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To meet its mission objectives, the U.S. Navy performs a variety of operations, some requiring the use, 
handling, storage, or disposal of hazardous materials.  Through accidental spills and leaks and 
conventional methods of past disposal, hazardous materials may have entered the environment in ways 
unacceptable by today's standards.  With growing knowledge of the long-term effects of hazardous 
materials on the environment, the Department of Defense initiated various programs to investigate and 
remediate conditions related to suspected past releases of hazardous materials at their facilities.   
 
One of these programs is the Installation Restoration (IR) program.  This program complies with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as amended by 
the Superfund Amendments and Reauthorization Act (SARA), the Resource Conservation and Recovery 
Act, and the Hazardous and Solid Waste Amendments of 1984.  These acts establish the means to 
assess and clean up hazardous waste sites for both private-sector and Federal facilities. CERCLA and 
SARA form the basis for what is commonly known as the Superfund program. 
 
Originally, the Navy's part of this program was called the Naval Assessment and Control of Installation 
Pollutants (NACIP) program.  Early reports reflect the NACIP process and terminology.  The Navy 
eventually adopted the program structure and terminology of the standard IR program. 
 
The IR program consists of Preliminary Assessment (PA) and Site Inspections (SIs), Remedial 
Investigation (RI) and Feasibility Study (FS), and Remedial Design and Remedial Action at sites where 
chemicals were allegedly spilled or disposed of.  The PA and SI identify the presence of pollutants.  The 
nature and extent of contamination as well as the selected remedial solutions are determined during the 
RI/FS.  The Remedial Design and Remedial Action are performed to complete implementation of the 
solution. 
 
The Southern Division, Naval Facilities Engineering Command manages and the U.S. Environmental 
Protection Agency and the Florida Department of Environmental Protection (formerly Florida Department 
of Environmental Regulation) oversee the Navy environmental program at Naval Training Center (NTC) 
Orlando.  All aspects of the program are conducted in compliance with Federal and state regulations, as 
ensured by the participation of these regulatory agencies. 
 
Questions regarding the CERCLA program at NTC Orlando should be addressed to Ms. Barbara 
Nwokike, Code 1873, at (843) 820-5566. 

FOREWORD 
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EXECUTIVE SUMMARY 
 

 

A Feasibility Study (FS) has been conducted for Operable Unit (OU) 2, the McCoy Annex Landfill, at the 

Naval Training Center (NTC) in Orlando, Florida, by the Southern Division, Naval Facilities Engineering 

Command, as part of the Department of Defense Installation Restoration (IR) program.  The IR program 

was designed to identify and abate or control contaminant migration resulting from past operations at 

naval installations.  The Remedial Investigation (RI) Report (Tetra Tech NUS, 2001) was completed for 

OU 2 in March 2001.  The RI concluded that surface soil, groundwater, surface water, and sediment 

exhibited an unacceptable risk for human receptors. 

 

This FS report develops and evaluates potential remedies for contamination at OU 2.  In this FS Remedial 

Action Objectives (RAOs) have been identified, Preliminary Remediation Goals (PRGs) have been 

developed, chemicals of concern (COCs) have been determined, and remedial action alternatives to 

achieve those objectives have been identified and evaluated.  The FS identifies and discusses the 

applicable or relevant and appropriate requirements, and presents a brief overview of the findings of the 

RI and the risk assessment in order to identify RAOs.  For this FS, RAOs have been formulated based on 

the State of Florida Cleanup Target Levels [Chapter 62-777, Florida Administrative Code (F.A.C.)].   

 
Site Background 
 
NTC, Orlando consists of 2,060 acres in Orange County, Florida, and includes four discrete facilities: 

Main Base, Area C, Herndon Annex, and McCoy Annex.  The McCoy Annex, which includes OU 2, 

encompasses approximately 877 acres and is located approximately 8 miles south of the Main Base, 

west of Orlando International Airport.  OU 2 is located in the southern part of McCoy Annex and 

encompasses 177 acres.  The landfill portion of OU 2 occupies approximately 114 acres.  A nine-hole 

golf course now occupies much of the site.   
 
The eastern and western portions of the site were used for landfilling wastes by the U.S. Air Force from 

about 1960 to 1972, while the eastern portion was used as a landfill by the U.S. Navy from 1972 until 

about 1978.  Landfill operations consisted of excavating ditches (100 to 200 feet long by 20 to 25 feet 

wide by 10 to 15 feet deep) into which trucks disposed of wastes.  Occasional burning of the wastes took 

place in the ditches.  It was estimated that the volume of waste was more than 1 million yd3 

(C.C. Johnson & Associates, 1985).  
 
Feasibility Study 
 
This FS was conducted in accordance with the U.S. Environmental Protection Agency’s (USEPA’s) 

interim guidance, Application of the CERCLA Municipal Landfill Presumptive Remedy to Military Landfills 
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(USEPA, 1996).  The interim guidance states that containment is an appropriate presumptive remedy if 

the military landfill contains primarily “municipal-type wastes” (i.e., no high-hazard military specific wastes 

such as chemical warfare agents or military munitions).  The containment presumptive remedy may 

include the items listed below: 
 
• Landfill cap 

• Source area groundwater control to contain plume 

• Leachate collection and treatment 

• Landfill gas collection and treatment 

• Institutional controls to supplement engineering controls 
 
Additional studies have been performed since the completion of the RI Report.  The studies included 

additional sampling to better define the extent of contamination and sampling to evaluate natural 

attenuation.  Quarterly groundwater monitoring has also been performed at OU 2 since March 2002.  

Organic contaminants in groundwater in the southern portion of OU 2 (formerly wooded area) include 

benzene, toluene, ethylbenzene, and xylenes (BTEX) and chlorinated hydrocarbons. Evaluation of the 

efficacy of natural attenuation in this area focused on measuring groundwater indicators of the oxidation-

reduction (redox) conditions and the corresponding concentrations of organic contaminants and their 

degradation products.  The results of the natural attenuation evaluation suggest that more oxidizing 

conditions in the upper portion of the Surficial Aquifer (i.e., shallow wells) are conducive for the 

destruction of the nonchlorinated volatile organic compounds (VOCs) such as benzene.  The more 

reducing conditions found in the lower portion of the Surficial Aquifer (i.e., intermediate wells) are more 

conducive for the destruction of chlorinated VOCs such as tetrachloroethene (PCE), trichloroethene 

(TCE), and vinyl chloride. 

 

Groundwater was the only medium determined to have unacceptable concentrations.  Three VOCs, 

benzene, TCE, and vinyl chloride, and two inorganic compounds, iron and manganese, were selected as 

groundwater COCs for further evaluation. 

 

Estimates of contaminated groundwater volumes were made by identifying the sample locations that 

exceeded the PRGs for the COCs.  To facilitate presentation of the groundwater data and evaluation of 

remedial alternatives, the contamination in groundwater at OU 2 was divided into northern and southern 

plume areas, as presented below. 

 

Northern Plume Area - Both VOC (benzene) and inorganic (iron and manganese) concentrations 

exceeded the PRGs in the northern plume area.  The area of the benzene plume in the northern plume 
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area is 278,400 ft2.  Because benzene only exceeded the PRG in the intermediate depth well and it was 

not detected in the shallow depth well, the thickness of the plume was assumed to be 12.5 feet (i.e., the 

bottom half of the Surficial Aquifer that is approximately 25 feet thick).  Assuming an aquifer total porosity 

of 0.30, the volume of the benzene plume was calculated to be 7.8 million gallons. 
 

Iron exceeded the PRG in both aquifer intervals, shallow and intermediate, in the northern plume area. 

Manganese exceeded the PRG only at one location in the shallow aquifer interval.  The areas of the two 

inorganic plumes are 521,600 and 31,416 ft2, respectively.  Because both the shallow and intermediate 

aquifer depth wells showed exceedances in the larger plume, the entire saturated thickness of the 

Surficial Aquifer, or approximately 25 feet, was assumed to be impacted by inorganics.  Assuming an 

aquifer total porosity of 0.30, the volume of the inorganic plume was calculated to be 29.3 million gallons.  

Because only the shallow aquifer depth well showed an exceedance in the smaller plume, only the upper 

half, or about 12.5 feet, of the aquifer was assumed to be impacted.  Again, using an aquifer total porosity 

of 0.30, the volume of the smaller inorganic plume was calculated to be 0.9 million gallons.  
 

Southern Plume Area - Both VOC (benzene, TCE, and vinyl chloride) and inorganic (iron) concentrations 

exceeded the PRG in the southern plume area.  However, based on the upgradient and off-site wells 

concentrations of iron, the exceedances of the PRG in the southern plume area are attributed to local 

background conditions and iron is not recommended for remedial action in this area.  The combined area 

of the shallow VOC plume in the Southern Plume Area is 258,125 ft2; the combined area of the 

intermediate VOC plume is 1,007,500 ft2.  The thickness of each plume interval was assumed to be 

12.5 feet (i.e., one half of the Surficial Aquifer thickness that is approximately 25 feet thick).  Assuming an 

aquifer total porosity of 0.30, the volume of the shallow VOC plume was calculated to be 7.2 million 

gallons; the volume of the intermediate VOC plume was calculated to be 28 million gallons. 
 
Development of Remedial Alternatives 
 
Remedial technologies addressing site-specific considerations were identified and screened; those 

technologies passing the screening phase were then developed into remedial alternatives.  A limited 

number of technologies were identified based on guidance established under the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the 

Superfund Amendments and Reauthorization Act of 1986, and the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP)  [40 Code of Federal Regulations (CFR) 300].    

 

Northern Plume Area - The alternatives are developed to address the COCs and exposure pathways in 

order to achieve the RAOs.  The five alternatives of the Northern Plume Area represent a range of 

actions including no action, containment/limited actions addressing principal threats, and aggressive 
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actions that minimizes the need for long-term management.  The five alternatives developed to address 

the northern area of OU 2 are as follows:   
 
• Alternative N-1 – No Action (This alternative is developed per the NCP to provide a baseline for 

comparison to other alternatives.) 
 

• Alternative N-2 – Native soil cover, Land use controls (LUCs), and Monitoring.  
 

• Alternative N-3 – Native soil cover, Groundwater extraction and treatment, Discharge to infiltration 

gallery, LUCs, and Monitoring.  
 

• Alternative N-4 – Native soil cover, Groundwater extraction, Discharge to publicly owned treatment work 

(POTW), LUCs, and Monitoring. 
 

Southern Plume Area - The six alternatives of the Southern Plume Area represent a range of actions 

including no action, containment/limited actions addressing principal threats, and aggressive actions that 

minimizes the need for long-term management.  The six alternatives developed to address the southern 

area of OU 2 are as follows:   
 
• Alternative S-1 – No Action (This alternative is developed per the NCP to provide a baseline for 

comparison to other alternatives.) 

• Alternative S-2 – LUCs and Monitoring.  

• Alternative S-3 – Enhanced Biodegradation, LUCs, and Monitoring. 

• Alternative S-4 – Groundwater extraction and treatment, Discharge to infiltration gallery, LUCs, and 

Monitoring. 

• Alternative S-5 – Limited containment using sheet piles, Permeable Reactive Barriers (PRBs), LUCs, 

and Monitoring. 

• Alternative S-6 – Extended containment using sheet piles, PRBs, LUCs, and Monitoring. 
 

The remedial alternatives are analyzed in detail using the CERCLA evaluation criteria described in the 

NCP, including 

 

Threshold Criteria: 

• Overall protection of human health and the environment. 

• Compliance with applicable or relevant and appropriate requirements (ARARs). 
 



Rev. 1 
07/30/03 

470801005 ES-5 CTO 0024 

Balancing Criteria: 

• Long-term effectiveness and permanence. 

• Reduction of toxicity, mobility, or volume of contaminants through treatment. 

• Short-term effectiveness. 

• Implementability. 

• Cost. 
 

Alternatives are evaluated against two additional factors (Modifying Criteria) after state participation and 

public comment on the FS: 

 

Modifying Criteria: 

• State acceptance. 

• Community acceptance. 
 

The alternatives are compared against each other with the CERCLA evaluation criteria.  State 

acceptance is evaluated when the state reviews and comments on the draft FS report, and a proposed 

plan is then prepared in consideration of the state's comments.  Community acceptance is evaluated 

based on comments received on the FS and proposed plan during a public comment period.  The 

preferred alternative will be selected after the FS process has been completed. 
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1.0 INTRODUCTION 
 
 

Tetra Tech NUS, Inc., under contract to the Department of the Navy, Southern Division, Naval Facilities 

Engineering Command (SOUTHDIV), has prepared this Feasibility Study (FS) Report for Operable Unit 

(OU) 2, McCoy Annex Landfill at Naval Training Center (NTC) in Orlando, Florida.  The Remedial 

Investigation (RI) for OU 2 has been completed and submitted for regulatory review.  The RI concluded 

that surface soil, groundwater, surface water, and sediment associated with the former landfill at OU 2 

exhibited exceedances of the State of Florida Cleanup Target Levels (CTLs), and that unacceptable and 

sporadic risks exist for human and ecological receptors, respectively.  The RI and FS are being 

conducted on behalf of the U.S. Navy (Navy) under Contract No. N62467-94-D-0888. 

 

The technical approach to the FS was developed in conjunction with the Orlando Partnering Team (OPT).  

The OPT includes representatives from the Florida Department of Environmental Protection (FDEP), the 

U. S. Environmental Protection Agency (USEPA) Region 4, SOUTHDIV and their contractors, and the 

Public Works Department at NTC, Orlando.  The role of the OPT is to direct the investigation and 

remediation of environmental contamination at NTC, Orlando. 

 

1.1 REGULATORY BACKGROUND 

 

To meet its mission objectives, the Navy performs a variety of operations, some requiring the use, handling, 

storage, or disposal of hazardous materials.  Through accidental spills and leaks as well as conventional 

methods of past disposal (unacceptable by today's standards), hazardous materials may have entered the 

environment.  With growing knowledge of the long-term effects of hazardous materials on the environment, 

the U.S. Department of Defense (DoD) initiated various programs to investigate and remediate conditions 

related to suspected past releases of hazardous materials at its facilities.  Two of these programs are the 

Installation Restoration (IR) program and the Base Realignment and Closure (BRAC) Act.  The goal of the 

BRAC program is to expedite and improve environmental response actions to facilitate the disposal and 

reuse of a BRAC installation while protecting human health and the environment.   

 

The IR program complies with the BRAC of 1988 (Public Law 100-526, 102 Statute 2623) and the Defense 

BRAC of 1990 [Public Law 101-510, 104 Statute (1808)], which require that the DoD observe pertinent 

environmental legal provisions of the Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA) and Executive Order 12580 as well as the statutory provisions of the Defense Environmental 

Restoration Program, the National Environmental Policy Act (NEPA), state statutes and regulations, and any 

other applicable statutes that protect human health and the environment.   
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Originally, the Navy's program was called the Navy Assessment and Control of Installation Pollutants 

(NACIP) program.  Early reports reflect the NACIP process and terminology.  The Navy eventually adopted 

the program structure and terminology of the standard IR program.   

 

The IR program is conducted in several stages as follows:   

 

• Stage 1 - Preliminary Assessment (PA). 

• Stage 2 - Site Inspection (SI) [formerly the PA and SI steps were called the Initial Assessment Study 

(IAS) under the NACIP program]. 

• Stage 3 - RI and FS. 

• Stage 4 - Proposed Plan and Record of Decision (ROD). 

• Stage 5 - Remedial Design and Remedial Action.   

 

Stages 1 and 2 and the RI in stage 3 have been completed for OU 2, and this document fulfills the 

requirements of the FS.  The original Superfund remedial program was structured toward long-term 

remedies that addressed risk as predicted under future-use scenarios.  This process led to long study-

based investigations to enable detailed alternative evaluation and selection of proposed remedies.  

Recognizing that the process was both slow and expensive, USEPA sought to encourage flexibility in the 

program through the Superfund Accelerated Cleanup Model (SACM) program (USEPA, 1992).  SACM 

encourages early action or development of ways to focus the RI/FS parts of an investigation, especially 

for certain types of sites with similar characteristics such as the former landfill at OU 2.  The goal of 

SACM is to accelerate the entire remedial process.   

 

Based on information collected from similar sites previously investigated, presumptive remedies were 

developed as a tool for acceleration within SACM that should be applied when appropriate.  Presumptive 

remedies are preferred technologies for common categories of sites, based on historical RI/FS 

investigations within the Superfund program.  Past experience can streamline or focus the site 

investigation and remedy selection, reducing the cost and time required for the cleanup of a given type of 

site. 

 

Presumptive Remedy 

 

The USEPA interim guidance, Application of the CERCLA Municipal Landfill Presumptive Remedy to 

Military Landfills (1996), points out that containment is an appropriate presumptive remedy if the military 

landfill contains primarily “municipal-type wastes” (i.e., no high-hazard military specific wastes such as 

chemical warfare agents or military munitions).  The guidance also points out that “municipal waste” 
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includes a low percentage of industrial solid waste, paints and paint thinner, pesticides, transformer oils, 

other solvents, etc., in the landfill.  The containment presumptive remedy may include the items listed 

below: 

 

• Landfill cap 

• Source area groundwater control to contain plume 

• Leachate collection and treatment 

• Landfill gas collection and treatment 

• Institutional controls to supplement engineering controls 

 

The guidance points out that site-specific conditions may limit the use of the presumptive remedy, for 

example, high water tables or sensitive environments.  The guidance also points out that for 51 military 

landfills investigated, the final remedy specified no action for 10 landfills. 

 

The FS uses the results of the RI to identify remedial action objectives (RAOs), preliminary remediation 

goals (PRGs), and chemicals of concern (COCs), and to develop, screen, and evaluate potential remedial 

alternatives.  This FS has been prepared in accordance with the following regulations and guidance 

documents: 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 Pollution Contingency Plan (NCP): 40 Code of Federal 

Regulations (CFR), Part 300; and Guidance for Conducting Remedial Investigations and Feasibility 

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

 

1.2 THE CERCLA FS PROCESS 

 

The development of remedial alternatives for CERCLA sites consists of developing RAOs, PRGs, COCs, 

and areas and volumes of contamination and then identifying applicable technologies and developing 

those technologies into remedial alternatives to meet the RAOs.  Figure 1-1 shows the steps involved in 

the CERCLA process. 
 

The first step in the FS process is to develop RAOs specifying the contaminants, media of interest, and 

exposure pathways, which leads to development of the PRGs and COCs.  The PRGs are developed 

based on chemical-specific applicable or relevant and appropriate requirements (ARARs), when 

available, site-specific risk-based factors, or other available information.  COCs are identified as those 

chemical 
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FIGURE 1-1 
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with representative exposure concentrations exceeding the PRGs.  Once the PRGs and COCs have 

been determined, the areas and volumes of contamination may be specified. 

 

Once RAOs/PRGs are identified, general response actions (GRAs) for each medium of interest are 

developed.  GRAs typically fall into the following categories: No Action, containment, excavation, 

extraction, treatment, disposal, or other actions, singular or in combination, taken to satisfy the RAOs for 

the site. 
 

The next step in the FS process is to identify and screen alternatives.  This step considers screening of 

applicable technologies for each GRA.  Those technologies passing the screening phase are then 

assembled into remedial alternatives.  The NCP requires a range of alternatives be presented in the FS 

to the maximum practicable extent.  Remedial alternatives are then described and analyzed in detail 

using the CERCLA evaluation criteria (Figure 1-2) described in the NCP, including 
 

Threshold Criteria 

• Overall protection of human health and the environment 

• Compliance with ARARs 
 

Balancing Criteria 

• Long-term effectiveness and permanence 

• Reduction of toxicity, mobility, or volume of contaminants through treatment 

• Short-term effectiveness 

• Implementability 

• Cost 
 

Alternatives are evaluated against two additional factors (Modifying Criteria) after state participation and 

the public comment period for the FS: 
 

Modifying Criteria 

• State acceptance 

• Community acceptance 
 

The results of the detailed analyses are summarized and compared in a comparative analysis.  The 

alternatives are compared against each other with the CERCLA evaluation criteria.  These criteria are 

used because SARA requires them to be considered during remedy selection.  Modifying criteria, 

including state and community acceptance, are also evaluated.  State acceptance is evaluated when the 
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FIGURE 1-2 
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state reviews and comments on the draft FS report, and a proposed plan is then prepared in consideration 

of the state’s comments.  Community acceptance is evaluated based on comments received on the FS and 

proposed plan during a public comment period.  This evaluation is described in a responsiveness summary 

in the ROD.   

 

The entire FS process provides the technical information and analyses forming the basis for a proposed 

remedial action plan (proposed plan) and the subsequent ROD documents the identification and selection 

of the remedy.  

 

This FS includes the detailed and comparative analyses of alternatives using the nine criteria as 

presented in 40 CFR, Part 300.430(e)(9), and the Guidance for Conducting Remedial Investigations and 

Feasibility Studies under CERCLA (USEPA, 1988).  Specific items addressed in this FS are as follows: 

 

• Identification of chemical-specific, location-specific, and action-specific ARARs and guidance 
documents and advisories To Be Considered (TBC). 

• Determination of PRGs for various media of concern. 

• Comparison of contaminant levels to PRGs. 

• Identification of chemicals and media of concern. 

• Identification of areas and volumes of contamination. 

• Screening of remedial technologies and selection of representative process options (RPOs). 

• Development of remedial alternatives. 

• Detailed analyses of the remedial alternatives. 

• Comparative analysis of the remedial alternatives. 

 

1.3 FACILITY BACKGROUND 

 

NTC, Orlando consists of 2,072 acres in Orange County, Florida, and includes four discrete facilities: 

Main Base, Area C, Herndon Annex, and McCoy Annex (Figure 1-3).  Further discussions of Main Base, 

Area C, and Herndon Annex may be found in the Project Operations Plan [ABB Environmental Services, Inc.  

(ABB-ES), 1997].  McCoy Annex, which includes OU 2, encompasses approximately 877 acres and is 

located about 8 miles south of the Main Base, west of Orlando International Airport (Figure 1-4).   
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McCoy Annex is flanked to its east by the Orlando International Airport and to the west by industrially zoned 

property.  The industrial zoning allows heavy industry and aviation-related development although the area Is 

not currently developed.  The Beeline Expressway, a major highway running east and west through Orange 

County, forms the northern boundary of McCoy Annex.  The property north of the Beeline Expressway, and 

within 0.75 mile of McCoy Annex, is used primarily by businesses such as rental agencies, hotels, and 

restaurants that are directly related to the airport.  Undeveloped woodlands are adjacent to the southern 

boundary. 

 

The history of McCoy Annex dates to 1941 with the construction of Orlando Municipal Airport No. 2 in 

Pinecastle, Florida.  Before construction of the new airport, the property was an undeveloped wetland.  In 

1942 the city leased the Pinecastle property to the Army Air Corps for construction of Pinecastle Army Air 

Field.  The field was ready for operation in April 1943.  At the end of World War II, the base was 

deactivated and the property returned to the city.  The terms of the property transfer included a "reverter 

for reactivation" clause in case of a national emergency.  This clause was exercised in 1952 during the 

Korean Conflict, and the base was reopened as Pinecastle Air Force Base.  The base was renamed 

McCoy Air Force Base in honor of Colonel Michael N.W. McCoy on May 7, 1958.  The U. S. Air Force 

(Air Force) retained command of the base until its closure in 1973.  At that time NTC, Orlando acquired 

title to part of the property and changed the name to McCoy Annex.  McCoy Annex was acquired to serve 

as a community support annex for NTC, Orlando.  The majority of the Air Force Base, including runways, 

aircraft hangars, and maintenance facilities previously used by the Air Force, was not acquired by the 

Navy.  Currently that property is owned and operated by the Orlando International Airport (ABB-ES, 

1994). 

 

Previous NACIP investigative activities at the McCoy Annex Landfill included an IAS 

(C.C. Johnson & Associates, 1985) and a Verification Study (Geraghty & Miller, 1986). 

 

1.4 REPORT ORGANIZATION 
 
This FS Report is organized into six sections.  Section 1.0 presents the regulatory, facility, and site 

background.  Section 2.0 summarizes the regional and site-specific settings, geology, and hydrogeology.  

Results of the RI and post-RI investigations are also presented in Section 2.0.  The development of RAOs 

and site-specific ARARs, selection of COCs, and determination of areas and volumes of contaminated 

media are discussed in Section 3.0.  Section 4.0 presents the screening of technologies and development 

of alternatives.  Section 5.0 presents individual analysis of alternatives following CERCLA criteria, and 

Section 6.0 discusses the relative merits of the alternatives in a comparative analysis.  Appendix A 

provides the post-RI investigative results; Appendix B presents the 95 percent upper confidence limit 
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(UCL) data and calculations; Appendix C provides the area and volume calculations for the COCs in the 

media of concern; Appendix D provides the technology screening; Appendix E presents the engineering 

calculations and groundwater modeling results for alternative development; and detailed cost estimates 

are provided in Appendix F. 
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2.0 SITE BACKGROUND AND EXTENT OF CONTAMINATION 
 
 

2.1 SITE BACKGROUND 

 

The McCoy Annex Landfill is an inactive landfill located in the southern part of McCoy Annex, west of 

Orlando International Airport (see Figure 1-4).  The landfill occupies approximately 114 acres, and its 

relatively flat topography slopes from north to south.  A nine-hole golf course now occupies much of the 

site.  The golf course is bounded on the east and south by manmade canals that drain to Lake Gillooly to 

the south and eventually to Boggy Creek and Boggy Creek Swamp to the southeast.  The golf course 

includes a number of water hazards and has two cypress swamps between fairways. 
 
Reportedly, the western portion of the site was used as a landfill by the Air Force from about 1960 to 

1972, while the eastern portion was used as a landfill by the Air Force and the Navy from 1972 until about 

1978.  Landfill operations consisted of excavating ditches (100 to 200 feet long by 20 to 25 feet wide by 

10 to 15 feet deep) into which trucks disposed wastes.  Occasional burning of the waste took place in the 

ditches.  Trenches were filled with waste to within 3 or 4 feet of the ground surface and then backfilled 

with soil and seeded.  The estimated volume of waste is more than 1 million yd3 (C.C. Johnson & 

Associates, 1985).  Landfill wastes reportedly included hospital wastes, paint and paint thinner, 

automobile batteries, airplane parts, and asbestos.   

 

2.1.1 Topography and Surface Water Hydrology 
 
The land surface across most of the site is generally flat with a few small isolated depressions.  The 

surface elevation across the site is approximately 90 feet above mean sea level (msl).  The highest 

elevations in the county occur to the west and north of the site, and decrease gradually eastward.  

 

Surface water drainage at the McCoy Annex is controlled by a series of drainage canals, ditches, and 

ponds located in and around the site vicinity.  Well-defined drainage canals are located along the eastern 

and portions of the southern and western boundaries of OU 2.  The drainage canal along the southern 

boundary interconnects with golf course ponds and a canal located along the eastern boundary of the 

undeveloped wooded area of the site.  
 
Surface runoff from the eastern and southern portions of the golf course flows to the two canals that 

eventually merge near the southeast corner of the site (Figure 2-1). Water from the canals eventually 

flows to a storm water drainage ditch located in the median of Tradeport Drive, flows southward, and 

eventually drains into Lake Gillooly located east of the intersection of Boggy Creek Road and
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Tradeport Drive.  Surface water runoff from the southern portion of the site flows into the drainage canal 

along the eastern perimeter and also flows southward into Lake Gillooly. 

 

Surface drainage from the western portion of the site is through a series of ponds and interconnecting 

bodies of water that flow to the canals described above.  Some localized drainage within the golf course 

is directed to ponds, interconnecting bodies of water, and low-lying marshy areas of the site, where water 

tends to pond after a rainfall event.  

 

2.1.2 Geology 
 
Orange County is underlain by mainly marine limestone, dolomite, shale, sand, and anhydrite to a depth 

of about 6,500 feet.  Granite and other crystalline rocks of the basement complex occur beneath these 

sediments.  The strata in the upper 2,000 feet can be divided into three lithologic units.  Surficial deposits 

consisting of undifferentiated Recent and Pleistocene terrace sediment are generally less than 100 feet 

thick.  The Hawthorn Group occurs beneath the surficial unit and consists of mixed unconsolidated 

clastics and carbonates of Miocene age.  This unit is typically less than 100 feet thick.  Beneath the 

Hawthorn Group is a sequence of marine carbonates of Eocene age that is usually more than 1,200 feet 

thick. 

 

Data collected during the RI indicated various strata of sand, silty sand, sandy silt, silty clay, clay, and 

clayey silt.  Sand, silty sand, and sandy silt were the major units from the surface to approximately 30 feet 

below ground surface (bgs).  Underlying the silty sands there was a distinct sandy silt to clayey silt 

stratum of low permeability.  The unit varied in thickness from 12 to 24 feet.  Separated by silty sand, a 

second low-permeability sandy silt to clayey silt layer was identified in the 60- to 70-foot depth range.  

However, this appears to be a relatively minor stratum, 4 to 11 feet thick. 

 

Investigations at the middle of the landfill indicated a strata of sand or silty sand to sandy silt from the 

ground surface to approximately 30 feet bgs.  A clay or silty clay unit, approximately 17 to 25 feet thick, 

was also identified underlying the sand unit.  A second minor sandy silt to clayey silt layer (9 to 11 feet 

thick) was located in the 65- to 80-foot substratum. 

 

2.1.3 Hydrogeology 
 
The local hydrogeology was investigated during the RI using cone penetrometer borings, piezometers, 

and wells.  The collected data showed that the surficial aquifer at the site is unconfined.  Its saturated 
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thickness was approximately 25 feet and it consists predominantly of fine- to medium-grained quartz 

sand.  The bottom of the surficial aquifer is delineated by the presence of a laterally extensive, dense, 

greenish clay at a depth typically 30 feet bgs.  The thickness of the clay unit ranges from 10 to 20 feet.  

Cone penetrometer data indicate that this layer becomes thinner and contains more sand in the extreme 

southern portion of the site near Boggy Creek Road (B&R Environmental, 1998a). The clay also acts to 

confine an underlying sand unit.  This sand unit was shown to be up to 35 feet thick. Based on the 

physical characteristics and stratigraphic position described in the published literature (Lichtler, 1972), 

both the clay and the underlying, confined sand unit are considered to represent the top of the 

Hawthorn Group. 

 

Water level staff gauges were installed during the RI field investigation in several of the ponds and at 

accessible locations along the drainage canal that bounds the eastern perimeter of the landfill. The data 

suggest that some of the ponds tend to function as storm water impoundments that slowly release water 

into the surficial aquifer between storm events; thus, they act as local recharge areas to the unconfined 

aquifer.  The drainage canal data showed that the surficial aquifer was prone to lose water (i.e., 

discharge) to the canal during baseline conditions.  It is suspected that this relationship may reverse itself 

for short periods of time during and following significant rainfall events; however, these events were not 

observed during the RI.    

 

An aquifer pump test was conducted in the surficial aquifer during the RI to obtain information about the 

transmissivity and storativity of the aquifer, about the ability of pumping to develop a cone of depression, 

and to observe variability within the area of influence that occurred in response to aquifer pumping. The 

pump test results provide an average estimate of transmissivity of about 602 feet2/day 

(4,500 gallons/day/feet) and an average estimate of storativity of 0.04 for the surficial aquifer.  Based on a 

saturated thickness of 24 feet during the test, the estimate for the hydraulic conductivity is 25 feet/day, or 

0.009 cm/sec.  Slug tests conducted during the RI suggest that the lower portion of the surficial aquifer is 

slightly more conductive than the upper portion (average of 12.6 vs. 8.2 feet/day).  The data also indicate 

the underlying confined aquifer is significantly less conductive than the surficial aquifer (i.e., 0.8 vs. 8.2 to 

12.6 feet/day). 

 
2.1.3.1 Groundwater Flow Direction 
 

Figures 2-2 and 2-3 show the potentiometric surface for wells completed in the upper and lower portions 

of the Surficial Aquifer (i.e., shallow and intermediate depth wells), respectively.  The contours 

demonstrate that the water table was fairly regular, with a gentle slope (<4 feet/1000 feet) except in close 

proximity to recharge areas (i.e., ponds) or discharge areas (i.e., the drainage canal) where steeper   







Rev. 1 
07/30/03 

470801005 2-9 CTO 0024 

gradients were observed (4 feet/100 feet). The water levels in well pairs also demonstrated that away 

from the drainage canal there is typically a downward flow component in the surficial aquifer.  On the 

other hand, the well data show that as the aquifer encounters the drainage canal there is an upward flow 

component. More details are provided in the RI Report (Tetra Tech NUS, 2001). 

 

The potentiometric data from the confined aquifer that lies in the Hawthorn Group below the surficial 

aquifer show that there is a downward gradient across the clay interval generally toward the south and 

southwest.  This direction is consistent with discharge of this aquifer into surface water bodies, streams, 

and rivers that are part of the Kissimmee River Basin that lies to the south of the site.  Surface water flow 

in this basin is to the south.  

 

2.2 NATURE AND EXTENT OF CONTAMINATION 
 
This section outlines the fieldwork performed during the RI, summarizes the findings, and briefly 

describes the interim measures performed. For reference, Section 3.0 of the RI Report (Tetra Tech NUS, 

2001) presented a summary of the interim remedial actions (IRAs) performed at OU 2. The detailed 

results of the RI fieldwork and laboratory analyses were presented in the RI Report Section 5.0. 

 

The field investigation at OU 2 was conducted to meet the requirements of the CERCLA presumptive 

remedy for landfills.  The approach recognized that complete site characterization was not possible or 

necessary and, therefore, any remaining uncertainties must be managed in the FS assessment.  At OU 2, 

because the presumptive remedy was containment, the field investigation objectives were to (1) define 

the limits (extent) of the landfill unit, (2) characterize the existing landfill to determine the cover thickness 

and the nature and extent of contamination, (3) determine the nature and extent of impacted 

groundwater, (4) characterize the site-specific geology and hydrogeology, and (5) determine whether 

other environmental media (such as sediment or surface water) have been impacted.   

 

The field investigation, which was guided by the Work Plan for OU 2 (B&R Environmental, 1997), was 

conducted in three phases of fieldwork. Phase I was begun in May 1997 and was completed in 

December 1997, and Phase II was begun in March 1998 and was completed in October 1998.  Phase III 

was conducted between February 1999 and February 2000.  

 

Groundwater monitoring at OU 2 has been performed since March 2002.  The text and figures from the 

quarterly report documenting the March 2003 sampling events are included as Appedix A-7.  The data 

tables and field logsheets from the sampling event are presented in the report issued in June 2003 

(TtNUS, 2003). 
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2.2.1 Landfill Extent and Cover Thickness 
 
The G-858 magnetometer/gradiometer and the EM31 terrain conductivity meter were used to identify 

areas of landfill material and define the landfill boundaries. Ground-penetrating radar (GPR) and hand 

auger data/test pits were the primary tools used to evaluate the landfill cover thickness. 
 
The magnetic and electromagnetic (EM) data sets indicated two general areas of the site that appear to 

represent regions of organized waste disposal activity, and they appear to be the areas in which a 

majority of the wastes were disposed.  The first region is located approximately between the southern 

area of the driving range and the middle area of the No. 1 fairway (Figure 2-4).  The area extends to the 

west near the tee for hole No. 9 and the middle of the No. 8 fairway.  This area appears to contain a 

series of east–west trending anomalies that probably represent trenches. 
 
The second area of apparent trench disposal is located in the central portion of the site and south of the 

perimeter fence for the base housing.  This area includes portions of the fairways, greens, and tees for 

hole Nos. 4, 5, 6, and 7 as well as the northern portions of the adjacent forested region to the south 

(Figure 2-4).  This area also extends further south and west of the golf course across the access road 

and to the eastern shore of the pond located along the western property line of OU 2.  This area appears 

to contain linear anomalies that represent trenches and broad anomalies that probably represent large 

areas of waste disposal. 
 
It was also recognized that broad, low-frequency anomalies in the southern halves of the fairways for hole 

Nos. 1 and 8 and in the central portion of the wooded area may represent landfill material, but there was 

less evidence for well-defined trenches.  
 
The GPR survey indicated that the waste materials landfilled within the present golf course area are 

covered by soil that are typically 1 to 2.5 feet thick or greater. Fifty-three hand auger borings advanced 

within the boundaries of the golf course confirmed the geophysical data.  The hand auger data at 

locations G9, G21, G30, G31, G28, and G29 also corroborated areas of thin (less than 2 feet) soil cover 

over the landfill in the southern portion of the golf course, principally in the southeastern corner, that were 

identified by GPR data.  These areas are identified in Figure 2-5. 
 
Hand auger data alone were used in the undeveloped, forested areas in the southern portion of the site to 

determine landfill cover thickness.  A few borings in the forested area indicated that wastes, particularly in 

the northern region of the wooded area south of hole No. 4 (locations G2 and G3), had only about 1 foot 

of cover (Figure 2-5).  Some areas also had visible waste material at the surface.  It is unknown whether 

the surface material is associated with previous authorized landfilling activities or subsequent surface 

dumping by unauthorized individuals. 
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2.2.2 Soil 
 
The RI investigation of soil at OU 2 included the collection of surface soil across the entire area of the 

former landfill and adjacent areas.  The investigation was restricted to surface soil (i.e., 0 to 2 foot depth), 

due to the presence of known landfill materials in the subsurface.  Following the evaluation of the soil 

chemical data and comparison to the FDEP soil cleanup target levels (SCTLs), it was determined that 

potential risk was present to recreational users at several hot spot locations on the golf course.  It was 

also determined that much of the southern portion of OU 2 contained potential risk to future site users 

due to exceedances of the SCTLs and due to thin landfill cover.  To remedy these risks, interim actions 

were performed to remove or to cover impacted soil and to provide adequate cover over landfill materials. 

 
2.2.2.1 RI Soil Sampling 
 
During the RI field investigations, surface soil samples were analyzed for volatile organic compounds 

(VOCs), semivolatile organic compounds (SVOCs), inorganic compounds, pesticides/herbicides, total 

petroleum hydrocarbons (TPH), gross alpha, gross beta, and specific radionuclides. A sample for 

polychlorinated biphenyl (PCB) and possible dioxin analyses was also collected for every tenth sample.  

Dioxin analysis was performed on one sample and its duplicate because PCBs were detected in the 

sample.  At approximately 25 percent of the locations, samples were also collected for total organic 

carbon (TOC) and cation exchange capacity (CEC) analysis.  Soil sampling also included geotechnical 

samples for density, grain size, water content, Standard Proctor Test, and permeability analyses.  Details 

regarding the soil sample collection methodology and analyses were provided in RI Report Section 3.4.3 

(Tetra Tech NUS, 2001).  Figure 2-6 provides the locations of the surface soil samples collected during 

the RI. 
 
The chemicals detected in surface soil during the RI are summarized in Table 2-1.  SVOCs, pesticides, 

arsenic, barium, TPH, gross alpha, and gross beta were detected in surface soil at concentrations that 

exceeded the FDEP SCTLs for residential land use that were used as screening criteria in the RI Report 

(see RI Figure 5-2).  The SVOC exceedances included benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.  Dieldrin and heptachlor 

were the only pesticides that exceeded the residential SCTLs.  Arsenic was detected slightly above the 

residential SCTL in many of the samples scattered over the golf course, with only a few detections above 

the SCTL (and near background) in the wooded area to the south.  Barium exceeded the residential 

SCTL in only one sample, H14, located in the northern portion of the wooded area to the south.  

Radiological detections around the southern and western perimeters of the landfill are attributed to 

naturally elevated background levels associated with reworked Hawthorn Group sediment of marine 

origin that are known to contain phosphate minerals and associated radiological minerals. 
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TABLE 2-1 
 

SURFACE SOIL FREQUENCY OF DETECTIONS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 4 
 

CAS 
Number Chemical Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

Volatiles (mg/kg) 
67-64-1 Acetone 0.024 J 51.4 S116 15/56  
75-15-0 Carbon disulfide 0.0036 J 0.0036 J H24 1/129  
74-87-3 Chloromethane 0.0074 0.0074 H22 1/133  
75-09-2 Methylene chloride 0.0023 0.0163 J H46 9/133  
127-18-4 Tetrachloroethene 0.003 0.003 S92 1/133  
108-88-3 Toluene 0.0015 0.0149 J H43 17/133  
1330-20-7 Xylenes, Total 0.0022 0.0078 S20 8/133  
Semivolatiles (mg/kg) 
83-32-9 Acenaphthene 1.63 J 1.63 J S04 1/129  
120-12-7 Anthracene 0.339 2.7 J S04 4/129  
56-55-3 Benzo(a)anthracene 0.465 J 7.94 S04 12/129  
50-32-8 Benzo(a)pyrene 0.048 J 6.32 S04 28/129  
205-99-2 Benzo(b)fluoranthene 0.403 J 5.47 J S04 11/129  
191-24-2 Benzo(g,h,i)perylene  0.38 9.86 S04 11/129  
207-08-9 Benzo(k)fluoranthene 0.272 J 4.19 J S04 11/129  
218-01-9 Chrysene 0.486 J 8.51 S04 12/129  
53-70-3 Dibenzo(a,h)anthracene  0.0899 1.72 S04 17/129  
206-44-0 Fluoranthene 0.191 J 22.4 S04 21/129  
86-73-7 Fluorene 1.37 J 1.37 J S04 1/129  
193-39-5 Indeno(1,2,3-cd)pyrene 0.417 8.8 S04 11/129  
85-01-8 Phenanthrene 0.178 J 13.6 S04 12/129  
129-00-0 Pyrene 0.145 J 14.7 H15 18/129  
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TABLE 2-1 
 

SURFACE SOIL FREQUENCY OF DETECTIONS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 4 
 

CAS 
Number Chemical Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

PCBs and Pesticides (mg/kg) 
72-54-8 4,4'-DDD 0.0022 0.023 H7 7/130  
72-55-9 4,4'-DDE 0.0013 J 0.178 S04 32/130  
50-29-3 4,4'-DDT 0.0048 0.274 S04 11/130  
309-00-2 Aldrin 0.013 0.013 S03 1/130  
5103-71-9 alpha-Chlordane 0.0013 0.219 S04 15/130  
11097-69-1 Aroclor-1254 0.022 0.039 H5 1/23  
60-57-1 Dieldrin 0.001 0.097 S04 6/130  
33213-65-9 Endosulfan II 0.0022 0.0045 S92 2/130  
72-20-8 Endrin 0.0044 0.0044 H2 1/130  
53494-70-5 Endrin ketone 0.0075 0.019 J S103 2/130  
5103-74-2 gamma-Chlordane 0.0013 0.243 S04 17/130  
76-44-8 Heptachlor 0.0011 J 0.048 S04 14/130  
1024-57-3 Heptachlor epoxide 0.0014 0.0063 J H10 2/130  
72-43-5 Methoxychlor 0.027 0.027 H28 1/130  
87-86-5 Pentachlorophenol 0.0025 0.109 S04 5/129  
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TABLE 2-1 
 

SURFACE SOIL FREQUENCY OF DETECTIONS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 3 OF 4 
 

CAS 
Number Chemical Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

Inorganics (mg/kg) 
7429-90-5 Aluminum 58.4 6,520 H3 129/129 4,870 
7440-36-0 Antimony 0.4 0.84 H45 2/129 * 
7440-38-2 Arsenic 0.35 4.8 S133, S52 75/129 1.9 
7440-39-3 Barium 1.9 177 H14 85/129 21.6 
7440-43-9 Cadmium 0.06 0.23 S22 12/129 * 
7440-70-2 Calcium 58.4 16,000 J S126 125/129 33,568 
7440-47-3 Chromium 0.21 6.5 S04, S80 116/129 7.7 
7440-48-4 Cobalt 0.15 0.48 S04 17/129 * 
7440-50-8 Copper 0.3 21.4 H18 80/129 2.6 
7439-89-6 Iron 19.7 1300 S04 129/129 843 
7439-92-1 Lead 1.6 97.3 S04 123/129 21.3 
7439-95-4 Magnesium 10.2 427 S04 113/129 381 
7439-96-5 Manganese 0.53 35.5 S160 117/129 10.8 
7439-97-6 Mercury 0.09 0.22 S153 9/129 0.05 
7440-02-0 Nickel 0.24 5.4 S140 104/129 * 
7440-09-7 Potassium 10.7 162 S04 103/129 210 
7782-49-2 Selenium 0.3 0.66 S03 20/129 1.1 
7440-22-4 Silver 0.23 2.4 S153 12/129 * 
7440-23-5 Sodium 128 269 S04 2/129 * 
7440-28-0 Thallium 0.45 0.45 H37 1/129 * 
7440-62-2 Vanadium 0.18 6.6 S151 106/129 4.9 
7440-66-6 Zinc 2.9 106 S04 66/129 4.6 
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TABLE 2-1 
 

SURFACE SOIL FREQUENCY OF DETECTIONS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 4 OF 4 
 

CAS 
Number Chemical Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

Miscellaneous (mg/kg) 
 Diesel Range Organics 7.26 J 66.8 S103 53/116  

 Gasoline Range 
Organics 0.128 0.128 H35 1/116  

74-82-8 TPH (C8-C40) 23.8 896 S04 13/13  
 Total Organic Carbon 1.1 30,000 S121 25/25  
Radiological (ρCi/g) 
74-82-8 Actinium-228 0.4 1.9 S04 7/13  
74-82-8 Bismuth-214 0.4 1.5 S04 4/13  
74-82-8 Cesium-137 0.1 0.2 H44, S04 3/13  
 Gross alpha 0.111 10.4 H43 123/129  
 Gross beta 0.157 28 H47 111/129  
74-82-8 Lead-210 2.3 2.3 H44 1/13  
74-82-8 Lead-212 0.2 0.4 S01, S03, S04 9/13  
74-82-8 Lead-214 0.5 1.4 H49 11/13  
74-82-8 Thallium-208 0.1 0.4 S01 3/13  

 
“J” qualifier indicates an estimated value. 
CAS – Chemical Abstracts Service. 
* – Not available. 
(a) Maximum concentration was observed in the field duplicate sample for G230. 
Rejected values not included. 
Background samples are not included. 
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2.2.2.2 Post-RI Interim Remedial Actions for Surface Soil 
 
Two IRAs were conducted at OU 2 during final RI Report preparation.  One of these actions was removal 

of contaminated surface soil in the southern portion of the golf course, and the other involved placement 

of additional soil cover in the southern portion (wooded area) of OU 2. 
 
The removal action consisted of soil excavation to remove surface soil contaminated with polynuclear 

aromatic hydrocarbons (PAHs) at surface soil sample location S91, north of the fairway for hole No. 3, 

and location S103, north of the fairway for hole No. 7 (Figure 2-6). The excavation was then backfilled 

with 2 feet of certified clean fill from a borrow source.  The backfill material was placed in lifts and 

compacted.  The cover was graded to provide a smooth uniform surface that promotes gravity drainage 

and was seeded. 
 
The soil cover action provided additional soil cover for an approximately 25-acre portion of the area south 

of the golf course (Figure 2-6).  The site was cleared prior to spreading the new soil cover.  Twenty-eight 

surface soil locations were covered with 2 feet of additional soil.  The cover was composed of an initial 

6 inches of soil from the Main Base golf course that contained levels of arsenic below the industrial SCTL 

(EEG, 2000). The initial cover was followed by 18 inches of soil from a clean borrow source.  After all the 

soil was spread, the site was graded to allow for proper drainage and to minimize ponding.  Seed, 

fertilizer, and mulch were then applied for final site restoration.  Figure 2-7 is an aerial view (looking 

toward the south) of the southern portion of OU 2 after completion of the IRA. 
 

2.2.3 Groundwater 
 
The groundwater investigation was conducted during the RI to determine if the landfill had impacted the 

groundwater and, if so, the nature and extent of contamination.  The groundwater investigation also 

included activities to characterize the site-specific hydrogeology. Details of the activities and 

methodologies used to investigate and sample groundwater quality and the local hydrogeology were 

provided in RI Report Section 3.6 (Tetra Tech NUS, 2001).  Figure 2-8 shows the locations of 

groundwater data and sampling points used during the RI. 
 
Additional groundwater sampling was performed following the completion of the RI to investigate potential 

source areas for petroleum hydrocarbons and chlorinated solvents in groundwater in the southern portion 

of the site and to evaluate the potential for their natural attenuation.  This sampling was conducted during 

2000 and 2001 using direct-push technology (DPT) apparatus to collect one-time samples at depths of 

approximately 15 feet and 30 feet bgs in the Surficial Aquifer. In addition, 2-inch monitoring wells 

MW27A, MW27B, MW28A, and MW28B and DPT microwells DP01A, DP01B, DP02A, and DP02B were 

installed in the southern portion of the site and along the southern portion of the canal, respectively. 
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Figure 2-7.  Aerial View of IRA Soil Cover 
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2.2.3.1 RI Groundwater Sampling 
 

Two rounds of monitoring well sampling and fixed-base laboratory analyses (i.e., Phases II and III) were 

conducted during the RI.  During Phase II, the 22 surficial aquifer well pairs and 4 Hawthorn wells were 

sampled in 1998.  Phase III groundwater sampling was conducted in 1999.  The goal of the Phase III 

sampling round was to reduce sample turbidity and to eliminate potential analytical bias resulting from 

entrained solids in the preserved groundwater samples collected during Phase II sampling.  During 

Phase III sampling, additional low flow/low stress measures (i.e., microflow) were used to reduce the 

drawdown and to reduce the sample turbidity.  The groundwater samples collected during Phase III were 

submitted to a fixed-base laboratory and were analyzed using the same methodologies used for Phase II, 

with the exception that pesticides, herbicides, PCBs, and dioxins that were not detected in groundwater 

during Phase II were not analyzed during Phase III.  Additionally, not all wells were analyzed for all 

analytical fractions.  In general, wells were only analyzed for organic parameters (i.e., VOCs and SVOCs) 

if the RI screening criteria were exceeded during the Phase II analysis.  All wells were analyzed for 

inorganic compounds and gross alpha/beta because of the frequent and widespread exceedances of 

these fractions during the Phase II analysis. 

 

Table 2-2 summarizes the Phase III well purge rate, drawdown, and turbidity results and includes the 

Phase II turbidity results for comparison.  As can be seen in the table, the microflow purging methods 

were successful in reducing the sample turbidity for most samples. However, it was discovered that 

microflow purging could not lower turbidity below the field meter's upper limit [1,100 Neophelometric 

Turbidity Units (NTUs)] in 5 of the 48 wells and turbidity was greater than 50 NTUs in one other well.  

Additional well purging and the use of microwell inserts were not successful in controlling turbidity in two 

shallow and two intermediate wells (MW4A, MW4B, MW6B, and MW7A). 

 

The Phase II and Phase III groundwater sampling results are summarized in Tables 2-3 and 2-4, 

respectively.  The Phase III groundwater data showed widespread reductions in chemical concentrations 

and in the frequency of exceedances of the groundwater cleanup target levels (GCTLs) as compared to 

those indicated by the Phase II data.  The reduction in concentrations across all analytical fractions was 

attributed primarily to the reduction in the groundwater sample turbidity; the deleterious effects of the six 

samples that contained high turbidity were clearly illustrated by the Phase III results (Table 2-4).   

 

Phase II samples from nine wells (two shallow and six intermediate wells in the Surficial Aquifer, and one 

well in the Hawthorn Aquifer) were found to have exceedances of the GCTLs for eight VOCs and two 

SVOCs.  The Phase III results for these same nine wells, however, showed that neither the shallow wells 

in the Surficial Aquifer nor the Hawthorn Aquifer wells contained an exceedance of the GCTLs.  In 



Rev. 1 
07/30/03 

470801005 2-28 CTO 0024 

TABLE 2-2 
 

GROUNDWATER SAMPLE COLLECTION PARAMETERS, PHASE III 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
Well 

Number 
Purge Rate 
(mL/min) Well Drawdown (feet) Sample 

Turbidity (NTU) 
 1999 1999 1998 1999 

SHALLOW  WELLS 
1A 100 -0.03 980 159 
2A 140 0.63 345 9.09 
3A 100 -0.34 59 10 
4A 120 -0.05 1,262 > 1,100 
6A 100 0.39 796 9 
7A 100 -0.04 1,876 > 1,100 
8A 90 -0.12 1,921 21 
9A 100 -0.05 1,005 9.7 

10A 100 -0.05 345 44.3 
11A 80 -0.23 1,606 0 
13A 150 -0.03 140 3.1 
14A 140 -0.07 39 6.97 
15A 85 -0.02 1,888 1.4 
16A 145 -0.05 1,881 2.28 
17A 125 -0.07 119 30.7 
18A 140 -0.12 1,095 1.1 
19A 150 -0.07 1,402 9.05 
20A 80 -0.04 911 2.5 
21A 85 -0.08 9 0.4 
22A 95 -0.20 1,782 10 

INTERMEDIATE WELLS 
1B 150 -0.22 885 0.85 
2B 100 -0.06 1,260 4.4 
3B 100 -0.09 777 10 
4B 120 -0.39 1,866 > 1,100 
5B 125 -1.19 221 10.1 
6B 105 -1.8 294 > 1,100 
7B 100 -0.03 381 10 
8B 145 -0.2 510 6.55 
9B 100 -0.23 135 19 

10B 120 -0.25 510 2.95 
11B 100 -0.16 850 320 
12B 100 -0.11 8 6 
13B 110 -0.05 358 1.72 
14B 145 -0.12 1,470 9.94 
15B 120 -0.04 880 1 
16B 100 -0.5 1,410 50.3 
17B 130 -0.14 1,360 1.02 
18B 155 -0.83 35 6.2 
19B 110 -0.11 1,850 1.42 
20B 90 -0.49 810 10 
21B 100 -0.24 970 0.35 
22B 90 -0.16 1,881 1 

HAWTHORN WELLS 
23C 120 -4.57 152 11.9 
24C 200 -8.57 1,028 10 
25C 80 -2.51 540 9.89 
26C 400 -4.23 520 10.03  
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GROUNDWATER FREQUENCY OF DETECTIONS, PHASE II 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
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Chemical CAS 
Number Units Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

Volatiles        
1,1,2,2-Tetrachloroethane 79-34-5 µg/L 0.92 J 0.92 J MW20A 1/47  
2-Butanone 78-93-3 µg/L 13.3 J 15.3 J MW15A 3/3  
2-Hexanone 591-78-6 µg/L 9.7 J 12.9 MW15A 3/47  
4-Methyl-2-pentanone 108-10-1 µg/L 8.5 J 11.9 MW15A 3/47  
Acetone 67-64-1 µg/L 48.3 J 48.3 J MW04B 1/1  
Benzene 71-43-2 µg/L 0.79 J 9.2 MW11B 5/47  
Bromodichloromethane 75-27-4 µg/L 2.4 2.4 MW26C 1/47  
Carbon disulfide 75-15-0 µg/L 11.8 33.6 MW23C 2/47  
Chlorobenzene 108-90-7 µg/L 1.8 J 19.1 MW03B 4/47  
Chloroform 67-66-3 µg/L 1.8 J 12.2 MW26C 6/47  
Ethylbenzene 100-41-4 µg/L 4.1 4.1 MW03A 1/47  
Methane 74-82-8 µg/L 54.9 1310 MW03A 29/45  
Tetrachloroethene 127-18-4 µg/L 2.8 64.3 MW18B 2/47  
Toluene 108-88-3 µg/L 1.6 J 8.1 MW11A 5/47  
cis-1,2-Dichloroethene 156-59-2 µg/L 2 62 MW18B 3/47  
trans-1,2-Dichloroethene 156-60-5 µg/L 7.7 7.7 MW11B 1/47  
Trichloroethene 79-01-6 µg/L 3.4 1,250 MW18B 2/47  
Vinyl chloride 75-01-4 µg/L 1.5 20.3 MW18B 4/47  
Xylenes, Total 1330-20-7 µg/L 15.7 37.2 MW11B 2/47  
Semivolatiles        
1,4-Dichlorobenzene 106-46-7 µg/L 6.3 J 6.3 J MW03B 1/48  
2-Methylnaphthalene 91-57-6 µg/L 6 J 6 J MW15B 1/48  
3&4-Methylphenol  µg/L 3.8 J 15.3 MW21B 2/47  
Butylbenzyl phthalate 85-68-7 µg/L 8 J 8 J MW24C 1/48  
Di-n-butyl phthalate 84-74-2 µg/L 0.0 J9 0.09 J MW13A 1/48  
Diethyl phthalate 84-66-2 µg/L 5 J 5 J MW18B 1/48  
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Chemical CAS 
Number Units Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

Semivolatiles (Continued)         
Dimethyl phthalate 131-11-3 µg/L 4.2 J 14.9 MW20B 2/48  
Naphthalene 91-20-3 µg/L 4.8 J 23.8 MW15B 3/48  
Phenol 108-95-2 µg/L 3.4 J 3.4 J MW21B 1/47  
PCBs and Pesticides        
        
Inorganics        
Aluminum 7429-90-5 µg/L 1,360 J 227,000 J MW04B 36/48 4,067 
Aluminum (dissolved) 7429-90-5 µg/L 1,290 J 129,000 J MW06B 18/48 4,067 
Arsenic 7440-38-2 µg/L 32.9 J 40.3 MW26C 4/48 5 
Arsenic (dissolved) 7440-38-2 µg/L 32.7 32.7 MW06B 1/48 5 
Barium 7440-39-3 µg/L 211 J 3,910 J MW06B 19/48 31.4 
Barium (dissolved) 7440-39-3 µg/L 260 J 5,150 J MW07A 14/48 31.4 
Cadmium (dissolved) 7440-43-9 µg/L 71.8 J 71.8 J MW01B 1/48 5.6 
Calcium 7440-70-2 µg/L 5,000 J 410,000 J MW23C 47/48 36,830 
Calcium (dissolved) 7440-70-2 µg/L 5,750 J 225,000 J MW23C 38/48 36,830 
Chromium 7440-47-3 µg/L 29.2 J 280 J MW04B 23/48 7.8 
Chromium (dissolved) 7440-47-3 µg/L 23.3 J 290 J MW12B 7/48 7.8 
Copper 7440-50-8 µg/L 25.8 J 144 J MW08B 17/48 5.4 
Copper (dissolved) 7440-50-8 µg/L 58 98.8 MW06B 3/48 5.4 
Iron 7439-89-6 µg/L 815 J 64,000 J MW23C 39/48 1,227 
Iron (dissolved) 7439-89-6 µg/L 686 J 22,900 J MW23C 26/48 1,227 
Lead 7439-92-1 µg/L 17.6 J 237 J MW08B 26/48 4 
Lead (dissolved) 7439-92-1 µg/L 8.2 J 165 J MW06B 6/48 4 
Magnesium 7439-95-4 µg/L 3,182.5 23,900 J MW23C 19/48 4,560 
Magnesium (dissolved) 7439-95-4 µg/L 5,220 J 11,000 J MW23C 11/48 4,560 
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TABLE 2-3 
 

GROUNDWATER FREQUENCY OF DETECTIONS, PHASE II 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 3 OF 4 
 

Chemical CAS 
Number Units Minimum 

Concentration 
Maximum 

Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Background 
Value(a) 

Inorganics (Continued)        
Manganese 7439-96-5 µg/L 18.7 J 734 J MW23C 40/48 17 
Manganese (dissolved) 7439-96-5 µg/L 12.5975 345 J MW23C 40/48 17 
Mercury 7439-97-6 µg/L 0.29 0.29 MW01A 1/48 0.12 
Nickel 7440-02-0 µg/L 42.6 J 61.2 J MW26C 3/48 N/A 
Potassium 7440-09-7 µg/L 5,320 J 24,000 J MW11B 13/48 5,400 
Potassium (dissolved) 7440-09-7 µg/L 5,500 J 24,700 J MW11B 10/48 5,400 
Selenium 7782-49-2 µg/L 30.325 55.3 J MW05B 3/48 9.7 
Selenium (dissolved) 7782-49-2 µg/L 33.9 33.9 MW06B 1/48 9.7 
Silver (dissolved) 7440-22-4 µg/L 20.9 J 20.9 J MW05A 1/48 N/A 
Sodium 7440-23-5 µg/L 3,157.5 J 75,800 J MW06A 44/48 18,222 
Sodium (dissolved) 7440-23-5 µg/L 4,527.5 J 72,600 J MW04B 41/46 18,222 
Vanadium 7440-62-2 µg/L 40.225 330 J MW04B 20/48 20.6 
Vanadium (dissolved) 7440-62-2 µg/L 91.5 J 162 J MW06B 2/48 20.6 
Zinc 7440-66-6 µg/L 53.9 J 334 J MW23C 20/48 4 
Zinc (dissolved) 7440-66-6 µg/L 38 J 423 J MW25C 20/48 4 
Miscellaneous        
TPH (C8-C40)  mg/L 0.64 1.16 MW03A 4/47  
Alkalinity as CaCO3  mg/L 6 187 MW04B 43/48  
Biochemical Oxygen Demand  mg/L 2.2 114 MW09B 29/48  
Chemical Oxygen Demand  mg/L 1 176 MW04B 32/48  
Chloride  mg/L 1.5 300 J MW06B 35/48  
Cyanide  mg/L 0.035 0.035 MW03B 1/48  
Hardness as CaCO3  mg/L 12.5 1120 MW23C 47/48  
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TABLE 2-3 
 

GROUNDWATER FREQUENCY OF DETECTIONS, PHASE II 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 4 OF 4 
 

Chemical CAS 
Number Units Minimum 

Concentration 
Maximum 

Concentration 
Location of 
Maximum 

Concentration 
Detection 
Frequency 

Background 
Value(a) 

Miscellaneous (Continued)         
Nitrate, as Nitrogen  mg/L 0.1075 1.7 MW07A 14/47  
Nitrate/nitrite, as Nitrogen  mg/L 0.1 J 1.7 MW07A 16/47  
Nitrite, as Nitrogen  mg/L 0.009 0.027 MW04A 5/48  
Orthophosphate  mg/L 0.09 5.4 MW13B 29/48  
Orthophosphate  mg/L 0.09 5.4 MW26C 29/48  
pH  PH units 4.6 8.9 MW06B 48/48  
Plate count, Total  CFU/mL 0 116,000 MW22A 48/48  
Redox potential  MV 90.8 600 MW19A 48/48  
Sulfate  mg/L 10.7 1,360 MW10A 24/48  
Total Dissolved Solids  mg/L 52 27,900 MW06B 48/48  
Total Organic Carbon  mg/L 2 809 MW06B 48/48  
Total Suspended Solids  mg/L 10 10,100 MW08B 48/48  
Turbidity  NTU 9 37,000 MW06B 15/15  
Radiological        
Cesium-137  pCi/L 9.8 9.8 MW03A 1/1  
Cobalt-60  pCi/L 5.8 18.3 MW06B 3/3  
gross Alpha  pCi/L 2.4 221 MW06B 48/48 13 
gross Beta  pCi/L 1.6 192 MW06B 48/48 9.5 

 
CAS – Chemical Abstracts Service 
“J” qualifier on analytical data indicates an estimated value. 
Rejected values not included. 
(a) Background values determined only for inorganics. 
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TABLE 2-4 
 

GROUNDWATER FREQUENCY OF DETECTIONS, PHASE III 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

Parameter Minimum Maximum Detection Frequency 
(all samples) 

Detection Frequency 
(w/o turbid samples)

Volatile Organic Compounds (7a) (µg/L) 
Benzene 1.3 7.6 3 / 7 3 / 7 
Carbon Disulfide 0.87 1.4 2 / 7 2 / 7 
Chlorobenzene 0.16 23 3 / 7 3 / 7 
Chloromethane 0.19 0.19 1 / 7 1 / 7 
cis-1,2-dichloroethene 0.26 66 3 / 7 3 / 7 
Tetrachloroethene 5.1 34 2 / 7 2 / 7 
Toluene 1.2 1.2 1 / 7 1 / 7 
Trans-1,2-dichloroethene 12 12 1 / 7 1 / 7 
Trichloroethene 0.71 1,200 3 / 7 3 / 7 
Vinyl Chloride 0.64 20 3 / 7 3 / 7 
Xylenes, Total 11 11 1 / 7 1 / 7 
Semivolatile Organic Compounds (2a) (µg/L) 
Naphthalene 13 13 1 / 2 1 / 2 
1-methylnaphthalene 2.5 2.5 1 / 2 1 / 2 
2-methylnaphthalene 3.7 3.7 1 / 2 1 / 2 
Inorganics (46a)(µg/L) 
Aluminum 251 1,110,000 / 4,500 38 / 46 32 / 40 
Antimony 2.3 3 / 3 4 / 46 4 / 40 
Arsenic 2.2 121 / 6.9 12 / 46 8 / 40 
Barium 8.4 12,400 / 137 35 / 46 29 / 40 
Beryllium 10.3 55.9 / ND 2 / 46 0 / 40 
Calcium 851 179,000 / 98,300 42 / 46 36 / 40 
Chromium 7.8 1,490 / 19.8 9 / 46 3 / 40 
Cobalt 1.3 39 / 5.2 4 / 46 3 / 40 
Copper 0.8 363 / 5.4 10 / 46 4 / 40 
Iron 215 127,000 / 23,700 44 / 46 38 / 40 
Lead 1.9 724 / 1.9 7 / 46 1 / 40 
Magnesium 677 57,000 / 8,570 44 / 46 38 / 40 
Manganese 3.6 616 / 616 20 / 46 14 / 40 
Mercury 0.13 5.6 / ND 4 / 46 0 / 40 
Nickel 1.9 288 / 16.8 11 / 46 7 / 40 
Potassium 364 61,500 / 15,100 34 / 46 28 / 40 
Selenium 3.5 87.2 / ND 4 / 46 0 / 40 
Sodium 2,080 82,000 / 78,700 36 / 46 30 / 40 
Thallium 1.8 4.2 / ND 2 / 46 0 / 40 
Vanadium 3 1,120 / 37.1 16 / 46 10 / 40 
Zinc 48.9 1,500 / 126 7 / 46 3 / 40 
Radiological (36a) (pCi/L) 
Gross alpha 0.4 140 / 14.1 36 / 36 33 / 33 
Gross beta 0.9 79.9 / 21.8 36 / 36 33 / 33 
 
Not detected results not used in the analysis. 
ND - Not Detected 
Rejected values not included. 
(a) Number of samples analyzed (maximum of duplicate used). 
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addition, although naphthalenes were detected at one location (MW15B) during Phase II, there were no 

exceedances of SVOCs in the Phase III results.  The Phase III data showed three localized areas of 

VOCs in groundwater above the GCTLs at OU 2: at MW3B in the northeast, MW11B and MW12B just 

south of the golf course, and MW18B in the far southern portion of OU 2.  All of the wells with detections 

in excess of the GCTLs for VOCs were completed in the bottom portion of the surficial aquifer 

(i.e., intermediate wells), and all are located adjacent to canals where groundwater discharges to surface 

water.   

 

The Phase III sampling event included analysis of 46 of the 48 wells for inorganic compounds and 36 of 

the 48 wells for gross alpha and gross beta.  Excluding the samples from the six high turbidity wells, no 

inorganic compounds were detected in groundwater above the GCTLs or background, with the exception 

of iron (15 wells) and manganese (one well, MW3A).  Relatively high gross alpha, gross beta, and 

isotopic concentrations observed in three wells were attributed to sample turbidity and no radiological 

impacts on groundwater were attributed to the former landfill. 
 
2.2.3.2 Post RI DPT Groundwater Sampling 
 
To more accurately define the distribution of VOC contamination identified during the RI groundwater 

investigations, additional DPT groundwater sampling and the installation of 2-inch monitoring wells 

(MW27 and MW28) and DPT microwells (DP01 and DP02) were conducted in the southern portion of the 

site (former wooded area) during 2000 and 2001.  Details regarding the post RI groundwater sampling 

and well installation, sampling and well completion field forms, and analytical data sheets are provided in 

Appendix A.  The locations of the DPT samples and new wells are shown in Figure 2-9.  The DPT 

samples were analyzed for VOCs using a mobile laboratory and fixed-base laboratory analyses; well 

samples were analyzed for VOCs at only a fixed-base laboratory.  The results are summarized in 

Tables 2-5 and 2-6 for the field laboratory and fixed-base laboratory, respectively.  The distribution of 

VOCs detected at both the shallow and intermediate well depths in the Surficial Aquifer is shown in 

Figure 2-9. 
 
2.2.3.3 Post RI Natural Attenuation Investigation 
 
Organic contaminants in groundwater in the southern portion of OU 2 (formerly wooded area) include 

benzene, toluene, ethylbenzene, and xylenes (BTEX) and chlorinated hydrocarbons. Evaluation of the 

efficacy of natural attenuation in this area focused on measuring groundwater indicators of the oxidation-

reduction (redox) conditions and the corresponding concentrations of organic contaminants and their 

degradation products. Eight well pairs (i.e., shallow and intermediate depth wells) in the Surficial Aquifer, 

including one upgradient and one downgradient pair, were selected for the evaluation. The results of well 
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TABLE 2-5 
 

FIELD GC GROUNDWATER DETECTIONS 
POST RI – SEPTEMBER 2000 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Notes: 
 
Shaded cell with bold type indicates detection at or above the GCTL. 
*  GCTL is for total Xylenes. 
(a)   Groundwater Cleanup Target Level [Development of Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, F.A.C., August 1999]  
"D"  qualifier indicates analyte concentration after sample dilution. 
GC – Gas Chromatography. 
"J"   qualifier indicates an estimated value less than the practical quantitation limit. 
 

