 
Chapter 3.0 provides a more detailed discussion of this assessment. 

Risks were evaluated for exposure of terrestrial and wetland wildlife receptors 
"':0 ECPCs in surface soil, surface water, and sediment and for exposure of aquatic 
life to ECPCs in surface water, sediment, and groundwater. 

Risks resulting from exposures to ECPCs in surface soil, surface water, or 
sediment were not identified for terrestrial wildlife, terrestrial plant life, 
or invertebrates. 

Although two chemicals in surface water and two chemicals in sediment exceeded 
their respective toxicity benchmarks, the ERA concluded that exposure to these 
chemicals was not believed to present a risk to ecological receptors. The BRA 
(ABB-ES, 1995b) contains a more detailed explanation on the results of this 
assessment. The habitat quality conditions in Rowell Creek near OU 8 are poor 
for many aquatic organisms. Differences in habitat structure between this area 
and the state-monitored nearby reference station as well as discharge from the 
wastewater treatment plant into Rowell Creek near au 8 may contribute to this 
poor classification; site-related contamination is not believed to be a factor. 

The risk characterization did not identify significant risks for aquatic 
receptors in Rowell Creek associated with exposure to ECPCs in groundwater. 
Toxicity testing results indicated that exposure to undiluted groundwater from 
CU 8 may result in reduced survival and reproduction for the wa~er flea and 
fathead minnow, the two test organisms. Three DCB isomers are believed to be the 
risk contributors for this effect. When groundwater was diluted 20-fold, almost 
no toxic effects ,.,rere observed. The RI calculated that dilution of groundwater 
as it discharges to Rowell Creek is approximately 133-fold or greater; therefore, 
toxic effects to Rowell Creek caused by site-related groundwater contamination 
are highly unlikely. Further analysis of toxicity testing data supports this 
contention. 

RAsed on the ecological risk characterization, Lhe development of MOs tor 
protection of exposure of ecological receptors to surface soil, surface water, 
sediment, or groundwater is not necessary for au 8. 

Consideration of ARARs and TBGs. The concentration of benzo(a)pyrene detected 
in surface soil at OU 8 exceeded its FDEP guidelines for soil undergoing thermal 
treatment. Several TRPH concentrations in surface and subsurface soil exceeded 
the FDEP guideline of 50 mgjkg for soil to be thermally treated. However, this 
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soil is not slated for thermal treatment, and no risks were associated with those 

chemicals in soil. Concentrations of methylene chloride and TCE in subsurface 

soil exceeded TEG FDEP guidance concentrations for leaching to groundwater. 

However, methylene chloride is a common labor a tory contaminant and is no t 

believed to be site related. TCE was only detected in two unsaturated, vadose 

zone subsurface soil samples, and it is predicted that, after 23 years, soil 

containing TCE would not act as a source of groundwater contamination. 

Groundwater containing TCE above the Florida guidance concentration of 3 pg/~ is 

expected to flush to Rowell Creek in 39 years. For these reasons, no RAOs 

specific to surface sailor subsurface soil were developed based on exceedances 

of ARARs and TBCs. 

The maximum concentration of 18 chemicals detected in unfiltered groundwater 

samples collected from the surficial aquifer were greater than the Federal HeL, 

the Florida Drinking water Standard, and Florida Guidance Concentrations (Table 

A-2 in Appendix A). No organics were detected in samples from the intermediate 

aquifer. The RI concluded that the two inorganic chemicals detected in the 

intermediate aquifer (i.e .. arsenic and manganese) that caused a cancer risk 

higher than lxlO- 6 were not site related. The RAO previously established for 

groundwater will address contaminant concentrations exceeding ARARs. 

Summary One RAO is identified for surficial aquifer groundwater OU 8. Table 4-1 

summarizes this RAO. 

Table 4-1 

Summary of Remedial Action Objectives for Operable Unit 8 

Remedial Action Objective 

Feasibility Study, Operable Unit 8 

Naval A!r Station Cecil Field 

Jacksonville, Florida 

DescriptIon 

protect human health from exposure to groundwater in the surficial 

aquifer containing average concentrations of site-related contami· 

nants in excess of risk-based criteria. 

4.3.2 Action Levels and Chemicals of Concern This subsection presents the 

action levels for au 8. Action levels are the concentrations of chemicals in 

contaminated media above which remedial action or control would be necessary. 

Specifically, action levels are identified in this subsection for groundwater in 

the surficial aquifer at OU 8, as the RAOs relate to only this medium. 

4.3.2.1 Considerations for Defining Action Levels Action levels were assigned 

based on the possible future use of groundwater at the au 8 property as a potable 

water supply, the RA completed for OU 8, and ARARs. 

Future Land Use. The possibilities for future use of the OU 8 property in~lude 

aviation and aviation-compatible use, industrial use, and unrestricted land use. 

For aviation or aviation-compatible use, the area in the Vicinity of OU 8 would 

be converted and developed for aviation purposes (e.g., construction of runways, 

hangars, or support facilities) or would be a clear zone for landing aircraft. 

Under the industrial-use scenario, the area in the vicinity of au 8 would be 

developed for unspeCified industrial activities by private landholders, 

potentially manufacturers. Under the unrestricted land-use scenario, the area 
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in the vicinity of OU 8 would be residential, with the potential for private 
water wells to be screened in the surficial aquifer. The possibility of this 
future extraction of contaminated groundwater at OU 8 is unlikely because a 6.7-
","-cre wetland is present at au 8 (making new construction difficult) and a potable 
water supply already exists at the base that would likely be used by nearby 
residents. 

Risk Assessment. The risk assessment evaluated the potential that future 
residents would install drinking water wells within the surficial aquifer and 
conswne unfiltered water. Action levels could be based on the risks posed by the 
surficial, unfiltered groundwater-consumption scenario. However, it would be 
ITlOre reasonable to base action levels on the risk that would be posed to humans 
who consume water from the Floridan aquifer system (as this is the only potable 
source currently used at NAS Cecil Field). Action levels could also be based on 
the risks posed to industrial users of au 8. These risks include the risk to 
excavation workers from dermal or inhalation exposure to groundwater. However, 
the ~~ did not evaluate an industrial use scenario for groundwater for OU 8, and 
action levels cannot be identified because these risks have not been quantified. 

ARARs and TEGs, Action levels can be based on chemical-specific ARARs and TBCs 
for groundwater. Chemical-specific ARARs are available for groundwater (see 
Subsection 4.1,2); therefore, action levels based on ARARs were established for 
OU 8. 

Summary, Action levels identified for OU 8 considered the above future uses of 
OU 8 property, the RA, and ARARs. For the purpose of this FS, action levels will 
be based on chemical-specific ARARs for assumed future use of groundwater from 
the surficial aquifer as a potable water supply. 

4.3.2.2 Identification of Action Levels for au 8 Chemicals detected at the site 
were identified to establish action levels for au 8, This was accomplished by 
listing all chemicals detected in groundwater samples in the surficial aquifer 
at OU 8. 

Next, a set of criteria (i. e., the selected criteria) appropriate for the 
anticipated groundwater use (e.g., ARARs and TBGs discussed in Paragraph 4.3,2.1) 
!,vas chosen. The selected criteria, for comparative purposes, were considered to 
be the State of Florida guidance concentrations for groundwater or the background 
(upgradient) concentration of a chemical in groundwater, whichever was higher 
(Appendix B). 

Third. the concentrations of chemicals detected in groundwater were compared to 
the selected criteria. If the maximum concentration of a chemical in groundwater 
was greater than the respective criterion, then the chemical was considered a CDC 

for OU 8 (see Appendix B). The comparison shows that groundwater at OU 8 
contains detections of chemicals at concentrations greater than the selected 
c::::-iteria. 

The selected criteria will be considered the action levels for groundwater 
remedial action at OU 8. Alternatives identified will be evaluated on the 
practicabili ty of achieving these action levels for the chemicals listed in Table 
4-2. Attainment of action levels will meet both RAOs 1 and 2. 
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Table 4-2 
Action Level Exceedances Summary 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Maximum Selected GW 

Analyte of Concentrations 
Detected Detected 

Critena2 

Detection' Concentratlons2 Concentration 

Volatile Organic Com~ounds (pg!l! 

1,1, i-Trichloroethane 4/30 96 to 860 342 860 200 

1,1-Dichloroethene 8/30 2 to 350 115 350 7 

1,2-Dichloroethene (cis) 4/30 9 to 1,900 517 1,900 70 

Benzene 1/30 26 to 26 26 26 1 

TrichloToethene 6/30 9to 1,700 476 1,700 3 

Semivolatile Organic Comeounds (JIg/I) 

1,2-Dichlorobenzene 4/30 350 to 9,800 2,960 9,800 600 

1,3-Dichlorobenzene 4/30 9 to 240 76 240 10 

1,4-Dichlorobenzene 4/30 49 to 1,300 401 1,300 75 

2,4-Dichlorop henol 1/30 5 to 5 5 5 4 

2-Methylnaphthalene 8/30 08t0200 75.6 200 100 

4-Methylphenol 4/30 3 to 61 20 61 35 

Naphthalene 11/30 0.6 to 450 108 450 6.8 

Phenol 7/30 0.5 to 10 3.1 10 10 

bis (2-Ethylhexyl)phthal ate 12/30 0.5 to 61 75 61 6 

Pesticides and PCBs (Jlgll) 

Aroclor-1248 2/30 0.6 to 0.79 0.7 0.79 0.5 

Inorganic Analytes (JIgll) 

AlumInum 14/30 37.4 to 47,400 7,560 47,400 8.560 

Antimony 2/30 4.5 to 9.2 6.9 92 6 

Iron 17/30 44.6 to 36,500 4,490 36,500 1,250 

Manganese 22/30 36 to 221 42 221 50 

1 Frequency of detectIon is the number of samples in which the analyte was detected divided by the total number of 

monitoring well samples analyzed 

2 The mean of detected concentrations is the arIthmetic mean of all monitoring well samples in which the analyte was 

detected. It does not include those samples in which the analyte was not detected. 

3 The selected criteria are shown in Appendix B, Table B-1. 

Notes: GW == groundwater. 

fi9/ I "" micrograms per liter. 

PCBs = polychlonnated biphenyls. 
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4.3.3 
situ. 
would 

Treatment Levels Groundwater treatment can be done either in situ or ex 
Treatment levels, or the concentrations of chemicals to which groundwater 

be treated, would vary depending on the remedial alternative. 

4.3.3.1 In Situ Treatment Technologies For an in situ treatment technology. the 
required treatment level would be the action level (selection of ac-tion levels 
was described in Paragraph 4.3.2.2). Chemicals requiring treatment for an irl 
situ groundwater treatment, along with their respective action and treatment 
levels J are listed in Table 4-3. This table also lists the percent removal 
(based on the maximum observed concentration) of each compound that would be 
required of an in situ treatment technology. 

4.3,3.2 Ex Sit:.u Treatment Technologies For an ex sit;u treatment technology, the 
treatment level would depend on: (1) the concentrations of chemicals in extracted 
groundwater influent to the treatment train and (2) acceptance criteria of the 
receiving body of the treated groundwater (e. g., groundwater, surface \Vater. or 
local wastewater treatment plant). Any treatment alternative would be designed 
to treat chemicals in extracted groundwater at concentrations higher than these 
acceptance criteria. The following paragraphs present the COGs in extracted 
groundwater and the selected criteria for each receiving body. 

Chemicals of Concern in Extracted Groundwater. 
cri teria, the concentrations of chemicals in 
evaluated. 

Before identifying the selected 
extracted groundwater must be 

First, all chemicals detected in groundwater at OU 8 were noted. All chemicals 
\\'ere listed at this step because the extraction system would be designed to 
extract groundwater at OU 8, not just chemicals above action levels. 

Next, the estimated concentration of each chemical in the extracted groundwater 
was calculated by taking the average of the sample analytical results for each 
chemical detected. For organic compounds, the concentration of a nondetected 
result was assumed to be zero; for inorganics, the concentration of a nondetected 
result was assumed to be the detection limit for the specific analyte. Both 
monitoring well sample results and Aquaprobe™ sample results were used in 
calculating averages for the subset of organic chemicals screened during 
Aquaprobe~ sampling (see Appendix B). 

Treated Groundwater Discharged to Surface Water. An ex situ treatment 
alternative that included discharge to surface water would most likely discharge 
water to Rowell Creek, at a downstream location an acceptable distance from the 
wastewater treatment plant discharge. The selected criteria for this discharge 
option are the Florida surface water standards or the background (upstream) 
concentrations, whichever was higher (see Appendix B). Florida surface water 
standards considered at this step were for Class III surface waters, as the 
receiving water body (i.e., Rowell Creek) under this scenario is a Class III 
surface water. 

To identify which chemicals in the extracted groundwater would require treatment 
prior to discharge to surface water, the estimated concentrations of each 
chemical in extracted groundwater at OU 8 were compared to the selected surface 
water criteria (see Appendix B). Most point source discharges to surface water 
in the State of Florida are issued permits for "end of pipe" effluent quality, 
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Analyte 
Frequency of 

Detection 1 

Volatile Organic CDm~ounds lpg/II 

1,1, i-Trichloroethane 4/30 

1,1-Dichloroethene 8/30 

1,2-Dichloroethene (C!s) 4/30 

Benzene t/30 

Trichloroethene 6/30 

Semivolatile Organic Com~ounds Ipg!l) 

1,2-Dichlorobenz.ene 4/30 

1,3-Dichlorobenzene 4/30 

1 A-Dichlorobenzene 4/30 

2,4-Dichlorophenol 1/30 

2-Methyinaphthalene 8/30 

4-Methylphenol 4/30 

Naphthalene 11/30 

Phenol 7/30 

bis (2-Ethyl hexyl)phthalate 12/30 

Pesticides and PCBs (pg/l J 

Aroclor-1248 2/30 

Inorganic Analytes !JIgll) 

Aluminum 14/30 

Antimony 2/30 

Iron 17/30 

Manganese 22/30 

See notes at end of table. 

Table 4·3 
In Situ Treatment Requirements for Groundwater 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

Range of Detected Mean of Detected Maximum Detected Selected GW Percent Removal 

Concentrations Concentrations2 Concentration Criteria:> Required4-

96 to 860 342 860 200 76.7 

2 to 350 115 350 7 98.0 

9 to 1,900 517 t,900 70 963 

26 to 26 26 26 96.2 

9 to 1,700 476 1,700 3 99.8 

350 to 9,800 2,960 9,800 600 93.9 

9 to 240 76 240 10 95.8 

49 to 1,300 401 1,300 75 94.2 

5 to 5 5 5 4 20.0 

0.8 to 200 75.6 200 100 500 

3 to 61 20 61 35 42.6 

0.6 to 450 108 450 6.8 98.5 

0.5 to 10 3.1 10 10 00 

0.5 to 61 7.5 61 6 90,2 

06toO.79 07 0.79 0.5 36.7 

374 to 47,400 7,560 47,400 8,560 81.9 

4.5 to 9,2 6.9 9.2 6 34.8 

446 to 36,500 4.490 36,500 1,250 966 

3.6 to 221 42 221 50 77.4 

-- -- ----
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Table 4-3 (Continued) 
In Situ Treatment Requirements for Groundwater 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville. Florida 

1 Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples analyzed. 
2 The mean average of detected concentrations is the arithmetic mean of all monitoring well samples in which the anaJyte was detected. It does not include 
those samples In which the analyte was not detected. 
3 Refer to shaded values in Table B-1, Appendix B. 
4 Percent removal required for groundwater at Operable Unit 8 to meet the selected groundwater criteria, based on maximum observed concentration. 

Notes: GW = groundwater. 
fJ91 £. = micrograms per liter. 
PCB = polychlorinated biphenyl. 



which is typically based on attaining the Florida surface water standards at the 

perimeter of a mixing zone. Under this scenario, a permit for a discharge from 

OU 8 to Rowell Creek may contain effluent criteria that could be above the 

Florida surface water standards. Pending discussion with the FDEP regarding 

effluent criteria, the selected criteria for the purpose of defining treatment 

levels were assumed to be the Florida surface water standards or the background 

concentration (i.e., upstream). whichever was higher. If no Florida surfac.e 

water standard was available for a chemical, the Federal ambient water quality 

criterion was selected as the treatment level. If neither a Florida nor a 

Federal standard was available for a chemical, no treatment standard was 

established. The chemicals requiring treatment for discharge to surface water, 

along with required percent removals for treatment prior to discharge, are 

swnmarized in Table 4-4. 

Treated Groundwater Discharged to the Local Wastewater Treatment Plant. An ex 

situ treatment alternative including discharge to the NAS Cecil Field federally 

owned treatment works (FOTW) could be developed. The selected criteria for this 

discharge option were determined in the following manner. 

First, discharge criteria for the NAS Cecil Field FOTW were considered. The FOTW 

discharges to surface water (Rowell Creek) and the National Pollutant Discharge 

Elimination System (NPDES) permit granted for this discharge indicate that the 

FOTW must pro\ride treatment of chemicals to the Florida surface water standards 

(see Appendix B). Based on this information, the percent removal the FOTW is 

able to achieve for chemicals in extracted groundwater from au 8 was estimated 

through use of the USEPA fate and treatability estimator (FATE) model (USEPA, 

1989f). In using this model, the plant-specific operating parameters of the FOTW 

were obtained and used to estimate the percent removal of chemicals. 

Once the percent removal achievable by the FOTW was estimated, the degree of 

pretreatment (i,e., treatment of the extracted groundwater prior to discharge to 

the FOTW) for chemicals requiring pretreatment was estimated. Table 4-5 shows 

the chemicals requiring treatment, along with estimated removal efficiencies 

required, prior to discharge to the FOTW. 

Treated Groundwater Discharged to Groundwater. An ex situ treatment alternative 

that included discharge to groundwater (i.e., reinjection) would be designed to 

treat chemicals whose concentrations are greater than selection criteria for 

groundwater. These criteria would be the Florida guidance concentrations or the 

background concentration (i, e. I the upgradient concentration) ~ whichever was 

higher. In this case, the treatment levels would be the same as the action 

levels for groundwater at the site. The treatment levels for an ex situ 

treatment alternative that includes discharge to groundwater are summarized on 

Table 4-6. This table also indicates the percent removal required during 

treatment prior to discharge to groundwater. 

Summary. If an in situ treaLment alternative is selected, the chemicals listed 

in Table 4-3 are the primary COCs. This table also indicates the approximate 

percent removal required for each chemical. 

Ex situ treatment alternatives would need to provide a level of treatment to meet 

criteria assumed for discharge to surface water (Table 4-4), to the FOTW (Table 

4-5), or to groundwater (Table 4-6). 
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Table 4-4 
Treatment Requirements for Discharge to Surface Water 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Estimated Concentration 
Selected SW Percent Removal Analyte of 

Concentrations Detected in Extracted 
Criteria4 RequiredS Detection 1 Concentrations 2 Groundwater3 

Volatile Organic Com~ounds !pgll! 

1,1 -Dichloroethene 8/30 2 to 350 1 t5 46 3.2 93.0 
Trichloroethene 6/30 9 to 1,700 476 150 80.7 46.2 
Semivolatile Organic Com~ounds (pgll) 

1,2-Dichlorobenzene 4/30 350 to 9,800 2,960 290 50 82.8 
Pesticides and PCBs (pg! I) 

Aroclor-1248 2/30 0.6 to 0.79 0.7 'NO (0.05) 0.Ot4 72.0 
Inorganic Analy:tes (pgll) 

Aluminum 14/30 37.4 to 47,400 7,560 3,600 87 97.6 
Copper 6/30 6.1 to 73.5 23.0 7.2 4.6 36.1 
Jron t7/30 44.6 to 36,500 4,490 2,600 910 650 
1 Frequency of detection IS the number of samples in which the anaJyte was detected divided by the total number of monitoring well samples analyzed. 2 The mean average of detected concentrations IS the arithmetic mean of all monitoring well samples in which the analyte was detected. It does not include those samples in which the analyte was not detected. 
3 For organics, the predicted concentration in extracted groundwater was calculated as the average of all detection and nondetection of monitoring weJl (Level IV) and AquaprobeTH data. For inorganics, the predicted concentration in extracted groundwater was calculated as the average of all detection and nondetection, with the nondetected concentrations equal to the detection limit of each analyte. 
4- Refer to shaded values in Table B-1, Appendix B. 
S Percent removal required for groundwater at Operable Unit 8 to meet the selected surface water criteria (does not consider mixing zone). 6 Value in parentheses indicates the detection limit for the chemical. 

Notes: SW == surface water. 
pg/l == micrograms per liter. 
PCBs == polychlorinated biphenyls. 
NO =: not detected. 
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Table 4-5 

Pretreatment Requirements for Extracted Groundwater 

Discharged to Federally Owned Treatment Works 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency Range of Mean of 
Estimated FOTW Overall Percent 

Percent Remaining 

Concentration Removal Percent 

Ana\yte of Detected Detected 
in Extracted 

Discharge Removal 
Achievable Removal 

Detection 1 Concentrations Concentrationst. Groundwater:! 
Criteria" Required5 

by FOTw' Required 7 

Volatite Organic Com~cunds (pgfl) 

1,1-Dichloroethene 8/30 2 to 350 115 46 3.2 930 85.4 524 

Trichloroethene 6/30 9 to 1,700 476 150 807 462 62.9 NA 

Semivolatile Organic Com[!ounds lpg/I) 

1,2-Dichlorobenzene 4/30 350 to 9800 2,960 290 50 82.8 524 63.8 

Pesticides lind PCBs (pg/l) 

Aroclor-124B 2/30 0.6 to 0.79 0.7 'ND (0.05) 0.014 72.0 95.0 NA' 

Inorganic Analytes (pglll 

Aluminum 14/30 37.4 to 47,400 7,560 3,600 87 97.5 76.3 89.8 

Copper 6/30 6.1 to 73.5 23.0 7.2 46 36.1 47.5 NA 

Iron 17/30 44 6 to 36,500 4,490 2,600 910 65 62.6 6.4 

1 Frequency of detecticn is the number of samples In which the analyte was detected divided by the total number of monitoring well samples analyzed. 

2 The mean of detected concentrations is the arithmetic mean of all monitoring well samples in Which the analyte was detected. It does not include those samples In which 

the analyte was not detected. 

:; For organics, the predicted concentration in extracted groundwater was calculated as the average of all detection and nondetection of monitoring well (Level IV) and 

Aquaprobenl data. For inorganics, the predicted concentration in extracted groundwater was calculated as the average of all detections and nondetections, with the 

nondetected concentrations equal to the detection limit of each analyte. 

4 Discharge criteria that the FOTW must meet (Florida surface water standards or background concentrations, see Appendix 8, Table B-1). 

5 Percent removal reqUired for extracted groundwater to meet the FOTW discharge cflteria. 

6 Percent removal able to be achieved by the FOTW (predicted using the US. Environmental Protection Agency Fate and Treatability Estimator Model. 1989). 

7 Percent removal required for pretreatment pnor to discharge to FOTW (where nat available, the FOTW can provide the percent removal necessary) 

8 Value in parentheses indicates the detection limit for the chemical. 

'J Percent removal achievable by FOTW is sufficient to remove Aroclor-1248 to nondetection. 

Notes. FOTW = federally owned treatment works. 

f.19j £ =' micrograms per liter. 

NA = not applicable. 

PCBs = polychlorinated biphenyls. 

ND =' not detected. 
-- - - - - - - - - - - - - - - -- ----



»co 
~m 

~~ 
,",0 
oC 
. 00 

"'~ ~~ 

! 
OJ 

Table 4-6 
Treatment Requirements for Reinjection 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency Mean of 
Estimated 

Percent 
Range of Detected Concentration in Selected GW 

AnaJyte of 
Concentrations 

Detected 
Extracted Criteria4 Removal 

Detection' Concentrations~ 
Groundwater3 RequiredS 

Volatile Organic Com~ounds (Jlgfll 

1 ,1~Dichloroethene 8/30 2 to 350 115 46 7 84.8 

Trichloroethene 6/30 9 to 1,700 476 150 3 98.0 

Semivolatile Organic Com~ounds (pgll) 

Naphthalene 11/30 0.6 to 450 108 23 6.8 70.5 

Inorganic Anal~tes (JIg/II 

Iron 17/30 44.6 10 36,500 4,490 2,600 1,250 519 

1 Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples 
analyzed. 
2 The mean of detected concentrations is the arithmetic mean of all monitoring well samples in which the analyte was detected. It does not Include 
those samples in which the analyte was not detected. 
:1 For organics, the predicted concentration in extracted groundwater was calculated as the average of all detections and nondetections 01 
monitoring weI! (Level IV) and AquaprobeTlo! data. For inorganics, the predicted concentration in extracted groundwater was calculated as the 
average of all detections and nondetections, with the nondetected concentrations equal to the detect'lon Ilm'lt of each analyte. 
4 Refer to shaded values in Table 8-1, Appendix B. 
5 Percent removal required for groundwater at Operable Unit 8 to meet the selected criteria. 

Notes: GW =: groundwater. 
Jlg/ I =: micrograms per liter. 

-~ - - --~ -



4.3.4 Volume of Contaminated Groundwater The volume of contaminated groundwater 

at OU 8 was estimated during the RI based on the observed horizontal and vertical 

migration of TCE from the source area because it is a widely distributed site

related chemical at au 8. TCE extends eastward from the source to a maximum 

depth of approximately 70 feet and is assumed to discharge to Rowell Creek 

approximately 1,400 feet downgradient of the disposal pit area. Using the tota1 

porosity of 0.20 for the soil at OU 8, the estimated volume of groundwater- with 

TCE concentrations above the action level is approximately 50 million gallons. 

4,3,5 Physical Characteristics of VOC. and SVOCs Detected at au B Table 4-7 

presents physical characteristics of the vacs and SVOCs detected at au 3. A 

brief explanation of the physical characteristics follows. 

Specific density. also known as relative density, is defined as t.he ratio of the 

density of a substance to the density of distilled water. The density of water 

is 1.00 grams per milliliter at 4 degrees Celsius (oG), The density of a 

substance is an indicator of whether it will tend to sink or float in water. 

Generally, if a substance is less dense than water, it will float, and if it is 

more dense, it will sink. 

Solubility is defined as a compound! s saturated concentration in water at a given 

temperature and pressure. Compounds with high solubilities tend to desorb from 

soil, are less likely to volatilize from water, and tend to biodegrade. 

Compounds with low solubilities tend to adsorb to soil, volatilize from water. 

and bioconcentrate in aquatic organisms. The compounds detected have solubili

ties ranging from 6,300 milligrams per liter (mg/l) for 1,2-DCE to 0,4 mg/l for 

bis(2-ethylhexyl)phthalate, The VOCs have solubilities in the mid-range and the 

SVOCs have low solubilities, 

Vapor pressure is defined as the pressure exerted by the vapor of a substance 

'i'lhen it is under equilibrium conditions. The vapor pressure of all liquids 

increases with temperature. Vapor pressure provides a rough estimation of how 

well a substance will volatilize from soil and/or water. The vapor pressure of 

water at 20 D C is 18 millimeters of mercury. The VOCs have vapor pressures in the 

mid-range and the SVOCs have low vapor pressures. 

Henry's law constant (H), also known as the air-water partitioning coefficient, 

is defined as the ratio of a compound's partial pressure in air to the concentra

tion of the compound in water at a given temperature and under equilibriwn 

conditions. H provides an indication of the relative volatility of a substance. 

The following guidelines are for Henry's constants in atmospheres times cubic 

meters per mole (atm x m3 /mol), 

H > 10-3 

10-5 < H < 10-3 

10-7 < H < 10-5 

H < 10-/ 

rapid volatilization 

volatilization 

slow volatilization 

extremely low volatilization 

Henry's constants of the VOCs indicate they are in the rapid to mid-range for 

volatilization. The SVOCs are in the slow volatilization range. 

CEe-ous FS 
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Table 4-7 
Characteristics of Volatile Organic Compounds and Semivolatile Organic Compounds Detected at Operable Unit 8 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

I Jacksonville, Flonda 

Molecular 3Solubility 
4Vapor ?Henry's Law Estimated Aqueous Relative Degradability I CAS 2Specific Pressure Constant Biodegradation Half-life Classification 

I Number Contaminant 1 
Weight 

Density 
(mgj i) at 

at 20°C {atm x m~/ 
61ogKow 71ogKoQ 

, Aerobic (SW) AnaerObiC' Aerobic 

(gjmol) 25°C Anaerobic (mm Hg) mol) 
(GW) 

Volatile Organic Com~ounds (VOCs) 

75-35-4 1,1-Dichloroethene 9694 1.22 5,000 495 0.021 2.13 1.81 8to 19wks 4-26 wks Slow Slow 75-34-3 1,1-Dichloroethane 9895 1.1757 5,060 182.1 545 x 10-3 1.78 1.48 17 to 88 wks 5-22 wks Resistant Slow 71-43-2 Benzene 78.13 0.87366 1,790 76 5.48 x 10,3 2.12 1.92 16 to 104 wks 5-16 dys Resistant Mod. Fast 156·60-5 l,2-Dichloroethene 96.94 1.26 6,300 265 00072 2.09 1.77 16 to 104 wks 4-26 wks Resistant Slow 79-01-6 Trichloroethene 131.39 1.46 1.100 58 0.0117 2.53 2.03 0.9 to 4.5 yrs 05-1 yr Resistant Resistant 71-55-6 1.1,1-Trichloroethane 133.40 1.34 950 100 0.0162 2.48 2.18 20 to 78 wks 20-39 wks Resistant Slow 1330-20-7 Xylenes 9 (total) NA NA NA NA NA NA NA 6to 12mos 1-4 wks ReSIstant Mad. Fast Setnivolatile Organic Coml!0unds /SVOCs) 

117-81-7 bis (2-Ethylhexyl)- 390.57 0.98 0.4 2xlO·7 1 x 10.5 4.20 5.0 10 to 389 dys 5 to 23 dys Resistant Mad Fast phthalate 

91-20-3 Naphthalene 128.19 1 162 31 5 0.054 46xl0·4 3.30 3 11 4 to 36 wks 12 to 480 hrs Slow Fast 120-83-2 2,4-Dlchlorophenol 163.00 1.40 4,500 0.12 6.66 x 10.6 308 2.94 135t043dys 2.78 to 8.3 Mod. Fast Fast 
dys 

106-46-7 1 A-Dichlorobenzene 147.00 1.2475 79 0.6 00031 3.39 2.20 410 24 mas 1 to 6 mas Resistant Slow 541-73-1 1,3-Dichlorobenzene 14700 1.7884 123 2.3 00036 3.44 2.23 4 to 24 mas 1 to 6 mas Resistant Slow 95-50-1 1,2-Dichlorobenzene 147.00 1.3048 137 1 0.0024 3.40 2.27 4 to 24 mos 1 to 6 mas Resist9.nt Slow 
I 

106-44-5 4~Methylphenol 108.14 1.0178 18,000 0.04 7.92 x 10'7 1.92 1.69 10 to 28 dys lto16hrs Mod. Fast Fast 85-01-8 Phenanthrene 178.24 098 11821,000 3.9 x 10.5 
4.57 4.36 1 to 13mos 3 to 25 hrs Resistant Fast See notes at end of table. 
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Table 4-7 (Continued) 

Characteristics of Volatile Organic Compounds and Semivolatile Organic Compounds Detected at Operable Unit 8 

Feasibility Study, Operable Unit B 

Naval Air Station Cecil Field 
Jacksonville, Florida 

1 The contaminants presented are VOCs and SVOCs detected at Operable Unit 8. 

2 Specific density, also known as relative density, is defined as ratio of the density of a substance to the density of distilled water. The density of water is 1 00 gjml at 4°C. 

3 Solubility is defined as a compound's saturated concentration in water at a given temperature and pressure. 

4 Vapor pressure is defined as the pressure exerted by the vapor of a substance when it is under equilibrium conditions. 

5 Henry's law constant, also known as the air-water partitioning coefficient, IS defined as the ratio of a compound's partial pressure in air to the concentration of the compound 

in water at a given temperature and under equilibrium conditions. 

6 Log Kow' the n-octanol-water partition coefficient, is defined as the ratio of the solute concentration in the water-saturated n-octanol phase to the solute concentration in the 

n-octanol-saturated water phase 

7 Log Koo ' the soi! and sediment partition coefficient, is defined as the ratio of adsorbed chemical per unit weight of organic carbon to the aqueous solute concentration. 

S NA = not available because xylene detections were for a subset of compounds, not an individual compound. 

Source; Montgomery, J.H., and LM. Welkom. 1991. Groundwater Chemicals Desk. Reference, Chelsea, Michigan. Lewis Publishers. 

Howard, P.H., and others. 1991. Environmental Degradation Rates. Chelsea, Michigan: Lewis PUblishers. 

Notes: CAS = Chemical Abstract Service. 

g/mol = grams per mole. 

mg/ I == milligrams per liter 

°C = degrees CelSIUS. 

mm Hg = millimeters of mercury. 

atm = atmosphere. 

m 3 = cubic meters 
logKow = octanal-water partitioning coefficient. 

\ogKoo = soil and sediment partitioning coefficient 

GW == groundwater. 

SW =: suriace water. 
wks = weeks. 
dys = days. 
mod. = moderately. 

yrs == years. 
NA = not applicable 

mas = months. 
hrs = hours. 
g/m£ = grams per milliliter. 

n = octanol-water. 



The octanol-water partition coefficient, Ko\o'" is defined as the ratio of the 
solute concentration in the water-saturated octanol phase to the solute 
concentration in the octanol-saturated water phase. It is used to estimate the 
hydrophobicity and sorptive tendencies of hydrocarbons. For convenience. Kow is 
often reported in logarithmic form (logKow) because values from the class of 
immiscible hydrocarbons that are of environmental concern span several orders of 
magnitude. Negative logKow values indicate a preference for the aqueous phase 
(hydrophilicity). Positive logKow values indicate a hydrocarbon's preference to 
form separate phases (hydrophobicity), sorb strongly to solids, or potentially 
volatilize. Most of the compounds are hydrophobic, and the SVOCs have a greater 
sorptive tendency than the VOCs. 

The soil and sediment partition coefficient, Koc, is defined as the ratio of 
adsorbed chemical per unit weight of organic carbon to the aqueous solute 
concentration. Koc is a measure of a chemical's relative adsorption potential, 
i.e., a chemical's tendency to sorb to particulate or organic matter. This is 
largely dependent on the organic content of soil. For convenience, Koc is often 
reported in logarithmic form (logKoc) because values that are of environmental 
concern span several orders of magnitude. Sorption is generally considered to 
be high for logKoc values of 5 to 6, moderate for logKoc values of 3, and weak for 
values of 2.2 or less. Compounds that bind strongly to organic carbon have low 
solubilities, whereas compounds that do not tend to adsorb to organic materials 
have high solubilities. The VOCs adsorb weakly, and the SVOCs adsorb strongly. 

4.4 IDENTIFICATION OF GENERAL RESPONSE ACTIONS. General response actions 
describe potential medium-specific measures that may be employed to address RAOs. 
When response actions are developed for groundwater, they are referred to as 
management of migration actions. These response actions include no action, in 
situ treatment of groundwater, and removal and treatment of groundlvater. 
Containment was not identified as a general response action for OU 8 because 
containment would not meet the RAOs identified, and groundwater is already 
discharging to Rowell Creek without adverse human health or ecological effects. 
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5.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

The approach and rationale leading to the development of remedial alternatives 
are presented in this chapter. The development of remedial alternatives for 
CERClA sites consists of identifyinz, applicable technologies, screening those 
technologies, and using the selected technologies to develop remedial alterna
tives that accomplish the identified RAGs. 

The NCP requires that a range of remedial a1 ternati ves be cons idered. SARi\. 
emphasizes the use of treatment technologies that reduce the toxicity, mobility, 
or volume of contaminants rather than technologies that solely prevent exposure. 
The primary goal for remedial action at au 8 is to reduce the human health risk 
posed by exposure to groundwater. To achieve this goal, the follmving four 
categories of remedial alternatives were identified for evaluation: 

natural attenuation, 
enhanced biodegradation (supplemented natural attenuation), 
in situ groundwater treatment~ and 
groundwater extraction J treatment, and discharge (pump and treat), 

The remaining sections of this chapter identify the types of technologies that 
contribute to achieving the RAOs, evaluate and select representative technologies 
for each technology type, and develop remedial alternatives using the selected 
technologies. A detailed evaluation of remedial alternatives is presented in 
Chapter 6.0. Specific constituents detected at au 8 are listed in Table 4-2 in 
Chapter 4.0. 

5.1 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES. Tradi tional and 
innovative technologies were researched and categorized based on their basic 
operating principles. One representative technology was then selected from each 
technology type for subsequent screening (Section 5.2). For example, a packed 
tower was selected as a representative air stripping and aeration technology to 
treat organic compounds in extracted groundwater. This approach allows an 
effective comparison of technologies based on their basic operating principles 
rather than vendor-specific characteristics or variable configurations. 
Additionally, emerging technologies are continually introduced; if a new 
technology uses the same operating principles and achieves the same objectives 
as the technology selected in the ROD, it could be considered for implementation 
during the remedial design. 

Supplemental technologies may be required for residuals and emissions generated 
during groundwater treatment, For example, the vapor collection portion of an 
air sparging system requires treatment of organic vapors prior to exhaust. Also, 
the effective treatment of residuals and emissions is dependent upon the 
treatment used. For instance J the appropriate method of conditioning and 
dewatering sludge from chemical precipitation is different than conditioning and 
dewatering sludge from a biological process. Thus, the identification of 
required supplemental technologies will be deferred to the detailed evaluation 
of remedial alternatives (Chapter 6.0). 

5.1.1 Collecting Groundwater for Treatment To implement ex si tu treatment 
technologies, contaminated groundwater must be extracted from the aquifer. The 
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practicality of groundwater extraction depends on the hydrogeologic conditions 
at a site. Hydrogeologic investigations at au 8 indicate that ground'\vater 
extraction is practical, yet it must be designed and implemented to minimize 
impacts to downgradient wetlands adjacent to Rowell Creek. 

Groundwater can be extracted through wells or trenches. weJls r.an be used to 
extract groundwater from various depths within an aquifer; however, Ivells are 
preferred for deeper zones of contamination. The contaminant plume at au 8 
ranges from 5 to 70 feet bls, with the deepest part roughly in the center of the 
plume (Chapter 2.0). Thus, extraction wells would be preferred to ensure capture 
of the deeper parts of the plume. 

As groundwater is pumped from extraction wells, cones of depression are created. 
This influences the local hydrogeology and causes groundwater to flow toward the 
wells, flushing contaminants from the aquifer. The number of wells, locations, 
construction detail, and pumping rates are recommended in Chapter 6.0, However, 
these recommendations should be refined during remedial design if groundwater 
extraction is selected. 

The extraction well configuration recommended in Chapter 6.0 is augmented with 
soil vapor extraction (SVE). By extracting vapors from cone of depression areas 
near the groundwater extraction wells, residual VOCs in previously saturated soil 
could be removed. This would reduce the possibility of recontaminating the 
aquifer when the pump-and-treat system is terminated and the groundwater returns 
to its static level. 

For a groundwater extraction system to be fully effective, modification of its 
operation may be necessary during the course of the remedial action. 'When 
multiple wells are pumped simultaneously~ stagnation zones (areas where there is 
no groundwater flow) can develop. This can leave behind pockets of contaminants. 
To capture these pockets, the pumping operational scheme may have to be changed 
by adjusting pumping rates. injecting clean water into some wells, or installing 
additional wells to move water through the stagnation zones. 

5.1.2 Treatment of Organic Compounds in Extracted Groundwater Selected organic 
compounds have been identified as COCs at au 8. These compounds include vacs, 
such as l,l-DCE and TCE, and SVOCs, such as 1.2-DCB. Specific constituents and 
their respective cleanup criteria are dependent upon the method of discharge. 
Anticipated treatment levels for each method of discharge Ivere presented in 
Tables 4-4 through 4- 6 in Chapter 4.0. This subsection presents treatment 
technologies that remove organic compounds from extracted groundwater to achieve 
these treatment levels. 

5.1.2.1 Air Stripping and Aeration Air stripping and aeration are used to 
remove VOCs from extracted groundwater. These are generally considered only 
partially effective for SVOCs. The VOCs are transferred from the liquid to the 
vapor phase by contac.Ling the water with a continuous supply of clean air. 
Although many vendor-specific air stripping and aeration units exist, they can 
be grouped into the following four categories: 
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Packed Towers. A typical packed tower system consists of a tower (or column) in 
which influent groundwater flows through from the top. while a stream of air 
flows through from the bottom. The tower is filled with an inert packing 
material. Plastic packing is usually used in water treatment operations and 
provides a large surface area for air-water interface. As clean air moves 
upward, the VOCs are trRnsferred from the water to the air stream. The effluent 
is discharged from the bottom, and the air containing VOCs is discharged from the 
top (American Water Works Association [AWWA) , 1990). The presence of inorganic 
compounds can potentially clog packing material. Frequent cleaning, adjustment, 
or replacement of packing may be required to maintain effective removal 
efficiencies (Dzombak and others, 1993). 

Diffused Aeration. Diffused aeration is a process of bringing air bubbles into 
contact with contaminated water. This process is similar in principle to a 
packed tower, but it is typically accomplished by a "lmv profile ll unit that 
requires less operating space. Air is bubbled into a tank containing contaminat
ed water. A variety of aeration rates and bubble diffusers are available to 
achieve different effects. Diffused aeration generally requires a higher power 
cost than packed towers and can be accomplished in a fixed tank (AI'lWA, 1990). 
As with packed towers, inorganic compounds can be troublesome, potentially 
clogging diffuser mechanisms and requiring cleaning or replacement (Dzombak, and 
others, 1993). 

Cascade Towers. Cascade towers are gravity-fed, stepped systems that aerate 
contaminated water by continually 1TsplashingTl the water onto subsequent steps. 
Small pools of water are exposed to air as thin sheets cascade down each step. 
The number and height of the required steps can be designed to achieve the 
desired contact time for air-water interface (Metcalf and Eddy, 1991). 

Tray Towers. Tray towers are similar in principle to cascade towers. Rather 
than a series of steps, a series of stacked trays are used to maximize air-water 
interface. Tray towers are typically used for oxidation of iron and manganese. 
Water flows over a flat tray, discharges to a lower tray, and continues to pass 
over the required number of trays to achieve the desired removal efficiency. 
Trays may consist of slats or porous bottoms, and contain stones or other packing 
to increase turbulence and aeration. Additives, such as potassium permanganate, 
can be added to improve oxidation. If a greater air-water contact time is 
desired, additional trays may be added (Peavy and others, 1985). 

Recommendation. These air stripping and aeration technologies have similar 
effectiveness in volatilizing VOCs. Packed tower air stripping is a demonstrated 
technology that is easily obtained to achieve a variety of treatment levels. For 
comparative purposes, a packed tower air stripper \vill be used as a representa
tive air stripping and aeration technology for subsequent screening. Alternate 
innovative or vendor-specific processes that accomplish the same type of 
treatment as air stripping could be used in lieu of a packed tower. 

5.1.2.2 Oxidation Oxidation involves destroying VOCs in groundwater by changing 
the oxidation state of target contaminants. This process is also effective for 
precipitating selected inorganic compounds, such as iron and other multivalent 
cations. Oxidation is usually not effective for the removal of SVOCs. The 
follOWing general categories of oxidation have been identified: 
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ozone, 
hydrogen peroxide, and 
other chemical oxidants. 

Ultraviolet Light. Ultraviolet light and oxidation (UV/OX) is a process that 
enhances chemical oxidation using the hydroxyl ion by exposing the contaminated 
water to ultraviolet light. In this process, hydrocarbons are broken dmm into 
carbon dioxide and water. Oxidizers typically used with UV/OX include hydrogen 
peroxide and ozone. UV lOX occurs in a stainless - steel chamber containing 
vertically or horizontally mounted ultraviolet lamps. The process is the same 
for either oxidant (i.e., hydrogen peroxide or ozone); however, the manner in 
v.rhich the oxidant is introduced into the waste stream may differ. Hydrogen 
peroxide is blended into the waste stream prior to entering the reactor, whereas 
ozone is diffused as a gas into the reactor. DV/OX is expected to achieve more 
than 99 percent destruction efficiency of organic compounds. Treatability 
studies may be required to determine optimum operating parameters such as pH, 
chemical dosage, and energy (UV) intensity, duration, and wavelength (ABB-ES, 
1994b) . 

Ozone. Ozone is a highly reactive gas that is typically generated onsite. It 
can be used alone or in combination with UV/OX. Alone, it is bubbled as a gas 
through diffusers into the water. In contrast to other types of chemical 
oxidants, ozone does not typically create organic residuals that remain in the 
waste stream after treatment. Ozone is an extremely powerful oxidant because it 
nonselectively oxidizes compounds dissolved in groundwater. However, ozone does 
have its limitations. Ozone is so reactive that it may dissipate rapidly in 
natural water either by reacting with natural constituents or by spontaneous 
decomposition. The primary difference between ozone and other chemical oxidants 
is that ozone does not produce residuals (AWWA. 1990). 

Hydrogen Peroxide. Hydrogen peroxide is a moderately powerful liquid oxidizing 
agent. It is usually shipped to a treatment facility rather than generated 
onsite. Its usefulness is limited by unfavorable chemical kinetics. Hydrogen 
peroxide used in conjunction with ultraviolet light is more powerful than 
hydrogen peroxide or ozone used alone. Treatment with hydrogen peroxide 
generates hydroxyl radicals that effectively oxidize VOCs and SVOCs (AWWA, 1990). 

Other Chemical Oxidants. Chlorine is an effective oxidant frequently used for 
the disinfection of water supplies. It can be added to water in liquid or gas 
form. Hypochlorous acid (HOCl) is the most effective form of chlorine for 
oxidation. However, it can combine with organic matter to form trihalornethanes 
(Ta~s). Some THMs, such as chloroform and bromoform, are potentially carcino
genic compounds (AWWA, 1990). Other chlorinated compounds that can be used to 
oxidize organic matter include chloramines and chlorine dioxide. These compounds 
are generally less powerful than HOCI and are not as effective in oxidizing high 
concentrations of organic compounds (AWWA, 1990). 

Potassium permanganate is another chemical oxidant that has been used to treat 
organic compounds. Potassium permanganate is typically fed into a waste stream 
as either a solid or a liquid solution, prepared onsite. Potassium permanganate 
can be used to oxidize the majority of organic compounds, as well as selected 
inorganic compounds. However) similar to other chemical additives, precipitants 
created by oxidizing with potassium permanganate require subsequent management 
and disposal (AWWA, 1990). 
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Recommendation. Destruction of organic compounds, not disinfection, is the 
objective of oxidizing groundwater extracted from OU 8. UV/OX with ozone or 
hydrogen peroxide is a more effective oxidation technique than potassium 
permanganate as it is expected to produce a lower volume of residual solids 
requiring treatment and disposal. To minimize residuals created during oxidation 
And destruction of organic compounds. UV/OX with hydrogen peroxide is selected 
as the representative oxidation technology for subsequent screening. It is 
anticipated that UV/OX with hydrogen peroxide can destroy VOCs and oxidize 
inorganic compounds for subsequent precipitation and removal. 

Acidification of the influent with a strong acid, such as sulfuric acid, can be 
used prior to the UV/OX unit to keep inorganic compounds in solution and avoid 
fouling the system. After UV lOX, the pH can be raised with a strong base, such 
as sodium hydroxide or potassium permanganate, to achieve the precipitation of 
inorganic compounds for subsequent removal. 

Other oxidants may be used in place of hydrogen peroxide if they do not produce 
residuals that require additional management and disposal. 

5.1.2.3 Biological Treatment Biological treatment is a common method of 
reducing the concentration of organic compounds in wastewater. The same 
techniques typically applied in wastewater treatment can be applied to 
groundwater treatment. TCE typically degrades faster in anaerobic conditions, 
"whereas 1, 1-DCE and lesser chlorinated compounds degrade faster in aerobic 
conditions. Degradation of SVOCs may require a variety of microorganisms. 
operating under different environmental conditions, to efficiently degrade 
organic matter. Thus, both aerobic and anaerobic conditions (applied individual
ly or sequentially) will be considered for biological treatment. Biological 
treatment can be further categorized as either of the following processes: 

suspended growth or 
attached growth. 

Suspended Growth. Suspended growth systems include digesters and activated 
sludge processes. In these systems, the active biomass that metabolizes organic 
matter is suspended in the liquid and requires subsequent separation. The most 
critical parameter in the operation of a suspended growth process is the sludge 
age, or the average cell residence time in the reaction tank, prior to removing 
and settling the accumulated biomass. A portion of the biomass is then returned 
to the reaction tank to stimulate continued microbial growth. This is a well
demonstrated, effective technology to biodegrade organic matter. The primary 
disadvantage is the relatively high level of technical expertise and O&M required 
to maintain an effective biomass. The biomass is also susceptible to toxic shock 
from high influent concentrations of chemicals that caUSe adverse effects to the 
organisms. 

Attached Growth. Attached g~-owth systems include trickling filters, rotating 
biological contractors (RBCs), and packed-bed reactors. In these systems, the 
active biomass is attached to an inert medium and forms a l1fixed filrnll to 
biologically sorb and metabolize organic matter. Attached growth can be 
effective in reducing the concentrations of organic matter that pass over the 
biomass. Frequent cleaning, stimulation, and distribution of the biomass along 
the surface of the medium is required to maintain effective treatment. 
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Recommendation. If biological treatment of extracted groundwater is desired, the 
FOTW could provide that treatment through their activated sludge process. This 
could potentially be used as a biological polishing step to augment other 
treatment processes. 

5.1,2.4 Organic Adsorption Adsorption is a process in which a substance is 
transferred from water to a solid medium. This technology is effective for VOCs 
and SVOCs. Organic adsorption is more effective for the removal of SVOCs than 
air stripping, aeration, and oxidation. 

The molecule that accumulates or adsorbs at the water-solid interface is called 
the adsorbate, and the solid on which the adsorption occurs is the adsorbent. 
Common adsorbents in water treatment include activated carbon, ion exchange 
resins~ adsorbent resins, metal oxides, and carbonates. Although some of these 
technologies are used primarily for the treatment of inorganic compounds, this 
discussion will focus on the following technologies for the treatment of organic 
compounds: 

granular activated carbon (GAC) and 
powdered activated carbon (PAC). 

Granular Activated Carbon. GAC adsorption is a physical treatment technology in 
which groundwater is passed through a packed-bed reaction vessel filled with 
activated carbon. GAC adsorbs organic compounds and inorganic constituents. The 
particle shape of crushed activated carbon is irregular, whereas extruded 
activated carbon is smooth and cylindrical. The basic manufacturing process 
includes carbonization, or conversion of the raw material to a char, and 
activation (or oxidation) to develop the internal pore structure. Carbonization 
is usually performed in the absence of air at temperatures up to 700°C (A\,vwA, 
1990) . 

GAC adsorption is applicable to different water flow rates and concentrations. 
Two GAG canisters are typically used in series to monitor breakthrough and to 
ensure treatment effectiveness. GAC can be used as either a polishing step or 
a pretreatment step, depending upon the other technologies used in the treatment 
system. The primary cost consideration is the regeneration or disposal of spent 
carbon. 

