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ACRONYMS  

ARAR Applicable or Relevant and Appropriate Requirement 

AST Aboveground storage tank 

BCT BRAC Cleanup Team 

BLRA Baseline risk assessment 

BRAC Base Realignment and Closure 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CLEAN Comprehensive Long-Term Environmental Action Navy 

CTO Contract Task Order 

CSM Conceptual site model 

EBS Environmental baseline survey 

EE/CA Engineering  Evaluation/Cost Analysis 

EISOPQAM Environmental Investigations Standard Operating Procedures and Quality 

Assurance Manual 

ERA Ecological risk assessment 

ESD Explanation of Significant Differences 

F.A.C. Florida Administrative Code 

FDEP Florida Department of Environmental Protection 

FFS Focused feasibility study 

FOSL Finding of suitability to lease 

GCTL Groundwater cleanup target level 

NAS Naval Air Station 

NAVFACENGCOM Naval Facilities Engineering Command 

NCP National Contingency Plan 

NPL National Priorities List 

NTCRA Non-time-critical removal action 

PAH Polynuclear aromatic hydrocarbons 

PCB Polychlorinated biphenyl 

PRAP Proposed remedial action plan 

PRE Preliminary Risk Evaluation 

PSC Potential Source of Contamination 

QA/QC Quality assurance/quality control 

RA Remedial action 

RAB Restoration Advisory Board 

RD Remedial design 

RI Remedial Investigation 
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RIWP Remedial Investigation Work Plan 

ROD Record of Decision 

SCTL Soil cleanup target level  

SMDP Scientific/Management Decision Point  

SOUTHDIV Southern Division 

SPECAP Specific capacity 

SPLP Synthetic Precipitation Leaching Procedure 

SVOCs Semivolatile Organc Compounds 

TCRA Time-critical removal action 

TOC Total organic carbon 

TRPH Total recoverable petroleum hydrocarbons 

TtNUS Tetra Tech NUS, Inc. 

UCL Upper confidence limit 

U.S. EPA United States Environmental Protection Agency 

VOCs Volatile Organic Compounds 

 



1.0  INTRODUCTION 

This Remedial Investigation (RI) Work Plan for Naval Air Station (NAS) Cecil Field, Jacksonville, Florida, 

has been prepared by Tetra Tech NUS, Inc., (TtNUS) for Southern Division (SOUTHDIV) Naval Facilities 

Engineering Command (NAVFAC) under the Navy Comprehensive Long-Term Environmental Action 

Navy (CLEAN) Program, Contract Number N62467-94-D-0888, Contract Task Order (CTO) 0078.  This 

work plan describes the process that will be conducted for all Potential Sources of Contamination (PSC) 

that are found to have groundwater contamination.  Site specific work plans for Site 59, Buildings 

324/1845 Area is included in Appendix A.   

 
1.1 SUMMARY OF ENVIRONMENTAL INVESTIGATION PROGRAM AT NAS CECIL FIELD 

NAS Cecil Field was placed on the National Priority List (NPL) in December 1989.  In 1993, the Base 

Realignment and Closure Commission (BRAC) determined that NAS Cecil Field would be closed.  As a 

first step in the closure program, an Environmental Baseline Survey (EBS) was conducted to identify 

parcels of land for sale, lease, or investigation depending on the condition of the parcel. 

 

Based on the above, environmental work at NAS Cecil Field is conducted under several regulatory 

programs.  Based on historical studies (i.e., Initial Assessment Study, Resource Conservation and 

Recovery Act Facility Agreement Investigation) sites were investigated and remediatied under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  All sites falling 

under this category are investigated in accordance with the National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP).   

 

Sites may also be investigated under the BRAC program based on the evaluation conducted under the 

EBS.  Sites receive a color code under the EBS which indicate the degree that the site may be 

contaminated.  Sites that receive a white designation are considered to be clean and require no additional 

work.  Sites that receive a gray designation indicate that their environmental condition is unknown and 

must be investigated.   

 

Gray site investigations consist of collecting biased samples to determine the absence or presence of 

contamination.  If contamination is found at levels above remedial action levels, then additional samples 

are collected in an attempt to delineate contamination.  Once the site contamination is delineated, design 

packages are prepared to excavate all contamination.  Once the contaminated soil is removed, a 

Sampling and Analysis Report is prepared and the site is coded dark green.  If petroleum contamination 

was removed, the site is coded blue.  Both situations allow the property to be transferred. 
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If additional sampling is conducted at a gray site and the contamination can not be adequately delineated 

after several rounds of sampling, then the site is transferred into a different category.  The site then 

becomes a PSC.  These sites are typically larger in extent than the gray sites and require a larger 

sampling effort to delineate the soil contamination.  Similarly to gray sites, a design is prepared once all 

contamination is delineated and the soil contamination is removed.  Once the remedial action is 

completed, a Technical Memorandum is prepared indicating that the site action was acceptable, and the 

property can be transferred. 