WELL DESIGNATION P01 P02 P03 P04 P05 P06 P07 P08 P09 P10 P11 P12
SAMPLE ID P01B P02B P03B P04B P05B P06B P07B P08B P09B P10B P11B P12B
SAMPLE DATE 20-Sep-00 20-Sep-00 21-Sep-00 20-Sep-00 20-Sep-00 21-Sep-00 21-Sep-00 21-Sep-00 21-Sep-00 21-Sep-00 21-Sep-00 21-Sep-00
SAMPLE DEPTH (FT) 14 28 14 28 16 30 16 30 16 30 16 30 16 30 16 30 16 30 16 30 16 30 16 30
Volatiles (µg/L)
Vinyl Chloride 75-01-4 1 5 U 5 U 5 U 5 U 5 U 12 5 U 13 209 D 10 40 6 5 U 11 5 U 8 11 4 J 5 U 7 5 U 4 J 5 U 5 J
cis-1,2-Dichloroethene 107-03-2 3 5 U 15 5 U 11 5 U 38 5 U 18 28 5 U 5 U 5 U 3 J 6 5 U 5 7 2 J 5 U 7 5 U 4 J 5 U 2 J
Benzene 71-43-2 1 5 U 13 2 J 37 11 31 5 U 38 5 U 45 26 24 20 52 5 U 40 5 U 41 5 U 6 5 U 5 U 5 U 36
Trichloroethylene 79-01-6 3 2 J 5 U 5 U 5 U 5 U 5 U 5 5 7 5 J 2 J 5 J 10 5 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 5 U 5 U
Tetrachloroethylene 127-18-4 3 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 4 J 5 U 5 U 5 U 6 5 U 5 U 5 U 5 U 5 U 5 U 6 5 U 4 J 5 U 5 U
Chlorobenzene 108-90-7 100 25 22 13 42 23 34 5 U 48 11 50 114 D 15 43 77 D 6 44 6 30 5 U 32 5 U 15 5 U 37
Ethylbenzene 100-41-4 30 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
m+p Xylene 1330-20-7 20* 10 U 26 5 U 36 10 U 40 10 U 10 U 10 U 10 U 10 U 10 U 10 U 9 J 10 U 9 J 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
o-Xylene 1330-20-7 20* 5 U 4 J 5 U 7 5 U 9 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
1,4-Dichlorobenzene 106-46-7 75 5 U 5 U 5 U 23 5 U 20 5 U 10 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

WELL DESIGNATION P13 P14 P21 P22 P23 P24 P29 P30 P31 P32 P33 P34
SAMPLE ID Florida P13B P14B P21B P22B P23B P24B P29B P30B P31B P32B P33B P34B
SAMPLE DATE GCTL(b) 22-Sep-00 22-Sep-00 23-Sep-00 23-Sep-00 19-Sep-00 22-Sep-00 20-Sep-00 20-Sep-00 20-Sep-00 20-Sep-00 20-Sep-00 19-Sep-00
SAMPLE DEPTH (FT) 16 30 16 30 14 28 14 28 14 28 14 28 14 28 14 28 14 28 14 28 14 28 14 28
Volatiles (µg/L)
Vinyl Chloride 75-01-4 1 5 U 5 U 5 U 7 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 4 J 5 U 9 5 U 12 4 J 5 U 5 U 5 U
cis-1,2-Dichloroethene 107-03-2 3 5 U 5 U 5 U 2 J 5 U 5 U 5 U 4 J 5 U 4 J 5 U 5 U 1 J 1 J 5 U 3 J 5 U 8 5 U 16 9 5 U 5 U 1 J
Benzene 71-43-2 1 5 U 4 J 5 U 22 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Trichloroethylene 79-01-6 3 5 U 5 U 5 U 5 U 5 U 3 J 5 U 9 4 J 7 5 U 5 U 27 30 5 J 50 5 J 134 D 5 360 D 76 D 66 D 6 37
Tetrachloroethylene 127-18-4 3 5 U 5 U 5 U 5 U 5 U 4 J 5 U 20 5 U 5 J 5 U 5 U 5 J 5 J 5 U 5 5 U 5 5 U 8 4  J 4 J 5 U 5
Chlorobenzene 108-90-7 100 5 U 5 U 5 U 58 E 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 10 11 5 U 12 5 U 5 U 2 J 5 U 5 U 5 U 5 U 16
Ethylbenzene 100-41-4 30 5 U 5 U 5 U 5 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
m+p Xylene 1330-20-7 20* 10 U 10 U 10 U 7 J 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
o-Xylene 1330-20-7 20* 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
1,4-Dichlorobenzene 106-46-7 75 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

CAS
Number

CAS
Number

Florida 
GCTL(a)
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TABLE 2-6 

 
LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
PAGE 1 OF 10 

 
Sample Location Screening Criteria DP01 DP01 DP02 DP02 P3516 P3930 P4016 
Sample ID NTCOU2GDP01A02 NTCOU2GDP01B02 NTCOU2GDP02A02 NTCOU2GDP02B02 NTCOU2P3516 NTCOU2P3930 NTCOU2P4016
Laboratory ID WR2062-1 WR2062-2 WR2062-3 WR2062-4 WR1294-1 WR1294-10 WR1318-2 
Sample Date 

BGSV1 GCTL2 

6/13/01 6/13/01 6/13/01 6/13/01 4/23/01 4/23/01 4/24/01 
Volatile Organics          
2-Butanone  4200       0.6 J 
Acetone  700        
Benzene  1     0.6 J   
Bromodichloromethane  0.6        
Carbon Disulfide  700      0.9 J 0.8 J 
Chlorobenzene  100        
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70   1 J     
Ethylbenzene  30     0.5 J   
Tetrachloroethene  3   0.9 J     
Toluene  40        
Total Xylenes  20        
Trichloroethene  3   19     
Vinyl Chloride  1        
Ethane          
Ethene          
Methane          
Inorganics          
Iron 1227 300        
Manganese 17 50        
Miscellaneous          
Alkalinity          
Carbon Dioxide          
Chloride  250000        
Dissolved Organic Carbon   53 26 5.9 6.1    
Hydrogen          
Nitrate  10000 0.06   0.05    
Nitrogen          
Oxygen          
Phosphate          
Sulfate  250000 3 4 17 5     
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TABLE 2-6 

 
LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
PAGE 2 OF 10 

 
Sample Location Screening Criteria P4030 P4230 P4330 P4416 P2530 P2630 P2730 
Sample ID NTCOU2P4030 NTCOU2P4230 NTCOU2P4330 NTCOU2P4416 NTCOU2PX2530 NTCOU2PX2630 NTCOU2PX2730
Laboratory ID WR1318-3 WR1318-5 WR1318-6 WR1318-7 WR0331-2 WR0331-4 WR0331-6 
Sample Date 

BGSV1 GCTL2 

4/24/01 4/24/01 4/24/01 4/24/01 2/5/01 2/5/01 2/5/01 
Volatile Organics         
2-Butanone  4200        
Acetone  700        
Benzene  1 10 62 23 43 J  6 8 
Bromodichloromethane  0.6        
Carbon Disulfide  700  0.6 J 0.8 J 0.5 J 0.7 J   
Chlorobenzene  100  54 14 45 J   2 
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70 2 J 16 9 8 J   8 
Ethylbenzene  30  2  0.5 J    
Tetrachloroethene  3        
Toluene  40        
Total Xylenes  20  3      
Trichloroethene  3        
Vinyl Chloride  1 2 5 3 5 J  3 12 
Ethane          
Ethene          
Methane          
Inorganics          
Iron 1227 300        
Manganese 17 50        
Miscellaneous          
Alkalinity          
Carbon Dioxide          
Chloride  250000        
Dissolved Organic Carbon          
Hydrogen          
Nitrate  10000        
Nitrogen          
Oxygen          
Phosphate          
Sulfate  250000         
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TABLE 2-6 

 
LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Sample Location Screening Criteria P2830 DP01 DP01 DP01 DP02 DP02 DP02 
Sample ID NTCOU2PX2830 OU2DP01A04 OU2DP01A04 OU2DP01A04 OU2DP02A04 OU2DP02A04 OU2DP02A04
Laboratory ID WR0331-8 OLDOU2BGDP01A WR0470-002 WR0470-2 OLDOU2BGDP02A WR0470-001 WR0470-1 
Sample Date 

BGSV1 GCTL2 

2/5/01 2/16/01 2/16/01 2/16/01 2/16/01 2/16/01 2/16/01 
Volatile Organics         
2-Butanone  4200       10 J 
Acetone  700    2 J   9 J 
Benzene  1 11       
Bromodichloromethane  0.6        
Carbon Disulfide  700        
Chlorobenzene  100 9       
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70 1 J      2 J 
Ethylbenzene  30        
Tetrachloroethene  3        
Toluene  40        
Total Xylenes  20        
Trichloroethene  3       4 
Vinyl Chloride  1 1 J   0.6 J    
Ethane    0.03 J      
Ethene    0.17 J   0.16 J   
Methane    922.6 J   89.6 J   
Inorganics          
Iron 1227 300   3360 J   3950 J  
Manganese 17 50   15.5   41.1  
Miscellaneous          
Alkalinity      4.5   3 
Carbon Dioxide    196 J   51.3 J   
Chloride  250000    20 J   60 J 
Dissolved Organic Carbon          
Hydrogen    0 J   0 J   
Nitrate  10000        
Nitrogen    10.4 J   11.5 J   
Oxygen    0.64 J   1.87 J   
Phosphate          
Sulfate  250000    23 J   50 J  
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TABLE 2-6 

 
LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Sample Location Screening Criteria MW14 MW14 MW14 MW14 MW14 MW14 MW18 
Sample ID OU2MW14A04 OU2MW14A04 OU2MW14A04 OU2MW14B04 OU2MW14B04 OU2MW14B04 OU2MW18A04
Laboratory ID OLDOU2BGMW14A WR0457-001 WR0457-1 OLDOU2BGMW14B WR0457-002 WR0457-2 WR0423-2 
Sample Date 

BGSV1 GCTL2 

2/15/01 2/15/01 2/15/01 2/15/01 2/15/01 2/15/01 2/13/01 
Volatile Organics         
2-Butanone  4200        
Acetone  700      4 J 2 J 
Benzene  1        
Bromodichloromethane  0.6        
Carbon Disulfide  700        
Chlorobenzene  100        
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70        
Ethylbenzene  30        
Tetrachloroethene  3        
Toluene  40        
Total Xylenes  20        
Trichloroethene  3        
Vinyl Chloride  1        
Ethane      0.02    
Ethene   0.04 J   0.03    
Methane   126.6 J   729.8    
Inorganics          
Iron 1227 300  1070 J   907 J   
Manganese 17 50     6.8   
Miscellaneous          
Alkalinity     1.5   16 1.77 
Carbon Dioxide   87 J   137.7    
Chloride  250000   10 J   6 J 4 J 
Dissolved Organic Carbon          
Hydrogen   0.7 J   0.8    
Nitrate  10000        
Nitrogen   10.5 J   11.5    
Oxygen   0.95 J   0.27    
Phosphate     0.007   1.4 0.012 
Sulfate  250000   30 J   5 J 11 J  
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LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
PAGE 5 OF 10 

 
Sample Location Screening Criteria MW18 MW18 MW18 MW18 MW18-D MW20 MW20 
Sample ID OU2MW18A04 OU2MW18B04 OU2MW18B04 OU2MW18B04 OU2MW18B04-D OU2MW20A04 OU2MW20A04
Laboratory ID OLDOU2BGMW18A OLDOU2BGMW18B WR0423-1 WR0443-006 WR0423-3 OLDOU2BGMW20A WR0443-1 
Sample Date 

BGSV1 GCTL2 

2/16/01 2/13/01 2/13/01 2/14/01 2/13/01 2/14/01 2/14/01 
Volatile Organics          
2-Butanone  4200        
Acetone  700     3 J  0.9 J 
Benzene  1        
Bromodichloromethane  0.6        
Carbon Disulfide  700        
Chlorobenzene  100        
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70   13  14   
Ethylbenzene  30        
Tetrachloroethene  3   22  23   
Toluene  40   0.5 J  0.5 J   
Total Xylenes  20        
Trichloroethene  3   280  320   
Vinyl Chloride  1   4  5   
Ethane   0.01 J 0.04 J      
Ethene   0.01 J 1.84 J    0.03 J  
Methane   1.2 J 402.7 J    0.4 J  
Inorganics          
Iron 1227 300    762 J    
Manganese 17 50    19.4    
Miscellaneous          
Alkalinity     30  30  4.8 
Carbon Dioxide   58.4 J 145.8 J    80.2 J  
Chloride  250000   7 J  6 J  8 J 
Dissolved Organic Carbon          
Hydrogen   0.7 J 1 J    7.7 J  
Nitrate  10000        
Nitrogen   12.6 J 10.8 J    510.8 J  
Oxygen   4.5 J 0.65 J    2.16 J  
Phosphate     3.8  3.8  0.4 
Sulfate  250000   6 J  6 J  8 J  
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TABLE 2-6 

 
LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
PAGE 6 OF 10 

 
Sample Location Screening Criteria MW20 MW20 MW20 MW22 MW22 MW22 MW22 
Sample ID OU2MW20B04 OU2MW20B04 OU2MW20B04 OU2MW22A04 OU2MW22A04 OU2MW22A04 OU2MW22A04
Laboratory ID OLDOU2BGMW20B WR0443-004 WR0443-2 OLDOU2BGMW22A WR0410-2 OLDOU2BGMW22A WR0410-2 
Sample Date 

BGSV1 GCTL2 

2/14/01 2/14/01 2/14/01 2/11/01 2/11/01 2/16/01 2/16/01 
Volatile Organics          
2-Butanone  4200        
Acetone  700     4 J   
Benzene  1        
Bromodichloromethane  0.6        
Carbon Disulfide  700        
Chlorobenzene  100        
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70        
Ethylbenzene  30        
Tetrachloroethene  3        
Toluene  40        
Total Xylenes  20        
Trichloroethene  3        
Vinyl Chloride  1        
Ethane          
Ethene          
Methane        2.4  
Inorganics          
Iron 1227 300  1390 J      
Manganese 17 50  7.6      
Miscellaneous          
Alkalinity     20  14.8   
Carbon Dioxide   63.6 J     80.6  
Chloride  250000   8 J  20 J   
Dissolved Organic Carbon         20 J 
Hydrogen   1.7 J   1.4    
Nitrate  10000        
Nitrogen   12.2 J     13.3  
Oxygen   1.71 J     3.86  
Phosphate     0.2     
Sulfate  250000     28 J    
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LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Sample Location Screening Criteria MW22 MW22 MW22 MW22 MW22 MW22-D MW22-D 
Sample ID OU2MW22B04 OU2MW22B04 OU2MW22B04 OU2MW22B04 OU2MW22B04 OU2MW22B04-D OU2MW22B04-D
Laboratory ID OLDOU2BGMW22B WR0410-1 OLDOU2BGMW22B WR0410-1 WR0470-004 WR0410-3 WR0410-3 
Sample Date 

BGSV1 GCTL2 

2/11/01 2/11/01 2/16/01 2/16/01 2/16/01 2/11/01 2/16/01 
Volatile Organics          
2-Butanone  4200        
Acetone  700        
Benzene  1        
Bromodichloromethane  0.6        
Carbon Disulfide  700        
Chlorobenzene  100        
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7  0.7 J      
Cis-1,2-Dichloroethene  70        
Ethylbenzene  30        
Tetrachloroethene  3        
Toluene  40        
Total Xylenes  20        
Trichloroethene  3        
Vinyl Chloride  1        
Ethane     0.84     
Ethene     0.02     
Methane     314.9     
Inorganics          
Iron 1227 300     1120 J   
Manganese 17 50     9   
Miscellaneous          
Alkalinity    18.6    17.7  
Carbon Dioxide     134     
Chloride  250000  30 J    40 J  
Dissolved Organic Carbon      6   6 
Hydrogen   1       
Nitrate  10000        
Nitrogen     11.8     
Oxygen     0.23     
Phosphate    1.4    1.5  
Sulfate  250000  6 J    6 J   
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LABORATORY GROUNDWATER DETECTIONS 

POST RI – JUNE 2001 
OPERABLE UNIT 2 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Sample Location Screening Criteria MW22-D MW27 MW27 MW27 MW27 MW27 MW27 
Sample ID OU2MW22B04-D OU2MW27A04 OU2MW27A04 OU2MW27A04 OU2MW27A04 OU2MW27B04 OU2MW27B04
Laboratory ID WR0470-005 OLDOU2BGMW27A WR0410-6 OLDOU2BGMW27A WR0443-007 OLDOU2BGMW27B WR0410-4 
Sample Date 

BGSV1 GCTL2 

2/16/01 2/11/01 2/12/01 2/14/01 2/14/01 2/11/01 2/12/01 
Volatile Organics          
2-Butanone  4200        
Acetone  700   6 J    3 J 
Benzene  1       41 
Bromodichloromethane  0.6        
Carbon Disulfide  700       1 
Chlorobenzene  100   1    43 
Chlorodibromomethane  0.4        
Chloroform  5.7        
Chloromethane  2.7        
Cis-1,2-Dichloroethene  70       8 
Ethylbenzene  30       1 
Tetrachloroethene  3        
Toluene  40        
Total Xylenes  20       1 
Trichloroethene  3        
Vinyl Chloride  1       6 
Ethane      0.03 J    
Ethene      0.4 J    
Methane      160.4 J    
Inorganics          
Iron 1227 300 1200 J    1490 J   
Manganese 17 50 9.8    108   
Miscellaneous          
Alkalinity     13.9    17.2 
Carbon Dioxide      288.9 J    
Chloride  250000   20 J    50 J 
Dissolved Organic Carbon          
Hydrogen    4.9 J    0 J  
Nitrate  10000        
Nitrogen      7.3 J    
Oxygen      1.62 J    
Phosphate         0.4 
Sulfate  250000   30 J    6 J  
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LABORATORY GROUNDWATER DETECTIONS 
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ORLANDO, FLORIDA 
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Sample Location Screening Criteria MW27 MW27 MW28 MW28 MW28 MW28 
Sample ID OU2MW27B04 OU2MW27B04 OU2MW28A04 OU2MW28A04 OU2MW28A04 OU2MW28A04
Laboratory ID OLDOU2BGMW27B WR0443-008 OLDOU2BGMW28A WR0410-5 OLDOU2BGMW28A WR0470-006 
Sample Date 

BGSV1 GCTL2 

2/14/01 2/14/01 2/11/01 2/12/01 2/16/01 2/16/01 
Volatile Organics        
2-Butanone  4200       
Acetone  700    3 J   
Benzene  1       
Bromodichloromethane  0.6       
Carbon Disulfide  700       
Chlorobenzene  100       
Chlorodibromomethane  0.4       
Chloroform  5.7       
Chloromethane  2.7       
Cis-1,2-Dichloroethene  70       
Ethylbenzene  30       
Tetrachloroethene  3       
Toluene  40       
Total Xylenes  20       
Trichloroethene  3       
Vinyl Chloride  1       
Ethane   0.29 J    0.03  
Ethene   1.14 J    0.29  
Methane   3602.7 J    2.2  
Inorganics         
Iron 1227 300  2540 J    2120 J 
Manganese 17 50  17.1    25.6 
Miscellaneous         
Alkalinity      14.1   
Carbon Dioxide   438.9 J    99.1  
Chloride  250000       
Dissolved Organic Carbon         
Hydrogen     0    
Nitrate  10000       
Nitrogen   6.3 J    11.3  
Oxygen   1.22 J    1.7  
Phosphate         
Sulfate  250000    100 J    
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LABORATORY GROUNDWATER DETECTIONS 
POST RI – JUNE 2001 

OPERABLE UNIT 2 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
PAGE 10 OF 10  

Sample Location Screening Criteria MW28 MW28 MW28 
Sample ID OU2MW28B04 OU2MW28B04 OU2MW28B04
Laboratory ID OLDOU2BGMW28B WR0457-003 WR0457-3 
Sample Date 

BGSV1 GCTL2 

2/15/01 2/15/01 2/15/01 
Volatile Organics    
2-Butanone  4200    
Acetone  700   4 J 
Benzene  1   4 
Bromodichloromethane  0.6   2 
Carbon Disulfide  700   13 
Chlorobenzene  100   2 
Chlorodibromomethane  0.4   0.5 J 
Chloroform  5.7   5 
Chloromethane  2.7    
Cis-1,2-Dichloroethene  70   3 
Ethylbenzene  30    
Tetrachloroethene  3    
Toluene  40    
Total Xylenes  20    
Trichloroethene  3    
Vinyl Chloride  1   4 
Ethane   0.55   
Ethene   1.71   
Methane   817.7   
Inorganics      
Iron 1227 300  5100 J  
Manganese 17 50  33.5  
Miscellaneous      
Alkalinity     15 
Carbon Dioxide   199.6   
Chloride  250000   20 J 
Dissolved Organic Carbon      
Hydrogen   1.7   
Nitrate  10000    
Nitrogen   10.1   
Oxygen   0.48   
Phosphate     0.1 
Sulfate  250000   90 J 
1 NTC Orlando, Florida Background Screening Value (BGSV) (Tetra Tech, 2001).  
2 State of Florida Groundwater Cleanup Target Levels (GCTL) (F.A.C. 62-777, August 1999). 
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purging parameter stabilization and field test kit analyses are presented in Tables 2-7 and 2-8, 

respectively.  The results of groundwater dissolved and biogenic gas analyses performed at a fixed-base 

laboratory are presented in Table 2-9.  Details regarding the evaluation of natural attenuation, sampling 

field forms, and analytical data sheets are provided in Appendix A.  The results of the natural attenuation 

evaluation suggest that more oxidizing conditions in the upper portion of the Surficial Aquifer (i.e., shallow 

wells) are conducive for the destruction of the nonchlorinated VOCs such as benzene.  The more 

reducing conditions found in the lower portion of the Surficial Aquifer (i.e., intermediate wells) are more 

conducive for the destruction of chlorinated VOCs such as tetrachloroethene (PCE), trichloroethene 

(TCE) and vinyl chloride. 
 

2.2.3.4 Groundwater Monitoring 
 

Quarterly groundwater sampling has been performed at OU 2 since March 2002.  As of the date of this 

FS report, March 2003 is the latest date for which sampling results are available (TtNUS, 2003).  Of 

particular significance are the increases of TCE and degradation products in two downgradient wells 

located on the adjacent property of the Greater Orlando Aviation Authority.  The TCE in monitoring well 

OLD-0U2-18B increased from 580J/1100J (duplicate) µg/L in December 2002 to 2850/3550 µg/L in 

March 2003.  In drive point OLD-OU2-DP02B, the TCE increased from 440 µg/L in December 2002 to 

1270/1180 µg/L in March 2003.  The analytical results are shown in Figure 4 of the monitoring report 

included in Appendix A-7.  A detailed evaluation of the natural attenuation parameters is also provided in 

the monitoring report. 

 

2.2.4 Sediment 

 

Sediment samples were collected concurrently with and in the same locations as surface water during 

the RI.  Phase III sediment samples were collected following the dredging of many Phase I and Phase II 

sampling locations in the canals; additional upstream and off-site locations were also sampled during 

Phase III. Details of the sediment sampling were provided in the RI Report Section 3.4.2 (Tetra Tech 

NUS, 2001).  Figure 2-10 shows the locations of the sediment and surface water samples. 

 

Sediment samples were analyzed for VOCs, SVOCs, inorganic compounds, TPH, TOC, CEC, pesticides, 

herbicides, gross alpha, and gross beta.  A gamma scan was performed on the Phase II samples. 

Selected samples were also analyzed for PCBs and specific radionuclides.   
 
A summary of the chemicals detected in sediment is provided in Tables 2-10 and 2-11.  None of the 

VOCs, SVOCs (excluding PAHs), herbicides, PCBs, or TPH detected in sediment samples exceeded the  
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TABLE 2-7 
 

WELL PURGING PARAMETER RESULTS 
POST RI – 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
Sample Parameters 

pH Specific 
Conductivity Temperature Turbidity Dissolved Oxygen Oxygen Reduction 

Potential Sample Location Sample 
Date 

(std. units) (mS/cm)(1) (°C) (NTU) (mg/L)(2) (mV)(3) 
DP01A02 13-Jun-01 5.03 0.075 28.6 22.7 0.55 -85 
DP01B02 13-Jun-01 5.81 0.146 26.9 30.5 0.55 -148 
DP02A02 13-Jun-01 4.95 0.245 29.7 1.75 0.86 -96 
DP02B02 13-Jun-01 5.64 0.114 26.8 94.6 0.59 -156 
MW14A 15-Feb-01 4.39 0.108 21.7 2.8 0.19 128 
MW14B 15-Feb-01 5.19 0.066 24.8 35 0 -64 
MW18A 13-Feb-01 4.42 0.055 23.4 9.90 1.08 285 
MW18B 13-Feb-01 5.34 0.100 22.8 687 0.18 -71 
MW20A 14-Feb-01 4.73 0.064 20.4 11.9 0.25 126 
MW20B 14-Feb-01 5.73 0.083 26.2 6.0 0.6 -10 
MW22A 11-Feb-01 5.29 0.174 25.3 813 0.51 64 
MW22B 11-Feb-01 5.15 0.131 22.5 8.44 0.1 -32 
MW27A 08-Jan-01 4.77 0.156 24.9 3.87 0.36 125 
MW27A 12-Feb-01 4.76 0.157 23.5 2.0 0.2 147 
MW27B 12-Feb-01 4.66 0.169 21.4 9.5 0.05 -18 
MW28A 11-Feb-01 5.33 0.305 22.1 3.95 0.81 56 
MW28B 15-Feb-01 5.20 0.266 24.7 7.00 0 -9 
Note: Values shown represent end of purging 
(1) mS/cm – millisiemens per centimeter 
(2) mg/L – milligrams per liter 
(3) mV – millivolts 
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TABLE 2-8 
 

FIELD TEST GROUNDWATER SAMPLE RESULTS 
POST RI – 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
Field Analyses 

Dissolved 
Oxygen 

Carbon 
Dioxide 

Hydrogen 
Sulfide Sample Location Sample Date 

(mg/L) (mg/L) 

Iron+2 
(mg/L) 

(mg/L) 
DP01A02 13-Jun-01 1.2 117.8 1.1 0.975 
DP01B02 13-Jun-01 0.95 161.6 3.2 0.795 
DP02A02 13-Jun-01 7.5 66.6 2.1 0.127 
DP02B02 13-Jun-01 9.5 84.2 1.8 0.0 
MW14A 15-Feb-01 2.0 56.2 1.2 0.1 
MW14B 15-Feb-01 1.0 136.2 1.8 4.0 
MW18A 13-Feb-01 3.0 35.4 0.2 0.1 
MW18B 13-Feb-01 -2.0 159.6 2.1 5.0 
MW20A 14-Feb-01 1.0 62 0.6 0.0 
MW20B 14-Feb-01 2.5 46 2.0 0.5 
MW22A 11-Feb-01 2.0 40.2 1.6 0.1 
MW22B 11-Feb-01 1.0 64.8 1.5 4.0 
MW27A 12-Feb-01 1.0 189.6 2.0 2.0 
MW27B 12-Feb-01 1.0 310 2.9 5.0 
MW28A 11-Feb-01 1 92.2 2.5 0.3 
MW28B 15-Feb-01 1.5 738 5.4 2.0 
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TABLE 2-9 
 

DISSOLVED AND BIOGENIC GASES IN GROUNDWATER 
POST RI – 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
Sample 

Location 
Sample Date Hydrogen 

(nM/L) 
Carbon 
Dioxide 
(mg/L) 

Oxygen 
(mg/L) 

Nitrogen 
(mg/L) 

Methane 
(µg/L) 

Ethane 
(µg/L) 

Ethene 
(µg/L) 

DP01A 2/16/2001 S 196 0.64 10.4 922.6 0.03 0.17 
DP02A 2/16/2001 S 51.3 1.87 11.5 89.6 <0.01 0.16 
MW14A 2/15/2001 0.7 87 0.95 10.5 126.6 <0.01 0.04 
MW14B 2/15/2001 0.8 137.7 0.27 11.5 729.8 0.02 0.03 
MW18A 2/16/2001 0.7 58.4 4.5 12.6 1.2 0.01 0.01 
MW18B 2/13/2001 1 145.8 0.65 10.8 402.7 0.04 1.84 
MW20A 2/14/2001 7.7 80.2 2.16 10.8 0.4 <0.01 0.03 
MW20B 2/14/2001 1.7 63.6 1.71 12.2 <0.02 <0.01 <0.01 
MW22A 2/16/2001 1.4 80.6 3.86 13.3 2.4 <0.01 <0.01 
MW22B 2/16/2001 1 134 0.23 11.8 314.9 0.84 0.02 
MW27A 2/14/2001 4.9 288.9 1.62 7.3 160.4 0.03 0.4 
MW27B 2/14/2001 S 438.9 1.22 6.3 3602.7 0.29 1.14 
MW28A 2/16/2001 S 99.1 1.7 11.3 2.2 0.03 0.29 
MW28B 2/15/2001 1.7 199.6 0.48 10.1 817.7 0.55 1.71 
DP01A 6/13/2001 2.6 144 0.48 8.10 615.10 0.03 0.12 
DP01B 6/13/2001 S 102.5 ND 5.10 434.50 0.09 0.24 
DP02A 6/13/2001 S 103.7 0.17 9 202.60 0.02 0.06 
DP02B 6/13/2001 S 99.1 ND 9 117.20 0.03 0.38 

 
ND – denotes “Not Detected” at or above the lower method detection limit. 
S – Compound saturated detector, actual results greater than 50 nM/L. 
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TABLE 2-10 
 

SEDIMENT – DETECTIONS, FREQUENCY, MINIMUM AND MAXIMUM CONCENTRATIONS 
POST RI – 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 

Chemical CAS 
Number 

Minimum 
Concentration

Maximum 
Concentration

Location of Maximum 
Concentration 

Detection 
Frequency

Volatiles (mg/kg)      
Benzene 71-43-2 0.0041 0.0041 SD008 1/21 
Carbon disulfide 75-15-0 0.0738 0.0738 SD011 1/21 
Ethylbenzene 100-41-4 0.0042 0.0042 SD008 1/21 
Toluene 108-88-3 0.0026J 0.0599 SD014 5/21 
Xylenes (Total) 133-20-7 0.0059 0.0059 SD008 1/21 
Semivolatiles (mg/kg)      
3&4-Methylphenol  0.223J 0.223J SD019 1/21 
Pesticides/PCBs (mg/kg)     
4,4'-DDD 72-54-8 0.0045 0.0045 SD016 1/21 
4,4'-DDE 72-55-9 0.0035J 0.0035J SD017 1/21 
alpha-Chlordane 5103-71-9 0.0025 0.0025 SD010 1/21 
gamma-Chlordane 5103-74-2 0.0044 0.0044 SD010 1/21 
Heptachlor 76-44-8 0.0013 0.0013 SD010 1/21 
Herbicides (mg/kg)      
TPH (c8-c40) TPH 20 21.6 SD017 2/12 
Metals (mg/kg)      
Aluminum 7429-90-5 233J 9350 SD019 21/21 
Arsenic 7440-38-2 0.07 0.82 SD004 3/21 
Barium 7440-39-3 1.7 191 SD019 21/21 
Calcium 7440-70-2 42.6 1340 SD017 20/21 
Chromium 7440-47-3 0.63 10.6 SD019 20/21 
Cobalt 7440-48-4 0.29 0.29 SD009 1/21 
Copper 7440-50-8 0.34 10 SD019 19/21 
Iron 7439-89-6 37.1 1750 SD004 21/21 
Lead 7439-92-1 0.86 19.2 SD017 20/21 
Magnesium 7439-95-4 47.8 208 SD014 10/21 
Manganese 7439-96-5 0.74 4.6 SD012 10/21 
Mercury 7439-97-6 0.02 0.1 SD017 4/21 
Nickel 7440-02-0 0.24 2.1 SD014 11/21 
Potassium 7440-09-7 13.2 71.9 SD022 10/21 
Selenium 7782-49-2 0.52 1 SD005 4/21 
Sodium 7440-23-5 41.9 573 SD012 7/21 
Vanadium 7440-62-2 0.3 26.1 SD019 20/21 
Zinc 7440-66-6 1.7 74.7J SD012 15/21 
Radiological (pCi/g)      
Actinium-228  0.4 1.8 SD018 10/12 
Bismuth-214  0.6 2.5 SD018 7/12 
Gross alpha  0.186 16.5 SD014 19/21 
Gross beta  0.319J 1.68J SD007 7/21 
Lead-212  0.2 0.7 SD019 11/12 
Lead-214  0.4 2 SD018 12/12 
Potassium-40  3.3 3.3 SD016 1/12 
Thallium-208  0.2 0.5 SD013,SD016, SD022 6/12 

"J" qualifier indicates an estimated value. 
Rejected values not included. 
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TABLE 2-11 
 

SEDIMENT FREQUENCY OF DETECTIONS 
POST RI - 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 

Parameter CAS 
Number 

Minimum 
Concentration

Maximum 
Concentration

Location of 
Maximum 

Concentration 

Detection 
Frequency

Volatiles (µg/kg) 
Acetone 67-64-1 4.3J 10J SD025 4/6 
Tetrachloroethene 127-18-4 0.39J 0.39J SD023 1/6 
PAHs (µg/kg)  
Benzo(a)pyrene 50-32-8 83J 640 SD025 2/6 
Fluoranthene 206-44-0 6.1J 37 SD025 4/6 
Pyrene 129-00-0 4.3J 7.1 SD023-D 1/6 
Pesticides/PCBs (µg/kg) 
4,4'-DDE 72-55-9 3.4 8.2 SD005 2/15 
Alpha-Chlordane 5103-71-9 1.1J 1.1J SD015 1/14 
Endosulfan I 959-98-8 1.3J 2.6J SD001 4/15 
Gamma-Chlordane 5103-74-2 2J 5.4J SD010 2/15 
Herbicides (µg/kg) 
Dalapon 75-99-0 7.3J 12J SD023-D 3/6 
Inorganics (mg/kg) 
Aluminum 7429-90-5 148 11400 SD001 17/17 
Antimony 7440-36-0 0.3 0.3 SD015 1/17 
Arsenic 7440-38-2 0.29 5.3 SD001 7/17 
Barium 7440-39-3 2 52.2 SD001 17/17 
Beryllium 7440-41-7 0.81 0.81 SD014 1/17 
Calcium 7440-70-2 253 4820 SD001 7/17 
Chromium 7440-47-3 1.7 18.9 SD001 12/17 
Copper 7440-50-8 0.61 25.9 SD001 11/17 
Iron 7439-89-6 111 5130J SD001 17/17 
Lead 7439-92-1 0.61J 33.2 SD001 16/17 
Magnesium 7439-95-4 43.5 228 SD014 8/17 
Manganese 7439-96-5 1.3 37.6 SD001 5/17 
Mercury 7439-97-6 0.02 0.06 SD018 3/17 
Nickel 7440-02-0 3.6 5.7 SD001 2/17 
Selenium 7782-49-2 0.46 2 SD001 4/17 
Silver 7440-22-4 0.29 0.29 SD023 1/17 
Vanadium 7440-62-2 0.7 27.1 SD010 15/17 
Zinc 7440-66-6 1.4 143 SD001 11/17 
Petroleum Hydrocarbons (mg/kg) 
TPH C8-C40  19J 43J SD023-D 4/6 
Radionuclides (pCi/g) 
Gross alpha  2.2 15 SD014 12/17 
Gross beta  1.9 5.7 SD014 11/17 
If a duplicate sample were collected at a location, the average of the two was used for statistical purposes. 
"J" qualifier indicates an estimated value. 
Rejected values not included. 
Resample Data 1999 were used in statistical analysis. 



Rev. 1 
07/30/03 

470801005 2-57 CTO 0024 

screening criteria used in the RI analysis [i.e., Florida Sediment Evaluation Values (FSEVs) (FDEP, 

1994); if FSEVs were not available, USEPA Region 4 Sediment Screening Values (SSVs) (USEPA, 

1995) were used].  
 
One PAH [benzo(a)pyrene] and the pesticides 4,4-DDD, 4,4-DDE, alpha chlordane, and gamma 

chlordane were detected in sediment at concentrations exceeding the RI screening criteria.  Three 

inorganic compounds (copper, lead, and zinc) exceeded the RI screening criteria for inorganic 

compounds at only one location.  Gross alpha exceeded the RI screening criteria at nine locations; 

however, isotopic analyses indicate that the gross alpha exceedances are the result of naturally occurring 

radioactive material.   
 

2.2.5 Surface Water 
 
Surface water samples were collected from ten locations (SW001 through SW010) during Phase I of the 

RI field investigations.  An additional 12 surface water samples (SW011 through SW022) were collected 

during Phase II of the RI field investigations. Phase III sampling included locations that were dredged 

following the Phase I and Phase II sampling, and additional upstream and off-site locations. Details of the 

surface water sampling were provided in the RI Report Section 3.4.2 (Tetra Tech NUS, 2001).  

Figure 2-10 shows the locations of the sediment and surface water samples. 
 
Surface water samples were analyzed for VOCs, SVOCs, inorganic compounds, TPH, total dissolved 

solids (TDS), total suspended solids (TSS), hardness, alkalinity, pesticides/herbicides, gross alpha, and 

gross beta.  A gamma scan was performed on the Phase II samples. Selected samples were analyzed for 

PCBs and for specific radionuclides. 
 
A summary of the chemicals detected in surface water is provided in Tables 2-12 and 2-13.  None of the 

VOCs detected in surface water exceeded the FDEP fresh surface water (FSW) CTLs used as screening 

criteria in the RI Report (Tetra Tech NUS, 2001).  One SVOC, [bis(2-ethylhexyl)phthalate] (BEHP), 

exceeded the FSW CTL at three downstream and two off-site, upstream locations. However, because 

this contaminant is recognized as a common laboratory contaminant, and because its maximum detected 

concentration was 6.6 µg/L, it was considered in the RI Report to be an artifact of the analysis. 
 
During Phase II, four PAHs in surface water exceeded the FSW CTLs at one location; however, during 

Phase III no PAHs exceeded the FSW CTLs.  One pesticide, aldrin, exceeded the FSW CTL at two off-

site, upstream locations during Phase III.  However, no pesticides were detected at downstream surface 

water locations during Phases I, II, or III.  Concentrations of inorganic compounds that exceeded the FSW
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TABLE 2-12  
PHASE I AND II SURFACE WATER FREQUENCY OF DETECTIONS 

POST RI - 2001 
OPERABLE UNIT 2  

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 
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Chemical CAS 
Number 

Minimum 
Concentration 

Maximum 
Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Volatiles (µg/L) 
Toluene 108-88-3 16.3 16.3 SW011 1/20 
Semivolatiles (µg/L) 
Benzo(a)anthracene 56-55-3 0.14J 0.14J SW019 1/20 
Benzo(a)pyrene 50-32-8 0.17J 0.17J SW019 1/20 
Benzo(b)fluoranthene 205-99-2 0.245 0.39 SW019 1/20 
Bis(2-ethylhexyl)phthalate 117-81-7 10.3 10.3 SW008 1/20 
Indeno(1,2,3-cd)pyrene 193-39-5 0.14J 0.14J SW019 1/20 
PCBs and Pesticides (µg/L) 
      
Inorganics (µg/L) 
Aluminum 7429-90-5 468J 87000 SW021 15/21 
Arsenic 7440-38-2 3.625 18.4 SW010 6/21 
Barium 7440-39-3 10.6 524 SW021 19/21 
Calcium 7440-70-2 9460 74500 SW017 21/21 
Chromium 7440-47-3 2.2 74.2 SW021 5/21 
Cobalt 7440-48-4 12.4 12.4 SW010 1/21 
Copper 7440-50-8 1.8 82.7 SW021 17/21 
Iron 7439-89-6 146J 149000 SW020 20/21 
Lead 7439-92-1 5.7 109 SW021 7/21 
Magnesium 7439-95-4 731 12600 SW017 21/21 
Manganese 7439-96-5 9.3J 1360J SW010 17/21 
Mercury 7439-97-6 0.06 0.18 SW010 7/21 
Nickel 7440-02-0 2.9 17.7 SW021 3/21 
Potassium 7440-09-7 341 18800 SW017 19/21 
Selenium 7782-49-2 4 4 SW010 1/21 
Sodium 7440-23-5 2680 30300 SW013 21/21 
Vanadium 7440-62-2 2 272 SW010 8/21 
Zinc 7440-66-6 15.425 565 SW016 16/21 
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TABLE 2-12 
 

PHASE I AND II SURFACE WATER FREQUENCY OF DETECTIONS 
POST RI - 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 

PAGE 2 OF 2 
 

Chemical CAS 
Number 

Minimum 
Concentration 

Maximum 
Concentration 

Location of 
Maximum 

Concentration 

Detection 
Frequency 

Miscellaneous (mg/L) 
Alkalinity as CaCO3  17.1 64.4 SW010 8/8 
Hardness as CaCO3 7440-66-6 28.6 202 SW017 20/20 
Total dissolved solids  67 365 SW007 8/8 
Total organic carbon  6.3 108 SW020 12/12 
Total suspended solids  11 725 SW010 6/8 
Radiological (pCi/L) 
Gross alpha  1.07J 32.9 SW021 15/22 
Gross beta  1.19 18.5 SW017 16/22 
 
“J” Qualifier indicates an estimated value. 
Rejected values not included. 
Background samples not included. 
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TABLE 2-13 
 

PHASE III SURFACE WATER FREQUENCY OF DETECTIONS 
POST RI - 2001 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 

Parameter CAS 
Number 

Minimum 
Concentration

Maximum 
Concentration 

Location of 
Maximum 
Detection 

Detection 
Frequency 

Volatiles (µg/L) 
Acetone 67-64-1 12J 12J SW028 1/6 
Chloroform 67-66-3 0.32J 0.32J SW024 1/6 
Toluene 108-88-3 0.31J 0.36J SW028 2/6 
Semivolatiles (µg/L) 
bis(2-ethylhexyl)phthalate 117-81-7 4.3J 6.6J SW012 5/17 
PAHs (ug/L)  
Naphthalene 91-20-3 0.43J 0.43J SW019 1/17 
Pesticides/PCBs (µg/L) 
Aldrin 309-00-2 0.018J 0.033J SW025 2/6 
Endosulfan I 959-98-8 0.015J 0.015J SW028 1/5 
Endrin Aldehyde 7421-93-4 0.1J 0.1J SW023 1/5 
Herbicides (µg/L) 
Dicamba 1918-00-9 0.59J 0.59J SW024 1/6 
Inorganics (µg/L)  
Aluminum 7429-90-5 295J 15300J SW018 10/17 
Antimony 7440-36-0 5.4 5.4 SW027 1/17 
Arsenic 7440-38-2 4.8 4.8 SW001 1/17 
Barium 7440-39-3 13.7 45.7 SW018 17/17 
Calcium 7440-70-2 12700 41000 SW023 17/17 
Chromium 7440-47-3 7.9 14.5 SW018 2/17 
Copper 7440-50-8 0.91 12.4 SW001 11/17 
Iron 7439-89-6 277 5010 SW001 14/17 
Lead 7439-92-1 1.2 12.4 SW001 3/17 
Magnesium 7439-95-4 1150 3630 SW023 17/17 
Manganese 7439-96-5 4.7 159 SW001 10/17 
Mercury 7439-97-6 0.00092 0.0124 SW028 17/17 
Nickel 7440-02-0 2.2 5.7 SW019 3/17 
Potassium 7440-09-7 918J 1830 SW010 8/17 
Sodium 7440-23-5 4920 14500J SW014 17/17 
Vanadium 7440-62-2 5 11.5 SW001 5/17 
Zinc 7440-66-6 6.5 53.4 SW001 6/17 
General Chemistry (mg/L)  
Alkalinity  31 31 SW026 1/1 
Hardness as CaCO3  42 130 SW023 6/6 
Total Alkalinity  29 81 SW023 5/5 

Total Dissolved Solids  71 170 SW023-D, 
SW023 6/6 

Total Suspended Solids  5 28 SW028 3/6 
Radiological (pCi/L)  
gross Alpha  0.5 18.1 SW001 17/17 
gross Beta  2 14.2 SW001 16/17 
Resample Data 1999 were used in statistical analysis. 
If a duplicate sample was collected at a location, the average of the two was used for statistical purposes. 
"J" qualifier indicates an estimated value. 
Rejected values not included. 
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CTLs were mostly limited to aluminum, copper, iron, and lead during all phases of sampling.  Mercury, 

analyzed using ultra-clean methods during Phase III, marginally exceeded the FSW CTL at only one off-

site, upstream location.  
 
2.3 CONTAMINANT FATE AND TRANSPORT 
 
The former landfill at OU 2 is considered to be a primary source of many of the contaminants that were 

detected during the RI; however, the subsequent urban development of the area and the construction and 

maintenance of a golf course over a large portion of the site are also considered to be potential 

contributors for some contaminants. The affected media at OU 2 include surface soil, surface water, 

sediment, and groundwater.  Because landfill materials were buried in trenches or pits that intercept the 

water table, the most significant source of contaminants lies beneath the ground surface.  A portion of the 

source material is in direct contact with groundwater in the surficial aquifer, and migration via the 

groundwater pathway is the major concern.  In addition, several areas were identified during the RI where 

thin soil cover exists over landfill material; these areas often coincided with unacceptable levels of 

contaminants in surface soil.  Therefore, the transport of contaminants in surface soil to humans via direct 

exposure is also a major concern.  A site conceptual model for OU 2 is presented in Figure 2-11. 
 
Evaluation of the data collected during the RI suggests that the landfill is the primary source of organic 

(i.e., VOC and SVOC) and inorganic contaminants detected in groundwater, of PAHs in surface soil, and 

of inorganic contaminants detected in sediment and surface water.  The landfill is also possibly a 

secondary source for inorganic compounds in surface soil.  Organic and inorganic compounds are being 

transported by the groundwater flow toward the canals.  Concentrations of organic contaminants above 

GCTLs are more pronounced in the lower portion of the surficial aquifer (i.e., intermediate wells).  This 

may be a result of waste burial beneath the water table and the slight downward gradient in the surficial 

aquifer beneath the landfill.  Also, the organic contaminants are likely to be more mobile in groundwater 

than the inorganic contaminants.  The presence of a clay aquitard at the bottom of the surficial aquifer 

appears to provide an effective barrier to prevent deeper contaminant migration into underlying confined 

aquifers.  Considering the age of the landfill, the reducing groundwater environment, and the short 

distance between the landfill and the canal, it is apparent that both organic and inorganic contaminants 

have a current or future potential to be discharged to the canals.   
 
Because burning was reported to have occurred during the landfill operation, it is likely that the 

occurrence of PAHs in surface soil is related to the distribution of impacted soil during covering and 

closure of the landfill. This soil may also have been disturbed and/or redistributed during construction of the golf course. 

Final grading of the golf course, however, appears to have covered much of the impacted soil as
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evidenced by the absence of high concentrations of PAHs over most of the central areas of the golf 

course.  Evapotranspiration coupled with thin soil cover in some areas and a high water table may 

currently contribute to the migration of PAHs and of inorganic compounds from landfill material or 

impacted soil to the present-day surface soil. 
 
The RI data indicate that surface application (possibly including spillage and disposal) of pesticides at the 

golf course was the primary source for pesticides (and possible related inorganic compounds such as 

arsenic) in surface soil.  The high frequency of detection of pesticides in surface soil, their low frequency 

of detection in sediment, and their absence in surface water and groundwater are consistent with their 

surface application (in accordance with labeled instructions) at the golf course.  The early years of 

operation of the golf course are likely to have included application of now-banned pesticides that are 

persistent in surface soil.  Although pesticides are not likely to occur as dissolved species in groundwater, 

they are likely to occur in suspended sediment or colloidal particles suspended in the groundwater if they 

were present in the landfill material.  The absence of pesticides in the groundwater samples, some of 

which contained relatively high turbidity when collected, therefore strongly suggests that these 

compounds are not a significant component of the landfill material.  Because they are not present in 

groundwater, they are not present in surface water that is derived predominantly from groundwater 

discharge.  The infrequent and widely spaced detections of pesticides in sediment, both in upstream and 

downstream locations, indicate that the current conditions reflect isolated and/or relic loci of contaminant 

transport and deposition in surface water bodies near the former landfill. 
 
The most pronounced effects to sediment and surface water have been the discharge and deposition of 

inorganic contaminants to these media.  Inorganic compounds are being derived from groundwater 

discharge and from surface water runoff that transports impacted soil particles and/or dissolved 

contaminants.  Contaminant transport by means of soil erosion is likely to have been more significant 

prior to development of the golf course.  The golf course has provided good vegetative cover even over 

areas where thin soil cover occurs over the landfill.  In addition, the completed IRAs have removed hot 

spot soil within the golf course area and have provided additional soil cover where landfill material is near 

the surface in the formerly wooded area across the southern portion of OU 2.  Therefore, wind erosion 

and transport of soil particulates are not considered to be significant migration pathways. Considering the 

age of the landfill, the reducing groundwater environment, and the short distance between the landfill and 

the canal, it is apparent that both organic and inorganic contaminants have been or will be discharged to 

the canals.  Ultimately, the contaminants that are released from soil and the landfill by surface water 

runoff and groundwater discharge, or from impacted sediment directly to surface water, may be 

transported downstream via the canals to Lake Gillooly. 
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The leaching of contaminants from surface soil and landfill materials and their transport via groundwater 

to the canals are considered prime contaminant pathways.  Therefore, the processes that affect 

contaminant transport and retardation in the surficial aquifer have been evaluated.  Contaminant transport 

to the deeper confined aquifer in the Hawthorn formation is considered to be insignificant.  Contaminant 

seepage velocities calculated for the chemicals of potential concern (COPCs) identified in the RI Report 

(Tetra Tech NUS, 2001) range from essentially immobile (aluminum = 0.00007 feet/day) to 0.232 feet/day 

(vinyl chloride).  All contaminant velocities are considered to be very low.  If the edge of the landfill is 

within 100 to 200 feet from the drainage canals (as indicated by the geophysical survey results), then 

vinyl chloride would reach the canals in approximately 1 to 2 years; chlorobenzene would require 8 to 16 

years.  In comparison, arsenic or iron, which represent the most mobile inorganic COPCs, would require 

300 to 600 years to reach the canals.  Because the surficial aquifer flows eastward beneath OU 2 and 

discharges to the canals, the canals represent the downgradient extent of the groundwater plume at OU 

2. 
 
2.4 HUMAN HEALTH RISK ASSESSMENT 
 
A human health risk assessment (HHRA) was conducted as part of the RI for OU 2.  The purpose of the 

HHRA was to characterize the risks to humans associated with the potential exposures to chemicals in 

surface soil, groundwater, surface water, and sediment.  Subsurface soil was not evaluated because no 

excavation activities into the subsurface soil resulting in long-term exposure are expected to take place 

on the site because of deed restrictions based on the site status as a former landfill.  This HHRA was 

conducted in accordance with applicable USEPA and FDEP guidance documents. 
 
A review of soil and groundwater analytical results used to conduct the HHRA showed that wells in the 

northern portion of the golf course (Area 1) had similar concentrations and chemical contamination 

profiles.  Likewise, wells in the southern portion of the golf course (Area 2) and in the southern, wooded 

area of OU 2 (Area 3) showed similar patterns of concentration and contamination with other wells in 

those areas.  These area divisions are shown with respect to the soil, groundwater, and sediment/surface 

water sample locations in Figures 2-6, 2-8, and 2-10.  It was also noted that the concentrations and 

chemical contamination profiles for Area 1 differed from Areas 2 and 3.  Because of the different 

concentrations and chemical profiles, for the HHRA, OU 2 was divided into two exposure units. These 

exposure units were referred to as Area 1 and Area 2/3 in the HHRA.  Soil and groundwater data were 

grouped appropriately to correspond to whether the sampling location was in Area 1 or Area 2/3.  No 

contamination pattern was noted in surface water and sediment data sets; therefore, the surface water 

and sediment data sets were not subdivided for purposes of the HHRA.  The entire surface water and 

sediment data sets were used for both Area 1 and Area 2/3. 
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For the purposes of completeness, risk from groundwater and surface water was presented in the RI 

Report (Tetra Tech NUS, 2001) for the Phase I and Phase II sampling rounds as well as the Phase III 

sampling round.  Risk characterization was only presented for the updated surface soil data set 

(i.e., excavated soil locations or those surface soil locations that were covered by the 2-foot soil cover 

during post RI interim actions (see Section 2.2.2.2) were removed from the data set).  Because the 

excavated soil was removed from the site and covered soil was no longer accessible as surface soil, any 

associated risk from these samples was removed from the risk assessment.  Likewise, risk 

characterization was only presented for the Phase III sediment data set because the 1999 dredging 

removed some sediment while exposing different sediment.   
 
The risk characterization was presented in two groups in the RI Report (Tetra Tech NUS, 2001).  In the 

first group, risk from Phase I and Phase II groundwater and surface water was presented with the risk 

from the updated surface soil and Phase III sediment data sets.  In the second group, risk from the 

Phase III groundwater and surface water data sets was presented with the risk from the updated surface 

soil and Phase III sediment data sets.  As previously discussed, groundwater samples from Phase I and 

Phase II were highly turbid, and surface water samples from Phase I and Phase II were collected prior to 

dredging.  Therefore, the Phase I and Phase II groundwater and surface water data were considered to 

be unrepresentative of the actual conditions at the site; thus, only the second group risk characterization 

is presented in this FS (below). 
 

2.4.1 Risks for Area 1 
 
Area 1 consists of the northern half of the golf course that lies between the housing area along the west 

side of OU 2 and the north-south trending canal that lies along the eastern margin of OU 2 [between OU 

2 and Greater Orlando Aviation Authority (GOAA) property].  Hazard indexes (HIs) developed in the 

HHRA for the maintenance worker, golfer (adult and adolescent), and hypothetical future resident (adult, 

adolescent, and small child) are summarized as follows: 
 
Receptor Hazard Index Table In RI Appendix E 
Maintenance Worker 2.4E-02 E9.1B 
(Current/Future) 
Adult Golfer 1.6E-03 E9.3 
(Current/Future) 
Adolescent Golfer 2.5E-03 E9.5 
(Current/Future) 
Hypothetical Adult Resident 3.3E+00 E9.9B 
(Future) 
Hypothetical Adolescent Resident 1.1E-01 E9.11B 
(Future) 
Hypothetical Child Resident 7.7E+00 E9.13B 
(Future) 
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Incremental lifetime cancer risk (ILCR) estimates calculated in the HHRA for the maintenance worker, the 

recreational user, and the hypothetical future resident and presented in the referenced tables were as 

follows: 

 

Receptor Cancer Risk Estimate Table in RI Appendix E 

Maintenance Worker (Current/Future) 1.8E-06 E9.1B 

Adult Golfer (Current/Future) 3.6E-07 E9.3 

Adolescent Golfer (Current/Future) 2.6E-07 E9.5 

Total for Golfer (Current/Future) 6.2E-07 

Hypothetical Adult Resident (Future) 9.2E-06 E9.9B 

Hypothetical Adolescent Resident (Future) 1.2E-06 E9.11B 

Hypothetical Child Resident (Future) 8.5E-06 E9.13B 

Total for Hypothetical Resident  1.9E-05 

 

A review of the media- and chemical-specific risk results indicates that risk estimates for benzo(a)pyrene 

and arsenic in surface soil, BEHP in surface water, and benzene and 1,4-dichlorobenzene in 

groundwater exceed 1.0E-06 for the hypothetical future resident.  No COPCs for Area 1 have a risk that 

exceeds 1.0E-06 for the maintenance worker receptor. 
 

The media-specific ILCR estimates for Area 1 were as follows: 

 
Receptor Media Cancer Risk Estimate Table in RI Appendix 
E 
Maintenance Worker Soil 1.1E-06 E9.1A 
(Current/Future) Local Surface Water 6.1E-07 E9.1A 
 Local Sediment 1.2E-08 E9.1A 
 Total 1.8E-06 E9.1A 
Hypothetical Adult Resident Soil 2.6E-06 E9.9A 
(Future) Local Surface Water 8.2E-07 E9.9A 
 Local Sediment 8.5E-09 E9.9A 
 Groundwater 3.5E-04 E9.9A 
 Total 3.5E-04 E9.9A 
Hypothetical Adolescent 
Resident Local Surface Water 1.3E-06 E9.11A 
(Future) Local Sediment 1.4E-08 E9.11A 
 Total 1.3E-06 E9.11 A 
Hypothetical Child Resident Soil 5.2E-06 E9.13A 
(Future) Groundwater 2.0E-04 E9.13A 
 Total 2.1E-04 E9.13A 
Total for Resident  5.6E-04 
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Section 6.5.1.4 of the RI Report (Tetra Tech NUS, 2001) should be consulted for a review of important 

uncertainties associated with the HHRA for Area 1 summarized above. The following items summarize 

the results of the risk characterization for Area 1 using updated Phase III sample data: 
 

• Noncancer risk estimates (HIs) developed for the maintenance worker, golfer, and adolescent 

resident are less than 1, indicating that adverse noncarcinogenic effects are not anticipated under the 

conditions considered in the risk assessment.  HIs calculated for the hypothetical future resident, the 

only receptor assumed to be exposed to groundwater, do exceed 1 as a result of the evaluation of 

COPCs selected for groundwater. 
 

• The ILCR estimate for the maintenance worker (1.8E-06) exceeds the FDEP target ILCR of 1.0E-06 

and the conservative end of the USEPA target risk range (1.0E-06).  No risk from individual COPCs 

exceeds 1.0E-06. 
 

• The ILCR estimate for the hypothetical future resident (1.9E-05) exceeds the FDEP target ILCR of 

1.0E-06 and the conservative end of the USEPA target risk range (1.0E-06). 
 

2.4.2 Risks for Area 2/3 

 

Area 2/3 consists of the southern half of the golf course that lies south of the housing area along the west 

side of OU 2 and the southern, formerly wooded area that lies between the western OU 2 fenceline and 

the north-south trending canal that lies along the eastern margin of OU 2 (between OU 2 and bunkers on 

GOAA property).  HIs developed in the HHRA for the maintenance worker, recreational user (adult and 

adolescent), and hypothetical future resident (adult, adolescent, and small child) are summarized as 

follows: 

 

Receptor Hazard Index Table in RI Appendix E 

Maintenance Worker (Current/Future) 2.4E-02 E9.2B 

Adult Recreational User (Current/Future) 1.0E-03 E9.4 

Child Recreational User (Current/Future) 9.5E-03 E9.6 

Hypothetical Adult Resident (Future) 1.7E+01 E9.10B 

Hypothetical Adolescent Resident (Future) 1.1E-01 E9.12B 

Hypothetical Child Resident (Future) 3.8E+01 E9.14B 

 

It was noted that the HIs calculated for the Area 2/3 groundwater COPCs (i.e., groundwater use by 

hypothetical adult resident only) were an order of magnitude greater than those calculated for Area 1. 



Rev. 1 
07/30/03 

470801005 2-68 CTO 0024 

The ILCR estimates calculated for the maintenance worker, the recreational user, and the hypothetical 

future resident for Area 2/3 were as follows: 
 
Receptor Cancer Risk Estimate Table in RI Appendix E 

Maintenance Worker 1.8E-06 E9.2B 
(Current/Future) 

Adult Recreational User 2.0E-07 E9.4 
(Current/Future) 

Adolescent Recreational User 5.4E-07 E9.6 
(Current/Future) 

Total for Recreational User 7.4E-07 
(Current/Future) 

Hypothetical Adult Resident 1.0E-03 E9.10B 
(Future) 

Hypothetical Adolescent Resident 1.2E-06 E9.12B 
(Future) 

Hypothetical Child Resident 5.8E-04 E9.14B 
(Future) 

Total for Hypothetical Resident 1.6E-03 

A review of the media- and chemical-specific risk results indicates that COPCs in groundwater and 

surface water are the predominant risk drivers for Area 2/3. 
 
The media-specific ILCR estimates for Area 2/3 were as follows: 
 

Receptor Media Cancer Risk Estimate Table in RI Appendix E 

Maintenance Worker Soil 1.2E-06 E9.2B 
(Current/Future) Local Surface Water 6.2E-07 E9.2B 
 Local Sediment 1.2E-08 E9.2B 

 Total 1.8E-06 E9.2B 

Hypothetical  Soil 2.7E-06 E9.10B 
Adult Resident  Local Surface Water 7.6E-07 E9.10B 
(Future) Local Sediment 8.5E-09 E9.10B 
 Groundwater 9.9E-04 E9.10B 

 Total 1.0E-03 E9.10B 
Hypothetical Local Surface Water 1.2E-06 E9.12B 
Adolescent Resident Local Sediment 1.4E-08 E9.12B  
(Future)  
  Total 1.2E-06 E9.12B 
Hypothetical  Soil 5.2E-06 E9.14B 
Child Resident Groundwater 5.7E-04 E9.14B 
(Future)  
 Total 5.8E-04 E9.14B 

Total for Hypothetical Future Resident 1.6E-03 
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Section 6.5.2.4 of the RI Report (Tetra Tech NUS, 2001) should be consulted for a review of important 

uncertainties associated with the HHRA for Area 2/3 summarized above. The following items summarize 

the results of the risk characterization for Area 2/3 Phase III. 

 

• Noncancer risk estimates (HIs) developed for the maintenance worker, recreational user, and the 

hypothetical adolescent resident are less than 1, indicating that adverse noncarcinogenic effects are 

not anticipated under the conditions considered in the risk assessment.  HIs calculated for the 

hypothetical future resident, the only receptor assumed to be exposed to groundwater, do exceed 1 

as a result of the evaluation of COPCs selected for groundwater.   
 
• The ILCR estimate for the recreational user (7.4E-07) did not exceed the FDEP target ILCR of 

1.0E-06. 
 
• The ILCR estimate for the maintenance worker (1.8E-06) exceeded the FDEP target ILCR of 1.0E-

06, but was within the USEPA target risk range (1.0E-04 to 1.0E-06).  The risk estimate assuming 

exposure to soil only was 1.2E-06. 
 
• The ILCR estimate for the hypothetical future resident (1.0E-04) exceeded the FDEP target ILCR of 

1.0E-06.  Risk calculated for exposure to surface soil in Area 2/3 and surface water are within the 

USEPA target risk range of 1.0E-04 to 1.0E-06.  COPCs in groundwater are the primary risk drivers. 

 

2.4.3 Risk Characterization for Trespassers Exposed to Local Surface Waters/Sediment  

 

A summary of the HHRA conducted for off-site residents, visitors, or trespassers occasionally exposed to 

surface waters/sediment local to OU 2 was also presented in the RI Report (Tetra Tech NUS, 2001).   

 

HIs developed for the off-site resident, visitor, or trespasser and presented in the HHRA were as follows: 

 

Receptor Hazard Index Table in RI Appendix E 

Adult Trespasser (Current/Future) 3.3E-02 E9.7B 

Adolescent Trespasser (Current/Future) 1.1E-01 E9.8B 

 

ILCR estimates calculated for the adult and adolescent trespasser and presented in the HHRA for the 

primary media of concern were as follows: 
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Receptor Media Cancer Risk Estimate Table in RI Appendix E 

Adult Trespasser Local Surface Water 7.6E-07 E9.7B 
(Current/Future) Local Sediment 8.5E-09 E9.7B 

 Total 7.7E-07 E9.7B 

Adolescent Trespasser Local Surface Water 1.2E-06 E9.8B 
(Current/Future) Local Sediment 1.4E-08 E9.8B 

 Total 1.2E-06 E9.8B 

Total for Trespasser 2.0E-06 

 
Section 6.5.3.4 of the RI Report (Tetra Tech NUS, 2001) should be consulted for a review of important 

uncertainties associated with the HHRA for the trespasser summarized above.  The following items 

summarize the results of the risk characterization for the trespasser occasionally exposed to surface 

waters and sediment. 

 

• HIs calculated for the adult and adolescent trespasser are less than 1, indicating that adverse 

noncarcinogenic health effects are not anticipated under the conditions established in the exposure 

assessment. 
 

• The ILCR estimate for the trespasser (3.1E-06) is within the USEPA target risk range (1.0E-04 to 

1.0E-06).  ILCR estimates calculated for COPCs in sediment do not exceed 1.0E-08. 

 

2.5 ECOLOGICAL RISK ASSESSMENT 

 

An ecological risk assessment (ERA) was performed during the RI to characterize the potential risks from 

OU 2-related chemicals to ecological receptors that inhabit OU 2 and nearby areas. The assessment 

generally followed a two-step process:   

 

• Step 1:  Preliminary Problem Formulation and Preliminary Ecological Effects Evaluation 

• Step 2:  Preliminary Exposure Estimate and Preliminary Risk Calculation 

 

The ERA conducted during the RI was considered to be a “screening level” assessment since it was 

based on comparing chemical concentrations against conservative screening values and an evaluation of 

historical ecological data.  It comprised Steps 1 and 2 of the Superfund ERA process as described above.  

Region 4 USEPA (1995) refers to the screening level assessment as a “preliminary risk evaluation.”  In 

accordance with Region 4 guidance for performing preliminary risk evaluations, comparisons of maximum 
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chemical concentrations to Region 4 screening levels were performed prior to the first two steps (the 

“ecological screening value comparison”). 

The site is comprised of a wide variety of ecological and geographical features, including open, mowed 

turfgrass areas, cart paths, ponds, woodlots, wetlands, canals, and intermittent streams.  The golf course 

itself provides marginal terrestrial habitat and thus would attract limited terrestrial fauna.  The wooded 

areas on and around the McCoy Annex Landfill would be expected to attract a variety of wildlife, including 

invertebrates, mammals, birds, reptiles, and amphibians.  The aquatic habitats on and near OU 2 may 

provide habitat for aquatic invertebrates, amphibians, and fishes. To date, no formal wetland delineations 

have been performed on OU 2.  However, the U. S. Fish and Wildlife Service’s (USFWS’s) National 

Wetlands Inventory (NWI) map indicates several wetlands on OU 2. 

 

The USFWS, Florida Game and Fresh Water Fish Commission (FGFWFC), and Florida Natural Areas 

Inventory (FNAI) were consulted to obtain information regarding the potential presence of rare, 

threatened, and endangered species on the McCoy Annex and vicinity.  USFWS and FGFWFC indicate 

that several rare, threatened, and endangered species may currently use or inhabit the McCoy Annex 

area.  The USFWS was only able to provide information on Federal candidate, threatened, and 

endangered species that could be found in Orange County (Palmer, 1998).  FGFWFC provided 

occurrence records for rare, threatened, and endangered species that FGFWFC has documented near 

McCoy Annex.  More details on potential rare, threatened, and endangered species at OU 2 are provided 

in the RI Report Section 7.2.1.4 (Tetra Tech NUS, 2001). 

 

The northern, central, and southern sections of OU 2 (i.e., Areas 1, 2, and 3 shown with respect to the 

soil, groundwater, and sediment/surface water sample locations in Figures 2-6, 2-8, and 2-10) are 

somewhat disparate ecologically.  As a result, the receptors prevalent on each portion of OU 2 vary, and 

difficulties arise when determining overall risks for OU 2.  The northern section is mostly golf course 

grounds, the canal along the eastern border of OU 2, and some ponded water.  The central section is 

comprised of the golf course and the canal as well, but contains a system of ponds and forested 

wetlands.  The southern section is almost entirely wooded, mainly upland, with some forested wetland 

areas interspersed among the upland areas. 

 

On the whole, most of the terrestrial risks are driven by hot spots of contamination, primarily in one or two 

adjacent samples.  These include hot spots of PAH contamination in all three sections, but mainly in the 

southern section.  Interim action hot spot removals and a soil cover placed in the areas have reduced 

these risks.   
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Some food chain risks were present in all sections from inorganic compounds, PAHs, and pesticides.  

Yet, most of these risks were driven by localized, elevated concentrations of chemicals.  For the most 

part, the localized, elevated detections of metals in surface soil do not appear to pose potential food chain 

risks at the population or community level, especially after the risk management activities were 

implemented. Therefore, the assessment endpoints for terrestrial receptors do not appear to be 

compromised and additional risk management appears to be unwarranted. 

 

Concentrations of several inorganic compounds in surface water were elevated throughout the canal’s 

length along OU 2.  Most of the elevated detections in Phase I and Phase II surface water samples were 

less in Phase III samples, with the exception of mercury.  The elevated detections of inorganic 

compounds in groundwater suggest that groundwater under the site in the surficial aquifer is most likely 

the source.  Concentrations of inorganic compounds in sediment did not appear to be elevated in any of 

the waterbodies on and downgradient of OU 2, including samples collected in Lake Gillooly and 

immediately upgradient of the lake.  It is possible that concentrations of inorganic compounds are not 

elevated in canal sediment due to periodic dredging of those sediment.  Several of these waterbodies are 

wetlands.  Thus, accumulation of inorganic compounds in wetland sediment does not appear to be 

occurring.  Therefore, the only pervasive risks throughout the OU appear to be in the canals, as shown in 

the following ecological risk summary for OU 2: 

 
Location COPCs Medium Suspected Source 

Northern Section Several inorganic 
compounds Surface water Groundwater discharge 

Central Section Several inorganic 
compounds Surface water Groundwater discharge 

Southern Section Several inorganic 
compounds Surface water Groundwater discharge 

 

Although elevated concentrations of inorganic compounds, mainly mercury, were present in canal surface 

water during all three phases of sampling, the canal contains limited habitat in both quantity and quality.  

The canal empties into Lake Gillooly south of OU 2.  Sampling in the lake suggests that inorganic 

compounds have not migrated to the lake to any appreciable degree.  For these reasons, although 

potential risks may be associated with canal surface water, no remedial activity or additional ecological 

study is recommended. 
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3.0 DEVELOPMENT OF REMEDIATION OBJECTIVES 
 

The initial step in developing remedial alternatives to address the human health concerns identified at 

OU 2 and to comply with all applicable regulations is the development of RAOs.  RAO development 

includes: 

 

• Identifying ARARs and other environmental criteria that must be considered in developing RAOs. 
 

• Developing media-specific RAOs that are protective of human health and the environment and 

comply with ARARs.  RAOs may specify COCs, exposure pathways and receptors, and PRGs that 

identify potentially acceptable contaminant levels or a range of chemical concentrations for each 

exposure route. 
 

• Developing initial estimates of areas or volumes of media that should be addressed by the remedial 

alternatives. 

 

After these steps are completed, GRAs that will satisfy the site-specific RAOs can be formulated, and 

applicable technologies identified and evaluated.  GRA development and technology identification, 

screening, and evaluation are presented in Section 4.0. 

 

3.1 ARARS AND TBCS 

 

ARARs and guidance TBCs are the regulatory and nonregulatory environmental criteria that must be 

considered while planning and implementing remedial actions.  ARARs are promulgated federal and state 

environmental and facility siting requirements that are determined to be legally applicable or relevant and 

appropriate to the hazardous substances, remedial actions, or other circumstances at a CERCLA site.  

The two categories of requirements are defined below: 

 

• Applicable Requirements - Section 300.5 of the NCP defines applicable requirements as "those 

cleanup standards, standards of control, and other substantive requirements, criteria, or limitations 

promulgated under federal environmental or state environmental or facility siting laws that specifically 

address a hazardous substance, pollutant, contaminant, remedial action, location, or other 

circumstance found at a CERCLA site." 

 

• Relevant and Appropriate Requirements - Section 300.5 of the NCP defines relevant and appropriate 

requirements as "those cleanup standards, standards of control, and other substantive requirements, 
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criteria, or limitations promulgated under federal environmental or state environmental or facility siting 

laws that, while not ‘applicable’ to a hazardous substance, pollutant, contaminant, remedial action, 

location, or other circumstance at a CERCLA site, address problems or situations sufficiently similar 

to those encountered at the CERCLA site that their use is well suited to the particular site." 

 

The NCP Section 300.430(E) states that on-site remedial actions at CERCLA sites must meet ARARs 

unless there are grounds for invoking a waiver.  A waiver is required if ARARs cannot be achieved. 

 

TBCs are nonpromulgated criteria, advisories, and guidance issued by the Federal or state governments.  

Along with ARARs, TBCs may be used to develop the remedial action alternatives necessary to protect 

human health and the environment. 

 

ARARs and TBCs are further divided into three categories: chemical-specific, location-specific, and 

action-specific.  These categories are briefly discussed in Sections 3.1.1 through 3.1.3. 

 

3.1.1 Chemical-Specific ARARs and TBCs 
 
Chemical-specific ARARs and TBCs are usually health- or risk-based numerical values or methodologies 

which, when applied to site-specific conditions, result in numerical values that establish the acceptable 

amount or concentration of a chemical that may be found in, or discharged to, the ambient environment.  

In general, chemical-specific requirements are set for a single chemical or a closely related group of 

chemicals.  These requirements do not consider the mixture of chemicals.  A set of chemical-specific 

ARARs and TBCs that may be applied to OU 2 is presented in Table 3-1. 

 

3.1.2 Location-Specific ARARs and TBCs 
 
Location-specific ARARs and TBCs are restrictions placed on the concentrations of hazardous 

substances or the conduct of activities solely because they are in specific areas.  Location-specific 

ARARs and TBCs for OU 2 are presented in Table 3-2. 

 

3.1.3 Action-Specific ARARs and TBCs 
 
Action-specific ARARs and TBCs are usually technology- or activity-based requirements or limitations on 

actions taken with respect to managing hazardous substances, pollutants, or contaminants.  These 

requirements generally focus on actions taken to remediate, handle, treat, transport, or dispose of 
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TABLE 3-1  
CHEMICAL-SPECIFIC ARARs AND TBCs 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
PAGE 1 OF 3 

 
AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

Federal 
Regulatory 
Requirements 

Clean Water Act – 
General Pre-treatment 
Regulations for Existing 
and New Sources of 
Pollution (40 CFR Part 
403) 

Potentially 
Applicable 

These guidelines outline requirements for the 
discharge of pollutants from nondomestic 
sources into POTWs, to control pollutants that 
pass through, cause interference, or are 
otherwise incompatible with the treatment 
processes at the POTW.  

Alternatives may involve discharge groundwater to 
POTW.  Such a discharge should meet the chemical 
concentration limits imposed by the treatment plant.  

 EPA Region 9 Risk-
Based Concentrations 
(November 2000) 

To Be Considered Risk-Based Concentrations (RBCs) are human-
health-based allowable exposure guidance 
levels developed for carcinogenic and non-
carcinogenic compounds, using reference doses 
and carcinogenic potency slopes obtained from 
USEPA’s Integrated Risk Information System 
(IRIS) database, USEPA’s Health Effects 
Assessment Summary Tables (HEAST), and 
standard exposure scenarios.  RBCs are 
chemical concentrations corresponding to a 
fixed level of risk in various media. 

RBCs from Region III are used in the RI and future 
data will be compared with Region 9 if state mandated 
data are not available for human health risk 
evaluation to identify and select chemicals of potential 
concern. 

 Clean Water Act – 
National Pollutant 
Discharge Elimination 
System (NPDES)  
40 CFR Parts 122 
and 125) 

Potentially 
Applicable 

Requires permits for discharge of any pollutant 
into the navigable waters of the United States. 
Permits specify allowable concentrations of 
contaminants that may be present in the effluent 
stream. 

Alternatives may involve surface discharge to 
navigable waters. Such a discharge involving various 
chemicals should require NPDES permit. 

 Resource Conservation 
and Recovery Act 
(RCRA) Regulations, 
Identification and Listing 
of Hazardous Wastes 
(40 CFR Part 261) 

Potentially 
Applicable 

Defines listed and characteristic hazardous 
wastes subjected to RCRA.  Appendix II 
contains the toxicity characteristic leaching 
procedure. 

These standards for various chemicals would apply in 
determining whether or not waste on-site is 
hazardous.  

 Land Disposal 
Restrictions  
(40 CFR 268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(chemical concentration levels or methods of 
treatment) which wastes must meet in order to 
be eligible for land disposal. 

Contaminated soil and debris, and process waste 
must be treated to attain applicable chemical 
concentration standards prior to placement in a landfill 
or other land disposal facilities.  

08/24/01
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TABLE 3-1  
CHEMICAL-SPECIFIC ARARs AND TBCs 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
PAGE 2 OF 3  

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 
Federal 
Regulatory 
Requirements 
(Continued) 

Control of Air Emissions 
from Superfund Air 
Strippers at Superfund 
Groundwater sites (Office of 
Solid Waste and 
Emergency Response 
Directive 9355.0-28) 

To be 
considered 

Guidance establishes criteria as to whether air 
emission controls are necessary for air strippers. A 
maximum of 3 lb/hour or 15 lb/day or 10 ton/year of 
volatile organic compound (VOC) emissions is 
allowable. Controls are required if these limits are 
exceeded.  

Alternatives for groundwater treatment may 
involve air stripping. If the VOC emissions exceed 
the limits, off-gas treatment would be necessary. 

 National Emission 
Standards for Hazardous 
Air Pollutants (40 CFR 61- 
Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific 
sources. 

Alternatives for groundwater treatment may 
involve stripping of vinyl chloride. 

 Safe Drinking Water Act 
Regulations, Maximum 
Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-
141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection 
drinking water sources serving at least 25 persons.  

MCLs are part of required state cleanup 
standards. 

 National Secondary 
Drinking Water Regulations 
(40 CFR 143) 

To be 
considered 

Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities 
relating to public acceptance of drinking water. 

Secondary MCLs are part of required state 
cleanup standards. 

 Groundwater Protection 
Strategy 

To be 
considered 

USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

More stringent state regulations would be followed.

 Groundwater Protection 
and Monitoring, Resource 
Conservation and Recovery 
Act (RCRA) Subpart F (40 
CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective 
action measures.  Groundwater protection 
standards for 14 toxic compounds are equal to 
MCLs under Safe Drinking Water Act. 

Requirements would be considered for developing 
PRGs and monitoring plans. 

 Ambient Water Quality 
Criteria, Section 304, Clean 
Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface 
water remedial action. 

Criteria would be considered for assessing the 
requirement of remedial action for canal water next 
to OU 2. 
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TABLE 3-1  
CHEMICAL-SPECIFIC ARARs AND TBCs 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
PAGE 3 OF 3 

 
AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

State Regulatory 
Requirements 

FDEP, Contaminant 
Cleanup Target Levels 
(CTLs) (Chapter 62-777, 
F.A.C.) 

Potentially 
Applicable 

Establishes cleanup target levels for groundwater, 
surface water, and soil. 

The CTLS will be used as PRGs for cleanup 
actions.  

 FDEP, Surface Water 
Quality Standards (Chapter 
62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

Alternatives involving surface water cleanup and 
groundwater discharging to surface water would 
be required to achieve the standards. 

 FDEP, Air Pollution Control 
(Chapter 62-204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Alternatives involving stripping of groundwater 
should meet these standards for air pollutants. 

 FDEP, Groundwater 
Classes, Standards, and 
Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater 
classes in the state and corresponding 
restrictions/requirements.  

Alternatives would be required to include process 
options to deliver the actions sufficient to meet the 
requirements. 

 FDEP, Hazardous Waste 
(Chapter 62-730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration 
limits that would classify solid waste as hazardous 
waste and set rules for the management of such 
waste.  

Based on the history of operations at OU 2, the 
waste would be classified as hazardous waste. 
These regulations would apply to all alternatives 
involving Hazardous Waste Management during 
Remediation. 

 FDEP, Pretreatment 
Requirements for Existing 
and New Sources of 
Pollution (Chapter 62-625, 
F.A.C.) 

Potentially 
Applicable 

These regulations establish the authority of various 
bodies to implement pretreatment standards to 
control pollutant that pass through or interfere with 
treatment processes in domestic wastewater 
facilities.  

These standards would apply to remedial activities 
involving the discharge of remediation waters to a 
POTW. 

 FDEP, Florida Water 
Quality Based Effluent 
Limitations (WQBELs)  
(Chapter 62-650, F.A.C.)  

Potentially 
Applicable 

Requires that all activities and discharges, except 
dredge and fill, must meet effluent limitations based 
on technology or water quality. WQBELs are 
determined by FDEP based on the characteristics 
of the receiving discharge, the receiving water, and 
surface water criteria promulgated by FDEP. 

These standards would apply to remedial activities 
involving the discharge of remediation waters to 
surface water. 
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TABLE 3-2 
 

LOCATION-SPECIFIC ARARs AND TBCs 
OPERABLE UNIT 2  

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA  

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 
Federal 
Regulatory 
Requirements 

Resource Conservation and 
Recovery Act (42 U.S.C. Section 
6901 et. seq.); Location Standards 
(40 CFR Section 264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year 
floodplain must be designed, constructed, 
operated, and maintained to prevent washout or 
to result in no adverse effects on human health 
or the environment if washout were to occur. 