Powdered Activated Carbon. PAC is typically used in a batch process. It is 
added to water in a holding tank, allowed to contact the water for a set period 
of time, and then separated from the treated water by gravity or mechanical 
settling. The PAC is subsequently removed from the tank. PAC particles are 
typically smaller than GAC particles and are supplied in bulk rather than in 
canisters (Metcalf and Eddy, 1991). 

PAC has lower capital costs and allows greater flexibility in altering carbon 
doses as the water quality changes in comparison to GAG. The disadvantages of 
using PAG are that it cannot be regenerated, it attains lower total organic 
carbon (TOC) removal, and PAC sludge disposal is difficult and potentially 
costly. 

Recommendation. GAG and PAG are similar in effectiveness in removing organic 
contaminants from groundwater. However, for comparative purposes, GAG will be 
used as the representative organic adsorption technology for screening. GAG is 
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easy to implement and has demonstrated effectiveness for removing organic 
compounds ~ such as those VOCs and SVOCs present in groundwater at OU 8. If an 
alternate adsorption medium is identified that has advantages over GAC, it could 
be used~ either in series with or in place of GAC. 

5,1.3 Treatment of Inorganic Compo'9nds in Extracted Groundwater Selected 
inorganic compounds detected at OU 8 have been identified as contaminants of 
concern (i.e. ~ requiring treatment prior to discharge) and include aluminum, 
iron, and copper. Specific constituents and their respective cleanup criteria 
are dependent upon the method of discharge. Anticipated treatment levels for 
each method of discharge are presented in Tables 4-4 through 4-6 in Chapter 4.0. 
The presence of inorganic compounds, such as iron, can also impede the 
effectiveness of certain types of water treatment processes. This subsection 
identifies treatment technologies that remove inorganic compounds from extracted 
groundwater to achieve treatment levels and to avoid impeding the effectiveness 
of groundwater treatment processes. 

It is anticipated that extracted groundwater will be relatively well-developed 
and will not contain bulk solids. Thus~ bulk solids removal processes, such as 
screening, flotation, and primary settling, will not be required. 

Extracted groundwater will likely contain a mixture of dissolved and suspended 
solids. Solids removal typically requires a sequence of treatment technologies. 
Specifically, an efficient removal process would transform the maj ori ty of 
dissolved solids into suspended solids and then separate those solids from the 
effluent groundwater. Combinations of treatment technologies that achieve this 
objective are described below. 

5.1,3,1 Chemical Precipitation and Separation Chemical precipitation is a 
treatment process typically used for the removal of heavy metals. Chemical 
precipitation \vorks by transforming metal ions from a dissolved form into a 
suspended form by increasing their oxidation state. Metals~ particularly hea~~ 
metals~ are generally present as cations in groundwater, By adding an oxidizing 
agent (such as potassium permanganate) or a chemical precipitate, insoluble 
hydroxides and carbonates are formed~ and the metal cations can be precipitated 
out of solution. Coagulant aids, such as organic (anionic) polymers, are 
typically used along with oxidizing agents to improve the settling characteris
tics of the precipitate. Chemicals used as sources of hydroxides and carbonates 
include alwninurn salts (e. g., alum), iron salts (e. g., ferric and ferrous 
sulfide), lime~ and organic polymers (specifically, anionic polymers). 

Lime and related chemical additives may generate too much sludge for subsequent 
handling and disposal. Additionally, at the low flow rates typically used to 
extract groundwater (gallons per minute [gprn]), lime may settle too quickly and 
form hard solids that bind to and foul equipment surfaces. Lime is generally 
less expensive than other chemicals, but it is more appropriate for large-scale 
operations at high flow raLes (millions of gallons per day) to avoid the 
formation of hard residual solids. Thus, anionic polymers may be preferable for 
the precipitation of inorganic compounds in extracted groundwater, 

After precipitant dosing, clarification and/or filtration is required to separate 
the precipitated solids from the water. Clarification is generally more suited 
for low-flow rate processes with long detention times, whereas filtration may be 
more appropriate if higher flow rates and a shorter detention time are 
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anticipated. Clarification and filtration could also be used in series to 
maximize the efficiency of precipitated solids removal. 

Fil tration can be categorized as either II depth II or II cake'l filtration. Depth 
filtration is typically accomplished with rapid-sand filters, which use a 
relatively large bed depth to adsorb solids within the filter medium. 
Conversely, cake filtration is typically accomplished with body-feed (precoat) 
and slow-sand filters, which use a relatively large surface area to retain solids 
on the surface of the filter medium. For groundwater treatment at CU 8, a rapid
sand filter (i.e., depth filtration) is preferred because of the smaller surface 
area required and because it is less sensitive to influent characteristics such 
as pH and temperature, The major disadvantage of rapid-sand filtration is that 
a higher level of O&M is required (Metcalf and Eddy, 1991). Backwashing may be 
required several times daily if significant concentrations of inorganic compounds 
are present in the influent water. 

In summary, it is anticipated that chemical precipitation with an anionic polymer 
coagulant, followed by clarification, will effectively remove inorganic 
compounds, such as iron. If the clarifier detention time required for adequate 
separation is too long, rapid-sand filtration could be used following clarifica
tion. Other chemical precipitants and separation techniques could be used in the 
design, but polymer addition and clarification will be used for subsequent 
screening of this technology sequence. 

5,1.3.2 Ion Exchange and Inorganic Adsorption Ion exchange and inorganic 
adsorption are effective technologies for removal of dissolved solids from water. 
They work by transferring ionic compounds to an adsorptive medium. Common media 
used for ion transfer include synthetic ion exchange resins and activated 
alumina. Ion exchange processes are generally ineffective for organic compounds 
(AWI'IA, 1990). 

Ion exchange and inorganic adsorption processes are generally effective in 
removing both suspended and dissolved solids for low to medium solids concentra
tions. Because ion transfer mechanisms generally have a high efficiency, 
filtration is typically not required after treatment. However, ion exchange 
resins and adsorptive media are sensitive to high loading rates (i.e., high flm" 
rates and high solids concentrations). 

Ion exchange is a well-demonstrated adsorption technique that has been used 
effectively in numerous groundwater treatment applications. Thus. ion exchange 
vrill be used as the representative inorganic adsorption technology for subsequent 
screening. Innovative inorganic adsorption processes could be used in lieu of 
ion exchange, if they achieve the RAOs and treatment levels for this technology 
se.quence. 

5.1.3,3 Membrane Adsorption Membrane adsorption technologies include reverse 
osmosis, nanofi1tration, ultrafiltration, aIlu electrodialysis. Of these 
processes, reverse osmosis is theoretically the most effective in removing 
dissolved inorganic ions. Water is applied on top of a semipermeable membrane 
that covers a salt solution. "~en the pressure (i.e., weight) of the applied 
water exceeds the osmotic pressure of the salt in solution, pure water is forced 
through the membrane, leaving the ionic salts behind, Common membrane materials 
used for reverse osmosis include cellulose acetates and polyamides (AWWA, 1990). 
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Because of its demonstrated efficiency and wide application in groundwater 
treatment, reverse osmosis will be used as the representative membrane adsorption 
technology for subsequent screening, Similar to ion exchange and inorganic 
adsorption, alternate membrane units could be used in lieu of reverse osmosis 
provided that they achieve the RAOs and treatment levels for this technology 
sequence. 

5,1,4 Discharge Options for Groundwater Extracting and treating ground"l.l7ater 
produces a treated effluent that requires discharge. The method of discharge 
dictates the degree of treatment required. Specific discharge criteria for 
various discharge options are presented in Tables 4-4 through 4-6 in Chapter 4.0. 
The following three discharge options have been identified for OU 8 and are 
described below: 

discharge to surface water, 
discharge to the FOTW, or 
reinjection or infiltration. 

Discharge to Surface Water. Treated effluent may be discharged to surface Tllater 
(i. e., Rowell Creek) via direct pipeline. Anticipated treatment levels for 
discharge of treated groundwater to surface water are presented in Table 4-5 in 
Chapter 4.0. These treatment levels will be used for developing an appropriate 
treatment process for extracted groundwater, However, actual treatment levels 
may be modified by FDEP. Any surface water discharge from OU 8 would have to 
satisfy the substantive requirements of an NPDES permit. Technology-based and 
water-quality-based effluent limits would be developed in accordance with surface 
water ARARs (Chapter 4.0). According to Chapter 62-4.224, FAC, the applicability 
of a mixing zone at the discharge point could also be considered during FDEPrs 
evaluation process, 

Discharge to the Federally Owned Treatment Works. The FOTW at NAS Cecil Field 
relies primarily on its waste-activated sludge process to biodegrade organic 
matter prior to discharge. The FOTW is capable of providing treatment for 
extracted groundwater provided that constituents in the treated groundwater do 
not impede the effectiveness or operation of the FOTW and do not pass through the 
FOTW. 

The advantage of discharge to the FOTW is that existing treatment capability is 
used. Only pretreatment would be required to reduce contaminant concentrations 
to a level that can be effectively treated in the FOTW without violating the FOTW 
discharge limits, Anticipated pretreatment requirements for discharge to the 
FOTW are presented in Table 4-5 in Chapter 4,0, Based on contaminant concentra
tions and FATE modeling (USEPA, 1989f), only l,l-DCE and 1,2-DCB would require 
pretreatment to reduce contaminant concentrations to the levels required for 
effective treatment in the FOTW. Inorganic compounds detected in groundwater, 
such as aluminum and iron, would not require pretreatment because the groundwater 
from ou 8 would be a relatively small fraction of the total influent to the FOTW 
(approximately 7 percent). Thus, it is anticipated that there would be an 
insignificant effect on the FOTW from these constituents. 

Reinjection or Infiltration. Effluent from the treatment system may be 
reinjected through horizontal wells or infiltrated through trenches. For either 
of these options, it is anticipated that the treatment levels for groundwater 
presented in Table 4-4 in Chapter 4.0 would be required. However, similar to 
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surface water discharge) FDEP may modify these treatment levels on a case- by- case 
basis and a waiver for rej ection of treated groundwater into the aquifer may need 
to be obtained, Specifically, a zone of discharge could be established for the 
discharge and the specified treatment levels may not need to be achieved within 
this zone. According to the standards for Class G- I and G- II groundwater 
(Chapter 62-520,420, FAC) , a zone of discharge allows for some mixing of the 
treated water and the aquifer water, provided that the quality of groundwater 
outside that zone is maintained. A request to discharge to groundwater would 
require FDEP approval. 

Recommendation. For the purposes of the comparative analysis, a version of all 
three methods of discharge will be retained. If the entire plume is to be 
extracted, treated effluent would be discharged to surface water. If the FOTW 
is not affected by other base activities, such as closure and realignment or 
discharge of treated water from other sites, it could be used as a polishing step 
for treated groundwater prior to discharge. 

If only the source area of the pitllne is to be extracted, treated effluent \vould 
be discharged through trench infiltration. Infiltrating treated groundwater 
~hrough trenches would accomplish three objectives: 

provide a controlled, monitored method of discharge; 
introduce nutrients to enhance downgradient biodegradation; and 
maintain the hydraulic conditions in the wetlands. 

Significant biological plugging of the trench is not anticipated because there 
would be minimal substrate in the trench for bacteria to use as a carbon source 
for growth. However, the following contingencies would be included if this 
method of discharge is selected: 

abili ty to isolate individual 
maintenance \vhile continuing 
trenches, and 

trenches or 
infiltration 

parts of trenches for 
through t~e remaining 

ability to discharge to an alternate location (e.g., Rowell Creek) if 
the hydraulic capacity of the trenches is exceeded. 

Rather than developing different treatment systems to achieve a variety of 
discharge criteria (i.e., surface water, FOTW, and groundwater), one treatment 
system will be developed that could effectively achieve the most stringent 
criteria (i.e., groundwater discharge). If an ex situ treatment process is 
preferred, the actual design of the treatment system could be adjusted once a 
specific remedial alternative and a final method of discharge are selected. 

5.1.5 In SiLU Treatment of Groundwater In situ technologies are processes 
capable of destroying or degrading organic compounds in groundwater without 
extracting Lhe groundwater. In contrast to groundwater extraction and ex sit:u 
treatment, in si tu treatment does not generate water requiring discharge. 
Additionally, only target organic constituents are treated, as opposed to 
treating nontarget organic constituents and inorganic compounds to achieve 
discharge criteria. In situ treatment technologies identified for OU 8 are 
presented below, 
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5.1.5,1 In Si-cu Gas Transfer Air sparging is a relatively nel-,T technique to 
remove VOCs from groundwater through in situ gas transfer. Air is injected into 
the saturated zone to create turbulence and to volatilize organic compounds, As 
air moves up through the groundwater. contaminants partition into the gas phase 
and are then extracted as organic vapors from the vadose zone. Injected air can 
also stimulate aerobic microbial degradation of contaminants (Johnson, R.L., and 
others, 1993). 

Air sparging is typically used in combination with SVE to collect and control 
offgas generated by organic compound volatilization. SVE uses negative pressure 
to collect organic vapors from the vadose zone. Organic vapors are then treated 
aboveground prior to exhaust, However, the static groundwater table at CD 8 
ranges up to 3 feet bls and is expected to be shallower (mounded) during air 
sparging. This limited thickness of unsaturated soil above the groundwater table 
would reduce the ability to collect organic vapors through SVE. A covered trench 
or mound would need to be constructed to provide sufficient surface area for 
vapor collection. Thus, because of the limited vadose zone at CD 8, an alternate 
technique, such as in situ air stripping, may be more feasible. 

In situ air stripping consists of circulating contaminated groundwater through 
a vJell, T,qhile stripping VOCs with a countercurrent air stream within the same 
well, Organic vapors are then channelled to an aboveground treatment system 
prior to exhaust. The primary advantage of this type of system over air spa:[ging 
is its ability to perform in high groundwater table conditions! independent of 
the vadose zone. 

Other types of in situ gas transfer techniques include steam stripping) 
bioventing, and SVE. These techniques are generally targeted for residual 
contamination adsorbed to soil in the vadose zone. They are effective in 
treating selected contaminants in soil, but are limited in their application to 
groundwater. Thus, they will not be used as independent remedial alternatives. 
However, by using SVE in conjunction with groundwater extraction wells, residual 
VOCs in previously saturated soil around the wells could be removed, This would 
reduce the possibility of recontaminating the aquifer when the pump-and-treat 
system is terminated and the groundwater returns to its static level. 

5,1.5.2 Natural Attenuation This treatment technology relies on naturally 
occurring processes within the aquifer to significantly reduce the concentrations 
of chlorinated organic compounds, such as TCE and 1, I-DCE. Microorganisms within 
surficial aquifer groundwater would use TCE and 1, 1-DCE as substrate during 
growth processes. As a result, TCE and I, l-DCE are metabo lized by the 
microorganisms into other, less toxic products, which will depend upon aquifer 
conditions (aerobic or anaerobic). 

ABB-ES's biological treatability laboratory analyzed select groundwater samples 
from au 8 for methane, ethane I and ethene to determine whether natural 
attenuation of organic cUllllJuunds is occurring at au 8. A brief swnmary of these 
analyses is provided in Appendix C. Methane was detected in groundwater samples! 
but neither ethane nor ethene were detected above instrument limits. Based on 
these results, it appears that conditions 'ivithin the aquifer are primarily 
anaerobic, which is well-suited for degradation of TCE under natural conditions. 
The degradation of 1,I-DCE occurs more quickly under aerobic conditions, 
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Aquifer conditions would have to be continually monitored to ensure that 
concentrations of TCE and l,l-DCE are being adequately reduced through natural 
processes. In addition, their degradation products (e.g., vinyl chloride) would 
also require monitoring. 

5.1.5.3 Microbial Stimulation Enhancing the biological activity of selected 
groups of microorganisms can naturally degrade organic compounds. Specifically, 
TCE and I ~ I-DCE can be dechlorinated in either aerobic (oxygen-rich) or anaerobic 
(oxygen-poor) conditions. However, dechlorination of TCE is fastest in anaerobic 
conditions and dechlorination of 1,I-DeE is faster in aerobic conditions. 

Generally, anaerobic degradation of highly chlorina-ced VOCs produces less
chlorinated VOCs. Conversely, the aerobic degradation process produces a variety 
of complex, oxygenated intermediates, ultimately resulting in the formation of 
carbon dioxide and water. 

The following methods could be implemented to increase the rate of natural 
biodegradation of organic compounds at au 8: 

induce anaerobic activity, followed by aerobic activity; 
add an additional carbon source, as required; 
add an additional electron donor, as required; and 
add nutrients, such as nitrogen and phosphorus, as required. 

Because of the variability of natural microbial processes, laboratory-scale 
biodegradation testing would be required to determine the microbial conditions 
present, as well as the limiting factors that may inhibit microbial growth, In 
the interim, based on chemical analyses of groundwater samples, the microbial 
conditions appear to be anaerobic, Thus, microbial stimulation will likely 
consist of nutrient amendment to enhance the rate of bacterial growth. 

5.1.5.4 Permeable Reactive Wall and Hydraulic Barrier The use of permeable 
reactive walls has recently been proven as a viable treatment technology for a 
variety of dissolved halogenated organic contaminants in groundwater. 
Specifically, contaminated groundwater is passed through a reactive medium, such 
as zero-valent iron, where degradation of the contaminants occurs. Degradation 
products are simple organic compounds (e.g., methane, ethane, and chloride ions) 
and halogen salts. 

The specific mechanism of the degradation process by which this technology is 
based is still being studied, but is most likely abiotic reductive dechlorina
tion. The carbon atom of halogenated organic compounds (e.g .• TCE and l.l-DCE) 
tends to be in a thermodynamically unstable state in a reducing environment due 
to the presence of the chlorine atom in its structure. If a metal, such as iron, 
is present in this reducing environment, it becomes oxidized 'i ..... hile the 
halogenated organic compound becomes reduced. The most highly chlorinated 
organics (e.g., perchloroethene [PCE] and TCE) are the most highly oxidized and 
thus would be expected to have the highest degradation rates in reducing 
environments, 

Degradation products of this process have been studied but not thoroughly. 
Studies have indicated that the degradation products of TCE and PCE include some 
DCE, vinyl chloride, and nonchlorinated hydrocarbons (such as ethene and ethane) , 
with no persistent toxic products. Further studies would be required to evaluate 
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the occurrence of toxic and persistent by-products, and the fate of inorganics 
in this process. 

Laboratory tests, both batch and column, indicate the rate of contaminant 
degradation can be represented by the half -life of the organic compound of 
interest. Studies indicate that the degradation rates may be influenced by other 
factors (as yet these other factors have not been identified) in addition to the 
relative reduction potential of the compound, These studies have also shown that 
the rate at which degradation occurs is consistent over a wide range of initial 
concentra:ions of the organic compound in solution. 

The half-lives of various halogenated organic compounds exposed to the reactive 
material while in solution increase for a compound with a decreased reducing 
potential. For example, the half-life for TCE is shorter than the half-life for 
vinyl chloride (i. e., TCE degrades faster than vinyl chloride). The reported 
half-lives of compounds treated via this technology are relatively short as 
compared to the half-lives of the same compounds reported for biological 
degradation. Also, studies have sho"WIl that the half-life of a compound is 
proportional to the ratio of surface area of reactive material to the volume of 
solution. Site-specific studies would be required to determine the reaction 
kinetics for OU 8 contaminants. 

Reactive materials used in the permeable wall can include iron, aluminum, zinc, 
galvanized metal, activated carbon, limestone, surfactant, or various other 
materials. A reactive material is typically selected for a particular site 
because it is effective at removing contaminants of concern; compatible with the 
subsurface environment; persistent over long periods of time; readily available; 
causes no adverse geochemical reactions; forms no by-products; and provides 
relatively low O&M requirements. 

Recent studies have shown that iron is successful in degrading various organic 
compounds, available on a regular basis, and relatively inexpensive. Commercial 
iron is granular iron that is obtained in large quantities from the processing 
of metal cuttings and grindings and is available from manufacturing facilities. 
For these reasons, iron will be the chosen reactive material wi thin the permeable 
wall~ for the purposes of technology screening. The actual material used during 
permeable wall design would be selected based on the results of site-specific 
studies. 

Several configurations of this process are available (see Figure 5-1), including 
the use of hydraulic barriers to channel groundwater toward the permeable 
reactive wall for subsequent treatment. A continuous wall, a funnel and gate, 
or mUltiple gates can be used. Advantages to using a funnel and gate system are 
that lower volume of reactive materials (iron) is required, and the reaction 
process is controllable within a small area. 

Various types of hydraulic barriers are available for consideration Rt:. OU 8 and 
include several types of slurry walls, a deep soil mixing (DSM) barrier, sheet 
pile walls, or a vertical geomembrane barrier. These walls are discussed in the 
following paragraphs: 

Slurry Walls. Several types of slurry walls exist, including soil
bentonite (SB), cement-bentonite (CB), and soil-cement-bentonite (SCB). CB 
and SCB walls are typically used if strength and low K characteristics are 
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desired. Hydraulic conductivities ranging from Ix10- 5 centimeters per 
second (cm/sec) to IxIO- 8 crn/sec may be achieved. SB walls are typically 
used if low K is required but high strength is not. Hydraulic conductiv
ities as low as lxlO- 8 crn/sec may be achieved with SB walls, and the 
installation cost of this type of slurry wall tends to be considerably less 
than other types of slurry walls. Selection of a particular type of slurry 
wall at a site would depend on design requirements, subsurface soil 
conditions, disposal requirements for trench cuttings. existing grades, 
groundwater levels, construction space available, and constructability. 

Deep Soil Mixing. Another method for providing a hydraulic barrier with a 
relatively low K is DSM. A DSM wall is constructed by advancing augers 
(often four in tandem) through the soil. While spinning the augers, a 
bentonite-water (BW) slurry or cement grout is added to the reworked soil 
through the augers, and, as such, the slurry is prepared in the ground 
without the need for excavation, mixing, and backfilling. This type of 
\vall is advantageous in the situation where hwnan health risk due to direct 
contact exposure may be present if soil were excavated. However, the final 
design mix of the in-place soil may be somewhat difficult to control during 
construction. If the groundwater table is high at a site, the amount of 
slurry or grout that the soil will accept may be limited, and the desired 
mix characteristics may not be achieved. In addition, the cost of a DSM 
wall is significantly higher than that of an SB wall. 

Sheet Pile Walls. Sheet pile walls are typically used to provide stable 
excavations. These walls tend to allow groundwater to flO\v through the 
connections, although leakage tends to decrease over time because the 
connections will clog due to corrosion of the wall. Additionally, grout 
may be injected into the connections to prevent leaking, or iron fillings 
may be inj ected into the connections to treat groundwater as it flows 
through. Sheet pile walls can be difficult to install; for example, if 
geology at the site consists of dense sands, it may be physically 
impossible to drive sheet piles into such conditions. Sheet pile walls are 
generally not as effective as a properly designed slurry \vall. 

Vertical Geomembrane Barrier. Geomembrane barriers are installed at sites 
to prevent the lateral migration of contamination aYlay from a source. 
These barriers are typically installed with a vibratory hammer and 
insertion plate. Installation with this method can reach depths to 40 
feet. If greater depths are required, standard trench excavation methods 
can be used to reach depths to 100 feet. Additionally, if the trench 
excavation methods were used, bentonite grout could be injected on either 
side of the geomembrane to form a composite barrier system. 

Based on the site and subsurface conditions and desired barrier characteristics, 
the preferred hydraulic barrier for OU 8 is a slurry wall. Additionally, the 
selected slurry wall il:> au SB slurry wall, because this wall would achieve a low 
K and because an SB slurry wall appears to be best suited for au 8. 

An SB slurry wall is typically constructed by excavating a narrow, vertical 
trench. During excavation, the trench is continually filled with a BW slurry, 
which contains approximately 5 to 6 percent bentonite by weight. The slurry 
stabilizes the sidewalls of the excavation and provides a bentonite filter cake 
on the trench sidewalls that adds to the low permeability characteristics of the 
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completed wall. The slurry is maintained within 2 to 3 feet below the top of the 
excavation and a minimum of 3 to 5 feet higher than the site groundwater level. 

The trench is excavated with an excavator or crane-operated clamshell. After the 
trench is excavated, it is backfilled with an engineered, low-permeability 
backfill. The backfill may consist of reworked trench cuttings, often modified 
by mixing with slurry, dry bentonite, or clay borrow. The backfill may also 
consist of remolded soil borrow materials. Use of trench cuttings as backfill 
typically is more cost effective. As a general guide, to achieve a K of lxlO- 7 

em/sec, the backfill should contain at least 25 percent fines (material finer 
than the standard No. 200 sieve opening). The specific materials used for the 
backfill are determined in a bench-scale test. 

The backfill is typically mixed on the ground surface (called the "working 
platform") immediately adjacent to the trench. A remote (i.e., at a distance 
away from the trench) mixing area could also be utilized. The backfill is 
usually mixed with a high-tracked bulldozer, and prepared by sluicing the soil 
with slurry (and possibly additional dry bentonite) and tracking and blading the 
material with the bulldozer until a homogenous backfill results. The prepared 
backfill is then pushed or dumped into the trench. The excavation and 
backfilling operations typically occur simultaneously; the portion of the trench 
being excavated should be at least 25 feet ahead of the toe of the backfill 
slope. The excavation and backfilling operations would continue until a 
continuous wall has been constructed. 

5.2 SCREENING OF TECHNOLOGIES. This section presents an evaluation of the 
selected technologies using the general criteria recommended by the NCP 
(effectiveness, implementability, and cost). This evaluation for au 8 considers 
these criteria, but focuses on issues specific to the technologies selected. 
These issues include process residuals and air emissions. required O&M 
activities, and relative effectiveness compared to related technologies. The 
screening of selected technologies and recommendations for the development of 
alternatives is presented in Tables 5-1 through 5-3. 

5.3 DEVELOPMENT OF ALTERNATIVES. This section presents a variety of remedial 
alternatives using the technologies selected in Section 5.2. These alternatives 
are intended to achieve the RAOs identified for OU 8. The NCP requires that a 
range of alternatives be considered. To satisfy this objective, the following 
eight alternatives have been developed for detailed analysis and are presented 
in Table 5-4: 
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no action (Alternative MM-l») 

enhanced biodegradation (Alternative MM-2), 

in situ air stripping with enhanced biodegradation (Alternative MM-3), 

pump and treat with discharge to Rowell Creek (Alternative MM-4), 

pump and treat with reinj ection for enhanced biodegradation 
(Alternative MM-S), 
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Table 5-1 
Screening of Treatment Technologies for Organics in Extracted Groundwater 

Representative 
Technology 

Air Stripping and 
Aeration 
Packed tower 

Oxidation 
Ultraviolet light and 
oxidation (UV lOX) with 
hydrogen peroxide 

Biological Treatment 
Waste-activated 
sludge process in 
eXisting FOTW 

Organic Adsorption 
Granular activated 
carbon (GAG) 
adsorption 

Residuals and Emissions 

Requires offgas treatment. 

Pretreatment of in organics may 
be required to prevent clogging. 

May need to dispose of and 
replace packing material. 

Generates intermediate organic 
by-products If oxidation is 
incomplete. 

Produces excess biomass sludge 
that requires removal, treatment, 
and disposal 

Produces spent carbon that must 
be regenerated or disposed of. 

Notes: VaG = volatile organic compound. 
FOTW = federally owned treatment works. 
GAC = granular activated carbon 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Operations and Maintenance 

Requires air emissions monitoring 
and treatment. 

Requires maintenance of packing 
material. 

Requires chemical expertise for 
effective dosing 

High power cost to produce UV 
light, 

High level of expertise required to 
maintain biomass. 

Biomass must be well-maintained 
to continue effective degradation. 

Spent carbon must be changed 
and replaced. 

Relative Effectiveness 

Demonstrated effectiveness in 
treating VOCs. 

Effective in oxidizing inorganic 
compounds for subsequent 
removaL 

Effectively destroys VOCs. 

Effective in oXidizing inorganic 
compounds for subsequent 
removal. 

Sensitive to variations in influent 
groundwater quality and chemical 
concentrations. 

Treatability testing is required. 

Thriving biomass is critical 

Adsorption medium is a wel!-
demonstrated process to remove 
organic compounds 

Adsorption is more effective than 
air stripping, aeration, or oxidation 
for the removal of svacs and 
other synthetic organics. 

svoc = semivolatile organic compound 
au = Operable Unit. 

Recommendation 

Retain. 

Eliminate. High power require-
ments and higher costs than air 
stripping at comparable effective-
ness 

Retain. Not required if a packed 
tower and GAG are used, but 
could be a polishing step if 
treated water IS discharged to the 
FOTW, 

Retain. SVOGs are present in 
groundwater at au 8, can be 
used as a polishing step. 
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Representative 
Technology 

Polymer Addition and 
Clarification 

Ion Exchange 

Reverse Osmosis 

Table 5-2 
Screening of Treatment Technologies for Inorganics in Extracted Groundwater 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Residuals and Emissions Operations and Maintenance Relative Effectiveness Recommendation 

Chemical precipitation and sepa- Dosage control and monitoring Effective in precipitating Retain. 
ration produces a sludge that required Inorganic compounds with a 
requires separation, management, relatively small amount of 
and disposal Clarifier maintenance required. sludge produced. 

Ion exchange and inorganic Requires technical expertise for Adsorption medium is sensitive Eliminate. Resin requires a 
adsorption requires disposal and resin maintenance. to inorganic loading rates. high level of maintenance and 
replacement or regeneration of expertise to operate 
resin, using a concentrated waste Adsorption resin must be main-
stream. tal ned through replacement or 

regeneration. 

Due to membrane adsorption, Requires technical expertise for Demonstrated effectiveness for Eliminate. Treatment operation 
transfer membrane may require membrane maintenance. removing inorganic and some requires a high level of expertise 
disposal and replacement. organic compounds from and maintenance. 

Requires frequent maintenance groundwater. 
to membrane . 

More effective as a polishing 
Requires high power costs. step for low concentrations of 

inorganic compounds 
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Representative 
Technology 

In Situ Air Stripping 

Na1ural A ttenu.tion 

Microbial Stimulation 

Permeable Reactive Wall 
and Hydraulic Barrier 

Phytorernediation 

Table 5-3 
Screening of In Situ Groundwater Treatment Technologies 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Residuals and Emissions Operations and Maintenance Relative Effectiveness Recommendation 

Requires offgas treatment. Requires air emissions monitoring Conceptually comparable to air Retain Innovative technology 
and treatment sparging in removing VOCs, but 

limited field demonstration data 
are available. 

Treatment not effective for com-
pounds with low vapor pressures. 

None. Requires extensive groundwater Dependent on natural conditions Retain. Proven effective in 
and biodegradation monitoring to in groundwater. reducing some organic contami-
ensure reduction in contaminant nants. 
concentrations Partial natural degradatIon of 

contaminants has been observed 
in groundwater at au B. 

Any soil excavated as part of Microbial conditions must be well- Sensitive to variations in ground- Retain. Microbial stimulation 
microbial stimulation would maintained to continue water quality and flow regime. effective on site contaminants. 
require separate management. effective degradation 

Contaminants are biodegradable 
Requires microbial expertise to and treatability testing will opti· 
maintain degradation mize effectiveness. 

Soil excavated to construct Very little required. The integrity Bench-scale column tests will Retain. Innovative technology 
wall would require separate of the permeable reactive wall and help obtain the optimum design that IS well-suited to conditions 
management. the hydraulic barrier must be eval~ for au 8 contaminants and site- at au 8. 

uated periodically to maintain specific conditions. 
optimum treatment of ground-
water Existing patents may limit the 

number of suppliers. 

May not be successful In treating 
chiaro benzene compounds. 

Plant/tree harvesting may be Groundwater monitoring and plant Effective on organics and Retain. Innovative technology 
required. harvesting required. inorganlcs. that could be used to treat con-

taminants near the surface. 
Treatability testing required. 

limited treatment zone (i.e. near 
surface). 
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Table 5-4 
Remedial Alternatives for Management of Migration (MM) 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

MM-3 
MM-4 

MM-5 

MM-1 
MM-2 In Situ 

Pump-and-Treat 
Pump-and-Treat 

Remedial Action Component 
No Action 

Enhanced Air Stripping 
with Discharge 

with Reinjection 
Biodegradation with Enhanced for Enhanced 

Biodegradation 
to Rowell Creek 

Biodegradation 

Administrative Actions 

Five-year site reviews X X X X X 

Groundwater monitoring X X X X X 

Biodegradation monitoring X X X 

Wetland monitoring X X 

Groundwater modelling 

Groundwater use restrictions X X X X X 

Groundwater Collection 

Extraction wells X X 

Ex Situ Groundwater Treatment 

Packed tower air stripping X X 

Polymer addition and clarification X X 

Granular activated carbon (GAG) X X 
adsorption 

In Situ Groundwater Treatment 

Microbial growth enhancement X X X 

In situ air stripping X 

Soil vapor extraction (SVE) X X 

Permeable reactive wall 

Hydraulic barrier 

Groundwater Discharge 

Surface water (or FOTW) X 

Trench infiltration X 

Residuals Management X X X 

Note: FOTW = federally owned treatment works. 

MM-8 
MM-7 In Situ 

MM-6 In Situ Air Stripping 
Natural Permeable wi1h Phy1o-

Attenuation Reactive remediation 
Wall and Natural 

Attenuation 

X X X 

X X X 

X X 

X X 

I 
X X X 

X X X 
I 
I 

X 

X 

X 

X 



natural attenuation (Alternative MM-6), 

in sit:u permeable reactive wall and hydraulic barriers (Alternative MM-
7), and 

in SiLU air stripping 
attenuation (Alternative 

wi th phytoremedia tion 
MM-8). 

followed by natural 

5.3.1 No Action (Alternative MM-1) The NCP requires that a no-action 
alternative be used to provide a baseline for comparison against remedial action 
alternatives. Under the no-action alternative for this FS, current and future 
risks to human health would be controlled by institutional controls to prevent 
exposure. Anticipated cleanup criteria for contaminants that remain in 
groundwater are presented in Table 4-2 in Chapter 4.0. 

Under CERCLA, if hazardous substances, pollutants, or contaminants remain, the 
site must be reviewed at least every 5 years until the action level criteria are 
met. In addition to 5-year reviews, groundwater monitoring and use restrictions 
would be included under this alternative as well as all other alternatives until 
action criteria are met. 

5.3.2 Enhanced Biodegradation (Alternative MM-2) This alternative would be 
achieved by reducing concentrations of organic compounds in groundwater through 
enhancement of natural biological processes. Indigenous microorganisms would use 
organic contaminants as substrate (food), reducing contaminant concentrations 
through metabolic growth. Nutrients and amendments would be added to increase 
the rate of natural degradation. This is an in situ process that requires no 
extraction or discharge of groundwater. An intensive monitoring program would 
be required for this alternative. 

CERClA 5-year reviews and groundwater use restrictions would also be required as 
part of this alternative. Action and treatment levels for in situ remediation 
would consist of groundwater ARARs. Action and treatment levels for ground'ivater 
for this alternative are presented in Table 4-3 in Chapter 4.0. 

5.3.3 In Sit:u Air Stripping with Enhanced Biodegradation (Alternative MM-3) 
Similar to Alternative MM-2, this alternative is intended to reduce concentra
tions of organic compounds in groundwater without extracting or discharging 
groundwater. MM-3 consists of in sit:u air stripping of VOCs in the source area 
and enhanced biodegradation of groundwater contaminants in the wetlands. 

CERCLA 5-year reviews, monitoring of contaminants in groundwater and biodegrada
tion activity, and groundwater use restrictions would be included in this 
alternative. Similar to Alternative MM-2, action and treatment levels for in 
situ remediation would consist of groundwater ARARs. Treatment levels for 
groundwater for this alternative are presented in Table 4-3 in Chapter 4.0. 

5.3.4 Pump-and-Treat with Discharge to Rowell Creek (Alternative MM-4) This 
alternative consists of extracting groundwater, treating the water to achieve 
surface water criteria, and discharging the treated water to Rowell Creek. As 
a contingency, treated groundwater could be discharged to the FOTW if the base 
continues its operation to allow such an arrangement. Anticipated treatment 
levels for surface water or FOTW discharge criteria are presented in Tables 4-4 
and 4-5, respectively, in Chapter 4.0. 
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Extraction wells for groundwater would be augmented with SVE. By extracting 
vapors from the unsaturated soil exposed because of drawdo'WTl created at the 
extraction wells, residual VOCs would be removed. Extracted VOCs would be 
collected and treated along with offgas from the groundwater packed tower air 
stripper. 

Based on the analysis provided in Section 5.2, a representative technology 
sequence for the treatment of extracted groundwater will consist of the following 
components: 

lowering pH with sulfuric acid, 
removal of VOCs via packed tower air stripper, 
raising pH with sodium hydroxide, 
chemical precipitation with an anionic polymer, 
clarification, and 
GAC. 

Treated water discharge will be required to satisfy the substantive requirements 
of an NPDES permit, administered by the FDEP. If treated groundwater is to be 
discharged to the FOTW, it would achieve the requirements of the FOTW. 

Administrative activities will be required as part of this alternative, including 
5-year reviews, groundwater monitoring, wetland monitoring and mitigation (if 
required), and use restrictions. 

5.3.5 Pump-and-Treat with Reinjection for Enhanced Biodegradation (Alternative 
MM-5) This alternative is a combination of MM-2 and MM-4, and consists of 
extracting groundwater from the source area, treating the collected water to 
E..chieve groundwater criteria, mixing the treated water with nutrients, and 
infiltrating the treated, nutrient-rich water through a trench. 

As in Alternative MM-4, groundwater from the source area would be collected using 
a series of extraction wells, which will be augmented with SVE. Extracted 
groundwater would then be treated using the same process described for 
Alternative MM-4. The treated water would be amended with nutrients and 
infiltrated through a trench to accomplish the following objectives: 

provide a controlled, monitored method of discharge; 
introduce nutrients to enhance downgradient biodegradation; and 
maintain the hydraulic conditions in the wetlands. 

Any portion of the treated water that exceeds the hydraulic capacity of the 
downgradient part of the aquifer would be discharged to surface water or the 
FOTW, as described for Alternative MM-4. 

Administrative activities would be required, including monitoring groundwater 
contaminants and biodegradation acLivi~y, groundwater use restrictions, and 5-
year reviews. Anticipated treatment levels for groundwater for this alternative 
are presented in Tables 4-3 and 4-6 in Chapter 4.0. 

5.3.6 Natural Attenuation (Alternative MM-6) Similar to Alterative MM-2, this 
alternative is intended to reduce concentrations of organic contaminants by 
relying on natural degradation and transformation processes within the surficial 
aquifer. Conditions within the aquifer would not be enhanced through external 
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measures. Indigenous microorganisms would use organic contaminants as substrate, 
reducing concentrations through metabolic growth. This is an in situ process 
that requires no extraction or discharge of groundwater. Extensive groundwater 
and process monitoring as well as aquifer modelling would be required for this 
al terna ti 'Je. 

CERCLA 5-year reviews and groundwater use restrictions would also be implemented 
as part of this alternative. Action and treatment levels for in situ remediation 
would consist of groundwater ARARs. Action and treatment levels for groundwater 
for this alternative are presented in Table 4-3 in Chapter 4.0. 

5.3.7 In SiCu Permeable Reactive Wall and Hydraulic Barriers (Alternative MM-7) 
This alternative consists of reducing the concentrations of select organic and 
inorganic contaminants in situ by channelling groundwater through a permeable 
wall containing a reactive substance (such as zero-valent iron). Hydraulic 
barriers would be installed on either side of the permeable reactive ,vall, 
directing contaminated groundwater toward the reactive material for subsequent 
treatment. This alternative does not require any extraction or discharge of 
groundwater. 

CERCLA 5-year reviews and groundwater use restrictions would also be implemented 
as part of this alternative. Action and treatment levels for in situ remediation 
would consist of ground,vater ARARs. Action and treatment levels for groundwater 
for this alternative are presented in Table 4-3 in Chapter 4.0. 

5.3.8 In SiCu Air Stripping with Phytoremediation Followed by Natural 
Attenuation (Alternative MM-8) Similar to alternatives MM-2 and MM-3. this 
alternative is intended to reduce concentrations of organic compounds in 
groundwater without mechanically extracting or discharging groundwater. MM-8 
consists of in situ air stripping of VOCs in the source area and phytoremediation 
of groundwater contaminants before the discharge to Rowell Creek. The natural 
attenuation of groundwater contaminants will be monitored following the source 
removal. 

CERCLA.. 5 -year reviews, monitoring of contaminants in ground'ivater and biodegrada
tion activity, and groundwater use restrictions are included in this alternative. 
Similar to Alternatives MM-2 and MM-3, action and treatment levels for i11 situ 
remediation would consist of groundwater ARARs. Treatment levels for groundv;ater 
for this alternative are presented in Table 4-3 in Chapter 4.0. 
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6.0 DETAILED ANALYSES OF ALTERNATIVES 

This chapter presents the detailed analyses of alternatives for au 8 at NAS Cecil 
Field. In accordance with the USEPA RI/FS guidance. the detailed evaluation of 
each remedial alternative includes the following: 

a description of the alternative, emphasizing the applications of 
proposed technologies or actions; and 

an analysis of the alternative against seven of nine criteria. 

According to the NCP, the first two criteria on which each alternative will be 
assessed are the threshold criteria, which are: 

overall protection of human health and the environment, and 
compliance with ARARs. 

The next five criteria are known as the primary balancing criteria. which are: 

long-term effectiveness and permanence; 

reduction of toxicity, mobility, and volume of contaminants through 
treatment; 

short-term effectiveness; 

implementability; and 

cost (to the nearest $1.000). 

A summary of the factors considered during detailed analysis for each criterion 
are presented in Table 6-1. Costs associated with the technical criteria 
assessment for each alternative are intended to be accurate \vithin +50 to -30 
percent of the estimated cost, as suggested by CERCLA guidance (USEPA. 1988a). 

Calculations necessary to 
presented in Appendix C. 
presented in Appendix D. 

support the detailed analysis of alternatives are 
Cost estimate calculations and information are 

State and community acceptance. the modifying criteria, will be addressed 
following revie\v of the FS by these parties. 

6.1 DETAILED ANALYSIS FOR ALTERNATIVE MM-1. Alternative MM-l is a no-action 
al ternative. Under this alternative 1 only administrative actions would be 
illllllemented to reduce present and future risks to human receptors posed by 
potable use of contaminated groundwater at au 8. A description of this 
alternative is presented in Subsection 6.1.1, and the technical assessment of 
this alternative is presented in Subsection 6.1.2. 

6,1.1 Description of Alternative MM-l In accordance wi th the NCP, the no - action 
alternative is used as a baseline for comparison against alternatives that 
incorporate remedial actions (i.e., Alternatives MM-2 through MM-8). Because 

CEe-DUB FS 
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Table 6-1 
Factors for Detailed Analysis of Remedial Alternatives 

Feasibility Study, Operable Unit 8 
Naval Air StatIon Cecil Field 

Jacksonville, Florida 

Factors Criteria to Consider 

Overall protection of human health and the environment How risks aTe ehminated, reduced, or controlled. 
Short-term or cross-media effects. 

Compliance with ARARs Chemical-specific ARARs. 
Location-specific ARARs. 
Action-specific ARARs. 

Long-term effectiveness and permanence Magnitude of residual risk. 
Adequacy of controls. 
Reliability of controls. 

Reduction of mobility, toxIcity, and volume Treatment process and remedy. 
Amount of hazardous materials destroyed or treated. 
Reduction of mobility, toxicity, or volume through treatment. 
Irreversibility of treatment. 
Type and quantity of treatment residual. 

Short-term effectiveness Protection of community during remedial action. 
Protection of workers during remedial action 
Environmental effects. 
Time until RAOs are achieved. 

Implementability Ability to construct technology. 
Reliability of technology. 
Ease of undertaking additional remedial action, if necessary. 
Coordination with other agencies. 

Cost Capital cost. 
Operation and maintenance cost. 
Total present worth of alternative. 

Notes: ARARs ;= applicable or relevant and appropriate requirements. 
RAO = Remedial Action Objective. 

CEC-DUB.FS 
ASW 10.97 6-2 



contaminants would remain at 01] 8 as part of this alternative, it would include 
the following components: 

groundwater use restrictions, 
groundwater monitoring, and 
S-year site reviews. 

Based on hydrogeological modeling, it is anticipated that contaminants, 
specifically TeE, presently in the surficial aquifer would be flushed to Rowell 
Creek in 39 years (see Appendix C). However. TCE in the vadose zone soil will 
cause a continued source of surficial aquifer groundwater contamination for 23 
years. As a result, it will take 62 years to flush all groundwater contamination 
caused by TCE and other organics to Rowell Creek. The duration of risk is 
estimated at more than 35 years and less than 62 years. However, in accordance 
with CERCLA guidance (USEPA, 1988a), the administrative O&M cost estimate 
associated with this alternative is capped at a duration of 30 years. 

6.1.1. 1 Five-Year Site Reviews Because contaminated media would remain ansi te, 
the Navy, USEPA Region IV, and FDEP must review (as required under SARA) site 
conditions to assess if a more aggressive alternative (i.e. J Alternatives MM-2 
through MM-8) is required. Site reviews would occur every 5 years until 
groundwater action levels are attained. Anticipated action levels are presented 
in Table 4- 2 in Chapter 4.0. Site reviews would cons ist of evaluating monitoring 
data and assessing changes in site conditions (e.g., construction, demolition, 
receptors, migration pathways, and qualitative risks). This alternative would 
be compared to other remedial alternatives to confirm that this alternative was 
still the most appropriate selection for au 8. 

6.1.1.2 Groundwater Monitoring Monitoring would occur on an annual basis and 
would consist of collecting groundwater samples from 12 monitoring wells for 
laboratory analyses. A total of 13 samples (12 monitoring wells and 1 quality 
control) would be collected. The 12 wells proposed for the monitoring program 
are already installed at au 8 and are shown on Figure 6-1. These wells were 
selected because their spatial locations are useful for monitoring the size, 
constituent concentrations, and movement of the groundwater plume. 

Groundwater at OU 8 was previously analyzed for target compound list (TeL) and 
target analyte list (TAL) analytical parameters. Analytical results showed 
detections of a select number of compounds. Thus, for the annual monitoring 
program for Alternative MM-l, groundwater would be analyzed for only those 
compounds that were previously detected, Every fifth year, sampling of 
groundwater would consist of all TCL and TAL analytical parameters. Data would 
be used to evaluate the movement of the contaminant plume and to assess whether 
site contaminant concentrations are continually decreasing or contaminant plume 
migration has changed. Data would be summarized and managed on an annual basis 
for use in the 5-year reviews. Land use would also be observed to identify the 
presence of possible recepLu.rs a1H1 cOlllpliance with administrative groundtvater use 
restrictions. 

6.1.1.3 Groundwater Use Restrictions Property deeds for land in the vicinity 
of the areal extent of the contaminant plume at CU 8 would be modified to 
indicate that consumption of untreated groundwater from the surficial aquifer may 
pose an increased risk to human health. This annotation would reference the RI, 
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RA, FS, PP, and ROD. The agency currently responsible for administering the 'Nell 
installation permit program would be formally requested to prohibit permits for 
installing potable wells in the surficial aquifer. Planning agencies, permitting 
agencies, and owners of property affected by the OU 8 plume would be reminded 
annually of the groundwater use restrictions. These restrictions would be 
removed after groundwater monitoring results (confirmed during the 5-year site 
reviews) indicate that groundwater from the surficial aquifer does not exceed 
action levels. 

6.1,2 Technical Assessment of Alternative MM-l 
technical assessment of Alternative MM-I. 

This subsec~ion provides the 

Overall Protection of Human Health and the Environment. This alternative would 
provide a minimum standard of protection to future human receptors who may use 
au 8 ground\>Jater as a potable water supply. Exposure to contaminated groundwater 
would be addressed via groundwater use restrictions. Humans would be prohibited 
from installing a drinking water well within the surficial aquifer at au 8 and 
drinking untreated groundwater. This alternative would not provide a maximum 
standard of protection to humans (i.e., groundwater treatment). 

No adverse short-term or cross-media effects are anticipated with this no-action. 
alternative. However, '£'£"r.!:.~!!l.~I).ated groundwater is expected to continue tol 
discharge to RO\>Jell Creek. 

Compliance with ARARs. This alternative would not comply with chemical-specific 
ARARs (e.g., MeLs or Florida guidance concentrations, FDEP, 1994a) in the short 
term. Eventually, this alternative may comply with ARARs if natural processes, 
including physical, chemical, and biological changes, in the aquifer reduce 
contaminant concentrations. In addition, RAOs would not be met in the short term 
because contaminant concentrations will not be reduced. Location-specific and 
action-specific ARARs would be met as no adverse effects are evident iT'.. the 
wetlands or Rowell Creek as a result of past waste disposal. In addition, no 
remedial actions are to be undertaken under this alternative that could tr~gger 
location-specific or action-specific ARARs. 

Long-Term Effectiveness and Permanence. Naturally occurring processes, such as 
biological activity, may reduce contaminant concentrations in the aquifer over 
the long term. However, human risks due to ingestion of groundwater from the 
surficial aquifer would not be addressed via treatment and would remain possibly 
over a period of several (3 to 7) decades until concentrations are reduced by 
natural processes. 

Groundwater monitoring would provide a means of evaluating the concentrations of 
contaminants in groundwater and assessing the degradation rate of contaminants. 
Administrative actions proposed in this alternative would provide a means of 
exposure control but would not provide a permanent (irreversible) remedy for 
risks posed by the siLeo Groundwater monitoring and administrative actions are 
considered reliable controls. 

Reduction of Toxicity. Mobility, and Volume through Treatment. Although no 
treatment is included in this alternative, contaminant toxicity of VOCs and SVOCs 
will be partially reduced through natural degradation processes, and inorganics 
will be partially reduced through natural transformation processes. However, 
this alternative would not provide a reduction in contaminant mobility or volume 
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because neither groundwater containment nor 
alternative would not enhance or increase the 
processes that reduce the toxicity, mobility, 
groundwater. 

extraction is proposed. This 
rate of natural transformation 
or volume of contaminants in 

Human heal th toxici ty posed by ingestion of groundwater contaminants would remain 
until concentrations are reduced by natural processes. No treatment residuals 
would be produced if this alternative were implemented. 

Short-Term Effectiveness. This alternative would reduce human health risks in 
the short term because groundwater use restrictions would be implemented, Humans 
would be prevented from drinking untreated water from the surficial aquifer, 

This alternative would not comply with RAGs or treatment levels in the short term 
because the only means of contaminant reduction posed by this alternative is 
natural degradation. Based on the BRA, this alternative does not pose a threat 
to workers through exposure to contaminated ground'l..;rater. 

Implementability. This alternative does not require remedial construction for 
implementation. Other activities, such as groundwater monitoring, implementation 
of groundwater Use restrictions, and 5-year site reviews are easily implemented, 
although administratively burdensome. Several vendors provide these services in 
the Jacksonville area. 