 

If a PSC is found to have groundwater contamination or be significantly larger than the typical PSC, the 

CERCLA process will be followed.  The purpose of this document is to describe the process to be used 

for PSCs with groundwater contamination or with soil contamination that encompasses an area too large 

to be handled under the PSC program.  The latter will be determined on a case-by-case basis by the 

BRAC Cleanup Team (BCT).   

 

The following actions that make up the process, as determined by the BCT, are summarized below: 

 

• Remedial Investigation Work Plan 

• Time Critical or non Time Critical Soil Removal (i.e., Dig and Haul Design) 

• 30 - Day Public Notice 

• Removal Action for Soils 

• Remedial Investigation for Groundwater and Post Removal Action Soils 

• Focused Feasibility Study for Groundwater 

• Proposed Plan 

• 30 -Day Public Comment Period 

• Record of Decision 

• Remedial Design for Groundwater 

• Remedial Action for Groundwater 

 

This document will discuss each of the above topics and describe how the BCT will proceed with the 

work.  

  

All petroleum sites are investigated under the state of Florida requirements [Chapter 62-770, Florida 

Administrative Code (FAC)] and are not covered under this document.   

 



2.0  CERCLA PROCESS 

PSCs with groundwater contamination will be investigated in accordance with the process outlined in the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or “Superfund”) as 

established in the NCP.  The NCP is the regulation that implements CERCLA and establishes the overall 

approach for determining appropriate remedial actions at Superfund sites.  A ten-step approach, as 

discussed above, was developed by the NAS Cecil Field BCT.  This approach is based on information 

presented in United States Environmental Protection Agency (U.S. EPA’s) Guidance for Conducting 

Remedial Investigations and Feasibility Studies Under CERCLA (U.S. EPA 1988) and 40 CFR 

300.415(b)(2) of the NCP.  The following discussion addresses each step in the process. 

 

2.1 REMEDIAL INVESTIGATION WORK PLAN 

The Remedial Investigation Work Plan (RIWP) presents the initial evaluation of existing data and 

background information.  Based on the existing information, the work plan defines the scope and 

objectives of RI activities.  Also, the RIWP typically identifies the methods and procedures used to 

conduct field investigations, manage and evaluate data, and conduct human health and ecological risk 

assessments.  Information regarding these methods and procedures are outlined in the Remedial 

Investigation Report for Site 36—Control Tower TCE Plume and Site 37—Hangars 13 and 14 DCE Plume 

(TtNUS 1999). 

 

RIWPs prepared for PSCs at NAS Cecil Field will address these issues, but they will be streamlined 

documents.  The RIWP will include  

 

• a description of the site background and setting (including a figure of the site),  

• a description of the proposed sampling and analysis plan and its rationale, and 

• a conceptual site model that identifies the potential exposure scenarios for human and ecological 

receptors.   

 

Details regarding field procedures and quality assurance will be incorporated by reference of the RI for 

Site 36 and Site 37.  Existing health and safety plans will be used or amended for each investigation.   

 

2.2 REMOVAL ACTION 

If it is determined during the site evaluation that an immediate threat to public health or the environment 

exists as defined by 40 CFR 300.415(b)(2) of the NCP, and a six-month planning period is not feasible, 

then a time-critical removal action (TCRA) is warranted.  This TCRA includes any appropriate removal 
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action to abate, prevent, minimize, stabilize, or eliminate the release or the threat of release.  The need to 

perform a TCRA will be evaluated on a case-by-case basis by the BCT and be conducted as appropriate.  

If it is decided to implement a TCRA, an action memorandum outlining the rationale for the TCRA and the 

abatement technology identified for the TCRA must be prepared.  The removal action should be 

consistent with any final remedial action for the site. 

 

If it is determined during the site evaluation that a risk to public health or the environment exists as 

defined by 40 CFR 300.415(b)(2) of the NCP, and a six-month planning period is available, a non-time-

critical removal action (NTCRA) is warranted.  The need to perform a NTCRA will be evaluated on case-

by-case basis by the BCT and be conducted as appropriate.  An Engineering Evaluation/Cost Analysis 

(EE/CA) must be conducted for all NTCRA as required by section 40 CFR 300.415(b)(4)(i) of the NCP.  