Alternatives that involve locating a treatment 
system and/or hazardous waste facility at 
OU 2 will comply with this regulation, to the 
extent practicable. 

 Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, 
important farmland, coastal zones, 
etc. (40 CFR Section 6.302(a)) 

Potentially 
Applicable 

This Order requires Federal agencies to take 
action to avoid adversely impacting wetlands 
wherever possible, to minimize wetlands 
destruction and to preserve the values of 
wetlands, and to prescribe procedures to 
implement the policies and procedures of this 
Executive Order. 

Alternative construction may involve some 
disturbance to the nearby wetlands. Actions 
will be conducted so that the wetlands’ natural 
and beneficial values can be realized. 
Implementation of the Order will be considered 
and incorporated into any plan or action, 
wherever feasible. 

 Endangered Species Act  
16 U.S.C. 1531 et seq., 50 CFR 
Parts 17, 81, 225, and 402 

Potentially 
Applicable 

If a location contains a federal endangered or 
threatened species or its critical habitat, and an 
action may impact the species or its habitat, the 
U.S. Fish & Wildlife Service or the National 
Marine Fisheries Service and the corresponding 
state agencies must be consulted. 

Endangered or threatened species may be 
present in the vicinity of OU 2. If alternative 
construction potentially affects, this regulation 
would apply. 

 Native American Grave Protection 
Act of 1979, 25 U.S.C. 3001 et seq. 

Relevant 
and 
Appropriate 

This act would be applicable if human remains 
were discovered during remedial activities. 

No history exists regarding grave sites in the 
near vicinity; however, If an alternative 
involves extensive excavation over a large 
area, appropriate action would be planned.  

 Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant 
and 
Appropriate 

This act requires that military installations 
manage natural resources for multipurpose uses 
and public access appropriate for those uses 
consistent with the military department’s mission. 

NTC, Orlando is an inactive military 
installation.  Requirements will be met as 
appropriate. 

State Regulatory 
Requirements 

FDEP, Hazardous Waste  
(F.A.C. 62-730) 

Potentially 
Applicable 

These regulations define hazardous waste and 
set rules for the management of such waste. 

Based on the history of operations at OU 2, 
the landfill waste would be classified as 
hazardous waste. Landfill cap requirements are 
to be met to prevent potential exposures to 
receptors at the location. 

 Florida Game and Fresh Water Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant 
and 
Appropriate 

Regulates activities affecting state-listed 
endangered or threatened species or their critical 
habitat. 

The state agencies are to be consulted in case 
of any disturbance to potential presence of 
rare, threatened, and endangered species.  
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hazardous substances, pollutants, or contaminants.  These action-specific requirements determine how a 

selected alternative must be implemented.  A set of potential action-specific ARARs and TBCs for OU 2 is 

presented in Table 3-3.  However, action-specific ARARs can be unique to different alternatives evaluated 

and thus may be modified if necessary for each alternative later in this FS. 
 

3.2 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES 

 

RAOs consist of medium-specific goals for protecting human health and the environment.  The RAOs 

specify the media and COCs, exposure pathways and receptors, and acceptable contaminant levels or 

range of levels for each exposure pathway.  By specifying both an exposure pathway and target 

contaminant level(s), the RAOs permit development of a range of alternatives that may achieve 

protectiveness by reducing exposure to contaminated media or reducing contaminant concentrations. 

 

The major components of the RAO development process are identification of the media of concern, 

identification of the COPCs for each medium, development of PRGs, identification of COCs, and 

formulation of RAOs.  

 

3.2.1 Identification of Media of Concern 

 

The media of concern are identified based on the results of site investigations, the site-specific RI, and an 

evaluation of compliance with chemical-specific ARARs.  Site investigations have identified surface soil, 

groundwater, surface water, and sediment as potential media of concern.  Some of the areas with 

potential surface soil contamination have been covered (at least 2 feet) as part of the IRA (Bechtel, 

2000). Because impacted soil still exists beneath the soil cover, “covered surface soil” is also considered 

as a potential medium of concern.  There have been no known releases of contaminants to the air, and 

therefore air was not selected as a medium of concern. 

 

3.2.2 Remedial Action Objectives 

 

RAOs are aimed at protecting human health and the environment and are expressed for each medium of 

concern.  At OU 2 the media of concern included groundwater, surface soil, subsurface soil, sediment, 

and surface water. RAOs are based on the COPCs, the exposure pathway, and the present and future 

receptors at OU 2.  Development of the RAOs considered the results of the RI, particularly the human 

health and ecological risk assessments, as well as the applicable Federal and state standards.   
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TABLE 3-3 
 

ACTION-SPECIFIC ARARs AND TBCs 
OPERABLE UNIT 2  

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA  

PAGE 1 OF 3 
 

AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 
Federal 
Regulatory 
Requirements 

Clean Water Act – 
General Pre-treatment 
Regulations for Existing 
and New Sources of 
Pollution (40 CFR Part 
403) 

Potentially 
Applicable 

These guidelines outline requirements for the 
discharge of pollutants from nondomestic 
sources into POTWs, to control pollutants that 
pass through, cause interference, or are 
otherwise incompatible with the treatment 
processes at the POTW.  

Alternatives may involve discharge groundwater 
to POTW.  Such a discharge should meet the 
limits imposed by the treatment plant.  

 USEPA Region 9 Risk-
Based Concentrations 
(November 2000) 

To Be 
Considered 

Risk-Based Concentrations (RBCs) are human-
health-based allowable exposure guidance levels 
developed for carcinogenic and non-carcinogenic 
compounds, using reference doses and 
carcinogenic potency slopes obtained from 
USEPA’s Integrated Risk Information System 
(IRIS) database, USEPA’s Health Effects 
Assessment Summary Tables (HEAST), and 
standard exposure scenarios.  RBCs are 
chemical concentrations corresponding to a fixed 
level of risk in various media. 

RBCs from Region III are used in the RI and 
future data will be compared with Region 9 if 
state mandated data are not available for 
human health risk evaluation to identify and 
select contaminants of potential concern for the 
remedial action. 

 Clean Water Act – National 
Pollutant Discharge 
Elimination System 
(NPDES) 40 CFR Parts 
122 and 125) 

Potentially 
Applicable 

Requires permits for discharge of any pollutant 
into the navigable waters of the United States. 
Permits specify allowable concentrations of 
contaminants that may be present in the effluent 
stream. 

Alternatives may involve surface discharge to 
navigable waters. Such a discharge should 
require NPDES permit. 

 Resource Conservation 
and Recovery Act (RCRA) 
Regulations, Identification 
and Listing of Hazardous 
Wastes  
(40 CFR Part 261) 

Potentially 
Applicable 

Defines listed and characteristic hazardous 
wastes subjected to RCRA.  Appendix II contains 
the toxicity characteristic leaching procedure. 

These standards would apply in determining 
whether or not waste on-site is hazardous.  

 RCRA Regulations, 
Standards Applicable to 
Transporters of 
Hazardous Waste  
(40 CFR Part 263) 
 

Potentially 
Applicable 

These regulations specify the requirements for 
transporting manifested hazardous waste to a 
licensed facility. 
 

Alternatives may involve processes generating 
hazardous waste. 
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Federal 
Regulatory 
Requirements 
(Continued) 

Land Disposal 
Restrictions (40 CFR 268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) 
which wastes must meet in order to be eligible 
for land disposal. 

Contaminated soil and debris, and process 
waste must be treated to attain applicable 
treatment standards prior to placement in a 
landfill or other land disposal facilities. 

 RCRA Subtitle D, 40 
U.S.C. 6901 

Relevant and 
Appropriate 

Establishes design and operating criteria for solid 
waste (non-hazardous) landfills. 

Alternatives would involve landfill closure. 

 Safe Drinking Water Act 
Regulations, Underground 
Injection Control Program 
(40 CFR Parts 
144,146,147, and 1000) 

Potentially 
Applicable 

These regulations outline minimum program and 
performance standards for underground injection 
programs. 

Alternatives may involve injection of treated 
groundwater. 

 Occupational Safety and 
Health Act Requirements 
(20 CFR 1910, 1926, and 
1904) 

Potentially 
Applicable 

These regulations specify the requirements for 
safety and health applicable to workers engaged 
in on-site field activities. 

Alternatives would involve on-site construction 
and other remediation related activities. 

 Control of Air Emissions 
from Superfund Air 
Strippers at Superfund 
Groundwater sites ( Office 
of Solid Waste and 
Emergency Response 
Directive 9355.0-28) 

To be 
considered 

Guidance establishes criteria as to whether air 
emission controls are necessary for air strippers. 
A maximum of 3 lb/hour or 15 lb/day or 
10 ton/year of volatile organic compound (VOC) 
emissions is allowable. Controls are required if 
these limits are exceeded. 

Alternatives for groundwater treatment may 
involve air stripping. If the VOC emissions 
exceed the limits, off-gas treatment would be 
necessary. 

 DOT Hazardous Materials 
Transportation, 49 CFR 
171-173 

Potentially 
Applicable 

These regulations specify the requirements for 
manifesting and transporting hazardous waste 

Alternatives may involve transporting of 
hazardous waste for off-site disposal. 

 Presumptive Remedy for 
CERCLA Municipal 
Landfill Sites, EPA 540-F-
93-035, Sept. 1993 

To be 
considered 

This directive establishes the procedures for 
containment as the remedy for CERCLA  
municipal landfills under Superfund Accelerated 
Cleanup Model (SACM) 

Remedial Investigation at OU 2 is conducted 
assuming that presumptive remedy would be 
implemented at OU 2. 

 Application of the 
CERCLA Municipal 
Landfill Presumptive 
Remedy to Military 
Landfills, EPA/540/F-
96/020, Dec. 1996 

To be 
considered 

This directive highlights a step-by-step approach 
to determining when a specific military landfill is 
an appropriate site for application of the 
containment presumptive remedy. 

OU 2 is a military landfill and Remedial 
Investigation at OU 2 is conducted assuming 
that presumptive remedy would be implemented 
at OU 2. 
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Federal 
Regulatory 
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(Continued) 

Presumptive Remedies: Policy 
and Procedures, EPA 540-F-
93-047, Sept. 1993 

To be 
considered 

Overall guide to the presumptive remedies 
initiative and its effect on site cleanup. 

Remedial Investigation at OU 2 is conducted 
assuming that presumptive remedy would be 
implemented at OU 2. 

 National Emission Standards 
for Hazardous Air Pollutants 
(40 CFR 61- Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific 
sources. 

Alternatives for groundwater treatment may 
involve stripping of vinyl chloride. 

State Regulatory 
Requirements 

Florida Department of 
Environmental Protection 
(FDEP), Rules on Permits 
(Chapter 62-4, Florida 
Administrative Code (F.A.C.) 

Potentially 
Applicable 

Outlines permitting requirements for water 
pollution sources and air emission units. 

The regulations would apply to off-site CERCLA 
activities or non-CERCLA remedial activities 
requiring air emissions or water discharge permits.  
Substantive requirements of the permits are 
applicable for on-site CERCLA  activities. 

 FDEP, Contaminant Cleanup 
Target Levels (CTLs) (Chapter 
62-777, F.A.C.) 

Potentially 
Applicable 

Establishes cleanup target levels for groundwater, 
surface water, and soil. 

The CTLS will be used as Preliminary 
Remediation Goals (PRGs) for cleanup actions.  

 FDEP, Hazardous Waste 
(Chapter 62-730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and 
set rules for the management of such waste.  

Based on the history of operations at OU 2, the 
waste would be classified as hazardous waste. 
These regulations would apply to all alternatives 
involving Hazardous Waste Management during 
Remediation. 

 FDEP, Surface Water Quality 
Standards (Chapter 62-302, 
F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for 
discharges to surface water. 

Alternatives involving surface water cleanup and 
groundwater discharging to surface water would 
be required to achieve the standards. 

 FDEP, Wastewater Facility 
Permits 

Potentially 
Applicable 

Establishes requirements for wastewater permits. 
Because the state has the authority to implement 
NPDES permits, the state permit will suffice 
permit requirements for any discharge to 
navigable waters. 

Alternatives may involve discharges to surface 
water bodies. 

 FDEP, Underground Injection 
Control (Chapter 62-528, 
F.A.C.) 

Potentially 
Applicable 

Establishes the standards for underground 
injection. Five classes of injection wells are 
defined. 

Alternatives may involve injection of treated 
groundwater into the subsurface. 

 FDEP, Air Pollution Control 
(Chapter 62-204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Alternatives may involve stripping of groundwater 
releasing air pollutants. 

 FDEP, Groundwater Classes, 
Standards, and Exemptions 
(Chapter 62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater 
classes in the state and corresponding 
restrictions/requirements.  

Alternatives would be required to include process 
options to deliver the actions sufficient to meet the 
requirements. 
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For this FS, RAOs are formulated based on unacceptable human health risk that exists for direct 

exposure to groundwater, surface or subsurface soil, sediment, and surface water based on the current 

and anticipated future use of the sites.  The ERA presented in the RI concluded that although there may 

be some potential risks associated with surface water, no remedial activity or additional ecological study 

is warranted.  Therefore, no RAOs are identified for ecological receptors.  All exposure scenarios for 

human health receptors used the State of Florida 62-777, Florida Administrative Code (F.A.C.) CTL’s 

criteria.  The current and future use of the property at OU 2 is to remain industrial.  The current and future 

receptors are commercial/industrial workers.  Based on the current and future use receptors, the 

following RAOs were developed for OU 2.  
 
3.2.2.1 Groundwater 
 
RAO 1:  Prevent ingestion of aquifer groundwater containing carcinogens in excess of State of Florida 

GCTLs (62-777, F.A.C.).  
 
RAO 2:  Prevent ingestion of aquifer groundwater containing noncarcinogens in excess of the State of 

Florida GCTLs (62-777, F.A.C.).  For all chemicals without a promulgated standard [such as the State 

Drinking Water Act Maximum Contamination Level (MCL)], the cumulative cancer risk shall not exceed 

1.0E-06.  The Hazard Quotient (HQ) for each chemical shall not exceed 1.0 for the residential/industrial 

exposure to groundwater.  The HI (which is the sum of the HQs) shall not exceed 1.0 for the 

residential/industrial exposure to groundwater. 
 
RAO 3:  Restore the groundwater aquifer to the State of Florida GCTLs (62-777, F.A.C.). 

 
3.2.2.2 Surface and Subsurface Soil 
 
RAO 4:  Protect human health from carcinogenic and noncarcinogenic risks associated with incidental 

ingestion of, inhalation of, and dermal contact with contaminated soil in excess of the State of Florida 

SCTLs (62-777, F.A.C.) for commercial/industrial criteria.   

 

RAO 5:  Prevent leaching of chemicals from soil that would result in groundwater concentrations that do 

not meet RAOs for groundwater and surface water. 

 
3.2.2.3 Sediment 
 
RAO 6:  Protect human health from carcinogenic and noncarcinogenic risks associated with incidental 

ingestion of, inhalation of, and dermal contact with contaminated sediment (treated as surface soil) in 

excess of the State of Florida SCTLs (62-777, F.A.C.) for commercial/industrial criteria.   
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RAO 7:  Prevent leaching of chemicals from sediment (treated as surface soil) that would result in 

groundwater concentrations that do not meet RAOs for groundwater and surface water. 

 
3.2.2.4 Surface Water 
 

RAO 8:  Restore the surface water to the State of Florida GCTLs (62-777, F.A.C.) for FSW criteria. 

 

3.3 PRELIMINARY REMEDIATION GOALS 

 

PRGs establish acceptable chemical concentrations that are protective of human health and the 

environment and are estimated for OU 2 using baseline assumptions and inputs.  PRGs are determined 

by chemical-specific ARARs which are based on Federal and state standards, chemicals and media of 

interest, and exposure pathways.  These goals are based on State of Florida CTLs (62-777, F.A.C.), 

background screening values (BGSVs), and assumptions regarding ultimate land uses.  The current and 

future use of OU 2 is for industrial purposes; therefore, the considered receptors are 

commercial/industrial workers.  Specifically, PRGs are used to determine COCs, to estimate areas and 

volumes of impacted media, and to set performance standards for potential remedial alternatives. 

 

Cleanup of inorganic chemicals below their established background concentrations will not be performed; 

therefore, BGSVs will be used as the lower limit for PRGs.  The PRG selection criteria are summarized 

below for each medium. 

 

Groundwater 

 

• The State of Florida GCTLs  (Chapter 62-777, F.A.C.). 

 

• For chemicals whose GCTLs are not based on promulgated standards (e.g., MCLs), the cumulative 

cancer risk shall not exceed 1.0E-06 and the HI shall not exceed 1.0. 

 

• NTC Orlando BGSVs (ABB-ES, 1995) will be used as the lower limit for the PRGs of inorganic COCs. 

 

Soil 

 

• The lower of the State of Florida SCTLs for commercial/industrial direct exposure criteria or 

leachability to groundwater (FDEP, 1999). 
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• The cumulative cancer risk shall not exceed 1.0E-06 and the HI shall not exceed 1.0. 

• NTC Orlando BGSVs will be used as the lower limit for the PRGs of inorganic COCs. 

 

Sediment 

 

• FDEP Sediment Quality Assessment Guidelines.  

• NTC Orlando BGSVs will be used as the lower limit for the PRGs of inorganic COCs. 

 

Surface Water 

 

• The State of Florida GCTLs (FDEP, 1999) for FSW criteria. 

• NTC Orlando BGSVs will be used as the lower limit for the PRGs of inorganic COCs. 

 

3.4 CHEMICALS OF CONCERN – HUMAN HEALTH 

 

The determination of COCs for each medium involves a three step process:  

 

1. Determine the chemicals of interest (COIs).  

2. Identify the COPCs.  

3. Select the COCs.   

 

COIs and COPCs were determined in the RI; however, the RI considered a residential scenario for the 

evaluation of surface soil.  Therefore, the COIs and COPCs were reevaluated.   

 

3.4.1 Chemicals of Interest 

 

The COIs included any chemical detected at least once in validated analytical results for environmental 

samples in any medium at the site during any sampling event.  For this FS, the COIs originally identified 

in the RI were carried forward for each medium of concern. 

 

3.4.2 Chemicals of Potential Concern 

 

The selection of COPCs was based on COIs and the list was developed by considering the 

concentration, occurrence, and distribution of chemicals detected in the environmental media and 

environmental conditions at OU 2.  Chemical toxicity, fate, mobility, and persistence were also considered 
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in the selection process.  The COPC selection considered all available validated soil data.  For 

groundwater, validated results were generated during two phases of investigation (Phases II and III) and 

a combination of these data was used.  Most of the monitoring wells (46 out of 48) were resampled during 

Phase III.  VOCs and SVOCs were reanalyzed in those wells which had exceedances in the Phase II 

round of sampling.  For VOCs and SVOCs, the data were comprised of both Phase II and Phase III data 

to select the COPCs.  For inorganic compounds, only Phase III data were used because of persistently 

high turbidity in well samples during Phase II.  For sediment and surface water, data from Phase III 

sampling were used for locations in the canals that were dredged following the Phase II sample 

collection; Phase II samples from nondredged locations, such as in ponds or minor drainage ditches, 

were also included in the data set from which COPCs were identified. 

 

The first step in identifying the COPCs was to compare the maximum concentration of each chemical in 

the list of COIs in each environmental medium to the State of Florida CTLs (Chapter 62-777, F.A.C.), or 

adjusted CTLs (see below) for groundwater, soil, sediment, or surface water, as appropriate.  Next, the 

list of COIs that exceeded a CTL was screened to eliminate common laboratory contaminants, to 

eliminate samples of poor quality or which provided spurious results, and on the basis of low frequency of 

detection (less than 5 percent) and low risk (e.g., marginal exceedance of CTL).  Also, chemicals whose 

maximum concentration was less than the BGSV or, under certain conditions, chemicals whose 

maximum concentration was within the background range, were screened out.  

 

For carcinogens and noncarcinogens (i.e., toxicants) the published CTLs provided in Chapter 62-777, 

F.A.C. were adjusted to account for the presence, in a given medium, of multiple carcinogenic or multiple 

noncarcinogenic COIs that affected the same target organ/system.  For these COIs, the CTLs for direct 

contact were adjusted by dividing by the number of chemicals present, and if the maximum concentration 

of that COI exceeded the adjusted CTLs or the CTLs for another pathway (e.g., soil leaching to 

groundwater, or groundwater discharging to surface water), then that chemical was considered to be a 

COPC.  However, as described above, in certain cases if the chemical was detected at a low frequency, 

was a common lab contaminant, or if the maximum detected concentration was less than BGSV, then the 

chemical may not have been identified as a COPC. 

 

Calcium, magnesium, potassium, and sodium were considered to be essential human nutrients and were 

not considered in the COPC selection process.  In addition, several water quality parameters that were 

measured during the groundwater analyses were not evaluated, including alkalinity, hardness, sulfide, 

TDS, total kjeldahl nitrogen, TOC, and total phosphorus.   
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3.4.3 Selection of Chemicals of Concern 
 
The list of chemicals identified as COPCs may not represent a true picture of the media-specific chemical 

concentrations or realistic risk exposure at a site.  In order to represent overall chemical concentration 

levels and exposure, COCs were developed from the list of COPCs.  COPCs that passed the screening 

processes described above were also further evaluated by statistically calculating a representative 

concentration, where appropriate, and comparing these concentrations to the PRGs. 

 

The representative concentration was calculated by statistically estimating the 95 percent UCL on the 

mean for each COPC.  If a minimum of 10 samples of a given media were collected and analyzed at a 

site, then a calculation was performed to determine the 95 percent UCL concentration for that chemical.  

The statistical evaluation included an analysis of normal or lognormal distribution of the data using the 

Shapiro-Wilk methodology.  The 95 percent UCL, or the maximum detection concentration, whichever 

was lower, was then used as the site representative concentration for final comparison to the specific 

PRGs for each media.  COPCs whose representative concentration exceeded the PRGs were then 

selected as the COCs to be evaluated in the FS. 

 

All COPCs retained were evaluated to determine if they should be selected as COCs.  Again, the 

presence of multiple carcinogens or noncarcinogens that affect the same target organ/system were 

considered to ensure that the total excess lifetime cancer risk (ELCR) of 1.0E-06 or HI of 1.0 were not 

exceeded.  First, the ratio of the maximum detected concentration to the CTL for direct contact was 

calculated for each COPC and the ratios were added together (separately for carcinogen or 

noncarcinogens) to determine if the risk goals were exceeded. If the sum of the ratios was greater than 

1 (i.e., ELCR > 1.0E-06 for multiple carcinogens or HI > 1.0 for multiple noncarcinogens), then the CTLs 

for those carcinogens or noncarcinogens were adjusted.  The adjustment factor (i.e., divisor) was equal 

to the number of chemicals having potential cumulative effects. The final step in selecting COCs was to 

compare the site representative concentrations of each COPC to the PRG.  The PRG was determined as 

the minimum CTL (i.e., adjusted CTL for direct contact, leaching from soil to groundwater, groundwater 

discharging to surface water, or fresh surface water criteria, as appropriate) or the NTC background 

screening value, whichever was greater.  If the site representative concentration was greater than the 

PRG, then the COPC was selected as a COC. 

 

In summary, chemicals detected in at least one environmental medium were selected as COCs if any of 

the following occurred: 
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Carcinogens (with no promulgated standards) whose site representative concentration exceeded the 

published, or adjusted, CTLs in Chapter 62-777 F.A.C., and/or that exceeded the NTC background 

screening value. 

 

Noncarcinogens (with no promulgated standards) whose site representative concentration exceeded the 

adjusted CTLs for any group of noncarcinogens that affected the same target organ/system and for which 

the total HI was equal to or greater than 1, and/or that exceeded the NTC background screening value. 

 

3.4.4 Identification of Soil COPCs 
 
The evaluation of soil COPCs for OU 2 began by separating the RI surface soil data into two FS data sets 

for the analysis:  one data set for RI sample locations that have not been disturbed or altered 

(i.e., “surface soil”), and one data set for soil that were covered during the soil IRA (i.e., “covered surface 

soil”) (see Section 2.2.2.2).  In addition, soil sample results from several RI sample locations that were 

excavated during the IRA were removed from the data set.  The locations of the covered surface soil 

samples and excavated areas are shown in Figure 2-6. 

 

The COPC screening process identified 14 COIs in surface soil and 12 COIs in covered surface soil 

whose maximum detected concentrations exceeded the minimum SCTLs (either the adjusted SCTLs for 

industrial direct contact or the leaching to groundwater SCTL).  Because the nearest surface water 

bodies (i.e., drainage canals and ponds) are located within and along the boundaries of OU 2, leaching of 

surface soil to FSW was evaluated (Table 3-4).  However, the location of the covered surface soil in the 

southern portion of the site (see Figure 2-6) showed that these samples were located more than 200 feet, 

or greater, from the drainage canals; only three locations were within about 100 feet of a pond located 

along the far western perimeter of the site.  Therefore, the covered surface soil were deemed to have little 

potential to impact surface water and comparison to the SCTLs for protection of FSW was not included 

(Table 3-5).  Tables 3-4 and 3-5 present the initial screening process; list all chemicals detected in soil, 

their frequency of detection and maximum concentrations, the State of Florida SCTLs for industrial land 

use and for soil leaching to groundwater and FSW (surface soil only), and NTC BGSVs; and identify the 

COPCs.  COIs whose maximum concentration did not exceed the minimum SCTL, or BGSV, whichever 

was larger (i.e., “No” in last columns of Tables 3-4 and 3-5) were eliminated from further evaluation as 

COPCs.   
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TABLE 3-4 
 

IDENTIFICATION OF COPCs IN SURFACE SOIL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 3 
 

COI 1 FOD 2 Max Conc. 
(mg/kg) or 

Activity 
(pCi/kg) 

Max Sample 
ID 

Max 
Sample 

Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. 

Direct 
Contact 

SCTL 
Leach I5 
(mg/kg)  

SCTL 
Leach II5 
(mg/kg)  

Minimum 
SCTL6 

(mg/kg) 

Target System/ 
Organ 

NTC 
BGSV7 
(mg/kg)

COPCs8 

Volatiles                

Acetone 12/42 51.4 NTCSS11600 7/1/97 5,500 275 NO 2.8 6.8 2.8 Kidney -Liver -
Neurological -- YES  

Methylene Chloride 9/99 0.0163 NTCSSH4600 5/13/98 23 1.15 NO 0.02 7.3 0.02 Carcinogen -Liver -- NO  
Tetrachloroethene 1/99 0.003 NTCSSS9200 6/30/97 17 0.85 NO 0.03 0.1 0.03 Carcinogen -Liver -- NO  

Toluene 14/99 0.0149S NTCSSH4300 5/13/98 2600 130 NO 0.5 5.6 0.5 Kidney -Liver -
Neurological -- NO  

Xylenes, Total 7/99 0.0078 NTCSSS2000 6/28/97 40,000 2,000 NO 0.2 3.9 0.2 
Body Weight -
Mortality -
Neurological 

-- NO  

Semivolatiles                
Benzo(a)Anthracene 4/99 1.06 NTCSS10200 6/30/97 5 0.25 YES 3.2 0.7 0.25 Carcinogen -- YES 9 

Benzo(a)Pyrene 13/99 1.03 NTCSSS6200 6/30/97 0.5 0.025 YES 8 1.2 0.025 Carcinogen -- YES  
Benzo(b)Fluoranthene 3/99 1.09 NTCSSS6200 6/30/97 4.8 0.24 YES 10 1.6 0.24 Carcinogen -- YES 9 

Benzo(g,h,i)Perylene 3/99 1.39 NTCSSS6200 6/30/97 41,000 2,050 NO 32,000 4.8 4.8 Neurological -- NO  

Benzo(k)Fluoranthene 3/99 0.755 NTCSSS8200 6/30/97 52 2.6 NO 25 1.6 1.6 Carcinogen -- NO  

Chrysene 4/99 1.13 NTCSSS6200 6/30/97 450 22.5 NO 77 0.7 0.7 Carcinogen -- YES 9 

Dibenzo(a,h)Anthracene 5/99 0.398 NTCSSS8200 6/30/97 0.5 0.025 YES 30 4.7 0.025 Carcinogen -- YES  

Fluoranthene 9/99 1.85 NTCSS10200 6/30/97 48,000 2,400 NO 1,200 1.3 1.3 Blood -Kidney -
Liver -- YES  

Indeno(1,2,3-cd)Pyrene 3/99 1.17 NTCSSS6200 6/30/97 5.3 0.265 YES 28 4.3 0.265 Carcinogen -- YES 9 

Phenanthrene 2/99 1.42 NTCSS10200 6/30/97 30,000 1,500 NO 250 0.7 0.7 Kidney -- YES 9 

Pyrene 7/99 1.37 NTCSS10200 6/30/97 37,000 1,850 NO 880 1.3 1.3 Kidney -- YES  
Pesticides/PCBs                
4,4'-DDD 1/99 0.0053 NTCSSS3000 6/28/97 18 0.9 NO 4 0.1 0.1 Carcinogen -- NO  

4,4'-DDE 20/99 0.041 NTCSSS3000 6/28/97 13 0.65 NO 18 0.1 0.1 Carcinogen -- NO  
4,4'-DDT 5/99 0.0098 NTCSSS5100 6/29/97 13 0.65 NO 11 0.06 0.06 Carcinogen -Liver -- NO  
alpha-Chlordane 4/99 0.0031 NTCSSS9000 6/28/97 12 0.6 NO 9.6 0.003 0.003 Carcinogen -Liver -- YES 9 

Dieldrin 2/99 0.003 NTCSS15500 6/30/97 0.3 0.015 NO 0.004 0.0001 0.0001 Carcinogen -Liver -- YES 9 

Endosulfan II 2/99 0.0045 NTCSSS9200 6/30/97 6,700 335 NO 3.8 0.005 0.005 
Body Weigh -
Cardiovascular -
Kidney 

-- NO  

gamma-Chlordane 5/99 0.003 NTCSSS9000 6/28/97 12 0.6 NO 9.6 0.003 0.003 Carcinogen -Liver -- NO  
Heptachlor 9/99 0.003 NTCSS13700-D 6/30/97 0.9 0.045 NO 23 0.1 0.045 Carcinogen -Liver -- NO  
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COI 1 FOD 2 Max Conc. 
(mg/kg) or 

Activity 
(pCi/kg) 

Max Sample 
ID 

Max 
Sample 

Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. 

Direct 
Contact 

SCTL 
Leach I5 
(mg/kg)  

SCTL 
Leach II5 
(mg/kg)  

Minimum 
SCTL6 

(mg/kg) 

Target System/ 
Organ 

NTC 
BGSV7 
(mg/kg)

COPCs8 

Inorganics               
Aluminum 99/99 5090 NTCSS15100-D 7/1/97 -- -- -- -- -- -- Body Weight 4780 NO  
Antimony 2/99 0.84 NTCSSH4500 5/13/98 240 12 NO 5 -- 5 Blood -Mortality -- NO  

Arsenic 65/99 4.8 NTCSS13300 7/1/97 3.7 0.185 YES 29 -- 0.185 
Carcinogen -
Cardiovascular -
Skin 

1.9 YES  

Barium 72/99 26.7 NTCSSS0100 5/12/98 87,000 4,350 NO 1,600 -- 1,600 Cardiovascular 21.6 NO  

Cadmium 9/99 0.23 NTCSSS2200 6/30/97 1,300 65 NO 8 -- 8 Carcinogen -
Kidney 0.46 NO  

Calcium 95/99 16000 NTCSS12600 7/1/97 -- -- -- -- -- -- -- -- Nutrient  

Chromium10 87/99 6.5 NTCSSS8000-D 6/28/97 420 21 NO 38 -- 21 Carcinogen - 
Respiratory 33568 NO  

Cobalt 11/99 0.27 NTCSSS2200 6/30/97 110,000 5,500 NO -- -- 5,500 

Cardiovascular -
Immunological -
Neurological-
Reproductive 

7.7 NO  

Copper 56/99 11.9 NTCSSH0100 6/29/97 76,000 3,800 NO -- -- 3,800 None Specified 2.6 NO  

Iron 99/99 1240 NTCSSS3200 6/30/97 480,000 24,000 NO -- -- 24,000 Blood -
Gastrointestinal 843 NO  

Lead 94/99 13.5 NTCSSS2200 6/30/97 920 46 NO -- -- 46 Neurological 21.3 NO  
Magnesium 87/99 332 NTCSS12600 7/1/97 -- -- -- -- -- -- -- 381 Nutrient  
Manganese 87/99 35.5 NTCSS16000 7/1/97 22,000 1,100 NO -- -- 1,100 Neurological 10.8 NO  
Mercury 7/99 0.22 NTCSS15300 7/1/97 26 1.3 NO 2.1 0.01 0.01 Neurological 0.05 YES  
Nickel 77/99 5.4 NTCSS14000 6/28/97 28,000 1,400 NO 130 -- 130 Body Weight -- NO  
Potassium 78/99 93.4 NTCSSS0100 5/12/98 -- -- -- -- -- -- -- 210 Nutrient  

Selenium 14/99 0.56 NTCSSH3600 6/28/97 10,000 500 NO 5 -- 5 Hair Loss -
Neurological -Skin 1.1 NO  

Silver 11/99 2.4 NTCSS15300 7/1/97 9,100 455 NO 17 -- 17 Skin -- NO  
Sodium 1/99 128 NTCSSS8100 6/29/97 -- -- -- -- -- -- -- -- NO  

Thallium 1/99 0.45 NTCSSH3700 6/28/97 -- -- -- -- -- -- -- -- NO  

Vanadium 84/99 6.6 NTCSS15100-D 7/1/97 7,400 370 NO 980 -- 370 None Specified 4.9 NO  
Zinc 46/99 33.8 NTCSSS0100 5/12/98 560,000 28,000 NO 6,000 -- 6,000 Blood 4.6 NO  
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TABLE 3-4 
 

IDENTIFICATION OF COPCs IN SURFACE SOIL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 3 OF 3 
 

COI 1 FOD 2 Max Conc. 
(mg/kg) or 

Activity 
(pCi/kg) 

Max Sample 
ID 

Max 
Sample 

Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. 

Direct 
Contact 

SCTL 
Leach I5 
(mg/kg)  

SCTL 
Leach II5 
(mg/kg) 

Minimum 
SCTL6 

(mg/kg) 

Target System/ 
Organ 

NTC 
BGSV7 
(mg/kg)

COPCs8 

Herbicides                
Pentachlorophenol 2/99 0.0047 NTCSSS0100 5/12/98 23 1.15 NO 0.03 0.2 0.03 Carcinogen -

Kidney -Liver -- NO  

Radionuclides                
Actinium-228 6/6 0.8 NTCSSH4700 5/13/98 -- -- -- -- -- -- -- -- NO  

Bismuth-214 3/99 1.2 NTCSSH4900 5/13/98 -- -- -- -- -- -- -- -- NO  

Cesium-137 2/2 0.2 NTCSSH4400 5/13/98 -- -- -- -- -- -- -- -- NO  

Gross alpha 95/99 10.4 NTCSSH4300 5/13/98 -- - -- -- -- -- -- -- NO  

Gross beta 88/99 28 NTCSSH4700 5/13/98 -- -- -- -- -- -- -- -- NO  

Lead-210 1/1 2.3 NTCSSH4400 5/13/98 -- -- -- -- -- -- -- -- NO  

Lead-212 7/7 0.4 NTCSSS0100 5/12/98 -- -- -- -- -- -- -- -- NO  

Lead-214 9/9 1.4 NTCSSH4900 5/13/98 -- -- -- -- -- -- -- -- NO  

Thallium-208 3/99 0.4 NTCSSS0100 5/12/98 -- -- -- -- -- -- -- -- NO  

TPH -C8-C40                

TPH -C8-C40  10/10 65.3 NTCSSS0100 5/12/98 2,500 125 NO 340 340 125 
Multiple Endpoints 
-Mixed 
Contaminants 

-- NO  

Miscellaneous               

Diesel Range Organics 38/89 52.5 NTCSS10200-D 6/30/97 -- -- -- -- -- -- -- -- NO  

Gasoline Range Organics 1/89 0.128 NTCSSH3500 6/28/97 -- -- -- -- -- -- -- -- NO  

 
1 COI - chemical of interest is any chemical detected in the media of concern. 
2 FOD - frequency of detection; duplicates included but not counted. 
3 SCTL for direct contact with soil in an industrial setting, from F.A.C. Chapter 62-777, Table 2, dated August 1999. 
4 Initial human health screening criteria is the SCTL for direct contact divided by 20 to account for multiple chemical effect for carcinogens and noncarciongens. 
5 Leach I - soil leaching to groundwater, Leach II – soil leaching to fresh surface water; from F.A.C. Chapter 62-777, Table 2, dated August 1999.  
6 The initial screening criteria is the lowest of the adjusted direct contact SCTL or the leaching to groundwater or surface water SCTLs. 
7 NTC BGSV - NTC Orlando, background screening value (ABB-ES, 1995). 
8 A COI is selected as a COPC if the maximum detected concentration of that chemical exceeds the minimum SCTL, or NTC BGSV, whichever is greater. 
9 Chemicals not evaluated as COCs due to low frequency of detection (i.e., <20% of samples), they do not exceed the SCTL for direct contact, and they are not detected in groundwater 

or surface water. 
10 Criteria for hexavalent chromium used. 



 

 

470801005 
3-20 

C
TO

 0024 

R
ev. 1

07/30/03

TABLE 3-5 
 

IDENTIFICATION OF COPCs IN COVERED SURFACE SOIL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 4  
COI 1 FOD 2 Max Conc. 

(mg/kg) 
Max Sample 

ID 
Max 

Sample 
Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. Direct 

Contact 

SCTL 
Leach I5 
(mg/kg)  

Minimum 
SCTL6 

(mg/kg) 

Target 
System/Organ

NTC BGSV7  
(mg/kg) 

COPCs8 

Volatiles              
Acetone 1/12 0.024 NTCSSH2400 6/28/97 5,500 239 NO 2.8 3 Kidney -Liver -

Neurological 
-- No 

Carbon Disulfide 1/28 0.0036 NTCSSH2400 6/28/97 1,400 61 NO 5.6 6 Developmental -
Neurological 

-- No 

Chloromethane 1/28 0.0074 NTCSSH2200 6/28/97 2.3 0.1 NO 0.01 0.0 Carcinogen -- No 

Toluene 3/28 0.0045 NTCSSH2200 6/28/97 2,600 113 NO 0.5 1 Kidney -Liver -
Neurological 

-- No 

Xylenes, Total 1/28 0.0022 NTCSSH3400 6/28/97 40,000 1739 NO 0.2 0.2 Body Weight -
Mortality -
Neurological 

-- No 

Semivolatiles              
Acenaphthene 1/28 1.63 NTCSSS0400 5/12/98 18,000 783 NO 2.1 2 Liver -- No 

Anthracene 3/28 2.7 NTCSSS0400 5/12/98 260,000 11,304 NO 2,500 2,500 None Specified -- No 
Benzo(a)Anthracene 6/28 7.94 NTCSSS0400 5/12/98 5 0.2 YES 3.2 0.22 Carcinogen -- Yes 
Benzo(a)Pyrene 13/28 6.32 NTCSSS0400 5/12/98 0.5 0.0 YES 8 0.02 Carcinogen -- Yes 
Benzo(b)Fluoranthene 6/28 5.47 NTCSSS0400 5/12/98 4.8 0.2 YES 10 0.21 Carcinogen -- Yes 
Benzo(g,h,i)Perylene 6/28 9.86 NTCSSS0400 5/12/98 41,000 1,783 NO 32,000 1,783 Neurological -- No 
Benzo(k)Fluoranthene 6/28 4.19 NTCSSS0400 5/12/98 52 2.3 YES 25 2.26 Carcinogen -- Yes 
Chrysene 6/28 8.51 NTCSSS0400 5/12/98 450 19.6 NO 77 19.6 Carcinogen -- No 
Dibenzo(a,h)Anthracene 10/28 1.72 NTCSSS0400 5/12/98 0.5 0.0 YES 30 0.02 Carcinogen -- Yes 
Fluoranthene 10/28 22.4 NTCSSS0400 5/12/98 48,000 2,087 NO 1,200 1,200 Blood -Kidney -

Liver 
-- No 

Fluorene 1/28 1.37 NTCSSS0400 5/12/98 28,000 1,217 NO 160 160 Blood -- No 
Indeno(1,2,3-cd)Pyrene 6/28 8.8 NTCSSS0400 5/12/98 5.3 0.2 YES 28 0.23 Carcinogen -- Yes 
Phenanthrene 8/28 13.6 NTCSSS0400 5/12/98 30,000 1,304 NO 250 250 Kidney -- No 
Pyrene 9/28 14.7 NTCSSH1500 6/29/97 37,000 1,609 NO 880 880 Kidney -- No 
Pesticides/PCBs             
4,4'-DDD 6/28 0.023 NTCSSH0700 6/29/97 18 0.8 NO 4 0.78 Carcinogen -- No 
4,4'-DDE 10/28 0.178 NTCSSS0400 5/12/98 13 0.6 NO 18 0.57 Carcinogen -- No 
4,4'-DDT 6/28 0.274 NTCSSS0400 5/12/98 13 0.6 NO 11 0.57 Carcinogen -

Liver 
-- No 
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TABLE 3-5 
 

IDENTIFICATION OF COPCs IN COVERED SURFACE SOIL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
PAGE 2 OF 4   

COI 1 FOD 2 Max Conc. 
(mg/kg) 

Max Sample 
ID 

Max 
Sample 

Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. Direct 

Contact 

SCTL 
Leach I5 
(mg/kg)  

Minimum 
SCTL6 

(mg/kg) 

Target 
System/Organ

NTC BGSV7  
(mg/kg) 

COPCs 8 

Pesticides/PCBs (Continued)            
Aldrin 1/28 0.013 NTCSSS0300 5/12/98 0.3 0.0 NO 0.5 0.01 Carcinogen -

Liver 
-- No 

alpha-Chlordane 10/28 0.219 NTCSSS0400 5/12/98 12 0.5 NO 9.6 0.52 Carcinogen -
Liver 

-- No 

Aroclor-1254 1/5 0.039 NTCSSH0500 6/30/97 2.1 0.1 NO 17 0.09 Carcinogen -
Immunological 

-- No 

Dieldrin 4/28 0.097 NTCSSS0400 5/12/98 0.3 0.0 YES 0.004 0.004 Carcinogen -
Liver 

-- Yes 

Endrin 1/28 0.0044 NTCSSH0200 6/29/97 340 14.8 NO 1 1.0 Liver -- No 

Endrin Ketone 1/28 0.0075 NTCSSH2800 6/28/97 340 14.8 NO 1 1.0 Liver -- No 

gamma-Chlordane 11/28 0.243 NTCSSS0400 5/12/98 12 0.5 NO 9.6 0.52 Carcinogen - 
Liver 

-- No 

Heptachlor 5/28 0.048 NTCSSS0400 5/12/98 0.9 0.04 YES 23 0.04 Carcinogen -
Liver 

-- Yes 

Heptachlor Epoxide 2/28 0.0063 NTCSSH1000 6/30/97 0.4 0.02 NO 0.6 0.017 Carcinogen -
Liver 

-- NO 

Methoxychlor 1/28 0.027 NTCSSH2800 6/28/97 7,500 326 NO 160 160 Developmental -
Reproductive 

-- NO 

Herbicides             
Pentachlorophenol 2/28 0.109 NTCSSS0400 5/12/98 23 1.0 NO 0.03 0.03 Carcinogen -

Kidney -Liver 
-- YES 

Dioxins              
OCDD 1/1 0.00018 NTCSSH0500 6/30/97 0.00003 0.0 YES 0.003 1.3E-06 Carcinogen -- YES 
Inorganics              
Aluminum 28/28 6,520 NTCSSH0300 6/29/97 -- -- -- -- -- Body Weight 4780 NO 
Arsenic 8/28 1.7 NTCSSH2300 6/28/97 3.7 0.16 YES 29 0.16 Carcinogen -

Cardiovascular -
Skin 

1.9 NO 

Barium 12/28 177 NTCSSH1400 6/29/97 87,000 3,783 NO 1,600 1,600 Cardiovascular 21.6 NO 
Cadmium 3/28 0.16 NTCSSH2300 6/28/97 1,300 57 NO 8 8 Carcinogen -

Kidney 
0.46 NO 

Calcium 28/28 7,470 NTCSSH2000 6/28/97 -- -- -- -- -- -- -- Nutrient 
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IDENTIFICATION OF COPCs IN COVERED SURFACE SOIL 
OPERABLE UNIT 2 
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ORLANDO, FLORIDA 
 

PAGE 3 OF 4   
COI 1 FOD 2 Max Conc. 

(mg/kg) 
Max Sample 

ID 
Max 

Sample 
Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. Direct 

Contact 

SCTL 
Leach I5 
(mg/kg)  

Minimum 
SCTL6 

(mg/kg) 

Target 
System/Organ

NTC BGSV7  
(mg/kg) 

COPCs 8 

Inorganics 
(Continued) 

             

Chromium9 27/28 6.5 NTCSSS0400 5/12/98 420 18.3 NO 38 18.3 Carcinogen –
Respiratory 

33568 NO 

Cobalt 6/28 0.48 NTCSSS0400 5/12/98 110,000 4,783 NO -- 4783 Cardiovascular –
Immunological –
Neurological-
Reproductive 

7.7 NO 

Copper 22/28 21.4 NTCSSH1800 6/28/97 73,000 3,174 NO -- 3174 None Specified 2.6 NO 
Iron 28/28 1,300 NTCSSS0400 5/12/98 480,000 20,870 NO -- 20,870 Blood –

Gastrointestinal 
843 NO 

Lead 27/28 97.3 NTCSSS0400 5/12/98 920 40 YES -- 40 Neurological 21.3 YES 
Magnesium 24/28 427 NTCSSS0400 5/12/98 -- -- -- -- --  381 Nutrient 
Manganese 28/28 18 NTCSSS0400 5/12/98 22,000 957 NO -- 957 Neurological 10.8 NO 
Mercury 2/28 0.15 NTCSSH2300 6/28/97 26 1.1 NO 2.1 1.13 Neurological 0.05 NO 
Nickel 25/28 3.7 NTCSSH2000 6/28/97 28,000 1217 NO 130 130 Body Weight -- NO 
Potassium 23/28 162 NTCSSS0400 5/12/98 -- -- NO -- -- -- 210 NO 
Selenium 5/28 0.66 NTCSSS0300 5/12/98 10000 435 NO 5 5 Hair Loss –

Neurological –
Skin 

1.1 NO 

Silver 1/28 0.27 NTCSSH1500 6/29/97 9100 396 NO 17 17 Skin -- NO 

Sodium 1/28 269 NTCSSS0400 5/12/98 -- -- NO -- -- -- -- NO 

Vanadium 20/28 4.3 NTCSSH0400 6/30/97 7400 322 NO 980 322 None Specified 4.9 NO 
Zinc 18/28 106 NTCSSS0400 5/12/98 560000 24348 NO 6000 6000 Blood 4.6 NO 
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TABLE 3-5 
 

IDENTIFICATION OF COPCs IN COVERED SURFACE SOIL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 4 OF 4  
COI 1 FOD 2 Max Conc. 

(mg/kg) 
Max Sample 

ID 
Max 

Sample 
Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

Exceeds 
Adj. Direct 

Contact 

SCTL 
Leach I5 
(mg/kg)  

Minimum 
SCTL6 

(mg/kg) 

Target 
System/Organ

NTC BGSV7  
(mg/kg) 

COPCs8 

TPH              
TPH (C8-C40) 3/3 896 NTCSSS0400 5/12/98 2500 109 YES 340 109 Multiple 

Endpoints-Mixed 
Contaminants 

-- YES 

Radionuclides             
Actinium-228 2/2 NA NTCSSS0400 5/12/98 -- -- -- -- -- -- -- NO 
Bismuth-214 2/2 NA NTCSSS0400 5/12/98 -- -- -- -- -- -- -- NO 
Cesium-137 1/1 NA NTCSSS0400 5/12/98 -- -- -- -- -- -- -- NO 
Gross alpha 27/28 NA NTCSSS0400 5/12/98 -- -- -- -- -- -- -- NO 
Gross beta 24/28 NA NTCSSS0200 5/12/98 -- -- -- -- -- -- -- NO 
Lead-212 3/3 NA NTCSSS0400 5/12/98 -- -- -- -- -- -- -- NO 
Lead-214 3/3 NA NTCSSS0200 5/12/98 -- -- -- -- -- -- -- NO 
Thallium-208 1/1 NA NTCSSS0400 5/12/98 -- -- -- -- -- -- -- NO 
Miscellaneous             
Diesel Range Organics 13/25 52.9 NTCSSH1500-D 6/29/97 -- -- -- -- -- -- -- NO 

 

1 COI - chemical of interest is any chemical detected in the media of concern. 
2 FOD - frequency of detection; duplicates included but not counted. 
3 SCTL for direct contact with soil in an industrial setting, from F.A.C. Chapter 62-777, Table 2, dated August 1999. 
4 Initial human health screening criteria is the SCTL for direct contact divided by 23 to account for multiple chemical effect for carcinogens and noncarciongens. 
5 Leach I - soil leaching to groundwater, from F.A.C. Chapter 62-777, Table 2, dated August 1999.  
6 The minimum SCTL is the lowest of the adjusted direct contact SCTL or the leaching to groundwater SCTL. 
7 NTC BGSV - NTC Orlando, background screening value, (ABB-ES, 1995). 
8 A COI is selected a COPC if the maximum detected concentration of that chemical exceeds the minimum SCTL, or the NTC BGSV, whichever is greater.  
9 Criteria for hexavalent chromium used. 
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Because a large number of surface soil samples (99) and covered soil samples (28) were collected at 

OU 2, the COPC screening process included an evaluation of the frequency of detection (FOD).  As 

noted in Table 3-4, 7 of the 14 identified surface soil COPCs were not carried forward to the COC 

evaluation: benzo(a)anthracene, benzo(b)fluoranthene, chrysene, indeno(1,2,3-cd)pyrene, pyrene, alpha-

chlordane, and dieldrin. These COPCs were eliminated because they were detected in less than 

5 percent of all samples and because their maximum concentrations did not exceed published SCTLs for 

industrial direct contact or leaching to groundwater.  Although the maximum concentrations of these 

COPCs did exceed the soil leaching to fresh surface water SCTLs, none of these sample locations were 

adjacent to drainage canals leading off-site, and none of these COPCs were detected in canal or pond 

water samples, or in groundwater samples.   

 

It was also noted that several COIs in soil were not selected as COPCs because there were no published 

SCTLs, as follows:  aluminum, sodium, thallium, radionuclides, gasoline range organics, and diesel range 

organics. 

 

3.4.5 Selection of Soil COCs 

 

The first steps in selecting soil COCs consisted of determining a site representative concentration for 

each COPC, adjusting the SCTLs for direct contact to account for the presence of multiple carcinogens or 

noncarcinogens that affect the same target organ/system in the list of COPCs, and determining the 

PRGs. The site representative concentration of each COPC was then compared to the PRGs.  If the site 

representative concentration exceeded the PRG, then that chemical was selected as a COC, unless 

other analytical, exposure, or toxicity evidence suggested that it should not be selected. 

 

Ninety-nine surface soil and 28 covered surface soil samples were collected during the RI at OU 2.  

Therefore, a 95 percent UCL was calculated for each of the COPCs carried forward from Tables 3-4 

and 3-5.  These concentrations are shown as the site representative concentrations in Tables 3-6 and 

3-7.  The UCL calculation worksheets are provided in Appendix B.  For some COPCs, the maximum 

detected concentration was retained as the site representative concentration when the 95 percent UCL 

exceeded the detected concentration. 

 
3.4.5.1 Surface Soil 
 

The surface soil PRGs were selected from the minimum of the applicable SCTLs (i.e., the published or 

adjusted SCTL for direct contact, the SCTL for leaching to groundwater, or the SCTL for leaching to 
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TABLE 3-6  
SELECTION OF COCs IN SURFACE SOIL 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
Cumulative Cancer or 
Target Organ/System 

Analysis4 

COPC1 FOD2 Max Conc. 
(mg/kg) 
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e 
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n3 
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Target 
System/ 
Organ 
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Adj. 
SCTL 

Industrial5 
(mg/kg) 

SCTL 
Leach I6 
(mg/kg) 

SCTL 
Leach II6 
(mg/kg) 

NTC 
BGSV7 

(mg/kg) 
PRG8 

(mg/kg) 
Exceeds 

PRG 

Volatiles                

Acetone 12/42 51.4 38.5 Kidney -Liver -
Neurological 

-- -- -- 1 5,500 2.8 6.8 -- 2.8 YES 

Semivolatiles                

Benzo(a)Pyrene 13/99 1.03 0.083 Carcinogen 2.06 -- -- 3 0.17 8 1.2 -- 0.17 NO 
Dibenzo(a,h)Anthracene 5/99 0.398 0.062 Carcinogen 0.796 -- -- 3 0.17 30 4.7 -- 0.17 NO 
Fluoranthene 9/99 1.85 0.264 Blood -Kidney -

Liver 
-- -- -- 1 48,000 1200 1.3 -- 1.3 NO 

Pyrene 7/99 1.37 0.241 Kidney -- -- -- 1 37,000 880 1.3 -- 1.3 NO 
Inorganics               

Arsenic 65/99 4.8 1.9 Carcinogen -
Cardiovascular 
-Skin 

1.297 1.30 1.30 3 1.23 29 -- 1.9 1.9 NO 

Mercury 7/99 0.22 0.05 Neurological -- -- -- 1 26 2.1 0.01 0.05 0.05 NO 
    Sum = 4.15 1.30 1.30         

1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95% upper confidence limit (UCL) of the mean, or the maximum detected concentration, whichever is lower. 
4 The ratio of the maximum detected concentration to the SCTL is shown for each COPC; a ratio or sum of ratios greater than 1 for carcinogens or for 
 any organ/system indicates an exceedance of FDEP guidance (ratios only shown for COIs that exceed direct contact during initial screen). 
5 The SCTL for direct contact with soil in an industrial setting taken from F.A.C. 62-777, Table 2, was divided by the number (i.e., adj. factor) of 
 carcinogenic COPCs or noncarcinogenic COPCs that affect the same target organ/system to account for cumulative effects. 
6 Leach I - soil leaching to groundwater; Leach II is soil leaching to fresh surface water; per F.A.C. 62-777, Table 2. 
7 NTC BGSV - NTC Orlando, background screening value (ABB-ES, 1995). 
8 The PRG is the minimum SCTL [i.e., (a) the adjusted SCTL for industrial soils, (b) the SCTL for leaching to groundwater; or (c) the SCTL for 
 leaching to surface water (where applicable)], or the NTC BGSV, whichever is larger. 
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TABLE 3-7 
 

SELECTION OF COCs IN COVERED SURFACE SOIL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
Cumulative Cancer or Target 

Organ/System Analysis4 
     

COPC1 FOD2 Max Conc. 
(mg/kg) 

Si
te
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Adj. SCTL 
Industrial5 

(mg/kg) 

SCTL 
Leach I6 
(mg/kg) 

NTC 
BGSV7 
(mg/kg)

PRG8 
(mg/kg)

Exceeds 
PRG 

Semivolatiles                 
Benzo(a)Anthracene 6/28 7.94 1.96 5 Carcinogen 1.6 -- -- -- -- 9 0.56 3.2 -- 0.56 Yes 
Benzo(a)Pyrene 13/28 6.32 1.64 0.5 Carcinogen 12.6 -- -- -- -- 9 0.06 8 -- 0.06 Yes 
Benzo(b)Fluoranthene 6/28 5.47 1.6 4.8 Carcinogen 1.14 -- -- -- -- 9 0.53 10 -- 0.53 Yes 
Benzo(k)Fluoranthene 6/28 4.19 1.3 52 Carcinogen 0.08 -- -- -- -- 9 5.78 25 -- 5.78 No 
Dibenzo(a,h)Anthracene 10/28 1.72 0.58 0.5 Carcinogen 3.44 -- -- -- -- 9 0.06 30 -- 0.06 Yes 
Indeno(1,2,3-cd)Pyrene 6/28 8.8 1.82 5.3 Carcinogen 1.66 -- -- -- -- 9 0.59 28 -- 0.59 Yes 
Pesticides/PCBs                 
Dieldrin 4/28 0.097 0.008 0.3 Carcinogen -Liver 0.32 -- 0.32 -- -- 9 0.03 0.004 -- 0.004 Yes 
Heptachlor 5/28 0.048 0.004 0.9 Carcinogen -Liver 0.05 -- 0.05 -- -- 9 0.1 23 -- 0.1 No 
Herbicides                  
Pentachlorophenol 2/28 0.109 0.007 23 Carcinogen -Kidney -

Liver 
-- -- -- -- -- 1 23 0.03 -- 0.03 No 

Dioxins                  
OCDD 1/1 0.00018 0.00018 0.00003 Carcinogen 6 -- -- -- -- 9 3.3E-06 0.003 -- 3.3E-06 Yes 

Inorganics                  
Lead 27/28 97.3 0.94 920 Neurological -- -- -- 0.106 -- 1 920 -- 21.3 920 No 
TPH                 
TPH (C8-C40) 3/3 896 896 2,500 Multiple Endpoints-

Mixed Contaminants 
-- -- -- -- -- 1 2,500 340 -- 340 Yes 

   Sum = 27 0.0 0.4 0.1 0.0       
1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95% upper confidence limit (UCL) of the mean, or the maximum detected concentration, whichever is lower. 
4 The ratio of the maximum detected concentration to the SCTL is shown for each COPC; a ratio or sum of ratios greater than 1 for carcinogens or for  
 any organ/system indicates an exceedance of FDEP guidance (ratios only shown for COIs that exceed direct contact during initial screen). 
5 The SCTL for direct contact with soil in an industrial setting taken from F.A.C. 62-777, Table 2, was divided by the number (i.e., adj. factor) of 
 carcinogenic COPCs or noncarcinogenic COPCs that affect the same target organ/system to account for cumulative effects. 
6 Leach I - soil leaching to groundwater; Leach II - soil leaching to fresh surface water; per F.A.C. 62-777, Table 2. 
7 NTC BGSV - NTC Orlando, background screening value (ABB-ES, 1995). 
8 The PRG is the minimum SCTL [i.e., (a) the adjusted SCTL for industrial soils; (b) the SCTL for leaching to groundwater; or (c) the SCTL for leaching to surface water (where applicable)], or the NTC BGSV, 

whichever is larger. 
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FSW), or the BGSV, whichever was greater.  As shown in Table 3-6, the cumulative ratios for 

carcinogens and for cardiovascular and skin systemic toxicants, each exceeded one, implying 

unacceptable risk levels per FDEP guidance.  Therefore, the direct contact SCTLs were adjusted by 

dividing the published SCTLs by the number of carcinogenic COPCs or the number of noncarcinogenic 

COPCs that affected the same target organ/system.  It was also noted that the BGSVs for arsenic and 

mercury were greater than the minimum SCTLs; thus, the BGSVs were used as the PRGs for these 

COPCs. 

 

The surface soil COC selection process identified only acetone as exceeding the PRGs.  The maximum 

detected concentration of acetone did not exceed the direct contact SCTL; however, the concentration 

did exceed both the leaching to groundwater and fresh surface water SCTLs.  It was noted that acetone 

results were rejected during validation for all but 56 of 133 soil samples (and all but 1 of 47 groundwater 

samples were rejected; see RI Table 4-1), and acetone was not selected as a COC in groundwater, 

surface water, or sediment in this FS (see Sections 3.4.7, 3.4.9, and 3.4.11).  Acetone was detected in 

15 of the 56 results that passed validation criteria (12 detections in surface soil).  Although there is no 

direct evidence to dispute the occurrence of acetone in the surface soil at the site, its presence in surface 

soil with no current, identifiable, source release mechanism is suspect because of its high volatility, 

especially when considering the warm climate conditions at NTC, Orlando.  Furthermore, acetone is 

known to be a common laboratory contaminant, even though the detected concentrations are rather high 

in some samples (up to 51.4 mg/kg) and there was no evidence of acetone in laboratory blank samples.  

Collectively, acetone results for surface soil are considered spurious and the detected concentrations do 

not present a risk via the direct contact or air pathways for recreational users or site maintenance workers 

(see RI risk Table E2.1); therefore, acetone was not considered further for surface soil in this FS. 

 

In summary, no surface soil COPCs were identified for further evaluation as COCs in this FS. 

 
3.4.5.2 Covered Surface Soil 
 

Similar to the above discussion, Table 3-7 shows that only the direct contact SCTLs for carcinogens were 

adjusted for the covered surface soil, and the BGSV for mercury was used as the PRG for that COPC.   

 

The COC selection process identified eight COPCs whose site representative concentrations exceeded 

the PRGs.  It was noted that the PRGs for six of the eight COPCs [i.e., five PAHs and octa-

chlorodibenzodioxin (OCDD)] were based on the adjusted SCTL for direct contact; the site representative 

concentrations for these six chemicals do not exceed the SCTL for leaching to groundwater.  Because all 

of these sample locations were covered with a minimum of 18 inches of clean soil during the Soil IRA, the 



Rev. 1 
07/30/03 

 

470801005 3-28 CTO 0024 

direct contact pathway no longer exists; therefore, the PAHs and OCDD were not retained as COCs in 

this FS. 

 

Two of the COPCs, dieldrin and TPH, had site representative concentrations that exceeded only the 

SCTL for leaching to groundwater.  Dieldrin was detected in 4 of the 28 covered soil samples and 

exceeded the leaching SCTL of 0.004 µg/L in each sample, although marginally in two samples (0.0041 

and 0.009 mg/kg).  It was noted that dieldrin was not detected in any groundwater, surface water, or 

sediment samples at OU 2.  TPH exceeded the leaching SCTL in two of the three samples analyzed for 

TPH (only the three samples from locations S02, S03, and S04, located along the far western margin of 

OU 2, were analyzed during the May 1998 sampling event in that area; Figure 2-6).  TPH was not 

detected in surface water samples, but it was detected in four groundwater samples and one sediment 

sample at OU 2 (although it was not selected as a COC in either of those media).  Because future use of 

OU 2 will be recreational (i.e., residential use eliminated in property deed because of the presence of 

landfill), no reasonable future use of groundwater is likely.  Because dieldrin and TPH in covered surface 

soil exceed only the leaching to groundwater SCTL, dieldrin and TPH were not retained as COCs in this 

FS. 

 

In summary, no covered surface soil COPCs were identified for further evaluation as COCs in this FS. 
 

3.4.6 Identification of Groundwater COPCs 
 
The evaluation of groundwater COPCs for OU 2 began by preparing an FS data set that included the 

following RI results: Phase III sampling results for VOCs for wells MW3A, -3B, 11B, -12B, -18B, -20A, and 

-26C, and Phase II sampling results for VOCs for all remaining wells; Phase III sampling results for 

SVOCs for wells MW15B and -21B, and Phase II results for SVOCs for all remaining wells; Phase II 

sampling results for pesticides, PCBs, herbicides, and TPH for all wells; Phase III sampling results for 

inorganics in all wells (except wells MW5A and MW12A); Phase II sampling results for inorganics in wells 

MW5A and MW12A;  and the Phase III sampling results for radionuclides for all wells.  Also, because 

both shallow and intermediate zone wells were completed both on-site and off-site in the Surficial Aquifer 

during the RI, the FS data set (from the above-described sampling events) was limited to only the 

28 on-site monitoring well samples.  The deeper wells in the Hawthorn Aquifer were not included because 

the RI concluded that no impacts had occurred to that aquifer.  The wells used in the FS data set are 

listed in Table 3-8; the locations of the groundwater wells are shown in Figure 3-1. 

 

The COPC screening process identified 27 COIs in groundwater whose maximum detected 

concentrations exceeded the GCTLs.  Because groundwater discharges to surface water bodies 
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TABLE 3-8  
LIST OF WELLS USED IN FS DATA SET 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
Wells Included in 

FS Data Set 
 Wells Not Included in 

FS Data Set 
Surficial Aquifer 

On-Site Wells 
 Surficial Aquifer 

Off-Site Wells 
Hawthorn (Deep) 

Aquifer Wells 

MW01A  MW04B MW23C 
MW01B  MW04A MW26C 
MW02A  MW16B MW24C 
MW02B  MW10A MW25C 
MW03A  MW17A  
MW03B  MW09B  
MW05A  MW09A  
MW05B  MW19A  
MW06A  MW13A  
MW06B  MW10B  
MW07A  MW16A  
MW07B  MW13B  
MW08A  MW19B  
MW08B  MW15A  
MW11A  MW17B  
MW11B  MW15B  
MW12A    
MW12B    
MW14A    
MW14B    
MW18A    
MW18B    
MW20A    
MW20B    
MW21A*    
MW21B*    
MW22A*    
MW22B*    

* Surficial Aquifer on-site, upgradient wells. 
Shaded wells produced turbid samples. 
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(i.e., drainage canals and ponds) located within and along the margins of OU 2, groundwater discharging 

to FSW was also evaluated.  Table 3-9 presents the initial screening process; lists all chemicals detected 

in groundwater, their frequency of detection and maximum concentrations, the State of Florida GCTLs for 

drinking water and for FSW, and NTC BGSVs; and identifies the COPCs.  COIs whose maximum 

concentration did not exceed the minimum GCTL, or BGSV, whichever was larger, (i.e., “No” in the last 

column of Table 3-9) were eliminated from further evaluation as COPCs.   

 

Because a sufficient number of groundwater samples (24) were collected at OU 2, the COPC 

identification process included an evaluation of the FOD.  As noted in Table 3-9, 3 of the 27 identified 

groundwater COPCs were not carried forward to the COC evaluation: chloroform, 3 & 4 methylphenol, 

and thallium. These COPCs were eliminated because they were detected in less than 5 percent of all 

samples and because: the maximum concentrations of chloroform and 3 & 4 methylphenol did not 

exceed the published GCTLs for drinking water; the maximum concentration of thallium only marginally 

exceeded the GCTL (4.2 vs. 2 µg/L); and, the maximum concentrations for all three COIs did not exceed 

the FSW CTLs.  Furthermore, none of these COIs were detected in surface water or sediment samples at 

OU 2. 

 

It was also noted that several COIs in groundwater were not selected as COPCs because there were no 

published GCTLs, as follows:  methane, cesium-137, cobalt-60, and gross beta. 
 

3.4.7 Selection of Groundwater COCs 
 
The first steps in selecting groundwater COCs consisted of determining a site representative 

concentration for each COPC, adjusting the GCTLs for drinking water (only for COPCs without primary or 

secondary standards) to account for the presence of multiple carcinogens or noncarcinogens that affect 

the save target organ/system in the list of COPCs, and determining the PRGs. The site representative 

concentration of each COPC was then compared to the PRGs.  If the site representative concentration 

exceeded the PRG, then that chemical was selected as a COC, unless other analytical, exposure, or 

toxicity evidence suggested that it should not be selected. 

 

Twenty-four groundwater samples collected during the RI at OU 2 were selected for the FS data set.  

Therefore, a 95 percent UCL was calculated for each of the COPCs carried forward from Table 3-9.  

These concentrations are shown as the site representative concentrations in Table 3-10.  The UCL 

calculation worksheets are provided in Appendix B.  For some COPCs, the maximum detected 

concentration was retained as the site representative concentration when the 95 percent UCL exceeded 

the detected concentration.   
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TABLE 3-9 
 

IDENTIFICATION OF COPCs FOR GROUNDWATER IN ON-SITE WELLS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 3  
COI1 FOD 2 Max Conc. 

(µg/L) 
Max 

Sample ID Dates GCTL 
(µg/L) 

GCTL3 
Criteria 

Adjusted 
GCTL4 
(µg/L) 

FSW 
CTL5  
(µg/L) 

Exceeds 
Direct 

Contact

Minimum 
CTL6  
(µg/L) 

Target System/Organ 
NTC 

BGSV7 
(µg/L) 

COPCs8 

Volatiles              

1,4-Dichlorobenzene 1/24 6.3 OU2MW03B00 08/02/98 75 P 75 100 NO 75 Carcinogen -Liver -- NO 

2-Butanone 1/4 13.3 OU2MW20B00 07/18/98 4,200  420 120,000 NO 420 Developmental -- NO 

2-Hexanone 1/24 9.7 OU2MW20B00 07/18/98 280  28 -- NO 28 None Specified -- NO 

4-Methyl-2-Pentanone 1/24 8.5 OU2MW20B00 07/18/98 560  56 23,000 NO 56 Kidney -Liver -- NO 

Benzene 3/24 7.6 OU2MW11B02 09/22/99 1 P 1 71.28 YES 1 Carcinogen -- YES 

Carbon Disulfide 2/24 1.4 OU2MW12B02 07/29/99 700  70 105 NO 70 Developmental -Neurological -- NO 

Chlorobenzene 3/24 23 OU2MW03B02 07/29/99 100 P 100 17 NO 17 Liver -- YES 

Chloroform 1/24 6.3 OU2MW20B00 07/18/98 5.7  0.475 470.8 YES 0.475 Carcinogen -Liver -- YES9 

Chloromethane 1/24 0.19 OU2MW20A02 07/21/99 2.7  0.225 470.8 NO 0.225 Carcinogen -- NO 

cis-1,2-Dichloroethene 3/24 66 OU2MW18B02 07/16/99 70 P 70 -- NO 70 Blood -- NO 

Diethyl Phthalate 1/24 5 OU2MW18B00 08/04/98 5,600  560 380 NO 380 Body Weight -- NO 

Dimethyl Phthalate 1/24 14.9 OU2MW20B00 07/18/98 70,000  7,000 1,450 NO 1450 Kidney -- NO 

Methane 16/24 1310 OU2MW03A00 08/01/98 -- -- -- -- -- -- -- -- NO 

Tetrachloroethene 2/24 34 OU2MW18B02 07/16/99 3 P 3 8.85 YES 3 Carcinogen -Liver -- YES 

Toluene 2/24 8.1 OU2MW11A00 08/05/98 40 S 40 475 NO 40 Kidney -Liver -Neurological -- NO 

Trans-1,2-Dichloroethene 1/24 12 OU2MW11B02 09/22/99 100 P 100 11,000 NO 100 Blood -Liver -- NO 

Trichloroethene 3/24 1,200 OU2MW18B02 07/16/99 3 P 3 80.7 YES 3 Carcinogen -- YES 

Vinyl Chloride 3/24 20 OU2MW18B02 07/16/99 1 P 1 -- YES 1 Carcinogen -- YES 

Xylenes, Total 1/24 11 OU2MW11B02 09/22/99 20 S 20 370 NO 20 Body Weight -Mortality -
Neurological 

-- NO 

Semivolatiles              

Naphthalene 2/24 6.1 OU2MW12B00 08/03/98 20  2 26 YES 2 Body Weight -Nasal -- YES 

3&4-Methylphenol 1/23 3.8 OU2MW07A00 07/29/98 4  0.4 70 YES 0.4 Body Weight-Maternal Death-
Neurological-Respiratory 

-- YES 
9 

Inorganics10              

Aluminum 21/24 1,110,000 OU2MW06B02 09/22/99 200 S 200 13 YES 13 Body Weight 4,067 YES 

Arsenic 7/24 121 OU2MW06B02 09/22/99 50 P 50 50 YES 50 Carcinogen -Cardiovascular -
Skin 

5 YES 
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TABLE 3-9 
 

IDENTIFICATION OF COPCs FOR GROUNDWATER IN ON-SITE WELLS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 3  
COI1 FOD 2 Max Conc. 

(µg/L) 
Max 

Sample ID Dates GCTL 
(µg/L) 

GCTL 
Criteria3 

Adjusted 
GCTL4 
(µg/L) 

FSW 
CTL5  
(µg/L) 

Exceeds 
Direct 

Contact

Minimum 
CTL6  
(µg/L) 

Target System/Organ 
NTC 

BGSV7 
(µg/L) 

COPCs8 

Inorganics10              

Barium 19/24 12,400 OU2MW06B02 09/22/99 2,000 P 2,000 -- YES 2,000 Cardiovascular 31.4 YES 

Beryllium 1/24 55.9 OU2MW06B02 09/22/99 4 P 4 0.13 YES 0.13 Carcinogen -Gastrointestinal -
Respiratory 

-- YES 

Cadmium 1/24 0.74 OU2MW14A03 02/15/00 5 P 5 -- NO 5 Carcinogen -Kidney 5.6 NO 

Calcium 22/24 179,000 OU2MW06B02 09/22/99 -- -- -- -- -- -- -- 63,830 Nutrient 

Chromium 4/24 1,490 OU2MW06B02 09/22/99 100 P 100 11 YES 11 Carcinogen-Respiratory 7.8 YES 

Cobalt 3/24 5.2 OU2MW03A02 07/29/99 420  42 -- NO 42 Cardiovascular -Immunological 
-Neurological-Reproductive 

-- NO 

Copper 7/24 363 OU2MW06B02 09/22/99 1,000 S 1,000 -- NO 1,000 None Specified 5.4 No 

Iron 22/24 127,000 OU2MW06B02 09/22/99 300 S 300 1,000 YES 300 Blood -Gastrointestinal 1,227 YES 

Lead 5/24 724 OU2MW06B02 09/22/99 15 P 15 -- YES 15 Neurological 4 YES 

Magnesium 23/24 57,000 OU2MW06B02 09/22/99 -- -- -- -- -- -- -- 4,560 Nutrient 

Manganese 12/24 616 OU2MW03A02 07/29/99 50 S 50 -- YES 50 Neurological 17 YES 

Mercury 2/24 5.6 OU2MW06B02 09/22/99 2 P 2 0.012 YES 0.012 Neurological 0.12 YES 

Nickel 5/24 188 OU2MW06B02 09/22/99 100 P 100 -- YES 100 Body Weight -- YES 

Potassium 19/24 6,500 OU2MW06B02 09/22/99 -- -- -- -- -- -- -- 5,400 Nutrient 

Selenium 2/24 87.2 OU2MW06B02 09/22/99 50 P 50 5 YES 5 Hair Loss -Neurological -Skin 9.7 YES 

Sodium 21/24 82,000 OU2MW06B02 09/22/99 160,000 P 160,000 -- NO 160,000 None Specified 18,222 No 

Thallium 1/24 4.2 OU2MW06B02 09/22/99 2 P 2 6.3 YES 2 Blood-Hair Loss-Liver -- YES 
9 

Vanadium 11/24 1,120 OU2MW06B02 09/22/99 49  4.9 -- YES 4.9 None Specified 20.6 YES 

Zinc 4/24 1,550 OU2MW11B02 09/22/99 5,000 S 5,000 -- NO 5,000 Blood 4 No 

Radionuclides              

Cesium-137 1/1 9.8 OU2MW03A00 08/01/98 -- -- -- -- -- -- -- -- No 

Cobalt-60 1/1 18.3 OU2MW06B00 08/01/98 -- -- -- -- -- -- -- -- No 

Gross alpha 24/24 140 OU2MW06B02 09/22/99 15 P 15 15 YES 15 Carcinogen -- YES 

Gross beta 24/24 79.9 OU2MW06B02 09/22/99 -- -- -- -- -- -- -- -- No 
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TABLE 3-9 
 

IDENTIFICATION OF COPCs FOR GROUNDWATER IN ON-SITE WELLS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 3 OF 3  
COI1 FOD 2 Max Conc. 