Cost. The present worth cost of Alternative MM-l is $427,000 and is presented 
in Table 6-2. This estimate includes the cost of the groundwater monitoring 
program, groundwater use restrictions, and 5-year site reviews over a 30-year 
period, as suggested by USEPA guidance (USEPA, 1988a). Based on projections, a 

Table 6-2 
Alternative MM-1: No Action Cost Summary 

Cost Item 

Di ... ect Costs 

Groundwater use restrictions 

Total direct cost 

Indir"ect Costs 

Preparation of Health and Safety Plan 

Preparation of Sampling and Analysis Plan 

Direct cost contingency (20 percent) 

Total indirect cost 

Ope ... ation .nd M.intenance (O&M) Cost 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth of O&M (3D-year period) 

Toal Cost 

Note: Totals are rounded[ 
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Cost 

$10,000 

$10,000 

$7,500 

$12,500 

$2,000 

$22,000 

$20,000 

$8,700 

$395[000 

$427,000 



period of 62 years may be necessary before contaminants in the groundwater are 
flushed sufficiently to achieve action levels. 

The cost estimate for Alternative MM-l is presented in Appendix D. Direct costs 
for Alternative MM-l include establishing groundwater use restrictions for OU 8. 
Direct ('.osts are estimated to be $10, 000, and indirect costs (preparation of 
heal th and safety plans, sampling and analysis plans, and direct cost contingen
cy) are estimated to be $22, 000. O&M costs are estimated at $28,700 per year for 
a 30-year period, which includes annual groundwater monitoring and annualized 5-
year reviews. 

6.2 DETAILED ANALYSIS FOR ALTERNATIVE MM-2. Alternative MM-2, enhanced 
biodegradation, consists of administrative actions to limit the use of 
groundwater as a drinking water source, and enhancement of natural biodegrada
tion. A description of this alternative is presented in Subsection 6.2.1, and 
the technical assessment of this alternative is presented in Subsection 6.2.2. 

6.2.1 Description of Alternative MM-2 Enhanced biodegradation would be achieved 
by encouraging the growth of indigenous microorganisms that use organic 
contaminants as substrate (food), thus reducing contaminant concentrations 
through metabolic activity. This is an in situ process that requires no 
extraction of groundwater. 

A preliminary evaluation of naturally occurring degradation processes within the 
surficial aquifer at au 8 was conducted in support of this FS. Samples were 

-..... collected from three monitoring wells and analyzed for methane, ethane, and 
ethene. Results supplied by ABB-ES' s treatability laboratory revealed the 
presence of methane in all three wells; however, ethane and ethene were not 
detected above quantitation limits. The presence of methane and corresponding 
absence of ethane and ethene indicates that TeE is naturally degrading, but the 
process is not proceeding to completion. Results also indicated predominantly 
anaerobic conditions within the aquifer. Further explanation is inclUded in 
Appendix c. 

Based on the results described above, the addition of nitrogen and phosphorus 
(potentially limiting nutrients)~ as well as organic carbon (as an additional 
carbon source and electron donor), could stimulate continued anaerobic microbial 
activity, Aquifer aeration is not recommended because it may inhibit current 
anaerobic activity, 

Nitrogen and phosphorus, as well as carbon (such as glucose or lactic acid), 
would be introduced through a series of infiltration trenches. A plan view 
showing the proposed locations of the infiltration trenches is shown on Figure 
6-2, and a conceptual general arrangement drawing of the enhanced biodegradation 
system is presented on Figure 6-3. The follOWing components would be included 
as part of this altern3 Live: 
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nutrient and carbon source addition, 
groundwater lise restrictions, 
groundwater and system monitoring, and 
5-year site reviews. 
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A pilot study may be required during the remedial design phase to determine 
conditions that will optimize microbial growth. During implementation, 
biological modeling and groundwater monitoring would be required to adjust the 
system and improve the effectiveness of microbial activity. Enhanced biodegrada
tion at au 8 may be influenced by the following groundwater conditions and site 
characteristics: Toe concentration, microbial organisms, grain size distribution, 
dissolved oxygen, oxidation-reduction (redox) potential, pH, temperature, 
conductivity, alkalinity, and the presence or absence of sulfides and nitrates. 

Based on hydrogeologic modeling (see Appendix C), it is anticipated that 9 to 10 
years would be required to distribute nutrients throughout the aquifer and allow 
the anaerobic microbes to acclimate to the increased nutrient levels. An 
additional 2 to 3 years would then be required for biodegradation of organic 
compounds, followed by a final round of sampling and a finalS-year revie"iv. 
Thus, a duration of 12 years is used to estimate implementation and system O&M 
costs. and a duration of 15 years is used to estimate administrative O&M costs, 
including the final 5-year site review. 

6.2.1.1 Nutrient and Carbon Infiltration For cost estimating purposes, it is 
assumed that nitrogen and phosphorus are the limiting nutrients for microbial 
growth. Other substances, such as glucose or lactic acid, would also be 
introduced as an additional carbon source or electron donor. No groundwater 
extraction or recirculation is proposed; rather, a potable water source would be 
brought to the site for mixing with nutrients. Nutrients would be introduced as 
liquids into the aquifer through low-flow infiltration trenches, 

POYldered nitrogen would be purchased as ammonium chloride, and powdered 
phosphorus would be purchased as tripolyphosphate ammonium chloride. Glucose or 
lactic acid may be purchased in liquid or crystalline form. These chemicals 
would be placed in onsite mixing tanks for pumping into the trenches. Fresh feed 
water would be supplied to dilute the nutrients in the mixing tanks. The doses 
could then be altered based on growth observations. Inj ection rates and nutrient 
concentrations would be determined during the remedial desLgn phase of 
implementation. 

Trenches (seven estimated), spanning the width of the plume, would be used to 
infiltrate nutrients and carbon (Figure 6-2). Each trench would be approximately 
150 to 400 feet long (corresponding to the dimensions of the plume) and 
approximately 30 feet deep. The trench closest to the wetlands would be 
installed along the boundary of the wetlands without actually occurring within 
this 2.7-acre area. The trenches would be installed using a single-pass 
installation technique, which excavates soil, lays perforated pipe, and backfills 
the trench in a one-step operation. The soil excavated during trench installa
tion would be disposed of off-site at an appropriately permitted facility. 
Backfill for the trenches would consist of coarse sand. The distribution of 
added nutrients and carbon would be assessed and adjusted based on the quality 
uf g,ruuIldwatel- in observation wells (piezometers). Because infiltration trenches 
may plug, each trench will be designed so that part of the trench could be 
isolated for maintenance while the rest of the system remains in operation. 

Inj ection wells were considered for 
however, infiltration trenches are 
conditions at OU 8 for the following 
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Infiltration trenches take advantage of the natural hydraulic gradient 
toward Rowell Creek at au 8, allowing a more uniform introduction of 
nutrients across the entire plume. 

The probability of biofouling within inj ection wells was believed ~o be 
more likely than in infiltration trenches. 

More than 15 inj ection wells would be required to adequately treat 
groundwater at au 8 based on the large areal extent of the plume, and 
thus aMi costs would be high based on the large number of wells 
required. 

Maintenance of the trenches may be technically easier and faster than 
the maintenance of injection wells. 

All permitting requirements associated with the installation of trenches and the 
addition of nutrient-rich water at au 8, including the possible need for an 
underground injection control permit, would be addressed during the remedial 
design phase (typically, Superfund sites are exempt from administrative permit 
requirements but must attain the substantive requirements). No adverse effects 
to surface quality in Rowell Creek are expected through the implementation of 
this al ternati ve because nutrients inj ected would be metabolized by microorgan
isms before groundwater discharges to the creek. 

6.2.1.2 Five-Year Site Reviews Refer to Paragraph 6.1.1.1 for general 
administrative requirements, which are the same as those described for 
Alternative MM-I. In addition to the activities described for Alternative MM-l, 
the effectiveness of the remedial system would be assessed. System measurements 
and modifications J as well as an assessment of treatment effectiveness, would be 
included in the 5-year review. 

6.2.1.3 Groundwater and System Monitoring Refer to Paragraph 6.1.1.2 for 
general site monitoring requirements, which are the same as those described for 
Al ternative MM-I. In addition to the groundwater monitoring activities, the 
treatment effectiveness and the operation of the infiltration system would be 
monitored. Activities would include dose adjustment, flow rate modification, 
mixing tank maintenance, trench maintenance, and other process monitoring 
requirements. 

Samples of groundwater would be collected for analyses of indicator parameters 
to determine the rate of biodegradation. The same wells used for groundwater 
monitoring would be used for this purpose (see Alternative MM-l). The following 
biological indicator parameters would be analyzed in addition to those listed for 
Alternative MM-l. The frequency of sampling would be quarterly for a period of 
5 years, and then annually for the remainder of the groundwater monitoring 
program: 
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TCE, DCE, vinyl chloride. ethene, and methane; 
ammonia, nitrite, and nitrate: 
sulfide and sulfate; 
total and ferrous iron; and 
field measurements of redox potential, pH, and dissolved oxygen. 
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An evaluation of the differences in these parameters among wells and their 
variation over time would be used to model the type, degree, and rate of 
biodegradation in the saturated subsurface. This information would also be used 
to assess the distribution of nutrients and carbon by the trench infiltration 
system. 

6.2.1.4 Groundwater Use Restrictions Refer 
description of groundwater use restrictions, 
described for Alternative MM-l. 

6.2.2 Technical Assessment of Alternative MM-2 
technical assessment of Alternative MM-2. 

to Paragraph 
which are the 

6.1.1.3 
same as 

for a 
those 

This subsection presents the 

Overall Protection of Human Health and the Environment. This alternative would 
provide protection to human health by preventing humans from using OU 8 surficial 
aquifer groundwater as a potable water supply through use restrictions. These 
restrictions would remain in place until action levels are achieved. Contaminat
ed groundwater would be treated by promoting natural degradation processes 
through nutrient addition via a series of infiltration trenches. 

By implementing this alternative, no adverse short-term or cross-media effects 
are ant.icipated. Until biodegradation pro,ces~es are enhanced, contaminated., 
groundwater would continue to discharge to Rowell Creek where adverse effects 
have not been observed or anticipated. 

Compliance with AR.A.Rs. This alternative would eventually achieve chemical
specific ARARs for VOCs and SVOCs through natural and enhanced biological 
mechanisms. The goal of using nutrients to enhance biodegradation is to reduce 
the concentrations of organic contaminants. Concentrations of inorganic 
constituents such as aluminum, antimony, iron, and manganese would not be 
reduced. However, natural biological, chemical, and physical processes may 
slowly decrease the concentrations of inorganics in the surficial aquifer. 
Groundwater and biodegradation monitoring will be used to evaluate degradation 
processes for compliance with ARARs. Location- and action-specific ARARs would 
also be met. 

Long-Term Effectiveness and Permanence. This alternative offers a long-term, 
permanent remedy for groundwater contamination. Biological activity would be 
enhanced through nutrient addition, thus promoting contaminant reduction. 
Groundwater use restrictions would also prevent human consumption of groundwater 
until treatment levels are achieved through enhanced biological degradation. It 
is anticipated that treatment duration would be approximately 12 years to reduce 
organic contaminant concentrations to action levels for VOCs and SVOCs. This 
alternative would meet both risk-based and ARAR-based RAOs in the long term. 

Biodegradation monitoring would provide a means of evaluating the biological 
activity at the sileo The mixture and dosing rate of nutrient addition would be 
altered based on the monitoring results. Groundwater monitoring would provide 
a means of evaluating the concentrations of contaminants in groundwater and 
assessing the degradation rate of contaminants. All controls proposed in this 
alternative are considered reliable. 

Reduction of Toxicity. Mobility. and Volume through Treatment. This alternative 
would accelerate reduction in contaminant toxicity of VOCs and SVOCs by enhancing 
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natural degradation processes. The toxicity of inorganic contaminants would be 
reduced at a much slower rate through natural processes (without enhancement). 
During degradation, this alternative would not provide a significant reduction 
in contaminant mobility or volume because neither groundwater containment nor 
extraction is proposed. The possibility of human health risks posed if 
groundwater is ingested would remain until concentrations are reduced by 
biodegradation. 

Short-Term Effectiveness. This alternative would be effective in the short term 
because groundwater use restrictions would be implemented, preventing potable 
water use of the surficial aquifer. This alternative would eventually reduce 
human health risks posed by groundwater contamination because natural microbes 
present in the aquifer would be encouraged, through nutrient addition, to degrade 
organic contaminants in groundwater. Natural biological, chemical, and physical 
processes would eventually remove inorganics. 

This alternative would not comply with RAOs in the short term because microbes 
present in the groundwater generally require time to acclimate and use the 
injected nutrients to reduce contaminant concentrations. 

Implementabilitv. This alternative poses some threat to workers through exposure 
to contaminated groundwater. However, infiltration trenches would be installed 
using single-pass machinery that limits worker exposure. The trenches proposed 
for construction in this alternative are relatively easy to install if the right 
equipment is available. They would require periodic maintenance to prevent 
clogging and biofouling. Monitoring equipment is easily obtained, and 
monitoring, 5-year site reviews, and groundwater use restrictions are easily 
implemented. 

This alternative would provide no additional risks to human or ecological 
receptors over baseline conditions because all treatment would occur in situ, 
making exposure to groundwater contamination limi ted. Furthermore, no treatment 
residuals are produced by this alternative, although soil excavated by 
constructing each trench may require off-site disposal at an appropriately 
permitted facility. 

Cost. The present worth cost of Alternative M}\-2 is $3,652,000 and is presented 
in Table 6-3. This estimate includes the cost of site preparation, trench 
installation, nutrients and carbon addition, groundwater monitoring, groundwater 
use restrictions, and 5-year site reviews. O&M costs are also included. Based 
on conservative estimates, a period of 12 years may be necessary before the 
surficial aquifer groundwater meets action levels. 

The cost estimate for Alternative MM-2 is presented in Appendix D. Direct cost 
for Alternative MM-2 includes site preparation, nutrient and carbon addition, 
infiltration trenches, and groundwater use restrictions. Direct costs are 
estimated to be $1,852,000, and indirect costs (health and safety, engineering, 
construction, administration, and direct cost contingency) are estimated to be 
$733, 000. Administrative O&M costs are approximately $28,700 per year for 15 
years, and system O&M costs are approximately $94,000 year for 12 years. 

Direct costs include the cost for disposal of excavated soil resulting froIT, the 
excavation of infiltration trenches. These costs were calculated conservatively, 
assuming the soil would be considered hazardous and require disposal in an RC~~ 
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Table 6-3 
Alternative MM-2: Enhanced Biodegradation Cost Summary 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Site preparation 

Enhanced biodegradation 

Pilot study (9 months) 

Trenching, groundwater piping, and installation 

Equipment rental 

Gravel and coarse sand fill 

Groundwater mixing pumps 

Piping, valves, and flowmeters 

Nutrient injection system 

Carbon injection system 

Disposal of excavated soil 

Groundwater piezometers 

Potable water storage 

Groundwater use restrictions 

Total direct cost 

Indirect Costs 

Health and safety (4 percent) 

Engineering and design (10 percent) 

Construction support services (5 percent) 

Administration and permitting (3 percent) 

Direct cost contingency (excluding pilot study, 20 percent) 

Total indirect cost 

O(!,eration and Maintenance {O&M~ Cost 

Administrative O&M (15-year period) 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M (15-year period) 

System O&M (12-year period) 

Biodegradation monitoring and system maintenance 

Utilities 

Present worth, system O&M (12-year period) 

Total Cost 

Note: Totals are rounded. 
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Cost 

$33.000 

$229,000 

$625,000 

$52.000 

$56,000 

$7,000 

$8,000 

$3,500 

$3,500 

$810,000 

$11.000 

$3,500 

$10,000 

$1,852,000 

$74,000 

$185,000 

$93,000 

$56,000 

$325,000 

$733,000 

$20,000 

$8,700 

$279,000 

$93.000 

$1,000 

$788,000 

$3,652,000 



Subtitle C land disposal facility. 
nonhazardous, disposal costs would 

If analytical results 
be reduced by SO to 70 

indicate the soil is 
percent. 

6.3 DETAILED ANALYSIS OF ALTERNATIVE MM-3. Alternative MM-3 is an innovative 
technoloEY consisting of in situ air strip~ing in the source area of the plume, 
with downgradient nutrient infiltration to enhance biodegradation in the 
wetlands. A description of this alternative is presented in Subsection 6.3.1, 
and the technical criteria assessment of this alternative is presented in 
Subsection 6.3.2. 

6.3.1 Description of Alternative MM-3 Similar to Alternative MM-2, this 
alternative is intended to reduce concentrations of organic compounds in 
groundwater without extracting groundwater. The in situ air stripping portion 
of this alternative relies on the volatility of compounds dissolved in the 
aquifer J similar to aboveground air stripping. The enhanced biodegradation 
portion of this alternative is similar to that described for Alternative MM-2. 
However) microbial growth would be stimulated in a part of the plume downgradient 
of the source area, rather than in the entire plume. 

A plan view showing the proposed locations of the in situ air strippers and 
infiltration trenches is shown on Figure 6-4. A conceptual general arrangement 
drawing of in situ air stripping and enhanced biodegradation system is presented 
on Figure 6-5. The following components would be included in this alternative: 

in situ air stripping in the source area, 
vapor treatment and exhaust. 
nutrient and carbon infiltration to the aquifer in the wetlands, 
groundwater use restrictions, 
groundwater and system monitoring, and 
5-year site reviews. 

Based on verbal estimates provided by a vendor for in situ air stripping, it is 
anticipated that TeE and other VOCs would be volatilized using in situ air 
stripping within 2 to 3 years 1 whereas DeB and other SVOCs would require a 
slightly longer duration. Thus, the in situ air stripping portion of this 
alternative was assumed to be operated for a duration of 7 years to volatilize 
VOCs and SVOCs in the source area. The actual duration may be shorter if aerobic 
microbes capable of biodegrading the organic compounds are active. Similar to 
Alternative MM-2 l a duration of 12 years would be required to anaerobically 
biodegrade the aquifer under the wetlands. Thus, treatment durations of 7 and 
12 years are used to estimate implementation and system O&M costs for the source 
area and aquifer in the wetlands area, respectively. A duration of 15 years is 
used to estimate administrative O&M costs to include a final round of sampling 
and a finalS-year review. 

6.3.1.1 In SiLU Air Stripping in the Source Area The decign of the air 
stripping portion of this alternative is based primarily on research performed 
by an in situ air stripping vendor with a patented technology. Because the gas 
transfer mechanisms are similar to that of air sparging, the vendor I s recommenda
tions were verified based on ABB-ES's experience with pilot-scale air sparging 
tests and guidance documents (Wisconsin, 1993a; 1993b). It is anticipated that 
an observational approach would be used to continually modify this design based 
on system performance. 
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If this technology is chosen as the preferred alternative, site - specific 
hydrogeologic studies may be conducted during the design phase to further 
approximate pumping and injection rates. Alternately, the NaV)~ may use existing 
results from pumping tests conducted by USGS at other sites at NAS Cecil Field 
to approximate hydrogeologic conditions. 
be selected using these data. 

Appropriate blower and pump sizes would 

A radius of influence of 40 feet was estimated based on vendor information and 
a review of site-specific conditions at OU 8. It is estimated that five in sicu 
air stripping wells would be required in the source area of the plume. These 8-
inch-diameter and 40-foot-deep wells would use air pressure to circulate 
groundwater to provide the required in sicu gas transfer. Individual, 
submersible pumps would also be used to induce a groundwater flow of 25 gpm in 
each well. Four aboveground regenerative vacuum blowers would be used to induce 
an air flow of 200 cubic feet per minute (ft3 /min) in each well. System 
pipelines and wiring would be connected underground in trenches between the five 
wells and the aboveground system controls. 

Using in situ air stripping in the source area is not expected to adversely 
affect the operation of the enhanced biodegradation system in the downgradient 
area. Well locations in the source area would be selected so that the area of 
influence of volatilization would not encompass the area of the plume treated 
through bioremediation. Treatability studies and pilot tests would be conducted 
to ensure that in situ air stripping at OU 8 would treat the source area only, 
maintaining anaerobic conditions favorable to degradation of TCE in the 
dovmgradient area. 

6,3.1.2 Vapor Treatment and Exhaust Vapor-phase treatment of organics 
volatilized during in situ air stripping would be required prior to exhaust. It 
is estimated that a regenerative thermal oxidation unit would be sufficient to 
remove the types of chlorinated compounds detected at OU 8. This unit contains 
a silica gravel bed with heating units beneath the gravel. Offgases from the air 
stripper would be channelled into the regenerative oxidation unit and the air 
would filter through the silica bed. As the air approaches the heating unit, the 
air is combusted at high temperatures in the presence of oxygen. VOCs are 
destroyed in this manner. The system allows for flow circulation recapturing 95 
percent of the heat generated by the system. 

Samples of organic vapors in the extraction system would be required to assess 
the effectiveness of the regenerative thermal oxidation treatment unit and 
compliance with air discharge limitations. It is estimated that analysis of 
total organic vapors would be sufficient for this purpose, 

6.3.1.3 Nutrient and Carbon Infiltration (Upgradient of the Wetlands) Refer to 
Paragraph 6.2.1.1 for a general description of the nutrient and carbon 
infiltration portion of this alternative, which is the same as for Alternative 
~!M- 2. 

Three trenches, spanning the width of the plume, would be used to infiltrate 
nutrients. Each trench would be approximately 350 to 400 feet long and 
approximately 30 feet deep (corresponding to the dimensions of the downgradient 
part of the plume). The trenches would be constructed as described in Paragraph 
6.2.1.1 for Alternative MM-2 and would also have contingencies for plugging. The 
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distribution of added nutrients and carbon would be assessed and adjusted based 
on the quality of groundwater in observation wells. 

Trenches were chosen over inj eetion wells for nutrient infiltration for the 
reasons described in Paragraph 6.2.1.1. 

6.3.1.4 Five-Year Site Reviews Refer to Paragraph 6.1.1.1 for general 
administrative requirements, which are the same as those described for 
Alternative MM-1. Refer to Paragraph 6.2.1.2 for additional system requirements, 
which are the same as those described for Alternative MM-2. 

6.3.1.5 Groundwater and System Monitoring Refer to Paragraph 6.1.1.2 for 
general site monitoring requirements, which are the same as those described for 
A1 ternative MM-1. Refer to Paragraph 6.2.1. 3 for biodegradation monitoring 
requirements, which are the same as those described for Alternative MH- 2. In 
addition to the activities included in those alternatives, the treatment 
effectiveness of in situ air stripping would also be monitored. Activities would 
include air emissions monitoring, monitoring of the areal extent of treatment, 
air flow rate and pressure adjustments, vacuum and temperature measurements, as 
well as other process monitoring requirements. 

6.3.1.6 Groundwater Use Restrictions Groundwater use restrictions are the same 
as those described for Alternative MM-1 in Paragraph 6.1.1.3. 

6.3.2 Technical Assessment of Alternative MM-3 This subsection presents the 
technical assessment of Alternative MM-3. 

Overall Protection of Human Health and the Environment. This alternative would 
provide protection of human health by preventing use of OU 8 surficial aquifer 
contaminated groundwater as a potable water supply through use restrictions. 
These restrictions would remain in place until action levels are achieved. 
Contaminated groundwater would be treated in the source area through in situ air 
stripping and in the wetlands area through enhanced biodegradation. 

By implementing this ,al,ternative" no apverse short-term,or, cross-~edia effects 
are anti,cipated, although contaminated groundwater would continue to discharg'e' 
to Rowell Creek without anticipated adverse effects. 

Compliance with ARARs. In the short term, this alternative would not achieve 
chemical-specific ARARs. This alternative would eventually achieve chemical
specific ARARs for VOCs such as l,l,l-trichloroethane, 1,1-DCE, 1,2-DCE, and TCE 
through in situ air stripping in the source area. It would further achieve 
removal of VOCs and SVOCs through enhanced biodegradation in groundwater in the 
'wetlands area. This alternative would not reduce the concentrations of inorganic 
contaminants such as aluminum, antimony, iron, and manganese, except through 
natural biological, chemical, and physical processes. As a result, chemical
specific ARARs for inorganics may not be met in the short term. Groundwater and 
biological monitoring will be used to model degradation to assess compliance with 
ARARs. Location- and action-specific ARARs would be met. 

Long-Term Effectiveness and Permanence. This alternative offers a long-term and 
permanent treatment for VOCs and SVOCs in groundwater. Treatment via in situ air 
stripping would reduce concentrations of VOCs and some SVOCs in groundwater. 
Enhanced biodegradation would reduce the concentrations of VOCs and SVOCs in 
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groundwater in the wetlands area and would also eventually remove SVOCs from 
water stripped of VOCs originating from the source area. This alternative does 
not directly address inorganic contamination in groundwater. 

Groundwater use restrictions would prevent potable use of groundwater until 
action levels for VOCs and SVOCs are achieved. Groundwater monitoring would 
provide a means of evaluating the concentrations of contaminants in groundwater 
over time. Use restrictions are generally considered reliable. 

Reduction of Toxicity. Mobility. and Volume of Contaminants through Treatment. 
This alternative would reduce the toxicity, mobility, and volume of VOCs and 
SVOCs in groundwater. In the source area, in situ air stripping will volatilize 
dissolved VOCs and some SVOCs, and organic vapors would be captured for 
subsequent destruction. In groundwater in the wetlands area, the addition of 
nutrient-amended water through infiltration trenches will stimulate microbes to 
use organic contaminants (i.e., VOCs and SVOCs) as a food source, degrading the 
contaminant in the process. 

This alternative would not immediately reduce the toxicity, mobility. or volume 
of inorganic contaminants in groundwater such as aluminum, antimony, iron, and 
manganese, except through natural biological, chemical, and physical transforma
tion processes. 

Short-Term Effectiveness. The in situ air stripping portion of this alternative 
would immediately begin complying with RAOs in the short term because volatiliza
tion and gas transfer is a relatively rapid treatment process and contaminant 
concentrations are being reduced. However, this alternative is only effective 
for VOCs and some SVOCs in groundwater captured in the source area. Enhanced 
biodegradation of groundwater contaminants in the wetlands area ''i!lill not 
initially comply with RAOs for removal of VOCs and SVOCs. This alternative will 
DOL be effective in the short term for cleanup of inorganics. 

Implementabilitv. In situ air stripping is a relatively new technology and few 
full-scale systems have been installed at project sites. A limited number of 
vendors provide this technology; as a result, it may be difficult to implement. 
A vapor treatment system, such as regenerative thermal oxidation, will be 
required to treat offgases generated through treatment. This is a proven 
technology and would not be difficult to implement. 

Exposure to contaminated groundwater is limited during treatment because 
treatment is in situ. Workers would be exposed to contaminated groundwater 
during installation of wells and trenches for treatment. However, well 
installation occurs over a limited period of time, and a single-pass technique 
will be used to install trenches, which reduces worker exposure to contaminated 
media. Treatment residuals from the in situ air stripping process (organic 
vapors), sent to a regenerative thermal oxidation treatment unit, would pose some 
risk Lu system operators. No treatment residuals would be produced during 
biological treatment, although soil excavated during construction of the trenches 
would require disposal. 

Monitoring equipment is easily obtained. Monitoring, 5-year site reviews, and 
groundwater use restrictions are easily implemented. 
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Cost. The present worth cost of Alternative MM-3 is $3,322,000 and is presented 
in Table 6-4. This estimate includes site preparation, in situ air stripping and 
offgas treatment costs, infiltration trenches costs, nutrients and amendments, 
a treatability study, system maintenance, and utilities for the 12-year treatment 
duration. Installation and first year O&M costs are estimated at $2,371,000. 

The cost estimate for Alternative MM-3 is presented in Appendix D. Direct costs 
for Alternative MM-3 include site preparation, infiltration trenches, treatment 
system costs (including compressors, blowers, generators, well installation, and 
the regenerative thermal oxidation uni t), a treatability study J and nutrients and 
amendments. Direct costs are estimated to be $1,493,000 (of which $284,000 are 
for in situ air stripping in the source area and $1,157)000 are for enhanced 
biodegradation in the wetlands area) and indirect costs (health and safety, 
engineering. construction, administration, and direct cost contingency) are 
estimated to be $731,000. Administrative O&M costs are approximately $28,700 per 
year for 15 years. System maintenance O&M costs for in sicu air stripping are 
approximately $61, 000 per year for 7 years. System maintenance O&M costs for 
enhanced biodegradation are approximately $57,000 per year for 12 years. Figure 
6-6 shmvs the breakdown of costs for Alternative MM-3 for the different treatment 
systems proposed. 

Direct costs include the cost for disposal of excavated soil resulting from the 
excavation of infiltration trenches. These costs were calculated conservatively, 
assuming the soil would be considered hazardous and require disposal in an RCRA 
Subtitle C land disposal facility. If analytical results indicate the soil is 
nonhazardous, disposal costs would be reduced by 50 to 70 percent. 

6.4 DETAILED ANALYSIS FOR ALTERNATIVE MM-4. Alternative MM-4 
implementing a groundwater pump-and-treat system to encompass the 
(source area and wetlands), A description of this alternative is 
Subsection 6.4.1, and the technical assessment of this alternative 
in Subsection 6,4.2. 

consists of 
entire plume 
presented in 
is presented 

6.4.1 Description of Alternative MM::-4 This alternative would consist of 
collecting groundwater through a series of extraction wells, providing treatment 
to achieve appropriate criteria and discharging the treated effluent to surface 
water or the FOTW. For the purposes of alternative development and cost 
estimating, it was assumed that surface water (i,e., Rowell Creek) would be the 
receiving body. 

This alternative would also include SVE to treat residual VOCs in soil above the 
depressed groundwater table. It is estimated that the groundwater table may be 
lowered up to 12 feet while pumping. By extracting vapors from areas near the 
groundwater extraction wells, residual VOCs in previously saturated soil could 
be removed as extraction proceeds. This would reduce the possibility of re
contaminating the aquifer when the pump-and-treat system is terminated and the 
groundwater returns to its static level, 

Because pumping would be implemented in the 2.7-acre wetlands area overlying the 
plume at OU 8, wetland monitoring and mitigation are included as a portion of 
this alternative, 
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Table 6-4 
Cost Summary Table for Alternative MM-3: In Situ Air Stripping with 

Enhanced Biodegradation 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Site preparation 

Groundwater treatment system (source area) 

Air stripping wells (5) 

Supply and vacuum blowers (4) 

Piping network 

Vapor treatment system 

Enhanced biodegradation (wetlands) 

Site preparation 

Pilot study 

Biodegradation 

Groundwater use restrictions 

Total direct cost 

Indirect Costs 

Health and safety (4 percent) 

Engineering and design (15 percent) 

Construction support services (10 percent) 

Administration and permitting (3 percent) 

Direct cost contingency (excluding pilot study, 20 percent) 

Total indirect cost 

Operation and Maintenance (O&MI Cost 

Administrative O&M (15-year period) 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth. administrative O&M (15-year period) 

Groundwater treatment system O&M (7-year period) 

Annual system maintenance 

Annual utilities 

Present worth, groundwater treatment system O&M (7-year period) 

Enhanced biodegradation O&M (12-year period) 

Annual system maintenance 

Annual utilities 

Present worth. system O&M (12-year period) 

Total cost 

Notes: Totals are rounded. 
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Cost 

$46,000 

$68,000 

$100,000 

$19,000 

$97,000 

$24,000 

$229,000 

$904,000 

$10,000 

$1,493,000 

$60,000 

$224,000 

$149,000 

$45,000 

$253.000 

$73',000 

$20,000 

$8,700 

$279,000 

$10,000 

$51,000 

$341,000 

$56.000 

$1,000 

$478,000 

$3,322,000 
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A plan view showing the proposed locations of extraction '1.....-ells is sho"WIl on Figure 
6-7. A conceptual general arrangement drawing of the pump-and-trea-:= system is 
presented on Figure 6-8. The following components would be included in this 
alternative: 

groundwater extraction; 
air stripping; 
polymer addition and clarification; 
GAC adsorption; 
treated groundwater discharge: 
vapor extraction, treatment, and discharge; 
groundwater use restrictions; 
groundwater and system monitoring; 
wetland monitoring and mitigation; and 
5-year site reviews. 

Based on groundwater modeling calculations (Appendix C), it is anticipated that 
the pump-and-treat system would be operated for a duration of 9 years to achieve 
groundwater action levels. This duration is used to estimate implementation and 
system O&M costs. A duration of 10 years is used to estimate administrative O&M 
costs to include a final round of sampling and a finalS-year review. 

6.4.1.1 Groundwater Extraction Contaminated groundwater would be collected 
through a series of six extraction wells to capture the entire plume. Each well 
would be 6 inches in diameter, 40 feet deep, and would be constructed of 
stainless steel. Groundwater would be pumped from each '1.....-ell at a rate of 
approximately 5 gpm (for a combined total of 30 gpm). Action levels for 
groundwater are presented in Table 4-2 in Chapter 4.0. Based on hydrogeologic 
modeling, it is estimated that groundwater in the aquifer would be restored to 
the action levels after approximately 9 years of pumping. Modeling results and 
associated calculations for the pump-and-treat system, including anticipated 
zones of influence and capture zones, are provided in Appendix C. 

If this alternative is selected for cleanup of OU 8, site-specific hydrogeologi
cal studies may be necessary during the design phase to verify estimated pumping 
rates, capture zones, and well designs and depths. Alternately, the Navy may use 
the results of pumping tests conducted by USGS at other sites at NAS Cecil Field 
to approximate conditions at au 8. The placement and design of the extraction 
wells would be refined during the remedial design stage. 

In most pump-and-treat systems, stagnation zones of negligible groundwater flow 
occur between wells. These zones could be minimized by changing the pumping 
rates for each well during implementation to promote more efficient aquifer 
flushing. An additional approach to optimizing the effect of stagnation zones 
during groundwater extraction is to reverse the direction of groundwater flow 
after action levels are achieved. Circulating clean water through the aquifer 
can flush the stagnation zones, forcing remaining contaminants to migrate within 
the influence of adjacent extraction wells. 

6.4.1.2 Air Stripping If deemed necessary by initial full-scale testing, the 
pH of extracted groundwater would be lowered with sulfuric acid to prevent 
inorganics from precipitating (and potentially fouling) the packing material. 
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After pH adjustment, extracted groundwater would be treated in a packed tower air 
stripper. The recommended nominal height of the air stripper is 23.S feet and 
the recommended diameter is 18 inches. It is estimated that required percent 
removals (presented in Table 4-4 in Chapter 4. 0) for VOCs in contaminated 
groundwater at OU 8 will be achieved using a stripper with these dimensions. 
Based on the type of packing material selected and the air and water flow rates. 
the stripper dimensions may be varied. Organic vapors would be collected from 
the air stripper and treated with vapor-phase carbon prior to exhaust. Two GAC 
canisters, connected in series, would be used to ensure sufficient treatment of 
vapors. If necessary, pH of the effluent from the air stripper would be raised 
using sodium hydroxide to begin precipitation of oxidized inorganic compounds. 

6.4.1.3 Polymer Addition and Clarification After raising the pH of effluent 
from the air stripper, an anionic polymer would be added to enable flocculation 
of oxidized inorganic cations. The resultant particle mass would settle and be 
removed by a mechanical clarifier. Periodically, sludge from the clarifier would 
be removed, thickened, and dewatered onsite. Excess liquid from the thickened 
and dewatered sludge would be recycled through the process (i. e., lowering of pH 
followed by air stripping). The dewatered sludge would be sampled. analyzed, and 
transported off-site to an approved receiving facility. 

6.4.1.4 Granular Activated Carbon Adsorption Clarifier effluent would be passed 
through GAG for further treatment. GAC treatment would remove any remaining 
VOCs, as well as low concentrations of detected SVOCs and other synthetic 
organics. Periodically, the GAC would require replacement, and spent GAC would 
be shipped off-site for regeneration or disposal. Two GAG canisters, connected 
in series, would be used to ensure sufficient treatment of clarifier effluent. 

6.4.1,5 Treated Groundwater Discharge Treated groundwater would be discharged 
to Rowell Creek. Treated water discharge would be required to satisfy the 
substantive requirements of an NPDES permit, administered by FDEP. Anticipated 
discharge criteria are presented in Table 4-4 in Chapter 4.0. Sampling and 
ar.alysis of the discharge stream would be completed to ensure compliance with 
these criteria. 

Treated groundwater could also be discharged to the FOTli.J in lieu of surface 
water. The FOTW also discharges to Rowell Greek and is required to satisfy 
surface water quality criteria. The FON's activated sludge process would 
provide additional treatment of organic contaminants. Concentrations of 
inorganics in water from au 8 would be diluted upon mixing with the FOT'Iv 

influent. Therefore, parts of the treatment system described above would not be 
required (e,g" polymer addition, clarification, and GAG). Anticipated 
pretreatment requirements for FOTW discharge are presented in Table 4-5 in 
Chapter 4,0. 

6,4.1.6 Vapor Extraction, Treatment, and Exhaust SVE would be implemented to 
collect organic vapors from the enhanced vadose zone adj acent to each groundwater 
extraction well. It is estimated that approximately 900 yd3 of soil contaminated 
wi th TCE would be treated via SVE. Calculations are provided in Appendix C, For 
the purposes of this FS, it is assumed that one 6-inch-diameter, 8-foot-deep 
vapor extraction well would be installed adj acent to the location of each 
extraction well. While the groundwater is depressed during pumping (an estimated 
maximum drawdown of 12 feet), it is anticipated that a vapor flow rate of 30 
ft 3 /min could be sustained from each vapor extraction well. Two GAC canisters 
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'1vould be connected in 
vertical pipeline to 
for required vapor 
Alternative MM-3. 

series to treat the recovered vapors, followed by a 12 - foot 
disperse the treated exhaust. Refer to Paragraph 6.3.1.2 
sampling and monitoring activities as described for 

Although an initial review of the site and soil conditions at au 8 (i.e., sandy 
soil with an anticipated vadose zone of 12 feet bls during groundwater pumping) 
indicates that SVE is a feasible technology, the installation of the SVE wells 
would be phased to optimize design and operational characteristics of the SVE 
system. If necessary, soil in the anticipated SVE area would be sampled, 
classified for soil type, and analyzed for porosity. bulk density, grain size 
distribution, TOe content, and percent moisture to verify the design of SVE well 
sizes, screens, and vapor treatment equipment. One SVE well would be installed, 
operated, and monitored for performance as described in Paragraph 6.4.1.8. Other 
SVE wells would be installed and operated based on the design and performance of 
the first operating well. It is assumed that operation of the single SVE well 
would occur 3 months before the remainder of the SVE wells would be installed. 

6.4.1.7 Five-Year Site Reviews Refer to Paragraph 6.1.1.1 for general 
administrative requirements, which are the same as those described for 
Alternative MM-l. Refer to Paragraph 6.2.1.2 for additional system require
ments, which are the same as those described for Alternative MM-2. 

6.4.1.8 Groundwater and System Monitoring Refer to Paragraph 6.1.1.2 for 
general site monitoring requirements, which are the same as those described for 
Al ternative MM-l. In addition to the groundwater monitoring activities, the 
treatment effectiveness and the operation of the pump-and-treat system and SVE 
system would be monitored. Operational activities would include pH adjustment, 
packing material replacement, sludge management, and other process maintenance 
requirements, Additional monitoring requirements would include extraction system 
performance, such as system flow rates) capture zone estimates, and contaminant 
removal efficiency. For the SVE system, monitoring activities would include air 
emissions monitoring, air flow rate and pressure adjustments, and vacuum and 
temperature measurements. 

6.4.1.9 Wetland Monitoring and Mitigation Wetland monitoring would take place 
because pWllping of groundwater within the wetlands identified at OU 8 is proposed 
for Alternative MM-4. The cost estimate developed for this alternative aSSWlles 
that the wetlands at au 8 would be lost during operation of the pump-and-treat 
system at au 8, and that wetland mitigation to compensate for this loss would be 
necessary. Alternatively, preventative measures could be taken to avoid '1vetland 
loss. 

Prior to implementation of this alternative, a baseline wetland inventory would 
be conducted at OU 8 to fully document initial conditions. Inventory tasks would 
include wetland classification, evaluation of y"l etland functions and values, 
measurement of water levels, sedimentation, wildlife utilization, and inventory 
of vegetative composition. During operation of the pump-and-treat system, 
surface water and groundwater would be sampled to monitor both water quality and 
the hydraulic response of the wetlands to pumping. Wetland monitoring reports 
would be issued on a periodic basis for the first 5 years of operation describing 
any adverse effects to the wetlands and aquatic environment caused by operation 
of the proposed pump-and-treat system. 
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The proposed wetland inventory would not repeat any of the activities performed 
under previous wetland assessments at OU 8) but would identify and fill any data 
gaps in these assessments that are required for remedial design of this 
alternative. If it is determined that existing wetland information is sufficient 
for the purposes of the remedial design, then an extensive baseline inventory may 
not be necessary. However. for cost estimating purposes, it was assumed that 
this inventory would be needed to fill data gaps. 

During the fifth year of operation of the pump-and-treat system, the need for 
wetland mitigation will be evaluated. If loss of wetlands has occurred, wetland 
mitigation would be required. A mitigation plan would be developed and 
implemented. The plan could include provisions for creating new wetlands to 
replace lost functions and values~ or restoring degraded wetlands of similar 
function and value. wetland monitoring would still be conducted at au 8 as 
remedial action continues beyond the fifth year: monitoring reports would be 
issued every 5 years thereafter (as part of the 5-year review) until the final 
5-year review takes place. The final monitoring report would sununarize the long
term monitoring results and identify the need, if any, for additio~al wetland 
mitigation. 

6.4.1.10 Groundwater Use Restrictions Groundwater use restrictions are as 
described for Alternative MM-l in Paragraph 6,1,1,3. 

6.4.2 Technical Assessment of Alternative MM-4 This subsection presents the 
technical assessment of Alternative MM-4. 

Overall Protection of Human Health and the Environment. This alternative would 
provide protection to future users of OU 8 surficial aquifer contaminated 
groundwater as a potable water supply through use restrictions. These 
restrictions would remain in place until action levels are achieved. Additional
ly. contaminated groundwater will be removed from the aquifer and treated. This 
alternative provides a maximum standard of protection to humans (i.e., 
groundwater treatment). 

Operation of pumping 'veIls within the wetlands at au 8 may have adverse effects 
on this area. Direct impacts would involve clearing of wetland vegetation and 
possibly filling to obtain access for well installation. Discharge of treated 
groundwater to Rowell Creek (via direct pipeline or through the FOTW) may have 
potential adverse effects, including increased flow to Rowell Creek, concentrated 
point discharge, modification of seasonal hydrologic contributions, elevated 
stream temperature, reduced biological oxygen demand, and pH modification. 
Indirect effects may include alteration of wetland and surface water hydrology 
by pumping in the wetlands, which in turn may modify the plant and species 
communities and reduce the existing wetland functions and values at au 8. 

Compliance with ARARs. This alternative would comply with all chemical-specific 
ARARs. Groundwater would be removed and treated until required treatment levels 
are achieved. Extracted groundwater would be treated to either surface water 
discharge criteria or FOTW discharge levels, whichever is appropriate, To meet 
location-specific ARARs, the substantive requirements for well installation and 
groundwater extraction within the wetlands at au 8 would need to be met. The 
substantive requirements of an NPDES permit would need to be met for discharge 
of treated groundwater to Rowell Creek, Action-specific ARARs would be met by 
this alternative. 
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Long-Term Effectiveness and Permanence. This alternative offers a long-term, 
permanent remedy for groundwater contamination, without relying on natural 
transformation processes. 

Extraction and treatment via air stripping and GAG would reduce organic 
contaminant concentrations, and treatment via chemical precipitation and 
clarification would reduce concentrations of inorganics. SVE would remove VOGs 
remaining in soil in the vadose zone and drawdown areas created during pumping 
of groundwater. This would reduce the effect of residual contamination on 
groundwater contamination as the water level rises when pumping ceases. 
Groundwater use restrictions would also prevent hwnan consumption of groundwater 
until action levels are achieved. Groundwater monitoring would provide a means 
of evaluating the concentrations of contaminants in groundwater over time. All 
controls proposed in this alternative are considered reliable. 

Reduction of Toxicity, Mobilitv, and Volume through Treatment. This alternative 
reduces the toxicity, mobility, and volume of VOCs, SVOCs, and inorganics in 
extracted groundwater. VOGs such as 1, I-DCE and TCE 'ilTould be volatilized in the 
air stripper, and the subsequent vapors would be treated through vapor phase 
carbon. SVOCs such as 1,2-DCB would be removed by a liquid-phase carbon system. 
Inorganics would be separated from the waste stream via chemical separation, thus 
requiring subsequent off-site transport and disposal. VOCs removed from the 
vadose zone through SVE would be treated via vapor-phase carbon. 

Short-Term Effectiveness. This alternative would comply with RAOs in the short 
term because groundwater use restrictions would be implemented. In addition, 
contaminated groundwater would be collected and treated, thus reducinK",the rate 
o,f downgradient contaminant migration through the aquife:v and discharge t-o'-R~:Welr 
Creek. '" ~~ ",' 

Implementability. Installation of extraction wells, SVE wells, treatment of the 
groundwater, and discharge to surface water would not pose a significant risk to 
workers I and are all proven treatment methods. Residuals produced through 
implementing this alternative (e.g., sludge and spent carbon) would be collected 
for off-site transport, treatment, and/or disposal at appropriately permitted 
facilities. Substantive requirements for well installation and groundwater 
extraction in the wetlands area would have to be met, and the substantive 
requirements of an NPDES permit would have to be met. 

Monitoring equipment is easily obtained and groundwater monitoring, 
reviews, and groundwater use restrictions are easily implemented. 
implementing wetland mitigation, if necessary, is not known. 

5-year site 
The ease of 

Cost. The present worth cost of Alternative MM-4 is estimated at $2,970,000 and 
is presented in Table 6-5. This estimate includes the cost of site preparation, 
a groundwater extraction system, an SVE system, a full treatment system, 
discharge to surface water, system O&M, and utilities for the 9-year system 
duration. 

The cost estimate for Alternative MM-4 is presented in Appendix D. Direct costs 
for Alternative MM-4 include site preparation, treatment system costs, pH 
adjustment, an air stripping system, a liquid-phase carbon system (including 
regeneration), a clarifier, miscellaneous piping and equipment, liquid-phase 
carbon (including regeneration), and an SVE system. Direct costs are estimated 
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Table 6-5 
Alternative MM-4: Pump and Treat with Discharge to 

Rowell Creek Cost Summary 

Feasibility Study, Operable Unit B 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Site preparation 

Groundwater treatment system 

Groundwater extraction and discharge system 

pH adjustment 

Clarification 

SOli vapor extraction 

Sludge handling equipment 

Air stripper 

GAG treatment 

Wetland mOnitoring and mitigation 

Groundwater use restrictions 

Total direct cost 

Indirect Costs 

Health and safety (4 percent) 

Engrneering and design (15 percent) 

Construction support services (10 percent) 

Administration and permitting (3 percent) 

Direct cost contingency (20 percent) 

Total indirect cost 

Oper.tion and Maintenance [O&M) Cost 

Administrative O&M (10-year period) 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M (10-year period) 

System O&M (9-year period) 

Annual system maintenance 

Annual utilities 

Present worth, system O&M (9-year period) 

Total cost 

Note: Totals are rounded. 
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Cost 

$55,000 

$294,000 

$22,000 

$110,000 

$147,000 

$55,000 

$16,000 

$22,000 

$565,000 

$10.000 

$1,296,000 

$52,000 

$194,000 

$130,000 

$39.000 

$259,000 

$674,000 

$20.000 

$8,700 

$211,000 

$72,000 

$44.000 

$789,000 

$2,970,000 



to be $1,296,000, and indirect costs (health and safety, engineering, construc
tion, administration, and direct cost contingency) are estimated to be $674,000. 
Administrative O&M costs are approximately $28,700 per year for 10 years. System 
maintenance O&M costs are approximately $116,000 per year for 9 years. The 
installation and first year O&M cost is estimated to be $2,115,000, Figure 6-9 
shows the effect of performing versus not performing wetland mitigation on costs 
for Alternative MM-4. 

6.5 DETAILED ANALYSIS OF ALTERNATIVE MM-5, Alternative MM-5 consists of a pwnp
and-treat system for the source area of the plume, with enhanced biodegradation 
in the wetlands. A description of this alternative is presented in Subsection 
6.5.1, and the technical assessment of this alternative is presented in 
Subsection 6.5.2. 

6.5.1 Description of Alternative MM-S This alternative is a combination of MH-2 
and MM-4, and consists of extracting groundwater from the source area, treating 
the collected water to achieve groundwater criteria, mixing the treaten water 
with nutrients, and infiltrating the treated, nutrient-rich water through a 
single trench located just upgradient of the wetlands. 

As in Alternative MM-4, groundwater from the source area would be collected using 
a series of extraction wells, which will be augmented with SVE. Extracted 
groundwater would then be treated using the same process described for 
Alternative MM-4. If this alternative is selected, the treatment system 
recommended for Alternative MM-4 would be capable of achieving groundwater 
criteria (as opposed to the surface water criteria required for Alternative 
MH-4) . 

A plan view showing the proposed locations of the extraction wells and the trench 
is shown on Figure 6 -10. A conceptual general arrangement drawing of the 
combined pwnp-and-treat and enhanced biodegradation system is presented on Figure 
6-11. This alternative consists of the following components: 

groundwater extraction in the source area; 
groundwater treatment; 
nutrient and carbon infiltration upgradient of the Yletlands; 
vapor extraction, treatment, and exhaust; 
5-year site reviews; 
groundwater and system monitoring; and 
groundwater use restrictions. 

Similar to Alternative MM-4, it is anticipated that the pump-and-treat system in 
the source area would be operated for a duration of 9 years to achieve 
groundwater criteria. Similar to Alternative MM-2, a duration of 12 years would 
be required to anaerobically biodegrade the wetlands. Thus, treatment durations 
of 9 and 12 years are used to estimate implementation and system 0&11 costs for 
the source area and wetlands, respectively. A duration of 15 years is used to 
estimate administrative O&M costs to include a final round of sampling and a 
finalS-year review. 

6.5.1.1 Groundwater Extraction in the Source Area Groundwater extraction would 
be as described in Paragraph 6.4.1.1 for Alternative MM-4. Because groundwater 
would be extracted from only the source area, four groundwater extraction wells 
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would be required, as opposed to six. The wells would be constructed as 
described for Alternative MM-4. The combined groundwater flow rate would be 20 
gpm, as opposed to the 30 gpm rate estimated for Alternative MM-4. 

6.5.1.2 Groundwater Treatment Groundwater treatment would be as described in 
Paragraphs 6.4.1.2 through 6.4.1.4 fot Alternative MM-4. All of the componen~s 
of the groundwater treatment system would be required for this alternative to 
meet treatment levels listed in Table 4-6 in Chapter 4.0. As in MM-4. it would 
take approximately 9 years to remove groundwater above action levels for OU 8. 