The goals of the EE/CA are to identify the objectives of the removal action and to analyze the various 

alternatives that may be used to satisfy these objectives for cost, effectiveness, and implementability.   

 

If the extent of the removal action has been established, the remedy identified in the EE/CA can be 

implemented.  If the extent of contamination has not been adequately determined, additional sampling 

and analysis should be conducted to evaluate extent.  If there is sufficient data to conduct the EE/CA, the 

applicable removal technologies and disposal/treatment options should be evaluated on effectiveness, 

implementability, and cost to select the preferred removal option.  At a minimum, the EE/CA will evaluate 

attainment of Florida’s industrial and residential Soil Cleanup Target Levels (SCTLs) as identified in 

62-777 FAC.  In certain cases, the EE/CA may evaluate installation of a cap over the contaminated area.  

All removal actions should be consistent with any final remedial action for the site.  Once the EE/CA is 

approved, a dig-and-haul package (interim remedial action) will be prepared and the removal will be 

initiated. 

 

2.3 THIRTY-DAY PUBLIC NOTICE 

For a TCRA, a public notice is required within 60 days of the initiation of the removal action, as defined by 

40 CFR §300.415(n)(2)(i-iii).  The public notice is followed by a public comment period within 30 days of 

the administrative record being made available.  A written response to any significant comments is then 

prepared. 

 

For a NTCRA, a formal community relations plan must be established, community interviews must be 

conducted, and a repository of documents demonstrating what activities have been conducted must be 

established, as required by 40 CFR §300.415(n)(3)(i-iv).  In addition, a notice of availability and a brief 

description of the EE/CA must be published in a major local newspaper.  A public comment period of not 

less than 30 days after the completion of the EE/CA must be provided.  A written response to any 
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significant comments must be prepared.  The dig-and-haul package will be submitted following the 30-day 

public comment period. 

 

2.4 REMOVAL ACTION IMPLEMENTATION 

A removal action is performed to achieve cleanup goals that are protective of human health and the 

environment.  The establishment of the cleanup goals is based on the known or proposed future use of 

the area potentially requiring remediation as agreed upon by the BCT.  For each constituent, the cleanup 

goal is the most protective value based on the receptors.   

 

To determine the level of remediation that would be required, a statistically based approach will be used. 

The exceedance of a cleanup goal by an individual sample does not necessarily indicate a significant 

exceedance of a target risk level or a hazard quotient.  Exposure to a constituent in soil is a result of 

exposure to an area, not an individual sampling location.  Therefore, the entire data set will be used to 

determine a post-excavation exposure concentration that would be less than the constituent’s site-specific 

cleanup goal. 

 

Prior to establishing a site-specific cleanup goal for the site, a conceptual site model must be established.  

The conceptual site model identifies the potential receptors at a site, the media to which these receptors 

would be exposed, and their routes of exposure.  The receptors, media and routes of exposure are based 

upon the potential future use of the site. 

 

The site-specific cleanup goal is applied to an exposure unit.  The exposure unit is the area whereby a 

receptor is expected to roam.  Based on the size of the area being investigated, the exposure unit could 

be the entire area for some receptors, or subdivisions of the area.  The cleanup goal for the most 

sensitive receptor within an exposure unit is identified as a site-specific cleanup goal.  Cleanup goals 

must be attained for all exposure units being evaluated.  The data set defined for the exposure unit is 

used to determine whether the site-specific cleanup goal has been attained. 

 

Attainment of the cleanup goal is achieved when the 95 percent upper confidence limit of the mean (UCL) 

is less than cleanup goal. An iterative process will be used to determine above which concentration the 

soil must be removed to achieve a UCL less than or equal to the cleanup goal.  In theory, the sampling 

locations with the highest concentrations would be excavated and replaced with clean fill.  The excavated 

samples would be assumed to be replaced with clean fill having a concentration equal to one-half the 

detection limit of the constituent or some other appropriate concentration, such as background.  The data 

set would be evaluated in a stepwise manner by replacing the highest concentration with the clean fill 

concentrations, then recalculating the UCL.  When the UCL is less than or equal to the site-specific 

cleanup goal, the calculation stops.  
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Defining the limits of excavation will be decided upon on a case-by-case basis.  For simple sites, the 

locations at the midpoints between the locations to be removed and the locations that would remain may 

define the limits of excavation.  For more complex sites, more sophisticated techniques involving 

geostatistics and kriging may be used.  The technique to be used for defining the limits will be decided 

upon by the BCT on case-by-case basis.  Factors such as the size of the investigation area, the nature 

and extent of contamination, and the proposed future use of the site will help determine the appropriate 

technique.  The CLEAN contractor will prepare a Remedial Action report documenting the area requiring 

excavation.  This Remedial Action report will be included as an appendix to the Remedial Investigation. 