(µg/L) 
Max 

Sample ID 
Max 

Sample 
Date  

GCTL 
(µg/L) 

GCTL 
Criteria3

Adjusted 
GCTL4 
(µg/L) 

FSW 
CTL5  
(µg/L) 

Exceeds 
Direct 

Contact

Minimum 
CTL6 
(µg/L) 

Target System/Organ 
NTC 

BGSV7 
(µg/L) 

COPCs8 

Miscellaneous              

Chloride 16/24 300000 OU2MW06B00 08/01/98 250000 S 250000 -- YES 250000 None Specified -- YES 

Cyanide 1/24 35 OU2MW03B00 08/02/98 200 P 200 5.2 NO 5.2 Body Weight -Neurological -
Thyroid 

-- YES 

Nitrate, As Nitrogen 6/23 1700 OU2MW07A00 07/29/98 10000 P 10000 -- NO 10000 Blood -- No 

Nitrite, As Nitrogen 3/24 25 OU2MW11B00 08/05/98 1000 P 1000 -- NO 1000 Blood -- No 

Sulfate 14/24 1150000 OU2MW01B00 07/20/98 250000 S 250000 -- YES 250000 None Specified -- YES 

Total Dissolved Solids 26/26 27900000 OU2MW06B00 08/01/98 500000 S 500000 -- YES 500000 None Specified -- YES 

Total Petroleum 
Hydrocarbons 

             

TPH (C8-C40) 4/23 1160 OU2MW03A00 08/01/98 5000  500 5000 YES 500 Multiple Endpoints -- YES 

 
1 COI - chemical of interest 
2 FOD - frequency of detection; duplicate results included but not counted. 
3  P - primary drinking water standard; S - secondary drinking water standard; per F.A.C. 62-550 and Chapter 62-777, Table 1, dated August 1999. 
4 GCTLs based on Primary and Secondary Standards were not adjusted.  The derived GCTLs for ingestion of groundwater taken from F.A.C. 62-777, Table 1, were divided by the number of 

carcinogens (12) or noncarcinogens (10) that affect the same target organ or system to account for additive effects. 
5 The CTL for protection of fresh surface water (FSW), per F.A.C. 62-777, Table 1, dated August 1999. 
6 The initial screening criteria is the minimum of the GCTL, the adjusted GCTL, or the CTL to protect marine surface water. 
7 NTC BGSV - NTC Orlando, background screening value (ABB-ES, 1995). 
8 A COI is selected as COPC if the maximum concentration exceeds the minimum CTL, or NTC BGSV, whichever is greater. 
9 Chemical not evaluated due to low frequency of detection (i.e., <20% of samples), max. conc. marginally exceeds GCTL, and max. conc. is <FSW CTL. 
10 The FSW CTL for barium, chloride, and sulfate is 10% greater than the NTC BGSV (ABB-ES, 1995) for surface water, per Chapter 62-777, Table 1 guidance. 
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TABLE 3-10 
 

SELECTION OF COCs FOR GROUNDWATER IN ON-SITE WELLS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 2  
Cumulative Cancer or 
Target Organ/System 

Analysis4 

COPC1 FOD2 Max Conc. 
(µg/L) 

R
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n3  (µ
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CTL 

(µg/L) 
GCTL 

Criteria3 
Target System/ 

Organ 
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Adj. 
GCTL 
(µg/L)5 

FSW CTL 
(µg/L)6 

NTC 
BGSV 
(µg/L)7 

PRG8 Exceeds 
PRG 

Volatiles                
Benzene 3/24 7.6 2.4 1 P Carcinogen -- -- -- 1 1 71.28 -- 1 YES 
Chlorobenzene 3/24 23 3.9 100 P Liver -- -- -- 1 100 17 -- 17 NO 
Tetrachloroethene 2/24 34 2.7 3 P Carcinogen –Liver -- -- -- 1 3 8.85 -- 3 NO 
Trichloroethene 3/24 1,200 11.1 3 P Carcinogen -- -- -- 1 3 80.7 -- 3 YES 
Vinyl Chloride 3/24 20 2.5 1 P Carcinogen -- -- -- 1 1 -- -- 1 YES 
Semivolatiles                
Naphthalene 2/24 6.1 6.1 20  Body Weight –Nasal -- -- -- 1 20 26 -- 20 NO 
Inorganics                
Aluminum 21/24 1,110,000 59,709 200 S Body Weight -- -- -- 1 200 13 4,067 4,067 YES 
Arsenic 7/24 121 5.6 50 P Carcinogen -

Cardiovascular -Skin 
-- -- -- 1 50 50 5 50 NO 

Barium 19/24 12,400 2,052 2000 P Cardiovascular -- -- -- 1 2,000 -- 31.4 2000 YES 
Beryllium 1/24 55.9 1.05 4 P Carcinogen -

Gastrointestinal -
Respiratory 

-- -- -- 1 4 0.13 -- 0.13 YES 

Chromium9 4/24 1,490 60.9 100 P Carcinogen-Respiratory -- -- -- 1 100 11 7.8 11 YES 
Iron 22/24 127,000 13,984 300 S Blood -Gastrointestinal -- -- -- 1 300 1,000 1,227 1,227 YES 
Lead 5/24 724 20.5 15 P Neurological -- -- -- 1 15 -- 4 15 YES 
Manganese 12/24 616 166 50 S Neurological -- -- -- 1 50 -- 17 50 YES 
Mercury 2/24 5.6 0.19 2 P Neurological -- -- -- 1 2 0.012 0.12 0.12 YES 
Nickel 5/24 188 14.8 100 P Body Weight -- -- -- 1 100 -- -- 100 NO 
Selenium 2/24 87.2 4 50 P Hair Loss -Neurological -

Skin 
-- -- -- 1 50 5 9.7 9.7 NO 

Vanadium 11/24 1,120 98 49  None Specified -- -- -- 1 49 -- 20.6 49 YES 
Radionuclides                
Gross Alpha 24/24 140 15 15 P Carcinogen -- -- -- 1 15 15 -- 15 NO 
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SELECTION OF COCs FOR GROUNDWATER IN ON-SITE WELLS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 2  
Cumulative Cancer or 
Target Organ/System 

Analysis4 

COPC1 FOD2 Max Conc.  
(µg/L) 

R
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n3  (µ
g/
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GW 
CTL 

(µg/L) 
GCTL 

Criteria3 
Target System/ 

Organ 
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Adj. 
GCTL 
(µg/L)5 

FSW CTL 
(µg/L)6 

NTC 
BGSV  
(µg/L)7 

PRG8 Exceeds 
PRG 

Miscellaneous                
Chloride 16/24 300,000 57,591 250,000 S None Specified -- -- -- 1 250,000 -- -- 250,000 NO 
Cyanide 1/24 35 4 200 P Body Weight -Neurological 

-Thyroid 
-- -- -- 1 200 5.2 -- 5.2 NO 

Sulfate 14/24 1,150,000 138,602 250,000 S None Specified -- -- -- 1 250,000 -- -- 250,000 NO 
Total Dissolved Solids 26/26 27,900,000 3,623,658 500,000 S None Specified -- -- -- 1 500,000 -- -- 500,000 YES 
Total Petroleum 
Hydrocarbons               
TPH (C8-C40) 4/23 1,160 1,160 5,000  Multiple Endpoints -- -- -- 1 5,000 5,000 -- 5,000 NO 

 
1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95% upper confidence limit (UCL) of the mean, or the maximum detected concentration, whichever is lower. 
4 The ratio of the maximum detected concentration to the GCTL is shown for each COPC; a ratio or sum of ratios greater than 1 for carcinogens or for any organ/system indicates an 

exceedance of FDEP guidance (ratios only shown for COIs that exceed direct contact during COPC screen and whose GCTL is not a primary or secondary standard). 
5 GCTLs based on Primary and Secondary Standards were not adjusted.  The derived GCTLs for ingestion of groundwater taken from F.A.C. 62-777, Table 1, were divided by the number of 

carcinogens or noncarcinogens that affect the same target organ or system to account for additive effects. 
6 The CTL for protection of marine surface water (MSW), per F.A.C. 62-777, Table 1, dated August 1999.  The FSW CTL for barium, chloride, and sulfate is 10% greater than the NTC BGSV 

(ABB-ES, 1995) for surface water, per Chapter 62-777, Table 1 guidance. 
7 The minimum screening criteria is the minimum of the GCTL, the adjusted GCTL, or the CTL to protect marine surface water. 
8 The preliminary remediation goal (PRG) is the minimum CTL (i.e., GCTL or FSW CTL) or the NTC BGSV, whichever is greater. 
9 Criteria for hexavalent chromium used. 
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The groundwater PRGs were selected as the minimum of the applicable GCTLs (i.e., the published or 

adjusted GCTL for direct contact and the FSW GCTL), or the BGSV, whichever was greater.  As shown 

in Table 3-10, multiple carcinogens or noncarcinogens affecting the same target organ/system, without 

primary or secondary standards, were not present in the list of COPCs; therefore, no adjustment to the 

drinking water GCTLs was required. It was also noted that the BGSVs for aluminum, iron, mercury, and 

selenium were greater than the GCTLs; thus, the BGSVs were used as the PRGs for these COPCs. 
 
The COC selection process identified 13 COPCs whose site representative concentrations exceeded the 

PRGs (Table 3-10).  It was noted that the PRGs for 8 of these COPCs (i.e., 3 VOCs, 4 SVOCs, and TDS) 

were based on the GCTL for drinking water; the site representative concentrations for these 8 COCs did 

not exceed the FSW CTLs, or FSW CTLs do not exist for these COPCs.  The PRGs for beryllium and 

chromium were based on the FSW CTLs, and the maximum detected concentrations of these COPCs did 

not exceed the drinking water GCTLs.  The PRGs for aluminum, iron, and mercury were based on the 

BGSVs; the maximum detected and site representative concentrations of these COPCs exceeded all 

COC selection criteria (with the exception of the site representative concentration of mercury which did 

not exceed the GCTL).   
 
All groundwater samples in the FS data set with concentrations exceeding the PRGs identified in 

Table 3-10 are summarized in Table 3-11.  In addition, the sample turbidity for each sample is listed in 

Table 3-11.  As was discussed in Section 2.2.3.1, there were several wells where the sample turbidity 

could not be controlled (turbidity off-scale) during the microflow purging conducted during the Phase III RI 

sampling and some wells where turbidity could not be reduced to 10 NTUs.  The samples with high 

turbidity are shaded in Table 3-11, and the turbidity data show that aluminum, barium, beryllium, 

chromium, lead, mercury, and vanadium were only detected at concentrations exceeding the PRGs in 

four highly turbid wells (turbidity range of 159 to >1,100 NTUs) and in moderately turbid well MW8A 

(21 NTUs).  These 7 COPCs did not exceed the PRGs in 17 on-site wells in which turbidity was less than 

10 NTUs.  Collectively, the data show that a high correlation exists between sample turbidity and 

relatively high concentrations of the seven inorganic COPCs listed above.  Therefore, aluminum, barium, 

beryllium, chromium, lead, mercury, and vanadium were not retained as groundwater COCs.   
 
It was also noted in Table 3-11 that concentrations of iron in both the shallow and intermediate aquifer 

zones exceeded the PRG of 1,227 µg/L at upgradient well locations MW21A and -B and MW22A and -B.  

A review of the off-site well data showed that similar concentrations were detected to the east, across the 

canals which act as hydraulic barriers to flow in the Surficial Aquifer.  The distribution of iron in 

groundwater is presented in Figure 3-1 (including post-RI sample results), and concentrations that 

exceed the PRG are shown in bold.  From these data, it appears that groundwater that has little to no 

potential to  
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TABLE 3-11 
 

EXCEEDANCES OF PRGs IN GROUNDWATER ON-SITE WELLS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

COPC Sample 
Location 

Sample 
ID 

Sample 
Date 

Turbidity 
(NTUs) 

Detected 
Concentration 

(µg/L) 

PRG  
(µg/L) 

MW11B OU2MW11B02 9/22/99 320 7.6 
MW03B OU2MW03B02 7/29/99 10 3.4 J Benzene 
MW12B OU2MW12B02 7/29/99 6 1.3 

1 

Trichloroethene MW18B OU2MW18B02 7/16/99 6.2 1,200 J 3 
MW11B OU2MW11B02 9/22/99 320 16 Vinyl Chloride 
MW18B OU2MW18B02 7/16/99 6.2 20 J 

1 

MW06B OU2MW06B02 9/22/99 >1,100 1,110,000 J 
MW07A OU2MW07A02 9/22/99 >1,100 48,700 J 
MW11B OU2MW11B02 9/22/99 320 21,400 J 
MW01A OU2MW01A02 9/21/99 159 19,400 J 
MW01A OU2MW01A02-D 9/21/99 159 15,100 J 

4,067 
Aluminum 

MW08A OU2MW08A02 9/23/99 21 4,500 J  
Barium MW06B OU2MW06B02 9/22/99 >1,100 12,400 J 2,000 

Beryllium MW06B OU2MW06B02 9/22/99 >1,100 55.9 J 0.13 
MW06B OU2MW06B02 9/22/99 >1,100 1,490 J 
MW07A OU2MW07A02 9/22/99 >1,100 38.5 J 
MW11B OU2MW11B02 9/22/99 320 25.5 J 
MW01A OU2MW01A02 9/21/99 159 18.6 J 

Chromium 

MW01A OU2MW01A02-D 9/21/99 159 15.3 J 

11 

MW06B OU2MW06B02 9/22/99 >1,100 127,000 J 
MW07A OU2MW07A02 9/22/99 >1,100 4,290 J 
MW11B OU2MW11B02 9/22/99 320 5,290 J 
MW01A OU2MW01A02 9/21/99 159 3,330 J 
MW01A OU2MW01A02-D 9/21/99 159 2,800 J 
MW03A OU2MW03A02 7/29/99 10 23,700 
MW03B OU2MW03B02 7/29/99 10 15,500 
MW14B OU2MW14B02 7/15/99 9.94 2,520 J 
MW06A OU2MW06A02 7/29/99 9 2,990 
MW08B OU2MW08B02 7/15/99 6.55 1,620 J 
MW18B OU2MW18B02 7/16/99 6.2 1,580 J 
MW12B OU2MW12B02 7/29/99 6 2,640 
MW02B OU2MW02B02 7/28/99 4.4 3,940 
MW14A OU2MW14A03 2/15/00 1.72 1,540 J 
MW01B OU2MW01B02 7/14/99 0.85 1,470 
MW01B OU2MW01B02-D 7/14/99 0.85 1,460 

Iron 

MW11A OU2MW11A02 7/31/99 0 1,770 

1,227 

MW06B OU2MW06B02 9/22/99 >1,100 724 J Lead 
MW07A OU2MW07A02 9/22/99 >1,100 24.1 J 

15 

MW06B OU2MW06B02 9/22/99 >1,100 368 J Manganese 
MW03A OU2MW03A02 7/29/99 10 616 

50 

MW06B OU2MW06B02 9/22/99 >1,100 5.6 Mercury 
MW07A OU2MW07A02 9/22/99 >1,100 0.13 

0.12 

MW06B OU2MW06B02 9/22/99 >1,100 1,120 J 
MW07A OU2MW07A02 9/22/99 >1,100 49.8 J 
MW01A OU2MW01A02 9/21/99 159 67.3 J 

Vanadium 

MW01A OU2MW01A02-D 9/21/99 159 62.6 J 

49 

Notes: Shaded cell indicates turbidity >10 NTUs. 
COPC – Chemical of Potential Concern 
PRG – Preliminary Remediation Goal 
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be affected by landfill materials or water chemistry changes (e.g., upgradient and off-site wells MW21, 

-22, -16, and -19) contain natural, local background concentrations significantly higher than the NTC 

BGSV of 1,227 µg/L.  In addition, the data presented in Figure 3-1 suggest that only three general areas 

associated with the former landfill have been impacted by a release or increase in concentration of iron in 

groundwater: (1) the northern area of wells MW02 and -03; (2) the east-central area of MW06;  and 

(3) the south-central area of MW28.  The concentration of iron in the remaining wells situated throughout 

OU 2, but predominantly in the southern portion of OU 2, are consistent with the upgradient and off-site 

well concentrations (only the concentration in well MW12B, at 2,640 µg/L, was slightly greater than 

upgradient well MW21B, at 2,500 µg/L).   

 

In summary, the following COPCs were selected as groundwater COCs to be evaluated in this FS: 

 
• Benzene • Iron 
• TCE • Manganese 
• Vinyl chloride  
 

3.4.8 Identification of Sediment COPCs 

 

The evaluation of sediment COPCs for OU 2 began by separating the RI sediment data into two FS data 

sets for the analysis: one data set for sample locations along the drainage canals around the eastern and 

southern perimeters of OU 2 that flow off-site, and one data set for sample locations along the margins of 

ponds located mostly throughout the golf course.  In addition, six sediment sample locations were 

upgradient and not within the bounds of OU 2; therefore, these samples were not included in either of the 

above-described data sets used for the FS identification of COPCs.  Table 3-12 provides a listing of the 

sediment (and surface water) samples by location at OU 2. 

 

The COPC screening process identified two COIs in canal sediments and two COIs in pond sediments 

whose maximum detected concentrations exceeded the minimum SCTLs (Tables 3-13 and 3-14, 

respectively).  Because the sediments are located along the margins of water bodies that may be 

accessed by recreators or trespassers, the SCTLs for direct contact to soil in an industrial setting were 

used in the analysis of COPCs.  And, because the sediments may release COPCs into surface water 

bodies (i.e., drainage canals and ponds) the SCTLs for leaching of surface soil to fresh surface water was 

included in the analysis.  Finally, because sediment in ponds could release COPCs to shallow 

groundwater, the SCTLs for soil leaching to groundwater was included in the analysis of pond sediments.  

The leaching to groundwater pathway was not included in the canal sediments because the canals 

represent areas of predominantly groundwater discharge. 
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TABLE 3-12 
 

LOCATIONS AND SAMPLE DATE FOR SEDIMENT AND SURFACE WATER SAMPLES 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
  

In Canal Locations Sample Date 

SW05 Aug-99 
SW8 Aug-99 

SW10 Aug-99 
SW12 Aug-99 
SW14 Aug-99 
SW15 Aug-99 
SW18 Aug-99 
SW19 Aug-99 
SW20 Aug-99 
SW21 Aug-99 
SW22 Aug-98 

In Pond Locations Sample Date 
SW01 Aug-99 
SW2 Jul-97 
SW3 Jul-97 
SW4 Jul-97 
SW6 Jul-97 
SW7 Jul-97 
SW9 Jul-97 

SW11 Aug-98 
SW13 Aug-98 
SW16 Aug-98 
SW17 Aug-98 

Upgradient Locations Sample Date 
SW23 Aug-99 
SW24 Aug-99 
SW25 Aug-99 
SW26 Aug-99 
SW27 Aug-99 
SW28 Aug-99 



 

 

470801005 
3-43 

C
TO

 0024 

R
ev. 1

07/30/03

TABLE 3-13 
 

IDENTIFICATION OF COPCs FOR SEDIMENT IN CANALS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 2  
COI 1 FOD 2 Max Conc. 

(mg/kg) 
Max Sample 

ID 
Max 

Sample 
Date 

SCTL 
Industrial3 

(mg/kg) 

Adj. SCTL 
Industrial4 

(mg/kg) 

SCTL5 
Leach II 
(mg/kg) 

Exceeds 
Adj. 

Direct 
Contact 

Minimum 
SCTL6 

(mg/kg) 

Target System/Organ NTC 
BGSV7  
(mg/kg) 

COPCs8 

Inorganics              

Aluminum 11/11 6,490 NTCSD01803 8/12/99 -- -- -- -- -- Body Weight 4,780 NO 
Antimony 1/11 0.3 NTCSD01503 8/12/99 240 24 -- NO 24 Blood -Mortality -- NO 
Arsenic 3/11 0.8 NTCSD01803 8/12/99 3.7 0.37 -- YES 0.37 Carcinogen -Cardiovascular -

Skin 
1.8 NO 

Barium 11/11 30.4 NTCSD02003 8/12/99 87,000 8,700 -- NO 8,700 Cardiovascular 21.6 NO 
Beryllium 1/11 0.81 NTCSD01403 8/11/99 800 80 -- NO 80 Carcinogen -Gastrointestinal -

Respiratory 
-- NO 

Calcium 6/11 2,820 NTCSD01003 8/11/99 -- -- -- -- -- -- -- NO 
Chromium9 7/11 8.6 NTCSD01403 8/11/99 420 42 38 -- 38 #N/A 33,568 NO 
Copper 7/11 8.3 NTCSD01903 8/11/99 73,000 7,300 -- NO 7,300 None Specified 2.6 NO 
Iron 11/11 1,200 NTCSD01403 8/11/99 480,000 48,000 -- NO 48,000 Blood -Gastrointestinal 843 NO 
Lead 11/11 10.7 NTCSD01003 8/11/99 920 92 -- NO 92 Neurological 21.3 NO 
Magnesium 5/11 228 NTCSD01403 8/11/99 -- -- -- -- -- -- 381 NO 
Manganese 4/11 8.9 NTCSD01003 8/11/99 22,000 2,200 -- NO 2,200 Neurological 1.8 NO 
Mercury 2/11 0.06 NTCSD01803 8/12/99 26 2.6 0.01 NO 0.01 Neurological 0.05 YES 
Nickel 1/11 3.6 NTCSD01403 8/11/99 28,000 2,800 -- NO 2,800 Body Weight -- NO 
Potassium 1/11 71.9 NTCSD02200 8/26/98 -- -- -- -- -- -- 210 NO 
Selenium 2/11 0.87 NTCSD01903 8/11/99 10,000 1,000 -- NO 1,000 Hair Loss -Neurological -Skin 1.1 NO 
Sodium 1/11 44.9 NTCSD02200 8/26/98 -- -- -- -- -- -- -- NO 
Vanadium 10/11 27.1 NTCSD01003 8/11/99 7,400 740 -- NO 740 None Specified 4.9 NO 
Zinc 6/11 17.9 NTCSD01003 8/11/99 56,0000 56,000 -- NO 56,000 Blood 4.6 NO 
Pesticides/PCBs10              
4,4'-DDE 2/11 0.0082 NTCSD00503 8/11/99 13 1.3 0.1 NO 0.1 Carcinogen -- NO 
alpha-Chlordane 1/11 0.0011 NTCSD01503 8/12/99 12 1.2 0.003 NO 0.003 Carcinogen -Liver -- NO 
Endosulfan I 2/11 0.0021 NTCSD00803 8/12/99 6,700 670 0.005 NO 0.005 Body Weight -Cardiovascular -

Kidney 
-- NO 

gamma-Chlordane 2/11 0.0054 NTCSD01003 8/11/99 12 1.2 0.003 NO 0.003 Carcinogen -Liver -- YES 
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TABLE 3-13 
 

IDENTIFICATION OF COPCs FOR SEDIMENT IN CANALS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
PAGE 2 OF 2  

COI 1 FOD 2 Max Conc. 
(mg/kg) 

Max Sample 
ID 

Max 
Sample 

Date 

SCTL 
Industrial
(mg/kg)3 

Adj. SCTL 
Industrial4 

(mg/kg) 

SCTL 
Leach II5
(mg/kg) 

Exceeds 
Adj. 

Direct 
Contact 

Minimum 
SCTL6 

(mg/kg) 

Target System/Organ NTC 
BGSV7  
(mg/kg)

COPCs8 

Radiological 
(pCi/g) 

            

Actinium-228 1/1 1.2 NTCSD02200 8/26/98 -- -- -- -- -- -- -- NO 
Gross alpha 9/11 15 NTCSD01403 8/11/99 -- -- -- -- -- -- -- NO 
Gross beta 6/11 5.7 NTCSD01403 8/11/99 -- -- -- -- -- -- -- NO 
Lead-212 1/1 0.4 NTCSD02200 8/26/98 -- -- -- -- -- -- -- NO 
Lead-214 1/1 0.9 NTCSD02200 8/26/98 -- -- -- -- -- -- -- NO 
Thallium-208 1/1 0.5 NTCSD02200 8/26/98 -- -- -- -- -- -- -- NO 
1 COI - chemical of interest. 
2 FOD - frequency of detection; duplicates included but not counted. 
3 SCTL for direct contact with soil in an industrial setting, from F.A.C. Chapter 62-777, Table 2, dated August 1999. 
4 Initial human health screening criteria is the SCTL for direct contact divided by 10 to account for multiple chemical effect for carcinogens and noncarcinogens. 
5 Leach II - soil leaching to fresh surface water, from F.A.C. Chapter 62-777, Table 2, dated August 1999.  
6 The minimum SCTL is the lowest of the adjusted direct contact SCTL or the leaching to surface water SCTL. 
7 A COI is selected as an initial COPC is the maximum concentration of that chemical exceeds the minimum SCTL or the BGSV, whichever is larger. 
8 NTC BGSV - Naval Training Center, Orlando, Florida, background screening value (ABB-ES, 1995). 
9 Criteria for hexavalent chromium used. 
10 Criteria for chlordane used for alpha- and gamma-chlordane. 
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TABLE 3-14 
 

IDENTIFICATION OF COPCs FOR SEDIMENT IN PONDS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 2  
COI 1 FOD 2 Max Conc. 

(mg/kg) 
Max Sample 

ID 
Max 

Sample 
Date 

SCTL 
Industrial3

(mg/kg) 

Adj. SCTL 
Industrial4

(mg/kg) 

SCTL 
Leach I5 
(mg/kg)  

SCTL 
Leach II5 
(mg/kg)  

Exceeds 
Adj. Direct 

Contact 

Minimum 
SCTL6 

(mg/kg) 

Target System/Organ NTC 
BGSV7  
(mg/kg)

COPCs8 

Volatiles               

Carbon Disulfide 1/10 0.0738 NTCSD01100 8/25/98 1,400 140 5.6 0.8 NO 0.8 Developmental -Neurological -- NO 
Toluene 1/10 0.0038 NTCSD01100 8/25/98 2,600 260 0.5 5.6 NO 0.5 Kidney -Liver -Neurological -- NO 

Pesticides/PCB               

4,4'-DDD 1/11 0.0045 NTCSD01600 8/25/98 18 1.8 4 0.1 NO 0.1 Carcinogen -- NO 
4,4'-DDE 1/11 0.0035 NTCSD01700 8/25/98 13 1.3 18 0.1 NO 0.1 Carcinogen -- NO 
Endosulfan I 1/11 0.0026 NTCSD00103 8/11/99 6,700 670 3.8 0.005 NO 0.005 Body Weight -Cardiovascular 

Kid
-- NO 

Inorganics               

Aluminum 11/11 11,400 NTCSD00103 8/11/99 -- -- -- -- -- -- -- 4,780 NO 
Arsenic 4/11 5.3 NTCSD00103 8/11/99 3.7 0.37 29 -- YES 0.37 Carcinogen -Cardiovascular -

Ski
1.9 YES 

Barium 11/11 52.2 NTCSD00103 8/11/99 87,000 8,700 1,600 -- NO 1,600 Cardiovascular 21.6 NO 
Calcium 10/11 4,820 NTCSD00103 8/11/99 -- -- -- -- -- -- -- -- NO 
Chromium9 10/11 18.9 NTCSD00103 8/11/99 420 42 38 -- NO 38 Carcinogen -Respiratory 33568 NO 
Cobalt 1/11 0.29 NTCSD00900 7/2/97 110,000 11,000 -- -- NO 11,000 Cardiovascular -

I l i l N l i l
7.7 NO 

Copper 9/11 25.9 NTCSD00103 8/11/99 73,000 7,300 -- -- NO 7,300 None Specified 2.6 NO 
Iron 11/11 5,130 NTCSD00103 8/11/99 480,000 48,000 -- -- NO 48,000 Blood -Gastrointestinal 843 NO 
Lead 10/11 33.2 NTCSD00103 8/11/99 920 92 -- -- NO 92 Neurological 21.3 NO 
Magnesium 4/11 214 NTCSD00103 8/11/99 -- -- -- -- -- -- -- 381 NO 
Manganese 6/11 37.6 NTCSD00103 8/11/99 22,000 2,200 -- -- NO 2,200 Neurological 10.8 NO 
Mercury 2/11 0.10 NTCSD01700 8/25/98 26 2.6 2.1 0.01 NO 0.01 Neurological 0.05 YES 
Nickel 6/11 5.7 NTCSD00103 8/11/99 28,000 2,800 130 -- NO 130 Body Weight -- NO 
Potassium 6/11 69.2 NTCSD00600 7/2/97 -- -- -- -- -- -- -- 210 NO 
Selenium 2/11 2 NTCSD00103 8/11/99 10,000 1,000 5 -- NO 5 Hair Loss -Neurological -Skin 1.1 NO 
Sodium 3/11 412 NTCSD01700 8/25/98 -- -- -- -- -- -- -- -- NO 
Vanadium 11/11 19 NTCSD00103 8/11/99 7,400 740 980 -- NO 740 None Specified 4.9 NO 
Zinc 6/11 143 NTCSD00103 8/11/99 560,000 56,000 6,000 -- NO 6,000 Blood 4.6 NO 
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TABLE 3-14 
 

IDENTIFICATION OF COPCs FOR SEDIMENT IN PONDS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 2  
COI 1 FOD 2 Max Conc. 

(mg/kg) 
Max Sample 

ID 
Max 

Sample 
Date 

SCTL 
Industrial 
(mg/kg)3 

Adj. SCTL 
Industrial 
(mg/kg)4 

SCTL 
Leach I 

(mg/kg) 5 

SCTL 
Leach II 
(mg/kg) 5 

Exceeds 
Adj. Direct 

Contact 

Minimum 
SCTL 

(mg/kg)6 

Target System/Organ NTC 
BGSV7  
(mg/kg)

COPCs8 

Radiological (pCi/g)              
Actinium-228 3/3 1.2 NTCSD01700 8/25/98 -- -- -- -- NO -- --  NO 
Bismuth-214 2/2 1.3 NTCSD01700 8/25/98 -- -- -- -- NO -- --  NO 
Gross alpha 11/11 7.7 NTCSD01100 8/25/98 -- -- -- -- NO -- --  NO 
Gross beta 5/11 3 NTCSD00103 8/11/99 -- -- -- -- NO -- --  NO 
Lead-212 4/4 0.6 NTCSD01700 8/25/98 -- -- -- -- NO -- --  NO 
Lead-214 4/4 1.7 NTCSD01700 8/25/98 -- -- -- -- NO -- --  NO 
Potassium-40 1/1 3.3 NTCSD01600-

D
8/25/98 -- -- -- -- NO -- --  NO 

Thallium-208 2/2 0.5 NTCSD01300 8/25/98 -- -- -- -- NO -- --  NO 

TPH (C8-C40)               

TPH (C8-C40) 1/4 21.6 NTCSD01700 8/25/98 2,500 -- 340 340 NO 340 -- -- NO 
 

1 COI - chemical of interest 
2 FOD - frequency of detection; duplicates included but not counted. 
3 SCTL for direct contact with soil in an industrial setting, from F.A.C. Chapter 62-777, Table 2, dated August 1999. 
4 Initial human health screening criteria is the SCTL for direct contact divided by 10 to account for multiple chemical effect for carcinogens and noncarcinogens. 
5 Leach I - soil leaching to groundwater; Leach II - soil leaching to fresh surface water, from F.A.C. Chapter 62-777, Table 2, dated August 1999.  
6 The initial screening criteria is the lowest of the adjusted direct contact SCTL or the leaching to groundwater or surface water SCTLs. 
7 A COI is selected as an COPC is the maximum concentration of that chemical exceeds the minimum SCTL or the BGSV, whichever is greater. 
8 NTC BGSV - Naval Training Center, Orlando, Florida, background screening value (ABB-ES, 1995). 
9 Criteria for hexavalent chromium used. 
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Tables 3-13 and 3-14 present the initial screening process; list all chemicals detected in sediments, their 

frequency of detection and maximum concentrations, the State of Florida SCTLs for industrial land use 

and for soil leaching to fresh surface water and groundwater (pond sediment only), NTC BGSV; and 

identify the COPCs.  COIs whose maximum concentration did not exceed the minimum SCTL, or BGSV, 

whichever was larger (i.e., “No” in last columns of Tables 3-13 and 3-14), were eliminated from further 

evaluation as COPCs.   
 
Because relatively few canal sediment (11) and pond sediment (11) samples were collected at OU 2, the 

COPC identification process did not include an evaluation of the FOD.  
 
It was also noted that several COIs in sediments were not selected as COPCs because there were no 

published SCTLs, as follows:  aluminum, radionuclides, and TPH. 
 

3.4.9 Selection of Sediment COCs 
 
The sediment PRGs were selected as the minimum of the applicable SCTLs (i.e., the published or 

adjusted SCTL for direct contact, the SCTL for leaching to fresh surface water, or the SCTL for leaching 

to groundwater), or the BGSV, whichever was greater.  As shown in Tables 3-15 and 3-16, multiple 

carcinogens or noncarcinogens were not identified as COPCs for sediment.  Therefore, the direct contact 

SCTLs were not adjusted. It was also noted that the BGSV for mercury was greater than the minimum 

SCTLs; thus, the BGSV was used as the PRG for mercury. 

 

The COC selection process identified only mercury in pond sediment as exceeding the PRGs.  The 

maximum detected concentration of mercury did not exceed the direct contact SCTL or the SCTL for 

leaching to groundwater; however, the concentration did exceed the SCTL for leaching to fresh surface 

water (i.e., the PRG).  As noted in F.A.C. 62-777, Table 1, the SCTL for mercury is based on 

F.A.C. 62-320 that protects the recreation, propagation, and maintenance of a healthy, well-balanced 

population of fish and wildlife for Class III fresh surface water.  As indicated in Table 3-16, mercury was 

detected in only 2 of 11 pond sediment samples.  The concentration of mercury exceeded the PRG of 

0.05 mg/kg in only one sample, 0.1 mg/kg at location SD016 at the pond near Hole No. 6 on the golf 

course (Figure 2-10).  The ERA presented in the RI Report (Tetra Tech NUS, 2001) concluded that there 

were no imminent risks to fish or wildlife and that remedial measures were not recommended.  Therefore, 

because of the single, marginal exceedance of the PRG for mercury, and because the detected 

concentrations of mercury do not pose a risk to humans, or fish and wildlife, mercury was not considered 

for further evaluation as a COC in this FS.   
 
In summary, no sediment COPCs were identified for further evaluation in this FS. 
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TABLE 3-15 
 

SELECTION OF COCs FOR SEDIMENT IN CANALS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
  

Cumulative Cancer or 
Target Organ/System 

Analysis4 

COPC1 FOD 2 Max Conc. 
(mg/kg) 

Si
te

 R
ep

re
se

nt
at

iv
e 

C
on

ce
nt

ra
tio

n3  (m
g/

kg
) 

Target System/Organ 

C
ar

ci
no

ge
n 

C
ar

di
ov

as
cu

la
r 

Sk
in

 

A
dj

. F
ac

to
r Adj. SCTL Industrial 

(mg/kg)5 

Minimum 
SCTL for 
Leaching 
(mg/kg)6 

NTC   
BGSV7   
(mg/kg)

PRG 
(mg/kg)8 COC 9 

Inorganics              

gamma-Chlordane 2/11 0.0054 0.0025 Carcinogen - Liver -- -- -- 1.0 12 0.003 -- 0.003 NO 

Mercury 2/11 0.06 0.0485 Neurological -- -- -- 1.0 26 0.01 0.05 0.05 NO 
 

1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95 percent upper confidence limit (UCL), or the maximum detected concentration, whichever is lower. 
4 The ratio of the maximum detected concentration to the SCTL is shown for each COPC; a ratio or sum of ratios greater than 1 for carcinogens or for any organ/system indicates an 

exceedance of FDEP guidance (ratios only shown for COIs that exceed direct contact during initial screen). 
5 The SCTL for direct contact with soil in an industrial setting taken from F.A.C. 62-777, Table 2, was divided by the number (i.e., adj. factor) of carcinogenic COPCs or 

noncarcinogenic COPCs that affect the same target organ/system to account for cumulative effects. 
6 Leach II – soil leaching to fresh surface water, per F.A.C. 62-777, Table 2. 
7 NTC BGSV – NTC, Orlando background screening value (ABB-ES, 1995). 
8 The PRG is the minimum SCTL ( i.e., the adjusted SCTL for industrial soils or the SCTL for leaching to surface water) or the NTC BGSV, whichever is larger. 
9 A COPC is selected as a COC if the representative concentration of that chemical exceeds the PRG. 
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TABLE 3-16 
 

SELECTION OF COCs FOR SEDIMENT IN PONDS 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA   

Cumulative Cancer or 
Target Organ/System 

Analysis4 

COPC1 FOD2 Max Conc. 
(mg/kg) 

Si
te

 R
ep

re
se

nt
at

iv
e 

C
on

ce
nt

ra
tio

n3  (m
g/

kg
) 

Target System/Organ 

C
ar

ci
no

ge
n 

C
ar

di
ov

as
cu

la
r 

S
ki

n 

A
dj

. F
ac

to
r Adj. SCTL Industrial 

(mg/kg)5 

Minimum 
SCTL for 
Leaching 
(mg/kg)6 

NTC 
BGSV7   
(mg/kg)

PRG 
(mg/kg)8 COC9 

Inorganics              

Arsenic 4/11 5.3 2.05 Carcinogen -Cardiovascular -Skin -- -- 1.0 1.0 3.7 29 0.8 3.7 NO 

Mercury 2/11 0.10 0.0847 Neurological -- -- 1.0 1.0 26 0.01 0.05 0.05 YES 
 

1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95 percent upper confidence limit (UCL), or the maximum detected concentration, whichever is lower. 
4 The ratio of the maximum detected concentration to the SCTL is shown for each COPC; a ratio or sum of ratios greater than 1 for carcinogens or for any organ/system indicates an 

exceedance of FDEP guidance (ratios only shown for COIs that exceed direct contact during initial screen). 
5 The SCTL for direct contact with soil in an industrial setting taken from F.A.C. 62-777, Table 2, was divided by the number (i.e., adj. factor) of carcinogenic COPCs or 

noncarcinogenic COPCs that affect the same target organ/system to account for cumulative effects. 
6 Minimum value for soil leaching to groundwater or to fresh surface water, per F.A.C. 62-777, Table 2. 
7 NTC BGSV – NTC, Orlando background screening value (ABB-ES, 1995). 
8 The PRG is the minimum SCTL (i.e., the adjusted SCTL for industrial soils or the SCTL for leaching to surface water) or the NTC BGSV, whichever is larger. 
9 A COPC is selected as a COC if the representative concentration of that chemical exceeds the PRG. 
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3.4.10 Identification of Surface Water COPCs 
 
The evaluation of surface water COPCs for OU 2 began by separating the RI surface water data into two 

FS data sets for the analysis: one data set for sample locations along the drainage canals around the 

eastern and southern perimeters of OU 2 that flow off-site, and one data set for sample locations along 

the margins of ponds located mostly throughout the golf course.  In addition, six surface water sample 

locations were upgradient and not within the bounds of OU 2; therefore, these samples were not included 

in either of the above-described data sets used for the FS identification of COPCs.  Table 3-12 provides a 

listing of the surface water (and sediment) samples by location at OU 2. 
 
The COPC screening process identified six COIs in canal surface waters and nine COIs in pond surface 

waters whose maximum detected concentrations exceeded the minimum SCTLs (Tables 3-17 and 3-18, 

respectively).  Because there is negligible likelihood that current or future human receptors at OU 2 will 

use surface water for domestic purposes, the CTLs for protection of FSW were selected as the applicable 

standards for the evaluation of surface water at OU 2. 
 
Tables 3-17 and 3-18 present the initial screening process; list all chemicals detected in surface waters, 

their frequency of detection and maximum concentrations, and the State of Florida CTLs for protection of 

fresh surface water; and identify the COPCs.  NTC BGSVs were not available for surface water.  COIs 

whose maximum concentration did not exceed the FSW CTL (i.e., “No” in last columns of Tables 3-17 

and 3-18) were eliminated from further evaluation as COPCs.   

 

Because relatively few canal surface water (11) and pond surface water (11) samples were collected at 

OU 2, the COPC identification process did not include an evaluation of the FOD.  It was noted that BEHP 

was identified as a COPC based on its maximum concentration of 6.6 µg/L in canal surface water 

(Table 3-17).  However, BEHP is known to be a common laboratory contaminant, and it was also 

detected at similar concentrations in off-site, upstream surface water samples (Table 3-19).  Therefore, 

due to the low concentrations detected, it was assumed to be a laboratory artifact and was not 

considered in the following COC evaluation. 
 
It was also noted that manganese and gross beta in surface waters were not selected as COPCs 

because there were no published SCTLs. 
 

3.4.11 Selection of Surface Water COCs 
 
The surface water PRGs were selected as the FSW CTL, or the BGSV, whichever was greater 

(Tables 3-20 and 3-21).  Because the FSW CTLs do not represent direct contact of human receptors with 
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TABLE 3-17  
IDENTIFICATION OF COPCs FOR SURFACE WATER IN CANALS 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA   

COI1 FOD2 Max Conc. 
(µg/L) 

Max Sample 
ID 

Max Sample 
Date 

FSW CTL3 

(µg/L) 
CTL 

Basis4 Target System/Organ COPCs5 

Semivolatiles           

bis(2-ethylhexyl)phthalate 3/11 6.6 NTCSW01203 8/11/99 0.02 Human Health Carcinogen -Liver YES  

PAHs          

Naphthalene 1/11 0.43 NTCSW01903 10/27/99 26 Toxicity Criteria Body Weight -Nasal NO  

Inorganics          
Aluminum 5/11 15,300 NTCSW01803 8/12/99 13 Toxicity Criteria Body Weight YES  
Barium6 11/11 45.7 NTCSW01803 8/12/99 34.5 b Cardiovascular YES  
Calcium 11/11 30,400 NTCSW01203 8/11/99 -- -- -- Nutrient 
Chromium 7 1/11 14.5 NTCSW01803 8/12/99 11 62-302 Carcinogen-Respiratory YES  
Copper 6/11 5.7 NTCSW02103 8/12/99 9.53 a None Specified NO  
Iron 8/11 2,340 NTCSW01803 8/12/99 1,000 62-302 Blood -Gastrointestinal YES  
Lead 2/11 7.3 NTCSW01803 8/12/99 2.31 a Neurological YES  
Magnesium 11/11 3,560 NTCSW01403 8/11/99 -- -- -- Nutrient 
Manganese 6/11 19.7 NTCSW01403 8/11/99 -- -- -- NO  
Mercury 10/11 0.00837 NTCSW01203 8/11/99 0.012 62-302 Neurological NO  
Nickel 2/11 5.7 NTCSW01903 8/11/99 127.4 a Body Weight NO  
Potassium 4/11 1,830 NTCSW01003 8/11/99 -- -- -- Nutrient 
Sodium 11/11 14,500 NTCSW01403 8/11/99 -- -- -- NO  
Vanadium 4/11 11 NTCSW01803 8/12/99 -- -- None Specified NO  
Zinc 6/11 69.2 NTCSW02200 8/26/98 85.6 a Blood NO  

Radionuclides          
Gross alpha 11/11 12.7 NTCSW01203 8/11/99 15 62-302 -- NO  
Gross beta 9/11 7.4 NTCSW01203 8/11/99 -- NA -- NO  

 

1 COI - chemical of interest. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 CTL for direct contact with fresh surface water (FSW), from F.A.C. Chapter 62-777, Table 1, dated August 1999. 
4 The basis for the FSW CTL published in F.A.C. 62-777, Table 1; a-CTL is hardness dependent per F.A.C. 62-302, b-CTL is not greater than 10% above background. 
5 A COI is selected as a chemical of potential concern (COPC) if the maximum concentration of that chemical exceeds the FSW CTL. 
6 F.A.C. 62-302 states CTL is not > 10% above background; NTC Orlando background is not available for surface water; because groundwater discharges into surface water, value 

shown is the groundwater background screening value plus 10%. 
7 Criteria used are for hexavalent chromium. 
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TABLE 3-18  
IDENTIFICATION OF COPCs FOR SURFACE WATER IN PONDS 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  

COI 1 FOD 2 Max Conc. 
(µg/L) 

Max Sample 
ID 

Max Sample 
Date 

FSW  
CTL3  (µg/L) CTL Basis4 Target System/Organ COPCs 5 

Volatiles (µg/L)         

Toluene 1/10 16.3 NTCSW01100 8/25/98 475 Toxicity Criteria Kidney -Liver -Neurological NO 

Inorganics (µg/L)         
Aluminum 6/11 5,700 NTCSW00900 7/2/97 13 Toxicity Criteria Body Weight YES 

Arsenic 4/11 7 NTCSW00900 7/2/97 50 62-302 Carcinogen -Cardiovascular -
Skin NO 

Barium6 10/11 67.4 NTCSW01300 8/25/98 34.5 b Cardiovascular YES 
Calcium 11/11 74,500 NTCSW01700 8/25/98 -- -- -- NO 
Chromium7 4/11 11.2 NTCSW00900 7/2/97 11 62-302 Carcinogen-Respiratory YES 
Copper 8/11 13.8 NTCSW00900 7/2/97 9.53 a None Specified YES 
Iron 10/11 7,090 NTCSW01100 8/25/98 1,000 62-302 Blood -Gastrointestinal YES 
Lead 3/11 16.6 NTCSW00600 7/2/97 2.31 a Neurological YES 
Magnesium 11/11 12,600 NTCSW01700 8/25/98 -- -- -- NO 
Manganese 10/11 159 NTCSW00103 8/11/99 -- -- Neurological NO 
Mercury 3/11 0.15 NTCSW01100 8/25/98 0.012 62-302 Neurological YES 
Nickel 2/11 3.4 NTCSW00103 8/11/99 127.4 a Body Weight NO 
Potassium 8/11 18,800 NTCSW01700 8/25/98 -- -- -- NO 
Sodium 11/11 30,300 NTCSW01300 8/25/98 -- -- -- NO 
Vanadium 4/11 15 NTCSW00900 7/2/97 -- -- None Specified NO 
Zinc 7/11 565 NTCSW01600 8/25/98 85.6 a Blood YES 

Radionuclides (pCi/L)         
Gross alpha 5/11 18.1 NTCSW00103 8/11/99 15 -- -- YES 
Gross beta 8/11 18.5 NTCSW01700 8/25/98 -- -- -- NO 

 

1 COI - chemical of interest. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 CTL for direct contact with fresh surface water (FSW), from F.A.C. Chapter 62-777, Table 1, dated August 1999. 
4 The basis for the FSW CTL published in F.A.C. 62-777, Table 1; a-CTL is hardness dependent per F.A.C. 62-302, b-CTL is not greater than 10% above background. 
5 A COI is selected as a chemical of potential concern (COPC) if the maximum concentration of that chemical exceeds the FSW CTL. 
6 F.A.C. 62-302 states CTL is not > 10% above background; NTC Orlando background is not available for surface water; because groundwater discharges into surface water, value 

shown is the groundwater background screening value plus 10%. 
7 Criteria used are for hexavalent chromium. 
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TABLE 3-19  
SUMMARY FOR COIs DETECTED IN OFF-SITE, UPSTREAM SURFACE WATER  

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  
SAMPLE ID(a) FSW SW023 SW023-D SW024 SW025 SW026 SW027 SW028 Concentration Range 
LAB ID CTLs A9H110179001 A9H110179006 A9H110179002 A9H110179003 A9H120141008 A9H110179004 A9H110179005 Minimum Maximum 
SAMPLE DATE  8/10/99 8/10/99 8/10/99 8/10/99 8/11/99 8/10/99 8/10/99   
Volatiles (µg/L)           
Acetone 1,692       12 J 12 12 
Chloroform 470.8   0.32 J     0.32 0.32 
Toluene 175      0.31 J 0.36 J 0.31 0.36 
Semivolatiles (µg/L)           
bis(2-ethylhexyl)phthalate 0.02     4.5 J  4.4 J 4.4 4.5 
Pesticides/PCBs (µg/L)   (b) (b) (b) (b) (b) (b)   
Aldrin 0.00014    0.033 J   0.018 J 0.018 0.033 
Endosulfan I 0.056       0.015 J 0.015 0.015 
Endrin Aldehyde * 0.1 J       0.1 0.1 
Herbicides (µg/L)           
Dicamba 195   0.59 J     0.59 0.59 
Inorganics (µg/L)           
Aluminum 13 295 J 712 J   645 1,890 J 916 J 645 1,890 
Antimony 160      5.4  5.4 5.4 
Barium * 27.6 29.3 25.4 15.9 15.2 20.6 14.8 14.8 29.3 
Calcium * 41,000 40,200 36,100 14,600 14,200 30,800 30,300 14,200 41,000 
Copper 9.53(c) 0.92 3 1.1 1  2.5 2.2 1 3 
Iron 1,000 968 1,070 1,290 769 486 523 540 486 1,290 
Magnesium * 3,630 3,580 3,450 1,150 1,160 1,320 1,540 1,150 3,630 
Manganese * 72.3 56 78.3 86.7 14.1   14.1 86.7 
Mercury 0.012 0.00913 0.0108 0.00859 0.00177 0.00814 0.00233 0.0124 0.00177 0.0124 
Potassium * 1,150 J 1,130 J 1,220 J 918 J  1,040 J 1,450 J 918 1,450 
Sodium * 10,100 10,200 10,000 4,920 5,620 J 5,120 5470 4,920 10,200 
General Chemistry (mg/L)           
Total Alkalinity * 81 77 74 29 (a) 42 57 29 81 
Total Dissolved Solids * 170 170 150 71 86 77 120 71 170 
Total Suspended Solids * 7    5  28 5 28 
Radionuclides (pCi/L)           
Gross alpha 15  1.9 1.9 0.8 1.6 1.4 2.7 0.8 2.7 
Gross beta(d) 50 2.6 3.4 3.2 2.1 2.6 2.1 3.4 2.1 3.4 
Notes: 
(a) “D” in sample ID indicates duplicate sample. 
(b) PCBs Not Measured. 
(c) Screening Criteria is hardness dependent; based on hardness average of 77.7 mg/L at 6 upstream stations. 
(d) The screening value of 50 pCi/L (40 CFR 141) is referenced because the activities for specific radionuclides, required for comparison with the federal and state promulgated level of  
 4 millirem/year, have not been determined. 
"J" qualifier indicates an estimated value 
NA Indicates screening value is not available 
* Screening Criteria is hardness dependent; based on 1999 hardness average of 77.7 mg/L at 6 upstream stations. 
Values in shaded cells are equal to or exceed the FSW CTLs. 
Empty cells indicate non-detects 
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TABLE 3-20  
SELECTION OF COCs FOR SURFACE WATER IN CANALS 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  

COPC1 FOD2 
Max 

Conc. 
(µg/L) 

Representative 
Concentration3 

(µg/L) 

FSW 
CTL4 

(µg/L) 
CTL Basis5 Target 

System/Organ 

BG 
Screen6 
(µg/L) 

PRG7 

(µg/L) 
Exceeds 

PRG 

Inorganics           

Aluminum 5/11 15,300 15,300 13 Toxicity Criteria Body Weight 4,067 4,067 YES 

Barium8 11/11 45.7 26.9 34.5 b Cardiovascular 31.4 34.5 NO 

Chromium9 1/11 14.5 7.2 11 62-302 Carcinogen-Respiratory 7.8 11 NO 

Iron 8/11 2,340 2,340 1,000 62-302 Blood -Gastrointestinal 2,500 2,500 NO 

Lead 2/11 7.3 2.2 2.31 a Neurological 4 4 NO 
 

1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95% upper confidence limit (UCL), or the maximum detected concentration, whichever is lower. 
4 CTL for direct contact with fresh surface water, from F.A.C. Chapter 62-777, Table 1, dated August 1999. 
5 The basis for the FSW CTL published in F.A.C. 62-777, Table 1; a-CTL is hardness dependent per F.A.C. 62-302, b-CTL is not greater than 10% above background. 
6 BG - the background values are the BGSV for groundwater at NTC Orlando; the value for iron was taken from upgradient well MW21B. 
7 The preliminary remediation goal (PRG) is the minimum of the following: (a) the adjusted SCTL for industrial soils ; (b) the SCTL for leaching to groundwater; or (c) the SCTL for 

leaching to surface water (where applicable). 
8 F.A.C. 62-302 states CTL is not > 10% above background; NTC Orlando background is not available for surface water; because groundwater discharges into surface water, 

value shown is the groundwater background screening value plus 10%. 
9 Criteria used are for hexavalent chromium. 
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TABLE 3-21  
SELECTION OF COCs FOR SURFACE WATER IN PONDS 

OPERABLE UNIT 2  
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  

COPC1 FOD2 Max Conc. 
(µg/L) 

Representative 
Concentration3 

(µg/L) 

FSW CTL4 

(µg/L) CTL Basis5 Target System/Organ 
BG 

Screen6 
(µg/L) 

PRG7 

(µg/L) 
Exceeds 

PRG 

Inorganics           

Aluminum 6/11 5,700 5,700 13 Toxicity Criteria Body Weight 4,067 4,065 YES 

Barium8 10/11 67.4 45.3 34.5 b Cardiovascular 31.4 34.5 YES 

Chromium9 4/11 11.2 7.1 11 62-302 Carcinogen-Respiratory 7.8 11 NO 

Copper 8/11 13.8 12.8 9.53 a None Specified 5.4 9.53 YES 

Iron 10/11 7,090 7,090 1,000 62-302 Blood -Gastrointestinal 2,500 2,500 YES 

Lead 3/11 16.6 12 2.31 a Neurological 4 4 YES 

Mercury 3/11 0.15 0.15 0.012 62-302 Neurological 0.12 0.12 YES 

Zinc 7/11 565 565 85.6 a Blood 4 85.6 YES 

Radionuclides (pCi/L)          

Gross alpha 5/11 18.1 18.1 15 62-302 -- 13 15 YES 
 

1 COPC - chemical of potential concern. 
2 FOD - frequency of detection; duplicate results included but not counted. 
3 The representative concentration is the 95% upper confidence limit (UCL), or the maximum detected concentration, whichever is lower. 
4 CTL for direct contact with fresh surface water, from F.A.C. Chapter 62-777, Table 1, dated August 1999. 
5 The basis for the FSW SCTL published in F.A.C. 62-777, Table 1; a-CTL is hardness dependent per F.A.C. 62-302, b-CTL is not greater than 10% above background. 
6 BG - the background values are the BGSV for groundwater at NTC Orlando;  the value for iron was taken from upgradient well MW21B. 
7 The preliminary remediation goal (PRG) is the minimum of the following: (a) the adjusted SCTL for industrial soils ; (b) the SCTL for leaching to groundwater; or (c) the SCTL for 

leaching to surface water (where applicable). 
8 F.A.C. 62-302 states CTL is not > 10 above background; NTC Orlando background is not available for surface water; because groundwater discharges into surface water, value 

shown is the groundwater background screening value plus 10%. 
9 Criteria used are for hexavalent chromium. 
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surface water (i.e., the FSW CTLs are based on human consumption of fish or protection of fish and 

wildlife habitat), the FSW CTLs were not adjusted for the presence of multiple carcinogens or 

noncarcinogens.  

 

A background data set for surface water at, or in the vicinity of, NTC Orlando or OU 2 was not available 

for use in selecting COPCs.  However, for the COC evaluation, two alternative sources of data were 

evaluated as surrogate background information with respect to surface water.  First, surface water 

samples were collected from six locations off-site and upstream of OU 2 during the RI (Table 3-12).  The 

location of these samples (SW23, -24, -25, -26, -27, and -28) are shown in Figure 2-10.  Chemicals from 

all of these locations represent off-site sources for COIs detected at on-site, canal sample locations at 

OU 2.  Detections and summary statistics for the off-site, upstream surface water samples are shown in 

Table 3-19.   

 

Second, the drainage canals around the perimeter of OU 2, where surface water samples were collected, 

represent base-flow groundwater discharge areas.  As such, the surface water chemistry in the canals is 

associated with base-line groundwater chemistry, which will reflect groundwater background chemistry in 

areas not affected by the former landfill.  The pond surface water samples should also be related to base-

line groundwater chemistry; however, the physical stagnation of most pond waters and potential 

concentration of COIs via evaporation and oxidation-reduction processes in the ponds may have 

pronounced effects on water chemistry in the ponds.   

 

In summary, off-site, upstream sources and background groundwater chemistry may have a strong 

influence on baseline surface water quality at OU 2.  A comparison of the off-site, upstream surface water 

data with the groundwater BGSVs for NTC Orlando showed that background groundwater contains 

higher concentrations of the inorganic COIs in surface water.  This may be a result of local pond 

discharge, rather than groundwater discharge, that feeds upstream sample locations SW25, -26, -27, and 

-28 (i.e., large, off-site pond located northwest of OU 2).  Furthermore, local upgradient and off-site 

groundwater well data collected during the RI showed concentrations of iron higher than the groundwater 

BGSVs (see Section 3.5.1).  Therefore, Tables 3-20 and 3-21 include the surrogate groundwater 

background values for use in determining the appropriate PRGs for surface water; the sources of the 

values are footnoted in the tables. 

 

The COC selection process identified one COPC in canal surface water and eight COPCs in pond 

surface water whose site representative concentrations exceeded the PRGs (Tables 3-20 and 3-21).  It 

should be noted that the PRGs for aluminum and mercury were based on the groundwater BGSVs, and 

the PRG for iron was based on the iron concentration detected in upgradient well MW21B. 
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As indicated in Table 3-20, aluminum was detected in 5 of 11 canal surface water samples.  However, 

only the RI Phase III detection of 15,300 µg/L at location SW018 exceeded the PRG based on the 

groundwater BGSV of 4,067 µg/L.  It was noted that the previous RI Phase II sample from location 

SW018 showed only 1,220 µg/L of aluminum (see RI Table 5-4A).  Although the canal was dredged 

between the Phase II and Phase III surface water sample events, it appears more likely that the inclusion 

of particulates in the Phase III sample and preservation of the sample with acid is the source of the 

anomalously high aluminum concentration in the sample from location SW018.  Turbidity, TSS, or TDS 

are not available for either surface water sample to support this theory.  However, the abundance of 

aluminosilicate minerals in the local sediments, and thus in surface water particulates in the sample, is 

consistent with the laboratory results. Furthermore, groundwater samples from wells MW12A and -B that 

are located along the canal immediately upstream of surface water sample location SW018 did not 

contain aluminum concentrations greater than the groundwater BGSV of 4,067 µg/L.  The data suggest 

that concentrations of aluminum at location SW018 that exceed the PRG are not related to groundwater 

discharge, or thus, the former landfill, and that the result is spurious.  In addition, the ERA provided in the 

RI Report (Tetra Tech NUS, 2001) concluded that there were no imminent risks to ecological receptors 

from surface water.  For these reasons, aluminum was not evaluated further as a COC in canal surface 

water in this FS. 

 

As indicated in Table 3-21, eight COPCs exceeded the PRGs in pond surface water.  All pond surface 

water samples in the FS data set with concentrations exceeding the PRGs identified in Table 3-21 are 

summarized in Table 3-22.  As can be seen in the data presented in Table 3-22, the sample 

concentrations that exceed the PRGs in the pond surface water samples are within the same order of 

magnitude as the PRG values, with the exception of zinc at location SW016.  As mentioned above, the 

physical conditions in the ponds are likely to concentrate ions, and stagnant, swamp-like conditions may 

support a reducing environment in which ferric iron in particulates is reduced to more soluble ferrous iron 

in surface water.  In addition, the ERA presented in the RI Report (Tetra Tech NUS, 2001) concluded that 

there were no imminent risks to ecological receptors from surface waters at OU 2.  And, there is 

negligible likelihood that current or future human receptors at OU 2 will use surface water for domestic 

purposes.  For these reasons, none of the COPCs identified in pond surface water were evaluated further 

in this FS.   

 

In summary, no COPCs were selected as COCs for canal or pond surface water to be evaluated in 

this FS. 
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TABLE 3-22 
 

EXCEEDANCES OF PRGs IN POND SURFACE WATER 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA  

COPC Sample ID Sample Date 
Detected 

Concentration 
(µg/L) 

PRG 
(µg/L) 

NTCSW00103 8/11/99 5,500 
Aluminum 

NTCSW00900 7/2/97 5,700 J 
4,067 

NTCSW00103 8/11/99 39.9 

NTCSW00900 7/2/97 43 Barium 

NTCSW01300 8/25/98 67.4 

34.5 

NTCSW00103 8/11/99 12.4 

NTCSW00600 7/2/97 13.3 Copper 

NTCSW00900 7/2/97 13.8 

9.53 

NTCSW00103 8/11/99 5,010 

NTCSW00900 7/2/97 6,530 J 

NTCSW01100 8/25/98 7,090 

NTCSW01300 8/25/98 4,680 

NTCSW01600 8/25/98 4,850 

Iron 

NTCSW01600-D 8/25/98 3,680 

2,500 

NTCSW00103 8/11/99 12.4 

NTCSW00600 7/2/97 16.6 Lead 

NTCSW00900 7/2/97 5.7 

4 

Mercury NTCSW01100 8/25/98 0.15 0.12 

NTCSW01100 8/25/98 95.2 

NTCSW01300 8/25/98 117 

NTCSW01600 8/25/98 565 
Zinc 

NTCSW01700 8/25/98 133 

85.6 

Gross Alpha NTCSW00103 8/11/99 18.1 15 
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3.5 AREAS AND VOLUMES OF CONTAMINATED MEDIA 
 
Groundwater was the only medium for which COCs were identified.  Three VOCs, benzene, TCE, and 

vinyl chloride; and two inorganic compounds, iron and manganese, were selected as groundwater COCs 

for further evaluation. 

 

Estimates of contaminated groundwater volumes were made by identifying the locations of monitoring 

wells or DPT sample results that exceeded the PRGs for the COCs.  Perimeter areas surrounding the 

contaminated wells or DPT samples were also included, based on interpolation, as part of the 

contaminated areas so that the area and volume estimates reflect adequate delineation of the 

groundwater contaminants. To facilitate presentation of the groundwater data and evaluation of remedial 

alternatives, the contamination in groundwater at OU 2 was divided into Northern and Southern Plume 

Areas, as presented below. 

 

3.5.1 Northern Plume 
 
Both VOC (benzene) and inorganic (iron and manganese) concentrations exceeded the PRGs in the 

Northern Plume Area.  For VOC contamination in groundwater, both the RI Phase II and Phase III data 

were used to delineate the areas that exceeded the PRGs.  Figure 3-2 presents the groundwater sample 

results for VOC COCs in the Northern Plume Area, and the interpolated area of the groundwater plume is 

delineated.  Because only one monitoring well, MW3B, located along the downgradient property 

boundary showed an exceedance of the PRG for benzene, the plume area is interpolated based on the 

upgradient area of the landfill that is assumed to be the source of the benzene (Figure 3-2).  The area of 

the benzene plume in the northern plume area is 278,400 ft2.  Because benzene only exceeded the PRG 

in the intermediate depth well (i.e., MW 3B, screened from 27 to 32 feet bgs), but it was not detected in 

the shallow depth well (i.e., MW3A, well screen from 7.5 to 17.5 feet bgs), the thickness of the plume was 

assumed to be 12.5 feet (i.e., the bottom half of the Surficial Aquifer that is approximately 25 feet thick).  

Assuming an aquifer total porosity of 0.30, the volume of the benzene plume was calculated to be 

7.8 million gallons; the calculations are provided in Appendix C. 

 

Iron exceeded the PRG in both aquifer intervals, shallow and intermediate (A and B wells), at two 

locations (MW02 and MW03), and only in the intermediate interval at one location (MW06B), in the 

northern plume area. Manganese exceeded the PRG only at MW3A.  Figure 3-2 presents the 

groundwater sample results for inorganic COCs in the northern plume area, and the interpolated area of 

the groundwater plume is delineated.  Similar to the above discussion for benzene, because only two well 

locations along the eastern, downgradient property boundary (i.e., MW02 and -03) showed exceedances 
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of the PRGs, the upgradient plume area was interpolated based on the area of the landfill that is 

assumed to be the source of the inorganics in groundwater (Figure 3-2).  The exceedance of iron at well 

MW06 is some distance from the nearest mapped landfill area (approximately 450 feet to the northwest); 

therefore, the plume area in this locale was estimated based on the closest wells without exceedances.  

The areas of the two inorganic plumes are 521,600 ft2 (MW02 and -03) and 31,416 ft2 (MW06), 

respectively.  Because both the shallow and intermediate aquifer depth wells showed exceedances near 

MW02 and -03, the entire saturated thickness of the Surficial Aquifer, or approximately 25 feet, was 

assumed to be impacted by inorganics.  Assuming an aquifer total porosity of 0.30, the volume of the 

inorganic plume near MW02 and -03 was calculated to be 29.3 million gallons.  Because only the shallow 

aquifer depth well showed an exceedance at MW06, only the upper half, or about 12.5 feet of the aquifer 

was assumed to be impacted.  Again, using an aquifer total porosity of 0.30, the volume of the inorganic 

plume at MW06 was calculated to be 0.9 million gallons.  The calculations are provided in Appendix C.  It 

should be noted that the depth and area of the inorganic plume encompasses the area of the VOC plume 

in the Northern Plume Area. 

 

3.5.2 Southern Plume 

 

Both VOC (benzene, TCE, and vinyl chloride) and inorganic (iron) concentrations exceeded the PRGs in 

the Southern Plume Area.  However, based on the upgradient and off-site wells concentrations of iron 

(see Section 3.4.7), the exceedances of the PRG in the Southern Plume Area are attributed to local 

background conditions, with the exception of the area of well MW28.  The relatively high concentration of 

iron (5,100 µg/L) at this location is attributed to anaerobic conditions, particularly in the deeper portion of 

the Surficial Aquifer where naturally mediated reductive dechlorination of COCs is occurring (see 

Appendix A-2).  The well purging/sampling data show that practically all of the iron detected by the 

laboratory analysis (i.e., total iron) shown in Figure 3-1 is present in the dissolved state (i.e., the field test 

data for ferrous iron, Table 2-7, are equal to the total iron results).  Collectively, the presence of the 

chlorinated degradation series of COCs in groundwater (i.e., PCE-TCE-DCE-VC) in conjunction with 

other natural attenuation indicator parameters (Appendix A-2) demonstrate the anaerobic conditions, 

which promote reductive dechlorination, beneath the former landfill result in ferric iron in the aquifier 

stratum (or landfill) being reduced to ferrous iron that is soluble in groundwater.  Recent groundwater 

sampling (See Appendix A-7) indicates that natural attenuation is not adequately controlling the 

contaminants in the groundwater near the canals. 

 

For VOC contamination in groundwater, both the RI Phase II and Phase III data, and post RI DPT 

sampling results (that focused only on the southern portion of OU 2) were used to delineate the areas 
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that exceeded the PRGs.  During the RI investigation, only wells MW11B, -12B, and -18B, located along 

the eastern property line (i.e., along the canal) showed exceedances of the PRGs (see Table 3-11).  

However, the post RI collection of DPT samples and the installation of monitoring wells MW27A and -B, 

MW28A and -B, and microwells DP01A and -B, and DP02A and -B, provided additional data used to 

delineate the extent of VOCs in the Southern Plume Area.  Tables 2-5 and 2-6 presented a summary of 

the VOCs detected during the post RI sampling and identified the samples, by depth interval, that 

contained one or more COIs that exceeded the FDEP-published GCTLs or PRGs used in this FS.  The 

collective VOC data from all of the above sampling events are shown on Figures 3-3 and 3-4 for VOC 

COCs in the shallow and intermediate depth aquifer zones, respectively, in the Southern Plume Area, 

and the interpolated area of the groundwater plume is delineated for each depth interval.  The combined 

area of the shallow VOC plume in the Southern Plume Area is 283,750 ft2; the combined area of the 

intermediate VOC plume is 1,007,500 ft2.  The thickness of each plume interval was assumed to be 12.5 

feet (i.e., one half of the Surficial Aquifer thickness that is approximately 25 feet thick).  Assuming an 

aquifer total porosity of 0.30, the volume of the shallow VOC plume was calculated to be 8 million gallons; 

the volume of the intermediate VOC plume was calculated to be 28 million gallons. 
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4.0 IDENTIFICATION, SCREENING, AND DEVELOPMENT OF REMEDIAL 
ALTERNATIVES 

 
 
4.1 INTRODUCTION 
 
The identification and screening of technologies and the development of alternatives are based upon the 

information presented in Section 3.0 and involve the following activities: 

 

• Identification of technologies and applicable process options. 

• Screening of potential technologies and applicable process options. 

• Development of alternatives by assembling the remaining technologies into alternatives that have the 

potential to achieve the defined RAOs. 

 

Media of concern for OU 2 include landfill material and groundwater.  Technologies and remedial 

alternatives will be developed for these two media. 

 

4.2 PRESUMPTIVE REMEDY 
 
The Application of the CERCLA Municipal Landfill Presumptive Remedy to Military Landfills 

(USEPA, 1996a) discusses the decision criteria for the application of presumptive remedy.  Based on 

USEPA’s scientific and engineering evaluation of past remedies selected for military landfills, preferred 

technologies or presumptive remedies have been developed for similar sites.  Presumptive remedies are 

expected to be used when circumstances are suitable.  In 1993, USEPA established source containment 

as the preferred remedial action for CERCLA municipal landfill sites.  In 1996, this remedial action was 

also chosen for military landfills (USEPA, 1996).  The guidance document presents a decision tree 

(Figure 4-1) for selection of the presumptive remedy.  The following is an evaluation of the decision tree 

results for OU 2: 

 

• Collect Available Information: waste type, operating history, monitoring data, state permit/closure, 

size/volume, etc.  The majority of wastes reportedly disposed in the landfill during 1960 to 1978 were 

nonhazardous, trees, leaves, scrap wood, paper and plastic, steel cable, scrap metal and areas of 

pipes, and bricks.  Lesser amounts of hazardous waste including automobile batteries, waste oil, and 

transformers were also reportedly disposed of at the landfill.  The presence of military waste 

[i.e., Unexploded Ordnance (UXO)] is not expected at OU 2.  Based on the types of waste reportedly 

disposed in the landfill, the presumptive remedy of containment is appropriate. 
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Figure 4-1.  Decision Tree for Selection of Presumptive Remedy (USEPA, 1996) 
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• Consider the Effects of Land Reuse Plans on Remedy Selection.  Currently, a nine-hole golf course 

occupies much of the site and future use of the site would remain nonresidential.  In general, smaller 

landfills that are generally defined as less than 2 acres make the option of excavation more practical 

than containment.  OU 2 is estimated to be in an area of approximately 114 acres, making the 

application of the presumptive remedy applicable for this criterion. 

 

• Do Landfill Contents Meet Municipal Landfill-Type Waste Definition?  The wastes are mainly 

nonhazardous debris/waste material, which can be considered as municipal wastes; therefore, 

treatment is not warranted. 

 

• Are Military-Specific Wastes Present?  Military wastes (i.e., UXO) were not reportedly disposed at 

OU 2 and have not been encountered during previous investigations. 

 

• Is Excavation Practical?  Landfills with waste volumes that exceed 100,000 yd3 of material are usually 

suitable for the presumptive remedy of containment.  Conversely, excavation is usually practical for 

landfills with volumes of waste less than that limit.  OU 2 is estimated to have more than 1 million yd3 

of waste material (C.C. Johnson & Associates, 1985).  This volume would favor the application of 

presumptive remedy of containment for OU 2 remediation.  

 

• Is Containment Practical?  The determination as to the practical application of containment is similar 

to the discussion above for the practical application of excavation.  Containment is practical and is 

implementable at OU 2. 

 

Based on the results of the evaluation, the presumptive remedy of containment is potentially appropriate 

for the landfill material at OU 2 and it will be considered in this FS. 

 

4.3 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

 

Potential remedial technologies and process options are identified and these may be used to achieve 

RAOs.  Technologies and process options can be grouped according to GRAs.  Alternatives are then 

formulated by combining GRAs to address the RAOs.  The categories of GRAs for landfill material and 

contaminated groundwater that could be implemented to achieve or address the RAOs for OU 2 include: 

 

• No action 

• Institutional controls 

• Monitoring 
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• Containment 

• Removal 

• Treatment 

• Disposal 

 

The application of containment at the site would meet the requirements of the guidance for the 

presumptive remedy for landfills.  The application of the presumptive remedy for this site would typically 

eliminate Removal, Treatment, and Disposal GRAs for addressing the waste; however, these are 

considered for addressing contaminated groundwater at the site. Each of the GRAs is discussed below. 

 

4.3.1 No Action 
 
No Action is a GRA wherein the status quo is maintained at the site.  No action is normally retained to 

provide a baseline for comparison with other alternatives.  No additional activities would be conducted at 

the site to address existing waste and groundwater contamination.  There are no implementability 

concerns, because the contaminated media are considered to be left “as is.”  Institutional controls, 

containment, removal, treatment, or other mitigating actions are not provided to reduce the potential for 

exposure. 

 

4.3.2 Institutional Controls (Land Use Controls) 

 

Land Use Controls (LUCs) are rules, directives, policies, and other measures (e.g., preventing the usage 

of groundwater and drilling new wells, and posting signs) adopted by the appropriate authorities in a 

manner consistent with applicable Federal, state, and local laws.  Land use at OU 2 is to remain 

industrial.  LUCs and use controls would be implemented to ensure that access to the site is restricted 

during cleanup and to ensure appropriate future land use (e.g., restrictions on groundwater wells) once 

the remediation is complete. 

 

4.3.3 Monitoring 

 

Monitoring involves periodic sampling of groundwater at the site as well as downgradient points for 

potential groundwater contamination.  For the landfill material remedial action, it would involve monitoring 

of the cap for its effectiveness in preventing direct contact.  



Rev. 1 
07/30/03 

470801005 4-5 CTO 0024 

4.3.4 Containment 

 

Containment involves the application of physical measures to reduce the potential for contaminant 

migration and thereby reduce the risk from both chemical and physical exposure to the public and the 

environment.  The contaminated media must be isolated from the primary transport mechanisms (i.e., 

wind, erosion, surface water, and groundwater) to reduce the migration of contaminants.  Contaminated 

media are isolated by the installation of surface and subsurface barriers that either block or divert any 

contaminated media. 
 

4.3.5 Removal 

 

Removal is a GRA wherein technologies are used to move contaminated media from its present location 

in order to be treated and/or disposed elsewhere.  Treatment and/or disposal process options can be 

combined with removal process options to develop alternatives.  The application of the presumptive 

remedy for this site would typically eliminate Removal for addressing the landfill material; however, it 

would be considered for addressing contaminated groundwater at the site. 
 