6.5.1.3 Nutrient and Carbon Infiltration (Upgradient of the Wetlands) This 
treatment process would be the same as described in Paragraph 6.3.1.3 for 
Alternative MM-3. Besides the difference in the number of trenches proposed (one 
as opposed to three for MM-3), the primary difference between the infiltration 
system described for Alternative MM-3 and this alternative's system is the source 
of water for nutrient mixing. This system will rely on the extracted, treated 
groundwater for mixing nutrients and organic carbon. Thus, the infiltration rate 
is somewhat dependent upon the rate of extraction and treatment. The treated, 
nutrient-rich water would be infiltrated through trenches to accomplish the 
following objectives: 

provide a controlled, monitored method of discharge; 
introduce nutrients to enhance downgradient biodegradation; and 
maintain the hydraulic conditions in the wetlands. 

Clogging of the infiltration trench is not anticipated because reduced (soluble) 
forms of inorganic contaminants would be present in the treated water. There 
would be an insufficient source of carbon for bacterial growth within the trench, 
because the water used for mixing nutrients is treated groundwater from the 
source area that is then used for reinjection. 

HOvtever, the following contingencies 
provide operational flexibility: 

If the treated groundwater 
aquifer under the wetlands, 
surface water or the FOTW. 
stringent for groundwater 
discharge. 

would be included in this alternative to 

exceeds the hydraulic capacity of the 
a portion of it would be discharged to 
Treatment levels for injection are more 

than levels for surface water or FOTW 

If clogging does occur, trenches would be isolated to allow maintenance 
while the treated groundwater is routed to surface water or the FOTW. 

As indicated in MM-2 and MM-3, the treatment time would be approximately 12 
years. 

6.5.1.4 Vapor Extraction j Treatment, and Exhaust The SVE treatment process 
would be the same as described in Paragraph 6.4.1.6 for Alternative MM-4. 
Similar to that described for Alternative MM-4, one vapor extraction well would 
be installed adjacent to each groundwater extraction well. 

6,5,1.5 Five-Year Site Reviews General administrative requirements are as 
described in Paragraph 6.1.1.1 for Al ternative MM-1. Refer to Paragraph 6.2.1. 2 , 
Alternative MM-2, for additional system requirements. 
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. ~ The. general site monitoring Groundwater and System Monltorlng MM-l. Also 6.5.1.6 h 6 1 1 2 for Alternative requl'rements are as described in Paragrap .". 't as d monitoring requlrernen 5 h 6 2 3 1 for biodegra atlon refer to Paragrap t:' t-LM 2 pump-and-treat monitoring requirements are as described for Alterna lve -, , 6 4 1 8 described for Alternative MM-4 In Paragraph ' ' . ' 

. t' s Groundwater lise 6.5.1,7 Groundwater Use Restr~c 10n . 
described in Paragraph 6,1,1.3 for Alternatlve MM-l. 

restrictions are as those 

6.5.2 Technical Assessment of A~ternative MH-5 This subsection presents the 
technical assessment of Alternatlve MM-S. 

This alternative would . f H Health and the Environment. overall Protect~on 0 uman . use of au 8 surficial aquifer groundwater as a provide proteetlon by preventlng ~ t' Contaminated groundwater would 1 through use restYle lons. - d potable water supp Y d this w~ter would then be rnlxe d d.... ted in ..... he source area, an c:1- •• h be extracte an L.rea L. .. h to induce biodegradat~on ~n t e with nutrients for infiltrat~on ~n a trenc . h wetlands area, This alternative provides a high standard of protectlon to wnans 
(i.e" groundwater creatrnent), 

By implementing th~s alterna~~ve, no a:'.'erse short-.t:~::~, or .cross-cedia effeGs are ant~c~pated although cOEL~m~nated gyoundwa-cer w~ll C:J:;tlnue to :.~scharge ":L~'C!" ............... .. Rm'lell Creek until enhanced ":liodegradation beco::les effect:~':e. 

Compliance with ARARs. This alternative ';v'oulc comply with all cbe~~cE.~ ~specific ARARs in the source area. Contaminated ground, .. .:ra'C-2r will be extracted a:-_G. :::reated until groundwater act:ion levels are achieved. Chemical-specific groundwater ARARs in the wetlands area will eventually be me~ for VOCs and SVOCs through enbanced biodegradation. Inorganics in the wetlands area groundwater will eventually meet chemical-specific ARARs through natural biological, chemical. and physical processes. A permit may be required to allow reinjection of treated groundwater at OU 8. Location- and action-specific ARARs would be met. 

Long-Term Effectiveness and Permanence. This alternative offers a long-term and permanent remedy for groundwater contamination, while relying on enhancement of natural transformation processes. 

Extraction and treatment (in the source area) via air stripping and vapor phase carbon treatment would reduce the concentrations of VOCs. Clarification and GAG polishing for source area contaminated water would reduce the concentrations of SVOCs and inorganics in extracted groundwater and prepare the treated water for reinjection in the wetlands area. The SVE system '\vould remove any VOCs remaining in the vadose zone created by the pumping wells. Introduction of nutrients and amendments in the wetlands area for enhanced biodegradation would aid in decreasing the concentration of organic contaminants. However, for treatrrent of inorganic contaminants, such as tron, naturally occurring processe!:; would be the main source of treatment. 

Groundwater use restrictions would prevent use of groundwater as a potable water supply until action levels are achieved. Groundwater and biological monitoring would provide a means of evaluating the concentrations of contaminants in groundwater over time. All controls proposed in this alternative are considered reliable, 
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Reduction of Toxicit- Mobilit, and Volume f G t -

Thl· lt - 0 on amlnants Throu h Tr t t 
s a ernatl ve reduces the toxici t b"1 . ea men . 

inorganic contaminants in extracted y, rno 1 lty, and volume of VOCs, SVOCs, and 

be treated via air stripping, and ~~Oeunod;ater from t~e so~rce ar.ea, VOCs would 

treated with GAG I - fgas from Lhe aIr strIpper would be 

. norganlcs would be precipit ~ d th h 
SVOGs would be removed through 1- -d h aLe roug clarification and 

IquI -p ase GAG poli h- B 
groundwater is being removed f h' S lng. ecause contaminated 

rom t 15 area the vol f ~-

groundwater is reduced Residu 1 t' .: ume 0 CODL-amlnated 

. a con amlnatlon lD the vad 
pwnping of the extraction wells will b d OSe Zone caused by the 

area, the addition of nutrients and : ~move ~hrou~h ~VE. In the wetiands 

(VOCs and SVOGs) Inorga i _ ham n ents wIll aId In degrading organics 

d . n cs In t e wetlands area will be rernov d from the 

graun water through naturally occurring transformation processes. e 

Short-Term Effectiveness. This altern~tive w 

the short term because groundw t 0- .oul.d reduce human health risks in 

dd-t- h' a er use restrlctlons would be implerne t d I 

a 1 lon, t 1S alternative would rapidly comply with RAO t h n e. n 

b
. J 

sat e source area. 

ecause co~_::aITlnated groundwater would be collected and treated, which would also 

preve:--:: ::::)-,,;·-:'..~::2.c~ent rnigratior. of cO:1:aminants from the source area through the 

aquifer . ~_c-.:2ver, it will take some time befor2 the nutrients and amendments 

i ---"!~-'!f. gin to n~~·_::-ally degrade the organics present ~~_ the downgradient groundwater 

\, .... __ ... _""l'_.J. ...... ume 1T1. :::-.0::. wetlands a.rea. 

Impleme:-::ability_ Instal~2.."::::'on of groundwater extraction wells, SVE wells, 

-:r'2~:-:-:-e.;::.: of the ground'i';-s::e:::-. and reinjection -.;qol<.ld not pose a significant risk 

to · .... -orkers, and are al:'.. ';noven treatment methods. Workers would be exposed to 

contaminated groundwate~ during installation of wells and the trench. However, 

well installation occurs over a limited period of time, and a single-pass 

technique will be used to install the trench, which reduces worker exposure to 

contaminated media. Residuals produced through implementing this alternative 

(e. g., sludge and spent carbon) would be collected for off-site transport. 

treatment, and/or disposal at appropriately permitted facilities. No treatment 

residuals would be produced during biologic~l treatment, although soil excavated 

by constructing the trench would require off-site disposal. 

Monitoring 
monitoring. 
implemented. 

equipment is easily 

5-year site reviews, 
obtained and groundwater and 

and groundwater use restrictions 
biological 
are easily 

Cost. The present worth cost of Alternative MM-5 is $4,072,000 and is presented 

in Table 6-6. This estimate includes the cost of site preparation, a groundwater 

extraction system, an air stripper equipped with vapor-phase carbon for offgas 

treatment, clarifier, GAG polishing, SVE system, reinj ection through infiltration 

trenches, nutrients and amendments, system maintenance, utilities, monitoring, 

and groundwater use restrictions for the l2-year system duration. 

The cost estimate for Alternative MM-5 is presented in Appendix D. Direct costs 

for Alternative MM- 5 include site preparation, treatment system costs, pH 

adjustment, an air stripper with carbon regeneration costs, a clarifier, GAG 

polishing units with carbon regeneration costs, an SVE system. an infiltration 

trench, nutrients and amendments, and groundwater use restrictions. Direct costs 

are estimated to be $1,810,000 (of which $585,000 are for extraction and 

treatment in the source area and $1,158,000 are for enhanced biodegradation in 

the wetlands area), and indirect costs are estimated to be $894,000. Administra

tive O&M costs are approximately $28,700 per year for 15 years. System O&M costs 
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Table 6-6 

Alternative MM-S: Pump and Treat with Reinjection for 

Enhanced Biodegradation Cost Summary 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Site preparation 

Groundwater treatment system (source area) 

Groundwater extraction and piping to reinjection system 

p'-i adjustment 

Clarification 

Soil vapor extraction 

Sludge handling equipment 

Air stripper 

GAC treatment 

Enhanced biodegradation (wetlands) 

Site preparation and recharge trenches 

Pilot study 

Biodegradation 

Groundwater use restrictions 

Total direct cost 

Indirect Costs 

Health and safety (4 percent) 

Engineering and design (15 percent) 

Construction monitoring services (10 percent) 

Administration and permitting (3 percent) 

Direct cost contingency (excluding pilot study. 20 percent) 

Total indirect cost 

Operation and Maintenance (O&MI Costs 

Administrative O&M (15-year period) 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M (15-year period) 

Groundwater treatment system O&M (9-year period) 

Annual system maintenance 

Annual utilities 

Present worth, groundwater treatment system O&M (9-year period) 

Enhanced biodegradation O&M (12-year period) 

Annual biodegradation monitonng and system maintenance 

Annual utilities 

Present worth, enhanced biodegradation O&M (12-year period) 

Total cost 

Note Totals are rounded. 
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Cost 

$57,000 

$233,000 

$22,000 

$110,000 

$137,000 

$55,000 

$13,000 

$15,000 

$24,000 

$229,000 

$905,000 

$10,000 

$1,810,000 

$72,000 

$271,000 

$181,000 

$54,000 

$316,000 

$894,000 

$20,000 

$8,700 

$279,000 

$46,000 

$44,000 

$612,000 

$56,000 

$1.000 

$477[000 

$4,072,000 



for groundwater treatment and SVE are approximately $90,000 per year for 9 years. 
System O&M costs for enhanced biodegradation are approximately $57,000 per year 
for 12 years. Installation and first year O&M costs are estimated to be 
$2,880,000. Figure 6-12 shows the breakdown of costs for Alternative MM-5 for 
the different treatment systems proposed. 

6.6 DETAILED ANALYSIS FOR ALTERNATIVE MM-6. Naturally occurring biological, 
physical, and chemical processes within the surficial aquifer at OU 8 would be 
relied on to reduce the concentrations of TCE and l,l-DeE in groundwater over 
time. This alternative includes all components of Alternative MM-l, but also 
includes biodegradation monitoring to ensure that aquifer conditions are amenable 
to natural biodegradation. Alternative MM-6 contains no active measures for 
treatment or containment of groundwater at au 8. A description of this 
alternative is presented in Subsection 6.6.1 and the technical assessment of this 
alternative is presented in Subsection 6.6.2. 

6.6.1 DescriPtion of Alternative MM-6 Natural attenuation relies on natural 
biological and chemical processes occurring wi thin the surficial aquifer to 
reduce contaminant concentrations in groundwater. Microorganisms within the 
aquifer use organic contaminants such as TCE and l,l-DCE as substrate (food), 
reducing contaminant concentrations through metabolic activity. Physical 
processes such as volatilization, sorption, advection, and dispersion further 
reduce contaminant concentrations naturally within the aquifer. 

Samples of groundwater collected during an initial study from au 8 were analyzed 
by ABB-ES's biotreatability laboratory for methane, ethane, and ethene. Results 
showed that methane was present, indicating that conditions within the aquifer 
were anaerobic and that biodegradation of TCE was occurring. Anaerobic 
conditions are particularly favorable for degradation of TCE. Nitrogen, carbon, 
and phosphorus, which occur naturally at OU 8, would further speed the 
degradation process. The following components would be included as part of this 
alternative: 

5-year site reviews. 
groundwater monitoring, 
biodegradation monitoring, 
groundwater modeling, and 
groundwater use restrictions. 

As described in Alternative MM-l, it is estimated that it will take between 35 
and 62 years to flush TCE and other organic contamination to Rowell Creek and out 
of the surficial aquifer. The biodegradation monitoring component of Alternative 
MM-6 will help to assess the degradation and reduction of organics within the 
aquifer, thus allowing an evaluation of the effectiveness of natural attenuation 
as a treatment technology. Since the estimated treatment time is over 35 years, 
the administrative O&M cost estimate will be capped at a duration of 30 years, 
in accordance with CERCLA guidance (USEPA, 1988a). 

6.6.1.1 Five-Year Site Reviews Refer to Paragraph 6.1.1.1 for general 
administrative requirements, which are the same as those described for 
Alternative MM-l. In addition to the activities described for Alternative MM-l, 
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the effectiveness of natural attenuation as a treatment technology would be 
assessed. Analytical results would be reviewed and, if necessary, alternative 
measures for treatment of groundwater at OU 8 would be considered. 

6.6.1.2 Groundwater Monitoring Refer to Paragraph 6.1.1.2 for general site 
monitoring requirements, which are the same as those described for Alternative 
MM-l. The relative concentrations of contaminants would be evaluated based on 
data collected from each groundwater sample analyzed, to confirm the extent of 
reduction in contaminant concentrations and migration of contaminants. 

6.6.1.3 Biodegradation Monitoring In addition to groundwater monitoring for 
contaminants, as described in Paragraphs 6.1.1.2 and 6.6.1.2, biodegradation 
monitoring of the groundwater would be implemented to determine the effectiveness 
of natural attenuation as a treatment for surficial aquifer contaminants at au 8. 
Moni taring would occur on a quarterly basis for the first year and annually every 
year thereafter. Samples would be collected from the 12 existing monitoring 
wells shown on Figure 6-13. As mentioned in Paragraph 6.1.1.2, these wells are 
already installed at OU 8. A total of 13 samples would be collected for analysis 
during each round of sampling: one from each well and one additional quality 
control sample at one of the wells. The wells were selected as described in 
Paragraph 6.1.1.2. 

During the first S years, biological parameters of the groundwater at OU 8 will 
be monitored to confirm and more accurately measure the rate of natural 
degradation of contaminants, particularly the effectiveness of this treatment in 
reducing concentrations of TeE and l,l-DeE. The following parameters will be 
analyzed: 

TeE, 1,1-DeE, and vinyl chloride; 

sulfate. chloride, nitrate, ethene, and methane; 

total and ferrous iron; 

dissolved organic carbon; and 

field measurements of redox potential, pH, dissolved oxygen, alkalin
ity, and temperature. 

Measurements of these parameters and their variation over time at OU 8 will allow 
evaluation of the extent of natural biodegradation occurring, the overall 
conditions within the aquifer, and the relative migration of contaminants. The 
data will help determine if natural attenuation is effective in reducing 
contaminant concentrations (and thus risks to human receptors). Based on 
evaluation of the data, additional measures to reduce contaminant concentrations 
may be implemented. 

If, after the first 5-year review, it is determined that natural attenuation is 
sufficiently reducing contaminant concentrations at OU 8, groundwater sample 
collection and analysis would continue to be performed once per year for the 
remainder of the alternative duration (i.e., 2S years). During this time, the 
data from sample analyses will serve to further enSure that natural degradation 
processes are still occurring within the aquifer. The development and cost 
estimate for this alternative assumes that this will occur. 
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6.6.1.4 Groundwater Modeling Numerical modelling ,'ill be performed to simulate 

p lurne :novement and degradation over time. Annual analytical results \,\Till be 

input into the model to assist in updating biodegradation rates and treatment 

times. 

6.6.1.5 Groundwater Use Restrictions Refer 

description of groundwater lise restrictions, 

described for Alternative MM-l. 

6.6.2 Technical Assessment of Alternative MM-6 

technical assessment of Alternative MM-6. 

to Paragraph 
,,,hich are the 

6.1.1.3 
same as 

for a 
those 

This subsection provides the 

Overall Protection of Human Health and the Environment. This alternative would 

provide a minimum standard of protection to future human receptors who may use 

au 8 groundwater as a potable "'later supply. Exposure to contaminated groundwater 

would be prohibited via groundwater use restrictions. Humans would be prevented 

from installing a drinking water well within the surficial aquifer at OU 8 nnd 

drinking untreated groundwater. This alternative would not provide a maximum 

standard of protection to humans because no active treatment measures will be 

taken at the site. 

No adverse short-term or cross-media effects are anticipated as _a result' of_ 

implementing this natural attenu~tio_n alternative. However, contaminated 

ground\vater is expected to continue to discharge to the wetlands ane. Rowell 

Creek, while it undergoes natural transformation processes. 

Compliance with ARARs. This alternative would not comply wi~h chemical-specific 

ARARs (e.g., MCLs or Florida Guidance Concentrations, FDEP, 1994a) in the short 

term, but eventually would comply with ARARs when natural processes within the 

aquifer reduce contaminant concentrations. RAOs would be met in the short term 

by implementing groundwater use restrictions I but contaminant concentrations will 

not be immediately reduced. Location-specific and action-specific ARARs would 

be met as no adverse effects are evident in the wetlands or Rowell Creek as a 

result of past waste disposal. Natural attenuation does not trigger location

specific or action-specific ARARs. 

Long-Term Effectiveness and Permanence. Naturally- occurring processes are 

expected to reduce contaminant concentrations in the aquifer over the long term. 

Ho,\vever, human risks due to ingestion of groundwater from the surficial aquifer 

would not be addressed via treatment and would remain over a period of several 

(3 to 6) decades until concentrations are reduced by natural processes. 

Groundwater monitoring would provide a means of evaluating the concentrations of 

contaminants in groundwater and assessing the degradation rate of contaminants. 

In addition, biodegradation moni toring of indicator parameters wi thin the aquifer 

would help to evaluate the effectiveness of natural attenuation in reducing 

contaminant concentrations. Adminiscrative actions proposed in this alt:e.rnative 

would provide a means of exposure control, but would not provide a permanent, 

irreversible remedy for risks posed by groundwater contaminants. Groundwater and 

biodegradation monitoring as well as administrative actions are considered 

reliable controls. 

Reduction of Toxicity, Mobility, and Volume through Treatment. Although no 

active treatment is included in this alternative, contaminant toxicity of VOCs 
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and SVOCs will be reduced over time through natural degradation processes. and 
inorganics will be reduced through natural transformation processes. However, 
this alternative would not provide a reduction in contaminant mobility or volume 
because neither groundwater contairunent nor extraction is proposed. This 
alternative would not increase the rate of natural transformation processes that 
reduce the toxicity) mobility, or volwne of contaminants in groundwater; however, 
biodegradation monitoring will allow an assessment of the effectiveness and rate 
of natural degradation processes. 

Human health toxicity posed by ingestion of groundwater contaminants would remain 
until concentrations are reduced by natural processes. No treatment residuals 
would be produced if this alternative were implemented. 

Short-Term Effectiveness. This alternative would reduce human health risks in 
the short term because groundwater use restrictions would be implemented. Humans 
would be prevented from drinking untreated water from the surficial aquifer. 

This alternative would not comply with RAOs or treatment levels in the short term 
because the only means of contaminant reduction posed by this alternative is 
natural attenuation. Based on the results of the BRA, this alternative does not 
pose a threat to workers through exposure to contaminated groundwater. 

Implementabili ty. This alternative does not require any construction for 
implementation. Other activities, such as groundwater and biodegradation 
monitoring, implementation of groundwater use restrictions, and 5-year site 
reviews are easily implemented, although administratively burdensome. Several 
vendors provide these services in the Jacksonville area. 

Cost, The estimated present worth cost of Alternative 11!~-6 is $606,000 and is 
presented in Table 6-7. This estimate inclUdes the cost of the groundwater 
monitoring program. the biodegradation monitoring program, groundwater modelling, 
groundwater use restrictions, and 5-year site reviews over a 30-year period, as 
suggested by USEPA guidance (USEPA, 1988a), As previously stated, a period of 
35 to 62 years may be necessary before contaminants in the groundwater are 
sufficiently degraded by natural processes to achieve action levels. 

The cost estimate for Alternative MM-6 is presented in Appendix D. Direct costs 
for Alternative MM-6 include establishing groundwater use restrictions and 
conducting groundwater modeling for au 8. Direct costs are estimated to be 
$20,000, and indirect costs (preparation of health and safety plan, sampling and 
analysis plan, direct cost contingency) are estimated to be $24,000. Administra
tive O&M costs are estimated at $72,100 per year for the first year and $40,700 
per year for years 2 to 30. Administrative O&M costs include annual groundwater 
and biodegradation monitoring and annualized 5 -year site reviews. Year one 
costs are estimated to be $128,000, 

6,7 DETAILED ANALYSIS FOR ALTERNATIVE MM-7, Alternative MM-7 consists of the 
installation of a permeable reactive wall containing zero-valent iron material 
across the migration path of the groundwater plume at OU 8. As contaminated 
groundwater passes through the wall under natural groundwater flow conditions, 
the contaminants are removed through chemical and physical processes. Hydraulic 
barriers (e,g" slurry walls or similar) would be installed at either end of the 
reactive wall to direct the flow of groundwater toward the reactive portion. 
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Table 6-7 

Alternative MM-6: Natural Attenuation Cost Summary 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville. Florida 

Cost Item 

Direct Costs 

Groundwater Use Restrictions 

Groundwater Modelling 

Total Di Teet Cost 

Indirect Costs 

Preparation of Health and Safety Plan 

Preparation of Sampling and Analysis Plan 

Direct Cost Contingency (20 percent) 

Total Indirect Cost 

O~eration and Maintenance (O&MI Costs 

Administrative O&M (30·year period) 

Annual Groundwater Monitoring 

:::ive-year Reviews (annualized) 

Quarterly Biodegradation Monitoring (first year) 

Annual Biodegradation Monitoring (years 2 to 30, annualized) 

Present Worth of Administrative O&M (30-year period) 

Total cost 

Note: Totals are rounded to the neaTest $1,000. 

CEC-OUB,"S 

ASW,10 97 6-46 

Cost 

$10,000 

$10,000 

120,000 

$7,500 

$12,500 

$4,000 

$2.4.000 

$20,000 

$8,700 

$43,400 

$12,000 

$562,000 

$606.000 



This alternative is a passive, in situ treatment technology that is considered 
to be an emerging, innovative technique for treating groundwater contaminated 
with dissolved halogenated organic compounds. A description of this alternative 
is presented in Subsection 6.7.1, and the technical criteria assessment of this 
alternative is presented in Subsection 6.7.2. 

6.7.1 Description of Alternative MM-7 Similar to Alternative MM-2, this 
alternative is intended to cause the degradation of organic contaminants in 
groundwater at au 8, without extracting groundwater. The permeable reactive wall 
technology (described in Chapter 5.0) relies on the thermodynamic instability of 
carbon atoms in halogenated organic compounds, such as TCE and 1,I-DCE. in a 
reducing environment, thus causing iron in the permeable reactive wall to be 
oxidized while TCE and I, I-DCE are reduced. Once these chemicals have been 
reduced. degradation of the chemicals to DCE, vinyl chloride, ethenes, and 
ethanes occurs. This technology is patented by EnvironMetal Technologies, Inc., 
of Ontario, Canada. 

A plan view showing the proposed location of the 
hydraulic barrier walls is shown on Figure 6-14. 
the in situ permeable treatment wall is shown on 
components would be included in this alternative: 

permeable reactive wall and 
A schematic cross-section of 
Figure 6 -15. The following 

perform bench-scale testing for permeable reactive wall and hydraulic 
barriers, 

perform fate and transport modeling, 

install permeable reactive wall and hydraulic barriers, 

monitor groundwater and wetlands, 

perform 5-year site reviews, and 

observe groundwater use restrictions. 

Because this technology relies on naturally flowing groundwater conditions, the 
treatment time for this alternative would be the time it would take to flush all 
TCE-contaminated groundwater from the source area to the permeable reactive wall, 
or 62 years (Appendix C). However, in accordance with CERCLA guidance (USEPA. 
1988a), the administrative O&M cost estimate associated with this alternative is 
capped at a duration of 30 years. 

6.7.1.1 Perform Bench-Scale Testing Prior to implementing this alternative at 
OU 8 I a bench-scale study would be performed. The study would generate 
information necessary to design the permeable reactive wall and the associated 
hydraulic barriers. 

First, column tests would be conducted. In a column test, a cylindrical canister 
is filled with granular iron or a mixture of iron and sand, and groundwater from 
OU 8 is passed through the container. The effluent is sampled and analyzed. 
This study would evaluate the following: 
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occurrence of mineral precipitation within the reaction containers and 
in the effluent, 

presence of hydrogen gas, and 

fate of inorganic chemicals in solution. 

Second, a study would be conducted to support the design of the hydraulic barrier 
that would be used to funnel groundwater through the reactive wall. This study 
would include the following: 

detailed hydrogeologic evaluation to ensure that the application of 
this technology is hydraulically feasible and to support the selection 
of the depth and location of the hydraulic barrier. At this time, it 
is anticipated that the hydraulic barrier would not be keyed into a 1mv
permeabili ty stratum; therefore, a detailed evaluation of the hydrogeo
logy at OU 8 and its effects on the design of the hydraulic barrier 
would be conducted. This evaluation would aid in both the determina
tion of the required final depth of the wall and the estimation of the 
volume of water to be pumped or removed during installation of the 
hydraulic barrier. This evaluation would also provide other necessary 
design information such as minimum and maximum design parameters (e.g., 
K of barrier and reactive wall sections). 

a comprehensive laboratory program to develop and design the backfill 
mix for the hydraulic barrier and to determine the compatibility of the 
backfill mix with au 8 groundwater contaminants. 

6,7,1,2 Perform Fate and Transport Modeling Once the bench- scale study has been 
performed, fate and transport modelling of groundwater at OU 8 would be 
conducted. The purpose of this modelling is to predict the fate of organic and 
inorganic chemicals in groundwater as it discharges to the wetlands and Rowell 
Creek, and to evaluate degradation byproducts of groundwater as it passes through 
the reactive wall. This modelling would attempt to predict if any adverse 
effects would occur (e.g., formation of precipitates as treated groundwater 
discharges to the wetlands). If adverse effects are predicted, the design of the 
system would be adapted to address these concerns. This modelling would also be 
used to design the permeable reactive wall and hydraulic barrier. 

6.7,1,3 Install Permeable Reactive Wall and Hydraulic Barrier For this 
alternative, the two hydraulic barrier sections would be constructed before the 
permeable reactive wall. 

As discussed in Chapter 5.0, the selected hydraulic barrier alternative for OU 8 
is an SB wall. An SB slurry wall would be constructed at OU 8 by excavating a 
narrow, vertical trench approximately 2 feet wide and 40 feet deep. During 
excavaLion, the trench would be continually filled with a BW slurry, containing 
approximately 5 to 6 percent bentonite by weight, The slurry would stabilize the 
sidewalls of the excavation and provide a bentonite filter cake on the trench 
sidewalls, thus adding to the low permeability characteristics of the completed 
",2.1l. The slurry would be maintained within 2 to 3 feet below the top of the 
excavation and a minimum of 3 to 5 feet higher than the water table. 
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The trench would be excavated with an excavator or crane-operated clamshell. 

After the trench is excavated, it would be backfilled with the engineerec, low 

permeabelity backfill. The specific materials used for the backfill would be 

determined in the bench-scale test. 

It is anticipated that the backfill would be mixed on the ground surface (called 

the "working platform l1
) remote from the trench. Because the hydraulic barrier 

would be installed within the wetlands, mixing of the backfill immediately 

adj acent to the trench is not practical. Therefore, excavated soil \ViII be 

transported to a remote location, where the backfill would be prepared by 

sluicing the soil with slurry (and possibly additional dry bentonite) and then 

tracking and blading the material wi th the bulldozer until a homogenous backfill 

results. The prepared backfill would then be transported back to the trench and 

pushed or dumped into the open excavation. The excavation and backfilling 

operations would occur simultaneously: the portion of the trench being excavated 

should be at least 25 feet ahead of the toe of the backfill slope, The 

excavation and backfilling operations would continue until a continuous 'I.,-rall has 

been constructed. 

The permeable reactive wall would be constructed once the hydraulic barriers have 

been installed. The permeable reactive section is typically constructed by 

driving sheet pile into the ground to form a cell. The native sand within the 

cell is then excavated and replaced with the reactive material (i.e., a mixture 

of sand and commercial iron, as determined by the bench- scale study). The sheet 

piling is then removed, thus allowing the contaminant plume to flow through the 

cell under natural conditions. It is anticipated that a cell 150 feet long, 40 

feet deep, and 2 feet 'I.,-ride would be necessary to treat groundwater at au 8 (see 

Appendex D for calculations). The feasibility of using this installation method 

at au 8 would be studied during the bench-scale study. 

6.7,1.4 Groundwater and Wetland Monitoring 

requirements are described in Paragraph 6.1.1.1 
The general site monitoring 

for Alternative MM-l. 

Additional monitoring would be necessary for this alternative to evaluate 

piezometric and chemical conditions after groundwater passes through the 

permeable reactive wall. It is anticipated that five additional monitoring 'Ivells 

'Ivould be necessary and would be placed as shown on Figure 6 -14. Groundwater 

samples would be collected from these wells, in addition to those proposed in 

Paragraph 6.1.1.1, and analyzed for VOCs, SVOCs, and inorganics, in addition to 

water quality parameters (pH, temperature I conductivity). Sampling would occur 

quarterly during the first year of operation and then annually thereafter until 

the 5-year review. Sample frequency would be reevaluated at that time. 

In addition to groundwater, the wetlands would be monitored. This monitoring 

would include a baseline survey of wetland conditions that would include 

measurement of water levels, observations of sedimentation, an inven-::.ory of 

vegetative composition, and general uuservations of quality of wetlands. Onr.e 

this baseline survey is completed, a reevaluation of site conditions would occur 

on an annual basis concurrently with groundwater monitoring. During the 

reevaluation, any deviations from the baseline would be noted. If adverse 

effects are occurring, the evaluation report would identify corrective measures 

necessary, and the system operation would be reevaluated. 
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6,7.1.5 Five-Year Site Reviews General administrative 
described in Paragraph 6.1.1.1 for Alternative MM-1. Refer to 
Alternative MM-2, for additional system requirements. 

requirements are 
Paragraph 6.2.1.2, 

6,7.1.6 Groundwater Use Restrictions Groundwater use restrictions are described 
in Paragraph 6.1.1.3 for Alternative MM-l. 

6.7.2 Technical Assessment of Alternative MM-7 
technical assessment of Alternative MM-7. 

This subsection presents the 

Overall Protection of Human Health and the Environment. This alternative would 
provide protection of hwnan health by preventing the use of OU 8 surficial 
aquifer groundwater as a potable water supply through use restrictions. 

Contaminated groundwater would be treated as it passes through the permeable 
reactive wall. The treatability of COCs at OU 8 would be evaluated during the 
bench-scale study. At this time j it is predicted that this alternative would 
provide treatment for chemicals that are contributing to the total risk posed to 
human receptor s at the site (i. e., TCE, 1,1-DCE, and 1, 2 - DeE) and wi thin 
approximately 75 percent of the plume volume (i.e., the portion of the plume that 
is upgradient of the permeable reactive wall). 

Compliance with ARARs. This alternative would most likely achieve chemical
specific ARARs for chlorinated organic COCs present in areas upgradient of the 
reactive wall, because these compounds would be treated as groundwater flows 
through the reactive wall. This alternative may not achieve chemical-specific 
ARARs for SVOCs, PCBs, and inorganics, and would not achieve chemical-specific 
ARARs for chlorinated organics in areas downgradient of the plwne. The fate of 
all chemicals present in OU 8 groundwater, when exposed to zero -valent iron j 
would be evaluated during the bench-scale study. At this time, studies have not 
been specifically conducted to determine the treatability of SVOCs, PCBs, and 
inorganics. Location- and action-specific ARARs would be achieved. 

Long-Term Effectiveness and Permanence. Currently, the initial field trial of 
this technology (in Borden, Ontario, Canada) has been in operation for 4 years 
and has proven successful in reducing the concentration of chlorinated organic 
compounds with no degradation of the reactive wall. In situ permeable reactive 
walls have been installed at two sites in the U.S. (industrial facilities located 
in California [full-scale] and New York [pilot-scale]) in September 1995 and May 
1995, respectively. Preliminary data available from these sites also indicate 
effectiveness at reducing the concentrations of chlorinated organic compounds. 

Laboratory tests have been conducted to simulate over 20 years of use of a 
permeable reactive wall. The results indicate that the chemical activity of the 
iron material was maintained. However, the first full-scale implementation of 
this technology has been in place for only 4 years. Therefore, the long-term 
effectiveness of the wall has not been field verified. At this time, it is 
anticipated that if the effectiveness of the wall were to decrease in the long
term, the reactive materials of the wall could be agitated or replaced. For the 
purpose of this FS and the cost estimate, it was asswned that agitation or 
replacement of the permeable reactive wall would not be necessary. 

Other factors that are unknown at this time and will be studied during the bench
scale test include the following: 
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The fate of inorganic compounds with respect to this treatment 
technology is unclear at this time. 

The pH of the solution after passing through a reactive wall is 
generally observed to increase, and thus the effects of the discharge 
of trpRt~rl water to the wetlands and Rowell Creek is unclear at this 
time. 

Precipitates or films may form on the reactive materials. Although 
neither precipitates nor films appeared to inhibit the rate of the 
degradation reaction in laboratory studies, they could limit the 
hydraulic lifetime of the wall. 

The ability of this technology to reach action levels is uncertain. It may be 
appropriate to combine this alternative with MH-6, Natural Attenuation, thus 
addressing other compounds not treated by this technology. 

Groundwater use restrictions would prevent the use of groundwater as a potable 
'ivater supply until action levels are achieved. Groundwater and wetland 
monitoring would provide a means of evaluating the concentrations of contaminants 
in groundwater over time. 

Reduction of Toxicitv. Mobilitv. and Volume of Contaminants through Treatment. 
This alternative would most likely reduce the toxicity, mobility, and volume of 
chlorinated organic compounds and, thereby, the volume of contaminated groundwa
ter, at OU 8. These compounds would be treated via abiotic reductive dechlorina
tion. The transformation of a wide range of organics has been demonstrated in 
the laboratory, with reaction rates varying from moderate to remarkably high. 

This alternative does not propose a treatment 
PCBs, or inorganics; thus, the toxicity, 
contarni~ants would not be reduced. 

technology that addresses 
mobility, and volume of 

SVOCs, 
these 

Short-Term Effectiveness. This alternative would reduce human health risks in 
the short term because groundwater use restrictions would be implemented. Also, 
the contaminants that are posing a risk to human receptors (i.e .. I,l-DCE, TCE, 
and 1,2-DCE) would be addressed via treatment. 

Implementability. Installation of a reactive wall would not pose a 
risk to workers or the environment; however, workers would be 
contaminated media during excavation for the walls. 

significant 
exposed to 

No treatment residuals are anticipated through implementing this alternative, 
although a portion of soil excavated through construction of the walls 'i'lould 
require off-site disposal. If a SB slurry wall is constructed, excavated soil 
could be used in the backfill for the hydraulic barriers. 

Iron is commercially available, effective at treating COGs, and inexpensive. 
Monitoring equipment is easily obtained and groundwater, wetland, 5-year site 
reViews, and groundwater use restrictions are easily implemented. 

Cost. The present worth cost of Alternative MM-7 is $2,170,000 and is presented 
in Table 6-8. This estimate includes the cost of site preparation, installing 

CEe-oUB FS 
ASW 10 97 6-53 



Table 6-8 
Alternative MM-7: In Situ Permeable Reactive Wall Cost Summary 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Bench~scale studies 

Fate and transport modelling 

Permeable reactive wall 

Hydraulic barner 

Disposal of excavated materials 

Groundwater use restrictions 

Install monitoring wells 

Wetland monitoring 

Total direct cost 

Indirect Costs 

Health and safety (2 percent) 

Engineering and design (10 percent) 

Construction support services (5 percent) 

Admmistrative and permitting (5 percent) 

Direct cost contingency (20 percent) 

Patent fee for use of technology (15 percent) 

Contingency planning (10 percent) 

Total indirect cost 

Annual Operation and Maintenance (O&M) Costs (30 years) 

Administrative O&M 

Five-year reviews (annualized cost) 

Annual groundwater mOnitoring system O&M 

Groundwater monitoring 

Wetland monitoring 

Present worth of O&M for 30 years 

Tot.1 Cost (includes 10 percent contingency) 

Note: Totals are rounded to the nearest $10,000. 
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Cost 

$34,000 

510,200 

$150,000 

$300,000 

$193,000 

$10,000 

$10,000 

$35,000 

$742,000 

$14,800 

$74,200 

$37,100 

$37,100 

$148,000 

$111,000 

$74,200 

$496,000 

$8,700 

$20,000 

$10,000 

$14,000 

$725,000 

$2,170,000 



the cutoff wall, monitoring, groundwater use restrictions for the 62-year system 
duration, and indirect costs associated with use of an innovative, patented 
technology. 

The cost estimate for Alternative MM-7 is presented in Appendix D. Direct costs 
for Alt_p.rn,gtive MM-7 include bench-scale studies, fate and transport modeling, 
site preparation, wall installation, and groundwater use restrictions. Direct 
costs are estimated to be $742, 000, and indirect costs are es timated to be 
$496,000. Administrative 0&11 costs are approximately $28,700 for 15 years. 
System O&M costs for groundwater and wetland monitoring are $24, 000 for 30 years. 
Installation and first year O&M costs are estimated to be $890,000. 

6.8 DETAILED ANALYSIS FOR ALTERNATIVE MM-8. As with Alternative MM-3, 
Alternative MM-8 consists of in situ air stripping in the source area of the 
plume. Where Alternative MM-3 applied nutrient infiltration downgradient of the 
source area, Alternative MM-8 will use phytorernediation as a groundwater 
contaminant migration control measure and natural attenuation to remediate the 
midsection of the plume. A description of this alternative is presented in 
Subsection 6.8.1 and a technical criteria assessment of this alternative is 
presented in Subsection 6.8.2. 

6.8.1 Description of Alternative MM-8 This alternative is intended to reduce 
concentrations of organic compounds in groundwater without mechanically 
extracting groundwater. The in situ air stripping portion of this alternative 
relies on the volatility of compounds dissolved in the aquifer, similar to 
aboveground air stripping. To enhance the remediation of groundwater migrating 
toward Rowell Creek, this alternative inclUdes the planting of selected species 
of plants and/or trees to provide treatment of groundwater to below treatment 
levels. These trees will be planted in a portion of the plume downgradient of 
the source area and upgradient of the wetlands. In between the tree-line and 
Rowell Creek , natural attenuation of contaminants will be monitored. 

A plan view showing the proposed locations of the in situ air strippers and the 
phytoremediation tree-line is shown on Figure 6-16. A conceptual general 
arrangement drawing of the in situ air stripping and phytoremediation system is 
presen'Ced on Figure 6-17. The components of Alternative MM-8 include the 
following: 

in situ air stripping in the source area, 
vapor treatment and exhaust, 
bench-scale treatability testing of plant species, 
cultivation of plants suitable for contaminant removal, 
harvesting and removal of plants that have bioaccumulated COCs, 
treatment and disposal of rooted plants, if necessary, 
groundwater Use restrictions 1 

groundwater and system monitoring, 
natural aLleuuation monitoring, 
replanting of specific plant species, if needed, and 
S-year site reviews. 

Based on air stripping and hydrogeological modeling, it is anticipated that TCE 
and other VOCs would be volatilized within a few years, while DCB and other SVOCs 
would require a slightly longer duration. The goal of the source treatment is 
to reduce the highest contaminant concentrations to levels that are seen in the 
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dmmgradient portion of the plume. It is not the intent to treat source area 
groundwater to target cleanup levels. Thus, the in situ air stripping portion 
of this alternative would be operated for a duration of 2 years to ensure 
volatilization of VOGs in the source area. The actual duration may be lower if 
aerobic microbes exist that are capable of biodegrading the organic compounds. 

The phytoremediation system and natural attenuation of downgradient groundwater 
'ii,ill continue to operate until the plume has been naturally attenuated below 
target cleanup levels. For phytoremediation, the treatment time is unknown until 
field-scale pilot testing is done; however, it is estimated that it will take at 
least 10 years. Natural attenuation without source control was estimated to take 
35 to 62 years (see MM-6). For estimating purposes, it is assumed that natural 
attenuation with source control will reduce the cleanup time in half (15 to 30 
years) . 

Thus, treatment durations of 2 and 30 years are used to estimate implementation 
and system O&M costs for the source area and downgradient plume area, respective
ly. 

6.8.1.1 In Situ Air Stripping in the Source Area Refer to Paragraph 6.3.1.1 for 
a general description of in situ air stripping in the Source Area. 

6.8.1.2 Vapor Treatment and Exhaust Refer to Paragraph 6.3.1.2 for a general 
description of the vapor treatment and exhaust. 

6.8.1.3 Phytoremediation in the Wetlands Phytoremediation will be implemented 
in the wetlands to prevent groundwater migration. There are several methods used 
by plants to remove or retard contaminants. The most common are listed below. 

Rhizodegradation-- the absorption, concentration, and precipitation of 
contaminants by plant roots allowing for microbial consumption. 

Phytoextraction-- the extraction and accumulation of contaminants in 
harvestable plant tissues, including roots and surface shoots. 

Phytotransformation-- the degradation of complex organic molecules to 
simple molecules and the incorporation of these molecules into plant 
tissues. 

Phytostimulation-- the stimulation of microbial and fungal degradation 
by release of exudates and/or enzymes into the root zone. 

Phytostabilization-- the use of plants to absorb contaminants, thereby 
reducing their mobility and preventing their migration. 

Bench-Scale Testin£ of Plant Species. Since phytoremediation is an innovative 
technology in the early stages of development, laboratory research on plant 
species needs to be conducted to determine processes and select the species with 
the greatest affinity for site contaminants. Preliminary research has identified 
poplar trees and cottonwood trees, which have been used successfully for TGE 
contaminants in shallow groundwater (USEPA, 1996). For the purposes of this FS 
and for cost estimating, it will be assumed that poplar trees will be the most 
effective for remediation of site COGs. 
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Cultivate Plan~s Suitable for Contaminant Removal. After bench-scale testing of 
plants is complete, a supply of these plants will need to be available for 
planting at Site 3. This can be done either by purchase at plant farms or by 
cultivation elsewhere at NAS Cecil Field. A typical layout may consist of three 
rows of poplar trees with 6-foot spacing planted perpendicular to groundwater 
flow. This equates to approximately 200 trees with 66 in each row. 

Harvest and Remove Plants with Bioaccumulated Chemicals of Concern. Once plants 
have accumulated contaminants, trees can be harvested and roots removed, with 
disposal or subsequent processing methods dependent on the toxicity of the end 
products of in-plant organic chemical processing and the storage locations and 
relative concentrations of contaminants within plant tissue. 

Treat and Dispose of Rooted Plants. If organic contaminants are degraded to 
harmless compounds, disposal may not be required. If significant accumulation 
takes place only in roots, then only these tissues must be disposed of or 
processed. Preliminary information indicates that wood from trees that have 
taken up or degraded TCE and contain metabolites of TCE can be used for pulp. 

6,8.1.4 Natural Attenuation Naturally occurring mechanisms would reduce 
contaminant concentrations in groundwater over time. Natural mechanisms that 
would contribute to the remediation of the site include hydrolysis, volatiliza
tion, dispersion, and biodegradation. With the source of contamination removed, 
infiltration of rainfall into the aquifer will flush the aquifer with clean 
water. At Site 3, the plume has already reached Rowell Creek and is not expected 
to increase in volume. Biodegradation of organic contaminants with naturally 
occurring microorganisms that use these contaminants as food would occur. 

6,8.1,5 Five-Year Site Reviews Refer to Paragraph 6,1,1.1 for Alternative MM-1 
general administrative requirements. Refer to Paragraph 6.2.1.2 for Alternative 
MM-2 for additional system requirements. 

6,8.1. 6 Groundwater and System Monitoring Refer to Paragraph 6,1.1.2 for 
Alternative MM-l general site monitoring requirements. Samples of groundwater 
would be collected for analysis of indicator parameters to determine the rate of 
natural attenuation. The same wells used for groundwater monitoring would be 
used for this purpose (see Alternative MM-1), Twelve other shallow groundwater 
monitoring wells should be installed up gradient within, and downgradient of, the 
trees at 100 - foot intervals in the north- south direction to monitor plume 
containment. These monitoring locations are shown on Figure 6-16. Samples of 
groundwater would be collected for analysis of indicator parameters to determine 
the rate of biodegradation from these and other wells. The following biological 
indicator parameters would be analyzed in addition to those listed for 
Alternative MM-l. The frequency of sampling would be quarterly for a period of 
5 years, and then annually for the remainder of the groundwater monitoring 
program. 
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TCE, DeE, vinyl chloride, ethene, and methane 
Nitrite, and nitrate 
Sulfide and sulfate 
Total and dissolved iron and 
Field measurements of redox potential, pH, and dissolved oxygen 
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An evaluation of the differences in these parameters between wells, and their 
variation over time, \vould be used to model the type, degree, and rate of 
biodegradation and phytoremediation in the saturated subsurface. Groundwater 
elevations beneath the phytorernediation tree-line should also be monitored to 
assure that proper water table depression and containment is maintained. 

In addition, the treatment effectiveness of in situ air stripping would also be 
monitored, Activities would include air emissions monitoring, monitoring of the 
areal extent of treatment, air flow rate and pressure adjustments, Vacuwn and 
temperature measurements, as well as other process monitoring requirements. 

6.8.1.7 Groundwater Use Restrictions Refer to Paragraph 6.1.1.3 described for 
Alternative MM-l. 

6.8,2 Technical Assessment of Alternative MM-8 This subsection presents the 
technical assessment of Alternative Mtl-S. 

Overall Protection of Human Health and the Environment. This alternative would 
provide protection to human health by preventing humans from using OU 8 surficial 
aquifer groundwater as a potable water supply through use restrictions. These 
restrictions would remain in place until action levels are achieved, Contaminated 
groundwater in the source area would be treated using in situ air stripping, and 
downgradient groundwater would be treated by phytoremediation and natural 
attenuation. 

By implementing this alternative, no adverse short-term or cross-media effects 
are anticipated. 

Compliance with ARARs. This alternative \vould eventually achieve chemical
specific ARARs for VOCs and SVOCs through physical and natural mechanisms. 
Treatment will not reduce the concentrations of inorganic constituents such as 
aluminum, antimony, arsenic, iron, and manganese. However, natural biological, 
chemical, and physical processes may slowly reduce the concentrations of 
inorganics in the surficial aquifer. Groundwater and biological monitoring will 
be used to evaluate degradation processes for compliance with ARAE~s. Location
specific and action-specific ARARs would also be met. 

Long-Term Effectiveness and Permanence. This alternative offers a long-term, 
permanent remedy for groundwater contamination. Groundwater use restrictions 
would prevent human consumption of groundwater until treatment levels are 
achieved through physical and biological degradation. It is anticipated that 
treatment duration would be approximately 30 years to reduce organic contaminant 
concentrations to action levels for VOCs and SVOCs. This alternative would meet 
the RAOs in the long term. 

Biological monitoring would provide a means of evaluating the biological activity 
at the site, Groundwater monitoring would pl-ovide a means of evaluating the 
concentrations of contaminants in groundwater and predicting the degradation rate 
of contaminants. All controls proposed in this alternative are considered 
reliable; however, periodic water table elevation monitoring should be performed 
to assess groundwater movement at the tree-line. 

Reduction of Toxicity, Mobility, and Volume through Treatment. This alternative 
would accelerate reduction in contaminant toxicity of VOCs and SVOGs by enhancing 
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natural degradation processes with limited source control and phytoremediation. 
The toxicity of inorganic contaminants would be reduced at a much slower rate 
through natural processes. During degradation, this alternative would not 
provide a significant reduction in contaminant mobility or volume because neither 
groundwater containment nor extraction is proposed. The possibility of human 
health risks posed if groundwater is ingested would remain until concentrations 
are reduced by biodegradation and in situ air stripping. 

Short-Term Effectiveness. This alternative would be effective in the short term 
because groundwater use restrictions would be implemented. preventing drinking 
water use of the surficial aquifer. This alternative would eventually reduce 
human health risks posed by groundwater contamination. Natural biological, 
chemical, and physical processes would eventually remove inorganics. ROv-rever, 
this alternative would not comply with RAOs in the short term. 

Imnlementabilitv. This alternative poses some threat to workers through exposure 
to contaminated groundwater. However, worker exposure will be monitored during 
well installation and tree planting. Trees would require watering during the 
initial growth stage until a complete root zone is developed. Watering too much 
is not recommended as contaminants bound in the soil matrix could be dissolved 
into the groundwater. Monitoring equipment is easily obtained, and monitoring, 
5-year site reviews. and groundwater use restrictions are easily implemented. 

This alternative would provide no additional risks to human or ecological 
receptors over baseline conditions because all treatment would occur in situ, 
making exposure to groundwater contamination limited. Soil excavated during the 
planting of tree-lines as well as the trees that are used to extract contaminants 
from groundwater may require off-site disposal. 

Cost. The present worth cost of Alternative MM-8 is $1,867,000 and is presented 
on Table 6-9. This estimate includes the cost of site preparation, recirculation 
well ir.stal1ation, tree planting, groundwater monitoring, groundwater use 
restrictions, and 5-year site reviews. O&M costs are also included. Based on 
conservative estimates, a period of 30 years may be necessary before the 
surficial aquifer groundwater meets action levels. 