 

Locating the area requiring remediation will be established through surveying.  The excavated material 

will be tested to determine the appropriate disposal option.  The Remedial Action Contractor (RAC) will 

document this information in a Construction Completion Report. 

 

2.5 REMEDIAL INVESTIGATION 

An RI is conducted to characterize site conditions and to quantify current and potential future risks to 

human health and the environment.  The RI will be completed in accordance with Section 300.430 

(Remedial Investigation/Feasibility Study and Selection of Remedy) of the NCP and other appropriate 

U.S. EPA, state and Navy guidance.  During the RI, data are collected to characterize site conditions, 

determine the nature and extent of contamination, and assess risk to human health and the environment.   

 

For NAS Cecil Field, a Preliminary Risk Evaluation (PRE) is conducted for groundwater.  A PRE is also 

conducted for soil unless it is determined that a site-specific baseline risk assessment (BLRA) should be 

conducted for soil.  An ecological risk assessment will also be conducted. 

 

Preliminary Risk Evaluation 

The PRE is a screening-level evaluation of potential risks to human receptors resulting from exposure to 

site constituents.  While a site may have numerous hypothetical receptors, during the PRE, it is common 

to use the most sensitive human for risk calculations.  The PRE will be conducted in accordance with the 

Amended Guidance on Preliminary Risk Evaluations (PREs) For the Purpose of Reaching a Finding of 

Suitability to Lease (FOSL) (EPA 1994). 

 

The BLRA typically quantifies risks that might exist if no remediation or institutional controls were applied 

at a site.  However, for soil at NAS Cecil Field, a removal action may have already occurred at an area of 

investigation.  This risk assessment will be conducted for the post-removal state of the area of 

investigation to demonstrate that carcinogenic risks are less than 1E-06 and hazard indices are less than 
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one.  The BLRA will be conducted in accordance with U.S. EPA’s Risk Assessment Guidance for 

Superfund, Volume I, Human Health Evaluation Manual (Part A) (U.S. EPA 1989).  

 

Prior to conducting a PRE or a BLRA, a conceptual site model (CSM) must be developed.  The CSM 

identifies the potential receptors at the area of investigation and the means by which these potential 

receptors may be exposed.  Development of this CSM is based upon the current or proposed future use 

of the site.  The CSM is site-specific and is agreed upon by the BCT.  Once the CSM is finalized, the 

exposure assumptions must be defined.  The exposure assumptions will be those identified in U.S. EPA’s 

Exposure Factors Handbook (U.S. EPA 1997a) unless more site-specific exposure assumptions can be 

justified.  If site-specific exposure assumptions are to be used, these also must be agreed upon by the 

BCT. 

 

Ecological Risk Assessment 

The ecological risk assessment (ERA) characterizes the potential risks from site-related constituents to 

ecological receptors.  The assessment generally follows an eight-step process required by the U.S. EPA 

(U.S. EPA 1997b, U.S. EPA 1998). The ERA is also conducted in accordance with the Department of the 

Navy ERA Policy (Department of the Navy, 1999) and other available guidance documents (U.S. EPA, 

1995; Wentsel et al., 1996) and publications (Ingersoll et al., 1997; Suter, 1993; Calabrese and Baldwin, 

1993).  The first two steps are the Preliminary Problem Formulation and Ecological Effects Evaluation; 

and Preliminary Exposure Assessment and Risk Calculation.  Step 3a further refines the screening level 

Risk Assessment.  Steps 3b through 7 are conducted if additional evaluations or investigations are 

necessary.  Finally, Step 8, Risk Management, is incorporated throughout the process. 

 

Due to the potential complexity of ecological risk assessments, they are often conducted using a tiered 

approach which, in turn, depends on meetings called Scientific/Management Decision Points (SMDPs).  

SMDPs are meetings involving the risk managers and risk assessment team and are conducted to 

evaluate the work up to that point and ensure that the assessment is proceeding in an efficient manner.  

Information analyzed in one tier is evaluated to determine whether the objectives of the study have been 

met.  The results are then used to identify the data required for the next tier, if necessary.  The Tier 1 

ERA is also known as the Screening Level ERA.  The Screening Level ERA uses conservative 

assumptions to evaluate site data and determine whether additional ecological risk assessment or 

accelerated site cleanup may be warranted, or that the site poses negligible ecological risks.  The second 

tier is a Baseline ERA that is conducted if the results of the Screening Level ERA indicate that additional 

study is warranted.  
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Quality Assurance/Quality Control 

Data quality control (QC) measures, including collection of field QC samples and limited data validation, 

will be implemented to ensure that resultant data are suitable for their intended uses (i.e., nature and 

extent determination, risk assessment, etc.).  