4.3.6 Treatment 

 

The treatment response action would include physical, chemical, or biological process technologies 

designed to reduce the mobility, toxicity, or volume of the contaminants present.  Treatment can be used 

with removal and disposal process options to develop alternatives.  The application of the presumptive 

remedy for this site would typically eliminate treatment for addressing the landfill material; however, it 

would be considered for addressing contaminated groundwater at the site. 
 

4.3.7 Disposal 

 

Disposal technologies include placement or disposing of removed or treated medium in an on-site or an 

off-site permanent disposal/treatment facility.  Removal options and possibly treatment options can be 

used with disposal process options to develop alternatives.  The toxicity, mobility, or volume of the 

contaminants is not reduced through the application of disposal alone.  This response action would 

reduce or control exposure pathways related to direct human and ecological contact with contaminated 

material.  The application of the presumptive remedy for this site would typically eliminate excavation and 

disposal of the landfill material; however, disposal of treated groundwater would be considered. 
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4.4 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

FOR LANDFILL MATERIAL AND GROUNDWATER 

 

Technologies and process options are identified under each GRA and screened at a preliminary level to 

focus on relevant technologies and process options.  Screening is conducted at a more detailed level 

based on certain evaluation criteria.  Finally, process options are selected to represent the technologies 

that have passed the detailed evaluation and screening.  The detailed screening process is presented in 

Appendix D.  Tables 4-1 and 4-2 present the technologies retained for landfill material and groundwater, 

respectively, after the screening process.   

 

4.5 DEVELOPMENT OF REMEDIAL ALTERNATIVES FOR OU 2 

 

Remedial alternatives are developed to address landfill material and groundwater.  Future land use of 

OU 2 will be nonresidential.  The alternatives will address nonresidential closure of OU 2. 
 
The landfill has been evaluated under the presumptive remedy guidance for landfills.  However, due to 

the presence of contaminated groundwater outside the limits of the landfill, additional non-presumptive 

remedy options have been retained for consideration in the development of alternatives (USEPA, 1993).  

Based on the assessment of groundwater contamination and minimum landfill cover requirements, the 

contamination at OU 2 would be effectively addressed by considering the golf course area (northern area) 

and southern area of the landfill separately.  These areas along with associated groundwater extent of 

contamination are shown in Figures 4-2 and 4-3.  The rationale for addressing golf course and southern 

areas separately is as follows. 
 
Contamination in the northern area (golf course area) is limited to hydrocarbons (i.e., benzene) and 

background metals (iron and manganese).  Maximum detected groundwater concentration for benzene 

(3.4J mg/L) is below the Federal MCL (5 mg/L); however, it exceeded the FDEP level of 1 mg/L.  

Comparatively, groundwater contamination in the southern area of OU 2 is primarily associated with 

chlorinated organic solvents and their biodegradation products such as TCE and vinyl chloride.  The 

extent and level of contamination in the southern area are comparatively large.  Soil cover has been 

added for the southern area of OU 2 as part of the IRA (Bechtel, 2000). The present cover in the southern 

area would meet the FDEP requirements for final cover of an 18-inch-thick layer of soil to sustain 

vegetation for erosion control.  However, hand auger survey during the RI (Tetra Tech NUS, 2001) 

indicated lack of adequate cover in the northern area at a few locations.  Based on the type and extent of 

contamination and thickness of the final cover, the two areas of OU 2 are distinctly different.  A range 
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TABLE 4-1 
 

SELECTED TECHNOLOGIES AND PROCESS OPTIONS FOR LANDFILL MATERIAL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 
General Response 

Action 
Remedial 

Technology 
Process 
Options 

Representative 
Process Option 

 
Rationale 

No Action No Action None None Required 
Institutional Controls Access Restrictions 

 
LUCs 
 
 

LUCs 
 
 

To impose site use 
restrictions 
 

Monitoring Monitoring Monitoring Monitoring To monitor the 
effectiveness of the 
alternative 

Containment Soil Cover 
 
 
 

Native Soil 
Cover 
 
 

Native Soil Cover Currently the site is 
covered with native 
soil cover. 
 

 Cap Clay 
 
Synthetic 
Membrane 
 
Asphalt 
 
Concrete 
 

 Prevention of 
infiltration would not 
be effective as waste 
is already in water 
table. 

 Vertical Barrier Slurry wall 
 
Sheet piling 

Sheet piling  
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TABLE 4-2 
 

SELECTED TECHNOLOGIES AND PROCESS OPTIONS FOR GROUNDWATER 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
  

General Response 
Action 

Remedial 
Technology 

Process 
Options 

Representative 
Process Option 

 
Rationale 

No Action No Action None None Required 
Institutional Controls Access Restrictions 

 
Water Use Restrictions 

LUCs 
 

LUCs To impose water and residential use restrictions 

Monitoring Monitoring Monitoring Monitoring To monitor the effectiveness of the alternative 
Containment Subsurface Barriers 

 
 

Slurry Wall 
 
Grout Curtain 
 
Sheet Piling 

Sheet Piling Sandy soils at the site are more amenable to sheet 
piling 

Removal Extraction Extraction Wells 
 
Collection Trench 

Extraction Wells More effective to address limited contamination 

Ex situ Treatment Physical/chemical Precipitation/ 
Filtration/ 
 
Flocculation/ 
Coagulation 
 
Air Stripping, 
Adsorption, 
Oxidation 

Precipitation/Filtration/ 
Flocculation/Coagulation 
Air Stripping 

To remove VOCs and address metals 
contamination, and to meet low discharge 
concentration levels 

In situ Treatment Physical/chemical 
 

Permeable 
Reactive Barrier 

Permeable Reactive 
Barrier 

To remove chlorinated organic contaminants without 
pumping groundwater 

Bioremediation Natural 
Attenuation 

Natural Attenuation To address residual organic contamination  

 Enhanced 
bioremediation 

Enhanced bioremediation To address source areas of chlorinated organic 
compounds 

Direct to local 
stream 

Direct to local stream 
 

The canals carry surface run-off. Effective disposal 
option for treated water 

Surface Discharge 

Discharge to local 
treatment facility 

Discharge to local POTW To reuse the treated water for water conservation. 
 

Disposal 

Subsurface Discharge Infiltration gallery Infiltration gallery Treated water could be used for water conservation 
and flushing of source. 
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of alternatives is developed for each of these two areas (northern and southern) to effectively address 

specific remedial measures. 

 

4.5.1 Remedial Alternatives for the Northern Area 
 
The alternatives are developed to address the COCs and exposure pathways in order to achieve the 

RAOs.  The elements of various alternatives that are developed to address the northern area of OU 2 are 

as follows:   
 

• Alternative N-1 – No Action (This alternative is developed per the NCP to provide a baseline for 
comparison to other alternatives). 

• Alternative N-2 – Native soil cover, LUCs, and Monitoring.  

• Alternative N-3 – Native soil cover, Groundwater extraction and treatment, Discharge to infiltration 
gallery, LUCs, and Monitoring.  

• Alternative N-4 – Native soil cover, Groundwater extraction, Discharge to POTW, LUCs, and 
Monitoring. 

 

Alternative N-2 is a limited action alternative developed by the combination of providing a cover along 

with LUCs and groundwater monitoring.  Low concentrations of organic contamination would be 

addressed by natural attenuation.  Alternative N-3 provides removal of contaminated groundwater 

through extraction wells and treats contaminants before discharging into subsurface via a filtration gallery.  

Alternative N-4 is similar to the previous alternative, but does not involve treatment on-site.  Extracted 

groundwater would be discharged to a POTW for the treatment of background metals.  Concentration of 

benzene in the extracted groundwater would be low and pre-treatment would not be required prior to 

discharging to the POTW.  Design calculations for the alternatives are presented in Appendix E. 
 
4.5.1.1 Alternative N-1 - No Action 
 

The No Action alternative maintains the site at status quo.  This alternative is retained to provide a 

baseline for comparison to other alternatives and, therefore, does not address the wastes present or 

impacted groundwater. 
 
4.5.1.2 Alternative N-2 - Native Soil Cover, LUCs, and Monitoring 
 

Alternative N-2 consists of the following components: 
 

• Site access and future usage restrictions. 

• Placing 1.5 feet of clean cover at locations without adequate landfill cover.  



Rev. 1 
07/30/03 

470801005 4-12 CTO 0024 

• Monitoring for landfill cover maintenance and monitoring of groundwater for contamination and 
natural attenuation parameters.   

• Five-year site reviews. 

 
The alternative would prevent direct contact pathway and meets minimum landfill cover requirements (for 

presumptive remedy); however, it relies on monitored natural attenuation for addressing organic 

contamination in groundwater.  

 
4.5.1.3 Alternative N-3 – Native Soil Cover, Groundwater Extraction and Treatment, 

Discharge to Infiltration Gallery, LUCs, and Monitoring 
 
Alternative N-3 consists of the following components: 

 

• Site access and future usage restrictions. 

• Placing 1.5 feet of clean cover at locations without adequate landfill cover.  

• Extraction of groundwater using four extraction wells.  

• On-site groundwater treatment using air stripping and metals precipitation to remove VOCs and 
metals. 

• Discharge of treated water to infiltration gallery. 

• Monitoring for cover maintenance, treatment system performance, and groundwater conditions.   

• Five-year site reviews. 

 

4.5.1.4 Alternative N-4 –Native Soil Cover, Groundwater Extraction, Discharge to POTW, 
LUCs, and Monitoring 

 

Alternative N-4 consists of the following components: 

 

• Site access and future usage restrictions. 

• Placing 1.5 feet of clean cover at locations without adequate landfill cover.  

• Monitoring for cover maintenance and groundwater contamination.   

• Extraction of groundwater (upgradient) using four extraction wells along the barrier. 

• Discharge of water to POTW. 

• Five-year site reviews. 
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4.5.2 Remedial Alternatives for the Southern Area 

 

The elements of various alternatives that are developed to address the southern area of OU 2 are as 

follows: 

 

• Alternative S-1 – No Action (This alternative is developed per the NCP to provide a baseline for 
comparison to other alternatives). 

• Alternative S-2 – LUCs and Monitoring.  

• Alternative S-3 –  Enhanced Biodegradation, LUCs, and Monitoring. 

• Alternative S-4 – Groundwater extraction and treatment, Discharge to infiltration gallery, LUCs, and 
Monitoring. 

• Alternative S-5 – Limited containment using sheet piles, Permeable Reactive Barriers (PRBs), LUCs, 
and Monitoring. 

• Alternative S-6 – Extended containment using sheet piles, PRB, LUCs, and Monitoring. 

 

Alternative S-2 is a limited action alternative consisting of LUCs and groundwater monitoring.  Organic 

contamination in the groundwater would be addressed by natural attenuation.  Alternative S-3 provides 

enhanced biodegradation for the removal of chlorinated organic contamination in groundwater. Residual 

organic contamination would be addressed by natural attenuation.  Alternative S-4 involves extraction of 

groundwater followed by treatment through air stripping.  Treated water would be disposed of via 

infiltration gallery.  Alternatives S-5 and S-6 would provide physical barriers to provide in situ treatment.  

Alternative S-5 would offer the containment only on the downgradient side of groundwater flow direction, 

whereas Alternative S-6 provides extended containment of the southern area.  Both these alternatives 

contain PRBs to provide in situ treatment of chlorinated organic contaminants in groundwater.  

Alternative S-6 is developed to meet the requirements of presumptive remedy for landfills to the extent 

possible.  Even though the presumptive remedy requires complete isolation of landfill waste, extended 

containment is provided for the southern area of the landfill so that groundwater is routed to flow through 

a PRB for in situ treatment.  Alternative S-5 consists of a limited containment at the downgradient side of 

groundwater flow direction to prevent present and future off-site migration.  PRB walls would be part of 

the containment wall and groundwater would flow through these reactor walls and be treated 

simultaneously.  Some of the waste at the southern area of the landfill is already in the saturated zone.  

Only a multi-layer cap and total containment would prevent groundwater from getting exposed to landfill 

waste.  A multi-layer cap was not feasible because of the size of the landfill area. Further, groundwater 

contamination exists beyond the landfill trenches.  In order to address the potential future off-site 

migration of contaminated groundwater, Alternative S-5 was developed with containment placed at the 
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outer edge of the landfill (the downgradient side of the groundwater flow direction).  Alternative S-6 further 

provides a relatively total isolation of the southern portion of the landfill.  These two alternatives would 

prevent flow of groundwater from reaching nearby surface water bodies (canals) and treat contaminated 

groundwater.  In Alternatives S-5 and S-6, contaminated groundwater would be diverted to flow through 

PRBs filled with zero valent iron (ZVI) media to remove chlorinated solvent components from the 

groundwater.  Natural attenuation would address the residual organic contamination in all alternatives.  

Design calculations for the alternatives are presented in Appendix E. 
 
4.5.2.1 Alternative S-1 - No Action 
 
The No Action alternative maintains the site at status quo.  This alternative is retained to provide a 

baseline for comparison to other alternatives and, therefore, does not address the wastes present or 

impacted groundwater. 
 
4.5.2.2 Alternative S-2 – LUCs and Monitoring 
 
Alternative S-2 consists of the following components: 

 

• Site access and future usage restrictions. 

• Monitoring for groundwater contamination along with long-term monitoring for natural attenuation 
parameters. 

• Five-year site reviews. 

 
The alternative relies on monitored natural attenuation of groundwater and does not actively address 

existing and potential future contamination. 

 
4.5.2.3 Alternative S-3 –Enhanced Biodegradation, LUCs, and Monitoring 
 

Alternative S-3 consists of the following components: 

 

• Site access and future usage restrictions. 

• Monitoring for groundwater contamination and natural attenuation parameters. 

• Injecting an enhancement chemical such as Hydrogen Release Compound (HRCTM) into the areas of 
chlorinated hydrocarbon contamination to accelerate in situ reductive dechlorination. 

• Natural attenuation of residual organic contamination. 

• Five-year site reviews. 
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4.5.2.4 Alternative S-4 – Groundwater Extraction and Treatment, Discharge to Infiltration 
Gallery, LUCs, and Monitoring 

 

Alternative S-4 consists of the following components: 

 

• Site access and future usage restrictions. 

• Extraction of groundwater (upgradient) using five extraction wells along the barrier. 

• On-site groundwater treatment using air stripping to remove VOCs. 

• Discharge of treated water to infiltration gallery. 

• Monitoring for treatment system performance and groundwater conditions. 

• Five-year site reviews. 

 

4.5.2.5 Alternative S-5 – Limited Containment Using Sheet Piles, PRBs, LUCs, and 
Monitoring 

 

Alternative S-5 consists of the following components: 

 

• Site access and future usage restrictions. 

• Approximately 2,000 feet of sheet piling along the canal to prevent contaminated groundwater flow 
into the canals. 

• Installing ZVI PRBs as gates in the contained area to provide in situ treatment of chlorinated organic 
compounds in groundwater.  

• Natural attenuation of residual organic contamination (e.g., benzene).  

• Monitoring for cover maintenance, PRB performance, and groundwater conditions along with natural 
attenuation parameters. 

• Five-year site reviews. 
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4.5.2.6 Alternative S-6 – Extended Containment Using Sheet Piles, PRB, LUCs, and 
Monitoring 

 

Alternative S-6 consists of the following components: 

 

• Site access and future usage restrictions. 

• Approximately 4,000 feet of sheet piling to isolate southern area of OU 2. 

• Installing ZVI PRB as a gate along southern edge of the landfill to provide in situ treatment of 
chlorinated organic compounds in groundwater.  

• Natural attenuation of residual organic contamination (e.g., benzene). 

• Monitoring for cover maintenance, PRB, and groundwater conditions along with natural attenuation 
parameters. 

• Five-year site reviews. 
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5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 
 
 
The objective of the detailed analysis is to provide adequate information on each alternative to facilitate 

the selection of remedial actions for implementation at OU 2.  During the individual analysis of 

alternatives, the remedial alternatives are evaluated based on the CERCLA evaluation criteria (USEPA, 

1988).  The evaluation criteria are useful in selecting the final remedial alternative.  The analysis focuses 

on how and to what extent the alternatives address the various factors in each of the criteria.  During the 

individual analysis of alternatives, uncertainties associated with assumptions or unknown conditions are 

taken into consideration. 

 
Section 4.0 of this report discusses the remedial technologies; screening of the technologies and 

development of alternatives by combining representative process options (RPOs).  In the detailed 

analysis of alternatives, the alternatives and their component RPOs are discussed in detail. 

 
5.1 EVALUATION CRITERIA 

 
A three-phased approach is used in the detailed analyses based on the evaluation criteria.  Figure 1-2 

presents these phases.  The "threshold" criteria are the initial steps in the evaluation of an alternative.  

For an alternative to be selected, it must (1) be protective of human health and the environment and 

(2) comply with ARARs.  The "balancing" criteria represent the second step in the evaluation in which an 

alternative is assessed for (1) long-term effectiveness and permanence; (2) reduction of toxicity, mobility, 

or volume through treatment; (3) short-term effectiveness; (4) implementability; and (5) cost.  The third 

and final stage addresses the "modifying" criteria in which (1) Federal and state acceptance and 

(2) community acceptance are evaluated. 

 
Threshold Criteria 

 

Overall Protection of Human Health and the Environment 
 

This criterion addresses the ability of an alternative to protect human health and the environment, 

considering an OU’s particular characteristics.  The evaluation of the overall protectiveness of a specific 

alternative focuses on whether it provides adequate protection and describes how an OU’s risks are 

eliminated, reduced, or controlled through treatment, engineering, and/or institutional controls.  The 

remedy's long-term effectiveness and permanence; short-term effectiveness; and reduction of toxicity, 

mobility, or volume affect this evaluation.  The overall protection from contaminant exposure is based 
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largely on the certainty that a remedy can achieve and maintain cleanup goals or remove the potential for 

human exposure. 

 
Compliance with ARARs 
 

This evaluation criterion is used to determine whether an alternative will satisfy all Federal and state 

ARARs discussed in Section 2 of this report, including compliance with chemical-, action-, and location-

specific ARARs.  “Applicable” requirements are those cleanup standards, standards of control, and 

substantive environmental protection requirements promulgated under Federal or state law that 

specifically address a situation encountered in OU 2.  “Relevant and appropriate” requirements are those 

Federal and state regulatory requirements that, while not "applicable," address problems or situations 

sufficiently similar to those encountered in OU 2 and are appropriate to the circumstances of release or 

threatened release.  Chemical-specific ARARs are numerically represented by PRGs.  Action-specific 

ARARs are represented by such regulations as the Occupational Safety and Health Act (OSHA) and the 

Florida Drinking Water Standards.  Location-specific ARARs are represented by regulations concerning 

floodplain management and other policies such as places of historical importance.  The final 

determination of which requirements are applicable or relevant and appropriate will be made by the Navy 

in cooperation with FDEP. 
 

Balancing Criteria 

 

Long-Term Effectiveness and Permanence 
 

The evaluation of alternatives under this criterion addresses the results of a remedial alternative in terms 

of the risk remaining at the OU after RAOs have been satisfied.  To obtain long-term effectiveness and 

permanence of remediation, source removal may be required to prevent the production of leachate.  This 

evaluation focuses primarily on the extent and effectiveness of controls that may be required to manage 

risks posed by treatment residuals and/or untreated wastes.  The components of the criterion 

(USEPA, 1988) listed below will be addressed for each alternative. 

 

• Magnitude of residual risk.  This evaluation assesses the remaining risk from treatment residuals 

and/or untreated contamination at the conclusion of remedial activities.  The magnitude or residual 

risk will be evaluated before the selection of the response action and, if necessary, 5 years after the 

implementation of the remedy during the 5-year review. 
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• Adequacy and reliability.  This evaluation assesses the adequacy and reliability of controls, if any, 

that are used to manage treatment residuals or untreated contaminants remaining at the OU.  Issues 

of evaluation are type and degree of long-term management, long-term monitoring, Operations and 

Maintenance (O&M) functions, and degree of confidence.  The processes must be widely used and 

proven effective to be considered reliable. 

 

Reduction in Toxicity, Mobility, or Volume through Treatment 

 

This evaluation criterion addresses the anticipated performance of the treatment technology and whether 

it will permanently and significantly reduce toxicity, mobility, or volume of the contamination.  The amount 

of hazardous materials destroyed or treated and the amount remaining after treatment are assessed. 

 
This evaluation focuses on the following specific factors for each alternative as summarized from the 

CERCLA guidance (USEPA, 1988): 
 
• The treatment process employed 

• The amount of contaminated media removed and contaminants destroyed or removed 

• The expected reduction in toxicity, mobility, or volume 

• The degree to which the treatment is irreversible 

• The type and concentration of treatment residuals that will remain following treatment  

• The degree to which the alternative satisfies the statutory preference for a principal treatment 

element 
 

Short-Term Effectiveness 
 

This evaluation criterion addresses the effects of the alternative during the construction and 

implementation phase until remedial response objectives are met.  The factors described below are 

addressed, as appropriate, for each of the remedial action alternatives. 
 

• Protection of the community and workers during construction and remediation phases.  This aspect of 

short-term effectiveness addresses risk and inconvenience that may result from implementation of 

the proposed remedial action, including worker and community threats during remedial action and the 

effectiveness and reliability of available worker protection measures. 
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• Environmental impacts.  This factor addresses the adverse environmental impacts that may result 

from the construction and implementation of an alternative and evaluates the reliability of available 

mitigation measures to prevent or reduce these potential impacts. 
 
• Time.  This factor addresses the time required to achieve remedial objectives, including the time 

required for construction, startup, and other O&M activities. 

 

Implementability 

 

The implementability criterion addresses the technical and administrative feasibility of implementing an 

alternative and the availability of services and materials required during implementation. This criterion 

involves analysis of the factors described below. 

 

• Technical feasibility 

 

 – Construction and operational (i.e., O&M) difficulties and uncertainties associated with the 

alternative are examined. 
 
 – Technology reliability focuses on problems associated with implementation that may lead to 

schedule delays. 
 
 – Ease of undertaking additional remedial action includes a discussion of any future remedial 

actions that may be required and the difficulty of implementing such additional actions.  
 
 – Monitoring considerations concern the ability to track the effectiveness of the remedy and include 

an evaluation of the effects of exposure if monitoring is insufficient to detect a system failure.  

 

• Administrative feasibility 
 
 – This factor includes the ability to coordinate with other offices and regulatory agencies for 

construction permits, necessary access to treatment facilities, etc. 

 

• Availability of services and treatment 
 
 – Treatment, storage, and disposal facilities (TSDFs) and capacity to dispose of treatment 

residuals are examined. 
 
 – Equipment, specialists, and provisions required are assessed to ensure any additional resources 

are obtainable. 
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 – Other services and material availability as well as the potential for obtaining competitive bids are 

analyzed. 
 
Cost 
 

Capital and O&M costs are evaluated for each alternative.  These costs include design and construction 

costs, remedial action operating costs, costs associated with maintenance, and costs of performance 

evaluation, including monitoring.  All costs are calculated on a present worth basis.  Appendix F contains 

the detail cost estimates. 
 
The cost estimates are prepared from information sources including the ECHOS (Means, 2000), 

estimates for similar projects, and telephone quotes provided by vendors and personnel from treatment 

facilities.  These costs have an expected accuracy of +50 percent to -30 percent for the scope of the 

remedial action described. 
 
The cost estimates presented herein have been prepared for guidance in project evaluation and 

implementation from the information available at the time of the estimate.  The final costs of the project 

will depend on actual labor and material costs, actual site conditions, productivity, competitive market 

conditions, final project scope, final project schedule, the firm selected for final engineering design, actual 

remediation time, and other variable factors.  As a result the final project costs may vary from the 

estimates presented herein. 
 
The estimated present worth of each alternative is determined based on a discount rate of 3.2 percent 

and a baseline maintenance and monitoring period of 30 years in accordance with current USEPA 

guidance (USEPA, 2000).  The discount rate reflects the recent update (as of January 2001) by the Office 

of Management and Budget.  Some alternatives may provide a shorter remedial period, and cost 

estimates are adjusted accordingly.  Capital costs are those expenditures required to initiate and install a 

remedial action.  Annual O&M costs are long-term costs associated with ongoing remediation.  These 

costs occur after construction and installation are complete but before remediation is accomplished.  The 

costs include labor, materials, utilities, monitoring, energy, disposal fees, administrative support, 

insurance, services, rehabilitation, and site reviews required to operate and maintain the facilities. 
 
Modifying Criteria 
 
Regulatory Agency Acceptance 
 
USEPA and the state regulatory agency, FDEP, will review the draft FS report and the comments will be 

incorporated into the final FS report.  
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Community Acceptance 
 
Community acceptance of the FS for OU 2 will be evaluated based on comments received at the public 

meeting and during the public comment period.  The comments and Navy’s responses will be 

documented in the Responsiveness Summary as an attachment to the OU 2 ROD. 
 
All remedial alternatives will be analyzed for seven criteria (threshold and balancing criteria); however, 

the modifying criteria will be addressed later in the process. 
 
5.2 REMEDIAL ACTION ALTERNATIVES FOR NORTHERN AREA OF OU 2 
 
Alternatives have been developed separately for the northern and southern areas of OU 2.  The 

alternatives are developed based on current data for extent and magnitude of contamination.  However, 

potential exists for the release of contaminants from landfill material.  It is possible that leaching of 

contaminants from landfill material might have ceased after the 23 years since the unit was closed.  The 

northern area of OU 2 consists of the southeastern part of the golf course.  The concerns for the northern 

area include the thickness of the landfill cover and groundwater. The RI investigation showed that 

approximately 253,000 ft2 of the landfill does not have an adequate (greater than 18 inches) cover.  

Groundwater concentrations of benzene, iron, and manganese exceeded PRG levels.  Estimated area 

and volume of groundwater contamination are 831,000 ft2 and 8.9 million gallons, respectively.  The 

alternatives for the northern area are as follows: 
 
• Alternative N-1 – No Action.   

• Alternative N-2 – Native soil cover, LUCs, and Monitoring.  

• Alternative N-3 – Native soil cover, Groundwater extraction and treatment, Discharge to infiltration 

gallery, LUCs, and Monitoring.  

• Alternative N-4 – Native soil cover, Groundwater extraction, Discharge to POTW, LUCs, and Monitoring. 
 

5.2.1 Alternative N-1 – No Action 
 
The alternative involves no remedial action to be implemented and any existing or planned activities 

would be terminated. 

 
5.2.1.1 Detailed Description 
 
The No Action alternative maintains the site at current levels of impact and environmental condition.  This 

alternative is retained to provide a baseline for comparison to other alternatives and, therefore, does not 

address the wastes that are present or impacted groundwater.  There would be no reduction in toxicity, 
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mobility, or volume of the COCs at OU 2 other than that which would result from natural dispersion, 

dilution, or other attenuating factors.  However, there would be no measures in place to monitor the 

progress of natural attenuation.  
 
5.2.1.2 Individual Analysis 
 
The analysis using seven of the nine CERCLA criteria (as detailed in the previous section) for 

Alternative N-1 is as follows.  A summary of the analysis is presented in Table 5-1. 
 
Overall Protection of Human Health and the Environment 
 
Alternative N-1 would not provide adequate protection of human health and the environment.  The No 

Action alternative would do nothing to effectively address contaminated groundwater or control the 

migration of contaminants to off-site areas.  The risk assessment for OU 2 predicted unacceptable risks 

to human health associated with contaminants present in groundwater.  Based on this assessment, this 

alternative would not protect potential future residential receptors from exposure to groundwater.  Over a 

period of time, the concentrations of some of the contaminants would be decreased due to natural 

attenuation; however, such progress would not be monitored.  Any potential transport of contaminants to 

nearby bodies of water would neither be detected nor halted by the alternative and thus offers no 

protection to the environment. 
 
Compliance with ARARs 
 
Alternative N-1 would not attain the PRGs.  The chemical-specific ARARs identified for the groundwater 

at OU 2 include Florida surface water and drinking water standards.  Organic compound exceedances in 

groundwater currently exist for benzene.  The No Action alternative fails to meet the chemical-specific 

ARARs.  Natural processes (including dilution) may eventually reduce contaminant concentrations to 

acceptable levels, but the progress of attenuation would not be monitored.  There would be no action-

specific and location-specific ARARs to be met for this alternative.  Tables G-1, G-2, and G-3 (in 

Appendix G) summarize chemical-, location-, and action-specific ARARs and TBC, respectively, for 

Alternative N-1. 
 
Long-Term Effectiveness and Permanence 
 
Alternative N-1 would provide no long-term effectiveness or permanence.  Chemicals could continue to 

migrate and might pose a long-term risk to human health and the environment.  Aside from natural 

processes, this alternative would offer no reduction in risk over long periods of time. 
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TABLE 5-1 
 

SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR NORTHERN AREA  
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 2 
 

Criteria Alternative N-1 
No Action 

Alternative N-2 
Native Soil Cover 

LUCS 
Monitoring 

Alternative N-3 
Native Soil Cover 

Groundwater Extraction 
and Treatment 

Discharge to Infiltration 
Gallery 
LUCs 

Monitoring 

Alternative N-4 
Native Soil Cover 

Groundwater Extraction 
Discharge to POTW 

LUCs 
Monitoring 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment 
Does Alternative Protect Current and Future Users? No Yes Yes Yes 
Are Environmental Risks Reduced by Alternative? No Yes Yes Yes 
Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) 
Compliance with Chemical-Specific ARARs No Yes Yes Yes 
Compliance with Action-Specific ARARs Not applicable Yes Yes Yes 
Compliance with Location-Specific ARARs Not applicable Not applicable Not applicable Not applicable 
Compliance with Other Criteria No Potentially Potentially Potentially 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Does Alternative Reduce Residual Risk? No Yes Yes Yes 
Does Alternative Provide Adequate Remedial Controls? No To some extent Yes Yes 
Need a 5-Year Review? Yes Yes Yes Yes 
Need Long-Term Management? Yes Yes Yes Yes 
Reduction of Toxicity, Mobility, or Volume through Treatment 
Treatment Process Used None None Air stripping and metals 

precipitation 
Various processes at the 

STP 
Groundwater Treated None None Yes Yes 
Reduction in Toxicity, Mobility, or Volume None Yes Yes Yes 
Type and Quantity of Residuals Remaining after 
Treatment 

No treatment so 
no residuals 

No treatment so  
no residuals 

Filter media with metals 
 

Metal sludge 
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TABLE 5-1  

SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR NORTHERN AREA 
OPERABLE UNIT 2  

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA  

PAGE 2 OF 2  
Criteria Alternative N-1 

No Action 
Alternative N-2 

Native Soil Cover 
LUCS 

Monitoring 

Alternative N-3 
Native Soil Cover 

Groundwater Extraction 
and Treatment 

Discharge to Infiltration 
Gallery 
LUCs 

Monitoring 

Alternative N-4 
Native Soil Cover 

Groundwater Extraction 
Discharge to POTW 

LUCs 
Monitoring 

Short-Term Effectiveness 
Risks to the Community during Remedial Action No treatment so  

no construction 
risks 

Minimal Minimal Minimal 

Risks to Workers during Remedial Action No treatment so  
no construction 

risks 

Minimal 
 

Minimal Minimal 

Environmental Impacts No treatment so  
no additional 

impacts 

Minimal Minimal Minimal 

Time until Remedial Action Objectives Achieved No remedial action 
>30 years 

No remedial action 
>30 years 

PRGs in 9 years for known 
contamination. RAOs for 

the site >30 years 

PRGs in 9 years for known 
contamination. RAOs for 

the site >30 years 
Implementability 
Constructable No construction 

activities 
Yes Yes Yes 

Reliability of Technology No technology 
implemented 

Reliable Reliable Reliable 

Ease of Undertaking Additional Remedial Action, if 
Necessary 

Easily 
implementable 

Easily implementable Easily implementable Implementable 

Ability to Monitor Effectiveness of Remedy Not applicable Yes Yes Yes 
Ability to Coordinate with Other Agencies Easy Easy Easy Moderately easy 
Availability of Off-Site Disposal Services None required None required Available Available 
Availability of Equipment and Specialists None required Available Available Available 
Availability of Prospective Technologies None required Available Available Available 
Costa,b 
Capital Costs $0 $169,000 $834,000 $427,000 
Annual Operations and Maintenance $0 $46,000 for years 1-2 

$24,000 for years 3-30 
$112,000 for years 1-2 
$94,000 for years 3-9 

$20,000 for years 10-30 

$72,000 for years 1-2 
$54,000 for years 3-9 

$20,000 for years 10-30 
Total Present Worth Project Costs $0 $824,000 $1,969,000 $1,257,000 

a Detailed cost estimates are presented in Appendix F 
b These costs have been rounded off to the nearest $1,000. 
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Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Groundwater with chemical concentrations above PRGs would remain in the subsurface.  Reduction of 

toxicity, mobility, or volume would occur but only through natural processes.  Natural biodegradation 

would not be documented in the absence of monitoring, and contaminated groundwater would migrate 

offsite. 

 

Short-Term Effectiveness 

 

Because no remedial activities are associated with the implementation of this alternative, no short-term 

effects would occur.  Alternative N-1 would not include any construction or remedial action activity, so 

there would be no short-term risks to workers, the community, or the environment.  Neither the public nor 

the workers would be exposed to potential threats associated with construction or transportation. 

 

Implementability 

 

No technical implementability issues would exist because no remedial action would occur.  Once the 

alternative was approved, there would be no administrative issues and no need to coordinate with other 

agencies or acquire permits.  Future remedial actions, if needed, would not be hindered by 

Alternative N-1. 

 

Cost 

 

No corrective action would occur; therefore, there would be no costs. 
 

5.2.2 Alternative N-2 – Native Soil Cover, LUCs, and Monitoring 
 
Alternative N-2 consists of the following components: 
 

• Site access and future usage restrictions. 

• Placing 1.5 feet of clean cover at locations without adequate landfill cover.  

• Monitoring for cover maintenance and groundwater contamination with long-term monitoring of 

groundwater for natural attenuation parameters, and maintenance of the landfill cover. 

• Five-year site reviews. 
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5.2.2.1 Detailed Description 
 

LUCs would be implemented to control or eliminate pathways of exposure to COCs at the site.  Site 

restrictions would be enacted to prohibit unauthorized intrusive activity within the landfill boundary, to 

restrict access to areas, and to ban the use of the groundwater as a drinking water supply.  Signs would 

also be posted to alert users of the property about the presence of the landfill.  Land use plans and 

property deeds for land in the vicinity of the golf course area would be annotated to indicate that 

groundwater extraction for potable use in this area may pose an unacceptable health risk if consumed 

without treatment.  The agency currently responsible for administrating the well installation permit 

program will be formally requested not to issue permits for the installation of potable wells screened 

within the surficial aquifer.  These restrictions would be removed only when a 5-year site review indicates, 

based on the groundwater monitoring program results, that FDEP drinking water standards have been 

achieved.  
 
At the present time the landfill cover is not adequate at some locations of the golf course area based on 

data collected during the RI (Tetra Tech NUS, 2001).  Figure 5-1 shows the areas requiring additional 

native soil cover.  Placing of additional soil cover involves bringing an estimated 7,800 yd3 of native soil 

and placing and grading those areas to required contours.  Details of the estimates are presented in 

Appendix E.  The goal for placing additional soil is to have at least 1.5 ft. of native soil cover all over the 

landfill area to prevent any potential direct human contact with the landfill contents. 

 

Monitoring would involve both groundwater and surface water periodic monitoring to assess the progress 

of natural attenuation.  Presently, no COCs are detected in surface water (canals) in the vicinity of the 

contaminated areas of the northern section.  The monitoring program would involve quarterly sampling of 

five monitoring wells and surface water body locations during the first 2 years and semiannual sampling 

thereafter.  After the first 5-year site review, the frequency of sampling will be adjusted accordingly.  A 

sampling period of 30 years will be considered for all alternatives (except No Action) due to potential 

leaching of contaminants from the landfill material.  The cost estimates would be based on monitoring for 

30 years.  Samples will be analyzed for VOCs and metals for the presence of contaminants.  In addition, 

groundwater samples will be analyzed for natural attenuation parameters.  On a quarterly basis, the soil 

cover will be inspected for erosion and maintenance needs. 

 

Five-year site reviews will review the site conditions and monitoring data, and action will be taken to 

determine whether the alternative remains appropriate for the northern area of OU 2.  Site reviews occur 

until the PRGs are attained. 
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5.2.2.2 Individual Analysis 
 

The analysis using seven of the nine CERCLA criteria for Alternative N-2 is as follows.  A summary of the 

analysis is presented in Table 5-1. 

 

Overall Protection of Human Health and the Environment 

 

The new additional soil cover and existing landfill cover in Alternative N-2 would offer adequate human 

health protection against direct contact with landfill contents.  The cover would satisfy the FDEP 

requirement of 18-inch native soil cover as final landfill cover.  Alternative N-2 does not involve any 

treatment for contaminated groundwater and relies on LUCs and natural attenuation for the protection of 

human health and the environment.  Benzene was the only organic COC which was present at very low 

concentrations (maximum of 3.4 µg/L).  At these levels, natural biodegradation processes would be able 

to achieve the PRGs over a period of time.  Iron and manganese were the only inorganic compounds 

exceeding PRG levels.  The concentrations of these metals in surface water in the adjacent canal were 

within the acceptable FDEP levels.  In essence, monitoring indicates that natural attenuation (including 

dilution) would be able to achieve groundwater cleanup goals over a period of time.  Monitoring of 

groundwater, surface water, and 5-year reviews would indicate such progress.  Therefore, Alternative N-2 

would be able to provide adequate protection of human health and the environment over a period of time.  

This limited action alternative would do nothing to effectively address contaminated groundwater or 

control the migration of contaminants to offsite areas; however, low levels of contamination might never 

reach off-base areas.  Any potential transport of contaminants to nearby bodies of water would not be 

halted by this alternative other than through natural processes.  

 

Compliance with ARARs 

 

Alternative N-2 would depend on natural attenuation to attain the PRGs.  Natural attenuation would 

eventually reduce low concentrations of chemicals to acceptable levels, and the progress of attenuation 

would be monitored.  The chemical-specific ARARs identified for the groundwater at OU 2 include Florida 

surface water criteria and GCTLs.  Organic compound exceedance in groundwater currently exists for 

benzene.  Maximum detected benzene concentration was below the federal MCL; however, it exceeded 

Florida GCTL.  Surface water criteria were currently met.  Natural processes (including dilution) may 

eventually reduce contaminant concentrations to acceptable levels.  FDEP landfill cover requirements 

would be met.  Presumptive remedy requirements for landfills would be partially met.  Tables G-4, G-5, 

and G-6 (in Appendix G) summarize chemical-, location-, and action-specific ARARs and TBC, 

respectively, for Alternative N-2. 
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Long-Term Effectiveness and Permanence  

 

The new cap in Alternative N-2 would be permanent and effective on a long-term basis in providing 

protection against direct contact.  Periodic inspections and maintenance of the cover would be conducted 

to ensure long-term effectiveness.  For groundwater, Alternative N-2 would provide long-term 

effectiveness or permanence through natural processes.  Organic chemicals would be permanently 

biodegraded.  LUCs with groundwater use restrictions would prevent possible human exposure and 

consumption of contaminated groundwater.  Five-year reviews would be conducted to assess the 

groundwater conditions and progress of natural attenuation processes in meeting the goals and to ensure 

that Florida surface water standards are not exceeded. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Groundwater with chemical concentrations above PRGs would remain in the subsurface until natural 

attenuation processes act on them.  Reduction of toxicity would occur but only through natural processes.  

Natural biodegradation would be documented through monitoring. 

 

Short-Term Effectiveness 

 

Placing the native soil cover would potentially result in short-term risks.  However, common engineering 

practices should minimize such risks.  Potential exposures of on-site workers to landfill contents during 

the placement of cover would be limited through the use of personal protective equipment (PPE).  There 

would also be potential short-term impacts to workers associated with monitoring activities.  These would 

be addressed through the proper use of PPE and by using proper sampling procedures.  Earth moving 

and transport equipment might cause slight increase in short-term risks to the public.  Alternative N-2 

would involve the installation of the soil cover and monitoring wells.  The construction activity would be 

minimal and there would be low short-term risks to workers, the community, and the environment.  

Exposure to workers during sampling would be minimal and could be controlled by following standard 

practices.  Exposure to potential threats to the public or the workers would be minimal due to construction 

or transportation.  Implementation of this alternative would not pose any safety concerns to nearby 

communities, the environment, or on-site workers.  Sampling of groundwater and surface water might 

expose workers to hazardous substances.  OSHA standards would be followed during the 

implementation of remedial measures.  Based on current groundwater data, the time frame for achieving 

PRGs is estimated at 5 years.  However, to achieve RAOs, it may take 30 years or more due to the 

presence of landfill material. 
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Implementability 

 

Alternative N-2 would be readily implementable.  The soil cover and monitoring wells could be readily 

installed.  Equipment and materials are readily available for installing the soil cover.  Limited manpower 

and materials are necessary to install and sampling monitoring wells.  Monitoring requires periodic 

sampling.  Materials and labor are readily available for installing the cover and monitoring wells as well as 

for periodic sampling.  The alternative is fairly reliable because the cover will protect from direct contact 

risk and monitoring will indicate the potential risks.  This alternative should take less than one year to 

implement.  Permits for installing the cover and monitoring wells might be required.  Administrative issues 

and coordination with other agencies or acquiring permits are easily achievable.  Future remedial actions, 

if needed, would not be hindered by this alternative. 

 

Cost 

 

The estimated capital cost for Alternative N-2 would be $169,000.  The annual O&M costs would be 

$46,000 for the first 2 years and $24,000 thereafter.  Present worth cost over a period of 30 years would 

be $824,000.  Detailed cost estimates are provided in Appendix F. 

 

5.2.3 Alternative N-3 – Native Soil Cover, Groundwater Extraction and Treatment, 
Discharge to Infiltration Gallery, LUCs, and Monitoring 

 
Alternative N-3 consists of the following components: 
 
• Site access and future usage restrictions. 

• Placing 1.5 feet of clean cover at locations without adequate landfill cover. 

• Extraction of groundwater using four extraction wells. 

• On-site groundwater treatment using air stripping and metals precipitation to remove VOCs and 

metals. 

• Discharge of treated water to infiltration gallery. 

• Monitoring for cover maintenance, treatment system performance, and groundwater conditions. 

• Five-year site reviews. 

 
5.2.3.1 Detailed Description 
 

Alternative N-3 involves removal and treatment of contaminated groundwater.  The elements of LUCs 

and native soil cover would be similar to those described for Alternative N-2 in Section 5.1.2.  The 

groundwater extraction system would consist of four 4-inch extraction wells with a total flow rate of 
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18 gallons per minute (gpm).  The layout of these wells is shown in Figures 5-2 through 5-4.  Three wells 

(EX-1, EX-2, and EX-3 in Figure 5-3) would address the northern plume of benzene, iron, and 

manganese, whereas the fourth well (EX-4) would address iron-contaminated groundwater in the central 

portion of the northern area.  Wells EX-1, EX-2, and EX-3 would be equipped with submersible pumps 

with minimum capacities of 5, 3, and 5 gpm, respectively, and the pumps would be driven by 

¼ horsepower (HP) motors.  Well EX-4 would also have 5 gpm pump with ¼ HP motor.  FLOWPATH® 

modeling (as shown in Figures 5-3 and 5-4) indicates the pumping capacity to be adequate to capture the 

estimated plume area of contaminated groundwater.  Considering approximately 25 percent capacity 

factor, the pumping system would be designed for 22.5 gpm. 
 
Extracted groundwater would be treated for the removal of benzene, iron, and manganese.  Benzene 

removal would be accomplished through air stripping and the metals would be removed through chemical 

precipitation.  The process flow diagram for Alternative N-3 is shown in Figure 5-5.  Extracted 

groundwater from four recovery wells would be collected in a 600-gallon equalization tank.  Iron and 

manganese removal would be achieved through greensand filtration.  Greensand filtration is an oxidation 

filtration process used for the treatment of iron and manganese.  The greensand filtration medium is 

produced by treating glauconite sand with potassium permanganate until the granular material (sand) is 

coated with a layer of manganese oxides, particularly manganese dioxide.  Iron and manganese are 

reduced through a combination of oxidation, ion exchange, and particle entrapment.  The greensand 

filtration would consist of two 48-inch-diameter vertical filters.  The service flow rate would be 2.0 gpm/ft2 

with backwash flow of 150 gpm for 3-4 minute backwash time.  The system would consist of an automatic 

injection system for the continuous injection of potassium permanganate.  Filter backwash water would 

be disposed of through a publicly owned treatment work (POTW).  The sand filters would operate in 

parallel so that the system could continue to operate when one filter is taken out of service for 

backwashing. 
 
Organic compound removal would be achieved through air stripping.  Filtered groundwater from the 

greensand filter would be stored in a 100-gallon intermediate storage tank from which it would be pumped 

to a low-profile diffused air stripper.  A typical diffused air stripper uses forced draft, counter-current 

operation through horizontally extended trays to remove VOCs from water.  The air stripped would be a 

low-profile air stripper with a minimum capacity of 25 gpm and an air flow rate of 150 cubic feet per 

minute (cfm) would achieve the required removal of benzene to meet the PRG level of 1 µg/L.  Emissions 

from the air stripper would be within the limits (less than 13.7 lbs/day set by FDEP) requiring no off-gas 

treatment.  
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Figure 5-4 North Plume B Alternative N-3 
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Process Flow Diagram Alternative N-3 – LUC, Monitoring, Soil Cover, GW Extraction, Treatment for VOCs and Metals, and Discharge to Infiltration Gallery 
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Treated water with contaminant levels below the corresponding PRGs would be discharged through an 

infiltration gallery located about 500 feet from the treatment area within the golf course area.  Treated 

groundwater would likely meet Florida surface water standards.  Using the steady state infiltration rates 

for the soil in the area, the infiltration gallery would be 65 feet by 65 feet in size.  Estimated mound 

heights are less than 2 feet for 10 years of pumping.   

 
Periodic monitoring would be required for both groundwater and surface water to assess the progress of 

remediation.  The operation of the treatment system would last for 9 years.  Monitoring of the treatment 

system would involve performance sampling and periodic maintenance monitoring.  The period of 

treatment is based on treating three pore volumes of contaminated groundwater from the impacted areas.  

Details of the estimate are present in Appendix E.  The period of treatment may be beyond 9 years if the 

landfill material continues releasing contaminants into the groundwater.  Samples would be collected to 

monitor the performance of air stripper and metals precipitation.  Presently, no COCs are detected in 

surface water (canals) in the vicinity of the contaminated areas of the northern area.  The monitoring 

program would involve quarterly sampling of five monitoring wells and surface water body locations 

during the first 2 years and semiannual sampling thereafter.  After the first 5-year site review, the 

frequency of sampling will be adjusted accordingly.  The cost estimates would be based on sampling for 

30 years.  Samples will be analyzed for VOCs and metals.  Performance sampling would be performed 

only after the treatment system is fully operational and proven to be working to achieve desired removal 

efficiencies and would include monthly sampling of treated water.  On a quarterly basis, the soil cover will 

be inspected for erosion and maintenance needs. 

 

Five-year site reviews will evaluate the site conditions and treatment plant and monitoring data.  An 

evaluation will be made to determine whether the alternative remains appropriate for the northern area of 

OU 2.  Site reviews occur until the PRGs are attained. 

 
5.2.3.2 Individual Analysis 
 
The analysis using seven of the nine CERCLA criteria for Alternative N-3 is as follows.  A summary of the 

analysis is presented in Table 5-1. 

 

Overall Protection of Human Health and the Environment 
 
Alternative N-3 removes contaminated groundwater to meet the PRG levels in the aquifer and treats the 

groundwater to comply with discharge requirements.  Therefore, this alternative offers a high level of 

overall protection of human health and the environment.  The new additional soil cover (and the existing 

landfill cover) in Alternative N-3 would offer adequate human health protection against direct contact with 
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landfill contents.  The cover would satisfy the FDEP requirement of 18-inch native soil cover as final 

landfill cover. This alternative offers an aggressive approach for collecting and treating groundwater 

contaminants.  As the contaminants would be withdrawn and treated, this alternative would provide a high 

level of protection of human health and the environment. 

 

Monitoring of groundwater, surface water, and 5-year reviews would indicate the progress of remediation. 

Alternative N-3 is an active treatment alternative and would effectively address contaminated 

groundwater or control the migration of contaminants to offsite areas.  Any potential transport of 

contaminants to nearby bodies of water would be halted by the alternative. 

 

Compliance with ARARs 
 
Alternative N-3 would collect, extract, and treat contaminated groundwater to attain the PRGs.  The 

chemical-specific ARARs identified for the groundwater at OU 2 include State of Florida surface water 

criteria and GCTLs.  The alternative would meet the cleanup standards through treatment.  Action-

specific ARARs include off-gas emission standards from air stripping.  As the estimated emission rates 

would be below the threshold levels for treatment, this alternative would meet action-specific ARARs.  A 

moderate degree of worker protection would be required to meet OSHA standards during construction 

and operation of the treatment system.  The FDEP landfill cover remedy requirements would be met.  

Presumptive remedy requirements for landfills would be partially met by containing groundwater from 

reaching off-base areas.  Tables G-7, G-8, and G-9 (in Appendix G) summarize chemical-, location-, and 

action-specific ARARs and TBC, respectively, for Alternative N-3. 

 

Long-Term Effectiveness and Permanence  

 

Groundwater collection and treatment using air stripping and metal oxidation is a proven and established 

technology.  The long-term reliability and effectiveness of the system are proven.  Once the system is 

properly designed and installed, Alternative N-3 would be reliable and effective.  The collection system 

would involve pumps that are reliable.  This alternative would offer high long-term reliability and 

effectiveness.  Being an ex situ treatment process, failure of the system would be easily identifiable.  The 

treatment system would have adequate controls to make sure the treatment is to the desired levels.  

O&M of the treatment system is relatively simple and easy to implement.  The treatment residuals include 

backwash from filters.  The emissions from the air stripper would be within the State of Florida limits and 

do not require treatment.  The metals precipitates would collect on the filters which would be backwashed 

and treated at a POTW.  The overall effectiveness of the system would be monitored by the wells but also 
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through sampling and analysis of the influent and effluent of the extracted groundwater treatment system.  

As the contaminants are collected and treated, the magnitude of residual risk would be low. 

 

The new soil cover in Alternative N-3 would be permanent and effective on a long-term basis in providing 

protection against direct contact.  Periodic inspections and maintenance of the cover would be conducted 

to ensure long-term effectiveness.  LUCs with groundwater use restrictions would prevent possible 

human exposure and consumption of contaminated groundwater.  Five-year reviews would assess the 

groundwater conditions and progress of remedial activities.   

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Treatment using air stripping and metals oxidation would offer reduction in volume. Groundwater with 

chemical concentrations above PRGs would be treated to meet discharge/reinjection requirements.  High 

levels of removal would be achieved through the treatment steps of the alternative.  Air stripping would 

remove up to 99 percent of organic contaminants and metal oxidation would remove up to 85 percent of 

metal contaminants.  An estimated quantity of 4,310 kg of contaminants would be removed over the 

lifetime of the system.  Details are presented in Appendix E.  Alternative N-3 would meet statutory 

preference for principal treatment element.  The treatment steps transfer the contaminants from one 

medium to another and treatment is irreversible.  Treatment residuals would include off-gas emissions of 

benzene and metal oxides of iron and manganese. 

 

Short-Term Effectiveness 

 

Alternative N-3 would involve designing and building an air stripper and metals treatment facility, and 

installing extraction and monitoring wells.  Placing the native soil cover and other construction activities 

might disturb the contaminated areas.  The short-term risks to workers and the environment would be 

medium.  As there are no nearby communities, such exposures are unlikely to occur.  With proper work 

practices, implementation of this alternative would not pose any safety concerns to nearby communities, 

the environment, or on-site workers.  Dust suppression to control potential fugitive dust emissions and air 

monitoring would be used as necessary to ensure worker safety during remedial activities at the site.  

Limited O&M would be required for the air stripping and metals treatment units and no unacceptable 

exposure to workers is anticipated.  Exposure to workers during sampling would be minimal and could be 

controlled by following standard practices.  Exposure to potential threats to the public or the workers 

would be low due to construction or transportation.  Implementation of this alternative would not pose any 

safety concerns to nearby communities, the environment, or on-site workers.  Site activities would not 

cause fire or explosion.  Sampling of groundwater might expose workers to hazardous substances.  On-
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site workers would be protected from exposure to hazardous substances through the appropriate use of 

PPE.  OSHA standards would be followed during the implementation of the alternative.  This alternative 

would require one year for construction and may require up to 9 years to achieve the PRGs based on 

treatment of three pore volumes.  However, achieving RAOs may take 30 or more years due to the 

presence of landfill material in the trenches. 
 
Implementability 
 

Alternative N-3 would be readily implementable.  Treatment system components, native soil cover, and 

monitoring wells could be readily installed. Air stripping and metals precipitation are established 

technologies and have been used extensively.  Materials and labor are readily available for installing the 

metals treatment and air stripping systems, extraction wells, infiltration gallery system, and monitoring 

wells as well as for periodic sampling.  This alternative should take about one year to implement.  The 

alternative is highly reliable because the native soil cover will protect humans from direct contact risk, 

treatment removes the groundwater contaminants, and monitoring will indicate the effectiveness and 

progress of the remedy.  Permits for installing the treatment system, native soil cover, and wells might be 

required.  Administrative issues and coordination with other agencies or acquiring permits are easily 

achievable.  Future remedial actions, if needed, would not be hindered by this alternative.  Treatment 

residues from metals treatment (backwash water from the filter) would be sent to a POTW which has 

adequate capacity. 

 

Cost 

 

The estimated capital cost for Alternative N-3 would be $834,000.  The annual O&M costs would be 

$112,000 for years 1-2, $94,000 for years 3-9, and $20,000 thereafter.  Present worth cost over a period 

of 30 years would be $1,969,000.  Detailed cost estimates are provided in Appendix F. 

 

5.2.4 Alternative N-4 – Native Soil Cover, Groundwater Extraction, Discharge to POTW, 
LUCs, and Monitoring 

 

Alternative N-4 consists of the following components: 

 

• Site access and future usage restrictions. 

• Placing 1.5 feet of clean cover at locations with no adequate landfill cover.  

• Monitoring for cover maintenance and groundwater contamination. 

• Extraction of groundwater (upgradient) using four extraction wells along the barrier. 
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• Discharge of water to POTW. 

• Five-year site reviews. 

 
5.2.4.1 Detailed Description 

 
Alternative N-4 involves removal of contaminated groundwater and discharging the water to a POTW for 

treatment.  The elements of LUCs, native soil cover, and groundwater extraction would be similar to those 

described for Alternative N-2 in Section 5.1.2.  The groundwater extraction system would consist of four 

4-inch extraction wells with an average flow rate of 18 gpm.  The layout of these wells will be similar to 

Alternative N-3 as shown in Figures 5-2 through 5-4.  

 

Extracted groundwater would be discharged directly to the City of Orlando POTW without prior treatment.  

The water would be pumped from the extraction wells to a sanitary sewer manhole.  The sewer line would 

ultimately discharge extracted water into the POTW for final treatment.  A sampling port would also be 

included in the piping from the well to sanitary sewer manhole for discharge monitoring purposes.  The 

discharge pipe into the sanitary sewer line would be a buried 2-inch polyvinyl chloride (PVC) pipe and the 

exact location of the discharge point would be finalized after discussions with POTW authorities.  The 

untreated groundwater would have very low (almost below analytical detection limit) benzene 

concentrations and would readily meet the Orlando POTW industrial discharge standard of 1,500 µg/L for 

manganese because the maximum contaminant concentration detected at OU 2 is 616 µg/L.  The POTW 

does not have a discharge limit for iron.  NTC, Orlando currently maintains an industrial user’s permit for 

the discharge of investigation-derived waste (Appendix E).  This permit could be modified to include the 

discharge of extracted groundwater from OU 2.  

 
Monitoring would involve sampling of the extracted groundwater prior to discharge to the sewer line and 

both groundwater and surface water periodic monitoring to assess the progress of remediation.  The 

period of treatment would be for 9 years. System monitoring would involve periodic maintenance of 

extraction wells.  Presently, no COCs are detected in surface water (canals) in the vicinity of the 

contaminated areas of the northern area.  The monitoring program would involve monthly monitoring of 

sewer line discharge, quarterly sampling of five monitoring wells and surface water body locations during 

the first 2 years and semiannual sampling thereafter.  Monitoring wells and surface water will be sampled 

for a period of 30 years.  After the first 5-year site review, the frequency of sampling will be adjusted 

accordingly.  The cost estimates would be based on sampling for 30 years.  Samples will be analyzed for 

VOCs and metals.  On a quarterly basis, the soil cover will be inspected for erosion and maintenance 

needs. 
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Five-year site reviews will evaluate the site conditions, extraction system, and monitoring data.  An 

evaluation will be made to determine whether the alternative remains appropriate for the northern area of 

OU 2.  Site reviews occur until the PRGs are attained in the groundwater. 

 
5.2.4.2 Individual Analysis 

 
The analysis using seven of the nine CERCLA for Alternative N-4 is as follows.  A summary of the 

analysis is presented in Table 5-1. 

 

Overall Protection of Human Health and the Environment 

 

Alternative N-4 removes contaminated groundwater and discharges the water to a POTW for treatment.   

This alternative offers a high level of overall protection of human health and the environment.  The new 

additional soil cover (and existing landfill cover) in Alternative N-4 would offer adequate human health 

protection against direct contact with landfill contents.  The cover would satisfy the FDEP requirement of 

18-inch native soil cover as the landfill cover.  This alternative offers an aggressive approach for 

collecting groundwater and discharging the water to a permitted facility for treatment.  As the 

contaminants would be withdrawn and eventually treated, this alternative would provide a high level of 

protection of human health and the environment. 

 

Monitoring of groundwater, surface water, and 5-year reviews would indicate the progress of remediation. 

Alternative N-4 is an active treatment alternative and would effectively address contaminated 

groundwater or control the migration of contaminants to off-site areas.  Any potential transport of 

contaminants to nearby bodies of water would be halted by the alternative. 

 

Compliance with ARARs 

 

Alternative N-4 would collect groundwater and discharge the water to a POTW for treatment.  Discharge-

related ARARs would be met because contaminant concentrations are already below POTW permit 

levels.  The alternative would eventually attain the PRGs.  The chemical-specific ARARs identified for the 

groundwater at OU 2 include Florida surface water and drinking water standards.  The alternative would 

meet the PRGs through off-site treatment.  Moderate degree of worker protection would be required to 

meet OSHA standards during construction of the extraction system.  FDEP landfill cover requirements 

would be met.  Presumptive remedy requirements for landfills would be partially met.  Tables G-10, G-11, 

and G-12 (in Appendix G) summarize chemical-, location-, and action-specific ARARs and TBC, 

respectively, for Alternative N-4. 
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Long-Term Effectiveness and Permanence  

 

Groundwater extraction is a proven and established technology. Treatment at the POTW is also reliable.  

The long-term reliability and effectiveness of the system are proven.  Once the groundwater extraction 

system is properly designed and installed, Alternative N-4 would be reliable and effective.  The collection 

system would involve pumps that are reliable.  This alternative would offer high long-term reliability and 

effectiveness.  Treatment systems at the POTW are effectively managed and failure of the system would 

be easily identifiable.  Operational problems with the extraction system are also easily identifiable as 

adequate controls for the pumps exist.  O&M of the extraction system is relatively simple and easy to 

implement.  The overall effectiveness of the remedial measure would be monitored with the wells.  As the 

contaminants are collected and eventually treated, the magnitude of residual risk would be low. 

 

The new soil cover in Alternative N-4 would be permanent and effective on a long-term basis in providing 

protection against direct contact.  Periodic inspections and maintenance of the cover would be conducted 

to ensure long-term effectiveness.  LUCs with groundwater use restrictions would prevent possible 

human exposure and consumption of the contaminated groundwater.  Five-year reviews would assess 

the groundwater conditions and progress of remedial activities.   

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Extracting the contaminated groundwater with treatment in a POTW would offer reduction in toxicity.  

Groundwater with concentrations of COCs above PRGs would be treated at the POTW.  High levels of 

removal would be achieved through the treatment at the POTW.  An estimated quantity of 4,310 kg of 

contaminants would be removed at the POTW over the lifetime of the remedy.  Details are presented in 

Appendix E.  Treatment residuals would include sludge from the POTW.  

 

Short-Term Effectiveness 

 

Alternative N-4 would involve the installation of extraction wells, carrier pipe, and monitoring wells.  

Placing the native soil cover and construction activities might disturb the contaminated areas.  The short-

term risks to workers and the environment would be low.  As there are no nearby communities, such 

exposures are unlikely to occur.  With proper work practices, implementation of this alternative would not 

pose any safety concerns to nearby communities, the environment, or on-site workers.  Dust suppression 

to control potential fugitive dust emissions and air monitoring would be used as necessary to ensure 

worker safety during remedial activities at the site.  Limited O&M would be required for the extraction well 

pumps and no unacceptable exposure to workers is anticipated.  Exposure to workers during sampling 
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would be minimal and could be controlled by following standard practices.  Exposure to potential threats 

to the public or the workers would be low due to construction or transportation.  Implementation of this 

alternative would not pose any safety concerns to nearby communities, the environment, or on-site 

workers.  Site activities would not cause fire or explosion.  Sampling of groundwater might expose 

workers to hazardous substances.  On-site workers would be protected from exposure to hazardous 

substances through the appropriate use of PPE.  OSHA standards would be followed during the 

implementation of the alternative.  This alternative would require a half year for construction and may 

require up to 9 years for groundwater extraction based on treatment of three pore volumes.  However, 

achieving RAOs may take 30 or more years to achieve the PRGs due to the presence of landfill material 

in the trenches. 
 

Implementability 

 

Alternative N-4 would be readily implementable.  Materials and labor are readily available for installing the 

extraction wells and monitoring wells as well as for periodic sampling.  This alternative should take about 

a half year to implement.  The alternative is highly reliable because the native soil cover will protect 

humans from direct contact to the landfill materials, treatment at the POTW will remove contaminants 

from the groundwater, and monitoring will indicate the effectiveness and progress of the alternative.  

Permits for installing the extraction system, native soil cover, and wells might be required.  Administrative 

issues and coordination with other agencies or acquiring permits are easily achievable.  Future remedial 

actions, if needed, would not be hindered by this alternative.  The POTW has adequate capacity to 

address small flow from the extraction system.  Additional treatment residues at the POTW resulting from 

increased wastewater flow would not be high and no additional measures would be required.  

 

Cost 

 

The estimated capital cost for Alternative N-4 would be $427,000.  The annual O&M costs would be 

$72,000 for years 1-2, $54,000 for years 3-9, and $20,000 thereafter.  Present worth cost over a period of 

30 years would be $1,257,000.  Detailed cost estimates are provided in Appendix F. 

 
5.3 REMEDIAL ACTION ALTERNATIVES FOR THE SOUTHERN AREA OF OU 2 

 

The only medium of concern for the southern area of OU 2 is groundwater.  Groundwater contamination 

in the southern area of OU 2 is primarily associated with chlorinated organic solvents and their 

biodegradation products such as TCE and vinyl chloride.  The areal extent and volume of groundwater 

contamination are 29 acres  and 35 million gallons, respectively.  To meet the RAOs, an alternative must 
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address groundwater contamination.  The alternatives are developed based on current data for extent 

and magnitude of contamination.  However, the potential exists for the release of contaminants from 

landfill material in the trenches.  It is possible that leaching of contaminants from landfill material might 

have ceased after the 23 years since the landfill unit was closed.  The alternatives for the southern area 

are as follows: 

 

• Alternative S-1 – No Action (This alternative is developed per the NCP to provide a baseline for 

comparison to other alternatives.) 

• Alternative S-2 – LUCs and Monitoring. 

• Alternative S-3 – Enhanced Biodegradation, LUCs, and Monitoring. 

• Alternative S-4 – Groundwater extraction and treatment, Discharge to infiltration gallery, LUCs, and 

Monitoring. 

• Alternative S-5 – Limited containment using sheet piles, PRBs, LUCs, and Monitoring. 

• Alternative S-6 – Extended containment using sheet piles, PRB, LUCs, and Monitoring. 

 

5.3.1 Alternative S-1 – No Action 
 
The alternative involves no remedial action to be implemented and any existing or planned activities 

would be terminated. 
 

5.3.1.1 Detailed Description 
 
The No Action alternative maintains the site at current levels of impact and environmental conditions.  

This alternative is retained to provide a baseline for comparison to other alternatives and, therefore, does 

not address the wastes that are present or impacted groundwater.  There would be no reduction in 

toxicity, mobility, or volume of the COCs at the southern area of OU 2 other than that which would result 

from natural dispersion, dilution, or other attenuating factors.  However, these processes would not be 

monitored.  

 
5.3.1.2 Individual Analysis 
 
The analysis using seven of the nine CERCLA criteria for Alternative S-1 is as follows.  A summary of the 

analysis is presented in Table 5-2. 
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TABLE 5-2 
 

SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SOUTHERN AREA 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 3 
 

Criteria Alternative S-1 
No Action 

Alternative S-2 
LUCs 

 Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater 

Extraction 
and Treatment 
Discharge to 

Infiltration Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extemded Containment 

PRB 
LUCs 

Monitoring 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment 
Does Alternative Protect 
Current and Future Users? 

No No Yes Yes Yes Yes 

Are Environmental Risks 
Reduced by Alternative? 

No No Yes Yes Yes Yes 

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

No Yes Yes Yes Yes Yes 

Compliance with Action-
Specific ARARs 

Not applicable Not applicable Yes Yes Yes Yes 

Compliance with Location-
Specific ARARs 

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable 

Compliance with Other 
Criteria 

No Potentially Potentially Potentially Potentially Potentially 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Does Alternative Reduce 
Residual Risk? 

No Yes Yes Yes Yes Yes 

Does Alternative Provide 
Adequate Remedial 
Controls? 

No To some extent To some extent Yes To some extent Yes 

Need a 5-Year Review? Yes Yes Yes Yes Yes Yes 
Need Long-Term 
Management? 

Yes Yes Yes Yes Yes Yes 

Reduction of Toxicity, Mobility, or Volume through Treatment 
Treatment Process Used None None Biodegradation Air stripping Reactive Media Reactive Media 
Groundwater Treated None None Yes Yes Yes Yes 
Reduction in Toxicity, 
Mobility, or Volume 

None Yes Yes Yes Yes Yes 

Type and Quantity of  
Residuals Remaining after 
Treatment 

No treatment so 
no residuals 

No treatment so 
no residuals 

No residuals Sludge from 
conditioning of water 

No residuals No residuals 
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TABLE 5-2 
 

SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SOUTHERN AREA 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 3 
 

Criteria Alternative S-1 
No Action 

Alternative S-2 
LUCs 

 Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater 

Extraction 
and Treatment 
Discharge to 

Infiltration Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extemded Containment 

PRB 
LUCs 

Monitoring 

Short-Term Effectiveness 
Risks to the Community 
during Remedial Action 

No treatment so  
no construction risks 

No treatment so  
no construction risks 

Minimal Minimal Above average Above average 

Risks to Workers during 
Remedial Action 

No treatment so  
no construction risks 

No treatment so 
no construction risks 

Some risks/easily 
controlled 

Some risks/easily 
controlled 

Above average 
risks/easily controlled 

Above average 
risks/easily controlled 

Environmental Impacts No treatment so  
no additional impacts 

No treatment so 
no additional impacts 

No impacts Minimal impacts Above average impacts Above average impacts 

Time until Remedial Action 
Objectives Achieved 

No remedial action 
>30 years 

No remedial action 
>30 years 

PRGs in 30 years for 
known contamination. 
RAOs for the site >30 

years 

PRGs in 18 years for 
known contamination. 
RAOs for the site >30 

years 

PRGs in 30 years for 
known contamination. 
RAOs for the site >30 

years 

PRGs in 30 years for 
known contamination. 
RAOs for the site >30 

years 
Implementability 
Constructable No construction 

activities 
No construction 

activities 
Yes Yes Yes Yes 

Reliability of Technology No technology 
implemented 

No technology 
implemented 

Average Reliability Reliable Average Reliability Average Reliability 

Ease of Undertaking 
Additional Remedial 
Action, if Necessary 

Easily implementable Easily implementable Implementable Implementable Implementable Implementable 

Ability to Monitor 
Effectiveness of Remedy 

Not applicable Not applicable Yes Yes Yes. System failure 
not easy to detect 

Yes. System failure not 
easy to detect 

Ability to Coordinate with 
Other Agencies 

Easy Easy Moderately easy Easy Moderately easy Moderately easy 

Availability of Off-Site 
Disposal Services 

None required None required None required Available None required None required 
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SUMMARY OF DETAILED ANALYSES OF ALTERNATIVES FOR SOUTHERN AREA 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 3 OF 3 
 

Criteria Alternative S-1 
No Action 

Alternative S-2 
LUCs 

 Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater 

Extraction 
and Treatment 
Discharge to 

Infiltration Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extended Containment 

PRB 
LUCs 

Monitoring 

Availability of Equipment 
and Specialists 

None required None required  Moderately Available Available  Moderately Available  Moderately Available 

Availability of Prospective 
Technologies 

None required None required  Moderately Available Available  Moderately Available  Moderately Available 

Costa,b 
Capital Costs $0 $32,000 $405,000 $1,026,000 $3,501,000 $5,314,000 
Annual Operations and 
Maintenance  

$0 $45,000 for years 1-2 
$23,000 for years 3-30 

$206,000 for years 1-2 
$184,000 for years 3-4 
$23,000 for years 5-30 

$116,000 for years 1-2 
$99,000 for years 3-4 

$19,000 for years 5-30 

$45,000 for years 1-2 
$23,000 for years 3-

30 

$45,000 for years 1-2 
$23,000 for years 3-30 

Total PW Project Costs $0 $671,000 $1,639,000 $2,660,000 $4,140,000 $5,953,000 
a Detailed cost estimates are presented in Appendix F. 
b These costs have been rounded off to the nearest $1,000. 
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Overall Protection of Human Health and the Environment 
 

Alternative S-1 would not provide adequate protection of human health and the environment.  No Action 

would allow unacceptable risks to human health and the environment. Existing cover (placed in as part of 

the IRA) would prevent direct contact with landfill contents; however, this alternative would do nothing to 

effectively address contaminated groundwater or control the migration of contaminants to off-base areas.  

The risk assessment for OU 2 predicted unacceptable risks to human health associated with 

contaminants present in groundwater.  Based on this assessment, this alternative would not protect 

potential future residential receptors from exposure to groundwater.  Over a period of time, some of the 

contaminants would be biodegraded due to natural processes; however, such progress would not be 

monitored.  Any potential transport of contaminants to nearby bodies of water would not be halted by the 

alternative and thus it offers no protection to the environment. 

 

Compliance with ARARs 
 
Alternative S-1 would not attain the PRGs.  The existing cap would partially satisfy the FDEP 

requirements for a final cover and the presumptive remedy.  The chemical-specific ARARs identified for 

the groundwater at OU 2 include Florida surface water criteria and GCTLs.  Organic compound 

exceedances in groundwater currently exist for benzene, TCE, and vinyl chloride.  The No Action 

alternative fails to meet the chemical-specific ARARs.  Natural processes (including dilution) may 

eventually reduce contaminant concentrations to acceptable levels, but the progress of attenuation would 

not be monitored.  There would be no action-specific and location-specific ARARs to be met for this 

alternative.  Tables G-13, G-14, and G-15 (in Appendix G) summarize chemical-, location-, and action-

specific ARARs and TBC, respectively, for Alternative S-1. 

 

Long-Term Effectiveness and Permanence 
 
The existing cover would be effective; however, lack of proper inspection and maintenance would lower 

the long-term effectiveness.  Alternative S-1 would not have any other measures that provide long-term 

effectiveness or permanence.  Chemicals could continue to migrate and might pose a long-term risk to 

human health and the environment.  Aside from existing cap and natural processes, this alternative would 

offer no reduction in risk over long periods of time. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Groundwater with chemical concentrations above PRGs would remain in the subsurface.  No Action 

would allow unacceptable risks to human health and the environment.  Reduction of toxicity, mobility, or 
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volume would occur but only through natural processes.  Natural biodegradation would not be 

documented in the absence of monitoring, and contaminated groundwater would migrate off-base. 

 

Short-Term Effectiveness 
 
Because no remedial activities are associated with the implementation of this alternative, no short-term 

effects would occur.  Alternative S-1 would not include any construction or remedial action activity, so 

there would be no short-term risks to workers, the community, or the environment.  Neither the public nor 

the workers would be exposed to potential threats associated with construction or transportation. 

 

Implementability 
 
No technical Implementability issues would exist because no remedial action would occur.  Once the 

alternative was approved, there would be no administrative issues and no need to coordinate with other 

agencies or acquire permits.  Future remedial actions, if needed, would not be hindered by 

Alternative S-1. 

 

Cost 
 
No remedial action would occur; therefore, there would be no costs. 

 

5.3.2 Alternative S-2 – LUCs and Monitoring 

 

Alternative S-2 consists of the following components: 
 
• Site access and future usage restrictions. 

• Monitoring for groundwater contamination along with long-term monitoring for natural attenuation 

parameters. 

• Five-year site reviews. 

 
5.3.2.1 Detailed Description 
 

Alternative S-2 relies on natural attenuation for addressing the organic contaminants in the groundwater.  

Chemical and indicator parameter data collected during the post-RI investigation of the southern plume 

area (Section 2.2.3.3) demonstrate that natural attenuation of the VOC plume is occurring beneath the 

landfill (Appendix A-2).  A higher level of oxidizing conditions (i.e., dissolved oxygen generally greater 

than 1 mg/L; redox in the positive range; and lower dissolved iron, methane, and hydrogen sulfide) in the 
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shallow portion of the aquifer, compared to the lower portion, and the observed downgradient reductions 

in benzene and vinyl chloride concentrations demonstrate that aerobic biodegradation is occurring.  On 

the other hand, more reducing conditions, as indicated by the same parameters discussed above, in the 

lower portion of the aquifer (i.e., the intermediate aquifer) and the relatively low concentrations of high 

order chlorinated VOCs (PCE, TCE) and higher concentrations of low-order chlorinated degradation 

products (DCE, vinyl chloride) demonstrate that anaerobic biodegradation is occurring beneath the 

former landfill.  Somewhat higher concentrations of chlorinated VOCs along the extreme downgradient 

margin of the southern VOC plume (i.e., near the canal area) in the lower portion of the aquifer indicate 

that conditions are not as favorable for natural attenuation in this area.  Recent data presented in 

Appendix A-7 indicate that contaminant concentrations are increasing near the canals and natural 

attenuation is not adequately controlling the contaminant plume. 