The cost estimate for Alternative MM-8 is presented in Appendix E. Direct cost 
for Alternative MM-8 includes site preparation, recirculation wells, plants, 
fertilizer, and groundwater use restrictions. Direct costs are estimated to be 
$485,000 and indirect costs are estimated to be $244,000. Administrative O&M 
costs are approximately $1,019,000 per year for 30 years, and system O&M costs 
are approximately $65,000 per year for 2 years. Installation and first year O&M 
costs are estimated at $860,000. Figure 6-14 shows the breakdown of costs for 
Alternative MM-8 for the different treatment systems proposed. 
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Table 6-9 
Cost Summary Table for Alternative MM-8: In Situ Air Stripping with 

Phytoremediation followed by Natural Attenuation 

Feasibility Study. Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Site preparation 

Groundwater treatment system (source area) 

Air stripping wens (5) 

Supply and vacuum blowers (4) 

Piping network 

Vapor treatment system 

Phytoremediation (wetlands) 

Pilot scale treatability tests 

Purchase and plant non-native species (two times) 

Harvest and remove trees 

Transport and dispose of rooted trees 

Site restoration and demobilization 

Natural attenuation 

Groundwater use restrictions 

Groundwater modeling 

Total direct costs 

Indirect Costs 

Health and safety (4 percent) 

Engineering and design (10 percent) 

Construction monitoring services (10 percent) 

Administrative fees (3 percent) 

Administration and permitting (3 percent) 

Direct cost contingency (excluding pilot study. 20 percent) 

Total indirect cost 

Operation and Maintenance (O&MI Cost 

Administrative O&M (30 year period) 

Groundwater treatment system (source area) (2 years of operation) 

Annual groundwater monitoring 

Five~year reviews (annualized) 

Present worth. administrative O&M for aLr stripping (2~year period) 

See notes at end of table. 

CEe-GUS FS 
ASW.10 97 6-62 

Cost 

$50,000 

$68,000 

$100,000 

$19,000 

$97,000 

$31.000 

$77,000 

$13,000 

$4,000 

$6.000 

$10.000 

$10,000 

$485,000 

$19.000 

$49,000 

$49,000 

$15,000 

$15,000 

$97.000 

$244,000 

$20.000 

$9,000 

$53,000 



Table 6-9 (Continued) 
Cost Summary Table for Alternative MM-8: In Situ Air Stripping with 

Phytoremediation followed by Natural Attenuation 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville. Florida 

Cost Item 

O~eration and Maintenance {O&M) Cost (Continued) 

Phytoremediation 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M for phytoremediation (28-year 
period) 

Natural attenuation 

Annual groundwater monitoring 

Quarterly biodegradation monitoring (first year) 

Annual biodegradation monitoring (years 2 to 30, annualized) 

Present worth of administrative O&M for natural attenuation (30-year 
period) 

Total present worth of administrative O&M 

System O&M 

Groundwater treatment system (source area) 

Annual system maintenance 

Annual utilities 

Present worth of system O&M for groundwater treatment (2 years) 

Phytoremediation (wetlands) 

Inspect and water 

Present worth of system O&M for phytoremediation (2 years) 

Total present worth of system O&M 

Total Cost 

Notes. Totals are rounded to the nearest thousand. 
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Cost 

$27,000 

$9,000 

$496,000 

$20,000 

$43,000 

$12,000 

$470,000 

$1,019,000 

$10,000 

$51,000 

$112,000 

$4,000 

$7,000 

$119,000 

$1,867,000 
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7.0 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

This chapter presents a comparison of remedial alternatives to one another vlith 
respect to the threshold and primary balancing criteria defined in the NCr. This 
comparison is intended to provide relative performance to identify t":p.chnical 
advantages and disadvantages so that key trade-offs can be identified for the 
decision maker to support the selection of a preferred alterative. As discussed 
in Chapter 6.0 , threshold criteria and the primary balancing criteria are used 
to evaluate each alternative. These are used in this chapter to compare the 
performance of alternatives. 

The final criteria (i.e .. modifying criteria consisting of State and co~nunity 
acceptance) are evaluated after the public comment period for the PP. It is 
anticipated that modifying criteria will be used in conjunction with the 
information presented herein to select an appropriate remedial alternative for 
OU 8. 

The following sections present a comparison of alternatives with respect to 
threshold and primary balancing criteria, as well as implementation time and 
costs, the two most distinguishing characteristics of the alternatives. In 
addition: a sensitivity analysis of selected cost components (O&M and off-site 
disposal of excavated soil) is presented. Also presented are possible 
modifications to the alternatives presented in Chapter 6.0. 

7,1 COMPARISON OF IMPLEMENTATION TIME. Conceptual time comparisons among 
alternatives are presented on Figure 7-1. This figure qualitatively shows the 
relative time required for VOCs, SVOCs, and inorganic compounds to be attenuated 
for each alternative. Qualitatively, Alternative l-lM-3 would achieve rapid 
removal of VOCs throughout the plume (12 years), with quickest removal of VOCs 
at the source area by in situ air stripping (7 years). Alternative MM-2 would 
also achieve rapid removal of VOCs throughout the plume (12 years), Alternatives 
MM-2 and MM-3 would achieve rapid removal of SVOCs (12 years), with Alterno.tive 
MH-3 having a slightly shorter time because some of the more volatile SVOCs vwuld 
be removed at the source area via in situ air stripping (7 years). Alternative 
MM-4 would achieve the quickest removal of VOCs, SVOCs, and inorganics (9 years) 
by extracting groundwater from the aquifer across the entire plume and treating 
the contaminated water ex situ. Alternative MM-5 achieves removal of VOCs, 
SVOCs, and inorganics in the source area through extraction and treatment (9 
years), whereas the VOCs and SVOCs in the groundwater beneath the wetlands area 
would be treated through enhanced biodegradation (12 years). Alternative M}!-8 
would achieve cleanup criteria in 30 years. Alternatives MM-l and MM-6 would 
rely primarily on natural transformation processes for all constituents and, 
thus, would require the longest remedial time (62 years). Although Alternative 
MM- 7 achieves removal of VOCs through in si tu treatment. groundwater must travel 
through the permeable reactive wall under naLural flow conditions. Some SVOCs 
and inorganics may be treated by this technology; however, the treatability of 
these compounds has not been specifically studied at this time. Therefore, it 
is assumed that SVOCs and inorganics would be treated through natural trans forma -
tion processes, thereby requiring a 62-year cleanup timeframe. 

Based on the time to reduce TCE to the desired level in the aquifer, associated 
costs are shown on Figure 7-2. 
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Alternative MM-4, which relies on extracting and treating contaminated 
groundwater at au 8, is estimated to have the shortest cleanup time (9 years) but 
has the same relative cost as Alternative MM-3, which relies on in sicu air 
stripping (7 years) and enhanced biodegradation (12 years). 

7.2 COMPARISON OF THRESHOLD CRITERIA. 

Overall Protection of Human Health and the Environment. The only significant 
risk identified for contaminants at au 8 is a potential future risk, posed by the 
use of groundwater as a potable (drinking) water supply. The surficial aquifer 
is not currently used as a drinking water supply, and it is unlikely that it will 
be used for drinking in the future because there is a drinking water well within 
1.S miles of au S. In addition, current reuse plans under consideration through 
the base closure process include the continued use of the flightlines as landing 
strips. If this reuse is chosen, au 8 would be unattractive for residential use 
due to its close proximity to the flightlines. 

Each of the alternatives would protect human health through imposing groundwater 
use restrictions until action levels are attained. For Alternative MM-l, action 
levels could eventually be achieved through natural transformation processes 
(i.e., physical, chemical, and biological) but, based on current site informa
tion, the rate of natural transformation is anticipated to be slow. Like 
Alternative ~1M-l, Alternatives MM-6 and MM-S rely on the natural transformation 
process within the aquifer to achieve action levels. However, monitoring of 
aquifer conditions would provide factual information on the rates of degradation, 
identify unexpected changes in migration flowpaths, and provide the basis for 
estimating when action levels can be expected to be achieved. 

Al ternatives MM-4 and MM- S would provide an aggressive groundwater extraction and 
treatment system (i. e. J pump and treat) to directly remove dissolved contaminants 
from the shallow aquifer. These alternatives are proven techniques for removing 
the bulk of contaminated groundwater, and calculations done for this FS estimate 
that extraction and treatment of groundwater would be completed in 9 years 
(Appendix C). However, experience at other groundwater remedial projects has 
shown that attainment of drinking water criteria through extraction and treatment 
may require a prolonged period of operation, which would make attainment of the 
action levels technologically impractical. Alternative MM-5 would pose less 
possibility of adverse environmental impacts to the wetlands than Alternative MM-
4, because the hydraulic conditions in the wetlands would be preserved by slowly 
infiltrating treated J nutrient-rich water. 

Alternatives MM-2, MM-3, and MM-8 are also protective of human health, but the 
technologies they employ are not as well-demonstrated in the field as the pump
and-treat technology proposed for Alternatives MM-4 and MM-S. In particular, in 
situ air stripping proposed for Alternatives MM-3 and MM-8 is an innovative, 
patented technology and few full- scale operations have been completed to dat_e. 
Each of these alternatives is dependent on transformation processes occurring 
belowground that are more difficult to control and predict than aboveground 
processes because conditions are interpreted from limited subsurface explora
tions. 

Alternative MM- 7 would reduce concentrations of target chlorinated organic 
compounds within au 8 groundwater before groundwater discharges to Rowell Creek. 
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The ability of Alternative MM- 7 to meet target cleanup levels is uncertain 
because this is an innovative technology. At the current time, several bench
scale studies and three full-scale applications have shown that the permeable 
reactive wall technology will degrade chlorinated organic contaminants (TCE, 1,1-
DCE, and 1,2-DCE) and possibly some inorganics. Based on these observations, it 
is -prRdi eted that this alternative would provide treatment for chemicals that are 
contributing to the total risk posed to human receptors at the site and within 
approximately 75 percent of the plwne volwne (i.e., the portion of the plume 
located upgradient of the reactive wall) . 

Compliance with NL~s. All alternatives are anticipated to eventually achieve 
chemical-specific ARAR-based action levels. Alternatives MM-4 and MM-S would be 
expected to meet all chemical-specific ARARs (VOCs, SVOCs, and inorganics) by 
physically removing contaminated groundwater for treatment. There is a 
possibility that Alternatives MM-4 and MM-7 may not comply with location-specific 
ARARs for actions taken in wetlands because the conditions within the wetland may 
be altered by implementing one of these alternatives, which could result in 
adverse environmental effects. If such effects are noted during monitoring of 
the remedial action, then mitigation of wetlands may be required. Alternative 
MH-S, intended to prevent such wetland effects, would require the introduction 
of nutrients in otherwise ARAR-compliant treated water. If nitrate or nitrite 
is added at concentrations exceeding 10 mg/~ as N, then the reinjected water 
would violate drinking \vater-based MCLs for nitrate plus nitrite for the period 
of time that biological activity is being enhanced. This temporary noncompliance 
would also be possible for Alternatives 11-~-2 and MM-3. 

Alternatives MM-2, MM-3, and MM-6 are focused solely on treating organic 
contaminants. Alternative MM-2 relies primarily on enhancement of biodegraciation 
within the aquifer. Alternative MM-3 relies primarily on volatilization from the 
source area and biodegradation in the wetlands, and Alternative MM-6 relies 
primarily on natural biodegradation and transformation processes occurring within 
the aquifer. Alternative MM-S also focuses only on organics in the part of the 
plume downgradient of the source area. ARARs for inorganic contaminants are 
expected to be achieved for Alternatives MM-2, MM-3, and MM-5; however, their 
rate of removal is dependent upon natural, unassisted, transformation and 
transport processes. Because some inorganics are interpreted to be unrelated to 
the source area, compliance with these ARARs may be irrelevant to the selection 
or duration of operation for a remedial alternative. 

Alternative MM-7 would most likely achieve chemical-specific ARARs for 
chlorinated organic COGs present in areas up gradient of the reactive wall, 
because these compounds would be treated as groundwater flows through the 
reactive wall. Alternative MM-7 would treat chlorinated organic contaminants 
(such as TCE) by creating a reducing environment within the wall, which causes 
these contaminants to degrade to more simple compounds such as ethenes and 
ethanes. Alternative MM-7 may not achieve chemical-specific ARARs for SVOCs, 
PCBs, and inorganics; at this Lime, studies have not been specifically conducted 
to determine the treatability of these compounds. 

Alternative .MM-8 is focused on treating organic contaminants; hmvever, 
phytoremedia tion may be used for the treatment of inorganic contaminants as well. 
The in situ air stripping portion of this alternative relies primarily on 
volatilization of contaminants from the source area. Phytoremediation will be 
used to retard contaminant introduction to the wetlands while natural biodegrada-
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tion and transformation processes occur within 
contaminants are expected to be achieved with 
rate of removal is dependent upon natural, 
transport processes. 

7.3 COMPARISON OF PRIMARY BALANCING CRITERIA. 

the aquifer. APARs for inorganic 
this alternative: hovlever, their 

unassisted transformation and 

Lon£-Term Effectiveness and Permanence. It is anticipated that all eight 
alternatives would be effective at achieving action levels after a sufficient 
period of time. Alternative MM-4 is estimated to achieve action levels sooner 
than Alternatives MM-2, MM-3, MM-S, MM-6, MM-7, and MM-S. Given sufficient time 
for natural transformation processes to occur, Alternative MM-l could eventually 
achieve action levels. All alternatives are equally permanent. 

Reduction of Toxicity. Mobilitv. and Volwne. Other than that accomplished 
through natural transformation processes, Alternatives MM-I and MM-6 would not 
reduce the toxicity, mobility, or volume of contaminants. Contaminants would 
potentially be transformed into less toxic forms by natural processes, ....... hile 
being flushed into Rowell Creek. 

Alternatives MM-4 and, to a lesser extent, MM-S provide mechanical processes to 
extract and treat contaminated groundwater. By extracting groundwater from 
strategic locations, the hydraulic flow paths would be controlled, preventing 
contaminant migration. The selected technologies for treatment would provide 
reduction in toxicity, mobility, and volume of both organic and inorganic 
contaminants. 

Conversely, Alternatives MM- 2, MM-3, MM- 7 J and MM- 8 would not include groundwater 
extraction. Alternative MM-2 includes nutrient infiltration. Alternative MM-3 
includes in SiLU air stripping in the source area with nutrient infiltration in 
the wetlands. Alternative MM-7 includes an in SiLU permeable reactive wall with 
hydraulic barriers. Similar to Alternative MM-3, Alternative MM-8 includes in 
siLU air stripping in the source area with phytoremediation in the wetlands. The 
lise of phytoremediation is similar to the use of the in situ permeable reactive 
wall in Alternative MM- 7 in that it supplements and enhances contaminant 
reductions downgradient of the source. 

Although portions of Alternatives MM-3 and MM-8 will remove organic contamination 
from the aquifer through volatilization, the primary mode of reduction will be 
biodegradation for Alternatives MM-2, MM-3, MM-7, and MM-S. 

As a result, until biodegradation becomes active and established as an effective 
process, there will continue to be some release of organics under Alternatives 
~lli-2 and MM-3 as groundwater continues to flow and discharge to Rowell Creek. 
It is expected that when biodegradation is carried to completion, the organic 
compounds would be irreversibly uestroyed, thereby reducing, their toxicity, 
volume, and mobility. If biodegradation is not carried to completion, there is 
a possibility of creating intermediary compounds (e.g., vinyl chloride) that 
would discharge to Rowell Creek. Currently, such biological intermediaries are 
being produced but are either not detected or not creating a risk to human health 
or the environment in Rowell Creek. The rate of vinyl chloride aerobic 
degradation is rapid, frequently faster than its production. 
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Short-Term Effectiveness. All of the alternatives would be effective in 
preventing immediate exposure to contaminated groundwater because groundwater use 
restrictions would be implemented. Alternative MM-4 would have the greatest 
short-term positive effect by eliminating the continued release of organ~cs to 
Rowell Creek. Alternatives MM-2, MM-3, MM-5 (partially). M!'[-6, and MM-8 rely on 
;:mRerobic biodegradation. Preliminary studies by ABB-ES and the USGS have shmm. 
that anaerobic biodegradation is already occurring at the site. Alterna~iv2 MM-7 
relies on natural groundwater flow conditions to transport contaminants to a 
permeable reactive wall for treatment, also delaying the short-term effectiveness 
until contaminants reach the reactive wall. Adverse short-term effects are not 
anticipated for any of the alternatives. Though Alternative MM-4 poses a risk 
of altering the hydrologic conditions of the downgradient wetlands. such an 
effect is not expected to occur for several months to several years after 
startup, if it occurs at all. 

Implementability. Because Alternative MM-l includes only administrative ac-::-.ions, 
it would be the easiest to implement. Likewise, Alternative MM-6 includes only 
groundwater modelling, groundv.Tater monitoring, and administrative actions, making 
it easy to implement. In addition, Alternative MM-2 includes only nutrient 
infiltration. monitoring, and administrative actions in addition to groundwater 
use restrictions and, thus, would be relatively easy to implement. 

Alternative MM-3 includes the installation of in situ air stripping wells, as 
well as nutrient infiltration. Thus, its implementation is slightly more 
intensive than that for Alternative MM-2. Alternative MM-3 also may be more 
difficult to implement because in situ air stripping is a relatively new 
technology and few vendors offer the necessary equipment. 

Alternatives MM-4 and MM-5 include similar types of remedial action (i.e., pump 
and treat). Alternative MM-4 would be easier to construct because it does not 
include nutrient infiltration. However, it would not be as easy to implement as 
Alternative MM-S because activity in the wetlands may trigger permitting 
requirements, and if wetlands are altered or damaged during the course of 
remedial action, wetland mitigation may be necessary. 

Alternative MM~ 7 includes construction of a permeable reactive wall and two 
hydraulic barriers. The installation of the wall and barriers requires knowledge 
of the geology and hydrogeology of au 8 to design a system that can be installed 
and would be hydraulically feasible. In addition. the permeable wall would be 
constructed within the wetlands area; therefore, substantive permit requirements 
must be met during implementation, and wetland mitigation activities may be 
necessary. 

Alternative MM-8, like Alternative MH-3. involves the installation of in situ air 
stripping v]ells. This alternative also involves the planting and growing of 
selected species (assumed to be 200 tulip poplar trees) up gradient of the 
wetlands. P ilu L Les Ling wuuld be necessary before the full- scale design, and 
root zones for the trees would need to be established before effective 
groundwater remediation could commence. This process may take up to 1 year 
follOWing planting. Disposal of the trees as hazardous waste may be necessary 
depending on the accumulation of contaminants within the trees. 

Cost. The relative present worth cost estimates are shown on Figure 7-2 for each 
alternative. In accordance with USEPA guidance, costs are presented up to a 30-
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year period. The costs for Alternative MM-l, the no-action alternative. are 
based on a 30-year timeframe. System O&M costs for Alternatives MM-2 through MN-
5 are projected through their estimated treatment durations (i.e., through 7 and 
12 years, respectively). Administrative O&M costs are projected to include a 
finalS-year review following completion of remedial action for Alternatives MM-2 
through MM-S. System and administrative O&M costs for Alternatives MM-6, MM-7 and 
MM-8 are based on a 30-year timeframe, although their treatment duration could 
be longer. 

Alternative MM-l has the lowest capital cost and the lowest estimated cost 
overall. Most of the cost for this alternative is for administrative O&M 
activities (i.e., 5-year reviews, groundwater monitoring, and groundwa~er use 
restrictions). The order of magnitude of costs for Alternatives MM-2 through 
NM- 8 varies. Alternative MM- 5 has the highest estimated cost of the seven 
alternatives. Alternatives MM-2 and MH-S have comparable capital costs, whereas 
those for Alternatives MM-3 and ~1M-4 are slightly lower. The present worth of 
administrative O&M costs for Alternatives MM-2 through MM-S are Imver than 
treatment system O&M costs for each alternative. Of the more active remedial 
alternatives, Alternative MM-8 offers the lowest capital cost and total cost. 
This capital cost is associated with the purchase and planting of close to 200 
trees and the installation of 5 in situ air stripping wells. Due to the 
relatively few mechanical processes that will be implemented in this alternative. 
system O&M cost is also reduced. An increased administrative O&M cost is 
experienced due to the extended period of system monitoring during the natural 
attenuation phase of this alternative (30 years). 

Figure 7-3 plots the total present worth cost of each alternative versus the 
estimated time each will take to achieve action levels for organic contaminants 
at au 8. Analysis of this plot indicates that the alternatives relying on 
extraction and treatment of contaminants (Alternatives MM-4 and MM-5) have very 
different costs even though Alternative MM-4 has a treatment time of 9 years and 
Alternative MM-S has a treatment time of 12 years. The cost of Alternative MM-S 
is almost two times that of Alternative MM-4. On the other hand, the alterna
tives relying on enhanced biodegradation (MM-2 and MM-3) have very similar costs 
with the same overall treatment time (12 years), 

7.4 SUMMARY OF COMPARATIVE ANALYSIS. Table 7 -1 presents a summary of the 
comparative analysis for the proposed remedial alternatives for au 8. The 
estimated durations to attain groundwater action levels range from 9 to 62 years, 
with the shortest being Alternative MM-4. Costs (up to 30 years) range from 
$427,000 for Alternative MM-l to $4,072,000 for Alternative MM-S. Alternative 
MM-4 ,vill provide the greatest reduction in toxicity, mobility, and volume, 
followed by Alternatives MM-S, MM-3, MM-2, MM-8, MM-7, MM-6, and MJ>[-l. 
Alternative MM-l and all the biodegradation-based alternatives will allow 
continued release of organics to Rowell Creek at levels that are posing a future 
risk to human health or the environment. 

7.5 CONSIDERATIONS FOR DEVELOPING THE PROPOSED PLAN. In developing the PP, 
components of several of the alternatives may be switched to address concerns 
raised during the community participation and comment periods. The chosen 
alternative may also be implemented in stages. For instance, if risk managers 
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Table 7-1 
Comparative Analysis Summary 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Analysis 
Alternative Alternative Alternative Alternative Alternative Alternative Alternative Alternative 

MM-1 MM-2 MM-3 MM-4 MM-5 MM-6 MM-7 MM-8 

Aguifer Restoration 

Organics actively No Yes Yes Yes Yes No Yes (P) Yes (P) 
destroyed? 

Inorganics removed from No No Yes No Yes No No' Yes (P)' 
aquifer? 

Estimated time to achieve 62 12 12 9 12 62 62 30 
action levels for organics 
(years), 

Plume contained? No No No Yes Partially No Partially Partially 

Plume toxicity actively re- No Yes Yes Yes Yes No Yes Yes 
duced? 

Remedy permanent? Yes Yes Yes Yes Yes Yes Yes Yes 

Certainty of attaining action Moderate Moderate Low Moderate to Moderate to Moderate Low to Moderate 
levels. high high Moderate 

Treatment Residuals 

Organics destroyed onsite No Yes Yes Yes Yes No NA Yes 

Organics destroyed off-site No NA No Yes Yes No NA No 

Contaminants Released/Remaining in Environment 

Organic Yes Yes (P) Yes (P) No Yes (P) Yes Yes (P) Yes (P) 

Inorganics Yes Yes Yes No Yes (P) Yes Yes (P)' Yes (P)' 

Cost 

First year $61,000 $2,708,000 $2,371,000 $2,115,000 $2,880,000 $128,000 $890,000 $860,000 

Present worth $427,000 $3,652,000 $3,322,000 $2,970,000 $4,072,000 $606,000 $2,170,000 $1,867,000 

1 Inorganics (e 9 , aluminum, iron) may be removed from the aquifer when groundwater passes through the permeable reactive walJ. However, specific studies on the ability 
of a permeable reactive wall to remove inorganics have not been completed. 
2 Inorganics may be removed from the aquifer when groundwater passes through the phytoremediation tree-line However, specific studies on the ability of the tulip poplar 
to remove inorganlcs r_ave not been completed 

Notes' NA = not applicable. 
(P) = partial. 



are most concerned about contaminant concentrations in the source area, an 
alternative that only provides treatment of this area could be developed. This 
may be preferable because the ERA concluded that contaminant concentrations 
discharging to Rowell Creek are not causing significant risk to aquatic 
receptors, and it may be desirable to avoid possible adverse effects to the 
downgradient wetlands. In this scenario, the source area treatment proposed in 
Alternatives MM-3 or MM-S could be implemented without the downgradient 
treatment. Similarly, groundwater pump and treat technologies proposed in 
Alternatives MM-4 and MM-S could be implemented, followed by installation of SVE 
'wells at a later date, if it is recognized that contaminated vadose zone soil is 
acting as a continuing source of groundwater contamination. If phased 
implementation or implementation of portions of an alternative is desired, the 
portion to be implemented first could be identified as a "base action,1I whereas 
the phased-in portion could be identified as a I1 contingent action" or system 
modification. Implementation of portions of an alternative, or phased. 
implementation may change the costs and relative effectiveness of each 
alternative in reducing risks at OU 8. These effects would need to be assessed 
prior to remedy selection. 

7.6 SENSITIVITY ANALYSIS. A sensitivity analysis is useful in assessing the 
relative impact of various cost components of remedial alternatives. One of the 
major cost components for each alternative for OU 8 is the present worth of the 
annual O&M cost. O&M costs are directly related to treatment duration and, 
therefore, a sensitivity analysis based on treatment duration was developed. 
Calculations to support the sensitivity analysis are provided in Appendix E. 
Duration of alternatives is primarily controlled by the following factors: 

size of groundwater plume, 
groundwater flow rates, 
concentration levels of contaminants in groundwater, 
sustainable flow rates for groundwater extraction, and 
efficiency and rate of contaminant removal. 

Consistent with RI/FS guidance (USEPA, 1988a), the present worth of O&M costs 
presented in Chapter 6.0 includes administrative costs (groundwater monitoring 
and 5-year reviews) and system operation costs (system maintenance and 
utilities). The administrative O&M duration depends on the duration of treatment 
and is capped at a duration of up to 30 years in accordance with CERCLA guidance 
(USEPA, 1988a). For example, the treatment duration for Alternatives MM-l, t-l"1- 6, 
and MM-7 is 62 years, but the estimated costs presented in Chapters 6.0 and 
Figure 7-2 are based only on 30 years. To determine the cost sensitivity of 
administrative O&M costs, durations were adjusted to equal the proj ected 
treatment duration. Table 7-2 shows that the total cost of Alternatives MM-l, 
MM-6, and MM-7 would increase if administrative O&M costs were applied to the 
projected treatment duration. The estimated percent increases range from 3 
percent for Alternative MM-7 to 21 percent for Alternative MM-6. 

Another component that may affect the estimated costs is soil disposal. This 
cost is primarily a function of whether the soil is classified as a hazardous 
waste. Table 7-3 presents the cost sensitivity of soil disposal costs for the 
trenching systems used for biodegradation in Alternatives MM-2, MM-3, and MM-5 
and the installation of a permeable wall and hydraulic barriers in Alternative 
t-lM-7. The assumed disposal costs range from $175 to $200/yd3 , which are 
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Table 7-2 
Present Worth Sensitivity of Administrative Operations and Maintenance (O&M) Costs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Assumed Estimated 
Total Present 

Adjusted Adjusted Present 
Adjusted Total 

Administrative Present Worth of Administrative Worth of 
Alternative 

O&M Duration 1 Administrative 
Worth of 

O&M Duratlon 2 Administrative 
Present Worth 

(years) O&M 
Alternative 

(years) O&M 
of Alternative 

MM-1 30 $395,000 $427,000 62 $465,000 $497,000 

MM-2 15 $279,000 $3,652,000 12 $241,000 $3,614,000 

MM-3 15 $279,000 $3,322,000 12 $241,000 $3,284,000 

MM-4 10 $211,000 $2,970,000 9 $195,000 $2,954,000 

MM-5 15 $211,000 $4,072,000 12 $241,000 $4,034,000 

MM-6 30 $562,000 $606,000 62 $689,000 $733,000 

MM-7 30 $395,000 $2,170,000 62 $465,000 $2,240,000 

MM-8 30 $1,016,000 $1,866,000 30 $1,016,000 $1,866,000 

1 Duration assumed for the cost estimate in Chapter 6.0. 
2 Duration adjusted to the duration of the treatment system. 

---- -----

Percent Change 
of Total 

Present Worth 

+16 

-1 

-1 

-0.5 

-1 

+21 

>3 

0 

----
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Table 7-3 
Present Worth Sensitivity to Soil Disposal Costs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Assumed Cost for Soil 
Estimated Total Present 

2Adjusted Cost for Soil 
Adjusted Total Present 

Percenl Change of Total 
Alternative 

Disposal trom Trenches' 
Worth of Alternative 

Disposal from Trenches 
Worth of Alternative 

Present Worth 
(for 30 years) (for 30 years) 

MM-1 NA $427,000 NA $427,000 0 

MM-2 $810,000 $3,652,000 $232,000 $3,074,000 -16 

MM-3 $400,000 $3,322,000 $100,000 $3,022,000 -9 

MM-4 NA $2,970,000 NA $2,970,000 0 

MM-5 $400,000 $4,072,000 $100,000 $3,772,000 -7 

MM-6 NA $606,000 NA $606,000 0 

MM-7 $193,000 $2,078,000 $55,000 $1,940,000 -7 

MM-8 NA $1,866,000 NA $1,866,000 0 

1 A cast of $175 per cubic yard for Alternatives MM-2 and MM-7 and $200 per cubic yard for Alternatives MM-3 and MM-5 was assumed in Chapter 6.0 based on disposal of 
the soH as a hazardous waste. 
2 A cost of $50 per cubic yard is used to reflect the possibility that the soil could be accepted by a nonhazardous waste-receiving facility. 

Note: NA := not appli:::able. 



conservative because they are based on the assumption that soil would require 
disposal as a hazardous waste. If the soil could be accepted by a nonhazardous 
waste-receiving facility, the estimated disposal costs would average approximate
ly $50/yd3

. Table 7 - 3 shows that varying the cost of soil disposal would 
significantly decrease the cost of each alternative requiring soil disposal. 
This is most evident in Alternative MM- 2, where the revised cost for soil 
disposal decreases the total estimated cost of the alternative by 16 percent. 

A third component that appears to significantly affect cost is wetland monitoring 
and mitigation. Alternative MM-4 includes a cost of $565, 000 for "etland 
monitoring and mitigation and is the third least expensive alternative. If 
wetland mitigation is deemed unnecessary, costs for wetland monitoring would 
still be included as the quality of the wetlands would still have to be 
monitored. By not including wetland mitigation in the cost estimate, Alternative 
MM-4 is still the fourth least expensive. Thus, the cost of performing or not 
performing wetland mitigation for Alternative MM-4 does not have an effect on the 
relative cost ranking of this alternative. 
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APPENDIX A 

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
AND TO-BE-CONSIDERED CRITERIA 
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Standards and Requirements 

Clean Water Act (CWA) 
Regulations, Ambient Water Quality 
Cnteria [40 CFR Part 131] 

Safe Drinking Water Act (SDWA) 
Regulations, Maximum Contaml-
nant level Goals (MClGs) [40 CFR 
Part 141] 

SDWA Regulations, National 
Primary Drinking Water Standards, 
Maximum Contaminant Levels 
(MCls) [40 CFR Part 141] 

Chapter 62-302, FAG FlOrida 
Surface Water Standards - August, 
1994 

See notes at end of table. 
--

Table A-1 
Synopsis of Potential Federal and State Chemical-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

Federal 

Ecological and health-based Federal Ambient Water Quality Relevant lind Appropriate. AWQC should be used in the 
Criteria (AWQC) are guidelines used by states to set their determination of cleanup goals in the absence of state 
state-specific water standards for surface water. water quality standards at au 8. If a groundwater treatment 

system IS Installed at au 8 and the discharge from this system 
IS sent to an onsite surface water body, AWQC would be 
considered in the National Pollutant Discharge Elimination 
System (NPDES) permitting process. However, although 
Florida is not currently recognized as a "delegated" state, 
the Federal government uses the State surface water standards 
as identified in Florida Administrative Code (FAG) 62-302, 
not the AWQC, for limiting the discharges of pollutants to the 
surface waters of the State because they are more stringent 
Than the Federal standards and are better suited for FlOrida 
waters. 

, 

Establishes drinking water quality goals at levels of no known Relevant lind Appropriate. If MCLGs are greater than zero, 
, 

or anticipated adverse health effects with an adequate margIn these standards should be met for groundwaters or surface I 

of safety. These criteria do not consider treatment feasibility waters that are current or potential sources of drinking water, I 

or cost elements. assuming that the treatment technique chosen, IS capable of 
achieving this standard. 

Establishes enforceable standards for potable water dlstnbu- Relevant and Appropriate. MCLs can be used for groundwater 
tion systems for specific contaminants that have been deter- or surface waters that are current or potential drinking water 
mined to adversely effect hUman health. These standards, sources (1.e., au 8's ground and surface waters). MCLs would 
MGLs, are protective of human health for individual chemicals be relevant and appropriate requirements for surface water at 
and are developed using MCLGs, available treatment technolo- au 8 where non-zero MGLGs have not been promulgated. 
gies, and cost data. Secondary Maximum Contaminant Levels 
(SMCLs) are located at 40 CFR Part 143. 

State 

Defines classifications of surface waters, and establishes water Applicable. State WQSs should be used in the determination 
quality standards (WQS) for surface water within the classifica- of cleanup goals for surface waters The minimum WQSs man-
nons, The State's antidegradatlon policy is also established in date that all surface waters of the State must be "free from" 
this rule. Rowell Creek IS classified as a Class III surface water contaminants as described at FAC 62-302.500. Remedial alterna-

tives that address surface water contamination or include an 
option for discharge of treated groundwater or surface water 
to surface water will conSider Florida WQSs 
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Standards and Requirements 

Chapter 62-302, FAC Florida 
Surface Water Standards -
August, 1994 

Chapter 62-520, FAC Groundwater 
Glasses, Standards, and Exemp-
tions - October, 1994 

Chapter 62-550, FAG Florida 
Drinking Water Standards -
September, 1994 

Chapter 62-650, FAC Florida 
Water Quality Based Effluent 
Limitations - November, 1989 

See notes at end of table. 

Table A-1 (Continued) 
Synopsis of Potential Federal and State Chemical-Specific ARARs 

Feasibility Study, Operable Unit B 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

State (Continued) 

Defines classifications of surface waters, and establishes water Applicable. State WQSs should be used in the determination of 
quality standards (WaS) for surface water within the classlflc8- cleanup goals for surface waters. The minimum WQSs mandate 
tions. The State's antidegradation policy is also established In that all surface waters of the State must be ''free from" contami-
this rule. Rowell Creek is classified as a Class III surface water. nants as described at FAG 62-302.500. Remedial alternatives that 

address surface water contamination or include an option for 
discharge of treated groundwater or surface water to surface water 
will consider Florida WQSs. 

Establishes the groundwater classification system for the State Applicable. Groundwater subject to thiS rule must be "free from" 
and provides qualitative minimum criteria for groundwater components of discharges in concentrations that are harmful to 
based on the classification. Groundwater at au 8 is classified the organisms responsible for treatment or stabilization of the 
as G-III, designated for non-potable water use. This rule adopts discharge; are carcinogenic, mutagenic, teratogenic, or toxic to 
the Federal primary and secondary drinking water standards human beings; are acutely toxic to indigenous species of signifi-
and establishes some State standards that are more stringent cance to the aquatic community; pose a serious danger to the 
than Federal standards. Like Federal MCLs, these standards public health, safety, or welfare; create or constitute a nuisance; or 
are considered ARARs for cleanups of groundwater that is a impair the reasonable and beneficial uses of the adjacent waters 
current or potential source of drinking water. "Free from" is further defined in the Florida Groundwater Guidance 

Concentrations. 

Establlshed to implement the Federal Safe Drinking Water Act Relevant and Appropriate. MCLs are commonly considered 
by adopting the national primary and secondary drinking water relevant and appropriate where surface water or groundwater is 
standards and by creating additional rules to fulfill state and considered a potential potable water supply source. 
federal requirements for community water distribution systems. 

All activities and discharges, except dredge and fill, must meet Applicable. All activities and discharges, other than dredge and 
effluent limitations based on technology or water quality. ThiS fi!l activities, are required to meet effluent limitations based on 
rule states that in addition to any other technology-based technology (technology based effluent limit) and/or water quality 
groundwater effluent limitation requirements, al! sources will (water quality based efflUent limit), as defined by this rule. The 
also meet water quality based effluent limitations where neces- substantive permitting requirement established in this rule is an 
sary to meet groundwater quality standards. applicable requirernent for remedial actions where treated water 

(either groundwater or surface water) is discharge to a surface 
water body (e.g, Rowell Creek). 
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Table A-1 (Continued) 
Synopsis of Potential Federal and State Chemical-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Flonda 

Notes. ARARs = appllcable Of relevant and appropriate requirements. 
AWOC = ambient water quality criteria. 
CFR == Code of Federal Regulation. 
CWA = Clean Water Act 
FAG = Florida Administrative Code. 
MCLs = maximum contaminant levels. 
MCLGs == maximum contaminant level goals. 
NAS == Naval Air Station. 
NCP == National Contingency Plan. 
NPDES = National Pollutant Discharge Elimination System. 
OU = Operable Unit 
SDWA = Safe Drinking Water Act. 
SMCLs = secondary maximum contaminant levels. 
was = Water Quality Standard. 
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Chemical Name 

VOLATILE ORGANICS 

Acetone 

Benzene 

Bro ma d IC h 10 ro math a ne 

Idl<:;hl"robrom"meth~rt~ I 

2-Butanone 
Im~thyl ethyl ketortel 

Chloroform 

D I bra ma c hlo ro meth a ne 

I ~hlorod Ibromom~th.rte I 

" l-Dichloroethan~ 

t,l-Dichluruethen ... 

11, 1-dlc:hlorLl"thyl"rt~1 

cls-1,2-Dichloroethene 

(0Is-1 ,2-dj~hloro~thylenel 

See notes at end of table. 

Table A-2 
Chemical-Specific Standards and Guidance 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

FEDERAL STANDARDS AND GUIDANCE 

CWA Ambient Water Quality Criteria Dnnking 

Safe Drmking Ibl Water 

Water Act Standards 

(SDWAj (a) For Protection of For Protection of lei 
Human Health Aquatic Ufe (i) 

Mel MCLG Water Fish Fresh Marine Mel Class 

If I If I and Fish Consump- Water I 

Consump- tion Acute! Acut~1 

tion only Chronic ChroniC 

(119 { 1) Ipg/ll (Pg/ll VIgil) (,ug/l) Ipg/ll Ipg/ll (pgfl) 

-- -- --/-- --/-- --

5 0 0.66 40 5,300/-- 5,100/ 1 1.18 

161 700 

161 

100 0 --/-- --/-- 100 027 

171 (37) 171 1221 

-- -- -- --/-- --/-- -- --

100 0 0.19 15.7 28,900/ --/-- 100 5.67 

171 (37) 1.240 171 (22) 

161 

100 0 -- -- --/-- --/-- 100 0.41 

171 (37) 171 1221 

-- -- -- --/-- --/-- -- --

7 7 0.033 1.85 --/-- --/-- 7 0.057 
(41) 

70 70 -- --/-- --/-- 70 

FLORIDA STANDARDS AND GUIDANCE 

Soil Thermal 

Surface Water Quality Standards Treatment FaCility 

Idl Criteria for 

Clean Soil 

1,1 

Class Class Class Class Mox TOTAL 

II III IV V TCLP 

Fresh! 
Manne 

(,ug!l) lpg/II (Pg/II (pg/II (mgllj (mg/kg) 

-- --/-- -- -- --

71.28 -- 01 

(22) (14) 

22 -- -- --
(22) 

--/-- -- --

4708 -- -- --
(22) 

34 
(22) 

-- --f-- -- -- --

3.2 -- --
(22) 

-- --/-- -- --
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Chemical Name 

4-Methvl-2 -pentanone 
(m .. thyl I,obutyl ke!Cln~) 

Methylene chloride 
Idlchlmoll1B!h~ne) 

Total recQverable 

petroleum hydrocarbon 

1,1,1-Trichloroethane 

Tnchloroethene 
Itrlchloroethylene) 

Xylenes (total) 

SEMIVOLATIlE ORGANICS 

BellZl:l (b)fluoranthene 

Di-n-butylphthalate 

1,2·Dlchlorobenzene 
(o·d rchlDrDtrenzene I 

1,3-Dlchlorobenzene 
( m-dlchlolobenzanej 

See notes at end of table 

Table A-2 (Continued) 
Chemical-Specific Standards and GUidance 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

FEDERAL STANDARDS AND GUIDANCE FLORIDA STANDARDS AND GUIDANCE 

CWA Ambient Water Quality Criteria Dnnkmg 
Safe Drinking Ih) Water Surface Water Quality Standards 

Water Act Standards Id) 
(SDWA) (a) For Protection of For ProteC'tion of Ie) 

Human Health Aquatic Ufe 0) 

MCl MCLG Water Fish Fresh Marine MCl Class Class Class Class Class 
If) If) and Fish Consump- Water , II "' 'V V 

Consump- tion Acute/ Acute/ Fresh! 
tlOn only Chronic ChroniC Marine 

luglI) (Pall) (jig-ill (jiglll (j.JgII) (;Jg/l) (,ug/.t) (pg/I) w(:Ill) l,ug!lj (pglt) (PaI 1) 

-- -- -- --(-- --(-- -- -- -- --(--

5(g) O(~J --(-- --(-- 5 4.65 1580 15801 --
(22) (22) 1580 

(22) 

-- --(-- -.f-- 5,000 -- --/--

Ihlll ) 

200 200 18,400 1,030,000 --(-- 31,200 200 3,100 173,000 
,·-(6) 

5 0 2.7 80.7 45,000} 2,000 3 2.7 80.7 -- --
21,900 (-- (22)(- (22) 

161 161 43) 

10' 10' -- -- --(-- --/_. 10' --(--

0.2 0 .-/-- --(-- (19) --
112) (12) 

-- 34,000 34,000 --(-- --/_. -- 3 3}-- --
(49) 149) (1 B) 

600 600 -- 250/50 160/- 600 -- .. I .. --
1611341 129 

(6) (35) 

600 GOO 250/50 160/- --/--

(G) (34) 129 
(6) (34) 

SOil Thermal 
Treatment FaCility 

Cnteria for 
Clean Soil 

Ie) 

Mox TOTAL 
TCLP 

Im- (mg/kg) 

gUI 

--

-- 10 
(25) 

--

01 
( H) 

I 

--

I 
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Chemical Name 

1 A-Dichlorobenzene 

I p-d,chlorob"nz"""j 

2,4-Dichlorophenol 

DI6thyiphthaiate 

2,4-Dimethylphenol 

b is (2-Ethy lhexy I) phth a 1-

"e 
(dl" 2-"lhylh"xylphlh.tote 1 

2- Methylnap hthalene 

2-Methylphenol 

(o-~r"",,"11 

4-Methylphenol 
(p-~r"osoll 

Naphthalene 

Phenol 

See notes at end of table. 

Table A-2 (Continued) 

Chemical-Specific Standards and Guidance 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

FEDERAL STANDARDS AND GUIDANCE 

CWA Ambient Water Quality Criteria Drinking 

Safe Dnnking 
Ib) Water 

Stan-
Water Act dards 

(SDWA) (al For Protection of For Protection of 

Human Health Aquatic Ufe [e) 

[,I 

Mel MClG Water Fish Fresh Manne Mel Class 

If) If) and Fish Consump- Water I 

Consump- tion Acute! Acutef 

tlOn only Chronic Chronic 

",gU) (,ug! II (,ug!l) ",g/II (,.ug!1) {J1g{t1 ",gUI (,ug/Il 

75 75 -- -- 250/50 160/129 75 --
(6) (34) (5) (34) 

-- -- 3,090 -- 2,020 --/-- -- 93 

f365 (33) 

(6){49) 

-- 350,000 1,800,000 --/-- --/-- -- --

-- -- -- 2,120/-- --/-- -- --
16) 

6 0 15,000 50,000 2000/- 400 6 --

Ig) Ig) 160 (12)(49) 

(12)(49) 

-- -- --/-- --/-- 100 --
(h) (21) 

-- -- -- --/-- --/-- -- --

-- -- --/-- --/-- -- --

-- 2,300/ 2,350/-- 100 --
620 16) Ih) 12l} 

16) 

-- -- 3,500 10,200/ 5,8001-- --
2,560 [61 

16) 

FLORIDA STANDARDS AND GUIDANCE 

Soli Thermal 

Surface Water Quality Standards 
Treatment Facility 

Criteria for 
[d) Clean SO\l 

['I 

Class Class Class Class Mox TOTAL 

II III IV V TCLP 

Fresh! 
Manne 

(pg!l) (pg!1) ",g/II (,uglll (mgJIJ (mg/kg) 

-- --/-- -- --

790 

(33) 

--/-- -- --

-- --/-- -- -- --

3 3/-- -- -- --
(18) 

-- --/-- -- --

-- --/-- -- --

-- --/-- -- --

--/-- -- --

--
300 

(33) 
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Chemical Name 

PEST1CIDESIPCBS 

beta-BHe 

Endosulf,ln (I and II) 

PCBs 

METAlS{INORGANICS 

Aluminum 

Antimony 

Arsenic 

Arsenic (JI1) 

Arsenic (V) 

Calcium 

I ~ee no~s 'It end of table, 

Table A-2 (Continued) 
Chemical-Specific Standards and Guidance 

Feasibility Study, OpArable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

FEDERAL STANDARDS AND GUIDANCE 

CWA Ambient Water Quality Critena Drinking 
Safe Drinking Ibl Water 

Water Act Standards 
(SDWA) (a) For Protection of For Protection of lei 

Human Health Aquatic Lite 1<1 

Mel MCLG Water Fish Fresh Manne Mel Class 

If! If I and Fish Consump- Water , 
Consump- tion Acute} Acute! 

tiol1 only ChroniC Chronic 

(jig/l) ",gl1l lug/l) (jig!l) ",g/II (pOll) (pg/I) (pg/l) 

-- -- 100/-- a 34/-- 0.014 

161 161 (22) 

-- -- 022/ 0,034/ -- 0,056 

0.056 0.0087 

05 0 0.000079 0.000079 2/ 10/ 0.5 0000-

0,014 0.03 044 
(22) 

500- 131 131 131 131 200 --
200 (10) 
(1OJ 

6 6 146 45,000 88/30 1,500/ 6 14 
Igi Igi (12) 500 

(12J 

50 0,0022 00175 --t-- --/-- 50 
14) 

-- -- 360/190 69/36 --

-- 850/-- 2,319/-- --
161 16) 

-- --t-- --/-- --

-

FLORIDA STANDARDS AND GUIDANCE 

SOil Thermal 
Surface Water Quality Standards Treatment FacIlity 

Idl Cnteria for 

Clean Soil 

lei 

Class Class Class Class Mox TOTAL 

II "' ,V V TCLP 
Fresh/ 
Marine 

",g/ II (119/ 1 ) (pall ) (pg!!) (mg/l) (mgrkg) 

0.046 --
1221 

00087 0.056/ -- --
0.0087 

0.000045 -- --
(22)(31) 

1,500 --I --
1,500 

, 

4,300 -- --

50 5 10 

36 --/36 --

-- --/-- -- --
I 

_. --/-- --

J 
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Chemical Name 

Chromium 

Chromium (Ill] 

Chromium (Vll 

Cobalt 

Copper 

Iron 

Le.!Id 

Magnesium 

Manganese 

Nickel 

Nitrate (as N) 

Nitrite (as N) 

See notes at end of table. 

Table A-2 (Continued) 

Chemical-Specific Standards and Guidance 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

FEDERAL STANDARDS AND GUIDANCE 

cWA Ambient Water QUZ!llity Criteria Dnnking 

Safe Drinking Ibl Water 

Water Act Standards 

(SDWAl (al For Protection of For Protection of Aqu- (e) 

Human Health atic life (i) 

Mel MCLG W8ter Fish Fresh Manne Mel Class 

If I If I and Fish Crmsump- Water I 

Consump- tion Acute! Acute! 

tion only Chronic ChroniC 

Ipg/ll Ipg/ll Ipglll (jigl1) (jig/l) Ipg/ll (,ug! 11 (Jig/II 

100 100 -- --/-- --/-- 100 --

-- -- 170,000 3,433,- 1,700/ 10,300 -- 1171 

000 210 /--
1111 161 

-- 50 -- 16/11 1.100 -- 11 

/50 

-- -- --/-- --/-- --

TT 100 1,300 lB/12 2.9/- 1,000 (171 

(10) {111 (10) 

300 300 -- --{1,000 --{-- 300 

(10) 
(10) 

15 0 50 83{32 220}8,5 15 (17) 

(j)(38) (11) 

-- --/-- --/-- -- --

50 50 100 --/-- --/-- 50 --

(10) (12) 1101 

100 100 13.4 100 1,400/ 75{8.3 100 (17) 

Igi Igi 160111) 

10,000 10,000 10,000 -- --/-- --/-- 10,000 10,-

000 

1,000 1,000 -- -+- --/-- 1,000 

FLORIDA STANDARDS AND GUIDANCE 

5011 Thermal 

Surface Watel' Quahty Standards Treatment FaCIlity 

Idl CTiteria for 

Clean Soil 

lei 

Class Class Class Class M-x TOTAL 

II III IV V TCLP 

Fresh! 
Mllrine 

\]Jg/l) (}..Igft) Ipg/ll (jig/II (rngnl (mg/kg) 

--/-- -- -- 5 50 

(17)/ (17) (17) --
-- 1471 

50 11/50 11 (17) -- --
(47) 

-- --/-- -- --

2.9 1171/ 5,000 

2.9 

300 1,000/ 1,000 --
300 

5.6 1171/ 50 5 10B 

5.6 

-- --/-- --

100 -+- -- -- --

8.3 (17)/ 100 

R 3 

-- --/--

--/-- -- --
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Chemical Name 

Nitrate + nitnte (both as 

N) 

Potassium 

Selenium 

Sliver 

Sodium 

Vanadium 

Zinc 

See notes at end of table. 
-- -

Table A-2 (Continued) 
Chemical-Specific Standards and GUidance 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

FEDERAL STANDARDS AND GUIDANCE 

CWA Ambient Water Quality Criterla Drinking 
Safe Drinking Ibl Water 

Water Act Standards 
(SDWA) (a) For Protection of For Protection of ('I 

Human Health Aquatic Life hi 

MeL MCLG W.,ter Fish Fresh Marino MeL Class 
(f) (f) and Fish Cons- Water f 

Consump- umptjon Acute/ Acutel 
tian only ChroniC ChroniC 

/.;.Jg/l) {Pa/·O (pgll) (j.ig/l) (.ug/.tJ (pgt 1) ",,/1) (;lgll) 

10,000 10,000 -- -- -+- --/-- 1,000 

-- -- --/-- --/-- -- --

50 50 10 -- 20}5 300/71 50 5 

100 -- -- 4.1/ 2.3/-- 100 0.07 
(10) 0.12 (15) (10) 

(11 ) 
115) 

-- -- --/-- --/-- 160,000 --
(13) 

-- -- --1-- --/--

5,000 -- -- 120/ 95/86 5,000 (17) 
(10) 110 (10) 

(11 ) 

--- -- -- _. - -- -

FLORIDA STANDARDS AND GUIDANCE 

5011 Thermal Treat-
Surface Water Quality Standards ment Facility 

Idl Cr'lt~rla for Clean 
Soil 

(e) 

Class Class Class Class Mox TOTAL 

rr rrf fV V TCLP 

Fresh! 
Manne 

(Pg/l) (pgll) (}Jgt 1) lpg/I) (mg/l) (mg/kg) 

-- --/-- -- -- --

-+- --

71 5/71 -- 1 389 

0.05 0.07/ -- 5 ::153 

0.05 

--/-- -- --

-- --f-- -- --

86 (17)1 1,000 

86 

-- --
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SOURCES: 

Table A-2 (Continued) 

Chemical-Specific Standards and Guidance 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

(a) U.S Environmental Protection Agency (USEPA), SDWA National Primary Drinking Water Regulations per 40 CFR 141: MCLs and MCLGs 

(b) USEPA, Draft "Water Quality Criteria Summary", Office of Science and Technology, Health and Ecological Cnteria Division, Washington, D.C. 