 

Field QC Samples  

Field duplicates will be obtained at a frequency of one per every 10 samples per matrix.  Field duplicates 

for soil/sediment samples are two separate samples collected from the same source.  Aqueous sample 

duplicates are collected simultaneously.  Laboratory matrix spike (MS)/matrix spike duplicate (MSD) 

samples will be collected at a frequency of one per every 20 samples per matrix.  Duplicates assess the 

overall precision of the sampling and analysis program.  As agreed upon by the BCT, the collection of 

rinsate and trip blanks has been eliminated at NAS Cecil Field.  In addition, field blanks will not be 

collected during this sampling program because there will be limited decontamination of sampling 

equipment.  In accordance with these changes, the following table summarizes the frequency and type of 

field Quality Assurance(QA)/Quality QC samples to be collected. 

 

Data Validation 

All samples, with the exception of the DPT samples, will be subjected to a limited data validation in 

accordance with the procedures outlined in Navy guidance (Sampling and Chemical Analysis Quality 

Assurance Requirements for the Navy Installation Restoration Program, NFESC 20.2-047B) and U.S. 

EPA Contract Laboratory Program National Functional Guidelines for Organic and Inorganic Data 

Review.  Data validation is an objective systematic process in which analytical data are reviewed to 

ascertain the validity of the reported results and to identify for the data user the possible limitation of 

these results.  The limited data validation review will consist of an evaluation of the data to eliminate false 

positives and to preclude false negatives.  The limited data validation review will evaluate environmental 

samples for data completeness, holding time compliance, calibration compliance, and laboratory blank 

contamination.  The limited data validation review will be primarily limited to the aforementioned criteria; 

however, if noncompliances compromising false negatives or false positives are noted, the reviewer 

would take appropriate action to qualify the data.  

 

2.6  FOCUSED FEASIBILITY STUDY 

The objective of the focused feasibility study (FFS) is to develop and evaluate a narrow range of 

alternatives for groundwater remediation.  The contaminated soil will be addressed under a separate 

removal action as described below.  The FFS will employ data presented in the RI Report and in previous 

investigations.  The FFS shall accomplish the following objectives: 
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• Develop remedial response objectives for the groundwater. 

• Identify a limited set of applicable technologies and assembly of alternatives. 

• Screen and evaluate remedial technologies/alternatives. 

• Conduct detailed analysis of alternatives. 

 

Based on the data presented in the RI Report, remedial response objectives will be developed.  Specific 

response objectives will be developed using a risk-based methodology and Applicable or Relevant and 

Appropriate Requirement (ARAR) considerations to define cleanup levels.  Potential contaminant 

migration pathways and exposure pathways, identified in the RI Report Risk Assessment, will be 

examined further as a basis for estimation of acceptable onsite residual contamination levels.  

Development of response objectives will also include refinement of ARARs specific to NAS Cecil Field. 

 

Based on the remedial response objectives, a list of applicable technologies will be identified and 

screened based on effectiveness, implementability, and cost.  The technologies and process options that 

are retained for further evaluation will be combined to form remedial alternatives.  The no-action 

alternative will be used as a baseline against which the other alternatives will be evaluated.     

 

The list of technologies and alternatives developed may be evaluated and screened.  The objective of this 

effort is to eliminate from further consideration any technologies and alternatives that are undesirable 

regarding implementability, effectiveness, and cost. 

 

Remedial alternatives that pass the screening process will be further evaluated and compared.  Remedial 

alternatives will be evaluated using the nine criteria established in the NCP.  The nine criteria are as 

follows: 

 

1. Overall Protection of Human Health and the Environment 

2. Compliance with ARARs 

3. Long-term Effectiveness and Permanence 

4. Reduction of Mobility, Toxicity, or Volume 

5. Short-term Effectiveness 

6. Implementability 

7. Cost 

8. State Acceptance 

9. Community Acceptance 
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The state and community acceptance criteria are not documented in the FFS.  The state's concerns are 

considered after the FFS comments are received, and the community's concerns are considered after 

comments on the Proposed Remedial Action Plan (PRAP) are received. 

 

2.7 PROPOSED REMEDIAL ACTION PLAN 

The PRAP identifies and explains the rationale for the preferred remedial alternative and addresses the 

threats to human health and the environment.  It describes all remedial alternatives that were evaluated, 

explains the nine criteria used to conduct the evaluation and comparison of the alternatives, and solicits 

public review and comment on all alternatives presented. 