 
LUCs would be implemented to control or eliminate pathways of exposure to COCs at the site.  Site 

restrictions would be enacted to prohibit unauthorized intrusive activity within the landfill boundary, to 

restrict access to areas, and to ban the use of the groundwater as a drinking water supply.  Signs would 

also be posted to alert users of the property about the presence of the landfill.  Land use plans and 

property deeds would be annotated for land in the vicinity of the southern area of OU 2.  The extent of 

property to be controlled would also include land in between the fence and canals, presently owned by 

GOAA.  The property deeds would be annotated to indicate that groundwater extraction for potable use in 

this area may pose an unacceptable health risk if consumed without treatment.  The agency currently 

responsible for administrating the well installation permit program will be formally requested not to issue 

permits for installation of potable wells screened within the surficial aquifer.  These restrictions would be 

removed only when a 5-year site review indicates, based on the groundwater monitoring program results, 

that FDEP GCTLs have been achieved.  

 
Monitoring would involve both groundwater and surface water to assess the progress of natural 

attenuation.  Presently, no COCs are detected in surface water (canals) in the vicinity of the contaminated 

groundwater of the southern area.  Recent data presented in Appendix A-7 indicate that contaminant 

concentrations are increasing near the canals and natural attenuation is not adequately controlling the 

contaminant plume.  The monitoring program would involve quarterly sampling of five monitoring wells 

and surface water body locations during the first 2 years and semiannual sampling thereafter.  After the 

first 5-year site review, the frequency of sampling would be adjusted accordingly.  The cost estimates 

would be based on monitoring for 30 years.  The 30-year period is chosen for all alternatives due to 

potential leaching of contaminants from the landfill material.  Samples will be analyzed for iron and VOCs 

for the presence of contaminants.  In addition, groundwater samples will be analyzed for natural 

attenuation parameters.  
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Five-year site reviews will evaluate the site conditions and monitoring data.  An evaluation will be made to 

determine whether the alternative remains appropriate for the southern area of OU 2.  Site reviews occur 

until the PRGs are attained. 

 
5.3.2.2 Individual Analysis 
 
The analysis using seven of the nine CERCLA criteria for Alternative S-2 is as follows. A summary of the 

analysis is presented in Table 5-2. 

 

Overall Protection of Human Health and the Environment 
 
LUCs, restrictions on usage of groundwater, and existing landfill cover in Alternative S-2 would not 

provide adequate protection to human health and the environment.  Monitoring would indicate whether 

contaminated groundwater is migrating to off-base locations and surface water bodies.  The existing soil 

cover would satisfy the FDEP requirement of 18-inch native soil cover as the final landfill cover.  

Alternative S-2 does not involve any treatment for contaminated groundwater and relies on natural 

attenuation for the protection of human health and the environment.  TCE was detected in groundwater 

along with vinyl chloride, indicating reductive dechlorination is in progress.  The natural attenuation study 

(Appendix A) indicated reductive dechlorination parameters clearly show the process is in progress but 

recent data (Appendix A-7) indicate that contaminant concentrations are increasing near the canals and 

natural attenuation is not adequately controlling the contaminant plume.  Therefore, natural 

biodegradation processes would not be able to achieve the PRGs. Monitoring of groundwater, surface 

water, and 5-year reviews would indicate such progress.  Any potential transport of contaminants to 

nearby bodies of surface water would not be halted by this alternative other than natural attenuation 

processes. The limited action alternative would do nothing to effectively address contaminated 

groundwater or control the migration of contaminants to off-base areas, but would rely on LUCs, natural 

processes, and monitoring.  

 

Compliance with ARARs 
 
LUCs and restrictions on usage of groundwater are insufficient for Alternative S-2 to comply with ARARs 

because recent data (Appendix A-7) indicate that contaminant concentrations are increasing near the 

canals and natural attenuation is not adequately controlling the contaminant plume.  The restrictions 

would indirectly allow compliance; however, the alternative relies on natural attenuation for any treatment 

to attain the PRGs.  Natural attenuation may eventually reduce low concentrations of chemicals to 

acceptable levels, and the progress of attenuation would be monitored but recent data (Appendix A-7) 
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indicate contaminant concentrations are increasing near the canals and natural attenuation is not 

adequately controlling the contaminant plume.  The chemical-specific ARARs identified for the 

groundwater at OU 2 include Florida surface water criteria and GCTLs.  The organic compounds 

benzene, TCE, and vinyl chloride currently exceed PRGs; however, surface water standards were 

currently met.  FDEP landfill cover requirements would be met.  Presumptive remedy requirements for 

landfills would be partially met.  Tables G-16, G-17 and G-18 (in Appendix G) summarize chemical-, 

location-, and action-specific ARARs and TBC, respectively, for Alternative S-2. 

 

Long-Term Effectiveness and Permanence  

 

LUCs with groundwater use restrictions would prevent potential human exposure and consumption of 

contaminated groundwater.  Alternative S-2 would not provide long-term effectiveness or permanence in 

controlling the migration of the contaminants to offsite areas.  There would be no treatment element in 

this alternative other than naturally occurring processes that would contribute to the reduction in 

contaminant concentration.  Over a period of time these processes would probably lower the 

concentrations of the contaminants to low levels and the residual risk would become negligible.  

Monitoring would provide adequate information about the progress of the natural process, and reliability 

of the monitoring data is high.  Five-year reviews would be conducted to assess the groundwater 

conditions and progress of natural processes in meeting the goals and to ensure that Florida surface 

water criteria are not exceeded. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Groundwater with chemical concentrations above PRGs would remain in the subsurface until natural 

attenuation processes act on them.  There is no treatment element in this alternative.  Reduction of 

toxicity, mobility, or volume would occur but only through natural processes.  Natural biodegradation is an 

irreversible process and the progress would be documented through monitoring. 

 

Short-Term Effectiveness 

 

Alternative S-2 would involve the installation of monitoring wells.  The construction activity would be 

minimal and there would be low short-term risks to workers, the community, and the environment.  

Exposure to workers during sampling would be minimal and could be controlled by following standard 

practices.  Exposure to potential threats to the public or the workers would be minimal due to construction 

or transportation.  Implementation of this alternative would not pose any safety concerns to nearby 

communities, the environment, or on-site workers.  Sampling of groundwater and surface water might 
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expose workers to hazardous substances. OSHA standards would be followed during the implementation 

of remedial measures.  PRGs and RAOs would not be met within 30 years due to the presence of landfill 

material.  Alternative S-2 would not meet chemical specific ARARs, and, therefore, would fail to attain 

PRGs. 
 
Implementability 
 
Alternative S-2 would be readily implementable.  Monitoring wells could be readily installed.  Limited 

manpower and materials are necessary to install and sample monitoring wells.  Monitoring requires 

periodic sampling.  Materials and labor are readily available for installing monitoring wells as well as for 

periodic sampling.  The alternative is fairly reliable because monitoring will indicate the progress of 

natural attenuation and potential risks.  This alternative should take less than one year to implement.  

Permits for installing monitoring wells might be required.  Administrative issues and coordination with 

other agencies or acquiring permits are easily achievable.  Future remedial actions, if needed, would not 

be hindered by this alternative. 
 
Cost 
 
The estimated capital cost for Alternative S-2 would be $32,000.  The annual O&M costs would be 

$45,000 for the first 2 years and $23,000 thereafter.  Present worth cost over a period of 30 years would 

be $671,000.  Detailed cost estimates are provided in Appendix F. 
 

5.3.3 Alternative S-3 – Enhanced Biodegradation, LUCs, and Monitoring 
 
Alternative S-3 consists of the following components: 
 
• Site access and future usage restrictions. 

• Monitoring for groundwater contamination and natural attenuation parameters. 

• Inject enhancement chemicals such as HRC™ and Oxygen Release Compound (ORC)™ into the 

areas of chlorinated hydrocarbon contamination to accelerate in situ biodegradation. 

• Natural attenuation of residual organic contamination. 

• Five-year site reviews. 
 
5.3.3.1 Detailed Description 
 
LUCs would be similar to those presented for Alternative S-2 in Section 5.2.2. 

 

Alternative S-3 would utilize in situ biodegradation enhancement chemicals such as HRC™ and ORC™ 

to increase the reaction rate of natural attenuation processes that are already under way.  Analyses of 
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groundwater samples collected from beneath the landfill areas show concentrations of chemicals and 

indicator parameters that demonstrate biodegradation is active and responsible for degradation of 

chlorinated VOCs (i.e., reduction of PCE and TCE to DCE and vinyl chloride) as well as  petroleum 

hydrocarbons such as benzene (see Section 2.2.3.3 and Appendix A-2). Recent data have shown 

elevated concentrations of vinyl chloride.  Higher concentrations of methane, hydrogen sulfide, and 

dissolved iron in the lower portion of the aquifer, compared to the shallow portion, suggest that anaerobic 

reductive dechlorination is occurring under near optimal conditions.  For example, dissolved hydrogen 

gas in many of the groundwater samples ranges between 2 to 10 nanomoles/liter (see Table 2-9) that is 

cited as an optimum range to support reductive dechlorination (Regenesis, 2000).  The chemical data 

show that only along the downgradient margins of the chlorinated VOC plume in the southern area of 

OU 2, where groundwater discharges to surface water (i.e., canal) natural attenuation appears to be 

incapable of reducing the concentrations of higher order chlorinated VOCs (i.e. PCE, TCE) to near the 

laboratory detection-limit, and consequently below the PRGs.  Application of amendments, such as 

ORC™ in the northern portion (to address benzene and vinyl chloride) and HRC™ (to address 

chlorinated compounds) in the southern portion of the groundwater plumes in the southern area of OU 2 

appear to be appropriate. 
 
Enhanced biodegradation would involve injecting lactic acid producing compound such as HRCTM within 

the plume to enhance ongoing natural biodegradation of chlorinated compounds.  ORCTM would enhance 

aerobic biodegradation.  HRCTM is a proprietary polylactate ester specially formulated for the slow release 

of lactic acid upon hydration.  The compound HRCTM is chosen to represent the enhancement agent; 

however, there are several such compounds to achieve the required biodegradation.  Indigenous 

anaerobic microbes metabolize the lactic acid generated by HRCTM and produce hydrogen.  The resulting 

hydrogen can be used by reductive dehalogenators which are capable of reducing chlorinated 

hydrocarbons.  HRCTM is applied at various points in the plume and the number of points and frequency 

of application would depend on the concentrations of chlorinated hydrocarbons and the target levels.  

ORCTM injection rate would depend on the concentration of benzene and vinyl chloride.  The number of 

injection points and the layout are estimated using the field data.  Figure 5-6 shows the preliminary layout 

of injection points.  Vendor-supplied procedures are used to calculate the number of injection points, 

layout of the application points, and number of applications required.  An estimated quantity of 15,800 lb 

of HRCTM and 460 lb of ORCTM would be required for each application in the southern area.  A total of five 

applications would be required.  These estimates are prepared by dividing the southern area into northern 

and southern sectors and addressing each sector with lines of injection points staggered at a 

recommended distance.  Tentative location of the injection points are shown in Figure 5-6.  Details of the 

layout design and pertinent calculations are presented in Appendix E.  The best method to deliver these   
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chemicals into the subsurface is to inject the material using direct push hydraulic equipment.  According 

to the vendor this approach increases the spreading and mixing of the chemicals into the aquifer.  Site-

specific pilot studies would be required to determine the suitability of these chemicals for the site, and 

amount of chemicals needed to meet the target levels. 

 
Monitoring would involve both groundwater and surface water to assess the progress of enhanced 

biodegradation and natural attenuation.  Presently, no COCs are detected in surface water (canals) in the 

vicinity of the contaminated areas of the southern area.  The monitoring program would involve quarterly 

sampling of five monitoring wells and surface water body locations during the first 2 years and 

semiannual sampling thereafter.  After the first 5-year site review, the frequency of sampling would be 

adjusted accordingly.  The cost estimates would be based on sampling for 30 years.  Samples will be 

analyzed for iron and VOCs.  In addition, groundwater samples will be analyzed for natural attenuation 

parameters.  

 
Five-year site reviews will evaluate the site conditions and monitoring data.  An evaluation will be made to 

determine whether the alternative remains appropriate for the southern area of OU 2.  Site reviews occur 

until the PRGs are attained. 

 
5.3.3.2 Individual Analysis 

 
The analysis using seven of the nine CERCLA criteria for Alternative S-3 is as follows.  A summary of the 

analysis is presented in Table 5-2. 

 

Overall Protection of Human Health and the Environment 

 

LUCs, restrictions on usage of groundwater, and existing landfill cover in Alternative S-3 would offer 

adequate human health protection.  Enhanced biodegradation would speed up the biological processes 

already in progress to address the organic contamination.  Natural attenuation would address the residual 

contamination and, over a period of time, groundwater would meet PRGs.  Alternative S-3 would provide 

protection of human health and the environment through accelerated biodegradation processes and 

restricting the usage of groundwater until the PRGs are achieved.  Monitoring would indicate whether 

contaminated groundwater is migrating to off-base locations and surface water bodies.  As long as such 

migration would not occur, adequate protection to the environment would be provided by the alternative.  

The existing soil cover would satisfy the FDEP requirement of 18-inch native soil cover as the landfill 

cover.  Alternative S-3 involves indirect treatment for enhancing biological degradation of chlorinated 

hydrocarbons in contaminated groundwater and relies on natural attenuation for the destruction of the 
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residuals.  TCE was detected in groundwater along with vinyl chloride indicating reductive dechlorination 

is in progress.  A natural attenuation study (see Appendix A) indicated reductive dechlorination 

parameters clearly show the process is in progress.  Therefore, natural biodegradation processes would 

be able to achieve the PRGs over a period of time and injection of enhancement compounds would cut 

short the time. Monitoring of groundwater, surface water, and 5-year reviews would indicate such 

progress. Any potential transport of contaminants to nearby bodies of surface water would not be halted if 

they are not treated by the natural attenuation and enhanced biological processes. The limited action 

alternative would address the source areas and provide treatment in conjunction with natural processes.  

The alternative relies on LUCs, natural processes, and monitoring to provide adequate protection to 

human health and the environment.  

 

Compliance with ARARs 

 

Enhanced biodegradation, LUCs, and restrictions on usage of groundwater would allow Alternative S-3 to 

comply with ARARs as long as the migration of contaminants in groundwater to surface water would not 

result in concentrations exceeding surface water criteria.  The restrictions would also indirectly allow 

compliance; however, the alternative has to depend on enhanced biodegradation and natural attenuation 

for treatment to attain the PRGs.  Enhanced biodegradation and natural attenuation would eventually 

reduce concentrations of chemicals to acceptable levels, and the progress of these processes would be 

monitored.  The chemical-specific ARARs identified for the groundwater at OU 2 include Florida surface 

water criteria and GCTLs.  Organic compound exceedance in groundwater currently exists for benzene, 

TCE, and vinyl chloride; however, surface water criteria are currently met.  Enhanced biodegradation and 

natural processes would eventually reduce contaminant concentrations to acceptable levels.  FDEP 

landfill cover requirements would be met.  Some of the presumptive remedy requirements for landfills 

would be met.  Tables G-19, G-20, and G-21 (in Appendix G) summarize chemical-, location-, and action-

specific ARARs and TBC, respectively, for Alternative S-3. 

 

Long-Term Effectiveness and Permanence  
 
LUCs with groundwater use restrictions would prevent potential human exposure and consumption of 

contaminated groundwater.  These controls would be effective on a long-term basis.  Enhanced 

biodegradation would provide effective treatment, and successful implementation of the process would 

result in low residual risk.  There would be no treatment element in this alternative other than enhanced 

and naturally occurring biodegradation that would contribute to the reduction in contaminant 

concentrations.  Over a period of time these processes would probably lower the concentrations of the 

contaminants to low levels and the residual risk would become negligible.  Enhanced biodegradation 
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using HRCTM and ORCTM has been used at similar sites and the reliability is medium.  There would be no 

O&M for this option other than additional applications when needed.  Monitoring would provide adequate 

information about the progress of the enhanced biodegradation, and reliability of monitoring data is high.  

Five-year reviews would be conducted to assess the groundwater conditions and progress of enhanced 

biological and natural attenuation processes in meeting the goals and to ensure that Florida surface water 

criteria are not exceeded. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Enhanced biodegradation and natural attenuation would lower chemical concentrations to PRG levels 

over a period of time.  There is no treatment element in this alternative other than enhancing ongoing 

biological processes through the introduction of HRCTM and ORCTM.  Reduction of toxicity, mobility, or 

volume would occur through enhanced natural biological processes.  An estimated quantity of 106 kg of 

VOCs would be reduced.  Details are presented in Appendix E.  Biodegradation is an irreversible process 

and the progress would be documented through monitoring. 

 

Short-Term Effectiveness 
 
Alternative S-3 would involve the injection of HRCTM and ORCTM into the subsurface and the installation 

of monitoring wells.  The construction activity would be minimal and there would be low short-term risks to 

workers, the community, and the environment.  Exposure to workers during injection and sampling would 

be minimal and could be controlled by following standard practices.  Exposure to potential threats to the 

public or the workers would be minimal due to construction or transportation.  Implementation of this 

alternative would not pose any safety concerns to nearby communities, the environment, or on-site 

workers.  Sampling of groundwater and surface water might expose workers to hazardous substances. 

OSHA standards would be followed during the implementation of remedial measures.  Achieving PRGs 

and RAOs may take 30 or more years due to the presence of landfill material. 

 

Implementability 

 

Alternative S-3 would be readily implementable.  Monitoring wells could be readily installed.  Injection of 

the enhancement chemicals would be achieved using direct push technology.  Limited manpower and 

materials are available to inject the enhancement chemicals.  Monitoring requires periodic sampling.  

Materials and labor are readily available for installing monitoring wells as well as for periodic sampling. 

HRCTM and ORCTM are readily available and labor with direct push technology knowledge is also readily 

available.  The alternative is fairly reliable because monitoring will indicate the progress of biological 
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processes and potential risks.  This alternative should take less than one year to implement; however, 

periodic injection of the enhancement chemicals may be needed.  Permits for injecting HRCTM and 

ORCTM and installing monitoring wells might be required.  Administrative issues and coordination with 

other agencies or acquiring permits are easily achievable.  Future remedial actions, if needed, would not 

be hindered by this alternative. 
 
Cost 
 

The estimated capital cost for Alternative S-3 would be $405,000.  The annual O&M costs would be 

$206,000 for years 1-2, $184,000 for years 3-4, and $23,000 thereafter.  Present worth cost over a period 

of 30 years would be $1,639,000.  Detailed cost estimates are provided in Appendix F. 
 

5.3.4 Alternative S-4 – Groundwater Extraction and Treatment, Discharge to Infiltration 
Gallery, LUCs, and Monitoring 

 

Alternative S-4 consists of the following components: 
 
• Site access and future usage restrictions 

• Extraction of groundwater (upgradient) using five extraction wells along the barrier 

• On-site groundwater treatment using air stripping to remove VOCs 

• Discharge of treated water to infiltration gallery 

• Monitoring for treatment system performance and groundwater conditions 

• Five-year site reviews 
 
5.3.4.1 Detailed Description 
 
Alternative S-4 involves removal and treatment of contaminated groundwater.  The elements of LUCs 

would be similar to Alternative S-2 as described in Section 5.2.2.  The groundwater extraction system 

would consist of five 4-inch extraction wells with a total flow rate of 37 gpm.  The layout of these wells is 

shown in Figures 5-7 and 5-8.  Five wells (EX-5 through EX-9 in Figure 5-8) would be located on the 

downgradient side of the southern area of OU 2 and would address the migration of groundwater 

contaminants to nearby canals.  Well EX-5 would be equipped with a submersible pump with a capacity 

of 5 gpm, and the rest of the wells would have submersible pumps with 8 gpm capacity.  All pumps would 

be driven by 1/2 HP motors.  FLOWPATH® modeling (as shown in Figure 5-8) indicates the pumping 

capacity to be adequate to capture the estimated plume area of contaminated groundwater.   
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Figure 5-7 Layout of Extraction Wells Alternative S-4 
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Figure 5-8 Southern Plume - Particle Migration Alternative S-4 
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Extracted groundwater would be treated for the removal of benzene, TCE, and vinyl chloride through air 

stripping.  The process flow diagram for Alternative S-4 is shown in Figure 5-9.  Extracted groundwater 

from five recovery wells would be collected in a 1,200-gallon equalization tank.  Greensand filtration 

would be used to condition the water prior to air stripping.  Greensand filtration is an oxidation filtration 

process used for the treatment of iron.  Removal of iron would be beneficial for the air stripping operation 

and would prevent fouling the equipment.  Two 48-inch-diameter, vertical-type filters would be used in 

parallel.  The service flow rate would be 4.0 gpm/ft2 and the backwash flow would be 150 gpm for 

3-4 minutes of backwash time.  The backwash water would be disposed of at a local POTW.  The 

filtration units would also consist of a system for continuous injection of potassium permanganate.  Water 

from the filtration units would be pumped to a low-profile diffused air stripper.  A typical diffused air 

stripper uses forced draft, counter-current operation through horizontally extended trays to remove VOCs 

from water.  The air stripper would be a low-profile air stripper with three trays and a minimum flow 

capacity of 45 gpm.  An air flow rate of 3,000 cfm would achieve the required removal of organics to meet 

the PRG levels.  Emissions of the off-gas from the air stripper would be within the limits (less than 13.7 

lbs/day set by FDEP) requiring no off-gas treatment. 

 
Treated water with contaminant levels below reinjection requirements would be discharged through an 

infiltration gallery located in the golf course area north of the pumping area about 1,000 feet from the 

treatment area.  Using the steady state infiltration rates for the soil in the area, the filtration gallery would 

be 85 feet by 80 feet in size.  Details are presented in Appendix E.  Estimated mound heights are less 

than 3 feet for 10 years of pumping.   
 

Periodic monitoring would be required for both groundwater and surface water to assess the progress of 

remediation.  Based on modeling results (presented in Appendix E) and estimates for pumping three pore 

volumes of impacted groundwater, the treatment system would be in operation for 18 years.  Monitoring 

of the treatment system would involve performance sampling and periodic maintenance monitoring.  

Samples would be collected to monitor the performance of air stripper.  Presently, no COCs are detected 

in surface water (canals) in the vicinity of the contaminated areas of the southern area.  The monitoring 

program would involve quarterly sampling of five monitoring wells and surface water body locations 

during the first 2 years and semiannual sampling thereafter.  After the first 5-year site review, the 

frequency of sampling will be adjusted accordingly.  The cost estimates would be based on sampling for 

30 years.  Samples will be analyzed for iron and VOCs.  Performance sampling would be performed only 

after the treatment system is fully operational and proven to be working to achieve desired removal 

efficiencies and would include monthly sampling of treated water. 
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Five-year site reviews will evaluate the site conditions and treatment plant and monitoring data.  An 

evaluation will be made to determine whether the alternative remains appropriate for the southern area of 

OU 2.  Site reviews occur until the PRGs are attained. 

 
5.3.4.2 Individual Analysis 

 
The analysis using seven of the nine CERCLA criteria for Alternative S-4 is as follows.  A summary of the 

analysis is presented in Table 5-2. 

 

Overall Protection of Human Health and the Environment 

 

Alternative S-4 removes contaminated groundwater and treats the water to meet the PRG levels in the 

aquifer.  Therefore, this alternative offers a high level of overall protection of human health and the 

environment.  The existing landfill cover would offer adequate human health protection against direct 

contact with the landfill contents.  This alternative offers an aggressive approach for collecting and 

treating groundwater contaminants.  As the contaminants would be withdrawn and treated, this alternative 

would provide a high level of protection of human health and the environment. 

 

Monitoring of groundwater, surface water, and 5-year reviews would indicate the progress of remediation. 

Alternative S-4 is an active treatment alternative and would effectively address contaminated 

groundwater or control the migration of contaminants to off-base areas. Any potential transport of 

contaminants to nearby bodies of water would be halted by the alternative. 

 

Compliance with ARARs 

 

Alternative S-4 would extract and treat contaminated groundwater to attain the PRGs.  The chemical-

specific ARARs identified for the groundwater at OU 2 include State of Florida surface water criteria and 

drinking water standards.  The alternative would meet the cleanup standards through treatment.  Action-

specific ARARs include off-gas emission standards from air stripping operation.  As the estimated 

emission rates would be below the threshold levels for treatment, this alternative would meet action-

specific ARARs.  Moderate degree of worker protection would be required to meet OSHA standards 

during construction and operation of the treatment system.  The FDEP landfill cover requirements would 

be met.  Presumptive remedy requirements for landfills would be partially met.  Tables G-22, G-23, and 

G-24 (in Appendix G) summarize chemical-, location-, and action-specific ARARs and TBC, respectively, 

for Alternative S-4. 
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Long-Term Effectiveness and Permanence  

 

Groundwater collection and treatment using air stripping is a proven and established technology.  The 

long-term reliability and effectiveness of the system are proven.  Once the system is properly designed 

and installed, Alternative S-4 would be reliable and effective.  The collection system would involve pumps 

that are reliable.  This alternative would offer high long-term reliability and effectiveness.  Being an ex situ 

treatment, failure of the system would be easily identifiable.  The treatment system would have adequate 

controls to make sure the treatment is to the desired levels.  O&M of the treatment system is relatively 

simple and easy to implement.  The treatment residuals include off-gas emissions from the air stripper 

and backwash from filters.  The emissions would be within the limits and do not require treatment.  The 

overall effectiveness of the system would be monitored by the wells.  As the contaminants are collected 

and treated, the magnitude of residual risk would be low. 

 

LUCs with groundwater use restrictions would prevent possible human exposure and consumption of 

contaminated groundwater.  Five-year reviews would assess the groundwater conditions and progress of 

remedial activities.   

 
Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Treatment using air stripping would offer reduction in volume.  Groundwater with chemical concentrations 

above PRGs would be treated to meet reinjection levels.  High levels of removal would be achieved 

through the treatment steps of the alternative.  Air stripping would remove up to 99 percent of organic 

contaminants.  An estimated quantity of 117 kg of VOCs is expected to be removed over the lifetime of 

the system.  Details of this estimate are presented in Appendix E.  Alternative S-4 would meet the 

statutory preference for principal treatment element.  The treatment steps transfer the contaminants from 

one medium to another and treatment is irreversible.  Treatment residuals would include off-gas 

emissions of VOCs and backwash from filters. 

 
Short-Term Effectiveness 
 
Alternative S-4 would involve designing and building an air stripper facility, and installing extraction and 

monitoring wells.  The short-term risks to workers and the environment would be medium.  As there are 

no nearby communities, such exposures are unlikely to occur.  With proper work practices, 

implementation of this alternative would not pose any safety concerns to nearby communities, the 

environment, or on-site workers.  Dust suppression to control potential fugitive dust emissions and air 

monitoring would be used as necessary to ensure worker safety during remedial activities at the site.  

Limited O&M would be required for the air stripping system and no unacceptable exposure to workers is 
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anticipated.  Exposure to workers during sampling would be minimal and could be controlled by following 

standard practices.  Exposure to potential threats to the public or the workers would be low due to 

construction or transportation.  Implementation of this alternative would not pose any safety concerns to 

nearby communities, the environment, or on-site workers.  Site activities would not cause a fire or an 

explosion.  Sampling of groundwater might expose workers to hazardous substances.  On-site workers 

would be protected from exposure to hazardous substances through the appropriate use of PPE.  OSHA 

standards would be followed during the implementation of the alternative.  This alternative would require 

a year for construction and may require up to 18 years to achieve the PRGs; however, it may take 30 or 

more years to achieve RAOs.  This is due to the presence of landfill material. 

 

Implementability 
 
Alternative S-4 would be readily implementable.  Treatment system components and monitoring wells 

could be readily installed.  Air stripping is an established technology and has been used extensively.  

Materials and labor are readily available for installing air stripping systems, extraction wells, infiltration 

gallery system, and monitoring wells as well as periodic sampling.  This alternative should take about one 

year to implement. The alternative is highly reliable because the treatment system would remove 

contaminants and monitoring would indicate the effectiveness and progress.  This alternative should take 

less than one year to implement.  Permits for installing the treatment system, the infiltration gallery, and 

the wells might be required.  Administrative issues and coordination with other agencies or acquiring 

permits are easily achievable.  Future remedial actions, if needed, would not be hindered by this 

alternative. 

 

Cost 
 
The estimated capital cost for Alternative S-4 would be $1,026,000.  The annual O&M costs would be 

$116,000 for years 1-2, $99,000 for years 3-18, and $19,000 thereafter.  Present worth cost over a period 

of 30 years would be $2,660,000.  Detailed cost estimates are provided in Appendix F. 
 

5.3.5 Alternative S-5 – Limited Containment Using Sheet Piles, PRBs, LUCs, and 
Monitoring 

 
Alternative S-5 consists of the following components: 
 

• Site access and future usage restrictions. 



Rev. 1 
07/30/03 

470801005 5-52 CTO 0024 

• Approximately 2,000 feet of sheet piling along the canal to prevent contaminated groundwater flow 

into the canals. 

• Installing ZVI PRB as gates in the contained area to provide in situ treatment of chlorinated organic 

compounds in groundwater. 

• Natural attenuation of residual organic contamination (e.g., benzene). 

• Monitoring for cover maintenance, PRB performance, and groundwater conditions along with natural 

attenuation parameters. 

• Five-year site reviews. 

 
5.3.5.1 Detailed Description 

 
Alternative S-5 involves partial containment of the southern area of OU 2 and treatment of contaminated 

groundwater through in situ PRBs.  The elements of LUCs would be similar to Alternative S-2 as 

described in Section 5.2.2.  The containment would be provided by installing a sheet pile wall on the 

eastern edge of the southern area of OU 2 as shown in Figure 5-10.  Two PRB gates would be installed 

in the upper and lower regions of the sheet piling.  The PRBs would be about 200 feet in length and 2 feet 

wide.  The sheet piles as well as the PRBs would be anchored to the underlying impermeable clay layer 

at a depth of about 30 feet.  The sheet piles would run from about 4 feet bgs to the confining clay layer at 

30 feet bgs.  The PRBs would be installed such that they would address contamination both in shallow 

and intermediate zones of the aquifer.  The PRBs would be installed in the direction of groundwater flow 

toward the canals.  Groundwater modeling as presented in Figure 5-11 shows the flow lines of predicted 

groundwater flow through the PRB units.  ZVI would be used as the reactor media which has been 

proved effective at other sites for chlorinated organic compounds.  Field studies would be required to 

assure the suitability of the ZVI.   The sheet pile wall would prevent the migration of contaminants in 

groundwater to the canals and force groundwater to flow through the PRB units.  Chlorinated organic 

compounds would be treated while groundwater flows through these units into the nearby canals. 

Residual concentrations of the organic compounds would be attenuated through natural processes.  

Natural attenuation studies conducted (as presented in Appendix A) at the site indicated progress of 

dechlorination process.  Benzene was detected in the northern portion of the southern area that would be 

contained, and the study indicated the presence of fuel-related hydrocarbons would act as carbon source 

for the dechlorination process.  Any residual benzene contamination would be attenuated naturally.  The 

contaminants were not detected in the surface water in the canals. 
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Figure 5-10 Southern Plume Arrangement of PRBs Alternative S-5 
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Figure 5-11 Southern Plume – Particle Migration Alternative S-5 
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Periodic monitoring would be required for both groundwater and surface water to assess the progress of 

remediation.  The period of in situ treatment would be for 30 years and treatment system monitoring 

would include performance sampling. Presently, no COCs are detected in surface water (canals) in the 

vicinity of the contaminated areas.  The monitoring program would involve quarterly sampling of five 

monitoring wells and surface water body locations during the first 2 years and semiannual sampling 

thereafter.  After the first 5-year site review, the frequency of sampling will be adjusted accordingly.  The 

cost estimates would be based on sampling for 30 years.  Samples will be analyzed for iron and VOCs.  

In addition, groundwater samples will be analyzed for natural attenuation parameters and periodic 

inspections of the existing cover will be made. Performance sampling would be performed only after the 

treatment system is fully operational.  

 

Five-year site reviews will evaluate the site conditions and PRB treatment and monitoring data. An 

evaluation will be made to determine whether the alternative remains appropriate for the southern area of 

OU 2.  Site reviews occur until the PRGs are attained. 

 
5.3.5.2 Individual Analysis 

 
The analysis using seven of the nine CERCLA criteria for Alternative S-5 is as follows.  A summary of the 

analysis is presented in Table 5-2.   

 

Overall Protection of Human Health and the Environment 

 

Alternative S-5 contains groundwater and prevents the water from flowing to the off-site area.  The 

alternative treats contaminated groundwater and would meet the PRG levels.  Therefore, this alternative 

offers a high level of overall protection of human health and the environment.  The existing landfill cover 

would offer adequate human health protection against direct contact with landfill contents.  The cover 

would satisfy the FDEP requirement of 18-inch native soil cover as the landfill cover. This alternative 

offers containment to some extent and involves treatment of groundwater contaminants.  As the 

containment would be provided and contaminants would be treated, this alternative would provide a high 

level of protection of human health and the environment.  LUCs would prevent any potential usage of 

groundwater and direct exposure to the contaminants. 

 

Monitoring of groundwater, surface water, and 5-year reviews would indicate the progress of remediation. 

Alternative S-5 is an in situ treatment alternative and would effectively address contaminated 

groundwater through containment and would control the migration of contaminants in groundwater to the 
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off-base areas. Any potential transport of contaminants to nearby bodies of water would be halted by the 

alternative. 

 

Compliance with ARARs 

 

Alternative S-5 would treat contaminated groundwater to attain the PRGs.  The chemical-specific ARARs 

identified for the groundwater at OU 2 include Florida surface water criteria and GCTLs.  The alternative 

would meet the PRGs through treatment.  Action-specific ARARs would include relevant OSHA 

requirements.  A high degree of worker protection would be required to meet OSHA standards during 

construction involving sheet pile wall and PRBs.  The FDEP landfill cover requirements would be met.  

Containment requirements under the presumptive remedy for landfills would be partially met.  

Tables G-25, G-26, G-27 (in Appendix G) summarize chemical-, location-, and action-specific ARARs and 

TBC, respectively, for Alternative S-5. 

 

Long-Term Effectiveness and Permanence  

 

Containment is effective in preventing off-site migration of contaminants in groundwater.  In situ treatment 

using PRBs is an innovative technology and is gaining acceptance in recent years.  The long-term 

reliability and effectiveness of the system are proven.  Once the containment and treatment system is 

properly designed and installed, Alternative S-5 would be reliable and effective.  This alternative would 

offer high long-term reliability and effectiveness.  Being an in situ treatment, failure of the system would 

not be easily identifiable; however, monitoring would be able to identify major failures.  There would be no 

O&M for the treatment system other than replacing the reactive medium in about 10-15 years (if further 

treatment is needed).  The treatment residuals include spent reactive medium.  The overall effectiveness 

of the system would be monitored by the wells.  As the contaminants are treated, the magnitude of 

residual risk over a period of time would be low. 

 

LUCs with groundwater use restrictions would prevent possible human exposure and consumption of 

contaminated groundwater.  Five-year reviews would assess the groundwater conditions and progress of 

remedial activities. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Treatment using PRBs would offer reduction in toxicity.  Groundwater with chemical concentrations above 

PRGs would be treated to meet PRG levels.  High levels of removal would be achieved through the 

treatment step of the alternative.  PRBs would remove up to 90 percent of organic contaminants over a 
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period of time.  Groundwater would travel through the reactive media under natural gradients and, 

therefore, the treatment time would be longer than an active treatment alternative. An estimated quantity 

of 106 kg of VOCs would be removed.  Details of this estimate are presented in Appendix E.  Alternative 

S-5 would meet statutory preference for principal treatment element.  The treatment steps destroy the 

contaminants and are irreversible.  Treatment residuals would include spent reactive media. 
 
Short-Term Effectiveness 
 
Alternative S-5 would involve the construction of a sheet pile wall and PRBs and installing monitoring 

wells.  The short-term risks to workers and the environment would be high.  With proper work practices, 

implementation of this alternative would not pose any safety concerns to nearby communities, the 

environment, or on-site workers.  Dust suppression to control potential fugitive dust emissions and air 

monitoring would be used as necessary to ensure worker safety during remedial activities at the site.  

Exposure to workers during sampling would be minimal and could be controlled by following standard 

practices.  Site activities would not cause fire or explosion.  Excavation to install PRBs might expose 

workers to hazardous substances.  On-site workers would be protected from exposure to hazardous 

substances through appropriate use of PPE.  OSHA standards would be followed during the 

implementation of the alternative.  This alternative would require a year for construction and may require 

up to 30 years to achieve the PRGs.  However, it may take more than 30 years to achieve RAOs due to 

the presence of landfill material. 
 
Implementability 
 
Alternative S-5 would be readily implementable.  Sheet piling, PRBs, and monitoring wells could be 

readily installed. PRBs have been successfully used for in situ treatment of chlorinated organic 

compounds. Materials and labor are readily available for installing sheet piles, PRBs, and monitoring 

wells as well as for periodic sampling.  This alternative should take about one year to implement.  The 

alternative is moderately reliable because treatment would remove contaminants and monitoring would 

indicate the effectiveness and progress.  However, treatment failures are not easily identifiable.  Permits 

for installing sheet piling, PRBs, and wells might be required.  Administrative issues and coordination with 

other agencies or acquiring permits are easily achievable.  Future remedial actions, if needed, would not 

be hindered by this alternative. 
 
Cost 
 
The estimated capital cost for Alternative S-5 would be $3,501,000.  The annual O&M costs would be 

$45,000 for the first 2 years and $23,000 thereafter.  Present worth cost over a period of 30 years would 

be $4,140,000.  Detailed cost estimates are provided in Appendix F. 
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5.3.6 Alternative S-6 – Extended Containment Using Sheet Piles, PRB, LUCs, and 
Monitoring 

 
The alternative consists of the following components: 
 

• Site access and future usage restrictions. 

• Approximately 5,000 feet of sheet piling to isolate the southern area of OU 2. 

• Installing ZVI PRB as a gate along the southern edge of the landfill to provide in situ treatment of 

chlorinated organic compounds in groundwater. 

• Natural attenuation of residual organic contamination (e.g., benzene). 

• Monitoring for cover maintenance, PRB, and groundwater conditions along with natural attenuation 

parameters. 

• Five-year site reviews. 

 

5.3.6.1 Detailed Description 
 
Alternative S-6 involves total containment of the southern area of OU 2 and treatment of contaminated 

groundwater through in situ PRB.  This alternative is similar to Alternative S-5; however, it provides 

complete containment.  The elements of LUCs would be similar to Alternative S-2 as described in 

Section 5.2.2.  The containment would be provided by installing a sheet pile wall on all sides of the 

southern area of OU 2 as shown in Figure 5-12.  One PRB gate would be installed in the southern portion 

of the containment for treating contaminated water as it flows through the gate.  The PRB would be about 

5,000 feet in length and 2 feet wide.  The sheet pile wall as well as the PRBs would be anchored to the 

underlying impermeable clay layer at a depth of about 30 feet.  The sheet piles would run from about 

4 feet from surface to the clay layer at 30 feet.  The PRB would be installed such that it would address 

contamination both in shallow and intermediate zones of the aquifer.  Groundwater modeling as 

presented in Figure 5-13 shows the flow lines of predicted groundwater flow through the PRB unit after 

providing the containment.  ZVI would be used as the reactor medium which has been proved effective at 

other sites for chlorinated organic compounds.  Field studies would be required to assure the suitability of 

the ZVI.  The sheet pile wall would prevent migration of contaminants in groundwater to the canals and 

force groundwater to flow through the PRB unit.  Chlorinated organic compounds would be treated while 

groundwater flows through the unit. Residual concentrations of the organic compounds would be 

attenuated through natural processes.  Natural attenuation studies conducted (as presented in 

Appendix A) at the site indicated progress of the dechlorination process.  Benzene was detected in the
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Figure 5-12 Southern Plume Arrangement of Barrier and PRB Alternative S-6 
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Figure 5-13 Southern Plume – Particle Migration Alternative S-6 
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northern portion of the contained area, and the study indicated the presence of fuel-related hydrocarbons 

would act as carbon source for the dechlorination process.  Any residual benzene contamination would 

be attenuated naturally.  The contaminants were not detected in the surface water in the canals. 

 
Periodic monitoring would be required for both groundwater and surface water to assess the progress of 

remediation.  The period of in situ treatment would be for 30 years and treatment system monitoring 

would include performance sampling.  Presently, no COCs are detected in surface water (canals) in the 

vicinity of the contaminated areas.  The monitoring program would involve quarterly sampling of five 

monitoring wells and surface water body locations during the first 2 years and semiannual sampling 

thereafter.  After the first 5-year site review, the frequency of sampling will be adjusted accordingly.  The 

cost estimates would be based on sampling for 30 years.  Samples will be analyzed for iron and VOCs.  

Performance sampling would be performed only after the treatment system is fully operational.  

 

Five-year site reviews will evaluate the site conditions and PRB treatment and monitoring data.  An 

evaluation will be made to determine whether the alternative remains appropriate for the southern area of 

OU 2.  Site reviews occur until the PRGs are attained. 
 
5.3.6.2 Individual Analysis 
 
The analysis using seven of the nine CERCLA criteria for Alternative S-6 is as follows.  A summary of the 

analysis is presented in Table 5-2. 
 
Overall Protection of Human Health and the Environment 
 
Alternative S-6 totally contains the groundwater and prevents the water from flowing to the off-site area.  

The alternative treats contaminated groundwater and would meet the PRG levels.  Therefore, this 

alternative offers a high level of overall protection of human health and the environment.  The existing 

landfill cover would offer adequate human health protection against direct contact with landfill contents. 

 

The cover would satisfy the FDEP requirement of 18-inch native soil cover as the landfill cover.  This 

alternative offers full containment and involves treatment of groundwater contaminants.  As the 

containment would be provided and contaminants would be treated, this alternative would provide a high 

level of protection of human health and the environment.  LUCs would prevent any potential usage of 

groundwater and direct exposure to the contaminants. 

 

Monitoring of groundwater, surface water, and 5-year reviews would indicate the progress of remediation. 

Alternative S-6 is an in situ treatment alternative and would effectively address contaminated 
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groundwater through containment and would control the migration of contaminants in groundwater to off-

base areas. Any potential transport of contaminants to nearby bodies of water would be halted by the 

alternative. 

 

Compliance with ARARs 
 
Alternative S-6 would treat contaminated groundwater to attain the PRGs.  The chemical-specific ARARs 

identified for the groundwater at OU 2 include Florida surface water criteria and drinking water standards.  

The alternative would meet the cleanup standards through treatment.  Action-specific ARARs would 

include relevant OSHA requirements.  A high degree of worker protection would be required to meet 

OSHA standards during construction involving the sheet piling and the PRB.  The FDEP landfill cover 

requirements would be met.  Requirements for presumptive remedy for landfills would be met.  

Tables G-28, G-29, and G-30 (in Appendix G) summarize chemical-, location-, and action-specific ARARs 

and TBC, respectively, for Alternative S-6. 

 

Long-Term Effectiveness and Permanence  

 

Total containment is highly effective in preventing off-site migration of contaminants in groundwater.  In 

situ treatment using PRBs is an innovative technology and is gaining acceptance in recent years. The 

long-term reliability and effectiveness of the system are proven.  Once the containment and treatment 

system is properly designed and installed, Alternative S-6 would be reliable and effective.  This 

alternative would offer high long-term reliability and effectiveness.  Being an in situ treatment, failure of 

the system would not be easily identifiable; however, monitoring would be able to identify major failures.  

There would be no O&M for the treatment system other than replacing the reactive medium in about 10-

15 years (if further treatment is needed).  The treatment residuals include spent reactive medium.  The 

overall effectiveness of the system would be monitored by the wells.  As the contaminants are treated, 

the magnitude of residual risk over a period of time would be low. 

 

LUCs with groundwater use restrictions would prevent possible human exposure and consumption of 

contaminated groundwater.  Five-year reviews would assess the groundwater conditions and progress of 

remedial activities.   

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Treatment using PRB would offer reduction in toxicity.  Groundwater with chemical concentrations above 

PRGs would be treated to meet PRG levels.  High levels of removal would be achieved through the 
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treatment steps of the alternative.  PRBs would remove up to 90 percent of organic contaminants over a 

period of time.  An estimated quantity of 106 kg of VOCs would be removed.  Details of this estimate are 

presented in Appendix E.  Because of total containment groundwater would be forced to travel through 

the reactive media.  The treatment time would be longer, unlike an active treatment alternative.  

Alternative S-6 would meet statutory preference for principal treatment element.  The treatment steps 

destroy the contaminants and are irreversible.  Treatment residuals would include spent reactive media. 

 

Short-Term Effectiveness 

 

Alternative S-6 would involve construction of a sheet pile wall and a PRB and installing monitoring wells.  

The short-term risks to workers and the environment would be high.  This alternative would involve 

construction similar to Alternative S-5 and the aspects of short-term effectiveness would be the same as 

those presented for Alternative S-5 in Section 5.2.5.  The alternative may take 30 or more years to 

achieve RAOs due to the presence of landfill material. 

 

Implementability 

 

Alternative S-6 would be readily implementable.  Sheet piling, PRB, and monitoring wells could be readily 

installed.  PRBs have been successfully used for in situ treatment of chlorinated organic compounds.  

This alternative would have implementability similar to Alternative S-5 and the aspects of implementability 

would be the same as those presented for Alternative S-5 in Section 5.2.5. 

 

Cost 

 

The estimated capital cost for Alternative S-6 would be $5,314,000.  The annual O&M costs would be 

$45,000 for the first 2 years and $23,000 thereafter.  Present worth cost over a period of 30 years would 

be $5,953,000.  Detailed cost estimates are provided in Appendix F. 
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6.0 COMPARATIVE ANALYSIS FOR REMEDIAL ALTERNATIVES 
 
 
A comparative analysis will be performed to evaluate the relative merits of the remedial alternatives in 

relation to each of the criteria.  The purpose of the comparison is to provide a means of qualitatively 

ranking various alternatives to reveal the strengths and weaknesses of each alternative.  This 

comparative analysis focuses on the key differences between the alternatives and attempts to highlight 

critical issues of concern to the decision maker selecting the preferred remedial action.  This analysis will 

focus on differences between alternatives with respect to the primary and balancing criteria (see 

Figure 1-2).   

 

The main objectives for the preferred remedial actions are to be protective of human health and the 

environment and to comply with ARARs.  Protection of human health and the environment and 

compliance with ARARs are considered threshold criteria.  For an alternative to be considered, these two 

threshold criteria must be met.  Alternatives N-1 and S-1 are removed from further analysis because they 

do not meet the two threshold criteria.  The following five criteria are the balancing criteria:  (1) long-term 

effectiveness and permanence; (2) reduction of toxicity, mobility, or volume through treatment; 

(3) short-term effectiveness; (4) implementability; and (5) cost.  The balancing criteria require the most 

discussion in this section because the major advantages and disadvantages between alternatives 

frequently relate to one or more of these five criteria.  The USEPA and the FDEP will review the FS and 

the comments will be incorporated into the final FS.  Community acceptance will be evaluated based 

upon the comments received during the public comment period and at the Public Meeting.  The response 

to comments from the public will be presented in the Responsiveness Summary as an attachment to the 

ROD. 

 

6.1 NORTHERN AREA 

 

The comparative analysis for the northern area of OU 2 evaluates the relative performance of each 

alternative in relation to each specific evaluation criterion.  This approach is in contrast to that used in the 

detailed analysis (Section 5.0) in which each alternative was analyzed independently, without 

consideration of other alternatives.  The alternatives for the northern area of OU 2 are as follows: 

 

• Alternative N-2 – Native soil cover, LUCs, and Monitoring.  

• Alternative N-3 – Native soil cover, Groundwater extraction and treatment, Discharge to infiltration 

gallery, LUCs, and Monitoring.  
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• Alternative N-4 – Native soil cover, Groundwater extraction, Discharge to POTW, LUCs, and 

Monitoring. 

 

A summary of the comparative analysis and the costs for these alternatives is presented in Table 6-1. 

 

6.1.1 Overall Protection of Human Health and the Environment 

 
The criterion for overall protection of human health and the environment is described in Section 5.1. 

 
Alternatives N-2, N-3, and N-4 provide a natural soil cover to protect against direct human contact and 

partially fulfill the requirements of presumptive remedy for landfills.  In this respect, the level of protection 

against direct contact with the soil is the same for all alternatives; however, the alternatives differ in the 

way the groundwater is addressed.  Alternative N-2 does not include an active/aggressive treatment 

option unlike the other two alternatives.  Alternative N-2 relies on natural attenuation to address the low 

levels of contamination.  Benzene was the only organic COC that was present at very low concentrations 

(maximum of 3.4 µg/L), and only one detection exceeded the PRG level of 1 µg/L.  Iron and manganese 

were the only the inorganic compounds that exceeded PRG levels.  The concentrations of these metals in 

surface water in the adjacent canal were within the acceptable FDEP levels.  At these levels, natural 

processes would be able to achieve the PRGs over a period of time.  Therefore, Alternative N-2 should 

be able to provide adequate protection of human health and the environment over a long period of time, 

whereas the other two alternatives would provide such protection in a much shorter time frame.  

Alternatives N-3 involves capturing of contaminated groundwater followed by on-site treatment to meet 

the PRG levels.  Alternative N-4 involves extraction of groundwater; however, it depends on off-site 

facility for the treatment.  Alternative N-2 is a limited action alternative that would do nothing to actively 

address contaminated groundwater or control the migration of contaminants to off-base areas; however, 

low levels of contamination might never reach off-base areas.  Alternatives N-3 and N-4 involve 

groundwater extraction and would prevent such contaminant migration.  All alternatives would provide 

LUCs preventing potential usage of groundwater until the remedial objectives are met.  
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SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES FOR NORTHERN AREA 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 4 
 

Criteria Alternative N-1 
No Action 

Alternative N-2 
Native Soil Cover 

LUCs 
Monitoring 

Alternative N-3 
Native Soil Cover 

Groundwater Extraction 
and Treatment 

Discharge to Infiltration 
Gallery 
LUCs 

Monitoring 

Alternative N-4 
Native Soil Cover 

Groundwater Extraction 
Discharge to POTW 

LUCs 
Monitoring 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment  
Human Health Protection No reduction in risk. LUCs eliminate exposure   

 
Provides high level of protection.  
LUCs eliminate exposure.  
Treatment reduces current threat 
to groundwater. 

Provides high level of protection.  
LUCs exposure eliminate.  
Treatment reduces current threat 
to groundwater. 

Environmental Protection Allows continued migration of 
contaminants in groundwater. 

Natural attenuation might 
prevent migration of 
groundwater. 

Known areas of contaminated 
groundwater addressed and 
reduction in concentrations 
>95%.  Future migration of 
contaminants might occur due to 
releases from landfill material. 

Known areas of contaminated 
groundwater addressed and 
reduction in concentrations 
>95%. Future migration of 
contaminants might occur due to 
releases from landfill material. 

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

Does not meet Florida GCTLs. Meets ARARs through Natural 
attenuation. 

Meets ARARs through LUCs and 
treatment.  Meets PRGs in 9 
years but may take >30 years to 
achieve RAOs. 

Meets ARARs through LUCs 
and treatment at the STP. Meets 
PRGs in 9 years but may take 
>30 years to achieve RAOs. 

Compliance with Action-Specific 
ARARs 

Not applicable Cover construction will require 
personal protective equipment 
(PPE). 

Meets ARARs if construction of 
cover and extraction and 
treatment system meets PPE 
requirements. 

Meets ARARs if construction of 
cover and extraction system 
meets PPE requirements. 

Compliance with Location-
Specific ARARs 

Not applicable Not applicable Not applicable Not applicable 
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Criteria Alternative N-1 
No Action 

Alternative N-2 
Native Soil Cover 

LUCs 
Monitoring 

Alternative N-3 
Native Soil Cover 

Groundwater Extraction 
and Treatment 

Discharge to Infiltration 
Gallery 
LUCs 

Monitoring 

ALTERNATIVE N-4 
Native Soil Cover 

Groundwater Extraction 
Discharge to POTW 

LUCs 
Monitoring 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) (continued) 
Compliance with Other Criteria Not applicable State and base permits may be 

required to construct. 
 
 
 

State and base permits may be 
required to construct. 

State and base permits may be 
required to construct. 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Magnitude of Residual Risk Risk for >30 years Known contamination would be 

addressed by natural 
processes.  Risk may be for 
>30 years from unknown 
sources. 

Provides long-term residual risk 
reduction.  Known contaminated 
groundwater treated to >95% 
removal. Risk may be for 
>30 years from unknown 
sources. 

Provides long-term residual risk 
reduction.  Known contaminated 
groundwater extracted and 
treated at off-site to >95% 
removal.  Risk may be for >30 
years from unknown sources. 

Need for 5-year Review Required Required Required Required 
Need for Long-term 
Management 

Not applicable Management required for >30 
years. 

Known contamination removed 
in 9 years. Management for 
potential future releases from 
landfill material required for 
>30 years. 

Known contamination removed in 
9 years. Management for 
potential future releases from 
landfill material required for >30 
years. 

Adequacy and Reliability of 
Controls  

Not applicable  No remediation equipment 
installed, so no performance 
specifications. 

Equipment designed, selected, 
constructed, and operated to 
meet specifications.  Provides 
high level of reliability.  Controls 
are adequate and reliable.   

Equipment designed, selected, 
constructed, and operated to 
meet specifications.  Provides 
high level of reliability.  Controls 
are adequate and reliable.   

Reduction of Toxicity, Mobility, or Volume through Treatment 
Amount Destroyed or Treated None, only natural attenuation None, only natural attenuation Groundwater from known 

sources will be remediated to 
meet PRGs.  Removal efficiency 
estimated at >95%. 

Groundwater from known 
sources will be remediated to 
meet PRGs.  Removal efficiency 
estimated at >95%. 
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Criteria Alternative N-1 
No Action 

Alternative N-2 
Native Soil Cover 

LUCs 
Monitoring 

Alternative N-3 
Native Soil Cover 

Groundwater Extraction 
and Treatment 

Discharge to Infiltration 
Gallery 
LUCs 

Monitoring 

Alternative N-4 
Native Soil Cover 

Groundwater Extraction 
Discharge to POTW 

LUCs 
Monitoring 

Reduction in Toxicity, Mobility, 
or Volume 

None, only natural attenuation Toxicity reduced through 
natural attenuation 

Volume reduced through air 
stripping. 

Toxicity reduced in the POTW. 

Degree to which Treatment Is 
Irreversible 

No active treatment No active treatment, but natural 
attenuation is irreversible. 

Volatilization and precipitation 
are highly irreversible. 

Volatilization and biodegradation 
are highly irreversible. 

Type and Quantity of  Residuals 
Remaining after Treatment 

No active treatment No active treatment Low volumes of filter sand and 
backwash water 

Low volumes of metals sludge 

Short-Term Effectiveness 
Community Protection During 
Implementation 

No active treatment, so no risk to 
community 

Dust from construction of cap 
can be controlled.   

Dust from construction of cap 
and treatment system can be 
controlled.  Emissions from air 
stripping will be below the 
allowable limit. 

Dust from construction activities 
can be controlled.   

Worker Protection during 
Implementation 

No active treatment, so no risk to 
workers 

PPE required against dermal 
contact and dust inhalation 
during construction. 

PPE required against dermal 
contact and dust inhalation 
during construction. 

PPE required against dermal 
contact and dust inhalation 
during construction. 

Environmental Impacts No impact from alternative 
implementation 

Impacts from dust emission, 
soil erosion, etc., can be 
controlled. 

Impacts from dust emission, soil 
erosion, etc., can be controlled. 

Impacts from dust emission, soil 
erosion, etc., can be controlled. 

Time until Remedial Action 
Objectives Achieved 

Not applicable Due to presence of landfill 
material estimated time >30 
years. 

Known contamination is removed 
in 9 years but due to presence of 
landfill material estimated time 
>30 years. 

Known contamination is 
removed in 9 years but due to 
presence of landfill material 
estimated time >30 years 

Implementability 
Ability to Construct and Operate 
the Technology 

No construction activities A number of contractors are 
available for cap installation. 

Adequate number of contractors 
experienced in installation of air 
stripping and extraction wells. 

Adequate number of contractors 
experienced in installation of 
extraction wells 

Reliability of the Technology No treatment No treatment Reliable Treatment at POTW reliable 
Ease of Undertaking Additional 
Remedial Actions, if Necessary 

Easily implementable Additional cap is easily 
implementable. 

Additional cap is easily 
implementable. System additions 
or upgrades are implementable. 

Additional cap is easily 
implementable. System additions 
or upgrades are implementable. 
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Criteria Alternative N-1 
No Action 

Alternative N-2 
Native Soil Cover 

LUCs 
Monitoring 

Alternative N-3 
Native Soil Cover 

Groundwater Extraction 
and Treatment 

Discharge to Infiltration 
Gallery 
LUCs 

Monitoring 

Alternative N-4 
Native Soil Cover 

Groundwater Extraction 
Discharge to POTW 

LUCs 
Monitoring 

Ability to Monitor Effectiveness 
of Remedy 

Not applicable because no 
treatment 

Cap can be easily inspected. Cap can be easily inspected. 
Monitoring will note system 
failures, efficiencies, 
groundwater conditions, etc. 

Cap can be easily inspected. 
Monitoring at STP will note system 
failures, efficiencies, etc. 

Administrative Requirements 
with Regulators 

None Base and state permits may be 
required for the construction of 
the cap. 

Base and state permits may be 
required for the construction of 
extraction and treatment system 
and disposal of treated water. 

Base and state permits may be 
required for the construction of 
extraction system.  City permit 
would be required for disposal of 
extracted water. 

Availability of Off-Site 
Treatment, Storage, and 
Disposal Facilities 

None required None required Available Available 

Availability of Necessary 
Equipment and Specialists 

None required Available Available Available 

Availability of Prospective 
Technologies 

None required None required Available Available 

Costa,b     
Capital Costs $0 $169,000 $834,000 $427,000 
Annual Operations and 
Maintenance  

$0 $46,000 for years 1-2 
$24,000 for years 3-30 

$112,000 for years 1-2 
$94,000 for years 3-9 

$20,000 for years 10-30 

$72,000 for years 1-2 
$54,000 for years 3-9 

$20,000 for years 10-30 
Total PW Project Costs $0 $824,000 $1,969,000 $1,257,000 

 
aDetailed cost estimates are presented in Appendix F. 
bThe costs have been rounded off to the nearest $1,000. 
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6.1.2 Compliance with Applicable or Relevant and Appropriate Requirements 

 
The criterion for compliance with ARARs is described in Section 5.1. 

 
Alternative N-2 would depend on natural attenuation to attain the PRGs.  Alternative N-3 would achieve 

the ARARs with on-site treatment, whereas Alternative N-4 would depend on off-site treatment.  

Alternative N-3 would dispose of treated groundwater on-site after meeting reinjection requirements.  

Alternative N-4 would discharge extracted groundwater for off-site treatment and would meet the 

discharge standards imposed by the POTW.  The chemical-specific ARARs identified for the groundwater 

at OU 2 include Florida surface water criteria and GCTLs.  The maximum detected benzene 

concentration was below the Federal MCL but exceeded the Florida GCTL.  Surface water standards are 

currently met.  Alternative N-2 depends on natural processes to reduce contaminant concentrations to 

acceptable levels.  Alternatives N-3 and N-4 would extract groundwater and meet the ARARs in a shorter 

time frame.  FDEP landfill cover requirements would be met for all alternatives.  Presumptive remedy 

requirements for landfills would be partially met for all alternatives.  Location-specific and action-specific 

ARARs for Alternative N-2 would be met.  Action-specific ARARs for Alternative N-3 would include off-gas 

emission standards from air stripping.  As the estimated emission rates would be below the threshold 

levels for treatment, this alternative would meet action-specific ARARs.  For Alternatives N-2 and N-4, low 

degree of worker protection would be required to meet OSHA standards during construction; however, 

Alternative N-3 would require a medium degree of protection for the operation of treatment system. 

 

6.1.3 Long-Term Effectiveness and Permanence 

 
The criterion for long-term effectiveness and permanence is described in Section 5.1. 
 
The soil cover provided in all alternatives would be permanent and effective on a long-term basis for 

providing protection against human contact with the landfill contents.  Periodic inspections and 

maintenance of the cover would be conducted to ensure long-term effectiveness.  For groundwater, 

Alternative N-2 would provide long-term effectiveness or permanence through natural processes.  

Alternatives N-3 and N-4 would remove contaminated groundwater.  In Alternative N-2, organic chemicals 

would be biodegraded permanently.  Until that time, residual risk in Alternative N-2 would be moderate 

compared to Alternatives N-3 and N-4.  Groundwater collection in Alternatives N-3 and N-4 is a proven 

and established technology.  Alternative N-3 involves treatment using air stripping and precipitation 

whose long-term reliability and effectiveness are proven.  For ex situ treatments in Alternatives N-3 and 

N-4, failure of the systems would be easily identifiable.  The treatment systems in these alternatives 
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require periodic maintenance, whereas Alternative N-2 does not need such maintenance.  Alternative N-2 

would rely on natural processes that have no control.  Natural attenuation has been successfully 

implemented at various CERCLA sites, especially for low concentration hydrocarbon contamination.  

LUCs with groundwater use restrictions in all alternatives would prevent possible human exposure and 

consumption of contaminated groundwater.  The combination of LUCs and natural attenuation in 

Alternative N-2 would provide cost-effective risk reduction.  Five-year reviews would assess the 

groundwater conditions and magnitude of residual risk.  
 

6.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

 
This criterion is described in Section 5.1. 

 
Alternatives N-3 and N-4 include treatment steps and therefore offer a higher degree of reduction of 

toxicity, mobility, or volume than Alternative N-2.  Air stripping reduces the volume in Alternative N-3.  The 

biological process used at the POTW reduces the toxicity.  Alternative N-2 relies on natural attenuation 

for a reduction in toxicity.  Treatment using air stripping and metals removal in Alternative N-3 would offer 

the highest reduction in volume.  The reduction in Alternative N-4 would depend on treatment at the 

POTW.  Air stripping would remove up to 99 percent of organic contaminants and greensand filtration 

would remove more than 95 percent of metal contaminants.  Alternative N-3 would meet statutory 

preference for principal treatment element.  The treatment steps in Alternatives N-3 and N-4 transfer the 

contaminants from one medium to another and treatment is irreversible.  The natural biodegradation 

process in Alternative N-2 would destroy contaminants permanently.  

 

6.1.5 Short-Term Effectiveness 

 
The criterion for short-term effectiveness is described in Section 5.1. 

 
Each of the alternatives implements LUCs for restricting access to the site and use of groundwater.  All 

alternatives require installation of monitoring wells and additional cover; however, Alternative N-3 is more 

complex, and design and installation of a treatment system will require more time.  Placing the native soil 

cover in all alternatives would potentially result in excavation and might disturb the contaminated areas.  

For Alternatives N-2, N-3, and N-4, short-term risks of worker exposure and the potential for fugitive dust 

during drilling and cover installation are low.  Risks from groundwater extraction for Alternatives N-3 and 

N-4 would be slightly higher.  The risks to workers and the community are manageable through the use of 

engineering and construction management controls such as silt fencing, monitoring, and dust control.  
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Environmental impacts such as erosion due to construction in all alternatives are low and manageable. 

Alternatives N-3 and N-4 would require a shorter amount of time compared to Alternative N-2 to achieve 

the RAOs for known extent of contamination.  The landfill material may continue to release chemicals into 

the groundwater for an unknown period of time. 

 

6.1.6 Implementability 

 
The implementability criterion is described in Section 5.1. 

 
All the alternatives are implementable.  Alternative N-3 would require Federal, state, or local permits for 

subsurface discharge of treated water and for air emissions.  Alternative N-4 would require a discharge 

permit for extracted groundwater.  The air stripping and metals removal processes included in 

Alternative N-3 are reliable.  Treatment processes at POTW for treating extracted water in Alternative N-4 

are reliable.  Natural attenuation in Alternative N-2 is moderately reliable for groundwater with low 

concentrations of contaminants.  Materials and labor are readily available for implementing all 

alternatives.  Alternative N-3 would take a slightly longer time to implement compared to the other 

alternatives.  The soil cover in all alternatives is highly reliable because the cover will protect from direct 

contact risk.  Administrative issues and coordination with other agencies or acquiring permits are easily 

achievable; however, obtaining a discharge permit in Alternative N-4 may take time.  Adequate capacity 

exists at the POTW to treat extracted water in Alternative N-4; however, the possibility for imposing 

discharge restrictions exists.  Future remedial actions, if needed, would not be hindered by 

Alternatives N-2 and N-4.  Restrictions on discharges may be possible in Alternative N-4. 

 

6.1.7 Cost 

 
The cost criterion is described in Section 5.1. 

 
Alternative N-2 provides the lowest cost followed by Alternative N-4.  Alternative N-3 provides on-site 

treatment and, therefore, is the most expensive alternative.  Alternative N-2 provides the most 

cost-effective remedial measures for the northern area of OU 2.  Table 6-1 provides the capital, O&M, 

and total present worth project cost for each alternative. 
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6.2 SOUTHERN AREA 

 
The comparative analysis for the southern area of OU 2 evaluates the relative performance of each 

alternative in relation to each specific evaluation criterion.  This approach is in contrast to that used in the 

detailed analysis (Section 5.0) in which each alternative was analyzed independently, without 

consideration of other alternatives.  The alternatives for the southern area of OU 2 are as follows: 

 

• Alternative S-2 – LUCs and Monitoring.  

• Alternative S-3 – Enhanced Biodegradation, LUCs, and Monitoring. 

• Alternative S-4 – Groundwater extraction and treatment, Discharge to infiltration gallery, LUCs, and 
Monitoring. 

• Alternative S-5 – Limited containment using sheet piles, PRBs, LUCs, and Monitoring. 

• Alternative S-6 – Extended containment using sheet piles, PRB, LUCs, and Monitoring. 

 
A summary of the comparative analysis and the costs for these alternatives is presented in Table 6-2. 

 

6.2.1 Overall Protection of Human Health and the Environment 

 
The criterion for overall protection of human health and the environment is described in Section 5.1. 

 

Alternatives S-2 through S-6 have controls to impose restrictions on groundwater usage and access to 

the site.  Existing landfill cover combined with these restrictions would prevent potential exposure to 

contaminated media.  Alternative S-2 solely depends on these restrictions and natural attenuation and 

monitoring to protect human health and the environment, whereas Alternatives S-3 through S-6 include 

treatment steps and, therefore, offer a higher level of protection.  Alternative S-2 would not provide 

adequate protection because recent data presented in Appendix A-7 indicate that contaminated 

groundwater may be reaching the nearby canals.  Alternative S-2 would not have any controls to prevent 

such migration and monitoring would provide the only indication.  Alternative S-4 would remove 

contaminated groundwater from the subsurface and treat it to meet the PRGs, whereas Alternatives S-5 

and S-6 would treat groundwater in situ by passively directing the water toward reactive media.  

Alternative S-4 would provide more aggressive treatment compared to Alternatives S-3, S-5, and S-6.  

Alternative S-3 would enhance the ongoing, naturally occurring reductive dechlorination processes by 

adding reagents to the  



 

 

R
ev. 1

07/30/03

470801005 
6-11

 
C

TO
 0024 

TABLE 6-2 
 

SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES FOR SOUTHERN AREA 
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Criteria Alternative S-1 
No Action 

Alternative S-2 
LUCs 

Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater Extraction 

and Treatment 
Discharge to Infiltration 

Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extended Containment 

PRB 
LUCs 

Monitoring 

THRESHOLD CRITERIA 
Overall Protection of Human Health and the Environment 
Human Health 
Protection 

No reduction in 
risk 

LUCs eliminate 
exposure. 
 

LUCs eliminate 
exposure and 
enhanced 
biodegradation reduces 
risk. 

Provides high level of 
protection.  LUCs eliminate 
exposure.  Treatment reduces 
current threat to groundwater. 

Provides high level of 
protection.  LUCs eliminate 
exposure.  Treatment reduces 
current threat to groundwater. 

Provides highest level of 
protection.  LUCs eliminate 
exposure.  Treatment reduces 
current threat to groundwater. 

Environmental 
Protection 

Allows continued 
migration of 
contaminants in 
groundwater. 

Monitoring 
indicates that 
natural attenuation 
is not preventing 
the migration of 
contaminants in 
groundwater into 
offsite areas. 

Enhanced 
biodegradation will 
prevent migration of 
contaminants in 
groundwater. 

Known areas of contaminated 
groundwater addressed and 
reduction in concentrations 
>95%. Any future releases of 
contaminants from the landfill 
will be detected by groundwater 
monitoring. 

Known areas of contaminated 
groundwater addressed and 
reduction in concentrations 
>90%.Any future releases of 
contaminants from the landfill 
will be detected by groundwater 
monitoring. 

Known areas of contaminated 
groundwater addressed and 
reduction in concentrations 
>90%. Any future releases of 
contaminants from the landfill 
will be detected by groundwater 
monitoring. 

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

Does not meet 
Florida GCTLs. 

Will not meet 
ARARs. 

Meets ARARs through 
LUCs and Treatment. 
Meets PRGs in 5-10 
years but may take >30 
years to achieve RAOs 

Meets ARARs through LUCs 
and Treatment. Meets PRGs in 
18 years but make >30 years to 
achieve RAOs. 

Meets ARARs through LUCs 
and Treatment. Meets PRGs in 
30 years but may take >30 
years to achieve RAOs. 

Meets ARARs through LUCs 
and Treatment. Meets PRGs in 
30 years but may take >30 
years to achieve RAOs. 

Compliance with Action-
Specific ARARs 

Not applicable Meets ARARs if 
construction and 
sampling of 
monitoring wells 
meet personal 
protective 
equipment (PPE) 
requirements. 

Chemical handling will 
require PPE. 

Meets ARARs if construction of 
collection and treatment system 
meets PPE requirements. 

Meets ARARs if construction of 
containment system and PRB 
treatment system meets PPE 
requirements. 

Meets ARARs if construction of 
containment system and PRB 
treatment system meets PPE 
requirements. 
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PAGE 2 OF 5 
 
Criteria Alternative S-1 

No Action 
Alternative S-2 

LUCs 
Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater Extraction 

and Treatment 
Discharge to Infiltration 

Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extended Containment 

PRB 
LUCs 

Monitoring 

Compliance with 
Location-Specific 
ARARs 

Not applicable Would not meet 
ARARs 

Will meet ARARs Will meet ARARs Will meet ARARs Will meet ARARs 

Compliance with Other 
Criteria 

Not applicable Permits may be 
required for 
installing 
monitoring wells. 

State and base permits 
may be required to 
construct and to 
implement chemical 
injection.  

State and base permits may be 
required to construct. 

State and base permits may be 
required to construct. 

State and base permits may be 
required to construct. Would 
provide total containment per 
presumptive remedy 
requirements. 

BALANCING CRITERIA 
Long-Term Effectiveness and Permanence 
Magnitude of Residual 
Risk 

Risk for >30 
years 

Risk for >30 years Known contamination 
would be addressed by 
enhanced 
biodegradation. Risk 
may be for >30 years 
from unknown sources. 

Provides long-term residual risk 
reduction.  Known contaminated 
groundwater treated to >95% 
removal. Risk may be for >30 
years from unknown sources. 

Provides long-term residual risk 
reduction.  Known contaminated 
groundwater treated to >90% 
removal.  Risk may be for >30 
years from unknown sources. 

Provides long-term residual risk 
reduction.  Known contaminated 
groundwater treated to >90% 
removal. Risk may be for >30 
years from unknown sources. 

Need for 5-year Review Required Required Required Required Required Required 
Need for Long-term 
Management 

Not applicable Management 
required for 
>30 years 

Known contamination 
removed in 5-10 years.  
Management for 
potential future 
releases from landfill 
material required for 
>30 years. 

Known contamination removed 
in 18 years.  Management for 
potential future releases from 
landfill material required for 
>30 years. 

Known contamination removed 
in 30 years.  Management for 
potential future releases from 
landfill material required for 
>30 years. 

Known contamination removed 
in 30 years.  Management for 
potential future releases from 
landfill material required for 
>30 years. 
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Criteria Alternative S-1 
No Action 

Alternative S-2 
LUCs 

Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater Extraction 

and Treatment 
Discharge to Infiltration 

Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extended Containment 

PRB 
LUCs 

Monitoring 

Adequacy and 
Reliability of Controls 

Not applicable No remediation 
equipment 
installed, so no 
performance 
specifications. 

Performance check 
through monitoring 
only.  Treatability 
testing required for 
enhanced 
biodegradation. 

Equipment designed, selected, 
constructed, and operated to 
meet specifications.  Provides 
high level of reliability.  Controls 
are adequate and reliable. 

Equipment designed, selected, 
constructed, and operated to 
meet specifications.  Provides 
medium level of reliability.  
Controls are moderately 
adequate and reliable.  
Treatability testing required for 
PRB medium. 

Equipment designed, selected, 
constructed, and operated to 
meet specifications.  Provides 
medium level of reliability.  
Controls are moderately 
adequate and reliable.  
Treatability testing required for 
PRB medium. 
 
 

Reduction of Toxicity, Mobility, or Volume through Treatment 
Amount Destroyed or 
Treated 

None, only 
natural 
attenuation 

None, only natural 
attenuation 

Contaminant 
destruction up to 90% 
through biodegradation 
enhancement 
chemicals. 

Groundwater from known 
sources will be remediated to 
meet PRGs.  Removal efficiency 
estimated at >95%. 

Groundwater from known 
sources will be remediated to 
meet PRGs.  Removal 
efficiency estimated at >90%. 

Groundwater from known 
sources will be remediated to 
meet PRGs.  Removal efficiency 
estimated at >90%. 

Reduction in Toxicity, 
Mobility, or Volume 

None, only 
natural 
attenuation 

Toxicity reduced 
through natural 
attenuation 

Toxicity reduced 
through biodegradation. 

Volume reduced through air 
stripping. 

Toxicity reduced through PRB. Toxicity reduced through PRB. 
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Criteria Alternative S-1 
No Action 

Alternative S-2 
LUCs 

Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater Extraction 

and Treatment 
Discharge to Infiltration 

Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extended Containment 

PRB 
LUCs 

Monitoring 

Degree to which 
Treatment Is 
Irreversible 

No active 
treatment 

No active treatment Enhanced 
biodegradation is highly 
irreversible. 

Volatilization is highly 
irreversible. 

Treatment using reactive media 
is irreversible. 

Treatment using reactive media 
is irreversible. 

Type and Quantity of  
Residuals Remaining 
after Treatment 

No active 
treatment 

No active treatment No residuals Low volumes of filter sand Low volumes of exhausted 
medium over a long period of 
time 

Low volumes of exhausted 
medium over a long period of 
time 

Short-Term Effectiveness 
Community Protection 
During Implementation 

No active 
treatment, so no 
risk to community 

No active 
treatment, so no 
risk to community 

Negligible risks Dust from construction activities 
can be controlled.  Emissions 
from air stripping need not be 
permitted. 