(e) Florida Administrative Code, 62-550, "Safe Drinking Water Act", September, 1994. 

(d) Florida Administrative Code, 62-302, "Surface Water Quality Standards", amended August, 1994. 

(e) Florida Administrative Code, 62-775, "Soil Thermal Treatment Facilities", November, 1992. 

(t) USEPA, "Drinking Water Standards and Health Advisories", Office of Water, Washington, DC, November, 1991. 

(g) USEPA, "National Primary and Secondary Drinking Water Regulations; Synthetic Organic Chemicals and Inorganic Chemicals; Final Rule", 57FR31777, July 17, 1992. 

(h) Florida Administrative Code, 62-770, "Petroleum Contamination Site Cleanup Criteria", February, 1990 

(i) Florida Administrative Code, 62-550, "Safe Drinking Water Phase V Standards", January 1,1993. 

til USEPA, "Maximum Contaminant level Goals and National Primary Drinking Water Regulations for lead and Copper", 56FR26460, June 7,1991. 

ACRONYMS AND ABBREVIATiONS: 

Class I == Potable Water Supplies 

Class II == Shellfish Propagation or Harvesting. 

Class II! == Recreation, Fish & Wildlife Propagation. 

Class IV ::= Agricultural Water Supplies. 

Class V == Navigation Utility Industrial. 

CWA = CI ean Water Act. 

Mel = maximum contaminant level. 

MClG == maximum contaminant level goal. 

mg!kg = milligrams per kilogram. 

mg! l == milligrams per liter 

mrem!yr = mi1!irem per year. 

pCil l = picocuries per liter. 

SDWA = Safe Drinking Water Act. 

TClP = Toxicity Characteristic leachate Procedure. 

TT == treatment technique. 

USEPA = U.S. Environmental Protection Agency 

f./9! 1 = micrograms per liter. 

~kg = micrograms per kilogram. 
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Table A-2 (Continued) 
Chemical-Specific Standards and Guidance 

NOTES, 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Fjeld 

Jacksonville, Florida 

(1) Standard indicated is the cleanup criteria for kerosene or mixed product analytical group at a POL site. 
(2) Standard for aldicarb sulfone is 4 j./9/ t and aldicarb sulfoxide is 2 fJQ/ £ 
(3) Criteria are pH dependent. Refer to 53FR33178. 
(4) Mel for arsenic currently under review. 
(5) Secondary MeL of 8 fJ9/1 proposed for hexachlorocyc!opentadiene. 
(6) Insufficient data to develop criteria. Value presented is the Lowest Observed Effect Level (LOEL). 
(7) Standard indicated is the standard for total trihalomethanes (i.e., the sum of concentrations of chloroform, bromodlchloromethane, dibromochloromethane, and bromoform). 
Refer to 56FR3579 and Florida AdmInistrative Code, 17-550. 
(8) Proposed standard for aldicarb sulfone is 2 fi9/ i and aldicarb sulfoxide is 4 P9/ i. 
(9) Treatment TechnIque (TT) requirement. 
(10) Secondary Mel. 
(11) Hardness dependent crIteria (100 mg/l CaCOJ used). 
(12) Proposed standard or criteria. 
(13) No MCl has been set for sodium However, a reporting level of 20 mg/l has been establIshed Monitoring IS required and data is reported to health oHicials to protect 
individuals on a highly restrIcted sodium diet 
(14) Standard indicated is for total Volatile Organic Aromatics (VOAs) (I.e., the sum of concentrations of benzene, toluene, ethylbenzene, and total xylene). 
(15) Different levels are proposed (marine acute - 7,2 P9/1 ~ marine chronic - 0.92 fi911; freshwater acute - 0.92 fig/I). 
(16) Not to exceed 1.3 pg/l (Class II or Class III marine) or 3.0 pg/l (Class III tresh water) 
(17) Hardness-dependent (Values are In j.Jg/l, with (In H) = natural logarithm of the total hardness expressed as mg/l calcIum carbonate (CaC03)), 

cadmium = elo 7B52(ln H)-3.49J lead = ell 27311n HJ-47OS) 
chromium (III) = elo 81~(ln HJ-l.551J nickel = e(0.84611" HI-! 1645) 

copper == e lO B54511n HJ-l 465) zinc = e10!l47311h HJ L O.7G14i 

(18) Standard indicated is tor phthalate esters. 
(19) Polycyclic aromatic hydrocarbons (PAHs) (I.e., the sum of concentrations of acenaphthaJene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene. 
benzo(k)fluoranthene, benzo{g,h,l)perylene, chrysene, dibenzo(a,h)anthracene, fluorene, indeno(1 j 2,3-cd)pyrene, phenanthrene, and pyrene) shall not exceed 00028 j.Jg/l (Class 
I) Of 0.031 fJ911 (Class U and Class IU) measured at annual average flow conditions 
(20) Standard Includes radium 228 , and excludes radon and uranium. 
(21) Standard indIcated is the cleanup criteria for the sum of naphthalene and methy!naphthalene. 
(22) At average annual flow conditions, 
(23) This standard is pH dependent, 7.8 pH used Refer to 51 FR43666 
(24) Units for asbestos MCls are mi!lions of fibers per liter for fIbers longer than 10 micrometers. 
(25) The cleanup level for total recoverable petroleum hydrocarbons in soi! may be increased to 50 rng/k9 if total PAHs are ::s; 6 mg/kg and total Volati!e Organic Halocarbons 
(VOHs) are" 0.05 mgjkg. 
(26) Not to exceed 0004 P91 i (Class II or Class III marine) or 0.0043 pgl 1 (Class III fresh water) at any time. 
(27) Not to exceed 0.001 j.Jg/ i at any time. 
(28) Not to exceed 0.0019 Jlgi £ at any time. 
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NOTES: (Continued) 

Table A-2 (Continued) 

Chemical-Specific Standards and Guidance 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

(29) Not to exceed 0.0036 P9/1 (Class 11 or Class III marine) or 0.0038 jJg!l (Class I or Class Hl1resh water) at any time. 

(30) Not to exceed 0.16 fJ9/ 1 (Class II or Class III manne) or 0.08119/1. (Class I or Class 111 fresh water) at any time. 

(31) Not to exceed 0.03119/ t (Class \] Of Class 111 marine) or 0.014 Jig/ t (Class I or Class III fresh water) at any time, 

(32) This standard is pH dependent. Concentration limit (;19/1) == e(l OOS(pHI·5 29), not to exceed 30 at any time, [Not to exceed 82 J19j 1. at average annual flow conditions. See 

source (d), above.} 

(33) Phenolic compounds as listed - Total chlorinated phenols, including trichlorophenols, and chlOrinated creasols shall not exceed 50 Jig/ 1. 

(34) Standard indicated is for chlorinated benzenes as a group. 

(35) Standard indicated is for chlorinated naphthalenes as a group. 

(36) Fluoride also has a secondary MCl of 2,000 Jig/ 1 

(37) The given value IS tentative, based on current data or other information. It is anticipated that this value will be proposed in the near future. 

(38) The Mel for lead is a treatment teChnique; however, an action level for lead of 15 Jig/ t measured at the tap in the recommended value to propose as a preliminary cleanup 

goal 
(39) Not to exceed the hardness dependent criteria (see Note 17) or 10 pg/l at any time. 

(40) Refer to Class \11 standards. Use marine values for predominantly manne waters and freshwater standards for predominantly fresh waters. 

(41) Not to exceed 0.057 Ji9/1 at average flow conditions or 7 pg/1 at any time. 

(42) This standard is pH dependent. Concentration limit (pg/ I) = ell OOOlpH]-S 291, not to exceed 30 at any time. 

(43) Not to exceed 3 f.Jg/1 at any time. 

(44) Not to exceed 0.0043 Ji9/ 1 at any time. 

(45) This value IS not specific to a particular configuration of 1,3-dichloropropene The given valUe is tentative, based on current data or other information. It is anticipated that 

this value will be proposed in the near future. 

(46) Not to exceed 100 J-IQ/ 1 when hardness is less than or equal to 240 mgj t or 500 fJg/ 1 when hardness is greater than 250 mg/l 

(47) For chromiums. 

(48) Values taken from the Draft "Quality Criteria for Water" The values Will be updated as the standards become final, which is expected in early 1995. 

(49) These values were established by the National Toxics Rule, 59FR60848, December 22, 1994. 

/ 
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Table A-3 
Synopsis of Potential Federal and State Location-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Standards and Requirements SynopsIs 
Consideration in the Remedial 

Response Process 

Federal 

Endangered Species Act [40 CFR Requires remedial action to avoid jeopardizmg the continued Applicable. When choosing a remedial action, 
Part 302 (h). Appendix AJ existence 01 Federally-listed endangered or threatened minimization of impact to endangered species 

species. Requirements include notification to the USEPA and existing In and around au 8 will be considered. 
minimization of adverse effects to such endangered species. 

Fish and Wildlife Coordination Act Requires that the USFWS, NMFS, and related State agencies Applicable. Should a remedial action involve the 
Regulations [40 CFR Part 302] be consulted prior to structural modification of any stream or alteration of a stream or other body of watsr, the 

other water body (i.e., wetlands). It also requires adequate USFWS, NMFS, and other related agencies must be 
protection of fish and wildlife resources. consulted before that body of water is altered. 

National Environmental Policy Act (NEPA) Requires that Federal agencies minimize the degradation, Applicable. When choosing a remedial action, any 
Regulations; Protection of Wetlands loss, or destruction of wetlands, and preserve and enhance possible impact to a wetlands through discharge 
[Executive Order (EO) 11990, natural and beneficial values of wetlands under EO 11990. should be considered to ensure that degradation, 
40 CFR Part 6, Appendix A, and 40 CFR loss, or destruction of wetlands would be minimized. 
Part 6302(a)J 

NEPA Regulations, Protection of Flood- Federal agencies are required to reduce the risk of flood Applicable. The potential effects of any action at 
plains [EO 11988, 40 CFR Part 6, Appendix loss, to minimize Impact of floods, and to restore and au 8 will be evaluated to ensure that the planning and 
A, and 40 CFR Part 6.302(biJ preserve the natural and beneficial values of floodplains. decision making reflect consideration of flood hazards 

and floodplains management, including restoration and 
preservation of natural, undeveloped floodplains. 

State 

Chapter 62-340, FAC Delineation of the Provides a unified state-wide methodology for delineation Applicable. The methodology defined in this rule is 
Landward Extent of Wetlands and Surface of wetland and surface waters. required for delineation of all wetlands and surface 
Waters waters at au 8 

Nates' ARARs ;=: applicable or relevant and appropriate requirements. 
CFR :0: Code of Federal Regulations. 
EO = Executive Order. 
FAC ;=: Florida Administrative Code 
NAS ;=: Naval Air Station. 
NEPA == National Environmental Policy Act 
NMFS ;=: National Marine Fisheries Service. 
au = operable unit 
USEPA == U.S Environmental Protection Agency. 
USFWS = U.S. Fish and Wildlife Services. 
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Standards and Req uirements 

Clean Air Act (eM) Regulations, 

Emissions Standards [40 CFR Part 

50] 

eM Regulations, New Source 

Performance Standards (NSPS) 

[40 CFR Part 60] 

Clean Water Act (CWA) Regulations, 

National Pol\utant Discharge Elimina-

tion System (NPDES) [40 CFR Parts 

122 and 125] 

See notes at end of table. 

Table A-4 

Synopsis of Potential Federal and State Action-Specific ARARs 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

Federal 

This rule provides emissions standards, which are promul- Relevant and Appropriate. Emissions standards and momtoring 

gated to attain the National Ambient Air Quallty Standards requirements promulgated in this rule are relevant and appropriate 

(NMQSs), for hazardous air pollutants likely to cause an requirements for alternatives that involve the discharge to air (e.g,. 

increase in mortality or a serious illness to humans air stripping) of pollutants regulated under the CM. The state of 

Florida has jurisdiction for the Implementation of these regulations 

through the State Implementation Plan. 

Establishes NSPS for specified sources that are similar to a Relevant and Appropriate. This rule may be a relevant and appro-

source that has established NSPSs {such as air stripping priate requirement for a new source that is similar to a source that 

technologies}. The NSPSs limit the emissions of a number has established NSPSs (such as air stripping technologies). If it IS 

of different pollutants, including the six criteria pollutants list determined that the remedy would create potential air Impacts, the 

(carbon monoxide, nitrogen dioxide, volatile organic com- response actIon or the equipment for the response action may 

pounds, sulfur dioxIde, particulate matter, and lead), for qualify as a new source; therefore, these requirements should be 

which NAAQSs are establIshed, as well as fluorides. sulfuric met. 

acid mist, and total reduced sulfur (Including hydrogen 

sulfide [H,S]). 

Requires permits specifYIng the permissible concentration Applicable. Treated groundwater from Superfund remedial actions 

or level of contaminants in the effluent for the discharge of that is dIscharged to onsite surface water must meet the substantiVe 

pollutants from any pOint source into waters of the United requirements of a NPDES permIt, but would not have to meet the 

States. Resource Conservation and Recovery Act (RCRA) land disposal 

restriction levels, because discharges to surface waters that meet the 

requirements of a NPDES permit are exempt from the ReRA land 

disposal restrictions. Because the state of Florida is not recognized 

as "delegated" by the EPA, a facility dischargmg wastewater to the 

surface waters of the state would require a NPDES permit as well as 

a State wastewater discharge permIt. When Florida becomes classi-

fIed as a "delegated" state, a single permit will meet both Federal 

and State discharge requirements All Federal NPDES permits must 

be certified by the state of Florida to confIrm that Florida surface 

water standards are met. 
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Standards and Requirements 

CWA Regulations, National Pretreatment 
Standards [40 CFR Part 403J 

Department of Transportation (DOT) 
Rules for Transportation of Hazardous 
Materials [49 CFR 107] 

Federal Facil'lties Compliance Act of 
t992 (HR 2t94) 

Hazardous Materials Transportation Act, 
Hazardous Materials Transportation Reg-
ulations [49 CFR Parts 171, 173, 178, 
and t79J 

Occupational Safety and Health Act 
(OSHA) Regulations. Ge'lera! Industry 
Standards [29 CFR Part 1910J 

OSHA Regu!ations, Occupational Health 
and Safety Regulations 129 CFR Part 
1910, Subpart Zj 

See notes at end of table 

Table A-4 (Continued) 
Synopsis of Potential Federal and State Action-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

Federal (Continued) 

Sets pretreatment standards through the National Cate- Applicable. If groundwater IS discharged to a POTW or 
gorical Standards Dr the General Pretreatment Regulations federally owned treatment works (FOTW) , the discharge must 
for the introduction of pollutants from non-domestic sources meet local limits imposed by the POTW. A discharge from a 
into Publicly Owned Treatment Works (POTWs) in order to Comprehensive Environmental Response, Compensation, and 
control pollutants that pass through, cause Interference, or Liability Act (CERCLA) site to a POTW must meet the POTW's 
are otherwise incompatible with treatment processes at a pretreatment standards in the effluent Discharge to a POTW 
POTW, is considered an off-site activity and is, therefore, subject to 

both the substantive and administrative requirements of this 
rule. 

Establishes the procedures for packaging, labeling, and Applicable. These requirements would be applicable to any 
transporting of hazardous materials. company contracted to transport hazardous material from the 

site for laboratory analysis, treatment, or disposal 

Amends the Solid Waste Disposal Act to clarify provisions Applicable. This Act expands the domestic sewage exclusion 
concerning the application of certain requirements to federal to FOTWs. Therefore, hazardous waste may enter the FOTW 
facilities, such as providing a conditional exception to RCRA- at OU 8 and be excluded from coverage under the Solid Waste 
's domestic sewage exclusion for FOTWs In general, It Disposal Act. In addition, when wastewater is considered a 
allows state agencies and the USEPA to enforce hazardous hazardous waste under RCRA, but is mixed with domestic 
waste laws at government sites. waste as it flows through the sewer system to the FOTW, the 

FOTW would not be required to meet the additional regulatory 
requirements for a ReRA faCility. 

Provides requirements for the packaging, labeling, mani- Applicable. If off-site disposal of a hazardous material is 
festing, and transporting of hazardous materials. considered at OU 8, contaminated materials (I.e., sludge from 

untreated groundwater), would need to be handled, manifested. 
and transported to a licensed off-Site disposal facility in compli-
ance with these regulations. 

Requires establishment of programs to assure worker health Applicable. Under 40 CFR 300.38, reqUirements apply to all 
and safety at hazardous waste sites, including employee response activities under the National Oil and Hazardous Sub-
training requirements. stances Contingency Plan (NCP). 

Establishes permissible exposure limits for workplace expo- Applicable. Standards are applicable for worker exposure to 
sure to a spec'lfic listing of chemicals. OSHA hazardous chemicals dUring remed'ial activities. 
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Standards and Requirements 

OSHA Regulations, Recordkeeping, 

Reporting, and Related Regulations 

[29 CFR Part 1904] 

OSHA Regulations, Health and Safety 

Standards [29 CFR Part 1926J 

RCRA Regulations, Contingency Plan 

and Emergency Procedures [40 CFR 

Part 264, Subpart D] 

ReRA Regulations, Corrective Action 

Management Units (CAMUs) and 

Temporary Units (TUs); Corrective 

Action Provisions Under Subtitle C 

[40 CFR Part 260, 264, 265, 268, 270, 

and 271] 

RCRA Regulations, General Facility 

Standards [40 CFR Subpart B, 

264.10-26418J 

RCRA Regulations, Hazardous Waste 

Permits Program [40 CFR Part 270] 

See notes at end of table. 

Table A-4 (Continued) 
I 

Synopsis of Potential Federal and State Action-Specific ARARs I 

Feasibility Study, Operable Unit 8 
I 

Nava1 Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

Federal (Continued) 

Provides recordkeeping and reporting requirements Applicable. These requirements apply to all site contractors 

applicable to remedial activities. and subcontractors and must be followed during all site work 

Specifies the type of safety training, equipment, and proce. Applicable. All phases of the remedial response prClect should 

dUres to be used during site investigation and remediation be executed in compliance with this regulation. 

Outlines requirements for emergency procedures to be Applicable. The administrative requirements established in this 

followed in the event of an emergency such as an explosion, rule should be met for remedial actions involving the manage-

fire, or other emergency event ment of hazardous waste. The groundwater at au 8 is considered 

a hazardous waste according to the "contained-in" principal. 

This rule establishes CAMUs and TUs as two options for Relevant and Appropri.!!llte. If the onsite treatment, storage, or 

corrective actions at permitted RCRA faCilities. disposal of a hazardous waste is considered in a remedial action 

at au B, the substantive requirements of the CAMU/TU Rule should 

be met. 

Sets the general facility requirements Including general Relevant and Appropriate. If the remedial action Involves construc-

waste analysis, security measures, Inspections, and training tion of an onsite treatment faCility, such as with a groundwater 

requirements. Section 264.18 establishes that a facility treatment facility, the substantive requirements of thiS rule would 

located in a 1 DO-year floodplain must be designed, con- be relevant and appropriate. However, these requirements do not 

I 
structed, and maintained to prevent washout of any hazard- apply to the above-ground treatment or storage of hazardous waste 

ous wastes by a 100-year flood. before it is injected underground Therefore, this rule may be an 

I applicable requirement for alternatives that do not involve ground-

water reinjection. 

Establlshes requirements for obtaining permits to treat, Applicable. ReRA permitting requirements should be determined I 
store, or dispose of hazardous wastes on a case-by-case basis, working with all regulatory agencies. 

However, any activity involving the treatment or containment of 

hazardous waste IS sUbject to these permitting requirements. 
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Standards and Requirements 

RCRA Regulations, Identification and 
Listing of Hazardous Waste [40 CFR 
261J 

RCRA Regulations, Land Disposal 
Restrictions (LDRs) [40 CFR 
Part 268J 

RCRA Regulations, Manifest System. 
Recordkeeping, and Reporting [40 
CFR Part 264, Subpart EJ 

See note::; at end of table. 

Table A-4 (Continued) 
Synopsis of Potential Federal and State Action-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration In the Remedial 

Response Process 

Federal (Continued) 

Defines those wastes subject to the regulation as hazardous Applicable. These requirements define RCRA-regulated wastes, 
wastes under 40 CFR Parts 262-265. thereby delineating acceptable management approaches for listed 

and characteristically hazardous wastes that should be incorporated 
Into the characterization and remediation elements of remedial 
response projects. Groundwater at OU 8 that is contaminated With 
hazardous waste, IS subject to these regulations because it "con-
tains" hazardous waste. However, the groundwater must first be 
"generated" (i.e., pumped out of the ground) and be found to con-
tain hazardous waste before the groundwater itself can be classified 
as a waste. If, as a result of treatment, the groundwater no longer 
contains hazardous waste, the groundwater would not be subject to 
the hazardous waste rules A contained-in waste does not have to 
be delisted; it only has to "no longer contain" the hazardous waste. 
"No longer contains" IS determined on a case-by-case basis. 

Establishes restrictions on land disposal of untreated Applicable_ Groundwater treatment system residuals that exhibit the 
hazardous wastes and provides standards for treatment of RCRA-hazardous waste toxicity characteristic will have to be treated 
hazardous wastes prior to land disposal Universal Treat- until concentrations are below the characteristic levels established 
ment Standards (UTSs) for organic hazardous substances under RCRA before disposal once the LDRs for characteristic wastes 
that are subject to LDRs became effective on December become effective. Treated groundwater that is dIscharged to surface 
19, 1994. water must meet the substantive reqUirements of a NPDES permit, 

but would not have to meet the RCRA LDRs, because discharges to 
surface waters that meet the requirements of a NPDES permit are 
exempt from the ReRA LDRs. Therefore, groundwater Itself IS 
exempl from LDRs; however, the treatment residuals from the 
groundwater would be subject to LDRs and would need to be diS-
posed of appropriately 

Outlines procedures for manifesting hazardous waste for Applicable. These regulations apply if a remedial action involves the 
owners and operators of onsite and off-site facilities that treatment, storage, or disposal of hazardous waste off-site (I.e., the 
treat, store, or dispose at hazardous waste disposal of sludge generated during pumping of and/or treatment of 

groundwater). 
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Standards and Requirements 

RCRA Regulations, Miscellaneous 

Units [40 CFR Part 264, Subpart X] 

RCRA Regulations, Preparedness and 

Prevention [40 CFR Part 264. 

Subpart C] 

RCRA Regulations, Releases from 

Solid Waste Management Units [40 

CFR Part 264, Subpart F] 

ReRA Regulations, Standards Appli-

cable to Generators of Hazardous 

Waste [40 CFR Part 261] 

RCRA RegulatIons, Standards Appli-

cable to Transporters of Hazardous 

Waste [40 CFR Part 263, Subpart A] 

ReRA Regulations, Standards for 

Owners and Operators of Hazardous 

Waste Treatment, Storage, and Dis-

posal Facilities [40 CFR Part 264] 

See notes at end of table 

Table A-4 (Continued) I 

Synopsis of Potential Federal and State Action-Specific ARARs I 

Feasibility Study, Operable Unit 8 
I 

Naval Air Station Cecil FIeld j 
Jacksonville, Florida 

SynopsIs 
Consideration in the Remedial , 

Response Process 

Federal (Continued) 

These standards are applicable to miscellaneous units not Applicable. The design of proposed treatment alternatives, not 

previously defined under existing ReRA regulations Sub- specifically regulated under other subparts of RCRA, must prevent I 

part X outlines performance requirements that miscellaneous the release of hazardous constituents and future impacts on the 
I 

units be designed, constructed, operated, and maintained to environment. This subpart would apply to onsite construction of any 

prevent releases to the subsurface, groundwater, and wet- treatment facility that is not previously defined under the RCRA 
! 

lands that may have adverse effects on human health and regulation, 

the environment. 
I 

Outlines requirements for safety equipment and spill control Applicable. Safety and communication equipment should be 
I 

for hazardous waste faCilities. Facilities must be designed, incorporated into all aspects of the remedial process and local 
I 

maintained, constructed, and operated to minimize the authorities should be familiarized with site operations. 

possibility of an unplanned release that could threaten 
I 

hUman health or the environment. 

Establishes the requirements for solid waste management Relevant and Appropriate. This rule is a relevant and appropriate 

units (SWMUs) at RCRA regulated TSDFs. The scope of the requirement for the treatment of hazardous waste (I.e" "generated" 

regulation encompasses groundwater protection standards, contaminated groundwater), This rule could be applicable if the 

point of compliance, compliance period, and requirements site is a designated SWMU, However, if the site is not a designated 

for groundwater monitonng, SWMU, but the hazardous waste contained on site is the same as if 

the site were a SWMU, then this subpart would be conSidered 

relevant and appropriate. OU 8 IS not a designated SWMU; there-

fore, this subpart is relevant and appropriate. 

Establishes standards for generators of hazardous wastes Applicable. If an alternative involves the off-site transportation of 

that address waste accumulation, preparation for shipment, hazardous waste (i.e., sludge from untreated groundwater), the 

and completion of the uniform hazardous waste maniiest. materIal must be shipped in proper containers that are accurately 

These requiremenis are Integrated with DOT regulations marked and labeled, and the transporter must display proper 

These rules specify that all hazardous waste shipments must place cards, 

be accomplished by an appropriate manifest. 

Establishes minImum nat!onal standards defining the Applicable. Should a remedial action at au 8 involve management 

acceptable management of hazardous wastes for owners of RCRA wastes at an off-site Transportation, Storage, ann Disposal 

or operators of facllities that treat, store, or dispose of Facility (TSDF) or if RCRA wastes are managed onsite, the substan-

hazardous wastes tive requirements of this rule should be conSIdered 

Establishes minImum national standards defining the Applicable. Should remedial actions Involving management of 

acceptable management of hazardous wastes for owners ReRA wastes at an off-SIte Transportation, Storage, and Dlsposa\ 

and operators of facilities that treat, store, or dispose of FacilIty (TSDF) or if RCRA wastes afe managed onsite, the requlre-

hazardous wastes, ments of this rule apply when groundwater is extracted, 
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Standards and Requirements 

ReRA Regulations, Use and Manage-
ment of Containers [40 CFR Part 264, 
Subpart I] 

SDWA Regulations, Underground 
Injection Control Regulations 
[40 CFR Parts 144, 146, 147, and 
1000] 

Chapter 62-2, FAC Flonda Air PoJiution 
Rules - October, 1992 

Chapter 62-4, FAC Flonda Rules on 
Permits - November, 1994 

Chapter 62-25, FAC Florida Regulation 
of Stormwater Discharge - May, 1993 

Chapier 62-28, FAC Florida Under-
ground Injection Control Regulations -
April, 1989 

Chapter 62-272, FAC Ambient Air 
Quality Standards - December, 1994 

See notes at end of table. 

Table A-4 (Continued) 
Synopsis of Potential Federal and State Action-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

Federal (Continued) 

Sets standards for the storage of containers of hazardous Applicable. This requirement would apply if a remedial alternative 
waste. involves the storage of a hazardous waste (1 e , contaminated 

groundwater) in containers prior to treatment. 

Establishes minimum program and performance standards Applicable. Discharge of treated groundwater, by well injection, 
for underground injection programs Technical criteria and must be in accordance with all criteria and standards in these 
standards fOf siting, operation, maintenance, reporting, and Federal regulations, as well as meet all State Underground Injection 
recordkeeping are included in Part 146. Also requires pro- Control Program requirements. Treated groundwater must meet all 
tection of underground sources of drinking water. SDWA standards for reinjection prior to well injection. 

State 

Establishes permitting requirements for owners or operators Relevant and Appropriate. Although this rule is directly applicable 
of any source which emits any air pollutant. This rule also to industrial polluters, these requirements are relevant and appro-
establishes ambient air quality standards for sulfur dioxide, priate for a remedial action which could result in the release of 
PM 1Q, carbon monoxide, lead, and ozone. regulated contaminants to the atmosphere, such as may occur 

during air stripping or excavation 

Establishes procedures for obtaining permits for sources of Applicabll!i_ These substantive requirements must be met during a 
pollution This rule also establishes a "miXing zone" rule for CERCLA remediation. Through dilution, applying the "mixing zone" 
facifitles that discharge wastewater into the surface waters rule aHows wastewater With higher concentrations of pollutants to 
of the State. be discharged into surface water, while still maintaining the Florida 

water quality standards. If OU 8 chose to apply the "mixing zone" 
rule, a state "mixing zone" permit would be required according to 
this rule. 

Establishes requirements for discharges of untreated Applicable. Remedial actions should conSider the impact of con-
storm water to ensure protection of the surface water of struction of the discharge of untreated stormwater. 
the state, 

Establishes a State Underground Injection Control Program Applicable. These regulations should be considered if remedial 
consistent with federal requirements and appropriate to the actions as au B involve underground Injection of groundwater. 
hydrogeology of Florida 

Establishes ambient air quality standards necessary to pro- Applicable. These ambient air quality standards should be met for 
teet human health and public welfare. It also establishes remedial actions involving the pOSSible release exposure of con-
maximum allowable increases in ambient concentrations taminants to the atmosphere. 
for subject pollutants to prevent significant deterioration of 
air quality in areas where ambient air quality standards are 
being met. Approved aIr quality monitoring methods are 
also specified. 
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Standards and Requirements 

Chapter 62-273, FAC Air Pollution 
Episodes - September, 1994 

Chapter 62-302, FAC Florida 
Surface Water Standards· August, 
1994 

Chapter 62-522, FAC Florida 
Groundwater Permitting and 
Monitoring Requirements - April, 
1994 

Chapter 62-532, FAC Florida Water 
Well Permitting and Construction 
Requirements - March, 1992 

Chapter 62-730, FAC Florida 
Hazardous Waste Rules - October, 
1993 

Chapter 62-736, FAG FlOrida Rules 
on Hazardous Waste Warning 
Signs - July, 1991 

See notes at end of table. 

Table A-4 (Continued) 
Synopsis of Potential Federal and State Action-Specific ARARs 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Requirements Synopsis 
Consideration In the Remedial 

Response Process 

State (Continued) 

In order to prevent episode conditions (defined as a "condition Relevant and Appropriate. Although this rule is directly applica-
which exists when meteorological conditions and rates 01 dis- ble to industrial polluters, these requirements are relevant and 
charge of air pollutants combine to produce pollutant levels In appropriate for remedial actions that may result in the emission 
the atmosphere which, if sustained, can lead to a substantial of sulfur dioxide, PM 10 , carbon monoxide, ozone, or nitrogen 
threat to the health of the people") from continuing or from dioxide to the atmosphere. 
developing into more severe conditions, action must be taken. 
This rule classifies an air episode as an air alert, warning or 
emergency and establishes criteria for determining the level of 
the air episode. It also establishes response requirements for 
each level. 

Defines classifications of surface waters, and establishes water Applicable. Remedial actions at OU 8 that involve a discharge to 
quality standards (WQSs) for surface water within the classifica- a surface water of the State will consider surface WQSs. 
tlons. The State's antidegradation policy is also established in 
this rule, 

Establishes permitting and monitoring requirements for installa- Applicable, The substantive reqUirements of this rule should be 
tlons discharging to groundwater. considered when discharge to groundwater (i.e, reinjection) is a 

possible remedial action If these requirements are met under 
another permit, a separate discharge permit may not be required. 

Establishes the minimum standards for the location, construction, Applicable, The substantive requirements for permitting should 
repair, and abandonment of water wells. Permitting requirements be met if remedial actions involve the construction, repair, or 
and procedures are established. abandonment of monitoring, extraction, or injection weils, 

Adapts, by reference, appropriate sections of 40 CFR and estab- Relev8nt and Appropriate. The substantive permitting require-
!ishes minor additions to these regulations concerning the gener- ments for hazardous waste must be met where applicable for 
ation, storage, treatment, transportation, and disposal of hazard- CERCLA remedial actions, 
ous wastes. 

Requires warning signs at National Priority List (NPL) and Florida Applie.ble. This requirement should be met for sites which are 
Department of Environmental Protection (FDEP) Identified hazard- on the NPL or which have been identified by the FDEP as poten-
ous waste sites to inform the public of the presence of potentially tially harmful. au 8 is a CERCLA site; therefore, these require-
harmful conditions. ments must be met. 
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Table A-4 (Continued) 
Synopsis of Potential Federal and State Action-Specific ARARs 

Notes: ARARs:= applicable or relevant and appropriate requirements. eM = Clean Air Act. 
CAMU = Corrective Action Management Unit. 

Feasibility Study, Operable Unit 8 
Naval Air StatJOn Cecil Field 

Jacksonville, Florida 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act 
CFR = Code of Federal Regulations. 
CWA = Clean Water Act. 
DOT = Department of Transportation. 
FAC = Florida Administrative Code. 
FOEP = Florida Department of Environmental Protection. 
FOTW = Federally Owned Treatment Works. 
HzS = hydrogen sulfide, 
LDRs =: Land Disposal Restrictions. 
NAAQS = National Ambient Air Quality Standards. 
NAS = Naval Air Station 
NCP = National Contingency Plan. 
NPDES = National Pollutant Discharge Elimination System. 
NPL := National Priority List 
NSPS = New Source Performance Standards. 
OSHA = Occupational Safety and Health Administration. 
OU == operable unit. 
PM 10 =: particulate matter less than 10 micron in size 
POTW =: publicly owned treatment works. 
RCRA == Resource Conservation and Recovery Act. 
SDWA = Safe Drinking Water Act. 
SWMU =; solid waste management unit. 
TSDF =: transportation, storage, and disposal facility. 
TU =: temporary unit. 
UTS = Universal Treatment Standards. 
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Advisones and Guidance 

Clean Air Act (CM) 

Regulations, National Ambient 

Air Quality Standards (NMOSs) 

[40 CFR Part 501 

Safe Drinking Water Act 

(SDWA) Regulations, National 

Secondary Drinking Water 

Standards (SMCLs) [40 CFR 

Part 1431 

USEPA Office of Drinking 

Water, Health Advisories 

Chapter 62-611. FAC Florida 

Wetlands Application Regula-

tions - November, 1989 

Chapter 62-620, FAC Florida 

Wastewater Facility Permits 

Table A-5 

Synopsis of Federal and State 'To Be Considered" Documents 

Feasibility Study, Operable Unit 8 

Naval Air Station CecH Field 

Jacksonville, Florida 

Synopsis 
Consideration in the Remedial 

Response Process 

Federal 

Establishes prtmary (health-based) and secondary (welfare-based) Site remediation activities should comply with emission standards 

air quality standards for carbon monoxide, lead, nitrogen dioxide, established to achieve NMOs at au 8. The principle application of 

particulate matter, ozone, and sulfur oxides emitted from a major these standards is during remedial activities resulting in exposures 

source of air emissions. The NAAQSs form the basis for all regula- to humans through dust and vapors 

tions promulgated under the CM. However, the NAAQSs them-

selves are non-enforceable and are never ARARs. 

Establishes welfare-based standards for public water systems for SMCLs are nonenforceable limits Intended as guidelines for use by 

specific contaminants or water characteristics that may affect the States in regulating water supplies. 

aesthetic qualities of drinking water. 

Health advisories are estimates of non-carcinogenic risk due to These advisories should be considered for contaminants In surface 

consumption of contaminated drinking water. water and groundwater that is or could be used as a potable water 

source (I e., au 8's ground and surface water) 

State 

Sets requirements for discharges of domestic wastewater to This rule mainly addresses the discharge of domestic wastewater to 

wetlands. wetlands. Discharge limits are established for CBOD, TSS, N, and 

phosphorus, This rule should be considered for remedial alterna-

tives which result in discharges to wetlands where these limits may 

be approached. 

This rule establishes requirements for wastewater permits. It was Upon delegation, facilities in Florida requiring a wastewater permit, 

published in November, 1994, however, it is not effective until will meet the permitting requirements under this rule. When Florida 

Florida is recognized as a "delegated" state. becomes a "delegated" state, facilities will be allowed to have a 

single permit to meet both Federal and State discharge require-

ments 
~~ -- --- -- -- -~ -- -- ---- -~ -- -- ---
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Table A-5 (Continued) 
Synopsis of Federal and State 'To Be Considered" Documents 

Feasibility Study, Operable Unit 8 
Naval Air Station Jacksonville 

Jacksonville, Florida 

Advisories and GUidance Synopsis 
Consideration in the Remedial 

Response Process 

State (Continued) 

Groundwater Guidance Concentrations, This document establishes maximum concentration levels of The values provided in this document should be considered 
Bureau of Groundwater Protection - contaminants for groundwater in the state of Florida. Ground- when determining cleanup levels for groundwater These 
June, 1994 water with concentrations less than the listed values are consid- guidance values for groundwater are considered to be ARARs 

ered "free from" contamination. by the Florida Department of Environmental Protection {FDEP). 
However, by definition of ARARs in the National Contingency 
Plan (NCP), state requirements must be a state law or regula-
tion; an environmental or facility siting law: promulgated, more 
stringent than the Federal requirement; Identlfied in a timely 
manner; and consistently applied. All of these parameters 
must be met according to the NCP. The Groundwater Guid-
ance Concentrations are not promulgated as law or regulation; 
however, it is recognized that the FDEP maintains the position 
that these guidance concentrations are considered as ARARs. 

Notes: ARARs = applicable or relevant and appropriate requirements. 
eM = Clean Air Act 
CBOD = Carbonaceous Biological Oxygen Demand. 
CFR = Code of Federal Regulation. 
FAC = Florida Administrative Code. 
FDEP = Florida Department of Environmental Protection. 
N = nitrogen. 
NMQSs = National Ambient Air Quality Standards. 
NAS = Naval Air Station. 
NCP = National Contingency Plan. 
OU = operable unit. 
SDWA = Safe Drinking Water Act. 
SMCLs = Secondary Drinking Water Standards. 
TSS == total suspended solids 
USEPA =; U.S. Environmental Protection Agency. 
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APPENDIX 8 

DETERMINATION OF ACTION LEVELS AND TREATMENT LEVELS 
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Potential Receiving Water 

Federal 
Analyte 1 

MCL2 

Volatile Organic Com~ounds /.j.Igfl} 

1,1,1" Trichloroethane 200 

1, l~Dichlaroethane NA 
l,l-Dichloroethene 7 

1,2-Dichloroethene (cis) "0 

2-Butanone NA 
4-Methyl -2 -p e ntan 0 n e NA 
Acetone NA 

Benzene 5 

Trichloroethene 5 

Xylene, (total) 10,000 

Semivola1ile Organic Coml!Dunds (pg/lJ 

l.2,Dichlorobenzene 600 

1,3-Dichlorobenzene 600 

1,4-Dlchlorobenzene 75 

2,4-Dich lorophenol NA 

2,4-Dlmethylphenol NA 
2-Methylnaphthalene NA 

2-Methylphenol NA 

4-Methylphenol NA 

BenzD (b jfluoranthene 0.2 

Di-n-butylphthalate NA 

Diethy!phthalate NA 
Naphthalene NA 

See notes at end of table. 
-- - -_. 

Table B-1 
Surficial Aquifer Chemicals and Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

JacksonvllJe, Florida 

Groundwater Surface Water 

Florida 
Florida 

Background 
Florida 

Background 
Guidance Surface Water Federal AWOC 

Standard3 

Concentration 4 ConcentrationS 
Standard 6 ConcentrationB 

200 200. NO 173,000 NA NO 

NA 700 NO NA NA NO 

7 7 NO ~,2 NA NO 

"70 '70 NO NA NA NO 
NA 4,200 NO NA NA NO 

NA 350 NO NA NA NO 
NA 700 NO NA NA NO 

1 1 NO n28 105,300 NO 

3 3 NO SO] 21,900 NO 

10,000 10,000 NO NA NA NO 

600 QOO NO NA 5U NO 

NA 10 NO NA 50 NO 

75 75 NO NA 50 NO 

NA 4· NO 790 365 NO 

NA 400 NO NA j~, 12.0 NO 
11 100 NA NO NA NA NO , 

NA :/50 NO NA NA NO 

NA M NO NA NA NO 

NA 4 NO "0,031 NA NO I 

NA 700 NO 3 NA NO 

NA 5,6(10 NO NA NA NO 
I NA 6.S NO NA 620 NO 

- - --- -- --- -_. 
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Table B-1 (Continued) 
Surficial Aquifer Chemicals and Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Potential Receiving Water Groundwater 

Federal Florida 
Florida 

Background 
Florida 

Analyte 1 GUidance Surface Water 
Mel' Standard 3 

Concentration4 Concentratlon5 

Standards 

Semivoll!!ltile Organic Com~ounds (Continued) tug/I) 

Phenol NA NA 10 0.8 30(} 

bis(2-Ethylhexyl) phthalate 6 6 6 1.5 :> .' 

Pesticides and PCBs (pgl t) 

Aroclor-1248 1305 13
0.5 t:!lO,5 NO . \).014 

Endosulfan II NA NA 0.35 NO .. j) 056 

beta-SHe NA NA 0.1. ND MMl 
Inorganic Analy:tes {pg/ll 

Aluminum 14200 15200 200 MOO. 1,500 

Antimony 6 6 6 ND 4,~ 

Arsenic 50 50 50. 38 50 
Barium 2,000 2,000 2;000 21 NA 
17Calcium NA NA NA 23,600 NA 
Chromium 100 100 100 NO NA 
17Cobalt NA NA NA 9.9 NA 
Copper 13 1,000 141,000 1,000 NO NA 

Iron 
13300 14300 300 1,21;0 1,000 

Lead 15 15 15 6.3 M 
17Magnesium NA NA NA 3,410 NA 

Manganese 1350 1450 50 49.5 NA 

Nickel 100 100 100 19 NA 
16Potassium NA NA NA 1,960 NA 

Selenium 50 50 ~O 2 ~ 

Sodium NA 160.000 160\000 6,210 NA 

Vanadium NA NA 49 ND NA 

Zinc 135,000 145,000 ~,ooo ND NA 

See notes at end of table. 

Surface Water 

Background 
Federal AWQC7 

ConcentrationS 

2,560 NO 

160 NO 

130.014 NO 
0.056 NO 

10
100 NO 

S1 ND 

30 ND 
10,15 190 ND 

NA 55.6 

NA 46,400 

"210 NO 
11 ND 
12 4.0 

1,000 910 

32 NO 

NA 12,100 

NA 356 

160 NO 

NA 5,380 

5 ND 

NA 38,000 

NA 2.8 

110 ND 

- --- -
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Table 8-1 (Continued) 
Surficial Aquifer Chemicals and Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

1 Analytes listed are all those detected in unfiltered groundwater samples collected from the Surficial Aquifer at au 8. 
2 Federal Primary and Secondary MCLs are taken from the Safe Drinking Water Act (40 CFR, Part 141) and the National Secondary Drinking Water Standards 
(40 CFR, Part 143). 
3 Florida Primary Standards are taken from the Florida Drinking Water Standards (Chapter 62-550, FAC), September 1994 unless otherwise noted. 
4 Florida Guidance Concentrations are taken from Chapter 6 (Guidance Concentrations Index) of the FDEP Groundwater GUidance Concentrations (June 1994). 
5 Background concentrations are the mean of the detected chemicals in three background (upgradientj monitoring wells screened in the surficial aquifer at au 
8 (CF3MW8S, CF3MW91, and CF3MW10D) 
S Flonda SuJiace Water Standards are taken from Chapter 62 (Class III, fresh, Surface Water Quality Standards) of the Florida Administrative Code (FAC 62-
302), January 23, 1995. 
7 Federal Ambient Water Quality Criteria are taken from Office of Guidance (aquatic life, freshwater, chronic effects, 40 CFR, Part 131). 
8 Background concentrations are concentrations of the detected chemicals in the background (upstream) surface water sample in Rowell Creek (CF3SW2) . 
.9 Primary Mel is for cis-1 ,2-dichloroethylene, 
10 Value is for freshwater, acute effects (no chronic effects value was available). 
11 Value is for the sum of naphthalene and methyl naphthalene from Chapter 62-770, FAG. 
12 Value is for total polyaromatic hydrocarbons (PAHs) 
13 Value is for total polychlorinated biphenyls (PCBs). 
14 Value is a Federal Secondary MeL. 
IS Value is a Florida Secondary MCL. 
16 Value is for arsenic (III). 
17 Inorganic has no Florida Guidance Concentration, therefore no cleanup criterion is specified. 
18 Value IS for chromium (III). 

Notes: (A) Shading represents the selected groundwater (GIN) and surface water (SIN) criteria. For groundwater, the higher of the background concentration 
or the Florida Guidance Concentration was selected. For inorganlcs In groundwater without Florida Guidance Concentrations, no cleanup cflteria 
were specified For surface water, the higher of the background or the FlOrida Surface Water Standard was selected. If neither the background 
nor the Florida Surface Water Standard was available, the Federal AWQC value was selected, If no Federal AWQC or Florida Surface Water 
Standard was available for a chemical, no cleanup criterion ("NA") was specified. 

AWOC = Ambient Water Quality Criteria. 
GW :=0 groundwater. 
J..Ig/l = micrograms per liter. 
MCl = maximum contaminant level, 
NA = not available. 
NAS = Naval Air Station. 

SW = surface water. 
USEPA =; U.S Environmental Protection Agency. 
FDEP = Florida Department of Environmental Protection. 
FAC = Florida Administrative Code. 
NO ;=: nondetect 
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Table B-2 
Surficial Aquifer Comparison to Selected Groundwater Criteria 

Feasibility Study, Operable Unit B 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Maximum 
Analyte of 

Concentrations 
Detected Detected 

Detection 1 Concentrations2 Concentration 

Volatile Organic Coml!ounds (pgll) 

1,1,1-TTIchloroethane 4/30 96 to 860 342 860 

1,1-Dichloroethane 8/30 1 to 590 167 590 

1,1-Dichloroethene 8/30 2 to 350 115 350 

1,2-Dichloroethene (cis) 4/30 9 to 1,900 517 1.900 

2-Butanone 3/30 1 to 25 9 25 

4-Meth yl-2 -pentan on e 1/30 2 to 2 2 2 

Acetone 1/30 180 to 180 180 180 

Benzene 1/30 26 to 26 26 26 

Trichloroethene 6/30 9 to 1,700 476 1,700 

Xylenes (total) 5/30 9 to 150 51 150 

Selnivolatile Organic Com~ounds lpg/II 

1,2-Dichlorabenzene 4/30 350 to 9,800 2,960 9,800 

l,3-Dichlorobenzene 4/30 9 to 240 76 240 

1 A-Dichlorobenzene 4/30 49 to 1,300 401 1,300 

2,4-Dich lorophenol 1/30 5 to 5 5 5 

2,4-Dimethylphenol 3/30 0.5 to 10 42 10 

2-Methylnaphthalene 8/30 0.8 to 200 75.6 200 

2-Methylphenol 2/30 8 to 19 135 19 

4-Methylphenol 4/30 3 to 61 20 61 

Benzo (b)fluoranthene 1/30 3 to 3 3 3 

Di-n-butyl phthalate 1/30 0.8 to 08 0.8 0.8 

Diethylphthalate 2/30 1 to 3 2 3 

Naphthalene 11/30 0.6 to 450 108 450 

Phenol 7/30 05 to 10 3.1 10 

bis (2-Ethylhexyl) phthalate 12/30 05 to 61 7.5 61 

See notes at end of table. 

Selected GW Exceedance? 
Criteria" (Yes/No)' 

200 YES 

700 NO 

7 YES 

70 YES 

4,200 NO 

350 NO 

700 NO 

1 YES 

3 YES 

10,000 NO 

600 YES 

10 YES 

75 YES 

4 YES 

400 NO 

100 YES 

350 NO 

35 YES 

4 NO 

700 NO 

5,600 NO 

6.8 YES 

10 YES 

6 YES 



»n 
~m 

~0 
~o 
OC . ~ 
~~ 

rn 
c), 

Analyte 

Pesticides and PCBs (pg/ II 

Aroclor-1248 

Endosulfan II 

beta-BHe 

Inorganic Analytes (pg/l) 

Aluminum 

Antimony 

Arsenic 

Barium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Selenium 

Sodium 

Vanadium 

Zinc 

See notes at end of table. 

Table 8-2 (Continued) 
Surficial Aquifer Comparison to Selected Groundwater Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Maximum 
of 

Concentrations 
Detected Detected 

Detection 1 Concentrations1 Concentration 

2/30 0.6 to 0.79 0.7 0.79 

1/30 0.042 to 0.042 0.04 0.042 

1/30 0.047 to 0.047 0.05 0.047 

14/30 374 to 47,400 7,560 47.400 

2/30 4.5 to 9 2 69 9.2 

12/30 1 5 to 24.7 71 24.7 

30/30 6 to 312 36.4 312 

29/30 41910 71,300 37,800 71,300 

3/30 5.6 to 36.6 22.3 36.6 

7/30 9.510 14 11.2 14 

6/30 6.1 to 73.5 23 735 

17/30 44.6 to 36,500 4,490 36,500 

6/30 1 to 7.6 3.4 76 

30/30 247 to 24,400 7,020 24,400 

22/30 36t0221 42.2 221 

1/30 128to 12.8 128 128 

29/30 103 to 4,600 1,540 4,600 

1/30 5 to 5 5 5 

30/30 1,920 to 13,700 8,Q30 13,700 

3/30 6.6 to 274 20.2 27.4 

9/30 2.1 to 41.4 12.3 41.4 

Selected GW Exceedance? 
Criteria:> (Yes/No)' 

0.5 YES 

0.35 NO 

0.1 NO 

I 
8,560 YES 

6 YES 

50 NO 
I 2.000 NO 

NA NO 

100 NO 

I NA NO 

1,000 NO 

1,250 YES 

I 15 NO 

NA NO 

50 YES 

100 NO 

NA NO 

50 NO 

160,000 NO 

49 NO 

5,000 NO 
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Table B-2 (Continued) 
Surficial Aquifer Comparison to Selected Groundwater Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

1 Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples 
analyzed. 

2 The average of detected concentrations is the arithmetic mean of an monitoring well samples in which the analyte was detected. It does not 
include those samples in which the analyte was not detected. 

3 Refer to shaded values in Table 8-1. 
4 Exceedance indicates that the maximum detected concentration of a chemical is at or above the selected GW criterion; bold indicates mean 

(average) concentration exceeds the selected GW criterion. 