 

Public Comment 

After the PRAP is issued, there is a public comment period of at least 30 days.  This includes publishing a 

notification of the availability of the PRAP in the local newspaper, and making the PRAP available in the 

administrative record.  A public meeting will be held regarding the PRAP to receive oral and written public 

comments if the public requests it.  The public meeting addressing the PRAP could occur when the 

Restoration Advisory Board (RAB) meets.  A written summary of significant comments submitted during 

the comment period and the Navy’s responses to the comments will be prepared and made available in 

the responsiveness summary of the Record of Decision (ROD).   

 

2.8 RECORD OF DECISION  

The purpose of the ROD is to document the selected groundwater remedy.  The ROD provides a plan for 

system design and remediation, and documents the extent of human health or environmental risks posed 

by the groundwater.  The disposition of the site soil will also be described in the ROD. 

 

The ROD consists of three basic components: the Declaration, the Decision Summary, and the 

Responsiveness Summary.  A description of these components is as follows: 

 

• The Declaration is an abstract of the key information contained in the Decision Summary.  Once the 

U.S. EPA agrees with the Declaration, a letter of ROD concurrence is submitted by the U.S. EPA to 

the appropriate DOD representative.  Once signed, this section makes the entire ROD legally binding. 

 

• The Decision Summary is the core of the document and describes the site characteristics, the risks 

posed by the site, the remedial alternatives evaluated to mitigate those risks, the selected remedy 

and rationale for selection, and the performance goals of the remedy. 
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• The Responsiveness Summary addresses all significant questions and comments received from the 

public during the designated comment period. 

 

After the ROD is signed, new information may come to light that may alter the effectiveness, extent, or 

implementation of the remedial action.  Three types of changes may occur: 

 

• Nonsignificant or minor  

• Significant 

• Fundamental 

 

Minor or nonsignificant changes generally do not need formal documentation and approval. 

 

A significant change does not modify the overall remedy but could alter a component.  In such instances, 

an Explanation of Significant Differences (ESD) must be developed, approved, and released to the public. 

 

A fundamental change to the remedy requires a ROD amendment.  A repetition of the ROD process, 

including issuance of a revised PRAP and a new public comment period, is necessary. 

 

2.9 REMEDIAL DESIGN/REMEDIAL ACTION 

The Remedial Design (RD) is a series of engineering reports, documents, specifications, and drawings 

that detail the groundwater treatment system design.  Submittals for the RD may include a Work Plan, 

Final Design, Construction Estimate, and Schedule. 

 

The Remedial Action (RA) is the process by which the remedy, as selected in the ROD and defined by 

the RD, is implemented.  The RA process includes the following phases: 

 

• RA planning activities 

• Remediation activities/RA submittals 

• Site-completion activities 
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SITE-SPECIFIC REMEDIAL INVESTIGATION WORK PLAN 

OPERABLE UNIT 9, SITE 59 - BUILDINGS 324/1845 AREA 

NAVAL AIR STATION CECIL FIELD 

JACKSONVILLE, FLORIDA 

INTRODUCTION 

This site-specific Remedial Investigation work plan has been prepared to provide information regarding 

investigations to be conducted in the vicinity of Buildings 324/1845 (see Figure A-I) to delineate the extent 

of groundwater contamination identified in this area. Groundwater sampling conducted in this area under 

the Base Realignment and Closure (BRAC) program identified trichloroethene (TCE) contamination, and 

the area was designated Site 59 under Operable Unit (OU) 9 to be investigated under the Installation 

Restoration (IR) program as governed by the Comprehensive Environmental Response, Compensation, 

and Liability Act (CERCLA). 

SUMMARY OF PREVIOUS INVESTIGATIONS 

A Due Diligence Investigation was conducted in the Building 324 area by Golder Associates in November 

2003. Fifteen temporary wells including five shallow wells screened from 5 to 15 feet below ground 

surface (bgs) and 10 deep wells screened from 25 to 30 feet bgs were installed, sampled, and analyzed 

for volatiles, semivolatiles, and metals. TCE was detected at concentrations greater than Florida 

Department of Environmental Protection (FDEP) Groundwater Cleanup Target Levels (GCTLs) in several 

deep (25- to 30-foot) wells. Also in November 2003, CDM conducted a soil investigation in the Building 

324 area to assess potential soil sources based on the Golder groundwater data. Twenty-eight Geoprobe 

borings were advanced with continuous soil sampling to the water table (6.5 to 7 feet bgs). Twenty-five 

soil samples were collected, based on photoionization detector (PID) readings, from depths between 2 

and 7 feet bgs. All samples were non-detect for volatile organic compounds (VOCs). 