Dust from construction 
activities can be controlled.   

Dust from construction activities 
can be controlled.   

Worker Protection 
during Implementation 

No active 
treatment, so no 
risk to workers 

No active 
treatment, so no 
risk to workers 

Moderate risks from 
handling of chemicals 
and drilling 

PPE required against dermal 
contact and dust inhalation 
during construction. 

PPE required against dermal 
contact and dust inhalation 
during construction. 

PPE required against dermal 
contact and dust inhalation 
during construction. 

Environmental Impacts No impact from 
alternative 
implementation 

No impact from 
alternative 
implementation 

Impacts from dust 
emission, soil erosion, 
etc., can be controlled. 

Impacts from dust emission, soil 
erosion, etc., can be controlled. 

Impacts from dust emission, 
soil erosion, etc., can be 
controlled. 

Impacts from dust emission, soil 
erosion, etc., can be controlled. 

Time until Remedial 
Action Objectives 
Achieved 

Not applicable >30 years Known contamination is 
removed in 15-30 years 
but due to presence of 
landfill material 
estimated time 
>30 years 

Known contamination is 
removed in 18 years but due to 
presence of landfill material 
estimated time >30 years 

Known contamination is 
removed in 30 years but due to 
presence of landfill material 
estimated time >30 years 

Known contamination is 
removed in 30 years but due to 
presence of landfill material 
estimated time >30 years 

Implementability 
Ability to Construct and 
Operate the 
Technology 

No construction 
activities 

No construction 
activities 

Contractors are 
available for injection 
and monitoring well 
installation. 

Adequate number of contractors 
experienced in installation of air 
stripping and extraction wells 

Adequate number of 
contractors experienced in 
installation of sheet piles and 
PRBs. 

Adequate number of contractors 
experienced in installation of 
sheet piles and PRBs. 

Reliability of the 
Technology 

No treatment No treatment Moderately reliable Reliable.  Control levels, 
switches, and sensors will 
prevent system failure. 

Innovative technology. 
Moderate reliability. System 
failure difficult to identify. 

Innovative technology. 
Moderate reliability.  System 
failure difficult to identify. 
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Criteria Alternative S-1 

No Action 
Alternative S-2 

LUCs 
 Monitoring 

Alternative S-3 
Enhanced 

Biodegradation 
LUCs 

Monitoring 

Alternative S-4 
Groundwater Extraction 

and Treatment 
Discharge to Infiltration 

Gallery 
LUCs 

Monitoring 

Alternative S-5 
Limited Containment 

PRBs 
LUCs 

Monitoring 

Alternative S-6 
Extended Containment 

PRB 
LUCs 

Monitoring 

Ease of Undertaking 
Additional Remedial 
Actions, if necessary 

Easily 
implementable 

Easily implementable Easily implementable System additions or upgrades 
are implementable. 

System additions or upgrades 
are implementable. 

System additions or upgrades 
are implementable. 

Ability to Monitor 
Effectiveness of 
Remedy 

Not applicable 
because no 
treatment 

Not applicable because 
no treatment 

No active treatment, 
but will monitor through 
monitoring wells. 

Monitoring will note system 
failures, efficiencies, 
groundwater conditions, etc. 

Moderately difficult to note 
system failure and to implement 
corrective measures 

Moderately difficult to note 
system failure and to implement 
corrective measures 

Administrative 
Requirements with 
Regulators 

None None State, and/or base 
permits may be 
required for 
construction, and 
chemical injections. 

State, local and/or base 
permits may be required for 
construction and groundwater 
discharge. 

State and/or base permits may 
be required for construction. 

State and/or base permits may 
be required for construction. 

Availability of Off-Site 
Treatment, Storage, 
and Disposal Facilities 

None required None required None required Available Available Available 

Availability of 
Necessary Equipment 
and Specialists 

None required None required Available Available Available Available 

Availability of 
Prospective 
Technologies 

None required None required Limited availability Available Available Available 

Costa,b        
Capital Costs $0 $32,000 $405,000 $1,026,000 $3,501,000 $5,314,000 
Annual Operations and 
Maintenance 

$0 $45,000 for years 1-2 
$23,000 for years 3-30 

$206,000 for years 1-2 
$184,000 for years 3-4 
$23,000 for years 5-30 

$116,000 for years 1-2 
$99,000 for years 3-18 

$19,000 for years 19-30 

$45,000 for years 1-2 
$23,000 for years 3-30 

$45,000 for years 1-2 
$23,000 for years 3-30 

Total Present Worth 
Project Costs 

$0 $671,000 $1,639,000 $2,660,000 $4,140,000 $5,953,000 

aDetailed cost estimates are presented in Appendix F. 
bThe costs have been rounded off to the nearest $1,000. 
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subsurface.  Existing data show that progress of these processes is encouraging and enhancement 

agent could speed up the process.  Alternative S-3, however, would provide no barrier to prevent 

potential off-site migration of contaminants in groundwater and potentially could cause an increase in the 

release of dissolved inorganic compounds.  Similar to Alternative S-2, this alternative depends on land 

use restrictions and monitoring to provide adequate protection of human health and the environment.  

None of the alternatives except Alternative S-6 would provide total containment of the area that would 

satisfy all of the presumptive remedy requirements for landfills.  Alternative S-4 would provide partial 

containment by pumping whereas Alternative S-5 would have a sheet piling wall on the downgradient 

side of the groundwater flow.  Alternatives S-4 and S-5 would prevent off-site migration of contaminants 

by the partial containment.  Alternative S-6 would offer a higher level of protection to human health and 

the environment among all the alternatives because potential groundwater flow to off-site areas is 

addressed by total containment.  Alternative S-4 would offer dependable ex situ treatment to provide an 

adequate level of protection.  Alternatives S-2, S-5, and S-6 would depend on natural attenuation for 

addressing benzene contamination whereas Alternative S-4 would extract and treat the contaminated 

groundwater and Alternative S-3 would inject chemicals to enhance biodegradation.  The alternatives are 

developed to address the known level and extent of contamination; however, the landfill material may 

potentially continue to release chemicals to the groundwater for an unknown period of time. 

 

6.2.2 Compliance with Applicable or Relevant and Appropriate Requirements 

 
The criterion for compliance with ARARs is described in Section 5.1. 

 
Alternative S-2 would depend on natural attenuation to attain the PRGs, but recent data presented in 

Appendix A-7 indicate that natural attenuation is not adequately controlling the offsite migration of 

contaminants in the groundwater and, therefore, would not comply with ARARs.  Organic compound 

exceedances in groundwater currently exist for benzene, TCE, and vinyl chloride.  Alternative S-3 would 

enhance existing natural attenuation to meet the ARARs.  On-site treatment in Alternative S-4 would 

achieve the PRGs in a shorter time than the other alternatives.  Passive treatment in Alternatives S-5 and 

S-6 would take a relatively longer time compared to Alternative S-4.  The existing landfill cover would 

satisfy the state requirement of minimum thickness for a final cover.  Presumptive remedy requirements 

for landfills would be met to the greatest extent with Alternative S-6, followed by Alternatives S-5 and S-4.  

Alternatives S-5 and S-6 would have physical barriers to meet such requirements whereas Alternative S-

4 would provide containment by groundwater extraction.  The location-specific ARARs would be met for 

all alternatives.  Action-specific ARARs in Alternative S-4 would include meeting discharge standards 

prior to discharge to the infiltration gallery.  For Alternatives S-2 through S-4, a low degree of worker 
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protection would be required to meet OSHA standards during construction; however, Alternatives S-5 and 

S-6 would require a high degree of protection for the excavation involved in PRB installation. 
 

6.2.3 Long-Term Effectiveness and Permanence 

 
The criterion for long-term effectiveness and permanence is described in Section 5.1. 
 
The existing soil cover would be permanent and effective on a long-term basis in providing protection 

against direct contact.  Periodic inspections and maintenance of the cover would be conducted to ensure 

long-term effectiveness.  Alternative S-2 would not provide long-term effectiveness or permanence in 

controlling the migration of the contaminants to offsite areas.  Alternative S-3 would provide long-term 

effectiveness or permanence through enhanced natural attenuation.  The potential for leaving some 

areas of untreated groundwater would be higher for the S-3 Alternative compared to Alternatives S-4 

through S-6.  Alternative S-4 involves an active pump and treat remedy and the magnitude of residual risk 

would be much lower than the other alternatives.  In Alternative S-3, organic chemicals would be 

biodegraded permanently.  Until that time, potential risk in these alternatives would be high.  Alternatives 

S-5 and S-6 would treat groundwater as it passes through the reactive media.  Once all contaminated 

water passes through the media, the residual risk would be low.  Groundwater collection and treatment 

technologies in Alternative S-4 are proven and established technologies.  Enhanced degradation and 

natural attenuation in Alternative S-3 and PBR in Alternatives S-5 and S-6 would involve innovative 

technologies and their success would be site specific.  Several CERCLA sites have used these 

technologies.  Air stripping in Alternative S-4 would be the most reliable technology compared to the 

technologies in the other alternatives.  Monitoring in all alternatives would indicate the extent of untreated 

contaminants remaining at the site and the efficiency of treatment.  The alternatives address the known 

areas of contamination; however, the landfill material may continue to release chemicals into the 

groundwater for an unknown period of time.  Alternative S-4 would require the highest O&M of all the 

alternatives.  Alternatives S-5 and S-6 would require no major O&M, other than changing reactive media 

after 10-15 years of service if required.  For ex situ treatment in Alternative S-4, failure of the system 

would be easily identifiable compared to in situ processes in the other alternatives.  Five-year reviews 

would assess the groundwater conditions and magnitude of residual risk.  
 

6.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
 
This criterion is described in Section 5.1. 
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Alternatives S-4 through S-6 include treatment steps and, therefore, offer a higher degree of reduction of 

toxicity, mobility, or volume.  The PRBs in Alternatives S-5 and S-6 reduce the toxicity of the groundwater.  

Alternatives S-2 and S-3 rely on natural attenuation for reduction in toxicity.  Treatment in Alternative S-4 

using air stripping would offer the highest reduction in volume.  The reduction in Alternative S-3 would 

depend on the effectiveness of the enhancement agent and field studies would be required prior to the 

design of the system.  PBR technology in Alternatives S-5 and S-6 would remove up to 90 percent of 

chlorinated organic compounds and also requires site-specific studies prior to implementation.  Air 

stripping in Alternative S-4 would remove up to 99 percent of organic contaminants.  Off-gas emissions 

would not require any treatment and there would be no residuals.  Alternatives S-4, S-5, and S-6 would 

meet statutory preference for principal treatment element.  The treatment steps in these alternatives 

would transfer the contaminants from one medium to another and treatment is irreversible.  The natural 

biodegradation process in Alternatives S-2 and S-3 would destroy organic contaminants permanently.  

 

6.2.5 Short-Term Effectiveness 
 
The criterion for short-term effectiveness is described in Section 5.1. 
 
Each of the alternatives implements LUCs for restricting access to the site and use of groundwater.  All 

alternatives require installation of monitoring wells.  Alternatives S-5 and S-6 would involve more 

construction than the other alternatives and, therefore, short-term risks would be higher.  Alternatives S-4 

through S-6 would require more time to construct compared to Alternatives S-2 and S-3.  Alternatives S-5 

and S-6 would require bulk excavation and might disturb the contaminated areas.  For Alternative S-4, 

short-term risks of worker exposure and the potential for fugitive dust during well installation and 

treatment plant construction are medium.  Similar risks for Alternatives S-2 and S-3 would be much lower.  

The risks to workers and the community are manageable through the use of engineering and construction 

management controls such as silt fencing, monitoring, and dust.  Environmental impacts such as erosion 

due to construction in all alternatives are low and manageable.  Construction times for Alternatives S-4 

through S-6 would be about one year and about 3 to 6 months for the other alternatives.  The time 

required for Alternatives S-5 and S-6 to achieve remedial objectives for known contamination would be 

longer compared to Alternative S-4.  The time frame would be the longest for Alternatives S-2 and S-3.  

Alternative S-2 would not meet chemical-specific ARARs and, therefore, would fail to meet PRGs.  As a 

consequence of biodegradation processes, Alternative S-3 would increase the levels of inorganic 

compounds (such as iron) in groundwater.  The alternatives address the known areas of contamination 

only.  The landfill material may continue to release chemicals into the groundwater for an unknown period 

of time.   
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6.2.6 Implementability 
 
The implementability criterion is described in Section 5.1. 
 
All the alternatives are implementable.  Alternatives S-5 and S-6 may involve some difficulties in the 

construction of the sheet piling wall and the PRBs.  Due to the innovative nature of the technology, some 

delays may be possible for these alternatives.  Alternative S-3 would involve injection of a proprietary 

chemical and may involve some delays in testing and optimizing the chemical application rate.  Federal, 

state, or local permits for subsurface discharge of treated water would be required for Alternative S-4.  

The air stripping process included in Alternative S-4 is reliable and no delays are anticipated in the 

implementation of the technology.  Natural processes in Alternatives S-2 and S-3 are moderately reliable 

for contaminants in groundwater.  As a consequence of biodegradation processes, Alternative S-3 would 

increase the levels of inorganic compounds (such as iron) in groundwater.  Materials, experts, and labor 

are readily available for implementing all alternatives.  Alternatives S-4 through S-6 would take a slightly 

longer time to implement compared to the other alternatives.  Administrative issues and coordination with 

other agencies or acquiring permits are easily achievable.  Future remedial actions, if needed, would not 

be hindered by all alternatives.  Restrictions on discharges may be possible in Alternative S-4. 

 

6.2.7 Cost 
 
The cost criterion is described in Section 5.1. 
 
Alternative S-2 provides the lowest cost followed by Alternative S-4.  Alternative S-6 provides total 

containment and in situ treatment and, therefore, is the most expensive alternative.  Costs for 

Alternative S-3 would depend on the number of chemical applications required to meet the PRGs. 

Alternative S-5 with the partial containment barrier would offer a cost-effective solution to prevent 

potential transport of groundwater contaminants to nearby canals.  Table 6-2 provides the capital, O&M, 

and total present worth project cost for each alternative. 
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1. INTRODUCTION

Quarterly groundwater sampling was conducted at Operable Unit (OU) 2 in March 2003.  The fieldwork

was performed in accordance with the Work Plan for Well Installation and Groundwater Sampling,

Operable Unit 2 (Tetra Tech NUS, 2002a), and the Project Operations Plan (POP) (ABB-ES, 1997).

2. FIELD ACTIVITIES

Tetra Tech NUS mobilized to the field on March 19, 2003, to perform quarterly sampling at Study Area

(SA) 2, SA 52, OU 2 and OU 3.  Work at OU 2 began on March 24, 2003.

2.1 Water Level Survey

Groundwater levels were measured in all wells and piezometers that could be located or were not

submerged under water at OU 2 on March 24, 2003.  Groundwater elevations for this field event and

previous events are summarized in Table 1.  Well caps were removed at least 0.5 hour before the first

round of water level measurements was collected.  A second round of water levels was collected a

minimum of 0.5 hour after the initial round.  If the difference in the water levels was greater than 0.05 foot,
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additional measurements were collected every 0.5 hour until the water level stabilized.  Staff gauge

readings in the canals were also taken on March 25, 2003, and are summarized in Table 1.

2.2 Sampling

Groundwater sampling was conducted at OU 2 from March 25-26, 2003.  Fifty-two wells were purged and

sampled.  All wells were purged and sampled using the low-flow method described in the POP.  Purging

of wells consisted of removing groundwater with a peristaltic pump at a flow rate of approximately

100 ml/min until field parameters (temperature, pH, conductivity, turbidity, and dissolved oxygen had

stabilized.  Water levels in the 2-inch wells were continuously monitored to maintain drawdown at less

than 0.3 foot.  In the 0.5-inch microwells, the small diameter of the well casing prevented simultaneous

measurement of the depth to water during purging.  Groundwater sample log sheets are included in

Appendix A.

Groundwater samples from all of the sampled wells at OU 2 were analyzed for TCL VOCs using SW 846

8260B, and iron and manganese using Method SW 846 6010B.  VOC samples were collected by the tube

evacuation method.

Twenty-five samples were analyzed for ions using USEPA Method 300.0A and twenty-one of those

samples were also analyzed for alkalinity using USEPA Method 310.1.  Samples with a pH less than

5.0 were not analyzed for alkalinity.  Six of the samples were also analyzed for dissolved organic carbon

(DOC) using USEPA Method 415.1.  Samples for DOC analysis were filtered in the field.

Twenty-three of the groundwater samples were submitted to the laboratory for light hydrocarbons,

permanent gases (aqueous samples), and hydrogen (gaseous samples) analyses.  Hydrogen samples

were collected using a gas bubble stripper in the field.  In addition, these samples were analyzed in the

field for natural attenuation (NA) parameters.

Eight surface water samples were collected and analyzed for TCL VOCs using SW 846 8260B, iron and

manganese using Method SW 846 6010B, and chloride using USEPA Method 300.

All samples for light hydrocarbons, permanent gases, and hydrogen were placed in ice-chilled coolers

and shipped via overnight delivery to Vaportech Services in Valencia, Pennsylvania.  All other samples

were placed in ice-chilled coolers and picked up by Accutest Laboratories in Orlando, Florida, for

analysis.
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2.3 Problems Encountered

Turbidity continued to be a problem in several OU 2 wells.  Turbidity was greater than 10 NTUs in 14 of

the 52 wells that were sampled. The repurging of 10 wells (OLD-OU2-02A, -02B, -03A, -03B, -21A, -21B,

-29A, -29B, -30A, and -30B) on March 27, 2003, was not documented.  This action was required for the

collection of light hydrocarbons, permanent gases, and hydrogen samples, because more than six hours

had passed since the initial purging of the wells on March 26.

3. RESULTS

3.1 Water Level Survey

Groundwater elevation data at OU 2 are presented in Table 1 and the potentiometric surface contours for

the shallow, and intermediate aquifer zones are presented in Figures 1 and 2.  Groundwater flow in the

surficial aquifer at OU 2 contains both horizontal and vertical components.  Away from the canals that are

present along the eastern and portions of the southern and western boundaries of the site, the gradients

are small and groundwater flows both horizontally and downward.  Close to the canals, the horizontal

gradient increases and the vertical gradient reverses (i.e., becomes upward) as groundwater is

discharged into the canals.  The horizontal groundwater flow direction in the intermediate zone of the

aquifer is very similar to the flow in the shallow portion.  The flow direction in the deep Hawthorn zone is

generally toward the southwest and is thought to be independent from the shallow and intermediate

zones of the surficial aquifer.  These flow directions are consistent with those reported earlier

(TtNUS, 2001a, 2002b, 2002c, 2002d, and 2003).

3.2 Data Validation

A limited data validation was performed using the USEPA Contract Laboratory Program guidelines for

inorganic and organic data review (USEPA, 1994 and 1999) and the Naval Facilities Engineering Service

Center (NFESC) guidelines “Navy Installation Restoration Chemical Data Quality Manual” (NFESC,

1999).  The data validation evaluated data completeness, holding time compliance, calibration

compliance, laboratory blank contamination, and detection limits.  The validation process results in

qualifiers that are shown with the analyte concentrations in Tables 2 through 8.

3.3 Analytical Results

The analyte detections for this round of sampling are summarized in Table 3 for groundwater and Table 4

for surface water.  The historical detections are compiled in Tables 5 and 6 for groundwater and surface

water, respectively.  Validated groundwater analytical data for the March 2003 sampling event are
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included as Table 7.  Shaded cells indicate concentrations equal to or greater than Florida Groundwater

Cleanup Target Levels (GCTLs) (FDEP, 1999) or established background concentrations

(ABB-ES, 1995).  Validated surface water analytical data for this event are included as Table 8.  Shaded

cells indicate concentrations equal to or greater than Florida Surface Water Cleanup Target Levels

(SWCTLs) (FDEP, 1999).  The distributions of contaminants detected above these criteria are shown on

Figure 3.

Some historical groundwater data provided in the tables and tag maps are Phase III results from the OU 2

Remedial Investigation (TtNUS, 2001).  If a well was not sampled during Phase III, data from Phase II are

provided.  Historical exceedances of inorganics from high turbidity wells are not shown on the tag maps,

but a note refers the reader to the Remedial Investigation Report.  Historical exceedances of organics in

high turbidity wells are shown on the exceedances maps.  If there is an exceedance of a screening

criterion in the current quarter, it is shown on the maps along with historical data.  If there was an

historical exceedance (excluding inorganics in high-turbidity wells) it is shown along with current data.

There are three groundwater contaminant plumes within OU 2, one in the northern section of the site, and

two to the south.  The north plume is identified by well pairs (A and B wells) OLD-OU2-02, OLD-OU2-03,

OLD-OU2-29, and OLD-OU2-30.  The upper south plume is defined by well pairs OLD-OU2-21, OLD-

OU2-27, and OLD-OU2-31, and the lower south plume is defined by well pairs OLD-OU2-18,

OLD-OU2-21, OLD-OU2-32, and OLD-OU2-33.  Although the southern plumes are discrete, well pair

OLD-OU2-21 serves as the upgradient, or background, pair for both plumes.

Iron was detected above screening criteria in most of the wells sampled and in all wells sampled in the

northern plume area.  The concentrations remained high in OLD-OU2-30A, –30B, and –3B and increased

significantly in –3A.  Manganese was also found above the screening criterion in four of the wells in this

area.  Benzene was detected slightly above the screening criterion in one well (OLD-OU2-30B) in the

northern plume area (1.5 µg/L).  No other organic constituent exceeded the screening criteria in the

northern plume area.

Benzene, trichloroethene (TCE), tetrachloroethene (PCE), and vinyl chloride were the primary VOCs

detected in the southern plumes (Figures 3 and 4).  Benzene, TCE, PCE, and vinyl chloride exceedances

were found in several intermediate wells.  The frequency of detection of benzene and TCE decreased,

and PCE increased compared to the December 2002 sampling event.  The frequency of vinyl chloride

detection reamined the same.  TCE exceeded its screening criterion in five wells (OLD-OU2-DP02A,

-32B, -18B, -DP02B, and -33B) in the area; benzene exceeded its criterion in five wells (OLD-OU2-27A,

-31B, -37B, -28B, and -33B); and vinyl chloride exceeded the screening criterion in nine wells (OLD-OU2-

27A, -27B, -31B, -37B, -28B, -DP02A, -18B, -DP02B, and -33B) (Figures 3 and 4).  PCE was found
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above the GCTL in three wells (OLD-OU2-18B, DP02A, and DP02B).  It should be noted that this event

marks the first occurrences of PCE and vinyl chloride in well OLD-OU2-DP02A, both are exceedances. In

addition, this is the first instance of cis-1,2-Dichlorethene exceedances in wells OLD-OU2-DP02 and

OLD-OU2-DP02B.  The maximum concentration of TCE (3550 J µg/L) was found in well OLD-OU2-18B

(duplicate sample).  The maximum benzene concentration was 17.9 µg/L in well OLD-OU2-27A, and the

maximum vinyl chloride concentration was 42 µg/L in well OLD-OU2-18B (Figure 4).

Iron concentrations exceeded the screening criterion in 5 surface water samples (SW29, SW33, SW30,

SW35, and SW36) collected in the drainage canals (see Figure 3). Manganese exceeded in one

sample (SW29).

3.4 Natural Attenuation Evaluation

Groundwater samples collected at the site during the March 2003 sampling event were analyzed for NA

indicator parameters to investigate the occurrence of conditions favorable for NA of the organic COCs in

the aquifer. The NA data are presented in Table 2.  The March 2003 sample results show consistently low

concentrations of the organic COCs in the shallow and intermediate portions of the aquifer in the northern

plume, but a significant increase in concentrations in the shallow portion of the aquifer in the southern

plume area (see Figures 3 and 4).  In the intermediate portion of the aquifer in the southern plume area,

concentrations of organic COCs exceeded GCTLs at eight well locations (OLD-OU2-18B, -27B, -28B,

-31B, -32B, –33B, -37B, -DP02B) (see Figure 4).  The concentrations of organics in the intermediate

portion of the aquifer were higher overall than in the shallow portion of the aquifer and were higher during

March 2003 than during any of the preceeding four quarters of sampling at several locations in the most

southern portion of the plume (e.g., OLD-OU2-18B).

The following discussion summarizes the NA indicator parameters that suggest that natural

biodegradation of the organic COCs is occurring in the aquifer.  The data are presented separately for the

shallow and intermediate aquifer depths, and only the key indicator parameter for wells located along the

longitudinal axes of the northern and southern plume areas of OU 2 are presented.  As indicated in the

following tables, the southern plume consists of two plume areas.  In addition to the NA parameter

summary data, hydrographs were prepared for monitoring wells within and around each of the plume

areas, separately for both shallow and intermediate depth wells, to help understand the hydrogeologic

setting and it’s potential impacts on the geochemistry of the aquifer (see Appendix B).
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NA Parameter Summary - Shallow Aquifer (March 2003)

Well(a) DO
mg/L

ORP
mV

NO3
mg/L

Diss. Fe
mg/L

SO4
mg/L

CH4
ug/L

H
nm/L

Ethene
ug/L

Ethane
ug/L

Cl
mg/L

29A 0.52 -19 <0.1 3.8 55.9 161.1 1.3 J 0.03 <0.01 55.6
30A <0.15 87 <0.1 T 33.6 2267.6 1 J 0.22 0.07 85.8
03A <0.15 -19 0.13/0.11 T <20 3729.6 2.2 J 0.03 0.15 <20N

or
th

Pl
um

e

02A <0.15 -43 <0.1 5.0 <20 3868.8 1.0 0.03 0.18 24

21A 0.50 86 <0.1 3.2 <20 <0.02 1.5 J <0.01 <0.01 <20
27A 0.48 24 <0.1 5.2 32.8 156.2 1.5 J 0.05 0.03 33.7

So
ut

h
Pl

um
e

31A 0.96 181 1.7 0.0 <20 4.6 2 J 0.01 <0.01 <20

21A 0.50 86 <0.1 3.2 <20 <0.02 1.5 J <0.01 <0.01 <20
32A 2.71 260 0.1 1.5 <20 0.4 1.8 J 0.04 <0.01 <20

So
ut

h
Pl

um
e

33A 1.29 181 1.7 0.0 <20 1.5 1.8 J 0.02 <0.01 <20
(a) Wells shown represent upgradient, in-plume, and downgradient wells, respectively along each plume axis.
T Elevated turbidity of groundwater prevented colormetric analysis.

NA Parameter Summary - Intermediate Aquifer (March 2003)

Well(a) DO
mg/L

ORP
mV

NO3
mg/L

Diss. Fe
mg/L

SO4
mg/L

CH4
ug/L

H
nm/L

Ethene
ug/L

Ethane
ug/L

Cl
mg/L

29B 0.63 -56 <0.1 3.0 <20 2.2 1.4 J <0.01 <0.01 <20

30B <0.15 -95 <0.1 6.4 <20 4188.5 1.8 J 0.10 0.23 93.1

03B <0.15 51 <0.1 3.0 <20 881.2 1.0 J <0.01 0.03 49.6N
or

th

Pl
um

e

02B <0.15 76 <0.1 4.2 24.4 97.6 1.4 J <0.01 <0.01 54.2

21B <0.15 -42 <0.1 4.2 <20 1637.8 50 J 0.03 0.09 <20

27B <0.20 -7 <0.1 2.0 40.6 1923.4 1.8 J 0.38 0.09 <20

So
ut

h
Pl

um
e

31B <0.15 -39 0.14 0.10 23.3 180.6 2.1 J 0.37 0.07 20.1

21B <0.15 -42 <0.1 4.2 <20 1637.8 50 J 0.03 0.09 <20

32B <0.15 -145 <0.1 1.1 <20 334.4 2.4 J 0.05 0.01 <20

33B <0.15 -158 <0.1 1.4 <20 1091.1 1.6 J 0.49 0.28 <20

18B <0.15 -141 <0.1 1.0 <20 795.7 2.3 J 5.11 0.43 <20

So
ut

h
Pl

um
e

DP02B 0.22 -82 <0.1 1.1 <20 1235.1 2.7 J 6.11 1.03 <20
(a) Wells shown represent upgradient, in-plume, and downgradient wells, respectively along each plume axis.

• The concentration of dissolved oxygen (DO) in groundwater across the plumes was typically less than

1.0 mg/L, but with some exceptions primarily in shallow wells in the southern plume area.  Recharge

to the aquifer that began in September 2002 (see Appendix B) appears to correlate with an influx of

oxygen to the groundwater, but the pronounced effect at wells OLD-OU2-31A, -32A, and –33A is not

readily explained by this mechanism alone.  Typically, DO concentrations below 1.0 mg/L indicate

conditions that tend to favor anaerobic reactions.  The oxidation–reduction potential (ORP) of the

aquifer was within the range favorable for anaerobic reactions (i.e., less than 250 millivolts) at nearly
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every location.  For most plume areas, the ORP in the intermediate portion of the aquifer was within

the negative range, between 0 and -199 millivolts than is indicative of iron and sulfate reduction

and/or methanogensis.  Like oxygen, ORP was relatively higher at shallow in-plume wells -31A, -32A,

and -33A in the south plume area.

• Ferrous iron (i.e., dissolved iron) concentrations were relatively high (typically 1 to 4 mg/L) at the in-

plume wells and the up-gradient wells.  This suggests that because oxygen is depleted the ferric iron

in the aquifer has been used as an electron acceptor under increasingly anaerobic conditions.  The

anomolusly low ferrous iron in the downgradient portions of the southern plume areas (i.e., wells -31A

and –33A) is consistent with the higher dissolved oxygen concentrations that are indicative of aerobic

conditions.  Again, it appears that geochemical conditions may have been affected by aquifer

recharge.

• Concentrations of sulfate were generally less than 20 mg/L, but several exceptions were noted in

both the shallow and intermediate portion of the aquifer (wells -29A, -30A, -27A, -27B, -028,

and -31B).  The relatively low sulfate concentrations indicate that sulfate is not over-competing for

electron donors. Persistent concentrations of sulfate >20 mg/L in the southern plume area

(i.e., wells –27A, -27B, and –31B) suggest that reductive dechlorination of the chlorinated COCs such

as PCE and TCE may be at a standstill; however, these COCs do not have a significant presence in

this area of the plume.

• The concentration of methane in many of the in-plume wells in the shallow (north plume) and

intermediate portion of the aquifer was greater than 500 µg/L.  These concentrations suggest that

methane is being produced as an end-product of the reductive dechlorination of the chlorinated

COCs.  However, the presence of methane also suggests that conditions are not favorable for the

oxidation of vinyl chloride (VC) and that this daughter product may accumulate in “strongly reduced“

areas within the aquifer.  As expected, methane production is very low in the more aerobic portions of

the plume (see DO discussion).  It was noted that VC was not detected in the aerobic plume areas

(wells –31A, -32A, and –33A) although VC was present at nearby up- or down-gradient wells.  The

presence of relatively high methane concentrations in the shallow, north plume area is not attributed

to reductive dechlorination, but may be related to other fermentative processes associated with

landfilled materials.

• The concentration of hydrogen in groundwater ranged between about 1 to 2.7 nanomoles per

liter (nm/L) in the in-plume and downgradient wells in both the shallow and intermediate portions of

the aquifer.  The concentration at upgradient well –21B (50 nm/L) is considered spurious data.  The

plume-well concentrations are characteristic of redox conditions that favor sulfate-reduction and is a
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good indicator that microbially-mediated reductive dechlorination is occurring. The high hydrogen

concentration at well 21A and the detection of 5.7 µg/L of TCE in this well during the December 2002

sampling event were not observed in March 2003 and suggest a temporal cause and effect event

related to high aquifer recharge prior to and during the December event.

In summary, the groundwater chemistry across the plume areas during the March 2003 sampling event

were generally indicative of anaerobic conditions that favor reductive dechlorination of chlorinated

compounds such as PCE, TCE, and DCE that are COCs.  In addition, benzene may be used as an

electron donor and thus destroyed during this process. On the other hand, aquifer conditions may be less

favorable for the in situ destruction of vinyl chloride; however, the transition zone from the aquifer to the

canal appears to facilitate geochemical conditions that prevent the discharge of COCs to surface water.  It

was noted that the March 2003 groundwater levels have fallen from the high levels observed during

December 2002.

4. GROUNDWATER EVALUATION SUMMARY

Five quarters of groundwater monitoring were conducted at OU 2 between March 2002 and March 2003.

A summary of NA indicator parameter results for samples collected from wells selected to represent each

of the plume areas at OU 2 has been presented in each quarterly report.  Figures 3 and 4 in this report

present the concentrations of all COCs that exceeded the screening criteria for OU 2 during all five

monitoring events.  In the northern plume area the COCs of concern are primarily iron and manganese

with only very low concentrations of benzene and vinyl chloride.  The northern plume area is defined by

concentrations of iron significantly greater than the background screening value (BSV) for McCoy Annex

(i.e. 1227 µg/L) and higher than on-site concentrations observed in wells OLD-OU2-22A and -22B

(maximum concentrations of 8050 and 1750 µg/L, respectively) that are upgradient of the landfill plume

area.  Within the iron plume, two wells showed concentrations of manganese above the screening level.

And, only one well showed concentrations of benzene and vinyl chloride above their screening level of

1 µg/L (i.e., well -03A) in the shallow aquifer, and two wells showed an exceedance of benzene in the

intermediate aquifer (i.e., wells 03B and -30B).  The maximum concentrations observed for these two

COCs were 7 µg/L and 4 µg/L, respectively.  The NA indicator parameters showed a persistent signature

of low dissolved oxygen, low ORP range, methane production, and available hydrogen in groundwater to

suggest a strongly reducing environment.  While these aquifer conditions may not be highly favorable for

microbial-mediated destruction of benzene and vinyl chloride, the low concentrations of these organics

present in the aquifer and their absence in surface water samples suggest that attenuation is limiting their

discharge to surface water.  On the other hand, iron is suspected to be a significant component of the

landfill material and geophysical surveys suggest the iron plume is related to landfill trenches in the
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northern plume area.  Therefore, the strongly reducing environment is likely to continue to support high

levels of dissolved (i.e., ferrous) and total iron in groundwater.  Surface water samples collected

immediately upstream and downstream of the area where the Northern plume contacts the drainage

canal did not indicate impacts from discharge of iron to surface water during the June, September, and

December 2002 sampling events (note: surface water samples were not collected in March 2002).

Anomalously high iron in both the upgradient and downgradient surface water samples detected during

the March 2003 event appears to be related to upgradient sources (or possibly sample turbidity).

The southern plume consists of a northern and southern section; the center lines of these areas are

approximately defined by the well sets shown in the NA Parameter Summary tables (see above).

Although iron exceeds the BSV in many of the southern plume wells, as documented in the RI and FS

reports, the concentrations observed are consistent with locally high iron (both on- and off-site) and are

attributed to reducing aquifer conditions; as such, iron is not considered a COC in either of the southern

plume areas, although it was monitored and the results have been presented (TtNUS, 2001b).   As

described above for the northern plume area, high iron in surface water appears to be the exception and

related to episodic events rather than the continual discharge from groundwater.  As can be seen in

Figures 3 and 4, high iron is much more prevalent in the intermediate aquifer depth which appears to be

even more strongly reduced than the shallow aquifer.

The northern section of the southern plume is defined primarily by benzene and VC in the intermediate

aquifer.  Only one shallow well, -27A, contained a persistent exceedance of these COCs during the five

quarters of sampling (one exceedance was observed at well -21A only during Dec-02).  Because well

-27A is located away from the drainage canal in what is considered to be a recharge area for the local

water-table aquifer, the benzene is likely the result of residual contamination in landfill material that was

detected in the area.  However, because trenches used to bury waste likely extended below the current

water table, it appears that most of the source material is impacting the lower portion of the water table

aquifer (i.e., COCs primarily detected in the intermediate wells).  The NA indicator parameters for this

plume area showed a persistent signature of low dissolved oxygen, low ORP range, methane production,

and available hydrogen in groundwater and suggest a strongly reducing environment.  While these

aquifer conditions may not be highly favorable for microbial-mediated destruction of benzene and vinyl

chloride, the relatively low concentrations of these organics (max. benzene = 17.9 µg/L;  max. VC =

6.6 ug/L) present in the aquifer and their absence in surface water samples suggest that attenuation is

limiting their discharge to surface water.  It was noted that the most downgradient portion of the shallow

portion of the plume (i.e., well -31A location) appears to be less reducing (e.g., higher DO, lower

methane) that may aid in limiting the discharge of benzene and VC by means of increased oxidation at

the groundwater/surface water interface (hyporheic zone).  This zone of exchange is an ecotone that lies
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between the surface water and groundwater environments (Hayashi, 2002) and is often characterized by

higher “dissolved oxygen provided by surface water exchange, particulate organic carbon occasionally

reburied by streambed deposition, dissolved organic carbon in groundwater, and microbes that are

typically associated with organic particles or biofilms that coat inorganic sediment particles.”

The southern section of the southern plume area is defined primarily by PCE and TCE (thought to be

components of land filled wastes) and their daughter products cis-1,2-dichloroethene and VC.  The

strongest source area is located adjacent to the southern portion of the drainage canal (i.e., well -18B)

where groundwater discharges to the canal and persistently lower concentrations of COCs have been

detected at wells located in more upgradient, recharge areas of the aquifer.  As described above for the

northern section of the southern plume, only one shallow well, -DP02A, contained an exceedance of

COCs during the five quarters of sampling.  Because well -DP02A is located adjacent to the drainage

canal in what is considered to be a discharge area for the local water-table aquifer, the COCs at this

location are considered to reflect upward flow of the deeper  contaminated groundwater toward the canal.

As described above for the northern section of the southern plume area, the NA indicator parameters for

this plume area showed a persistent signature of low dissolved oxygen, low ORP range, methane

production, and available hydrogen in groundwater and suggest a strongly reducing environment.  These

aquifer conditions may be highly favorable for microbial-mediated destruction of PCE and TCE and may

be responsible for the relatively low concentrations observed in wells located away from the canal.  A

reduction in the concentration of COCs between closely-spaced intermediate wells (i.e. -18B and DP02B)

and in a shallow/intermediate well pair located adjacent to the canal (i.e. DP02A and -02B) indicates that

attenuation processes are reducing the contaminant mass prior to groundwater discharge.  It was also

noted that the shallow portion of the plume (i.e., well -32A and -33A locations) appears to be less

reducing (e.g., higher DO, lower methane) that may aid in limiting the discharge of benzene and VC by

means of increased oxidation processes.  And, the hyporheic zone that lies between the surface water

and groundwater environments (see description above) appears to be providing additional attenuation

that further limits the discharge of COCs to the canal.  COCs were not detected in any of the surface

water samples collected immediately adjacent to wells -18B, -DP02B, and -DP02A (i.e., SW35 location).
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APPENDIX A

GROUNDWATER SAMPLE LOG SHEETS
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APPENDIX C 
 

AREAS AND VOLUMES 
 
 

C-1: NORTH GROUNDWATER PLUME – VOCs 
 
C-2: NORTH GROUNDWATER PLUME – INORGANICS 
 
C-3: SOUTH GROUNDWATER PLUME – SHALLOW VOCs 
 
C-4: SOUTH GROUNDWATER PLUME – INTERMEDIATE VOCs 



TABLE C-1

AREAS AND VOLUMES OF NORTH GROUNDWATER PLUME
INTERMEDIATE ZONE VOCs

OPERABLE UNIT 2

 NAVAIL TRAINING CENTER
ORLANDO, FLORIDA

Rev. 1
07/30/03

VOC CONTAMINATED GROUNDWATER - INTERMEDIATE ZONE *

Plume Areas Aquifer 
Porosity

Plume Depth 
(feet)

Measured Plume 
Area (sq. feet)

Plume Volume  
(gallons)

Plume at wells MW-02 and -03 
area and upgradient; intermediate 
aquifer zone only

0.3 12.5 278,400 7.81E+06

Totals 278,400 7.8E+06

* Areas delineated in Figure 3-2.
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TABLE C-2

AREAS AND VOLUMES OF NORTH GROUNDWATER PLUME
SHALLOW AND INTERMEDIATE ZONE INORGANICS

OPERABLE UNIT 2

 NAVAIL TRAINING CENTER
ORLANDO, FLORIDA

Rev. 1
07/30/03

INORGANIC CONTAMINATED GROUNDWATER - SHALLOW & INTERMEDIATE ZONES *

Plume Areas Aquifer 
Porosity

Plume Depth 
(feet)

Measured Plume 
Area (sq. feet)

Plume Volume  
(gallons)

Plume at wells MW-02 and -03 
area and upgradient; shallow and 
intermediate aquifer zones

0.3 25 521,600 2.93E+07

Plume at wells MW-06 area; 
shallow aquifer zone only 0.3 12.5 31,416 8.81E+05

Totals 553,016 3.0E+07

* Areas delineated in Figure 3-2.
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TABLE C-3

AREAS AND VOLUMES OF SOUTH GROUNDWATER PLUME
SHALLOW ZONE VOCs

OPERABLE UNIT 2

 NAVAIL TRAINING CENTER
ORLANDO, FLORIDA

Rev. 1
07/30/03

VOC CONTAMINATED GROUNDWATER - SHALLOW ZONE *

Plume Areas Aquifer 
Porosity

Plume Depth 
(feet)

Measured Plume 
Area (sq. feet)

Plume Volume  
(gallons)

Plume at DPT Locaton P9 0.3 12.5 10,625 2.98E+05

Plume at DPT Locatons P4, P5, 
P6, P7 0.3 12.5 75,625 2.12E+06

Plume at DPT Locatons P23 - 
P33, and wells MW-18, DP02 0.3 12.5 171,875 4.82E+06

Totals 258,125 7.2E+06

* Areas delineated in Figure 3-3.
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TABLE C-4

AREAS AND VOLUMES OF SOUTH GROUNDWATER PLUME
INTERMEDIATE ZONE VOCs

OPERABLE UNIT 2

 NAVAIL TRAINING CENTER
ORLANDO, FLORIDA

Rev. 1
07/30/03

VOC CONTAMINATED GROUNDWATER - INTERMEDIATE ZONE *

Plume Areas Aquifer 
Porosity

Plume Depth 
(feet)

Measured Plume 
Area (sq. feet)

Plume Volume  
(gallons)

Plume at well MW-11B 0.3 12.5 30,000 8.42E+05

Plume at DPT Locatons P1 - P14, 
P40 - P44, and P26 - P28 0.3 12.5 778,125 2.18E+07

Plume at DPT Locatons P23, P29 
- P33, and wells MW-18, DP02 0.3 12.5 199,375 5.59E+06

Totals 1,007,500 2.8E+07

* Areas delineated in Figure 3-4.
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SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR 
LANDFILL MATERIAL AND GROUNDWATER 



Rev. 1 
07/30/03 

470801005 D-1 CTO 0024 

APPENDIX D 
 

SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR LANDFILL 
MATERIAL AND GROUNDWATER 

 

Technologies and process options are identified under each General Response Action (GRA) and 

screened at a preliminary level to focus on relevant technologies and process options.  Screening is 

conducted at a more detailed level based on certain evaluation criteria.  Finally, process options are 

selected to represent the technologies that have passed the detailed evaluation and screening.  Various 

technologies are identified for addressing landfill material and groundwater.  Tables D-1 and D-2 

summarize the preliminary screening of technologies and process options applicable to landfill material 

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

provide a brief description of each process option followed by the screening comments.  All technologies 

and process options that are not eliminated because of implementation concerns will be evaluated in 

greater detail in Section D.2.   
 

D.1 EVALUATION CRITERIA 

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

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

descriptions of the evaluation criteria: 
 

• Effectiveness 

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

permanence of solution 

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

− Ability of the technology to meet the remediation goals identified in the remedial action objectives 

− Technical reliability (innovative vs. well-proven) with respect to contaminants and site conditions 
 
• Implementability 

− Overall technical feasibility at the site 

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

− Administrative feasibility 

− Special long-term operation and maintenance (O&M) requirements 
 

• Cost (Qualitative) 

− Capital cost 

− O&M costs



 

 

R
ev. 1

07/30/03

470801005 
D

-2
C

TO
 0024 

 

TABLE D-1 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES FOR LANDFILL MATERIAL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 2 
 

General Remedial 
Action 

Remedial 
Technology 

Process Options Description General Screening Comments 

No Action None Not Applicable No remedial actions taken. Retained.  Required under CERCLA.  
Will be considered for baseline 
comparison. 

Institutional Controls Access Restrictions Land Use Controls 
(LUCs) 

LUCs for property would include 
restrictions on excavation/construction or 
future land use or groundwater use. 

Retained.  LUCs are viable and will be 
considered where no active remedial 
measures are feasible or presumptive 
remedy is warranted.  

  Fencing Setting up physical barriers to limit access 
to the site and prevent unauthorized entry 
to the site. 

Retained. Will be applied to areas 
where special restrictions are required.

Monitoring Monitoring Monitoring Periodic monitoring of environmental 
media to assess contaminant migration 
and future environmental impacts.  

Retained. Monitoring is effective to 
assess various aspects of presumptive 
remedy implementation (e.g., cover 
thickness, off-site migration of waste). 

Containment Soil Cover Native Soil Layer of native soil is placed over the site 
to reduce human exposure to landfill 
contents. Presumptive remedy for landfills 
requires a cap and FDEP regulations 
require a soil barrier layer at least 18 
inches thick to sustain vegetation that 
controls erosion. The soil layer also 
reduces migration of contaminants.  

Retained.  Existing native soil cover 
would be used. 

 Cap Clay Cap/Synthetic 
Membrane/Multi-
layer/Asphalt/Concrete 

Use of low permeability materials 
constructed over the site to provide a 
barrier to water infiltration; also prevents 
direct contact with landfill contents and 
migration of contaminants. 

Retained. Would prevent infiltration 
and provide a barrier for potential 
human exposure pathway. Would 
provide better protection against 
erosion compared to soil cover thus 
preventing migration of waste 
contaminants into surface water.  
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TABLE D-1 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES FOR LANDFILL MATERIAL 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 2 
 

General Remedial 
Action 

Remedial 
Technology 

Process Options Description General Screening Comments 

Containment 
(Continued) 

Vertical Barrier Slurry Wall Retained. Will be addressed along with 
contaminated groundwater. 

Retained. Will be addressed along 
with contaminated groundwater. 

  Sheet Piling Driving interconnecting lengths of steel 
into the ground around the waste area to 
form a thin, impermeable barrier.  
Requires integration with confining layer 
to be effective. 

Retained. Will be addressed along 
with contaminated groundwater. 

 Horizontal Barrier Grout Injection Pressure injection of cement to reach the 
bottom of the waste materials to reduce 
contamination to groundwater. 

Eliminated. Some of the waste is 
already in saturated zone. 
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TABLE D-2 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 3 
 

General Remedial 
Action 

Remedial 
Technology 

Process Options Description General Screening Comments 

No Action 
 

None Not Applicable No remedial actions taken. Retained.  Required under CERCLA.  Will 
be considered for baseline comparison. 
 

Institutional Controls Access Restrictions Land Use Controls 
(LUCs) 

Zoning regulations in the area of groundwater 
contamination would involve restrictions on 
groundwater use and installation of new wells. 

Retained.  LUCs are viable and will be 
considered where no active remedial 
measures are required due to limited 
contamination or no elaborate remedial 
measure warranted and/or in combination 
with any technology where contaminants 
exceeding remedial action objectives remain 
in place. 

Monitoring Monitoring Groundwater 
monitoring 

Periodic monitoring of residential wells and 
monitoring wells in the area of potential 
groundwater contamination. 

Retained.  Groundwater monitoring is viable 
for assessing the effectiveness of natural 
attenuation, containment, or treatment 
measures during and following 
implementation of remedial measures. 

Containment Hydrodynamic Control Extraction Wells Control of plume migration by a system 
consisting of extraction of the contaminated 
groundwater. 

Eliminated.  Extraction wells placed on the 
downgradient edge may be used to prevent 
groundwater plume migration to new area; 
however, they are not effective as physical 
barriers. 

  Collection Trench Control of plume migration by a collection trench 
and extraction of the contaminated groundwater.

Eliminated.  Collection trench placed on the 
downgradient edge may be used to prevent 
groundwater plume migration to new area; 
however, they are not effective as physical 
barriers. 

 Subsurface Barriers Slurry Wall Trench around areas of contamination is filled 
with a soil (or cement) bentonite slurry to 
obstruct/divert the groundwater flow. 

Retained.  Containment of groundwater 
would be required as part of the 
presumptive remedy.  A confining clay layer 
exists at 30 feet bgs. 
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TABLE D-2 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 2 OF 3 
 

General Remedial 
Action 

Remedial 
Technology 

Process Options Description General Screening Comments 

Containment 
(continued) 

Subsurface Barriers 
(continued) 

Grout Curtain Pressure injection of grout in a regular pattern of 
drilled holes.  Requires integration with confining 
layer to be effective.  

Retained.  

  Sheet Piling 
 

Driving interconnecting lengths of steel into the 
ground to form a thin, impermeable barrier.  
Requires integration with confining layer to be 
effective. 

Retained. Subsurface (sandy soil) at the site 
is more amenable to sheet piling. 

Removal Extraction Extraction Wells Series of pumping wells to extract contaminated 
groundwater. 

Retained.  Collection wells are effective to 
address limited extent of contamination. 

  Collection Trenches Perforated pipe in trenches backfilled with 
porous media to collect groundwater.  May 
include sumps and gravity drains. 

Retained.  Collection trenches are effective to 
address limited extent of contamination in 
shallow aquifers. 

In Situ Treatment Bioremediation Aerobic Degradation of organics using microorganisms 
in an oxygen-enriched environment. 

Retained.  Will be considered for areas with 
organic compound contamination. 

  Anaerobic Degradation of organics using microorganisms 
in an oxygen-deficient environment. 

Retained.  Will be considered for areas with 
chlorinated organic compound contamination. 

In Situ Treatment Physical / Chemical  Air Sparging Injection of air below the water table.  Rising 
bubbles volatilize dissolved and adsorbed phase 
contaminants and transport them to the vadose 
where they are removed by a method of 
collection such as vapor extraction or by in situ 
aerobic degradation.   

Retained.  Will be considered for shallow 
areas with organic compound contamination. 

  Permeable Reactive 
Barriers (PRBs) 

An in situ barrier composed of a permeable 
reactive material that reacts with the 
contaminants in the water, reducing their 
concentrations by physical and chemical 
processes. 

Retained.  Treatment is effective for 
chlorinated organic compounds. 

Ex Situ treatment (On-site) Bioremediation Aerobic Degradation of organics using microorganisms 
in an oxygen-enriched environment. 

Eliminated because metals and chlorinated 
organic compounds will be unaffected. 

 Physical / Chemical Precipitation Conversion of heavy metals into insoluble solid 
forms through the addition of precipitating 
agents such as hydroxides and sulfides. 

Retained.  Will be considered for metals 
removal. 

  Air Stripping Mixing large volumes of air with groundwater in 
a packed column or aerated basin to promote 
transfer of VOCs to air. 

Retained. Will be considered for the VOC 
removal. 
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TABLE D-2 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 3 OF 3 
 

General Remedial 
Action 

Remedial 
Technology 

Process Options Description General Screening Comments 

Ex Situ treatment (On-site) 
(continued) 

Physical / Chemical 
(continued) 

Steam Stripping Mixing large volumes of steam with groundwater 
in a packed column or aerated basin to promote 
transfer of VOCs to air. 

Eliminated because the technology is 
ineffective for metals. 

  Flocculation/ 
Coagulation 

Use of chemicals to neutralize surface charges 
and promote particle size growth. 

Retained. 

  Filtration Removal of suspended solids by passing 
contaminated water through a filter media. 

Retained. 

  Adsorption Adsorption of contaminants onto activated 
carbon by passing water through carbon 
column. 

Retained to address low concentrations of 
contaminants. 

  Oxidation Chemical oxidation (increase in oxidation state) 
of chemicals into less toxic or soluble forms 
through the use of oxidizing agent(s).  Includes 
ozone, UV light, peroxide, potassium 
permanganate, and manganese oxidation. 

Retained. Will be considered for the VOC 
removal. 

Disposal Surface Discharge Direct to local stream  Treated groundwater discharged to local 
streams. 

Retained.  Permitted discharge will be made 
to a flowing local surface  water body (through 
canals into Lake Gillooly). 

  Discharge to local 
treatment facility 

Treated groundwater discharged to local 
Publicly Owned Treatment Works (POTW). 

Retained. Permitted discharge will be made to 
address low concentrations of VOCs and 
metals. 

 Subsurface Discharge Injection wells Series of injection wells to discharge 
collected/treated groundwater to subsurface.  
Requires regulatory approval. 

Eliminated.  Reinjection of untreated 
groundwater is not a viable option.  
Reinjection of treated water may be 
appropriate.   

  Infiltration 
Gallery/Ponds 

Treated water discharged into vadose zone at 
an upgradient location. 

Retained. Permitted discharge of treated 
water would allow conservation of water as 
well as flushing of source areas. 
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All of the items listed above may not apply directly to each technology and, therefore, will be addressed 

only as appropriate.  Screening evaluations at this stage generally focus on effectiveness and 

implementability, with less emphasis on cost evaluations.  Technologies whose use would be precluded 

by waste characteristics and inapplicability under the given site conditions are screened out and 

eliminated from further consideration.  Each technology presented in this section is not necessarily 

intended to be implemented alone because it may be combined with other technologies into remedial 

action alternatives.   

 
D.2 FINAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS FOR LANDFILL 

MATERIAL AND GROUNDWATER 
 

D.2.1 Technologies and Process Options for Landfill Material 
 

The final screening of technologies and process options is based on the evaluation criteria described in 

Section D.1.  The following are the technologies and process options for landfill material that passed 

preliminary screening and remain for final screening. 
 

General Response Action Remedial Technology Process Options 
No Action No Action None 
Institutional Controls Access Restrictions 

 
LUCs 
Fencing 

Monitoring Monitoring Cover/cap monitoring 
Groundwater monitoring 

Containment Soil Cover 
 
 
Cap 
 
 
 
Vertical Barrier 

Native Soil cover 
Clay 
 
Synthetic Membrane 
Asphalt 
Concrete 
 
Slurry wall 
Sheet Piling 

 

D.2.1.1 No Action 

No Action consists of maintaining status quo at the site.  Any current ongoing remedial activity at the site 

would be discontinued. No Action is retained as a baseline for comparison purposes. 
 

Effectiveness 

 

No action would not be effective in achieving the Remedial Action Objectives (RAOs) for surface soil 

where human exposure to impacted surface soil would continue.  Migration of landfill material to the 

adjacent surface water and contamination to groundwater would continue. 
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Implementability 

 

There are no implementability concerns with no action. 
 

Cost 

 

There are no costs associated with no action. 
 
Conclusion 

 

No action is retained as required by the National Oil and Hazardous Substances Pollution Contingency 

Plan (NCP) to provide a baseline comparison. 

D.2.1.2 Institutional Controls (Land Use Controls) and Monitoring 

 

Land use controls (LUCs) are rules, directives, policies, and other measures (e.g., preventing the usage 

of groundwater and drilling new wells, and posting signs) adopted by the appropriate authorities in a 

manner consistent with applicable Federal, state, and local laws.  Land use at Operable Unit (OU) 2 is to 

remain industrial.  LUCs would be implemented to ensure that access to the site is restricted during 

cleanup and to ensure appropriate future land use (e.g., restrictions on groundwater wells) once the 

remediation is complete. 

 

Monitoring, which would involve the collection of environmental samples such as groundwater and 

surface water, followed by analysis for target contaminants, could be conducted to assess the trends of 

contaminants in those media.  Monitoring would also ensure that necessary steps are taken to make sure 

that LUCs are in place.  Monitoring of cap/cover would include periodic inspection and maintenance of the 

cover. 
 

Post-action assessments, 5-year reviews, and other evaluation activities may be required to develop 

complete alternatives. 

 

Effectiveness 

 

LUCs would be partially effective.  Fencing and security gates may be effective in minimizing human 

exposure, but would not be effective for protecting people from using contaminated groundwater.  Site 

wastes would continue to erode and impact the surrounding areas.  Site development restrictions, such as 

allowing only nonresidential development, would be effective in reducing exposure risks.  Restrictions could 
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be implemented to prohibit use of groundwater as a drinking water source.  Residential use of the 

groundwater is unlikely due to low water quality of shallow aquifer.  Restrictions for prohibiting unauthorized 

intrusive activity could include a provision for site workers to wear proper personal protective equipment 

(PPE) during remedial activities. 
 

Sampling and analysis of environmental media by themselves would be ineffective in minimizing the 

migration of contaminants in the environment, but they can be used for assessing the migration of 

contaminants.  In particular, they can be used to determine if actual migration of contaminants is 

occurring or if contaminants are attenuating through natural processes such as biodegradation, 

advection, adsorption, and dilution.  Sampling and analysis of environmental samples would also be 

required to aid in assessing the effectiveness of remedial activities.  
 
Implementability 

 

LUCs listed above are readily available and would be implementable.  Site access and development 

restrictions could be implemented by incorporating the restrictions into the future plans for the site.  

Sampling equipment and analytical test methods are readily available and implementable. 
 

Cost 

 

Costs of access/use restrictions would be low.  Costs associated with sampling and analysis are also low 

to moderate. 
 

Conclusion 

 

Retain the use of institutional controls to enforce access/use restrictions.  Controls could include 

restrictions on unauthorized intrusive activities, groundwater usage, and residential development.  

Monitoring could be implemented to ensure that remedial actions are effective.  These controls could be 

considered as a stand-alone option or could be used in conjunction with other remedial alternatives 

addressed in this Feasibility Study. 
 

D.2.1.3 Containment 
 

The technologies considered under containment are native soil cover, capping, and vertical barrier using 

slurry wall. These remedial technologies, when combined with other process options, serve different 

purposes in containment.  The implementation of containment would be consistent with the application of 

the landfill presumptive remedy. 
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D.2.1.3.1 Soil Cover 

 

Native soil cover consists of 18- to 24-inch-thick cover and acts as a barrier for the landfill material.  The 

soil cover provides protection against direct contact risk and sustains vegetation to control erosion of the 

cover material.  As part of the presumptive remedy, the landfill material should be covered with adequate 

barrier.  Currently most of the areas of landfill at OU 2 consist of native soil cover.  For areas with no 

adequate cover, additional cover material was added during the interim measures (Bechtel, 2000). 

 

Effectiveness 

 

Soil covers act as physical barriers and can be effective in reducing risk associated with human exposure 

to contaminated media beneath the cap. They are not effective in preventing the infiltration of 

rainfall/surface water runoff into the landfill material beneath the cover. 
 
Implementability 

 

Soil cover is a common remedial technology and would be fully implementable.  If additional cover 

materials are needed, native soil materials are readily available and it is anticipated that borrow sources 

can be identified relatively close to the base.  
 

Cost 

 

Costs of soil covers are low. O&M costs for soil covers are also low. 
 

Conclusion 

 

Native soil cover is retained for development as an alternative.  This technology meets part of the 

requirements of the presumptive remedy for landfills. 

 

D.2.1.3.2 Capping 

 

Multilayer caps consist of layers of soil, clay, and/or synthetic materials placed over contaminated areas. 

Materials used in the construction of such caps include clay or synthetic, low-permeability material such 

as linear low-density polyethylene or polyvinyl chloride (PVC).  Low-permeability caps composed of 

synthetic material or clay are also suited for reducing contaminant migration to groundwater due to rainfall 

infiltration and surface runoff.  The purposes of a cap at OU 2 would be to minimize the potential for 
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human contact with the soil, to reduce erosion of impacted surface soil as a result of surface water runoff 

and wind, and to minimize infiltration and vertical containment migration.  Biotic barriers to impede 

burrowing animals would also be considered during design of an appropriate cap system. 
 

Effectiveness 

 

Multilayer caps as a physical barrier can be effective in reducing risk associated with human exposure to 

contaminated media beneath the cap.  Multilayer caps can also be effective in reducing the infiltration of 

rainfall/surface water runoff into the landfill material beneath the cover, which in turn reduces vertical 

contaminant migration. 
 
Implementability 

 

Capping is a common remedial technology and would not be easy to implement because part of the site 

is an active golf course.  Synthetic materials are readily available from several vendors and the materials 

are commonly used.  It is anticipated that borrow sources can be identified relatively close to the base.  

The main concern with the implementation of the cap would be to tear up the entire golf course and 

maintenance of the cap under the influence of natural (e.g., storms and burrowing animals) and human 

(e.g., golfing) interferences.  Controlling vertical migration of infiltrated water would not be beneficial 

because part of the landfill material is already under saturated media.  
 

Cost 

 

Costs of caps are moderate to high, depending on the materials and labor involved in placement.  O&M 

costs for caps are typically low to moderate. 
 

Conclusion 

 

Multilayer capping is not retained for development as an alternative because a portion of the landfill 

material is already in a saturated zone and control of infiltration would be of no avail. 
 

D.2.1.3.3 Slurry Walls and Sheet Piles 

 
Slurry walls and sheet piles as physical barriers have been successfully used to contain landfill material 

and prevent contamination to groundwater as well as to control the flow of noncontaminated groundwater 

through a contaminated area.  Subsurface barriers control the horizontal migration of contaminants.  
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Impermeable bentonite slurry or grout replace extracted soil to form a barrier after the slurry or grout sets 

up.  Sheet piles are interconnecting steel sections driven in place to form a barrier. 

 
Subsurface barriers are most effective when used in a situation where a natural impermeable subsurface 

exists, such as unfractured bedrock or clay.  This subsurface serves to control vertical and horizontal 

migration of contaminants from the bottom and sides of the contaminated area.  A confining layer of clay 

exists at OU 2 at a depth of 30 ft below ground surface (bgs). 

 
Effectiveness 

 

Vertical barriers would potentially be effective at preventing exposure of landfill material to surrounding 

groundwater and controlling the off-site migration of contaminated groundwater.  The vertical barriers 

would have to surround the entire landfill material area to be totally effective.  At OU 2, contaminated 

groundwater exists at the downgradient boundary of the landfill. Vertical barriers would be effective in 

preventing further migration of contaminated groundwater.  

 

Implementability 

 

In general, slurry wall and sheet piles are implementable, although, because of the large area involved, it 

would be relatively difficult to implement a slurry wall.  Existing golf course and drainage canals increase 

the complexity of implementing a slurry wall.  

 
Cost 

 

The costs associated with vertical barriers are high.   

 
Conclusion 

 

Slurry walls would be difficult to implement.  Sheet piles are retained for further consideration in 

conjunction with groundwater containment and collection.  
 

D.2.2 Technologies and Process Options for Groundwater 
 

The final screening of technologies and process options is based on the evaluation criteria described in 

Section D.1.  The following are the groundwater technologies and process options that passed 

preliminary screening and remain for final screening. 
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General Response Action Remedial Technology Process Options 

No Action No Action None 
Institutional Controls Access Restrictions 

Water use Restrictions 
LUCs 
 

Monitoring Monitoring Monitoring 
Containment 
 
 

Subsurface Barriers 
 
 

Slurry Wall 
Grout Curtain 
Sheet Piling 

Removal Extraction Extraction Wells 
Collection Trench 

In situ Treatment Physical/chemical 
 
Bioremediation 

Permeable Reactive Barrier 
 
Natural Attenuation 
Enhanced Biodegradation 

Ex situ Treatment Physical/chemical Precipitation/Filtration/ 
Flocculation/Coagulation 
Air stripping, Adsorption, 
Oxidation 

Disposal Surface Discharge 
 
 
 
Subsurface Discharge 

Direct to local stream 
Discharge to local treatment 
facility 
 
Infiltration gallery 

 

D.2.2.1 No Action 

No action consists of maintaining status quo at the site.  No action is retained as a baseline for 

comparison purposes. 
 
Effectiveness 

 

No action would not be effective in achieving the RAOs for groundwater where human exposure to 

impacted groundwater would continue.  Migration of groundwater chemicals of concern (COCs) to surface 

water would continue. 
 

Implementability 
 

There are no implementability concerns with no action. 
 
Cost 

 

There are no costs associated with no action. 
 

Conclusion 
 

No action is retained as required by the NCP to provide a baseline comparison. 
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D.2.2.2 Institutional Controls (Land Use Controls) 
 
Institutional controls (LUCs) are measures for reducing contact with contaminated groundwater and 

prohibit the use of contaminated groundwater in the future.  

 
Effectiveness 

 

LUCs are partially effective.  On-site workers are not exposed to contaminated groundwater. However, 

contaminated groundwater will continue to migrate off base at levels above the preliminary remediation 

goals (PRGs).  Potential impacts to human health and the environment during implementation and 

reliability of the process are not applicable to this option. 

 
Implementability 

 

LUCs are readily implementable. 

 
Cost 

 

Only minimal costs are associated with LUCs. 

 
Conclusion 

 

LUCs are partially effective and implementable.  As a result, LUCs are retained for further consideration 

in combination with other technologies that address the contaminated groundwater. 

D.2.2.3 Monitoring 

 
Monitoring consists of sampling and analysis of groundwater to detect and follow contaminant migration.  

Monitoring is used to confirm groundwater flow modeling and to identify other potential locations of 

contaminants. 

 
Effectiveness 

 

Groundwater monitoring should be effective in evaluating contaminant migration. Sampling and analysis 

of environmental media by themselves are ineffective in minimizing the migration of contaminants in the 

environment, but they can be used for assessing the migration of contaminants.  In particular, they can be 

used to determine if actual migration of contaminants is occurring or if contaminants are attenuating 
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through natural processes such as biodegradation, advection, adsorption, and dilution.  Sampling and 

analysis of environmental samples would also be required to aid in assessing the effectiveness of 

remedial activities.  

 

Implementability 

 

Monitoring is readily implementable.  Permits are not required unless wells are to be installed.  Equipment 

and resources are readily available to conduct this work.  

 

Cost 

 

The costs associated with monitoring are low. 

 

Conclusion 

 

Monitoring is partially effective and would be implementable.  As a result, monitoring is retained for further 

consideration in combination with other technologies which would address the contaminated 

groundwater. 

 

D.2.2.4 Containment - Subsurface Barriers  

 
Slurry walls, grout curtains, or sheet piles as physical barriers have been successfully used to contain 

contaminated groundwater or leachate as well as to control the flow of noncontaminated groundwater 

through a contaminated area.  Subsurface barriers control the horizontal migration of contaminants.  

Impermeable bentonite slurry or grout replace extracted soil to form a barrier after the slurry or grout sets 

up.  Sheet piles are interconnecting steel sections driven in place to form a barrier.  Subsurface barriers 

require keying into a confining layer to be effective.  A confining clay layer exists at OU 2 at a depth of 

30 ft bgs. 

 

Subsurface barriers are most effective when used in a situation where a natural impermeable subsurface 

exists, such as unfractured bedrock or clay.  This impermeable layer along with the subsurface barrier 

would control vertical and horizontal migration of contaminants from the bottom and sides of the 

contaminated area.   
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Effectiveness 

 

Vertical barriers would potentially be effective at controlling the off-site migration of contaminated 

groundwater.  The vertical barriers would have to surround the entire area of groundwater contamination 

and need excavation below the base of the intermediate aquifer.  At OU 2, contaminated groundwater 

exists at the downgradient boundary of the landfill.  Vertical barriers would be effective in preventing 

further migration of contaminated groundwater.  

 

Implementability 

 

In general, slurry wall and sheet piles are implementable, although, because of the large area involved, it 

would be relatively difficult to implement a slurry wall.  Existing golf course and drainage canals increase 

the complexity of implementing a slurry wall.  Resource Conservation and Recovery Act (RCRA)-type 

permits would likely be required for this technology.  In addition, permits for the disposal of water 

collected during the operation as well as contaminated soil generated during the implementation may be 

required.  These permits should be obtainable.  Facilities are available to accept the contaminated water 

and soils. 

 
Cost 

 

The costs associated with vertical barriers are high.   

 

Conclusion 

 

Slurry walls would be difficult to implement.  Sheet piles are retained for further consideration in 

conjunction with landfill material isolation.  

 

D.2.2.5 Removal - Extraction  
 
Extraction involves accumulating and removing affected groundwater from the subsurface. 

 

D.2.2.5.1 Extraction Wells 

 
Extraction wells are a flexible and versatile method of controlling/collecting groundwater.  The well system 

configuration depends upon the depth of contamination and the hydrogeologic characteristics of the 
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aquifer.  The wells can have individual pumps or be connected to a header pipe and pumped by a central 

pump. 

 
Effectiveness 

 

Groundwater collection and extraction with a well system has been successfully used in a wide variety of 

site conditions.  The spacing, size, and number of wells can be adjusted to handle most subsurface 

conditions and various volumes of contaminated groundwater. 

 
Implementability 

 

Numerous experienced contractors are available to drill and install well systems.  No permits are required 

for drilling and development of wells within the near-surface aquifer, but contractors must provide the 

regulators with locations, logs, and well development specifics after installation.  Well installation does not 

require heavy equipment or large open areas.  In addition, well installation will not generate significant 

volumes of waste. 

 
Cost 

 

Capital cost factors for well systems are site-specific and based on factors such as drilling and 

development requirements, aquifer properties, hydraulic conductivity, pump type, and instrumentation.  

O&M includes periods and durations of pumping, water chemistry, and electrical power consumption. 

 
Conclusion 

 

Extraction well systems are retained for further consideration. 

 

D.2.2.5.2 Collection Trench 

 
A collection trench is used to intercept and convey groundwater by gravity flow.  The major components 

of a collection trench are: 

 

 • Filter-permeable material used to convey flow from the aquifer to the collector 

 • Collector-ditch or pipe used to convey flow to a wet well or gravity outfall 

 • Wet well tank, sump, or standpipe used to store water for pumping to discharge or treatment 
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Trenches are placed perpendicular to flow and create a continuous zone of depression that collects 

groundwater.  This system should not be located near a stream or a surface water body because of the 

potential of collecting water from the stream. 

 
Effectiveness 

 

Properly constructed collection trenches provide reliable and continuous collection in most subsurface 

conditions.  They are more effective where the contaminated groundwater plume is widespread and can 

effectively be collected at a specified location. In these instances, collection trenches would effectively 

replace multiple extraction wells.  Numerous experienced contractors are available to install collection 

trenches required for the specific hydrologic conditions. 

 
Implementability 

 

Subsurface trench installation requires heavy construction and sufficient area for staging and 

maneuvering.  Installation requires significant excavations that must be braced and shored and will 

generate significant amounts of landfill material that may expose workers to contaminants.  

 
Cost 

 

Capital costs for collection trenches are dependent on the volume of water to be handled, dimensions, 

type of excavated material, drain type, and instrumentation requirements.  O&M cost factors depend on 

periods and duration of pumping, water chemistry, and electrical power consumption. 

 
Conclusion 

 

Groundwater contamination at OU 2 is isolated and not detected throughout the site.  The contamination 

is limited to certain locations of the site.  Therefore, trench systems would not be cost effective for the 

collection of groundwater.  Collection trenches are not retained for further consideration. 

 

D.2.2.6 In Situ Treatment 
 
In situ treatment is a process that provides treatment of the groundwater contaminants within the 

subsurface itself. There would be no need to extract the water from the ground.   
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D.2.2.6.1 Permeable Reactive Barrier 
 
Permeable reactive barrier (PRB) technology is relatively simple and passive.  Reactive material is placed 

in the subsurface where a plume of contaminated groundwater must move through it as it flows, typically 

under its natural gradient, and treated water comes out of the other side.  Contaminants in the 

groundwater react with the material in the reactor.  Several studies have demonstrated the applicability of 

PRB technology for the removal of chlorinated organic compounds; however, pilot-scale tests would be 

necessary to confirm the applicability to site-specific characteristics. 

 

Effectiveness 
 

PRB technology with zero valent iron as the reactive material is effective in removing chlorinated 

hydrocarbons.  

 

Implementability 

 

PRB technology is implementable.  Several vendors are readily available.  Pilot/field tests would be 

necessary. 

 

Cost 

 

The costs associated with PRB technology are low to moderate. Once the system is installed, the O&M 

costs would be very low.  

 
Conclusion 

 

PRB technology for the removal of chlorinated organic compounds is cost effective and easy to 

implement.  There would be no need to extract the groundwater for treatment and the technology requires 

minimal maintenance once the system is installed. PRB technology with zero valent iron as the reactive 

medium will be retained for areas with no metal contamination such as the southern area of OU 2. 

 

D.2.2.6.2 Air Sparging 

 

Air sparging is generally used to remove volatile organic compounds (VOCs) from groundwater without 

removing water from the ground.  Air is injected into the saturated zone to create turbulence and volatilize 

organic compounds.  As air moves up through the aquifer, the turbulence would move the VOCs into the 
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gas phase and travel upward into the vadose zone.  Generally, these vapor-laden contaminants are 

removed from the vadose zone via vapor extraction.  Injected air would also stimulate microbial 

degradation of contaminants if the required microbes thrive in aerobic conditions.  

 

Effectiveness 

 

Air sparging technology is effective in removing VOCs.  However, at OU 2 the majority of the organic 

contamination is in the intermediate zone (at depth greater than 20 feet) and air sparging would not 

effective in addressing contaminants at selective depths.  Further, natural attenuation studies at OU 2 

indicated (see Appendix A) reductive dechlorination is occurring and air sparging into those areas would 

disturb the natural degradation process. 

 
Implementability 

 

Air sparging technology is implementable.  Several vendors are readily available. 

 
Cost 

 

The costs associated with air sparging are low to moderate.  

 
Conclusion 

 

Due to the concern for disturbing the natural attenuation process currently in progress and inability to 

address the contaminants at depth, air sparging is not retained for further consideration. 
 

D.2.2.6.3 In Situ Bioremediation 

 

In situ bioremediation is a process in which organic contaminants are biologically reduced to less 

hazardous byproducts such as carbon dioxide and water.  Two process options are considered under this 

technology. 
 

D.2.2.6.3.1 Natural Attenuation 

 

Natural attenuation is defined by the U.S. Environmental Protection Agency (USEPA) as naturally 

occurring processes in soil and groundwater environments that act without human intervention to reduce 



Rev. 1 
07/30/03 

470801005 D-21 CTO 0024 

the mass, toxicity, mobility, volume, or concentration of contamination through those media 

(USEPA, 1997).  Natural attenuation works through nondestructive mechanisms such as dispersion, 

adsorption, dilution, volatilization, and/or chemical and biological stabilization of contaminants and 

destructive mechanisms such as biodegradation.  Natural attenuation is recognized as a legitimate and 

responsible solution for contaminated aquifers and has been shown to be a viable and cost-effective 

remedial solution. 
 

Effectiveness 

 

Natural attenuation is effective on a long-term basis.  
 
Implementability 

 

Natural attenuation is implementable at OU 2. Periodic monitoring would be required and several 

contractors are readily available. 

 

Cost 

 

The costs associated with natural attenuation are low.  

 
Conclusion 

 

Natural attenuation is retained for further consideration to address residual contaminant concentrations 

and for areas where active treatment options are not feasible.  
 