Notes; fJ91 i = micrograms per liter. 
GW = groundwater. 
MCl = maximum contaminant level. 
NA = nat available or not applicable. 
NAS = Naval Air Station. 
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Frequency 
Analyte of 

Detection 1 

Volatile Organic Com~ounds (pg/II 

1,1,1-Trichloroethane 4/30 

1,1-Dichloroethene 8/30 

1,2-Dichloroethene (cis) 4/30 

Benzene t/30 

Trichloroethene 6/30 

Semivolatile Organic Coml?:0unds Ipg/IJ 

1,2-Dichlorobenzene 4/30 

1,3-Dichlorobenzene 4/30 

lA-Dichlorobenzene 4/30 

2,4-Dichlorophenol 1/30 

2-Methylnaphthalene 8/30 

4-Methylphenol 4/30 

Naphthalene II/3D 

Phenol 7/30 

bis(2-Ethylhexyl) phthalate 12/30 

Pesticides and PCBs (JIg/I) 

Aroclor-1248 2/30 

Inorganic Analytes (pg/I) 

Aluminum 14/30 

Antimony 2/30 

Iron 17/30 

Manganese 22/30 

See notes at end of table. 

Table 8-3 
Surficial Aquifer In Situ Treatment Requirements 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Range of Detected 
Mean of Maximum 

Selected GW 
Percent 

Concentrations 
Detected Detected 

Criteria3 Removal 
Concentrations2 Concentration Required4 

96 to 860 342 860 200 76.7 

2 to 350 115 350 7 98.0 

9 to 1,900 5t7 1.900 70 963 

26 to 26 26 26 1 96.2 

9 to 1,700 476 t,700 3 99.8 

350 to 9,800 2,960 9,800 600 939 

9 to 240 76 240 10 95.8 

49 to 1,300 401 1,300 75 94.2 

5 to 5 5 5 4 20.0 

0.8 to 200 75.6 200 100 50.0 

3 to 61 20 61 35 42.6 

0.6 to 450 108 450 68 98.5 

0.5 to 10 3.1 10 10 00 

0.5 to 61 7.5 61 6 902 

0.6 to 0.79 0.7 0.79 0.5 367 

37.4 to 47.400 7,560 47,400 8,560 819 

4.5 to 9.2 6.9 9.2 6 348 

44.610 36,500 4,490 36,500 1,250 966 

3.6 to 221 422 221 50 77.4 
-
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Table B-3 (Continued) 

Surficial Aquifer In Situ Treatment Requirements 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

, Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples 

analyzed. 
2 The average of detected concentrations is the arithmetic mean of all monitoring well samples In which the analyte was detected. It does not 

include those samples in which the analyte was not detected. 

3 Refer to shaded values in Table B-1 . 

... Percent removal required for groundwater at au 8 to meet the selected GW criteria. 

Nates: Mel"" Maximum Contaminant Level. 

GW == groundwater. 
}J9/1 = micrograms per liter. 

NA = not available or not applicable 

NAS = Naval Air Station 

) 



pn 
",m 

:;;" 
~o 
OC 
~?J 
~;)l 

OJ 
<b 

Table 8-4 
Extracted Groundwater Comparison to Selected Surface Water Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency Mean of 
Estimated 

Range of Detected Concentration Selected SW 
Analyte of 

Concentrations 
Detected 

in Extracted Cnteria4 

Detection 1 Concentrations2 

Groundwater3 

Volatile Organic Com~ounds lpg/II 

1,1,1-Trichloroethane 4/30 96 to 860 342 33 173,000 

1,1-Dichloroethane 8/30 1 to 590 167 29 NA 

1,1-Dichloroethene 8/30 2 to 350 115 46 3.2 

1,2-Dichloroethene (cis) 4/30 9 to 1,900 517 26 NA 

2-Butanone 3/30 1 to 25 9 'NO (0.25) NA 

4-Meth yl-2 -pe ntan 0 n e 1/30 2 to 2 2 "NO (002) NA 

Acetone 1/30 180 to 180 180 'NO (1.9) NA 

Benzene 1/30 26 to 26 26 'NO (0.3) 71.28 

Trichloroethene 6/30 9to 1,700 476 150 80.7 

Xylenes (total) 5/30 9 to 150 51 5.2 NA 

Semivolatile Organic Coml:!ounds (pg! I) 

1,2-Dichlorobenzene 4/30 350 to 9r800 2,960 290 50 

1 3-Dichlorobenzene 4/30 9 to 240 76 63 50 

1 A-Dichlorobenzene 4/30 49 to 1,300 401 38 50 

2,4-D'lchl oraph enol 1/30 5 to 5 5 'NO (0.05) 790 

2,4-Dimethylphenol 3/30 0.5 to 10 4,2 'NO (0 12) 2,120 

2-Methylnaphthalene 8/30 0.8 to 200 75.6 5.6 NA 

2-Methylp_'1enol 2/30 8 to 19 13.5 'NO (025) NA 

4-Methylphenol 4/30 3 to 61 20 'NO (0.74) NA 

Benzo (b lfluoranthene 1/30 3 to 3 3 'NO (0.03) 0.031 

Di-n-butyI phthalate 1/30 0.8 to 0.8 08 'NO (0.01) 3 

Diethylphthalate 2/30 1 to 3 2 'NO (0.04) NA 

Naphthalene 11/30 0.6 to 450 108 23 620 

See notes at end of table. 

Exceedance? 
(yes/No:1 5 
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Table 6-4 (Continued) 
Extracted Groundwater Comparison to Selected Surface Water Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida I 

Frequency Mean of 
Estimated I 

Range of Detected Concentration Selected SW Exceedance? I Analyle of 
Concentrations 

Detected 
in Extracted Criteria4 (Yes (No)' 

Detection 1 Concentrations2 

Groundwater3 

Semivols1ile Organic Compounds (Continued) (pgfll 

I Phenol 7(30 0.5 to 10 31 'NO (0.18) 300 NO 

bis(2-Ethylhexyl) phthalate 12(30 0.5 to 61 7.5 'NO (0.8) 3 NO 

I 
Pesticides and PCBs (pg/ll 

Aroclor-1248 2(30 0.6 to 0.79 0.7 'NO (0.05) 0014 YES 

Endosulfan II 1(30 o 042 to 0.042 0.04 'NO (0014) 0.056 NO 

beta-SHe 1(30 0.047 to 0.047 0.05 'NO (0.0156) 0.046 NO 

Inorganic Analxtes (pgft J 

Aluminum 14(30 37.4 to 47,400 7,559 3,600 87 YES 

'f 
o 

Antimony 2(30 4.5 to 9.2 6.9 3.5 4,300 NO 

I 
, 

Arsenic 12(30 1.5 to 24.7 71 3.5 50 NO 

Barium 30(30 6 to 312 36.4 36 NA NO 

I Calcium 29(30 419 to 71,300 37,762 39,000 NA NO 

Chromium 3(30 5.6 to 36.6 22.3 7.1 210 NO 

Cobalt 7(30 9,5 to 14 11.2 9.0 11 NO 
I 

Copper 6(30 6 1 to 73.5 23 7.2 4.6 YES 

Iron 17(30 44.6 to 36.500 4,494 2,600 910 YES 
I 

Lead 6(30 1 to 7.6 3,4 1.5 5.6 NO 

Magnesium 30(30 247 to 24,400 7,019 7,000 NA NO 
I 

Manganese 22(30 36 to 221 42.2 33 NA NO 

Nickel 1(30 12.8 to 12.8 12.8 12 160 NO 
I 

Potassium 29(30 103 to 4,600 1,544 1,500 NA NO 

Selenium 1(30 5 to 5 5 2.3 5 NO 

Sodium 30(30 1,920 to 13,700 8,031 8,000 NA NO 

Vanadiul.l 3(30 6.6 to 27.4 20.2 6.2 NA NO 

Zinc 9(30 2.1 to 41.4 12.3 12 110 NO 
, 

I 

See notes at end of table. 
- -- -- -- -- -- -- -- -- _._--
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Table 8-4 (Continued) 
Extracted Groundwater Comparison to Selected Surface Water Criteria 

feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

1 Frequency of detection Is the number of samples In which the analyte was detected divided by the total number of monitoring well sampJes 
analyzed. 

2 The average of detected concentrations is the arithmetic mean of all monitoring well samples in which the analyte was detected. It does not 
include those samples in which the analyte was not detected. 

3 For organics, the predicted concentration in extracted groundwater was calculated as the average of all detects and non-detects of monitoring 
well (Level IV) and Aquaprobe data. For Inorganics, the predicted concentration in extracted groundwater was calculated as the average of all 
detects and non-detects. with the non-detect concentrations equal to the detection limit of each analyte. 

4 Refer to shaded values in Table 8-1. 
5 Exceedance indicates that the predicted concentration of a chemical is at or above the selected SW criteria. 
5 Estimated concentration is below the detection limits. 

Notes. fJ9/ l = micrograms per liter. 
SW = surface water 
NA = not available. 
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Table 6-5 

Extracted Groundwater Treatment Requirements for Discharge to Surface Water 

Feasibility Study, Operable Unit 8 

Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency Mean of 
Estimated 

Range of Detected Concentration Selected SW Percent Removal 

Analyte of Concentrations 
Detected 

in Extracted Critena4 Required5 

Detection 1 Concentrations2 

Groundwater3 

Volatile Organic CDm~ounds lpg/II 

1,1-Dichloroethene 8/30 2 to 350 115 46 3.2 930 

T rich!oroethene 6/30 9 to 1,700 476 150 807 46.2 

Semivolatile Organic Com~ounds (pgll) 

1,2-Dichlorobenzene 4/30 350109,800 2,960 290 50 828 

Pesticides and PCBs (pg/l) 

Aroclor-1248 2/30 0.6 to 079 07 'ND (0.05) 0.014 720 

Inorganic Anal~tes (pg! II 

Aluminum 14/30 37.4 to 47,400 7,559 3,600 87 97.6 

Copper 6/30 6.1 to 73.5 23 7.2 4.6 36.1 

Iron 17/30 44.6 to 36.500 4,494 2,600 910 65.0 

1 Frequency of detection is the number of samples In which the analyte was detected divided by the total number of monitoring well samples 

analyzed. 
2 The average of detected concentrations is the arithmetic mean of all monitoring well samples in which the analyte was detected. It does not 

include those samples in Which the analyte was not detected. 

3 For organics, the predicted concentration in extracted groundwater was calCUlated as the average of all detects and non-detects of 

monitoring well {Level IV} and Aquaprobe data. For inorganics, the predicted concentration in extracted groundwater was calculated as the 

average of all detects and non-detects with the non-detect concentrations equal to the detection limit of each ana\yte 

4 Refer to shaded values In Table 8-1. 

5 Percent removal required for groundwater at au 8 to meet the selected SW criteria (does not conSider mixing zone) 

6 Surface water criterion IS a background concentration which is below the detection limits; applicable detection limit enclosed in parentheses. 

Notes; J.igj I = micrograms per liter. 

SW :=: surface water. 

NO = not detected. 
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Table 8-6 
Extracted Groundwater Pretreatment Requirements for Discharge to FOTW 

Fea.slbllity Study, Operable Unit 8 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Frequency Mean of 
Estimated 

FOTW 
Overall Percent Remaining 

Analyte of 
Range of Detected 

Detected 
Concentration 

Discharge 
Percent Removal Percent 

DetectIon 1 
Concentrations 

Concentratlons1 In Extracted 
Criteria4 Removal Achievable Removal 

Groundwater3 Required5 by FOWl' Required 7 

Volatile Organic CDm~ounds (pglll 

1,1-Dlchloroethene 8/30 2 to 350 115 46 3.2 93.0 854 52.4 

Trichloroethene 6/30 9 to 1,700 476 150 80.7 46.2 62.9 NA 

Semivolatile Organic Com~ounds (}lgft) 

1,2-Dlchlorobenzene 4/30 35010 9800 2.960 290 50 828 524 63.8 

Pesticides and PCBs Ipg!l) 

Aroclor-1248 2/30 0.6 to 0.79 0.7 NO (0.05) 0.014 720 95.0 NA 

Inorganic Analy:1es Ipg/l) 

Aluminum 14/30 37.4 to 47,400 7,560 3,600 87 97.5 76.3 89.8 

Copper 6/30 6.1 to 73 5 23 72 4.6 36.1 47.5 NA 

Iron 17/30 44.6 to 36,500 4,490 2,600 910 65 626 6.4 

1 Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples analyzed. 
2 The average of detected concentrations is the ari"thrnetic mean of all monitoring well samples in which the analyte was detected. It does not include those 

samples in which the analyte was not detected. 
3 For organics, the predicted concentration in extracted groundwater was calculated as the average of all detects and non-detects of monitoring well (Level IV) 

and Aquaprobe data. For Inorganics, the predicted concentration In extracted groundwater was calculated as the average of all detects and non-detects With 
the non-detect concentrations equal to the detection level of each analyte. 

4- Discharge Criteria that the FOTW must meet (Florida Surface Water Standards Of Background Concentrations, see Table 8-1) 
5 Percent removal required for extracted groundwater to meet the FOTW discharge criteria. 
6 Percent removal able to be achieved by the FOTW (predicted using the USEPA FATE Model, 19S9). 
7 Percent removal required for pretreatment prior to discharge to FOTW (where NA, the FOTW can provide the percent removal necessary). 

Notes: FOTW = federally owned treatment works. 
f.1gj 1 = micrograms per liter. 
NA = net available. 
ND = not detected. 
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Table 8-7 
Extracted Groundwater Comparison to Selected Groundwater Criteria 

Feasibility Study, Operable Unit 8 
Nava! Air Station Cecil Field 

Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Estimated Extracted 
Selected GW Analyte of 

Concentrations 
Detected Groundwater 

Criteria4 

Detection 1 Concentrations2 ConcentrationS 

Volatile Organic Comeounds (pgll) 

1,1, i-Trichloroethane 4/30 96 to 860 342 33 200 

1,1-Dichloroethane 8/30 1 to 590 167 29 700 

l,1-Dichloroethene 8/30 2 to 350 t t5 46 7 

1,2-Dichloroethene (total) 4/30 9 to t,900 517 26 70 

2-Butanone 3/30 1 to 25 9 'NO (0,25) 4,200 

4-MethYI-2-pentanone 1/30 2 to 2 2 'NO (0,02) 350 

Acetone 1/30 180 to 180 180 'NO (1,9) 700 

Benzene 1/30 26 to 26 26 'NO (0,30) 1 

Trichloroethene 6/30 9to 1,700 476 150 3 

Xylenes (total) 5/30 9to 150 51 5.2 10,000 

Semivolatile Organic Com(!ounds (pgj I) 

1,2-Dichlorobenzene 4/30 350 to 9,800 2,960 290 600 

1,3-Dlchlorobenzene 4/30 9 to 240 76 6,3 10 

1 A-Dichlorobenzene 4/30 49 to 1,300 401 38 75 

2,4-Dich lorophenol 1/30 5 to 5 5 'NO (005) 4 

2,4-0imeth-ylphenol 3/30 0.5 to 10 4,2 'NO (0,12) 400 

2-Methylnaphthalene 8/30 0.8 to 200 75,6 5.6 100 

2-Methylphenol 2/30 8 to 19 13,5 'NO (0,25) 350 

4-Methylphenol 4/30 3 to 61 20 'NO (074) '5 

Benzo (b )fluoranthene 1/30 3 to 3 3 'NO (0,03) 4 

DI-n-butyl phthalate 1/30 a 8 to 0.8 0,8 'NO (0,01) 700 

Diethylphthalate 2/30 1 to 3 2 'NO (0,04) 5,600 

Naphthalene II/3D 0.6 to 450 108 23 6,8 

See notes at end of table. 
'--- . ._-- --- - -- - -
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Table 8-7 (Continued) 
Extracted Groundwater Comparison to Selected Groundwater Criteria 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Estimated Extracted 
Selected GW Analyte of 

Concentrations 
Detected Groundwater 

Criteria4 

Detection 1 Concentrations2 Concentratlon 3 

Semivolatile Organic Compounds (Continued) Ipg/tl 

Phenol 7/30 0.5 to 10 3.1 "NO (0.18) 10 

bis{2-Ethylhexyl) phthalate 12/30 0.5 to 61 7.5 'NO (0.8) 6 

Pesticides lind PCBs (pg/l) 

Aroclor-1248 2/30 0.6 to 0.79 0.7 "NO (0.05) 0.5 

Endosulfan II 1/30 0.042 to 0.042 004 'NO (0.014) 0.35 

beta·SHe 1/30 0047 to 0.047 O.OS 'NO (0.0156) 0.1 

Inorganic Anal'i'tes (pgI1) 

Aluminum 14/30 374 to 47,400 7,SS9 3,600 8,560 

Antimony 2/30 4.5 to 9,2 6.9 35 6 

Arsenic 12/30 1.5 to 247 7.1 3.S 50 

Baflum 30/30 6 to 312 36.4 36 2,000 

CalcIum 29/30 419 to 71,300 37,800 39,000 NA 

Chromium 3/30 5.6 to 366 22.3 7.1 100 

Cobalt 7/30 9.5 to 14 11 2 9.0 NA 

Copper 6/30 6.1 to 735 23 7.2 1,000 

Iron 17/30 44.6 to 36,SOO 4,494 2,600 1,2S0 

Lead 6/30 1 to 7.6 34 1.S 1S 

Magnesium 30/30 247 to 24,400 7020 7,000 NA 

Manganese 22/30 3.6 to 221 42.2 33 SO 

Nickel 1/30 12.8 to 128 12.8 12 100 

Potassium 29/30 103 to 4,600 1,S40 1,500 NA 
Selenium 1/30 5 to 5 S 2.3 50 

Sodium 30/30 1,920 to 13,700 8,031 8,000 160,000 

Vanadium 3/30 6.6 to 27.4 202 6.2 49 

Zinc 9/30 2.1 to 41 4 12.3 12 5,000 

See notes at end of table. 
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Table B-7 (Continued) I 

Extracted Groundwater Comparison to Selected Groundwater Criteria 

I 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

I Jacksonville, Florida 

Frequency 
Range of Detected 

Mean of Estimated Extracted 
Selected GW Exceedance? 

Analyte of 
Concentrations 

Detected Groundwater 
Criteria 4 (Yes/No)' Detection 1 Concentrations2 Concentration3 

1 Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples 
analyzed. 

2 The average of detected concentrations is the arithmetic mean of all monitoring well samples in which the analyte was detected. It does not 
include those samples in which the analyte was not detected. 

3 For organics, the predicted concentration in extracted groundwater was calculated as the average of all detects and non-detects of monitoring 
well (Level IV) and Aquaprobe data. For inorganics, the predicted concentration In extracted groundwater was calculated as the average of all 
detects and non-detects with the non-detect concentrations equal to the detection level of each analyte. 

4 Refer to Shaded values in Table 8-1. 
5 Exceedance indicates that the detected concentration of a chemical is at or above the selected GW criteria. 
6 Surface water criterion is a background concentration which is less than the detection limit; 0 indicates the detection limit. 

Notes: )1g/ I == micrograms per liter. 
GW := groundwater. 
Mel = maximum contaminant level. 
NA ::: not applicable since there is no criterion/reason to remove (other than engineering reasons). 
NAS := Naval Air Station. 
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Table 8-8 
Treatment Requirements to Reinject Extracted Groundwater 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Frequency Mean of 
Estimated Selected Percent 

Analyte of 
Range of Detected 

Detected 
Concentration In 

Groundwater Removal 
Detection 1 

Concentrations 
Concentrations2 Extracted 

Criteria4 Required 5 

Groundwater3 

Volatile Otganic Com~ounds (Jig!l) 

1,1-Dichloroethene 8/30 2 to 350 115 46 7 84.8 

Trichloroethene 6/30 9 to 1,700 476 150 3 98.0 

Semivola1ile Organic Com~ounds (pg/l) 

Naphthalene 11/30 0.6 to 450 108 23 6.8 70,5 

Inorganic Analytes (pgJ I ) 

Iron 17/30 44.6 to 36,500 4,490 2,600 1,250 51 9 

1 Frequency of detection is the number of samples in which the analyte was detected divided by the total number of monitoring well samples 
analyzed 

2 The average of detected concentrations IS the arithmetic mean of all monitoring weI! samples in which the analyte was detected, It does not 
Include those samples in which the analyte was not detected, 

3 For organics, the predicted concentration in extracted groundwater was calculated as the average of all detects and non detects of monitoring 
well (Level IV) and Aquaprobe data, For inorganlcs, the predicted concentration in extracted groundwater was calculated as the average of all 
detects and nondetects, with the nondetect concentrations equal to the detection level of each analyte, 

4 Refer to shaded values in Table B 1. 
5 Percent removal required for groundwater at Operable Unit 8 to meet the selected criteria 

Note: J.1gjf = micrograms per liter, 
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APPENDIX C 

SUPPORTING DOCUMENTATION FOR DETAILED ANALYSIS 





For MM-l: 

GROUNDWATER FLOW AND CONTAMINANT 
TRANSPORT CALCULATIONS 

(REVISION TO APPENDIX C) 

4. Calculations are the same, except that the action level for trichloroethene 
(TCE) is 3 micrograms per liter (I'g/Y) rather than 5 I'g/Y. The recalculated time 
for TeE to be flushed naturally out of the aquifer is determined to be 17 years, 
if TeE movement is not retarded due to adsorption. The retardation factor of 2.3 
still holds for TeE, so the revised time for TCE above 3 I'g/2 to flush naturally 
from the aquifer is 2.3 x 17 ~ 39 years (original value was 35 years). 

For MM-4: 

1. Using a target TeE concentration of 3 I'g/Y instead of 5 I'g/Y, the dispersion 
equation results in a time of 2.6 years (original value was 2.5 years) to flush 
the aquifer of TeE, if movement of TCE is not retarded due to adsorption. As 
with MM-l, TCE is expected to have a retardation factor of 2.3, so the time it 
will take for TeE above 3 I'g/Y to be flushed from the aquifer is 2.3 x 2.6 ~ 
about 6 years. This is the same value as was used int he original calculations I 

in which the TeE flushing value was rounded form 5.7 to 6 years. 

Batch Flushing Model: 

During the Remedial Investigation CRI), the batch flushing model was used to 
predict a natural flushing time for the surficial aquifer at Operable Unit 8. 
Appendix K of the RI report presents the results of this modeling effort. These 
results are not reproduced in this appendix because the modeling effort presented 
yielded similar results to the batch flush model. 

CEe-GUB FS 
ASW.l0.97 



CECIL FIELD OU8 FEASIBILITY STUDY 

GROUNDWATER FLOW AND CONTAMINANT TRANSPORT CALCULATIONS 
FOR THE FIVE MANAGEMENT OF MIGRATION ALTERNATIVES: MMI - MM5. 

MM1: Natural Conditions - No Action 

1. The calculation of natural flushing of the contaminant plume has been done 
by using the analytical solution for two dimensional dispersion due to a slug 
input of contaminant mass into a uniform groundwater flow. The procedure 
is outlined below, and details of the calculations can be found in the RI. 

2. The analytical equation (see Hunt, B., MATHEMATICAL ANALYSIS OF 
GROUNDWATER RESOURCES, Butterworths, 1983, pp. 131-136) is given 
as follows: 

where 

C(X,Y,t) 
M _---'c=-__ exp 

4brrntJDjJy 

M = mass of contaminant introduced 
b = contaminated aquifer thickness 
n = porosity 
Dx = longitudinal dispersion coefficient = ax v, 
Dy = transverse dispersion coefficient = a, v, 
ax = longitudinal dispersivity 
a y = transverse dispersivity 
v; = seepage velocity 
x = horizontal longitudinal direction 
y = horizontal transverse direction 
t = time 

The mass, M, is determined by integrating the concentration of the plume 
contour map given in the RI (TCE is used as the contaminant of concern) 
over the plume volume. The approximate total dissolved mass of TCE has 
been determined to be 72.2 Kg, the thickness b is taken to be 50 ft, the 
porosity n is 0.20 as used by the USGS in their numerical model for OUS, the 
longitudinal and transverse dispersivities were chosen to be 10 ft and 1 ft 
respectively (these values are typical for the scale of this problem and are 
consistent with published values - see Gelhar, L.W., STOCHASTIC 
SUBSURFACE HYDROLOGY, Prentice Hall, 1993), and the seepage 
velocity is 104 ftjyr (the average value from the former disposal site to Rowell 
Creek). 



3. By selecting the origin for the analytical solution at a distance that is about 
1400 ft in an up gradient direction from the former disposal pit, and by 
choosing time, t, to be 20 years, a reasonable depiction of the 1994 plume is 
obtained -see attached figures. 

4. Next, the plume is allowed to migrate as predicted by the analytical solution 
until the 5 ugll (MCL for TCE) contour has reached an x distance equivalent 
to the location of Rowell Creek, which is x = 2900 ft. This then would be the 
time at which the TCE plume would be flushed naturally out of the aquifer. 
This time is determined to be t = 35 years (see attached output from 
calculations for t values of 20, 30, 35 and 36 years). Therefore, since t = 20 
years is the year 1994, it will take 35 - 20 = 15 years to flush the aquifer IF 
the TCE is not retarded due to adsorption. Since there is a retardation due 
to the existence of organic carbon in the aquifer soils, the flushing time will 
be increased. The amount of increase in time to flush out the TCE is directly 
proportional to the retardation coefficient for TCE in the aquifer solids. 

Given that the average TOC content of the aquifer solids is 1200 mg/kg, and 
that the ~ of TCE is 126 mIl g, a retardation coefficient, R, is calculated to 
be 2.3 (assuming a bulk density of 1.7 glcc and a porosity of 0.20). Then the 
time required to flush the aquifer of TCE will be 15 x 2.3 = 35 years. 

5. It should be noted that this flushing time does not account for any residual 
contamination in the vadose zone or below the water table. It only predicts 
the time to flush contamination already dissolved in the groundwater and any 
contamination sorbed to the aquifer solids that has partitioned from the water 
under equilibrium conditions. 

MM2: Enhanced Biotreatment, Whole Plume 

1. Use "permeable wall" to introduce nutrients into seven trenches that are 
placed to intercept the entire plume. In designing the arrangement of 
trenches, a porosity of 0.20 was used to determine travel time. From 

USGS simulation of groundwater conditions, we determine the 
following travel times for the naturally flowing groundwater (Note that the 
total length of the plume has been divided into three segments): 

Segment 

Source Area 
Middle Area 
Wetland Area 

Distance 

500 ft 
450 ft 
450 ft 

Velocity 

40 fpy 
70 fpy 

200 fpy 

Travel Time 

12.5 yrs 
6.5 yrs 
2.3 yrs 

By placing trench #1 at the edge of the wetland, no damage to the wetland 
area is caused. This position (about 450 ft from Rowell Creek) establishes 
the travel time (about 2.5 years) to be used for determining the spacing of the 



remainder of the trenches (designed to keep the travel time between trenches 
approximately the same). 

Now the remaining six trenches are placed so that the travel time between 
each pair of trenches is the same, about 2.5 to 3 years. Hence, we will have 
trenches #2 and #3 to cover the middle area of the plume, and trenches #4, 
#5, #6, and #7 in the source area. The trenches will be laid out as shown 
in the following table and the attached figure. 

Trench No. Spacing Length Depth 

1 410 ft 20 ft 
225 ft 

2 410 ft 20 ft 
225 ft 

3 375 ft 20 ft 
125 ft 

4 375 ft 20 ft 
125 ft 

5 375 ft 20 ft 
125 ft 

6 260 ft 15 ft 
125 ft 

7 190 ft 10 ft 

Through these trenches nutrients and carbon source can be introduced to the 
natural groundwater flow and these amendments can be expected to be 
distributed throughout the groundwater system beneath the wetland within 
about two to three pore volumes of natural flushing, or about 7 years (this 
should allow sufficient time even though some retardation of the amendments 
will occur). Once the groundwater system has been supplied with nutrients 
and carbon source, and the bacteria have become acclimated to the new 
conditions, it should take no more than a couple of years to degrade the 
chlorinated organics. We therefore estimate remediation of the plume to be 
accomplished in 9 years or less. 

MM3: In-Well Stripping @ Source, Biotreatment Downgradient 

1. In this alternative, it is proposed to use in-well stripping of groundwater in the 
source area, and to use enhanced biodegradation in the middle and 
downgradient areas of the plume. "In-Situ Vapor Stripping" or "Vacuum
Vaporizer-Well" technologies (UVB - Germany; NOVOCS - Stanford 
University) are processes that use a single well recirculating flow system which 
takes groundwater in at the bottom of a well and lets is out at the top near 
the water table to create a vertical cylindrical cell of circulating water. While 



within the well casing, the groundwater is subjected to air stripping by the 
introduction of air bubbles at the bottom of the well (in fact, the air rising 
and lifting the groundwater can be the pumping mechanism for the circulation 
cell). When the air gets to the top of the well, it is contained and treated to 
remove the VOCS, while the air-stripped groundwater is recirculated to flnsh 
more contamination from the aquifer within the recirculation cell. 

From a careful assessment of vendors' literature, it has been determined that 
an error exists, but it is easily corrected. The design procedure is presented 
in Gvirtzman, H. and S. M. Gorelick, "The Concept of In-Situ Stripping for 
Removing VOCs from Groundwater", TRANSPORT IN POROUS MEDIA, 
voL 8, pp. 71-92, 1992, and the steps followed for this design are presented 
below: 

a. The contaminant that requires the greatest reduction ratio with 
the largest retardation factor is 1,4 DCB, which must be 
reduced from a mean value in the source area of 400 I' gil to 
the MCL of 75 I' gil (a reduction ratio, R, of 75 I 400 = 0.1875) 
and has a retardation factor of about 4. 

b. For an air Iwater ratio, G, of 2.0 applied to the air stripping 
within the well casing, the number of circulation steps through 
the stripper (pore volumes), P, required to meet the reduction 
ratio for a Henry'S coefficient of H is given by 

p -log[RJ 
log[l +GH] 

So with a Henry's coefficient of 0.105 for 1,4 DCB, we calculate 
that about 9 circulation steps (pore volumes) are required to 
reduce the concentration to acceptable levels. 

c. Given a recirculation flow rate of about 6 gpm, it is expected 
that most (95 %) of the flow recirculates within a radius of 
about 60 feet of the well (120 ft diameter cell). Also, from Fig. 
10 in the article (which apparently has a factor of 10 error in 
the values of the ordinate), it is deduced that the time for a 
single circulation step (for 95% of the flow) is about 70 days or 
10 weeks. Therefore since 1,4 DCB has a retardation 
coefficient of about 4, it will take about 10 x 4 x 9 = 360 weeks 
or about 7 years to reduce the contamination to acceptable 
levels in the source area. It must be realized that to cover the 
area of the plume in the source area about four 120-ft diameter 
cells would be necessary. The flow pattern of several of these 



cells will, of course, leave one or more "dead zones" between 
the individual cells which are not likely to receive the desired 
treatment and will have to be dealt with separately. 

2. Biotreatment will be conducted downgradient of the source area in the lower 
two-thirds of the plume. With three trenches (as in MMl) 400 ft long, 20 ft 
deep, filled with coarse aggregate, amendments can be introduced to induce 
enhanced bioremediation to reduce the contamination to acceptable levels in 
the lower two-thirds of the plume within 9 years or less as determined in 
MM2. 

3. TRENCH DESIGN: Use "ditch witch" to dig trench, lay perforated pipe, and 
backfill at same time. Backfill to within 5 ft of ground surface, lay second 
perforated pipe, then continue to backfill to surface. SEE 

, BlO MATERIAL FOR MORE OF THE DESIGN 
INCLUDING SKETCHES! Backfill to be clean coarse sand with in-place 
hydraulic conductivity of at least 0.1 em !sec, 

Total depth of trench to be 20 ft below water table with lower perforated pipe 
connected to the upper perforated pipe with a riser pipe which has an in-line 
pump to circulate groundwater from bottom to top within the trench by 
pumping from the upper perforated pipe through the riser pipe to the lower 
perforated pipe. See sketch provided with the details of the bioremediation 
plan. 

Trench to be 12 inches wide and 400 ft long so total recirculating flow will be 
Q = (60 fpd)(400 ft)(l ft) = 24000 cfd or about 125 gpm. This is to be 
pumped for a duration of about 12 hours, then not again for a few weeks 
when the concentration of amendments gets to about 10% of the injected 
value. This pumping rate and duration will be sufficient to fully saturate the 
trench with amendments, which then will be swept downgradient and 
dispersed by the natural groundwater flow. 

MM4: Pump and Treat Entire Plume 

1. Place 6 wells down center of the mapped plume - see attached Figure. See 
also attached WHP A output for groundwater pathlines (5 years time of 
travel). Two scenarios have been investigated - five (5) wells at 5 gpm & one 
well at 7 gpm, OR all 6 at 5 gpm. The first of the two scenarios (with one of 
the wells at 7 gpm) is better for capture of the plume near Rowell Creek. 

The calculation of flushing times required to reduce the TCE plume to 
acceptable levels is carried out in a manner similar to that used for the 
natural flushing of MM1. However, since the plume is long and narrow and 
the extraction wells are aligned down the center to pull the plume in along 
the short dimension of the plume, at any section near the middle of the plume 



there appears to be only a variation in concentration in one direction, that is 
across the plume. Therefore a one-dimensional analytical solution to the 
dispersion equation is used [see again Hunt (1983)]: 

where 

c(x,t) = exp s 
M [ (x-v t?] 

2nJrcDi 4Di 

M = mass of TCE per unit thickness of aquifer per unit width of How 
Note: the How is now toward the line of extraction wells from 
the edges of the plume (M is calculated to be about 0.0173 
kg/m' or 0 00161 kg/ff). 

D, = longitudinal dispersion coefficient = a, v" where now the 
dispersivity, aX' is taken as before to be 10 ft, but the seepage 
velocity, v" is the velocity at which the plume is being pulled 
laterally in a near linear fashion toward the line of extraction 
wells and is taken to be 120 ft/yr (0.1 m/day) as determined 
from the pathline plots. 

Other variables are as defined in MMl. 

Through trial and error, a fit to the cross-wise concentration distribution has 
been attained that has a maximum (at the line of wells) of 2240 fLg/1 at an x 
distance of 45 meters (150 ft) and a time, t, of 450 days. This fit has a width 
from 5 fLg/1 to 5 fLg/1 of about 350 ft which is the approximate distance 
between these contours near the center of the plume as mapped in the RI. 

Then by trying other times greater than 450 days the analytical solution can 
be used to determine the time required for the 5 fLg/1 contour to migrate to 
the line of extraction wells. This time is determined to be 1340 days as shown 
in the attached outputs from a spreadsheet calculation program which 
evaluates the one-dimensional dispersion solution (evaluations are shown for 
t = 450, 750, 1050, and 1340 days). Therefore it will take 1340 - 450 = 890 
days or about 2.5 years for this Hushing to occur IF the contaminant is non
retarded. Since, as in MM 1, the TCE is expected to have a retardation 
coefficient of about 2.3, the flushing time would be 2.3 x 2.5 = about 6 yrs. 

Now, if the above extraction had been toward a trench down the centerline 
of the plume, the 6 years would be sufficient to Hush out the entire plume. 
However, since the extraction is accomplished with a series of extraction wells, 
there will be "dead zones" between each pair of extraction wells that will not 
be completely Hushed within the 6 yr time. To complete the Hushing, every 



other well will be converted to an injection well to cause a flow pattern to 
flush the dead zones. Since the hydraulic gradient between each extraction
injection well pair will be at least twice the gradient to each of the extraction 
wells when they were all dis,: :uging, and since the distance between wells is 
about the same as the distance to the original edge of the plume from the line 
of extraction wells, it should take no more than half the time above to 
complete the flushing of the dead zones, or about an additional 3 years. This 
then makes the total time of flushing about 9 years. 

2. It should be noted here, as in MMl, that the flushing time does not account 
for any residual contamination in the vadose zone or below the water table. 
Flushing times calculated are based only on contamination dissolved in the 
groundwater and that which is partitioned to the aquifer solids by linear 
reversible adsorption. 

MM5: Pump and Treat Source Area & Middle Third of Plume: Biotreat Beneath Wetland 

1. Place 4 or 5 wells along centerline of plume in the Source area and Middle 
Area of the plume (See diagrams). Also place a trench along the upper edge 
of the wetland to maintain the water table at elevation 62.0 ft. 

Either 5 wells @ 5 gpm for a total of 25 gpm, or 4 wells @ 7 gpm for a total 
of 28 gpm. 

Flushing times should be similar to MM4. This 9 year total flushing time 
should also be sufficient for the enhanced bio to remediate beneath the 
wetland. 

2. The same assumpti on regarding residual contamination that applies to MMI 
and MM4 is applicable to MM5. 
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PLUME DISTRIBUTION, USING: 

C(x' r y. , t I ) (MIn)! (4*PJ*(Dx*Dy) "0. 5*t I )*exp- « (x - ut) -2/ (4*Ox*t»+ (y-

time = 7300 days 

450 
475 

525 
550 

575 
625 
650 
675 
725 

750 
775 
825 
850 
875 
900 

x o 

0.038 
0.116 

0.657 

1.229 
1.955 
3.o4B 
2.987 
2.491 
1.067 
0.548 

0.239 
0.028 
0.008 

0.002 
0.000 

10 

0.03 
0.10 
0.58 
1.08 

1. 72 
2.68 
2.63 
2.19 
0.94 
0.48 

0.21 
0.02 
0.01 

0.00 
0.00 

20 

0.02 
0.07 
0.39 
0.73 

1.17 
1.82 
1. 78 
1.49 
0.64 
0.33 

0.14 
0.02 
0.00 

0.00 
0.00 

30 40 

0.01 0.00 
0.04 0.01 
0.21 0.08 
0.38 0.16 

0.61 0.25 
0.95 0.39 
0.93 0.38 
0.78 0.32 
0.33 0.13 

0.17 0.07 
0.07 0.03 
0.01 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
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PLUME DISTRIBUTION, USING: 

Cexl,yl,t l ) (M/n)/(4*PI·(Dx·Dy)~O.5*t')*exp-«(x-ut)-2/(4*Ox*t»+( y. 

time = 10950 days 

X 0 10 20 30 40 50 

450 0.000 0.00 0.00 0.00 0.00 0.00 
475 0.000 0.00 0.00 0.00 0.00 0.00 
525 0.000 0.00 0.00 0.00 0.00 0.00 

550 0.000 0.00 0.00 0.00 0.00 0.00 

575 0.000 0.00 0.00 0.00 0.00 0.00 

625 0.000 0.00 0.00 0.00 0.00 0.00 
650 0.001 0.00 0.00 0.00 0.00 0.00 

675 0.003 0.00 0.00 0.00 0.00 0.00 

725 0.025 0.02 0.02 0.01 0.01 0.00 

750 0.062 0.06 0.04 0.03 0.02 0.01 

775 0.140 0.13 0.10 0.06 0.04 0.02 
825 0.517 0.47 0.37 0.24 0.13 0.06 

850 0.B45 O.7B 0.60 0.39 0.21 0.10 

875 1.240 1 .14 0.88 0.57 0.31 0.14 

900 1.635 1. 50 1.16 0.75 0.41 0.19 



PLUME DISTRIBUTION, USING: 

C(x',y',t l ) (M/n)/(4*PI*(Dx*Dy)~O.5*t')*exp-(((x-ut)-2/(4*Dx*t»+( y-

time = 12775 days 

X 0 10 20 30 40 50 

450 0.000 0.00 0.00 0.00 0.00 0.00 

475 0.000 0.00 0.00 0.00 0.00 0.00 

525 0.000 0.00 0.00 0.00 0.00 0.00 

550 0.000 0.00 0.00 0.00 0.00 0.00 

575 0.000 0.00 0.00 0.00 0.00 0.00 

625 0.000 0.00 0.00 0.00 0.00 0.00 
650 0.000 0.00 0.00 0.00 0.00 0.00 

675 0.000 0.00 0.00 0.00 0.00 0.00 

725 0.000 0.00 0.00 0.00 0.00 0.00 

750 0.000 0.00 0.00 0.00 0.00 0.00 

775 0.000 0.00 0.00 0.00 0.00 0.00 

825 0.004 0.00 0.00 0.00 0.00 0.00 

850 0.012 0.01 0.01 0.01 0.00 0.00 

875 0.030 0.03 0.02 0.02 0.01 0.00 
900 0.068 0.06 0.05 0.03 0.02 0.01 

! 
(3/1:,2. 



PLUME DISTRIBUTION, USING: 

C(X',yl{t l ) (M/n)J(4*PI*(Dx*Dy)~O.5*t')*exp-«(x-ut)-2/(4*Dx*t»+(Y 
. 

time = 13140 days 

X 0 10 20 30 40 50 

450 0.000 0.00 0.00 0.00 0.00 0.00 

475 0.000 0.00 0.00 0.00 0.00 0.00 

525 0.000 0.00 0.00 0.00 0.00 0.00 

550 0.000 0.00 0.00 0.00 0.00 0.00 

575 0.000 0.00 0.00 0.00 0.00 0.00 

625 0.000 0.00 0.00 0.00 0.00 0.00 

650 0.000 0.00 0.00 0.00 0.00 0.00 

675 0.000 0.00 0.00 0.00 0.00 0.00 

725 0.000 0.00 0.00 0.00 0.00 0.00 

750 0.000 0.00 0.00 0.00 0.00 0.00 

775 0.000 0.00 0.00 0.00 0.00 0.00 

825 0.001 0.00 0.00 0.00 0.00 0.00 

850 0.004 0.00 0.00 0.00 0.00 0.00 

875 0.010 0.01 0.01 0.01 0.00 0.00 

900 0.026 0.02 0.02 0.01 0.01 0.00 
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C(x,t) = 

WHERE: 

(M!(2n(PI'Dx'l) ~ 0,5)) 1-D VERSION I!!! 

C(x,l) = 

M= 
n = 

Ox = 
u = 
1'= 

PLUME DISTRIBUTION, USING: 

concentration 

initial mass 
porosity 
longitundinal dispersion 

pore velocity 
lime (days) 

C(x',I') = (M!n)!(2'(PI'Ox'l) ~ 0,5)'exp - (((x-ut) ~ 2!(4'Ox'l))) 

time = 450 days 

x C 

-10 0,004 

° 0,032 

10 0,171 
20 0,603 

0,0173 kg 
0,2 

0,265 m ~ 2!day 
0.1 m/day 

30 1,394 
40 2,120 
45 2,235 k- (accJI'O' \ of- .L.,JrO c.. 1-;,:7, '/ }?>\:: 

c;i if)' c' ~\ Ilk\".J C~,i(1{', I ; .\~ 50 2.120 
60 1,394 
70 0,603 

, ,~ , 

-,' 
80 0,171 
90 0,032 

100 0,004 
110 0,000 
120 0,000 



C(x,l) = 

WHERE: 

(M/(2n(PI'Dx'l) ~ 0.5)) 1-0 VERSION I!!! 

C(x,l) = 
M= 
n= 

Dx = 

u = 
I' = 

PLUME DISTRIBUTION, USING: 

concentration 
initial mass 
porosity 
longitundinal dispersion 
pore velocity 
lime (days) 

C(x' ,I') = (M/n)/(2'(PI'Dx'l) ~0.5)'exp -(((x -uti ~ 2/(4'Dx'l))) 

time:::: 750 days 

x C 

-10 0.000 
0 0.001 

10 0.009 
20 0.039 
30 0.136 
40 0.371 
45 0.558 
50 0.789 
60 1.304 
70 1.677 
80 1.677 
90 1.304 

100 0.789 
110 0.371 
120 0.136 

0.0173 kg 
0.2 

0.265 m ~ 2/day 
0.1 m/day 



C(x,l) ~ 

WHERE: 

(M/(2n(PI'Ox'l) A 0,5» 1 -0 VERSION!!! I 

C(x,l) ~ 
M~ 

n ~ 
Ox = 

u ~ 
I' ~ 

PLUME OISTRIBL1TION, USING: 

concentration 
initial mass 
porosity 
longitundinal dispersion 
pore velocity 

lime (days) 

C(x' ,I') ~ (M/n)/(2'(PI'Dx'l) A 0.5)'exp -(((x-ut) A 2/(4'Dx'l))) 

time = 1 050 days 

x C 

-10 0.000 

a 0.000 

10 0.000 
20 0.002 
30 0.009 
40 0.033 
45 0.058 
50 0.097 
60 0.237 
70 00487 

80 0.834 
90 1.195 

100 1.430 
110 10430 

120 1.195 

0.0173 kg 
0.2 

0.265 m A 2/day 
0.1 m/day 



C(x.l) ~ (M/(2n(PI'Ox'l) A 0.5» 1 -0 VERSION !!!! 

WHERE: C(x.I) ~ 
M~ 

n~ 

Ox = 
U~ 

t'~ 

PLUME OISTRIBUTION. USING: 

concentration 
initial mass 
porosity 
longitundinal dispersion 
pore velocity 
lime (days) 

C(x·.!') ~ (M/n)/(2'(PI'Ox'l) A 0.5)'exp- (((x-ut) A 2/(4'Ox"») 

ti me = 1340 days 

x C 

-10 0.000 
0 0.000 

10 0.000 
20 0.000 
30 0.001 
40 0.003 
45 0.005 
50 0.009 
60 0.027 
70 0.072 
80 0.166 
90 0.331 

100 0.574 
110 0.863 
120 1.128 

0.0173 kg 
0.2 

0.265 m A 2/day 
0.1 m/day 
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Cecil Field OUS Feasibility Study 

Items Covered: 
MM2: Enhanced bioremediation of the entire plume 
:M}.{5: Enhanced bioremediation of the downgradient ponion of the plume 

Enhanced bioremroiation of the entire plume: 

• Fuli-scale enhanced bioremediation of the entire plume will be recommended only 
upon successful pilot studies (complete biodegnldation of TeE is not occurring -
naturally and in-situ bioremediation of chlorinated compounds is relatively unproven in 
the field), 

• Based on the compounds present in site groundwater and uncertainties of their 
biodegradation potential at this site, the recom:nendation of in-sim bioremediation 
methodology for OU8 will be made only after treatability studies have been conducted, 
Possible methodologies include anaerobic treatment, aerobic treatment, or 2-zone 

anaerobic/aerobic treatment. 
• In-situ biodegradation ofthe entire plume would be achieved through the addition of 

mineral nutrients and carbon to the aquifer. 
• Mineral nutrients and carbon would be introduced to the aquifer through a series of 7 

trenches that span the width of the plume. 
• In-situ bioremediation trenches would be on the order of 150 - 400 feet long and 30 

feet deep (width would vary depending upon specific trenching machine used), 
• Seven (7) in-situ bioremediation trenches would be placed from 125 to 225 feet apan 

to achieve between-trench travel times of approximately 2 years (separation varies 
because gradient varies), 

• Injection of nutrients and carbon would be conducted in a pulsed injection pattern to 
maximize aquifer dispersion, 

• In-situ (below the water table) mixing of groundwater would be conducted within the 
injection trench to provide amendment mixing within passing groundwater, 

• Biofouling of the amendment distribution trenches would be determined through 
comparison of groundwater level and chemistry in 11 piezometers located within and 
outside the plume area (to detect water going around the trenches). 

• The rate ofbiofouling would depend upon the type ofbioremediation conducted 
(aerobic or anaerobic), the grainsize oftha trench fill, and other site parameters (e,g. 
groundwater characteristics). The rate ofbiofouling in amendment distribution 
trenches would be determined during the bench and pilot scale treatability studies 

• Alleviation ofbiofouling would be conducted through standard chemical and physical 
well treatment techniques (e,g. hydrogen peroxide. chorine, and acid treatment) 



Enhanced bioremediatioD of downgradi~nt plume: 

• Full-scale enhanced bioremediation of the downgradient portion of the plume will be 

recommeI'.ded only upon successful pilot swdies (complete biodegradation of TCE is 

not occurring naturally and in-situ bioremediation of chlorinated compounds is 

relatively unproven in the field). 

• Based on the compounds present in site groundwater and uncertainties of their 

biodegradation potential at this site, the recommendation of in-situ bioremediation 

methodology for ODS will be made only after treatability studies have been conducted. 

Possible methodologies include allaerobic treatment, aerobic trcannent, or 2-zone 

anaerobic/aerobic treatment. 

• In-situ biodegradation of the downgradient plume would be achieved through L'1e 

addition of mineral nutrients and carbon to the aquifer. 

• Mineralnutriems and cam on would be introduced to the aquifer through a series of 3 

trenches that span the v .. idth of the plume 

• In-situ bioremediation trenches would be on the order of3So - 400 feet long and 30 

feet deep (width would vary depending upon trenching machine used). 

• Three (3) in-situ bioremediation trenches would be placed approximately 225 feet 

apart to achieve between-trench travel times of approximately 2 years. 

• Injection of nutrients and carbon would be conducted in a pulsed injection p~ttern to 

maximize aquifer dispersion. 

• In-situ (below the water table) mixing of groundwater would be conducted within the 

injection trench to maximize amendment miJcing within passing groundwater. 

• Biofouling of the amendment distnbution trenches would be determined through 

comparison of groundwater level and chemistry in 8 piezometers located within and 

outside the plume area (to detect water going around the trenches). 

• The rate ofbiofouling would be dependant upon the type ofbioremediation conducted 

(aerobic or anaerobic), the grainsize of the trench fill, and other site paramcters (e.g. 

groundwater characteristics). The rate ofbiofouling in amendment distribution 

trenches would be determined during the bench and pilot scale treatability srudies. 

• Alleviation ofbiofouling would be conducted through standard chemical and physical 

well treatment techniques (e.g. hydrogen peroxide, chorine, and acid treatment) 

Advantl!£es and Disadvalltases ofBioremediation Methodologies 

... ~!~~~Q1Qgy_....._ ... _ ..... ___ A~'yJI!l~S.~~... __ ............. _ ...... _... .. ........ p.i~d.y.-'I~!~a~~ ____ ......... _______ . 

Anaerobic - aquifer already anaerobic - no VC yet (maybe anaerobic deg is not 

working, but also don't want VC) 

- will not treat benzene 

Aerobic - good for the semi-VOAs - (much?) more difficult to implement 

- no VC production - iron in GW may present difficulties (i e. 

- no peE present fouling) 

2-zone - All of the above (Localized) - Same as aerobic above 

- more complex operation/monitoring 
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234 Chapter Five 

A special region of the distribution curves exists at dilute concen
trations and is characterized by a straigqt line, shown in Fig. 5.3. This 
straight-line portion can be mathematically expressed as a linear 
equation passing through zero and is known as Henry's law: 

He 
p = P

T 

where c = the mole fraction of gas in water 
p = mole fraction of gas in air 

(5.5) 

H = proportionality constant, known as Henry's constant (the 
slope of the straight-line portion of the distribution curve) 

P T = total pressure atm 

For water treatment, PT is usually 1 atmosphere (atm). Various 
units are used by different investigators for the concentrations in the 
two phases and, therefore, the units for Henry's constant vary. Be
cause of units, care must be taken in using the relationship, especially 
when obtaining constants from different sources. Below is a discussion 
of the primary methods of reporting Henry's law. 