In December 2003, Tetra Tech NUS, Inc. (TtNUS) resampled two temporary wells installed by Golder and 

confirmed the previous TCE results. Permanent monitoring wells were then installed at the locations of 

the resampled wells. In January 2004, TtNUS began a groundwater investigation using direct push 

technology (DPT) to evaluate the extent of groundwater TCE contamination in the Building 324 area. 

During Phase I of this investigation, 37 groundwater samples were collected from 26 locations at depths 

intervals of 10, 30, 50, and 70 feet bgs and analyzed for VOCs. TCE was detected at concentrations of up 

to 3,160 pg/L in an area northwest of Building 324. TCE was also detected at concentrations of 1,350 and 

2,650 pg/L at the furthest downgradient (southeast) location. TtNUS collected four soil samples in the 
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area northwest of the building (where TCE was detected at 3,160 pg/L) and analyzed them for VOCs. All 

results were less than detection limits. 

The Phase I I  DPT investigation was conducted in February and March 2004 and included the collection of 

151 groundwater samples from 42 locations at depths of 15, 30, 50, 60, 70, and 90 feet bgs and refusal 

(typically about 100 feet bgs). Six existing permanent wells were also sampled and analyzed for VOCs. 

TCE concentrations greater than the GCTL were detected in an area extending from the area northwest of 

Building 324 to the western side of Hangar 1845. Vertically, TCE exceedances were detected from 30 to 

approximately 100 feet bgs. 

Existing groundwater data are presented in Table A-1 

REMEDIAL INVESTIGATION WORK PLAN 

Figure A-2 depicts sampling locations from the DPT investigation. Based on evaluation of groundwater 

elevation data from temporary wells, groundwater flow is to the southeast in the site area. 

Monitorinq Well Locations 

The objective of the groundwater investigation is to evaluate the nature and extent of TCE-contaminated 

groundwater as outlined by the temporary well data. 

A total of 43 new wells at 16 locations (see Figures A-3 through A-7) are proposed to delineate the 

horizontal and vertical extent of groundwater contamination as follows: 

0 

0 

0 

0 

0 

0 

Nine 30-foot wells screened from 28 to 33 feet bgs 

Thirteen 50-foot wells screened from 48 to 53 feet bgs 

Three 70-foot wells screened from 68 to 73 feet bgs 

Seven 80-foot wells screened from 78 to 83 feet bgs 

Ten wells screened at the base of the surficial aquifer [top of rock (TOR) wells] 

One bedrock well installed in the first water-bearing zone of the Hawthorne formation 

Location 001 will be upgradient of the detected contamination approximately 100 feet northwest of 

Building 324 and will include wells at 30, 50, and 80 feet bgs and a TOR well. 

Location 002 will be at the location of the maximum TCE concentration (3,160 pg/L at approximately 

25 feet northwest of Building 324) detected during DPT sampling and will include 30-f00t, 50-f00t, and 

TOR wells. 
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Location 003 will be at the second highest TCE concentration detected during the DPT investigation 

(2,650 pg/L, just west of Building 81 8) and will include wells at 30, 50, and 70 feet bgs and a TOR well. 

Location 004 will be approximately 175 feet downplume (southeast) of location 003, near the northwestern 

corner of Hangar 1845 and will include wells at 50 and 70 feet bgs and a TOR well. 

Location 005 will be within Hangar 1845, an area from which no samples were collected during the DPT 

investigation. This cluster will include wells at 30, 50, and 70 feet bgs and a TOR well. 

Location 006, at the maximum TCE detection south of Hangar 1845 (approximately 150 feet south of the 

hangar), will include existing well NG-121 (screened from 32.5 to 37.5 feet bgs), existing NG-12D 

(screened from 45 to 50 feet bgs), and a new TOR well. 

Location 007 will be located downgradient of the southernmost detected contamination, approximately 

280 feet southeast of Hangar 1845 and will include wells at 30 and 50 feet bgs and a TOR well. 

Location 008 includes a 30-foot well only and is approximately 100 feet east (sidegradient) of Location 

002. 

Location 009 is sidegradient (east) of the plume approximately 65 feet north of Hangar 1845 wells and 

includes wells at 50 and 80 feet bgs and TOR. 

Location 010 will be approximately 65 feet east (sidegradient) of Hangar 1845 and includes 50- and 

80-foot wells. 