D.2.2.6.3.2 Enhanced Biodegradation 

 

Enhanced biodegradation of groundwater is the process of enhancing natural bacterial degradation of 

organic contaminants by introducing nutrients or other compounds to stimulate bacterial growth and the 

speed of biodegradation.  Biodegradation could occur in aerobic (oxygen-rich) or anaerobic 

(oxygen-deficient) conditions. Certain organic compounds are amenable to aerobic conditions while 

others are degraded under anaerobic conditions.  Limited number of organic compounds would be 

degraded under both aerobic and anaerobic conditions. 
 
Tetrachloroethene (PCE), trichloroethene (TCE), and cis-dichloroethene (DCE) have been shown to 

biodegrade under anaerobic conditions, but PCE is resistant to degradation under aerobic conditions. 
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Less chlorinated compounds such as TCE and cis-DCE can be degraded under either anaerobic or 

aerobic conditions.  Generally, anaerobic degradation of highly chlorinated VOCs, such as PCE, 

produces TCE, cis-DCE, and vinyl chloride over time through a process called reductive dechlorination. 

Complete anaerobic transformation of these compounds results in the production of nontoxic compounds, 

ethene and ethane. The rate limiting step in this process is the transformation of vinyl chloride to ethene.  

If an anaerobic degradation of chlorinated VOCs can be implemented such that there is sufficient 

residence time and presence of required conditions exist, then this process could successfully be 

implemented to address chlorinated organics in the groundwater.  The presence of TCE, cis-DCE, and 

vinyl chloride in groundwater at OU 2 implies that natural anaerobic biodegradation of PCE is already 

occurring.  Further, the data from natural attenuation studies conducted at OU 2 (see Appendix A) 

indicate the progress of such a process.  The rate of natural biodegradation could potentially be increased 

by introducing enhancement compounds such as lactic acid into the subsurface.  The release of 

hydrogen (generated by the anaerobic bacteria) would help speed up the dechlorination process.  Other 

proven commercially available hydrogen producing compounds, such as Hydrogen Release Compound 

(HRCTM), could also be used. 

 

Effectiveness 

 

Enhanced biodegradation is effective in speeding up the anaerobic dechlorination process.  

 

Implementability 

 

Enhanced biodegradation is implementable at OU 2. Pilot tests would be necessary. Periodic monitoring 

would be required and several contractors are readily available.  

 

Cost 

 

The costs associated with enhanced biodegradation are low.  

 
Conclusion 

 

Enhanced biodegradation is retained for further consideration to address the source areas of chlorinated 

plumes in the southern section of the landfill.  
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D.2.2.7 Ex Situ Treatment 

 
Ex situ treatment is a process that provides treatment of the groundwater contaminants after they are 

removed from the ground.  Ex situ treatment processes which were considered include a variety of 

physical/chemical methods. 

 

D.2.2.7.1 Physical/Chemical 

 
Physical/chemical treatment methods attempt to destroy, degrade, or otherwise reduce the toxicity of 

contaminants in groundwater. 

 

D.2.2.7.1.1 Precipitation 

 
Precipitation is a process in which some or all of a substance in solution is transformed into a solid phase.  

It is based on alteration of the chemical equilibrium relationships affecting the solubility of inorganic 

species.  Removal of metals as hydroxides or sulfides is the most common precipitation application in 

wastewater treatment.  Generally, lime, caustic soda, iron sulfide, or sodium sulfide is added to the 

contaminated water in a rapid mixing tank along with flocculating agents (described below).  The 

contaminated water flows to a flocculation chamber in which adequate mixing and retention time is 

provided for agglomeration of precipitate particles.  For the removal of some metals such as iron and 

manganese, aeration techniques are used where in the dissolved metal is precipitated as oxide. 

Agglomerated particles are separated from the liquid phase by settling in a sedimentation chamber or 

other physical processes such as filtration. 

 

Effectiveness 

 

Precipitation is effective in addressing inorganic contaminants.  Precipitation in combination with oxidation 

is widely used to remove iron and manganese from groundwater. 

 
Implementability 

 

Precipitation is a well-established technology with well-defined operating parameters.  Precipitation can 

be integrated with flocculation/coagulation to provide more complex treatment systems. 
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Costs 

 

Capital and O&M costs are moderate. 

 
Conclusion 

 

Precipitation is retained for further consideration in treating inorganics and/or when used with other 

processes. 

 

D.2.2.7.1.2 Air Stripping  

 
Air stripping is a proven technology for the removal of VOCs from contaminated water.  The aeration 

process promotes mass transfer of VOCs from the aqueous phase to the gaseous phase as defined by 

Henry's Law.  Removal efficiencies of VOCs typically range from 50 to 99 percent, depending on the 

operating parameters and the physical properties of the organic contaminants. 

 

Diffused aeration using low profile units is currently becoming more popular because of small operating 

space requirements.  The process uses forced draft countercurrent air stripping through baffled aeration 

trays to remove VOCs from contaminated water.  The water is sprayed into the inlet chamber through a 

coarse mist spray nozzle.  The water flows over a flow distribution weir and along the baffled aeration 

tray. Air is blown up through small (about 3/16-inch) diameter holes in the aeration tray which forms a 

froth of bubbles generating a large mass transfer area where the contaminants are volatilized.  

 
Effectiveness 

 

Air stripping is a proven, reliable technology.  Because of low mass emission rate of VOCs, air permits 

may not be required. If set limits are exceeded, off-gas treatment would be required. Typical off-gas 

treatments include granular activated carbon, catalytic oxidation, or thermal destruction. 

 

Implementability 

 

Air stripping is an established technology for removing volatile contaminants.  Sufficient vendors are 

available with a variety of air stripping systems.  Pretreatment may be necessary to prevent clogging of 

the packing media. 
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Cost 

 

Capital cost and O&M costs range from low to moderate depending on off-gas treatment requirements 

and influent concentrations. 

 

Conclusion 

 

Air stripping is retained for further consideration. 

 

D.2.2.7.1.3 Flocculation/Coagulation 

 
Flocculation is a process in which small, slow settling particulates suspended in a liquid medium are 

agglomerated into larger, faster settling particles.  The mechanisms by which flocculation occurs involve 

surface chemistry and particle charge phenomena.  Flocculation involves three basic steps: 

 
• Addition of flocculating agent to the waste stream 

• Rapid mixing to disperse the flocculating agent 

• Slow and gentle mixing to allow for contact between small particles 

 
Typically, chemicals used to cause flocculation include alum, lime, various iron salts (ferric chloride, 

ferrous sulfate), and organic flocculating agents, often referred to as "polyelectrolytes."  These materials 

generally consist of long-chain, water-soluble polymers.  Once suspended particles have been flocculated 

into larger particles, they usually can be removed from the liquid by sedimentation. 

 
Effectiveness 

 

Flocculation is applicable to an aqueous waste stream where small suspended particles must be 

agglomerated into larger, more settleable particles prior to sedimentation or other types of treatment. 

 

Implementability 

 

Flocculation is a well-established technology with well-defined parameters.  The process requires 

chemical pumps, metering devices, and mixing and settling tanks.  The equipment is readily available and 

easy to operate.   
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Costs 

 

Capital and O&M costs are moderate. 

 

Conclusion 

 

Flocculation is retained for further consideration alone and in combination with other process options. 

 

D.2.2.7.1.4 Filtration 

 
Filtration is used to separate suspended solids from water by passing the water through a bed composed 

of granular material (sand, gravel, anthracite coal) or through a semipermeable membrane (ultrafiltration).  

The percent removal of solids depends on the porosity or permeability of the filter media, the filtration 

rate, and the physical/chemical characteristics of the suspended solids. Common filtration systems 

include sand/multimedia and ultrafiltration. 

 

Sand/multimedia filtration - Granular media used in sand/multimedia filtration include sand, crushed 

anthracite coal, diatomaceous earth, and perlite, although the most common medium is sand.  Multimedia 

filters consist of layered combinations of these media.  Suspended solids in the wastewater are entrapped 

within the filter bed and are recovered upon backwashing. 

 
During the filtration cycle, solid material accumulates within the void spaces of the filter media.  When the 

holding capacity of the filter media is approached, as indicated by either a "breakthrough" of turbidity or 

suspended solids or an excessive pressure difference across the filter, the unit is backwashed.  

Backwashing consists of pumping clean water or clean water and air through the filter at a relatively high 

rate in the reverse direction from the filtering mode to physically agitate the filter media and dislodge the 

accumulated solids.  The effluent from the backwash operation is recycled or discharged to an additional 

treatment device for solids removal.  The separated solids (sludge) require disposal. 

 

Effectiveness 

 

Filtration is being retained only as a contingency measure if treatment for metals and suspended solids is 

required.  For the removal of metals, the metals must be present in an insoluble form.  As a result, the 

metals must first be precipitated.  Suspended solids are expected to be a significant concern only during 

the startup of the system.  Filtration is well proven and reliable for the treatment of suspended solids.  
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Implementability 

 

Filtration is implementable.  The equipment and resources are readily available.  

 

Cost 

 

The costs associated with filtration are low to medium. 

 

Conclusion 

 

Filtration should be effective and implementable. As a result, it will be retained as a contingency option if 

treatment of metals and suspended solids is required.   

 

D.2.2.7.1.5 Adsorption 

 
Activated carbon adsorption is a frequently applied technology for the removal of organic compounds 

from contaminated water.  Activated carbon will adsorb many organic compounds to some extent, but is 

more effective for compounds with low polarity and low solubility [e.g., semivolatile organic compounds 

(SVOCs), polychlorinated biphenyls (PCBs), and pesticides].  Removal efficiency of more than 99 percent 

can be achieved, depending on the type of organic solute and system operating parameters, such as 

retention time.  The fundamental principle behind activated carbon treatment involves the physical 

attraction of organic solute molecules to exchange sites on the internal pore surface areas of the 

activated carbon grains.  As water is filtered through the adsorbent, the organic molecules occupy the 

surface openings on the carbon granules.  A concentration equilibrium is established as the organic 

concentration increases, resulting in higher organic-to-carbon ratios.  The exhausted carbon must be 

regenerated or disposed of according to Federal (RCRA) and state regulations. 

 
Typical activated carbon adsorption treatment systems include gravity flow or pressure flow columns in 

series and/or in parallel with or without backwashing capability.  Granular activated carbon is generally 

used in these systems. 

 
Effectiveness 

 

Activated carbon adsorption is a well-proven technology that is effective in removing organic 

contaminants.  Removal efficiencies greater than 99 percent could potentially be achieved for most of the 
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SVOCs.  However, carbon adsorption is not effective on certain VOCs such as vinyl chloride. Spent 

activated carbon would require disposal in a hazardous waste landfill or regeneration. 

 
Implementability 

 

Activated carbon adsorption would be readily implementable on groundwater from OU 2.  A number of 

vendors offer carbon adsorption units.  Pretreatment is typically required to protect and extend the life of 

the carbon bed. 

 
Cost 

 

Capital costs are moderate and O&M costs range from low to moderate depending on pretreatment 

requirements, carbon usage, and disposal or regeneration costs for the carbon. 

 
Conclusion 

 

Activated carbon adsorption is not retained for further consideration because the process is not effective 

for vinyl chloride (which is a COC at OU 2); however, the technology may be considered for polishing of 

groundwater before discharge. 

 

D.2.2.7.1.6 Oxidation   

 
Oxidation involves the use of air or strong oxidizing chemicals such as ozone, potassium permanganate, 

hydrogen peroxide, chlorine dioxide, or chlorine to convert undesirable chemical species to nontoxic 

forms by the addition of oxygen or the removal of hydrogen or electrons.  Potassium permanganate is 

primarily used for taste and odor control as well as removal of iron.  Air can also be used for easily 

oxidizable metals such as iron.  Chlorine is used for water purification and disinfection, oxidation of 

cyanide in industrial wastewaters, and removal of iron and manganese.  Ozone and hydrogen peroxide 

are not as widely used because of their low stability and high cost.  A few common oxidation systems are 

described below. 

 
The hydrogen peroxide (H

2
O

2
)/ultraviolet light (UV) process consists of oxidizing and degrading organic 

pollutants by simultaneously mixing H
2
O

2
 into the water to be treated and irradiating it with UV light.  The 

UV light acts as a catalyst, which enhances the already strong oxidizing and chemical bond-breaking 

powers of H
2
O

2
.  As a result, complex and often poorly biodegradable compounds, such as halogenated 
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hydrocarbons, can be either fully degraded to basic components such as carbon dioxide and water or 

broken down to simpler, more easily biodegradable molecules.  Although H
2
O

2
 is a strong oxidant, 

several types of organic compounds, such as acetic acid, ketones, and some chlorinated aliphatics, are 

resistant to its effects. 

 
A typical continuous flow H

2
O

2
/UV system consists of an H

2
O

2
 feed system and an oxidation/UV reactor.  

Flow patterns and configurations are designed to maximize exposure of the H
2
O

2
-bearing wastewater to 

the UV radiation, which is supplied by an arrangement of UV lamps. 

 
Ozone may be substituted for H

2
O

2
 or added to the H

2
O

2 system.  The use of ozone requires an ozone 

generator and decomposer. 

 
In the wet-air oxidation process, compressed air is added to an aqueous waste stream and the resultant 

mixture is preheated in a heat exchanger.  The heated aqueous waste is then pumped into the reaction 

chamber.  The combination of air with the elevated temperatures and pressures in the reaction chamber 

oxidizes the organics in the waste stream.  As the oxidation of the organics occurs, heat is generated.  

The heated effluent is then cooled in the heat exchanger and routed through a pressure-reducing valve.  

The process is self-regulating in many respects.  The oxidation occurs in a large amount of water that 

serves as a heat sink which also keeps the reaction under control.  Because contaminants tend to stay in 

the aqueous phase, air pollution is kept to a minimum.  Operating temperatures and pressures vary from 

350°F to 650°F and 13.6 atmospheres (atm) to 204 atm, respectively.  Wet-air oxidation systems are 

available as mobile units. 

 
Air oxidation is a relatively simple and common process of injecting air into water.  A blower compresses 

the air to overcome the pressure associated with the water, and a diffuser is used to inject the air into the 

water in small to medium-sized bubbles.  Generally, the smaller the bubbles, the more efficient the 

oxygen transfer. 

 

Effectiveness 
 

Ozone/UV oxidation should be relatively effective at oxidizing the target compounds into less toxic forms.  

Typically, wet-air oxidation is used for more heavily contaminated waters than most groundwater.  The 

effectiveness of wet-air oxidation on groundwater is uncertain and air oxidation would not be expected to 

significantly oxidize the organics.  Both ozone/UV and wet-air oxidation are relatively innovative 

processes, so treatability studies would be required to evaluate these processes on the contaminated 
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groundwater. There should not be any significant risks to human health or the environment from the use 

of this technology. 

 

Implementability 

 

Oxidation should be implementable.  The number of vendors available to do this work is limited, although 

not critically. The availability of off-site treatment, storage, and disposal facilities is not applicable to this 

process. 

 
Cost 

 

The costs associated with oxidation are medium to high depending on the level of other oxidizable 

organics present in the groundwater and the specific process used.  A high level of oxidizable organics 

would favor the use of wet-air oxidation, whereas a low level of oxidizable organics would favor the use of 

ozone/UV oxidation.  The level of oxidizable organics is considered relatively low. 

 
Conclusion 

 

UV oxidation should be effective; however, low concentrations and low flow rates would translate into 

high operating costs. Oxidation using air will be retained for the precipitation of iron and manganese.  
 

D.2.2.8 Disposal 

 
There are two possible disposal options for the collected groundwater: surface discharge and subsurface 

discharge. 

 

D.2.2.8.1 Surface Discharge 

 
Collected groundwater may be discharged to the Orlando Publicly Owned Treatment Works (POTW), or 

the canals at the base, which will eventually flow into Lake Gillooly. Treatment to meet the discharge 

standards would be required prior to discharge to canals. The treated effluent would be discharged 

through a permitted outfall to the canals under a National Pollutant Discharge Elimination System 

(NPDES) permit. 
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Pre-treatment is required for the discharge into the POTW.  Permit citing discharge quality requirements 

would be required. The POTW uses the existing NPDES permit to discharge the treated water.  

 

Effectiveness 

 

Discharge of treated water to the POTW is potentially effective.  

 

Implementability 

 

Discharge to the POTW or canals is implementable. An NPDES permit, or modifications to the existing 

permit, would be required for the discharge.  The permits should be obtainable.  

 
Cost 

 

The costs associated with discharge to the POTW or canals are moderate. 

 
Conclusion 

 

Discharge to the canals is effective and implementable, providing the groundwater is adequately treated 

before discharge.  Direct discharge to the POTW is effective because the treatment steps already exist at 

the POTW and the facility has extra capacity to handle additional inflow of groundwater. As a result, both 

options will be retained for further consideration.  

D.2.2.8.2 Subsurface Discharge 

 
Subsurface discharge involves the use of infiltration gallery to allow treated groundwater to infiltrate into 

the aquifer.  The infiltration gallery can be coupled with extraction wells to create a closed system in 

which pumping and infiltration rates balance one another.  Existing ponds within the area which 

hydraulically communicate with the surrounding subsurface may also be used as a discharge point. 

Subsurface discharge would conserve water and help flush the source areas.  

 
Effectiveness 

 

Subsurface discharge is an effective means of disposing of water generated by the groundwater 

pump/treatment system.  The closed system approach offers the advantage of decreasing groundwater 

remediation time by increasing the groundwater flow rate through the aquifer. 
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Implementability 

 

Subsurface discharge would require treated groundwater to meet permit standards.  Underground 

discharge would require a state permit. 

 
Cost 

 

The capital and O&M costs for subsurface discharge are moderate compared with surface water 

discharge cost. 

 
Conclusion 

 

Subsurface discharge will be retained for further consideration. 
 
 



APPENDIX E 
 

ENGINEERING CALCULATIONS AND ESTIMATES 
 
 
 
 

 
E-1: SUMMARY OF GROUNDWATER FLOW MODELING              
E-2: ESTIMATES FOR NATIVE SOIL COVER 
E-3: ESTIMATES FOR HRCTM AND ORCTM INJECTION 

RATES 
E-4: CALCULATION FOR INFILTRATION GALLERY 

DISCHARGE 
E-5: ESTIMATES FOR REMEDIATION TIMES AND 

CONTAMINANT REMOVAL 
E-6: NTC, ORLANDO INDUSTRIAL USER DISCHARGE 

PERMIT  



APPENDIX E-1 
 

SUMMARY OF GROUNDWATER FLOW MODELING 



470801005 E-1 CTO 0024 

SUMMARY OF GROUNDWATER FLOW MODELING 
 

Groundwater flow modeling was used to support the engineering analyses of several remedial 

alternatives for groundwater at OU 2, NTC Orlando, Florida.  The evaluation was limited to the Surficial 

Aquifer that was determined in the RI to be the only impacted aquifer.  The RI site-specific hydrogeologic 

investigation data was used to derive the basic hydrogeologic conceptual model of the site, as follows: 

 

• The Surficial Aquifer consists of approximately 30 feet of fine to medium grained quartz sand; some 

sitly zones are indicated by cone penetrometer testing, but grain size analysis show the material to 

contain generally less than 10% fines. 
 
• The permeable, surficial sands are underlain by approximately 10 to 20 feet of low hydraulic 

conductivity clay that coincides with the top of the Hawthorn Group. 
 
• The elevation of the top of the underlying clay (i.e., aquifer bottom) varied from 53 to 59 feet msl 

across the site. 
 
• Depth to the water table is typically around 5 feet;  therefore, the saturated thickness of the Surficial 

Aquifer is about 25 feet. 
 
• A 24-hour pump test conducted in the aquifer using a fully penetrating well determined that the 

hydraulic conductivity of the sand was 25 feet/day, or about 9E-03 cm/sec.  Slug tests conducted in 

multiple wells showed a somewhat lower range of 8 to 12 feet/day. 
 
• A total porosity of 0.3 and an effective porosity of 0.2 were assumed. 
 
• The aquifer is recharged primarily by infiltration of precipitation across the site;  discharge occurs 

along the eastern and southern OU 2 boundary where groundwater seeps into surface drainage 

canals that intersect the water table.  Additional recharge via documented irrigation over the golf 

course and over off-site, airport property (east of golf course) was also assumed.  Groundwater flow 

is towards the canals; a slight downward gradient exists away from the canals (recharge areas) and a 

slight upward gradient exists near the canals (discharge area).  All off-site flow is expected to be 

intercepted by the canals. 

 
Groundwater Flow Model 
 

From the above hydrogeologic model, it was determined that a two-dimensional groundwater flow model 

that allowed for the specification of recharge, porosity, hydraulic conductivity, and discharge via surface 

water bodies for an unconfined aquifer was sufficient to simulate groundwater flow at OU 2, given the 
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level of available data.  The FLOWPATH II for Windows 95/NT model developed by Waterloo 

Hydrogeologic, Inc., was chosen as an appropriate simulation code for this project.  The FLOWPATH II 

(FP) model is a complete two-dimensional, finite difference, groundwater flow, pathline, and contaminant 

transport modeling package.  

 

The model was used to simulate groundwater flow in the unconfined aquifer at OU 2 and to estimate the 

travel times, flow directions, and discharge locations of groundwater particles for various remedial 

schemes including groundwater pumping, barrier wall flow alteration and containment, and flow through 

strategically placed permeable reactive barriers.  In most instances, iterative simulations were used to 

select the best placement and to adjust parameters, such as pumping rates, to design the engineered 

remediation schemes. 

 
Model Setup and Inputs 
 

The model was calibrated to simulate the site groundwater contours measured at the site during August 

1998, which were presented in the RI Report (see FS Figures 2-2 and 2-3).  Although two aquifer zones, 

shallow and bottom (intermediate wells) were monitored and mapped, the model was not capable of 

differentiating the two layers.  However, running the simulations using a single aquifer layer was not seen 

as a significant factor because of the slight vertical gradients, the relatively thin saturated thickness (i.e., 

25 feet), the short flowpath from recharge to discharge areas (typically 1000 feet or less), and because 

both layers were recharged and discharge at the same locations.  Attached figures present the model grid 

and domain layout and the simulated ‘base case’ potentiometric head contours and flow vectors.  The 

following table provides the major model inputs used for the base case and all subsequent simulations. 
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MODEL INPUT PARAMETERS 
 
PARAMETER LOCATION VALUE COMMENTS 

Aquifer Type Domain Unconfined 
All areas of the aquifer are 
unconfined within the modeled 
domain 

Aquifer Bottom Elevation Domain 55 feet msl Range of 53 to 59 feet; most 
locations 54 to 56 feet 

Northern domain 
boundary - upgradient 87 feet msl 

Based on topography and 
upgradient surface water 
elevations 

Western domain 
boundary – cross to 
downgradient 

87 feet msl north 
to 82 feet msl 
south 

Adjusted during calibration to 
achieve observed groundwater 
contours along western side of 
site 

Southern domain 
boundary – down 
gradient 

80 to 82 feet msl 

Adjusted during calibration to 
achieve observed groundwater 
contours along southern side of 
site 

Constant Head Boundaries 

All remaining areas No flow 
Considered to be groundwater 
divides between adjacent 
groundwater basins 

Large lake NW of OU 
2 and gold course 

Surface water 
body:  water 
elev. = 87 ft; 
bottom elev. = 80 
ft, leakage = 0.3 

Surface water and bottom 
elevations estimated from 
topography and site visits;  
leakage estimated based on 
local geology and adjusted 
during model calibration 

Lake Gillouly (south) 

Surface water 
body: water elev. 
= 80 ft; bottom 
elev. = 77 ft, 
leakage = 0.003 

Surface water and bottom 
elevations estimated from 
topography and site visits;  
leakage estimated based on 
local geology and adjusted 
during model calibration 

Canals Drain 

Considered to be only discharge 
areas for long-term, baseflow 
conditions for steady state 
simulation  

Other Boundaries 

On-site ponds No flow 

Insufficient data to simulate;  
small, stagnant water bodies 
unlikely to affect steady state 
simulations 

Domain 25 ft/day Pump test results 

Hydraulic Conductivity 

 
NW quadrant of 
domain, across most 
of golf course and 
airport property to 
east 

 
10 ft/day 

Based on topographic map 
showing preponderance of 
swampy surface conditions and 
slug tests; adjusted during 
model calibration to achieve 
desired contours around canals 

Porosity Domain 0.2 
Assumed for fine to medium 
grained sand, from published 
values 

Domain 9 in/yr Estimated, adjusted for 
calibration 

Residential Area 6 in/yr Estimated, adjusted for 
calibration 

Golf Course 11 in/yr Estimated, adjusted for 
calibration 

Recharge 

Airport Property 15 in/yr Estimated, adjusted for 
calibration 
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BASE CASE GROUNDWATER FLOW 
MODEL FIGURES 

 

The attached figures show the model layout and base case potentiometric contours; areas and 

parameters used for the model boundaries; and the hydraulic conductivity and recharge subregions.  Also 

attached is the annotated water balance sheet for the ‘base case’ simulation. 
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ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 
ALTERNATIVE N-1: NO ACTION 

 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
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FEDERAL REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Because of no action this ARAR can not be attained. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Because of no action this ARAR can not be attained. 

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

Because of no action this ARAR can not be attained. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 

Because of no action this ARAR can not be attained. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

Because of no action this ARAR can not be attained. 

Groundwater Protection and Monitoring, 
Resource Conservation and Recovery 
Act (RCRA) Subpart F (40 CFR 264.90-
264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Because of no action this ARAR can not be attained. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Because of no action this ARAR can not be attained. 
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STATE REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

Because of no action this ARAR can not be attained. 

FDEP, Surface Water Quality Standards 
(Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

Because of no action this ARAR can not be attained. 
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ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
ALTERNATIVE N-1: NO ACTION 

 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

FEDERAL REQUIREMENTS 

 
Requirement and Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 

There are no federal location-specific ARARs. 
 
 

 
 
 

STATE OF FLORIDA REQUIREMENTS 
 

 
Requirement and Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 

There are no state location-specific ARARs 
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ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 
ALTERNATIVE N-1: NO ACTION 

 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

FEDERAL REQUIREMENTS 
 

 
Requirement and Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 

There are no federal action-specific ARARs 
 
 
 

 
 
 

STATE OF FLORIDA REQUIREMENTS 
 

 
Requirement and Citation 

 
Status 

 
Synopsis of Requirement 

 
Action to Be Taken to Attain ARAR 

 
 

There are no state action-specific ARARs 
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FEDERAL REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant-cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region-4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

Land Disposal Restrictions (40 CFR 268) Potentially 
Applicable 

This regulation establishes treatment standards 
(chemical concentration levels or methods of treatment) 
which wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements.  Native soil cover material will meet the 
requirements. 

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

LUCs and monitoring will prevent potential use of 
groundwater as drinking water until the PRGs are 
met. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met.  Natural 
processes should eventually reduce contaminant 
concentrations to levels below PRGs. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. 

Groundwater Protection and Monitoring, 
Resource Conservation and Recovery 
Act (RCRA) Subpart F (40 CFR 264.90-
264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements are considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, Section 
304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation 
Goals (PRGs) for remedial actions. Monitoring would 
ensure future compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

The standards are used for the development of PRGs 
and monitoring would indicate future compliance. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 
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FEDERAL REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

Resource Conservation and Recovery Act 
(42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur. 

No waste facility anticipated. Soil piles for the placement 
of cover would be constructed to meet the requirement.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act (NEPA) 
Wetlands, floodplains, important farmland, 
coastal zones, etc. (40 CFR Section 
6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely  impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Actions will be conducted so that any nearby wetlands 
would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an action 
may impact the species or its habitat, the U.S. Fish & 
Wildlife Service or the National Marine Fisheries Service 
and the corresponding state agencies must be 
consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction is 
not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act of 
1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity and the alternative would not involve large 
scale excavation.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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STATE REQUIREMENTS 
 

 
REQUIREMENT 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

The alternative will treat the landfill material as 
hazardous waste. The new native soil cap will meet 
the landfill cap requirements  to prevent potential 
exposures to receptors at the location. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

Regulates activities affecting state-listed endangered or 
threatened species or their critical habitat. 

A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant-cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region-4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

RCRA Regulations, Standards 
Applicable to Transporters of Hazardous 
Waste (40 CFR Part 263) 

Potentially 
Applicable 

These regulations specify the requirements for 
transporting manifested hazardous waste to a licensed 
facility. 
 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 268) Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) which 
wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements. Native soil cover material will meet the 
requirements. 

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste 
(nonhazardous) landfills. 

Alternative would meet the final cover requirements. 
Monitoring would indicate potential releases.  
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REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially 
Applicable 

These regulations specify the requirements for safety 
and health applicable to workers engaged in on-site field 
activities. 

OSHA regulations will be followed for all  on-site 
construction and other remediation related activities. 

DOT Hazardous Materials 
Transportation, 49 CFR 171-173 

Potentially 
Applicable 

These regulations specify the requirements for 
manifesting and transporting hazardous waste 

Any waste to be disposed of would meet the 
requirements 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-F-
93-035, Sept. 1993 

To be considered This directive establishes the procedures for 
containment as the remedy for CERCLA  municipal 
landfills under Superfund Accelerated Cleanup Model 
(SACM) 

Native soil cover would partially fulfil the requirements 
of presumptive remedy. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to Military 
Landfills, USEPA/540/F-96/020, Dec. 
1996 

To be considered This directive highlights a step-by-step approach to 
determining when a specific military landfill is an 
appropriate site for application of the containment 
presumptive remedy. 

The step-by-step approach determination indicted that 
containment presumptive remedy is appropriate for 
OU 2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, Sept. 
1993 

To be considered Overall guide to the presumptive remedies initiative and 
its effect on site cleanup. 

Native soil cover would partially fulfil the requirements 
of presumptive remedy. 
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STATE OF FLORIDA REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs).  

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Surface Water Quality Standards 
(Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Monitoring would indicate potential releases 
exceeding the standards. 

FDEP, Groundwater Classes, Standards, 
and Exemptions (Chapter 62-520, 
F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 
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FEDERAL REQUIREMENTS  

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA’s Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant-cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region-4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

Land Disposal Restrictions (40 CFR 268) Potentially 
Applicable 

This regulation establishes treatment standards 
(chemical concentration levels or methods of treatment) 
which wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements.  

Control of Air Emissions from Superfund 
Air Strippers at Superfund Groundwater 
sites (Office of Solid waste and 
Emergency Response Directive 9355.0-
28) 

To be considered Guidance establishes criteria as to whether air emission 
controls are necessary for air strippers. A maximum of 3 
lb/hour or 15 lb/day or 10 ton/year of volatile organic 
compound (VOC) emissions is allowable. Controls are 
required if these limits are exceeded.  

The set limits will not be exceeded and therefore off-
gas treatment would not be necessary. 

National Emission Standards for 
Hazardous Air Pollutants (40 CFR 61- 
Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific sources. Vinyl chloride is not a COC and the concentrations 
are low enough to be of no concern. 



 

 

470801005 
G

-13 
C

TO
 0024

R
ev. 1

07/30/03

TABLE G-7 
 

ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 
ALTERNATIVE N-3: NATIVE SOIL COVER, GROUNDWATER EXTRACTION AND TREATMENT, DISCHARGE TO INFILTRATION GALLERY, LUCs, AND 

MONITORING 
 

OPERABLE UNIT 2 
 

NAVAL TRAINING CENTER 
ORLANDO, FLORIDA 

 
PAGE 2 OF 3 

 
FEDERAL REQUIREMENTS  

REQUIREMENT AND CITATION STATUS REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 
Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

MCLs or more stringent state standards are 
considered as PRGs and are incorporated into 
Chapter 62-777 F.A.C.. Alternative would treat 
groundwater until MCLs are achieved.  LUCs and 
monitoring will prevent potential use of groundwater 
as drinking water until the PRGs are met. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 

Secondary standards are considered for PRGs and 
are incorporated into Chapter 62-777 F.A.C.. 
Alternative would treat groundwater until secondary 
MCLs are achieved.  LUCs and monitoring will 
prevent potential use of groundwater until the PRGs 
are met. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

Treatment, LUCs and monitoring will prevent potential 
use of groundwater until the PRGs are met. 

Groundwater Protection and 
Monitoring, Resource Conservation 
and Recovery Act (RCRA) Subpart F 
(40 CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements are considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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STATE REQUIREMENTS 

 
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation 
Goals (PRGs) for remedial actions. Monitoring would 
ensure future compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

Groundwater extraction would prevent potential 
discharges to surface water. Surface water quality 
standards would be maintained and monitoring would 
ensure compliance. 

FDEP, Air Pollution Control (Chapter 
62-204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Air stripper would meet the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Florida Water Quality Based 
Effluent Limitations (WQBELs)  
(Chapter 62-650, F.A.C.)  

Potentially 
Applicable 

Requires that all activities and discharges, except 
dredge and fill, must meet effluent limitations based on 
technology or water quality. WQBELs are determined by 
FDEP based on the characteristics of the receiving 
discharge, the receiving water, and surface water criteria 
promulgated by FDEP. 

Treated water would be discharged through an 
infiltration gallery and would meet surface water 
criteria. 
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FEDERAL REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
Resource Conservation and Recovery 
Act (42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur. 

The treatment system would be constructed to meet the 
requirement.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, important 
farmland, coastal zones, etc. (40 CFR 
Section 6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely  impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Actions would be conducted so that any nearby 
wetlands would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or threatened 
species or its critical habitat, and an action may impact 
the species or its habitat, the U.S. Fish & Wildlife Service 
or the National Marine Fisheries Service and the 
corresponding state agencies must be consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction 
is not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act 
of 1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity and the alternative would not involve large 
scale excavation.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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STATE REQUIREMENTS  
 

REQUIREMENT 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during the construction of the 
alternative would be handled following the applicable 
regulations. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

 
Regulates activities affecting state-listed endangered or 
threatened species or their critical habitat. 

 
A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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FEDERAL REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant Cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

RCRA Regulations, Standards 
Applicable to Transporters of 
Hazardous Waste (40 CFR Part 263) 

Potentially 
Applicable 

These regulations specify the requirements for 
transporting manifested hazardous waste to a licensed 
facility. 
 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 
268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) which 
wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements. Native soil cover material will meet the 
requirements. 

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste 
(nonhazardous) landfills. 

Alternative would meet the final cover requirements. 
Monitoring would indicate potential releases.  

Safe Drinking Water Act Regulations, 
Underground Injection Control Program 
(40 CFR Parts 144,146,147, and 1000) 

Potentially 
Applicable 

These regulations outline minimum program and 
performance standards for underground injection 
programs. 

Treated groundwater would meet the performance 
standards for discharge through infiltration gallery. 
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FEDERAL REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
Control of Air Emissions from 
Superfund Air Strippers at Superfund 
Groundwater sites ( Office of Solid 
waste and Emergency Response 
Directive 9355.0-28) 

To be considered Guidance establishes criteria as to whether air 
emission controls are necessary for air strippers. A 
maximum of 3 lb/hour or 15 lb/day or 10 ton/year of 
volatile organic compound (VOC) emissions is 
allowable. Controls are required if these limits are 
exceeded.  

Groundwater treatment with air stripping would not 
exceed the set limits and, therefore, off-gas 
treatment would not be necessary. 

Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially 
Applicable 

These regulations specify the requirements for safety 
and health applicable to workers engaged in on-site 
field activities. 

OSHA regulations will be followed for all  on-site 
construction and other remediation related activities. 

DOT Hazardous Materials 
Transportation, 49 CFR 171-173 

Potentially 
Applicable 

These regulations specify the requirements for 
manifesting and transporting hazardous waste 

Any waste to be disposed of would meet the 
requirements 

National Emission Standards for 
Hazardous Air Pollutants (40 CFR 
61- Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific sources. Vinyl chloride is not a COC. 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-
F-93-035, Sept. 1993 

To be considered This directive establishes the procedures for 
containment as the remedy for CERCLA  municipal 
landfills under Superfund Accelerated Cleanup Model 
(SACM) 

Native soil cover would partially fulfil the 
requirements of presumptive remedy. Groundwater 
extraction would provide containment and prevent 
off-site migration of contamination. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to 
Military Landfills, USEPA/540/F-
96/020, Dec. 1996 

To be considered This directive highlights a step-by-step approach to 
determining when a specific military landfill is an 
appropriate site for application of the containment 
presumptive remedy. 

The step-by-step approach determination indicted 
that containment presumptive remedy is appropriate 
for OU 2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, 
Sept. 1993 

To be considered Overall guide to the presumptive remedies initiative and 
its effect on site cleanup. 

Native soil cover and containment of groundwater by 
extraction would partially fulfil the requirements of 
presumptive remedy. 
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STATE OF FLORIDA REQUIREMENTS  

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

Florida Department of Environmental 
Protection(FDEP), Rules on Permits 
(Chapter 62-4, Florida Administrative 
Code (F.A.C.) 

Potentially 
Applicable 

Outlines permitting requirements for water pollution 
sources and air emission units 

Air emissions would be below set limits.  

FDEP, Underground Injection Control 
(Chapter 62-528, F.A.C.) 

Potentially 
Applicable 

Establishes the standards for underground injection. 
Five classes of injection wells are defined. 

Treated groundwater would be discharged through an 
infiltration gallery. Relevant standards would be met.  

FDEP, Air Pollution Control (Chapter 
62-204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Standards for air pollutants would be met. Off-gas 
treatment unit would not be required because the 
emissions rate would be within the limits. 

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs).  

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Monitoring would indicate potential releases 
exceeding the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 
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FEDERAL REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region-4 and FDEP. 

Clean Water Act – General Pre-
treatment Regulations for Existing and 
New Sources of Pollution (40CFR Part 
403) 

Potentially 
Applicable 

These guidelines outline requirements for the discharge 
pollutants from nondomestic sources into POTWs, to 
control pollutants that pass through, cause interference, 
or are otherwise incompatible with the treatment 
processes at the POTW.  

Alternative would meet the pre-treatment 
requirements set by the POTW. Discharge would 
meet the chemical concentration limits imposed by 
the treatment plant. Monitoring would ensure such 
compliance.  

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

Land Disposal Restrictions (40 CFR 
268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(chemical concentration levels or methods of treatment) 
which wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements.  

National Emission Standards for 
Hazardous Air Pollutants (40 CFR 61- 
Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific sources. Vinyl chloride emissions do not occur at the site. 

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

MCLs or more stringent state standards are 
considered as PRGs and are incorporated into 
Chapter 62-777 F.A.C.. Alternative would extract  
groundwater until MCLs are achieved.  LUCs and 
monitoring will prevent potential use of groundwater 
as drinking water until the PRGs are met. 
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REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 

Secondary standards are considered for PRGs and 
are incorporated into Chapter 62-777 F.A.C.. 
Alternative would extract groundwater until secondary 
MCLs are achieved.  LUCs and monitoring will 
prevent potential use of groundwater until the PRGs 
are met. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. 

Groundwater Protection and 
Monitoring, Resource Conservation 
and Recovery Act (RCRA) Subpart F 
(40 CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements are considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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STATE REQUIREMENTS  
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

Potentially 
Applicable 

 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation 
Goals (PRGs) for remedial actions. Monitoring would 
ensure future compliance. 

FDEP, Surface Water Quality Standards 
(Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

Groundwater extraction would prevent potential 
discharges to surface water. Surface water quality 
standards would be maintained and monitoring would 
ensure compliance. 

FDEP, Air Pollution Control (Chapter 62-
204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Air emissions would not occur at the site. 

FDEP, Groundwater Classes, Standards, 
and Exemptions (Chapter 62-520, 
F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Pretreatment Requirements for 
Existing and New Sources of Pollution 
(Chapter 62-625, F.A.C.) 

Potentially 
Applicable 

These regulations establish the authority of various 
bodies to implement pretreatment standards to control 
pollutant that pass through or interfere with treatment 
processes in domestic wastewater facilities.  

Alternative would meet the pre-treatment 
requirements set by the POTW. Discharge would 
meet the chemical concentration limits imposed by 
the treatment plant. Monitoring would ensure such 
compliance.  

FDEP, Florida Water Quality Based 
Effluent Limitations (WQBELs)  (Chapter 
62-650, F.A.C.)  

Potentially 
Applicable 

Requires that all activities and discharges, except 
dredge and fill, must meet effluent limitations based on 
technology or water quality. WQBELs are determined by 
FDEP based on the characteristics of the receiving 
discharge, the receiving water, and surface water criteria 
promulgated by FDEP. 

Extracted water would be discharged to a POTW 
which would meet surface water criteria for its 
discharge to a surface water body. 
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FEDERAL REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

Resource Conservation and Recovery Act 
(42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur. 

The extraction system would be constructed to meet 
the requirement.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act (NEPA) 
Wetlands, floodplains, important farmland, 
coastal zones, etc. (40 CFR Section 
6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely  impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Remedial actions would be conducted so that any 
nearby wetlands would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an action 
may impact the species or its habitat, the U.S. Fish & 
Wildlife Service or the National Marine Fisheries Service 
and the corresponding state agencies must be 
consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction 
is not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act of 
1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity and the alternative would not involve large 
scale excavation.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during the construction of the 
alternative would be handled following the applicable 
regulations. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

 
Regulates activities affecting state-listed endangered or 
threatened species or their critical habitat. 

 
A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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ACTION TO BE TAKEN TO ATTAIN ARAR 

USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-based 
allowable exposure guidance levels developed for carcinogenic 
and non-carcinogenic compounds, using reference doses and 
carcinogenic potency slopes obtained from USEPA Integrated 
Risk Information System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard exposure 
scenarios.  RBCs are chemical concentrations corresponding to 
a fixed level of risk in various media. 

Contaminant–cleanup Target Levels from Chapter 62-777, 
F.A.C. are used in lieu of RBCs as agreed upon by USEPA, 
Region-4 and FDEP. 

Clean Water Act – General Pre-treatment 
Regulations for Existing and New Sources 
of Pollution (40CFR Part 403) 

Potentially Applicable These guidelines outline requirements for the discharge 
pollutants from nondomestic sources into POTWs, to control 
pollutants that pass through, cause interference, or are 
otherwise incompatible with the treatment processes at the 
POTW.  

Pre-treatment standards would be met prior to the discharge 
of groundwater to POTW.  Contaminant concentrations would 
be within the limits imposed by the treatment plant.  

Resource Conservation and Recovery Act 
(RCRA) Regulations, Identification and 
Listing of Hazardous Wastes (40 CFR Part 
261)  

Potentially Applicable Defines listed and characteristic hazardous wastes subjected to 
RCRA.  Appendix II contains the toxicity characteristic leaching 
procedure. 

Future data from monitoring will be compared with the RCRA 
requirements or state mandated benchmarks.  

RCRA Regulations, Standards Applicable to 
Transporters of Hazardous Waste (40 CFR 
Part 263) 

Potentially Applicable These regulations specify the requirements for transporting 
manifested hazardous waste to a licensed facility. 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 268) Potentially Applicable This regulation establishes treatment standards (concentration 
levels or methods of treatment) which wastes must meet in order 
to be eligible for land disposal. 

Any waste to be disposed of would meet the requirements. 
Native soil cover material will meet the requirements. 

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste (non-
hazardous) landfills. 

Alternative would meet the final cover requirements. 
Monitoring would indicate potential releases.  

Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially Applicable These regulations specify the requirements for safety and health 
applicable to workers engaged in on-site field activities. 

OSHA regulations will be followed for all  on-site construction 
and other remediation related activities. 

DOT Hazardous Materials Transportation, 
49 CFR 171-173 

Potentially Applicable These regulations specify the requirements for manifesting and 
transporting hazardous waste 

Any waste to be disposed of would meet the requirements 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-F-93-
035, Sept. 1993 

To be considered This directive establishes the procedures for containment as the 
remedy for CERCLA  municipal landfills under Superfund 
Accelerated Cleanup Model (SACM) 

Native soil cover would partially fulfil the requirements of 
presumptive remedy. Groundwater extraction would provide 
containment and prevent off-site migration of contamination. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to Military 
Landfills, USEPA/540/F-96/020, Dec. 1996 

To be considered This directive highlights a step-by-step approach to determining 
when a specific military landfill is an appropriate site for 
application of the containment presumptive remedy. 

The step-by-step approach determination indicted that 
containment presumptive remedy is appropriate for OU 2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, Sept. 
1993 

To be considered Overall guide to the presumptive remedies initiative and its effect 
on site cleanup. 

Native soil cover and containment of groundwater by 
extraction would partially fulfil the requirements of 
presumptive remedy. 
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STATE OF FLORIDA REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs).  

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Surface Water Quality Standards 
(Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Groundwater extraction would prevent releases to 
groundwater.  Monitoring would indicate potential 
releases exceeding the standards. 

FDEP, Groundwater Classes, Standards, 
and Exemptions (Chapter 62-520, 
F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 
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FEDERAL REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed 
for carcinogenic and non-carcinogenic compounds, 
using reference doses and carcinogenic potency 
slopes obtained from USEPA Integrated Risk 
Information System (IRIS) database, USEPA Health 
Effects Assessment Summary Tables (HEAST), and 
standard exposure scenarios.  RBCs are chemical 
concentrations corresponding to a fixed level of risk in 
various media. 

Because of no action this ARAR can not be attained. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Because of no action this ARAR can not be attained. 

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

Because of no action this ARAR can not be attained. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities 
relating to public acceptance of drinking water. 

Because of no action this ARAR can not be attained. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

Because of no action this ARAR can not be attained. 

Groundwater Protection and Monitoring, 
Resource Conservation and Recovery 
Act (RCRA) Subpart F (40 CFR 264.90-
264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective 
action measures.  Groundwater protection standards 
for 14 toxic compounds are equal to MCLs under Safe 
Drinking Water Act. 

Because of no action this ARAR can not be attained. 

Ambient Water Quality Criteria, Section 
304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Because of no action this ARAR can not be attained. 
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STATE REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

Because of no action this ARAR can not be attained. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

Because of no action this ARAR can not be attained. 
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FEDERAL REQUIREMENTS  
  

Requirement and Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
 

There are no federal location-specific ARARs. 
 
 

 
 
 

STATE OF FLORIDA REQUIREMENTS 
  

Requirement and Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
 

There are no state location-specific ARARs 
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FEDERAL REQUIREMENTS 
  

Requirement and Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
 

There are no federal action-specific ARARs. 
 
 

 
 
 

STATE OF FLORIDA REQUIREMENTS 
  

Requirement and Citation 
 

Status 
 

Synopsis of Requirement 
 

Action to Be Taken to Attain ARAR 
 
 

There are no state action-specific ARARs 
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FEDERAL REQUIREMENTS 

 
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant Cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

LUCs and monitoring will prevent potential use of 
groundwater as drinking water until the PRGs are 
met. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. 

Groundwater Protection and Monitoring, 
Resource Conservation and Recovery 
Act (RCRA) Subpart F (40 CFR 264.90-
264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements were considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, Section 
304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements were considered for developing PRGs 
and monitoring would ensure future water quality. 
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STATE REQUIREMENTS 

 
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used as Preliminary Remediation 
Goals (PRGs) for remedial actions. Monitoring would 
ensure future compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

The standards were used for the development of 
PRGs and monitoring would indicate future 
compliance. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 
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FEDERAL REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, 
important farmland, coastal zones, etc. 
(40 CFR Section 6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely  impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Actions will be conducted so that any nearby wetlands 
would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an action 
may impact the species or its habitat, the U.S. Fish & 
Wildlife Service or the National Marine Fisheries Service 
and the corresponding state agencies must be 
consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction 
is not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act 
of 1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity and the alternative would not involve large 
scale excavation.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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STATE REQUIREMENTS  
 

REQUIREMENT 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

The alternative will treat the landfill material as 
hazardous waste. Existing soil cap will meet the 
landfill cap requirements  to prevent potential 
exposures to receptors at the location. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

 
Regulates activities affecting state-listed endangered or 
threatened species or their critical habitat. 

 
A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-based 
allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes obtained 
from USEPA Integrated Risk Information System (IRIS) 
database, USEPA Health Effects Assessment Summary 
Tables (HEAST), and standard exposure scenarios.  RBCs 
are chemical concentrations corresponding to a fixed level of 
risk in various media. 

Contaminant Cleanup Target Levels from Chapter 
62-777, F.A.C. are used in lieu of RBCs as agreed 
upon by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes subjected 
to RCRA.  Appendix II contains the toxicity characteristic 
leaching procedure. 

Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

RCRA Regulations, Standards 
Applicable to Transporters of Hazardous 
Waste (40 CFR Part 263) 

Potentially 
Applicable 

These regulations specify the requirements for transporting 
manifested hazardous waste to a licensed facility. 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 268) Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) which wastes 
must meet in order to be eligible for land disposal. 

Any waste to be disposed of would meet the 
requirements.  

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste (non-
hazardous) landfills. 

Existing cover would meet the final cover requirements. 
Monitoring would indicate potential releases.  

Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially 
Applicable 

These regulations specify the requirements for safety and 
health applicable to workers engaged in on-site field 
activities. 

OSHA regulations will be followed for all  on-site 
construction and other remediation related activities. 

DOT Hazardous Materials 
Transportation, 49 CFR 171-173 

Potentially 
Applicable 

These regulations specify the requirements for manifesting 
and transporting hazardous waste 

Any waste to be disposed of would meet the 
requirements 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-F-
93-035, Sept. 1993 

To be considered This directive establishes the procedures for containment as 
the remedy for CERCLA  municipal landfills under Superfund 
Accelerated Cleanup Model (SACM) 

Existing soil cover would partially fulfil the requirements 
of presumptive remedy. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to Military 
Landfills, USEPA/540/F-96/020, Dec. 
1996 

To be considered This directive highlights a step-by-step approach to 
determining when a specific military landfill is an appropriate 
site for application of the containment presumptive remedy. 

The step-by-step approach determination indicted that 
containment presumptive remedy is appropriate for OU 
2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, Sept. 
1993 

To be considered Overall guide to the presumptive remedies initiative and 
its effect on site cleanup. 

Existing soil cover would partially fulfil the 
requirements of presumptive remedy. 
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REQUIREMENT AND CITATION STATUS REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

Potentially 
Applicable 

 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs).  

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Monitoring would indicate potential releases 
exceeding the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 
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REQUIREMENT AND CITATION STATUS REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant Cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Any waste generated during remediation would be 
subjected to these regulations.  Future data from 
monitoring will be compared with the RCRA 
requirements or state mandated benchmarks.  

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

LUCs and monitoring will prevent potential use of 
groundwater as drinking water until the PRGs are 
met. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 
 

Concentration of iron in groundwater may go up 
because of natural attenuation processes.  LUCs and 
monitoring will prevent potential use of groundwater 
until the PRGs are met. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. 

Groundwater Protection and 
Monitoring, Resource Conservation 
and Recovery Act (RCRA) Subpart F 
(40 CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements were considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation Goals 
(PRGs) for remedial actions. Monitoring would ensure 
future compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

The standards are used for the development of PRGs 
and monitoring would indicate future compliance. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes 
in the state and corresponding 
restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 
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Resource Conservation and Recovery 
Act (42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur. 

There will be no treatment system on a long-term basis.  
Periodic chemical application would not involve major 
construction.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, 
important farmland, coastal zones, etc. 
(40 CFR Section 6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Remedial actions would be conducted so that any 
nearby wetlands would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an action 
may impact the species or its habitat, the U.S. Fish & 
Wildlife Service or the National Marine Fisheries Service 
and the corresponding state agencies must be 
consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction is 
not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act 
of 1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity and the alternative would not involve large 
scale excavation.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during the construction of the 
alternative would be handled following the applicable 
regulations. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

 
Regulates activities affecting state-listed endangered or 
threatened species or their critical habitat. 

 
A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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REQUIREMENT AND CITATION STATUS REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes obtained 
from USEPA Integrated Risk Information System (IRIS) 
database, USEPA Health Effects Assessment Summary 
Tables (HEAST), and standard exposure scenarios.  RBCs 
are chemical concentrations corresponding to a fixed level 
of risk in various media. 

Contaminant cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon by 
USEPA, Region-4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Any waste generated during the implementation of the 
alternative would be subjected to these regulations. 
Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

RCRA Regulations, Standards 
Applicable to Transporters of Hazardous 
Waste (40 CFR Part 263) 

Potentially 
Applicable 

These regulations specify the requirements for transporting 
manifested hazardous waste to a licensed facility. 
 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 268) Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) which wastes 
must meet in order to be eligible for land disposal. 

Any waste to be disposed of would meet the 
requirements.  

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste 
(non-hazardous) landfills. 

Existing cover would meet the final cover requirements. 
Monitoring would indicate potential releases.  

Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially 
Applicable 

These regulations specify the requirements for safety and 
health applicable to workers engaged in on-site field 
activities. 

OSHA regulations will be followed for all  on-site 
construction and other remediation related activities. 

DOT Hazardous Materials 
Transportation, 49 CFR 171-173 

Potentially 
Applicable 

These regulations specify the requirements for manifesting 
and transporting hazardous waste 

Any waste to be disposed of would meet the 
requirements 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-F-
93-035, Sept. 1993 

To be considered This directive establishes the procedures for containment as 
the remedy for CERCLA  municipal landfills under 
Superfund Accelerated Cleanup Model (SACM) 

Existing soil cover would partially fulfil the requirements 
of presumptive remedy. Enhanced biodegradation would 
eventually prevent off-site migration of contamination. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to Military 
Landfills, USEPA/540/F-96/020, Dec. 
1996 

To be considered This directive highlights a step-by-step approach to 
determining when a specific military landfill is an appropriate 
site for application of the containment presumptive remedy. 

The step-by-step approach determination indicted that 
containment presumptive remedy is appropriate for OU 2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, Sept. 
1993 

To be considered Overall guide to the presumptive remedies initiative and its 
effect on site cleanup. 

Existing soil cover would partially fulfil the requirements 
of presumptive remedy. 
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REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Underground Injection Control 
(Chapter 62-528, F.A.C.) 

To be considered Establishes the standards for underground injection. 
Five classes of injection wells are defined. 

Proprietary chemical would be injected into the 
subsurface to enhance biodegradation. Relevant 
standards would be met.  

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs).  

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Monitoring would indicate potential releases 
exceeding the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 
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FEDERAL REQUIREMENTS 

 
 

REQUIREMENT AND CITATION 
 

STATUS 
 

REQUIREMENT SYNOPSIS 
 

ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant Cleanup Target Levels from Chapter 
62-777, F.A.C. are used in lieu of RBCs as agreed 
upon by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with 
the RCRA requirements or state mandated 
benchmarks.  

Land Disposal Restrictions (40 CFR 
268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(chemical concentration levels or methods of treatment) 
which wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements.  

Control of Air Emissions from 
Superfund Air Strippers at Superfund 
Groundwater sites (Office of Solid 
waste and Emergency Response 
Directive 9355.0-28) 

To be considered Guidance establishes criteria as to whether air emission 
controls are necessary for air strippers. A maximum of 3 
lb/hour or 15 lb/day or 10 ton/year of volatile organic 
compound (VOC) emissions is allowable. Controls are 
required if these limits are exceeded.  

The set limits will not be exceeded and therefore off-
gas treatment would not be necessary. 

National Emission Standards for 
Hazardous Air Pollutants (40 CFR 61- 
Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific sources. Vinyl chloride emissions will be within the limits.  

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

MCLs or more stringent state standards are 
considered as PRGs and are incorporated into 
Chapter 62-777 F.A.C.. Alternative would treat 
groundwater until MCLs are achieved.  LUCs and 
monitoring will prevent potential use of groundwater 
as drinking water until the PRGs are met. 
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National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 

Secondary standards are considered for PRGs and 
are incorporated into Chapter 62-777 F.A.C.. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

Treatment, LUCs and monitoring will prevent potential 
use of groundwater until the PRGs are met. 

Groundwater Protection and 
Monitoring, Resource Conservation 
and Recovery Act (RCRA) Subpart F 
(40 CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements are considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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ACTION TO BE TAKEN TO ATTAIN ARAR 
FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation 
Goals (PRGs) for remedial actions. Monitoring would 
ensure future compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

Groundwater extraction would prevent potential 
discharges to surface water. Surface water quality 
standards would be maintained and monitoring 
would ensure compliance. 

FDEP, Air Pollution Control (Chapter 
62-204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Air stripper would meet the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous 
Waste Management. 

FDEP, Florida Water Quality Based 
Effluent Limitations (WQBELs)  
(Chapter 62-650, F.A.C.)  

Potentially 
Applicable 

Requires that all activities and discharges, except 
dredge and fill, must meet effluent limitations based on 
technology or water quality. WQBELs are determined by 
FDEP based on the characteristics of the receiving 
discharge, the receiving water, and surface water criteria 
promulgated by FDEP. 

Treated water would be discharged through an 
infiltration gallery and would meet surface water 
criteria. 
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Resource Conservation and Recovery 
Act (42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur. 

The treatment system would be constructed to meet 
the requirement.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, 
important farmland, coastal zones, etc. 
(40 CFR Section 6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Actions would be conducted so that any nearby 
wetlands would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an action 
may impact the species or its habitat, the U.S. Fish & 
Wildlife Service or the National Marine Fisheries Service 
and the corresponding state agencies must be 
consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction 
is not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act 
of 1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity and the alternative would not involve large 
scale excavation.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during the construction of the 
alternative would be handled following the applicable 
regulations. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

 
Regulates activities affecting state-listed endangered or 
threatened species or their critical habitat. 

 
A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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REQUIREMENT AND CITATION STATUS REQUIREMENT SYNOPSIS ACTION TO BE TAKEN TO ATTAIN ARAR 
USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant Cleanup Target Levels from Chapter 
62-777, F.A.C. are used in lieu of RBCs as agreed 
upon by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Future data from monitoring will be compared with 
the RCRA requirements or state mandated 
benchmarks.  

RCRA Regulations, Standards 
Applicable to Transporters of 
Hazardous Waste (40 CFR Part 263) 

Potentially 
Applicable 

These regulations specify the requirements for 
transporting manifested hazardous waste to a licensed 
facility. 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 
268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) which 
wastes must meet in order to be eligible for land 
disposal. 

Any waste to be disposed of would meet the 
requirements.  

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste 
(non-hazardous) landfills. 

Existing cover would meet the final cover 
requirements. Monitoring would indicate potential 
releases.  

Safe Drinking Water Act Regulations, 
Underground Injection Control Program 
(40 CFR Parts 144,146,147, and 1000) 

Potentially 
Applicable 

These regulations outline minimum program and 
performance standards for underground injection 
programs. 

Treated groundwater would meet the performance 
standards for discharge through infiltration gallery. 

Control of Air Emissions from 
Superfund Air Strippers at Superfund 
Groundwater sites ( Office of Solid 
waste and Emergency Response 
Directive 9355.0-28) 

To be considered Guidance establishes criteria as to whether air emission 
controls are necessary for air strippers. A maximum of 3 
lb/hour or 15 lb/day or 10 ton/year of volatile organic 
compound (VOC) emissions is allowable. Controls are 
required if these limits are exceeded.  

Groundwater treatment with air stripping would not 
exceed the set limits and, therefore, off-gas 
treatment would not be necessary. 

Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially 
Applicable 

These regulations specify the requirements for safety 
and health applicable to workers engaged in on-site field 
activities. 

OSHA regulations will be followed for all  on-site 
construction and other remediation related activities. 
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ACTION TO BE TAKEN TO ATTAIN ARAR 

DOT Hazardous Materials 
Transportation, 49 CFR 171-173 

Potentially 
Applicable 

These regulations specify the requirements for 
manifesting and transporting hazardous waste 

Any waste to be disposed of would meet the 
requirements 

National Emission Standards for 
Hazardous Air Pollutants (40 CFR 61- 
Vinyl chloride) 

Potentially 
Applicable 

Establishes emission standards for specific sources. Vinyl chloride emissions would be within the limits. 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-
F-93-035, Sept. 1993 

To be considered This directive establishes the procedures for 
containment as the remedy for CERCLA  municipal 
landfills under Superfund Accelerated Cleanup Model 
(SACM) 

Existing soil cover would partially fulfil the 
requirements of presumptive remedy. Groundwater 
extraction would provide containment and prevent off-
site migration of contamination. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to 
Military Landfills, USEPA/540/F-
96/020, Dec. 1996 

To be considered This directive highlights a step-by-step approach to 
determining when a specific military landfill is an 
appropriate site for application of the containment 
presumptive remedy. 

The step-by-step approach determination indicted that 
containment presumptive remedy is appropriate for 
OU 2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, 
Sept. 1993 

To be considered Overall guide to the presumptive remedies initiative and 
its effect on site cleanup. 

Existing soil cover and containment of groundwater by 
extraction would partially fulfil the requirements of 
presumptive remedy. 
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ACTION TO BE TAKEN TO ATTAIN ARAR 
Florida Department of Environmental 
Protection(FDEP), Rules on Permits 
(Chapter 62-4, Florida Administrative 
Code (F.A.C.) 

Potentially 
Applicable 

Outlines permitting requirements for water pollution 
sources and air emission units 

Air emissions would be below the set limits.  

FDEP, Underground Injection Control 
(Chapter 62-528, F.A.C.) 

Potentially 
Applicable 

Establishes the standards for underground injection. 
Five classes of injection wells are defined. 

Treated groundwater would be discharged through an 
infiltration gallery. Relevant standards would be met.  

FDEP, Air Pollution Control (Chapter 
62-204, F.A.C.) 

Potentially 
Applicable 

Establishes standards for air pollutants. Standards for air pollutants would be met. Off-gas 
treatment unit would not be required because the 
emissions rate would be within the limits. 

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs).  

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Extraction of groundwater would limit releases to 
surface water. Monitoring would indicate potential 
releases exceeding the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 
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USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant cleanup Target Levels from Chapter 
62-777, F.A.C. are used in lieu of RBCs as agreed 
upon by USEPA, Region-4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Any waste generated during remediation would be 
subjected to these regulations.  Future data from 
monitoring will be compared with the RCRA 
requirements or state mandated benchmarks.  

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels (MCLs) 
(40 CFR Parts 141.11-141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

LUCs and monitoring will prevent potential use of 
groundwater as drinking water until the PRGs are 
met. Reactive media in the PRB would reduce the 
contaminant concentrations to acceptable levels. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking water 
that primarily affect the aesthetic qualities relating to 
public acceptance of drinking water. 
 

Concentration of iron in groundwater may go up 
because of natural attenuation processes.  LUCs 
and monitoring will prevent potential use of 
groundwater until the PRGs are met. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. Reactive media 
in the PRB would reduce the contaminant 
concentrations to acceptable levels. 

Groundwater Protection and 
Monitoring, Resource Conservation 
and Recovery Act (RCRA) Subpart F 
(40 CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 toxic 
compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements were considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation Goals 
(PRGs) for remedial actions. Reactive media in the 
PRB would reduce the contaminant concentrations to 
acceptable levels.Monitoring would ensure future 
compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

The standards are used for the development of PRGs 
and monitoring would indicate future compliance. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes 
in the state and corresponding 
restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration 
limits that would classify solid waste as hazardous 
waste and set rules for the management of such 
waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 
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Resource Conservation and Recovery 
Act (42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to occur. 

The treatment system would consist of in situ reactors 
carrying reactive media and would be constructed to 
meet the requirement.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, important 
farmland, coastal zones, etc. (40 CFR 
Section 6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely impacting wetlands wherever possible, to 
minimize wetlands destruction and to preserve the values 
of wetlands, and to prescribe procedures to implement 
the policies and procedures of this Executive Order. 

Remedial actions would be conducted so that any 
nearby wetlands would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or threatened 
species or its critical habitat, and an action may impact 
the species or its habitat, the U.S. Fish & Wildlife Service 
or the National Marine Fisheries Service and the 
corresponding state agencies must be consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction 
is not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act 
of 1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage natural 
resources for multipurpose uses and public access 
appropriate for those uses consistent with the military 
department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set 
rules for the management of such waste.  

Any waste generated during the construction of the 
alternative would be handled following the applicable 
regulations. 

Florida Game and Freshwater Fish 
Commission, Florida Natural Areas 
Inventory  

Relevant and 
Appropriate 

 
Regulates activities affecting state-listed endangered 
or threatened species or their critical habitat. 

 
A survey was conducted during the RI and alternative 
construction is not expected to affect any of the 
species. The state agencies will be consulted if 
deemed necessary.  
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USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and non-carcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

Contaminant Cleanup Target Levels from Chapter 62-
777, F.A.C. are used in lieu of RBCs as agreed upon 
by USEPA, Region 4 and FDEP. 

Resource Conservation and Recovery 
Act (RCRA) Regulations, Identification 
and Listing of Hazardous Wastes (40 
CFR Part 261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Any waste generated during the implementation of the 
alternative would be subjected to these regulations. 
Future data from monitoring will be compared with the 
RCRA requirements or state mandated benchmarks.  

RCRA Regulations, Standards 
Applicable to Transporters of 
Hazardous Waste (40 CFR Part 263) 

Potentially 
Applicable 

These regulations specify the requirements for 
transporting manifested hazardous waste to a licensed 
facility. 
 

Any waste generated would be disposed of following 
applicable regulations. 

Land Disposal Restrictions (40 CFR 
268) 

Potentially 
Applicable 

This regulation establishes treatment standards 
(concentration levels or methods of treatment) which 
wastes must meet in order to be eligible for land disposal. 

Any waste to be disposed of would meet the 
requirements.  

RCRA Subtitle D, 40 U.S.C 6901 Relevant and 
Appropriate 

Establishes design and operating criteria for solid waste 
(non-hazardous) landfills. 

Existing cover would meet the final cover 
requirements. Partial containment would prevent off-
base migration of contaminants. Monitoring would 
indicate potential releases.  
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Occupational Safety and Health Act 
Requirements 
(20 CFR 1910, 1926, and 1904) 

Potentially 
Applicable 

These regulations specify the requirements for safety 
and health applicable to workers engaged in on-site field 
activities. 

OSHA regulations will be followed for all  on-site 
construction and other remediation related activities. 

DOT Hazardous Materials 
Transportation, 49 CFR 171-173 

Potentially 
Applicable 

These regulations specify the requirements for 
manifesting and transporting hazardous waste 

Any waste to be disposed of would meet the 
requirements 

Presumptive Remedy for CERCLA 
Municipal Landfill Sites, USEPA 540-
F-93-035, Sept. 1993 

To be considered This directive establishes the procedures for 
containment as the remedy for CERCLA  municipal 
landfills under Superfund Accelerated Cleanup Model 
(SACM) 

Containment with sheet piles and existing soil cover 
would partially fulfil the requirements of presumptive 
remedy. PRBs would  prevent off-site migration of 
contamination. 

Application of the CERCLA Municipal 
Landfill Presumptive Remedy to 
Military Landfills, USEPA/540/F-
96/020, Dec. 1996 

To be considered This directive highlights a step-by-step approach to 
determining when a specific military landfill is an 
appropriate site for application of the containment 
presumptive remedy. 

The step-by-step approach determination indicted that 
containment presumptive remedy is appropriate for 
OU 2. 

Presumptive Remedies: Policy and 
Procedures, USEPA 540-F-93-047, 
Sept. 1993 

To be considered Overall guide to the presumptive remedies initiative and 
its effect on site cleanup. 

Containment with sheet piles and existing soil cover 
would partially fulfil the requirements of presumptive 
remedy. Contaminants would be removed by the 
PRBs before reaching off-base. 
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FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS were used for the development of 
Preliminary Remediation Goals (PRGs). PRBs would 
achieve PRGs. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define hazardous waste and set rules 
for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous 
Waste Management. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the standards for discharges to 
surface water. 

Monitoring would indicate potential releases 
exceeding the standards. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

 
 
 



 

 

470801005 
G

-58 
C

TO
 0024

R
ev. 1

07/30/03

TABLE G-28 
 

ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 
ALTERNATIVE S-6: EXTENDED CONTAINMENT USING SHEET PILES, PRB,  LUCs, AND MONITORING 

 
OPERABLE UNIT 2 

 
NAVAL TRAINING CENTER 

ORLANDO, FLORIDA 
 

PAGE 1 OF 2 
 

FEDERAL REQUIREMENTS 
 

 
REQUIREMENT AND 

CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

USEPA Region IX Risk-Based 
Concentrations (November, 2000) 

To Be Considered Risk Based Concentrations (RBCs) are human-health-
based allowable exposure guidance levels developed for 
carcinogenic and noncarcinogenic compounds, using 
reference doses and carcinogenic potency slopes 
obtained from USEPA Integrated Risk Information 
System (IRIS) database, USEPA Health Effects 
Assessment Summary Tables (HEAST), and standard 
exposure scenarios.  RBCs are chemical concentrations 
corresponding to a fixed level of risk in various media. 

I Contaminant Cleanup Target Levels from Chapter 
62-777, F.A.C. are used in lieu of RBCs as agreed 
upon by USEPA, Region 4 and FDEP. 

Resource Conservation and 
Recovery Act (RCRA) Regulations, 
Identification and Listing of 
Hazardous Wastes (40 CFR Part 
261)  

Potentially 
Applicable 

Defines listed and characteristic hazardous wastes 
subjected to RCRA.  Appendix II contains the toxicity 
characteristic leaching procedure. 

Any waste generated during remediation would be 
subjected to these regulations.  Future data from 
monitoring will be compared with the RCRA 
requirements or state mandated benchmarks.  

Safe Drinking Water Act Regulations, 
Maximum Contaminant Levels 
(MCLs) (40 CFR Parts 141.11-
141.16) 

Relevant and 
Appropriate 

These regulations set standards of protection drinking 
water sources serving at least 25 persons.  

LUCs and monitoring will prevent potential use of 
groundwater as drinking water until the PRGs are 
met. Reactive media in the PRB would reduce the 
contaminant concentrations to acceptable levels. 

National Secondary Drinking Water 
Regulations (40 CFR 143) 

To be considered Sets Secondary MCLs for contaminants in drinking 
water that primarily affect the aesthetic qualities relating 
to public acceptance of drinking water. 
 

Concentration of iron in groundwater may go up 
because of natural attenuation processes.  LUCs and 
monitoring will prevent potential use of groundwater 
until the PRGs are met. 

Groundwater Protection Strategy To be considered USEPA policy to protect groundwater for its highest 
present or potential future beneficial use. 

LUCs and monitoring will prevent potential use of 
groundwater until the PRGs are met. Reactive media 
in the PRB would reduce the contaminant 
concentrations to acceptable levels. 

Groundwater Protection and 
Monitoring, Resource Conservation 
and Recovery Act (RCRA) Subpart F 
(40 CFR 264.90-264.109) 

Relevant and 
Appropriate 

Establishes monitoring requirements for SWMUs by 
specifying concentration standards and corrective action 
measures.  Groundwater protection standards for 14 
toxic compounds are equal to MCLs under Safe Drinking 
Water Act. 

Requirements were considered for developing PRGs 
and monitoring plans. 

Ambient Water Quality Criteria, 
Section 304, Clean Water Act 

Relevant and 
Appropriate 

Sets criteria for assessing the need for surface water 
remedial action. 

Requirements are considered for developing PRGs 
and monitoring would ensure future water quality. 
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STATE REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

FDEP, Contaminant Cleanup Target 
Levels (CTLs) (Chapter 62-777, 
F.A.C.) 

To be considered 
 
Establishes cleanup target levels for groundwater, 
surface water, and soil. 

 
The CTLS are used as Preliminary Remediation 
Goals (PRGs) for remedial actions. Reactive media in 
the PRB would reduce the contaminant 
concentrations to acceptable levels.Monitoring would 
ensure future compliance. 

FDEP, Surface Water Quality 
Standards (Chapter 62-302, F.A.C.) 

Potentially 
Applicable 

These regulations set the chemical concentration 
standards for discharges to surface water. 

The standards are used for the development of PRGs 
and monitoring would indicate future compliance. 

FDEP, Groundwater Classes, 
Standards, and Exemptions (Chapter 
62-520, F.A.C.) 

Potentially 
Applicable 

These regulations define various groundwater classes in 
the state and corresponding restrictions/requirements.  

PRG development considered such classification. 

FDEP, Hazardous Waste (Chapter 62-
730, F.A.C.) 

Potentially 
Applicable 

These regulations define chemical concentration limits 
that would classify solid waste as hazardous waste and 
set rules for the management of such waste.  

Any waste generated during remediation would be 
handled following regulations under Hazardous Waste 
Management. 
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FEDERAL REQUIREMENTS 
 

 
REQUIREMENT AND CITATION 

 
STATUS 

 
REQUIREMENT SYNOPSIS 

 
ACTION TO BE TAKEN TO ATTAIN ARAR 

Resource Conservation and Recovery 
Act (42 U.S.C. Section 6901 et. seq.); 
Location Standards (40 CFR Section 
264.18(b) 

Potentially 
Applicable 

A hazardous waste facility located in a 100-year floodplain 
must be designed, constructed, operated, and maintained 
to prevent washout or to result in no adverse effects on 
human health or the environment if washout were to 
occur. 

The treatment system would consist of in situ reactor 
carrying reactive media and would be constructed to 
meet the requirement.  

Executive Order 11990 
RE:  Protection of Wetlands 
40 CFR Part 6, Appendix A 
National Environmental Policy Act 
(NEPA) Wetlands, floodplains, 
important farmland, coastal zones, etc. 
(40 CFR Section 6.302(a)) 

Potentially 
Applicable 

 
This Order requires Federal agencies to take action to 
avoid adversely impacting wetlands wherever possible, 
to minimize wetlands destruction and to preserve the 
values of wetlands, and to prescribe procedures to 
implement the policies and procedures of this Executive 
Order. 

Remedial actions would be conducted so that any 
nearby wetlands would not be disturbed.  

Endangered Species Act 
16 USC 1531 et seq., 50 CFR Parts 
17,81,225, and 402 

Potentially 
Applicable 

 
If a location contains a federal endangered or 
threatened species or its critical habitat, and an action 
may impact the species or its habitat, the U.S. Fish & 
Wildlife Service or the National Marine Fisheries Service 
and the corresponding state agencies must be 
consulted. 

Endangered or threatened species survey was 
conducted during the RI and alternative construction 
is not expected to  affect any of the species.  Further 
surveys would be conducted if deemed necessary. 

Native American Grave Protection Act 
of 1979, 25 U.S.C. 3001 et seq. 

Relevant and 
Appropriate 

This act would be applicable if human remains were 
discovered during remedial activities 

No history exists regarding grave sites in the near 
vicinity.  

Conservation Programs on Military 
Reservations (Sikes Act) of 1960, as 
Amended 

Relevant and 
Appropriate 

This act requires that military installations manage 
natural resources for multipurpose uses and public 
access appropriate for those uses consistent with the 
military department’s mission. 

McCoy Annex at NTC, Orlando is an inactive military 
installation.  The property is slated for transfer to the 
public. Requirements will be met as appropriate. 
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