Probably the most common method of expressing Henry's law is 
with units of c and p as mole fradions: 

where p = mol gas/mol air 
c = mol gas/mol water 

He 
p = P

T 

H = atm, actually = atm (mol gas/mol air) 
mol gas/mol water 

PT = atm, usually = 1 

(5.5) 

Recall that according to Dalton's law, a mole of gas per mole of air is 
the same as the partial pressure of the gas or is also the same as the 
volume of gas per volume of air. A useful conversion factor when cal
culating c is that 1 L of water contains 55.6 mol of water: 

-~ 1000 giL = 55 6 IlL 
~ 18 g/mol ~_-",o __ . 

Another method of reporting Henry's law is to utilize concentration 
units. In this case, the total pressure PT is commonly defined as 1, and 
hence it is left off of the equation and atm is dropped from the units of 
H. In this case, any set of mass per volume or mole per volume units 
can be used (, ng as p and c are the same), and hence it is often 
referred to as c dimensionless or unitless !f~nry!_~,,-w constant: 

__ JL _ ':""' :' ~)~, \ 
I--{ - c. c~(,(. 'f ,)\~,.y 

j1 = cl~ (J, .J ."', 
". L cJ t>L ;'\ '\ ( \ 

,It r ",I ( ~ 

q/! 1 ,},1 c' _ 

" 

! .'.' t KII I 
I -,".d,·, . ___ __ 

( ',l' P 1,Ij'i ) 

AIr Stripping and Aeratlofl 

~P = H,eJ 

where p = concentration units, e.g., kg/m3, mol/L, mg/L 
H" = unitless 

c ::0: same concentration units used for p 

235 

(56) 

At 1 atm pressure and O°C, 22.412 L of air is 1 mol of air. At other 
temperatures, 1 mol of air is 0.0821' L [where l' = temperature in 
kelvin (K)J of air. The following conversion between Hand Hu can be 
made: 

H = [H atm (mol gas/mol air)] ( mol air ) ( L water) 
" mol gas/mol water 0.0821' Lair 55.6 mol 

II 
= 4.56Tor H" = H x 7.49 x 10-4 at 20"C (5.7) 

Another method for reporting Henry's constant is to usc mixed units 
for p and c. This is very common because units of partial pressure in 
the air phase and concentration units in the water phase tend to be 
used. Different variations are available. Two are shown below: 

Hille 
P = P,. 

where p = mol gas/mol air (partial pressure) 
c = mol gas/m 3 water 

Hm = atm x rn 3 water/mol gas 

= [H atm(mol gas/mol air)] ( m' water ). 
mol gas/mol water 55,600 mol 

H 
55~600 

(5.8) 

Finally, milligram per liter units for c may be used. This is very 
useful in water treatment: 

lIne 
p = P

T 

where p = mol gas/mol air (partial pressure) 
c = mg/L 

H D = (atmJ(L)/mg 

H = Hm =~ 
D MW 55,600 MW 

MW = molecular weight of gas of interest 

(5 9) 
-\ 
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236 ,-"napter Five 

Values for Henry's constant shown in Table 5.1 are calculated at 

20°C. In general, increasing temperature will decrease solubility in 

the water phase. The change in Henry's law constant for temperature 

can be determined from the following relationship: 

~gH = ~~~:~~] (5.10) 

where H = atm 
t.H = heat absorbed in the evaporation of 1 mol of gas from so

lution, kilocalorielkmol, (kcal/kmoll 

R, = gas constant, 1.987 kcal/kmol 

T = temperature, K 
J = empirical constant 

Table 5.2 shows values for t.H and J. Note that this relationship i8 

unit-dependent and is only valid for the units shown. To convert be

tween units for different temperatures, H should first be adjusted for 

temperature and then the desired unit conversion made by the meth

ods presented for Eqs. (5.6) to (5.9). 

Mass transfer 

The degree to which the gas-water system deviates from equilibrium 

provides the driving force for diffusion. Consider a situation where "

gas is diffusing from air into water. For this to occur, a concentration 

gradient in the direction of transfer in each phase must exist. This can 

be shown graphically in terms of the distance away from the air-water 

interface, as shown in Fig. 5.4. The concentration of gas in the bulk of 

TABLE 5.1 Henry's Law Constants at 20°C 

Ht 
" dimension- HDt Ht m 

II· atm leas fltm'LJmg (atm)(m3)/mol 

Oxygen 4.3 x 1040 3.21 x 10 2.42 X 10-2 7.73 X 10-1 

Methane 3.8 x 10" 2.B4 x 10 9.71 X 10- 2 6.38 X 10- 1 

Carbon dioxide 1.51 X 102 1.13 X 10-1 6.17 X 1O-l'i 2.72 x 10-' 

Hydrogen sulfide 5.15 x 102 3.B4 X 10- 1 2.72 X 10-' 9.26 X 10-' 

Vinyl chloride 3.55 x 1011 2.65 X 10' 1.02 X 10- 1 6.38 

Carbon tetrachloride 1.29 x 10:5 9.63 X 10- 1 1.51 X 10-" 2.32 x 10-' 

Trichloroethylene 5.5 x 102 4.1 X 10- 1 7.46 X la-II 9.89 x 10-1 

Benzene 2.4 X 102 1.8 X 10- 1 5.52 X 10-' 4.31 x 10-' 

Chloroform 1.7 X 102 1.27 X 10- 1 2.55 X 10-11 3.06 X 10-1 

Bromoform 3.5 X 10 2.61 X 10-2 2.40 X 10- 6 6.29 X 10-' 

Ozone 5.0 x 103 3.71 1.87 x 10-a 8.99 x 10-2 

.. H val ues from Ref. 2. 
tH,n H D , and H", calculated via Eqs. (5.7) to (5 9). 

TABL-E 5.2 

iemperature Correction factors
2 

lor H (\n atm) 

AJI X 10- 3 J -- ----7.11 

oxygen 
Methane 
Ca.rbon diOXide 
Hydrogen sulfide 
Carbon tetrachloride 
Trichloroethylene 

Benzene 
Chloroform 

p. 

Gas bulk 
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\ 
\ 
\ 
\ 
j 
I 
\ 
\ 
I 
\ 
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\ 
I 
I 
I 
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Agure 5.4 (a) Two_rcsistancc concept, 
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An A><el Johnson Inc- Compa-'1.y 

Other Parksoa ProcIDcts 
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....ergy-rr- .......tion 

MaQ11lWl'" Pre.. - continuous 
belt press 
..,..., Fla:-A-TuloeID - fine C: 
bubble diffuser 
The Blolac:iil S:ystem- rnst·effective 
biological treatment 
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EVALUATION OF MM-6: NATURAL ATTENUATION 

O~e in situ technology that can be used to rernediate chlorinated solvents is 
bioremediation. The biodegradation of chlorinated solvents such as trichloro
cthene (TeE) and perch] oroethylene (peE) can occur naturally and is demonstrated 
when dichloroethene (DCE) , vinyl chloride (VC), and/or ethene are detected in 
groundwater or soil. The biodegradation process occurs under anaerobic 
conditions and usually requires a source of additional carbon to drive the 
biological transformation. The end product formed by the anaerobic transforma
tion of peE is ethene; however, the transformation products DeE and VC may 
accumulate. This is because DeE and VC are formed faster than they are degraded 
to ethene. If VC and DeE biodegradation occurs too slowly under natural 
conditions, then the process can be enhanced by adding carbon such as lactic acid 
or glucose and other nutrient supplements such as phosphate, sulfate, and 
nitrogen. 

Chemical data from Operable Unit 8 were reviewed to determine if there was any 
evidence that TCE was being biodegraded naturally. The specific parameters that 
were evaluated included the concentrations of chlorinated solvents; ethene/ 
ethane; benzene, toluene, ethylbenzene, and xylenes; total recoverable petroleum 
hydrocarbons; total organic carbon, and redox indicators such as sulfate/sulfide 
nnd methane. Nitrogen, phosphate, pH, and gas chromatographic data reported in 
the Treatability Study Workplan were also reviewed, The result of the data 
analysis can be summarized by the following observations: 

natural biodegradation is occurring at Site 3, 

there is no evidence that the transformation process is going to 
completion, 

TCE was measured at a well location adjacent to Rowell Creek, 

subsurface conditions are rnethanogenic, 

there is available carbon in the source area, and 

nitrogen, phosphate, and pH levels are limiting, 

Extent of Natural Biodegradation 

TCE biodegradation is occurring at Si te 3, but there is no chemical evidence that 
TCE is being completely degraded because ethylene was not detected in groundwater 
from the well locations CEF-13, CEF-28, and CEF-3l (Table 1), In addition, VC 
has not been detected in any groundwater samples analyzed as part of the remedial 
investigation. Partial degradation of TeE is occurring because DeE has been 
measured in several well locations at Site 3. Most significant is the detection 
of TCE in well CEF-3l, which is adjacent to Rowell Creek. 

There is evidence that TCE biodegradation is occurring across the site since DCE 
was measured in wells that extend the length of the plume, At several locations 
in the source area DeE was detected at a higher concentration than TeE (CEF-13S, 
CEF-4S, and CEF-6S), An electron donor (source of carbon) is required for the 

CEC-OUB.FS 
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biodegradation process to occur, and there is evidence that petrolewn, ,\~Thich 

could serve as an electron donor, is present in the source area. Methane was 
detected in groundwater from three locations at the site, indicating that the 
redox conditions in the subsurface are low enough to support biological 
transformation of chlorinated aliphatics. The extent of biodegradation does not 
appear to be enough to completely eliminate TCE prior to discharge into Rmllell 
Creek. 

If the TCE levels measured at the edge of the plume are at an acceptable risk
based level, then unaided biodegradation can be considered either with or without 
source area treatment. The fate and transport of TCE and DCE must be modeled 
using relevant attenuation factors before any final decisions can be made about 
the feasibility of this remedial option. 

If it is discovered that there is an unacceptable risk associated with the 
chlorinated solvent concentrations in groundwater, then a treatment system can 
be designed to enhance the biological process. The conditions that may be 
responsible for limiting the biological process under the present conditions 
include: 

low pH (4.5-5.5), 
low levels of nitrogen, phosphate, and sulfate, and/or 
low levels of electron donor (carbon source). 

An enhanced remediation system can be designed to provide the necessary 
amendments that will increase the rate of TCE biodegradation and bring the 
transformation process to completion (ethene formation). Prior to design of a 
treatment system, testing will be required to evaluate electron donors and pilot 
testing could be required to evaluate rate and extent of biodegradation under 
field conditions. 

CEe·QUa FS 
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Table C-1 
Results from Gas Analysis 

Modified USEPA Method 8015 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

JacKsonville, Florida 

Sample 10 I 
Date 

I Date Analyzed I 
Methane 

Sampled (mg/£) 

CF3FS13S 3/2/95 3/3/95 0.32 

CF3FS13S-0UP 3/2/95 3/3/95 0.30 

CF3FS28S 3/2/95 3/3/95 0.16 

CF3FS28S-0UP 3/2/95 3/3/95 0.17 

CF3FS31S 3/2/95 3/3/95 0.42 

CF3FS31S-0UP 3/2/95 3/3/95 0.44 

TRIP BLANK 3/2/95 3/3/95 NO 

pal 0.01 

Notes: USEPA = U,S. Environmental Protection Agency. 

CEC-OUB FS 
ASW 10.97 

10 = identification. 
mg/ t :::: milligrams per liter. 
NO == not detected. 
POL = practical quantitation limit. 

I 
Ethene 

I 
Ethane 

(mg/£) (mg/£i 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

0,01 0.01 
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APPENDIX D 

COST ESTIMATES FOR ALTERNATIVES 





Table 0-1 
Alternative MM-l: No Action Cost Summary 

Cost Item 

Direct Costs 

Groundwater Use Restrictions 

Total Direct Cost 

Indirect Costs 

Preparation of Health and Safety Plan 

Preparation of Sampling and Analysis Plan 

Direct Cost Contingency (20 percent) 

Total Indirect Cost 

OQeration and Mainten.nce jO&M! Costs 

Annual Groundwater Monitoring 

Five-year Reviews (annualized) 

Present Worth of O&M (3Q-.year penod) 

Total Cost 

CEC"OU8 FS 

ASW 10.97 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jack!':onville, Florida 

Cost 

$10,000 

$10,000 

$7,500 

$12,500 

$2,000 

$22,000 

$20,000 

$8,700 

$395,000 

$427,000 
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Table D-2 
Alternative MM-2: Enhanced Biodegradation Cost Summary 

Feasibility Study. Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost item 

Direct Costs 

Site Preparation 

Enhanced Biodegradation 

Pilot Study 

Trenching, Groundwater Piping, and Installation 

Equipment Rental 

Gravel/Coarse Sand RII 

Groundwater Mixing Pumps 

Piping, Valves, and Flowmeters 

Nutrient Injection System 

Carbon Injection System 

Disposal of Excavated Soil 

Groundwater Piezometers 

Potable Water Storage 

Groundwater Use Restnctions 

Total Direct Cost 

Indirect Costs 

Health and Safety (4 percent) 

Engineering and Design (10 percent) 

Construction Support Services (5 percent) 

Administration and Permitting (3 percent) 

Direct Cost Contingency (excluding Pilot Study, 20 percent) 

Total Indirect Cost 

0l::!eration and Maintenance (O&MI Cost 

Administrative O&M (15-year period) 

Annual Groundwater Monitoring 

Five~year Reviews (annualized) 

Present Worth - Administrative O&M (15-year period) 

System O&M (12-year period) 

Biodegradation Monitoring and System Maintenance 

Utilities 

Present Worth - System O&M (12-year period) 

Total Cost 

CEC-DU8.FS 
ASW 10.97 

Cost 

$33,000 

$229,000 

$625,000 

852,000 

S56,000 

$7,000 

$8,000 

$3,500 

$3,500 

$810,000 

$11,000 

$3,500 

$10,000 

$1,852.000 

$74,000 

$185,000 

$93,000 

$56,000 

$325,000 

$733,000 

$20,000 

$8,700 

$279,000 

$53,000 

$1,000 

$788,000 

$3,652,000 
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$043.200 

$11,000 
$2, 180 
S2,Z40 
$2.100 

$4i55,8304 

$51,187 
$307,001 

I~ !qCi 
-"/ j / 
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Table,: Gasl_ 
Cost EeumatelQr In-situ Bioremealanon 01 Er.t.ra Plum CadI Field DUa 

l.inl[ Umt Cost QLlantit >0;01 COst 

I $307,001 

i I. PIlot Stu"" 
,II. D_n and Worl<PIan 00VeI0!>"""' 

ILS .~ •• " 1 I , 
I 

I
I E n91 ne<lf IP2) Hr. $75.00 

Senior SclenijotJEngnoer IP3J 

SenlQr (Pnncip&&} Con$UlIlng Review 

Drafting 

Hr, $iMl,00 

IN\ Hr, $140,00 

Hr, I $55,00 

I 
III. WOrICPIon ~m'''d 

Eng,""", (1'2) Hr I $7$,00 

Senior SCl&nIRlE:.ngimter {F'3) 

Ssr.or (Prine1pM) Consuning KVVIlIW 
Hr. $;'.00 

(P~) Hr. $140.00 

IV. Il'<SUIUlIlJ>n """ I;quil"''''''' 
Engmeer (1ncludae Inm.t 'ec11ng of sy8t9m) ( 

Teohnician IP11T2] 
HI. I $75,00 
Hr. $G5.OO 

Sonlor (Prin¢lpal) eoMIJl1lng (f',) 

Tr • .-.I 

Hr. $140,00 

•• $!SOC.> 

Su~SISt.ncel~dg"1!I 
day $iOO 

Gar RentaJ day $32 

>,.nCh Machine Rentel (InGlud .. MoblOomo day 

Orill Rig Ref11Si (Indud" Mo~IO.""'b) day 

Tranclling ..,d GW Piping In_.on n 

GraveVCOufM Sand Ffl cy 

Oispooal Dr lOW ey 

--GW Moniwring W.1s (12 Walls. Z' <ia, 25-1;0' oa 

GW Mixing pumps 01010.1) aa 

Piping, VI/veO ft 

p.-re Geuge & IIOw rrwm,. oel 

NUUiOnllnjec1ian 5yIIom L5 

CNbDn rnjeo:1lon~", 
LS 

, EqUipment rr- 1.5 

SlDrag. Shed loS 

Electncian hr 

ODes 
loS 

. ~ PieZ""""," (11 W'OIs, 2" dia, 2&' bg') .. 

Piping .nd Trant.r Pu~ (l11""'ul MOInl) 11 

pon.tNg w_ Storogo (Slofoul Maln~ •• 

v. MonlrlnnylCoMlJlling ('f9ariy) 

E1\gI-. 

Field Technician 18 M'wIc) 

s.."r SclenllSliEngineer 

Senor IPnndpolJ CO,,"ul1lllQ (P.) 

EIec1ncrty 

NUInI"'" 
Carbon 
NUNnt TOOting Equ,_ 

~naly1lo.1 (211 _iaI qu_r) 

Troubl_noo1lOQ Labelr 

'rOUD&ashQo\lng I..aDor 

iroublBllhoonng l.Ibor 

Trou .... h.abng SU!x;onfrllCli"ll 

HI. 
Hr. 
Hr. 
Hr. 

KWH 
vr 
vr 
vr .. 
HI. 
Hr. 
Hr. 
1.5 

$1,500 
$1.2IlQ 

S2eO 
$12 

$175 
$2,000 

$'.000 
$1 

$,75 
$3,500 
S3,eoo 
$4,500 
S2MO 

$«I 

$-\.oeo 
$1 ,COO 

$2 
$3,~00 

575.00 
S55.00 
$SO.oe 
$'40.00 

$O.otI 
$4,COO 
$4,000 

$a:) 
$2S:l 

$75.00 
$M.oo 
seo.OO 
'14,000 

400 
120 

eO 
80 

370 
370 

24 
4 

42 
40 

30 
8 

2500 
4II3C 
4Il30 

12 
7 

3500 
7 
i 
1 
1 

40 
; 

11 
0000 

1 

160 
384 

40 
2~ 

10000 
1 
1 
1 

112 
40 
40 

"" 7 

Oooign, InotIIlidon & sat Up 

$30,000 
$10,80(1 

$8.400 
$4,_ 

W.7S0 
$:1 •• 050 

S3.3!lO 
$2.000 $3._ 
$',280 

$415,000 

$7;100 
$625,000 

$C&,5eO 

SII'O,z,o 
U_,IJIJIJ 

$7,000 
$3,500 
$122$ 

53.500 
SJ.&oO 
114,500 
srz._ 
sa~ 
1I4,0CI0 

$11,(100 
.... sao $3._ 

$12.000 
Rl.l20 

53.600 
$ueo 

ROo 
$4,000 
1I4.1J1J1J 

$=a 
w,ooo 
$3,000 
52.200 
$3.100 

$28.000 

Sulrtotal Cost iS2.C135.7:ie 

+20% COntingenoy: $ot07,151 

To. EstimCllld cOst: $2,4'I2,!)o7 

V-'\' MorWl<lrtnglCo.-.dling 

Sublolal Cost += Conunganey: 

Total Emim ... d Cost; 

5 V_ Coot To.' $2.905,6117 

10 Ye., Cost T~* $3,aea •• u 

ro. Inftatign, discount ..... teI/cost not: lnct.lcI 



Table D-3 
Alternative MM-3: In Situ Air Stripping with Enhanced Biodegradation Cost Summary 

Cost Item 

Direct Costs 

Site Preparation 

Groundwater Treatment System (source area) 

Air Stripping Wells (5) 

Supply and Vacuum Blowers (4) 

Piping Network 

Vapor Treatment System 

Enhanced Biodegradation (wetlands) 

Site Preparation 

Pilot Study 

Biodegradation 

Groundwater Use Restrictions 

Total Direct Cost 

Indirect Costs 

Health and Safety (4 percent) 

Engineering and Design (15 percent) 

Construction Monitoring Services (10 percent) 

Administration and Permitting (3 percent) 

Feasibility Study. Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Direct Cost Contingency (excluding Pilot Study, 20 percent) 

Total Indirect Cost 

Operation and Mainten.nce (O&Ml Costs 

Administrative O&M (15-year period) 

Annual Groundwater Monitoring 

Five-year Reviews (annualized) 

Present Worth - Administrative O&M (15-year period) 

Groundwater Treatment System O&M (7-year period) 

Annual System Maintenance 

Annual Utilities 

Present Worth - Groundwater Treatment System O&M (7-year period) 

Enhanced Biodegradation O&M (12-year period) 

Annual System Maintenance 

Annual Utilities 

Present Worth - System O&M (12-yea.r period) 

Total Cost 

CEC-OU8 FS 

ASW.l097 

Cost 

$46.000 

$68.000 

$100.000 

$19.000 

$97.000 

$24.000 

$229.000 

$904.000 

$10,000 

$1.493.000 

$60,000 

$224,000 

$149,000 

$45,000 

$253,000 

$731.000 

$20,000 

$8,700 

$279.000 

$10,000 

$51,000 

$341.000 

$56,000 

$1,000 

$478,000 

$3.322.000 

I 
)510,0 

I { j 
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<::-~ E13c.13 ENVIRONMENTAL 
FOSTER PLAZA 6, SUITE 400, 681 ANDERSEN DRIVE, PITISBURGH, PA 15220· (412) 920-5401 • FAX (412) 920-5402 

March 31, 1995 

Mr. Mark Kauffinan 
ABB Environmental Services, Inc, 
2120 Washington Boulevard, Suite 300 
Arlington, V A 22204 

Subject: NOVOCSTM Cost Estimate for Florida Site 

Dear Mark, 

Thank you for allowing EG&G Environmental, Inc. to quote on the installation of a 
NOVOCSTM system for the site in Florida. This is a budgetary cost estimate based on site 
data I received from you, copy enclosed. 

There may be a possible area of confusion in this estimate, I interpreted your site data to 
indicate that the contaminant plume occupies the region between 10 feet and 60 feet deep. 
Our system designer interpreted that data to mean that the plume depth varies between 10 
feet and 60 feet. Thus, he estimated that 30 foot deep wells will suffice while I estimated 
that 60 foot deep wells are needed, I have given you cost estimates based on both 
assumptions, You can judge which assumption is most appropriate, 

Proposed NOVOCSTM System Configuration 

• 5 NoVOCs wells, 8" diameter, 30' or 60' deep 
• Well spacing is approximately 120 feet 
• 2 supply air blowers 
• 2 vacuum blowers 

This cost estimate does not include an off gas treatment system. I understand that ABB 
Environmental will estimate that cost independently. 

NOVOCSTM System Performance Estimate 

• Off gas volume is 1700 cfin 



~n,>EGt:.G 

• Contaminant concentration in off gas 
TCE 
12DCE 

• Clean up time is estimated at one year 

NoVOCsTM Price Estimate 

70 mg/m] 

74 mg/m
3 

18 ppm 

26ppm 

The following estimated costs include material, installation labor, engineering, overhead 

and profit. 

• Total system cost for 30 foot wells is $159,500 

• Total system cost for 60 foot wells is $193,800 

No VOCSTM Operation and Maintenance Price Estimate 

• Annual operation and maintenance cost is estimated to be $43,400. 

I have enclosed a copy of a spreadsheet showing the development of the above cost 

estimates. The above information is a preliminary estimate and is not a bid to remediate 

this site. This cost estimate is intended only to permit you to compare NOVOCSTM to 

other remediation alternatives. 

The NOVOCSTM system relies on a relatively permeable vadose zone to recharge tbe 

aquifer. The absence of a vadose zone at tbis site causes us some concern about the 

certainty of a successful NOVOCSTM installation here. I would want us to review 

additional site data before proposing NOVOCSTM for this site. 

I look forward to continued discussions with you regarding NOVOCSTM, at this or at other 

sites. 

Sincerely, 

Dick Samuels 

Sales Engineer 

enclosures 

, 
~2" I 

1/''lC " ) 



Sheet1 

NoVOCs COST ESTIMATE ! 

i i 1 1 i 

I FOR: ABB Environmental, Florida site ! ! 
i 

! 130 ft deep 60 ft deep , 

I, I i , 

Control panel//motor starters 9910 9910 
2 supply blowers I 47625 47625 ! 

2 vacuum blowers I 
, 476251 47625 , 

Misc. intrumentation , I 2860 2860 
5 wells, 8" dia. I I 34300 68600 
Trenching, 300 ft. I 57301 5730 
Electrical hookup, wiring I i 114501 11450 

! 1 1 I 

I 

ITotal NoVOCs Cost Estimate i 159500 193800 
, 

i 
, 

! 

I 1 
',0 & M Cost Estimate 1 

Blowers 12 kw ea 1 Run 8000 hrs/yr i 
Power Cost: assume $0.1 O/kwh , 

I 

4 x 12 kw x 8000 hrs. - 1 384,000 kwh x $.10 38400 

Periodic inspection & maintenance , 5000 

i 
! 1 

i 
, 

'ITotal 0 & M Cost Estimate 43400 

I 
I I ! 

RAS. I I I 1 13/30/95 

Page 1 

, ~ 
, -



Subject: ABB Environmental Inquiry 
ABB Environmemal has responded to several comac!s aboUl NoVaCs with an inquiry about an indusrrial 
site in Florida. They are currently preparing a feasibility study for this site and would like to mclude 
NoVOCs as an alternative technology_ Following are the specifics of this site: 

Contaminents: 
Present Goal 

ppb ppb 

III TCA 350 200 
TCE 500 5 
II DCE 100 5 
12 DCE 500 50 
benzene 30 I 

There are also some semi-volatiles such as dichlorobenzene present labour 3000 ppb), but they don't intend 
to do anythmg with them at this time. 
Contaminant source removed 
No free product 

Contaminant plume: 
140,000 sq. ft. elipse, approximately 700 ft x 200 ft., plume depth ranges 10ft!O 60 ft. deep 

Geology: 
Sandy soil, very permeable, from surface to confming layer 80 ft. deep. 
Warer table varies 0 ft to 2 ft. deep 
Down gradient area is wetlands 
Gradient - moves 3 ft to 5 ft. per day 

Water: 
pH is 6.0 to 6.5 
Total iron is 5000 ppb 

ABB does not anticIpate any drilling problems. They have put in numerous 2" and 411 monitoring wells in 
this area and have not experienced any problems. ABB has suggested a COSI of S 12/ lin. ft. for an 8" \-vell. 

They will probably use GAC for off gas and they are willing [Q estimate that cost They would like to 
know approx. number ofNoVaCs wells. support equipmem, and a&M costs. 

,. 
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AowEST'>--
lECHNOLOGIES.INC. 

ABB Environmental Sarvlces 
2120 Washington Blvd .• Sta. 300 
Arlington, Virginia 22204 

Attention: Ms. Tara Hemmer 

Reference: RETOX Thermal Oxidizer System 

April 4. 1995 

Application: Water Treatment Emissions 
Our Reference: Proposal No, 95-887 

Dear Ms. Hemmer: 

We are pleased to submit our proposal covering the supply of (1) RETOX 1500 
Regenerative Oxidizer system manufactured by Airex Corporation,. through license 
from ABB Air Preheater for your water treatment emissions. The RETOX OXidizer 
provides; a superior alternative to present oxidizer systems used for low solvent 
loading processas. The oxidi;;:er quoted in this proposal is designed to destroy 
greater than 95 % of volatile organic compounds (VOC'sl and provide 95% 
primary heat recovery effectiveness. Also. there is virtually no production of 
nitrogen oxides (NOx) from the oxidizer operation as compared with conventional 
gas burner and combustion technologies. Tests have indicated typical levels of 
NOx In the 25-50 ppb range as compared to a range of 20 ppm to 50 ppm for a 
standard oxidizers with a burner system. 

The RETOX oxidizer can be used as a single, compact unit for smaller flow 
applications or its modules can tJ,e expanded into an integrated and centralized 
system for higher flow rates, Since each weather tight module is shop-assembled, 
field assembly and installation is kept to a minimum. The modular, shop
assembled concept also allows the RETOX oxidizer to be easily moved or 
relocated in the future should your process be moved. 

This unique deslgn allows the combustion of VOC's to take place within the heat 
exchanger bed. The elimination of a separate combu5tion chamber reduces both 
equipment size and cost. This consolidation reduces maintenance time and cost 
bV the elimination of the burner and piping train. Also, there are no catalySt. 
carbon bed or ceramic stoneware additives to replace and maintain. 

803 W. ANGUS AVE. OAANGE, CA 92668 
TEL: (714) 997-8722 • FAX: (714) 997-8744 



April 4, 1995 
ABB Environmental Services 
Page 2. 

The RETOX oxidizer technology has a proven reputation of successful installations 
on applications where other systems have failed. The RETOX oxidizer has been 
successfully installed on II wide variety of processes il'lcluding converting, printing, 
coating, food. chemical. paint finishing and plastics extruding applications. 

In summary, the RETOX regenerative thermal oxidizer provides and excellent 
solution to voe and odor control, combined with high efficiency heat recovery 
with minimum maintenance costs. Airex Corporation's extensive air pollution and 
odor control experiance of over 300 regenerative units since 1989, prOVides you, 
our customer, with an engineering and technical support team unsurpassed in the 
industry. 

We would be pleesed to meet with you at your convenience, to further discuss 
this proposal and the RETOX thermal oxidizer system. If you have any questions 
or would like additional information. please feel free to call myself or Mr. Brian 
Cannon of our East Coast Sales office. 

Very truly yours, 

ADWEST TECHNOLOGIES, INC. 

JRT:mae 

Attachments 

cc: Jim Last ..... gi. EnvironfTlfllQt 
llrian CannorrAdw.st ~EIoII COlat Office) ~716 1193·1405) 
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April 4, 1995 
ABB Environmental Services 

EQUIPMENT PRICING 

RElOX BEGENERAnVE THERMAL OXIDIZER: 

Proposal No. 95-887 
page 4 

Total price for the supply of one (1) skid-mounted RETOX 1500 regenerative 
thermal oxidizer manufactured by Airex Corporation as delineated in the attached 
engineering specification, F.O.B. Orange, California. 

NOTE: 

NOTE: 

BETOX 1500 $93,550 

Should the destinatIon of thIs equipment be outside of the State of 
California, please provide a Resale or Tax Exempt number and card 
for our records. 

Should this proposal result in a sale of a RETOX regenerative thermal 
oxidizer pleBS" direct your purchase order and make checks payable 
to Airex Corporation, 803 W. Angus A venue, Orange, CA. 92668. 

TERMS OF PAYMENT; 

20% Down With Purchase Order 
20% Due with Drawing Submittal 
55% Due One Week Prior to Shipment 

5% Net 30 Days 

Start-up and training services by Airex personnel are not included in this proposal. 
These services are invoiced at 6560 per day plus actual expenses and usually 
requires 5 days. 

SHIPMENT: 

Shipment ill estimated to be 12-14 weeks after receipt of pun;hase order and 
release for purchase of long-lead items. Our shipment, however. is subject to 
confirmation at time to award of purchase order. Adwest Technologies. Inc. will 
work with you to coordinate the RETOX oxidizer shipment. 
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ISOTHE" CONDITIONS: 
Sample Volume 
Tempera ture 
Ag ita t ion Time 
Carbon 

• 137 ml 
• Ambient 
• 20 hours 
• Filtrasorb 300 

ISOTHERM IOENTIFICATION: 
(1) Tetrachloroethylene 
(2) Trlchlo"oethylene 
(3) Carbon Tetrachloride 
(4) l,l,l-Trichloroethane 
(5) l,l-Oichloroethylene 
(6) Chloroform 
(7) 1,2-01chloroethane 
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Table D-4 
Alternative MM-4: Groundwater Extraction, Treatment, and Discharge Cost Summary 

Cost IterT 

Direct Costs 

Site Preparation 

Groundwater Treatment System 

Feasibility Study. Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Groundwater Extraction and Discharge System 

pH Adjustment 

Clarification 

Soil Vapor Extraction 

Sludge Handling Equipment 

Air Stripper 

GAC Treatment 

Wetland Monitoring and Mitigation 

Groundwater Use Restrictions 

Total Direct Cost 

Indirect Costs 

Health and Safety (4 percent) 

Engineering and Design (15 percent) 

Construction Monitoring Services (10 percent) 

Administration and Permitting (3 percent) 

Direct Cost Contingency (20 percent) 

Total Indirect Cost 

Operation and Maintenance (O&M) Cost 

Administrative O&M (10-year period) 

Annual Groundwater Monitoring 

Five-year Reviews (annualized) 

Present Worth - Administrative O&M (10-year period) 

System O&M (9-year period) 

Annual System Maintenance 

Annual Utilities 

Present Worth - System Q&M (9-year period) 

Total Cost 

CEC"OU8 FS 
ASW.l0.97 

Cost 

$55,000 

$294,000 

$22.000 

$110.000 

$147.000 

$55,000 

$16,000 

$22,000 

$565.000 

$10,000 

$1,296,000 

$52,000 

$194,000 

$130,000 

$39.000 

$259.000 

$674,000 

$20,000 

$8.700 

$211,000 

$72,000 

$44,000 

$789.000 

$2.970,000 

4- 1/'r} 
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Ensons In:orporated 
8503 (rOnl'l18ster Oliv~ BUlke, \,'r;:;lnta 2.201 ~ 
i703) 913.07:'4 Fax a031 644-9798 

30 March 1995 

Tara HeMer 
ABB Environmental Services Inc. 
71B S. Washington Street 
Suite 302 
Alexandria, VA 22314 

Dear Ms. Hemller: 

On behalf of Delta Cooling T~wers Inc., I'm pleased to submit th;s propDsal 
for air strippers for your Jacksonville, FL, project. 

1. 

2. 

Design Water Flow 
Air Stripper Model 
Options Included 

Price 
Options Available 

Design Water Flow 
Air Stripper Model 
Options Included 

Price 
Options AV~llable 

40 gpm 
ASl. o-235R 
Stripper Tower with Flanged Top 
Rando. Packing 
Blower with Motor 
Steel Guywire Packa~e 
Airflow Switch 
DIfferential Pressure Gage 
Liquid Level Control Package 
Transfer Pump Package 
$13605 complete 
Control Panel, $1700 

20 gpm 
ASl-235R 
Stripper Tower with Flanged Top 
Random Packing 
Blower with Motor 
Steel Guywire Package 
Ai rflow S",i1;ch 
Differ .. ntial Pressure G .. ge 
Liquid tevel Control Pack .. ge 
TranBfe~ Pump Package 
S10665 complete 
Control Panel, $1700 

Pleas .. note Ilanufacturers conditions of sale and warranty apply. Issue 
pur~llase order to Delta Cooling Towers Inc., c/o above address. Delivery is 
typically 4 to 6 weeks ARO. Freight charges are FOB factory in Fairfield, NJ. 
Payment terms are net 30 days. 

Thank you for considering our products. If you have any questions pl.ease call. 

Very ~ruly yours, 

Ram Nagrani 

Encl. 10 pages of drawings and specifications 

':)HI SNOSt~3 
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TO: 

BARNEBEY & SClTCLIFFE CORPORATION 
P.O. Box 2526 

COLUMBUS, OHIO 43216 

FAX NUMBER: 614-256-3464 
PHONE NUMBER: 614-258-9501 

FACSHlILE MESSAGE 

Tara Hummer FRO~! : Beckv Sextf,on 
ABB Env. Services Carbon Di \~ision 

DATE: March 28, 1995 TIM!!: 3,: 30 pm 

FAX # : (703) 769-8182 PAGE: 1 01 (; 

SUBJECT: ACTIVATED CARBON UNITS 

Thanks for you interest in our activated carbon unit'i" 

'~ith ScenalCio 1 and Scenario 2 (vapur' phase) you may iwant to use 
the V-SOD unit. The carbon usage in these scenariosiis low, but 
the flow is so high that a V-50D I·roulct be required. i 

I 
with scenario 2, liquid phase, you might want to go with an L-IOOO 
or L-1600. They both meet your flo~l requirements and since a lot 
ot carbon will be used in this application you may w4nt to lean 
toward the L-1600. 

With scenario 3, vapor phase, you could use the V-170 unit. 
I 

With Scenario 3, liquid phase, you would want to go 
unit due to your flow rate. 

.. d,th 

Pricing on these different units is as follows: 

V/L-170 units: 
V/L-~OO units: 

$ e CI C h vt M ~ • .YO.ff\6;r\.
each $lIOO ..::.0,: -;;.J~-c>-

I , 

the L-500 

V(L-1000 units: 
L-1600 unit: 

500.00 
2,500.00 
3,400.00 
4,500.00 

each -i ,\50 Yur':/'~' 
each .f ),350 (C'''Zr" - • O"'r-

AVAtLABILITY: V/L-170's 2 -3 days 
V/L-500's 3 wti>eks 
V/L-1OOO's 3 - 4 wee.ks 
L-1600's 3 - 4 weeks 

FOB POINT; Columbus, Ohio 

I hope this information has been helpful tu yuu. 
further questions, please call me. 

Sincerely, 

jGIC~ $l(lm 

If you have 
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Table D-5 
Alternative MM-5: Groundwater Extraction, Treatment, and Recharge Cost Summary 

Cost Item 

Direct Costs 

Site Preparation 

Groundwater Treatment System (source area) 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Groundwater Extraction and Piping to Reinjection System 

pH Adjustment 

Clarification 

SOil Vapor Extraction 

Sludge Handling Equipment 

Air Stripper 

GAC Treatment 

Enhanced Biodegradation (wetlands) 

Site Preparation/Recharge Trenches 

Pilot Study 

Biodegradation 

Groundwater Use Restrictions 

Total 01 feet Cost 

Indirect Costs 

Health and Saiety (4 percent) 

Engmeerlng and Design (15 percent) 

Construction Monitoring Services (10 percent) 

Administration and Permitting (3 percent) 

Direct Cost Contingency (excluding Pilot Study, 20 percent) 

Total Indirect Cost 

Operation and Maintenance (O&M! Cost! 

Administrative O&M (15-year penod) 

Annual Groundwater MonitOring 

Five-year Reviews (annualized) 

Present Worth - Administrative O&M (15-year period) 

Groundwater Treatment System O&M (9-year period) 

Annual System Maintenance 

Annual Utilities 

Present Worth - Groundwater Treatment System O&M (9-year period) 

Enhanced Biodegradation Q&M (12-year period) 

Annual Biodegradation Monitoring and System Maintenance 

Annual Utilities 

Present Worth - Enhanced Biodegradation O&M (12-year period) 

Total Cost 

CEC-OUB.FS 

ASW 10 97 

Cost 

$57.000 

$233.000 

$22.000 

$110,000 

5137,000 

$55,000 

$13.000 

$15,000 

$24,000 

$229.000 

$905.000 

$10,000 

$1,810,000 

$72.000 

$271,000 

$1B1,OOO 

$54,000 

$316,000 

$894.000 

$20.000 

$B.700 

$279.000 

$46.000 

$44,000 

$612,000 

$56.000 

$1,000 

$477,000 

$4.072,000 
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Table D-S 
Alternative MM-S: Natural Attenuation Cost Summary 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Direct Costs 

Groundwater Use Restrictions 

Groundwater Modelling 

Total Direct Cost 

Indirect Costs 

Preparation of Health and Safety Plan 

Preparation of Sampling and Analysis Plan 

Direct Cost Contingency (20 percent) 

Total Indirect Cost 

O~eration lind M.intenance IO&M) Costs 

Administrative O&M (30-year period) 

Annual Groundwater Monitoring 

Five-year Reviews (annualized) 

Quarterly Biodegradation Monitoring (first year) 

Annual Biodegradation Monitoring (years 2 to 30. 

Present Worth of Administrative O&M (3D-year period) 

Total cos1 

Note: Totals are rounded to the nearest $1,000. 

CEC-OU8 FS 
ASW 10 97 

annualized) 

I 

Cost 

$10,000 

$10,000 

$20,000 

$7500 

$12.500 

$4.000 

$24,000 

$20,000 

$8,700 

$43,400 

$12.000 

$562,000 

$606,000 
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Table D-7 
Alternative MM-7: In Situ Permeable Reactive Wall Cost Summary 

Cost Item 

Direct Costs 

Bench-scale studies 

Fate and transport modelling 

Permeable reactive wall 

Hydrauhc barrier 

Disposal of excavated materials 

Groundwater use restrictions 

Install monitoring wells 

Wetland monitoring 

Total direct cost 

Indirect Costs 

Health and safety (2 percent) 

Engineering and design (10 percent) 

Construction support services (5 percent) 

Administrative and permitting (5 percent) 

Direct cost contingency (20 percent) 

Patent fee for use of technology (15 percent) 

Contingency planning (10 percent) 

Total indirect cost 

Feasibility Study, Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville Florida 

Annual Operation and Maintenance (O&M) Costs (30 years) 

Administrative O&M 

FI'Je~year reviews (annualized cost) 

Annual groundwater monitoring system O&M 

Groundwater monitoring 

Wetland mOnitoring 

Present worth of O&M ,-- , 30 years 

Total Cost (includes 10 percent contingency) 

Note: Totals are rounded to the nearest $10,000 

coon Que FS 
·1.97 

Cost 

$34,000 

$10,200 

$150,000 

$300,000 

$193.000 

$10.000 

$10,000 

$35,000 

$742.000 

$14,800 

$74,200 

$37,100 

$37,100 

$148.000 

$111,000 

$74,200 

$496.000 

$8.700 

$20,000 

$10,000 

$14,000 

$725.000 

$2.170.000 
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Table D-S 
Alternative MM-S: In Situ Air Stripping with Phytoremediation 

followed by Natural Attenuation Cost Summary 

Cost Item 

Direct Costs 

Site preparation 

Groundwater treatment system (source area) 

Air stripping wells (5) 

Supply and vacuum blowers (4) 

Piping network 

Vapor treatment system 

Phytoremediatlon (wetlands) 

Pilot scale treatability tests 

Feasibility Study. Operable Unit 8 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Purchase and plant non-native species (two times) 

Harvest and remove trees 

Transport and dispose of rooted trees 

Site restoration and demobilization 

Natural attenuation 

Groundwater use restrictions 

Groundwater modeling 

Total direct costs 

Indirect Costs 

Health and safety (4 percent) 

Engmeering and design (10 percent) 

Construction monitoring services (10 percent) 

Administrative fees (3 percent) 

Administration and permitting (3 percent) 

Direct cost contingency (excluding pilot study, 20 percent) 

Total indirect cost 

Operation and Maintenance (O&Mt Cost 

Administrative O&M (30 year period) 

Groundwater treatment system (source area) (2 years of operation) 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M for air stripping (2-year period) 

Phytoremediation 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M for phytoremediatlon (2B~year period) 

See notes at end of table. 

CEe-QUB FS 
ASW.l0.97 

Cost 

$50,000 

$68,000 

$100,000 

$19,000 

$97,000 

$31,000 

$77,000 

$13,000 

$4,000 

$6,000 

$10,000 

$10,000 

$485,000 

$19,000 

$49,000 

$49,000 

$15,000 

$15,000 

$97,000 

$244,000 

$20,000 

$9,000 

$53,000 

$27,000 

$9,000 

$496,000 



Table o-s (Continued) 
Alternative MM-S: In Situ Air Stripping with Phytoremediation 

followed by Natural Attenuation Cost Summary 

Feasibility Study, Operable Unit B 
Naval Air Station Cecil Field 

Jacksonville, Florida 

Cost Item 

Operation and Mainten.nce (O&Mt Cost (Continued) 

Phytoremediation 

Annual groundwater monitoring 

Five-year reviews (annualized) 

Present worth, administrative O&M for phytoremediation (28-year period) 

Natural attenuation 

Annual groundwater monitoring 

Quarterly biodegradation monitoring (first year) 

Ar"mual biodegradation monitoring (years 2 to 30, annualized) 

Present worth of administrative O&M for natura! attenuation (3D-year period) 

Total present worth of administrative O&M 

System O&M 

Groundwater treatment system {source area) 

Annual system maintenance 

Annual utilities 

Present worth of system O&M for groundwater treatment (2 years) 

Phytoremedlatlon (wetlands) 

Utilities 

Present worth of system O&M for phytoremediation (2 years) 

Total present worth of system O&M 

Total Cost 

Notes' Totals are rounded to the nearest thousand. 

CEC-OUB.FS 

ASW 10.97 

Cost 

$27.000 

$9.000 

$496.000 

$20,000 

$43,000 

$12,000 

$470,000 

$1,019,000 

$10,000 

$51,000 

$112,000 

$4,000 

$7000 

$119,000 

$1,867,000 



ALTERNATIVE MM-8: IN SITUAIR STRIPPING WITH PHYTOREMEDIATION 
FOLLOWED BY NATURAL ATTENUATION 

Quantity Unit Cost 

Nate: For estimlltlng purposes, estimn"' ::II! for naturlll !lttenulltion MM-6, find in srtu 

air :!IItripping, MM-3, were us'" .1'$ estimate:!! with rnodificlitions for differing time 

frame", 

DIRECT COSTS FOR MM-8: 

1. DIRECT COSTS FOR PHYTCi 

A. Site Preplul!tion I'Ind Mobiliz.!l\I~" 

Signs 

Pick-up Truck 
Equipment 

General Site Mob/Demob 

B. Pilot Sen.,' Trf'l.!lt.ability Te:!llts 

~~ob/Demo _, 

:;hase of 9 poplAr trees 

Delivery of 9 poplar trees 

Loader and Operator for planting 
Clearing of plot (1 technician, 8 hours) 

,ATlON 

A. Subtotal 

Labor (sampling onr:::e per month for 12 months) 

Laboratory AnalysIs (3 per month for 12 months) 
Install 3 shallow mOnitoring wells 

BiOlogist: Sample, Report 12@ 40 hrs/wk@2wks} 

B. Subtotal 

5 
3 

1 
1 

9 

1 

2 
8 

48 
36 
3 

160 

C. Purr:ha:i!Je lind Plant Non-Native :::'per:ies [a:i!J:i!Jume two times' 

Mob/Demob 
Labor (2 @ 2 wk @ 40 hrs/wk, 2 xs) 

Planting (Including Transport) 

Purchase of 190 trees 12 xs} 

InstallatIOn of 9 monitoring wells 

C. Subtotl!ll 

D Hl'lrvest and RamQ"-" -'-rees 

Mob/Demob 

Excavate soli (Backi'" -'Old Operator) 

Silt FenCing 
Site Superintendant (1 wk @ 50 hrs/wkl 

Foreman 11 wk @ 50 hrs/wk) 

Dump Truck (15 cy) 

Chipper rental 11 wk @ 50 hrs/wk) 

Subtotal 

E. Transport, Treat I'lnd Di!!lp0ge Rooted Itee:i!J 

Disposal Costs: -"::)(1 yds@20Ib/yd) 

Transportation 1000 yds@20Ib/yd) 

F Sit .... Restoration .nd DemobilizlItlon 

Fertilize, ~-, .ed. Mulch 

Demob of equipment 

E. Subtotal 

F. Subtotal 

I. DIRECT COSTS FOR PHYTOREMEDIATION 

320 
0.52 

380 

9 

2 
390 
50 
50 
1 

10 
10 

0.26 

1 

'" wk 
LS 
LS 

;, 

" 
I, 

day 

he 
he 

" 
" hours 

" he< 
Be 

ae 

" 

I, 
dy 
If 

he 
he 
ee 
wk 

ton 

ton 

Acres 

LS 

2. DIRECT COSTS FOR IN SITU AIR STRIPPING (:i!Jea .... stiml'lte from MM-3) 

3. DIRECT COSTS FOR NATURft~ ~UATION (9a .... e9tlmte from MM-6) 

TOTAL DIRECT COSTS FOR Mr., 

$50,00 
$90,00 

$1,200.00 
$2,000,00 

$2,000 00 

$100.00 

$150.00 

$98000 

$45.00 
$45.00 

$210.00 

$2,000.00 

$6000 

$2,000.00 

$45.00 

$10,000.00 

$10000 
$2,00000 

$2.000.00 

$1 ,650.00 

$5.00 
$60.00 

$50.00 

$250.00 

$250 00 

$400.00 

$15.00 

$2,00000 

$5,00000 

T otsl Cost 

$250 

$270 
$1,200 
$2,000 

$3,720 

$2,000 

$900 

$150 

$1.960 

$360 
$2,160 

$7,560 
$6,000 

$9600 

$30,690 

$4,000 

$14AOO 
$5,200 

$38,000 

$18.000 

$79,600 

$2.000 

$3,300 

$1,950 

$3,000 

$2,500 

$250 

$250 

$13,250 

$4,150 

$520 
$5,000 

$5,520 

$136,930 

$330,000 

$20,000 

$486,930 

[} () / 
/u/:10 

ii/ 



ALTERNATIVE MM-8: IN SITU AIR STRIPPING WITH PHYTOREMEDIA TiON 
FOLLOWED BY NATURAL ATTENUATION 

INDIRECT COSTS FOR MM-8 
Health and Safety (@4~';;1 
Administrative Fees (@3%) 

Engineering and Design (@10%1 
Construction Support Services (@10%) 
AdministratIOn and Permlttmg (@ 3~'ol 
Direct cost contmgency (@20%) 

TOTAL INDIRECT COSTS FOR MM-8 

TOTAL CAPITAL COSTS 

OPERATION AND MAINTENANCE COST FOR MM-8: 

Quantltv 

1. OPERATION AND MAINTENANCE COSTS FOR PHYTOREMEDIATION (8nnu.a1) 

ADMINISTRATIVE O&M FOR PHYTOREMEDIATION (ANNUAL BASIS) 

Scientist (1 @ 16 hrs/event @ 1 event!yr) 16 

Techmcan 11 @ 16 hrs/event @ 1 event/yr) 

Supplies 

Laboratory AnalysIs (assume annual mOnltormg) 

Lab Results Report 

16 

1 

12 

he 

he 

event 

wells 

reports 

Unit Cost 

$45,00 

$32,00 

$250,00 

$2,000,00 

$1,50000 

Five 'lear Site Review (Annual) reports $8,870,00 

Administrative O&M Total (annual): 

ADMINISTRATIVE O&M FOR PHYTOREMEDIATION (30-yel!or~ @ 6%1 

ADMINISTRATIVE O&M FOR IN SITU STRIPPING (2-ye.r~ @ 6%1 

ADMINISTRATIVE O&M FOR NATURAL ATTEN (28-yel!or~ @ 6%) 

TOTAL ADMINISTRATIVE O&M FOR MM-8 

SYSTEM O&M FOR PHYTOREMEDIATION 

inspection and Watering for trees ($0 23 per gallon, 5 

gallons per tree per day, for 12 months With 295 trees) 

SYSTEM O&M FOR PHYTOREMEDIATION (2-ye8r5 @ 6%1 

SYSTEM O&M FOR IN SITU STRIPPING (2-yel!or~ @ 6%) 

12 

SYSTEM O&M FOR NATURAL ATTENUATION (28-yeflrs @ 6%) 

TOTAL SYSTEM O&M FOR MM-B 

TOTAL O&M COSTS FOR MM-B 

TOTAL CAPITAL AND a AND M COSTS FOR MM-B 

months $339,25 

Total Cost 

$19,477 
$14,608 
$48,693 
$48,083 
$14,6C8 
$97,386 

$243,465 

$730,395 

$720 

$51 ::: 

$250 

$24.000 

$1,500 

$8,870 

$35,852 

$493,496 

$52,619 

$470,097 

$1,016,211 

$4,071 

$7,464 

$111,837 

;0 

$119,301 

$1,135,512 

$1,865,907 
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