Location 01 1 will be approximately 175 feet east (sidegradient) Location 006 and south of Hangar 1845 

and includes wells at 30, 50, and 80 feet bgs. 

Location 01 2 includes a 50-foot well only and is approximately 80 feet southwest of Location 006. 

Location 01 3 will be sidegradient (west) of the plume, approximately 75 feet south of Hangar 1845 and 

includes wells at 30, 50, and 80 feet bgs. 

Location 014 will also be sidegradient, approximately 130 feet west of Hangar 1845 and includes wells at 

50 and 80 feet bgs and TOR. 
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Location 01 5 will be approximately 130 feet southwest (sidegradient) of Location 002 and includes a well 

at 30 feet bgs only. 

Location 016 will be sidegradient at approximately 140 feet southwest of Location 003 and 180 feet 

northwest of Location 004 and includes wells at 50 and 80 feet bgs and a TOR well. 

A bedrock well will be installed in the first water-bearing zone below the surficial aquifer at the location of 

the maximum TCE concentration in a TOR well sampled during the RI. 

Existing well NG-021 (screened from 33 to 38 feet bgs) located 100 feet south of Hangar 1845 will also be 

sampled. 

Prior to the installation of wells, utilities will be located or cleared at each location. 

Aquifer Testing and Geotechnical Analyses 

To facilitate data interpretation, additional information will be collected at the site including specific 

capacity (SPECAP) data, total organic carbon (TOC) concentrations, and geotechnical data including 

grain-size analysis, bulk density, specific gravity, pH, and soil porosity values. SPECAP and geotechnical 

data will be collected from wells at Locations 001, 007, 009, and 01 4 to provide a range of values across 

the site area. Seven SPECAP tests will be conducted at the following locations and intervals: 

0 

0 

0 

0 

Location 001 at the 30- and 80-foot intervals 

Locations 007 at the 50-fOOt and TOR intervals 

Location 009 at the 50- and 80-foot intervals 

Location 01 4 at the TOR interval 

Samples for geotechnical analyses will be collected from the following locations and intervals: 

0 

0 

0 

0 

Location 001 at the 30- and 80-foot intervals 

Locations 007 at the 50-foot and TOR intervals 

Location 009 at the 50- and 80-foot intervals 

Location 014 at the 80-foot and TOR intervals 

Procedures for the collection of these data are described in the Site 36/37 RI. 
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The 10 TOR wells will be installed first, and geologic logging will be completed for these wells to evaluate 

site-specific geologic and hydrogeologic conditions. Screened intervals of the remaining wells to be 

installed as part of the RI may be adjusted based on the results of this geologic logging (i.e., locations of 

clay layers, etc.). All TOR and 80-foot wells will be completed as 2-inch wells as described below. 

To allow for the collection of aquifer test and geotechnical data, the following wells will also be completed 

as 2-inch wells: 

0 

0 

Location 001 at the 30-fOOt interval 

Location 007 at the 50-foot interval 

Location 009 at the 50-foot interval 

Two-inch wells will be constructed with certified-clean well construction materials including 2-inch, inside 

diameter (ID) flush-threaded polyvinyl chloride (PVC) well screen and riser. Well screens will be 

0.01 0-inch slot for all wells, with a screen length of 5 feet. Well installation procedures for 2-inch wells will 

be as described in the Site 36/37 RI report, with the exception that bentonite instead of choke sand will be 

used as a well seal. 

The remaining wells (30-, 50-, and 70-fOOt wells at which aquifer testing is not being proposed) will then be 

installed as 0.75-inch ID microwells using DPT for well boring advancement. Pre-packed 5-foot screens 

will be used, and well completion will be similar to that of the 2-inch wells. 

The locations and top of casing elevations of all wells will be surveyed by a registered surveyor. 

Groundwater Samplinq and Analvsis 

Groundwater sampling and analysis to be conducted as part of the RI is presented in Tables A-2. 

Groundwater samples will be collected using low-flow sampling techniques. 

The 43 new wells and three existing wells will be sampled and analyzed for including VOCs to determine 

the horizontal and vertical boundaries of groundwater contamination and to provide contaminant trend 

data within the site area. The 30-foot interval at location 002, considered as the source well, will also be 

analyzed for semivolatile organic compounds (SVOCs), metals, and polychlorinated biphenyls (PCBs) to 

confirm the results of the due diligence investigation as well as the Sampling and Analysis Report for 

Building 324 submitted by ABB in July 1997. In addition, 12 of these wells will be analyzed for field and 

laboratory geochemical parameters to evaluate the potential for natural attenuation at the site (see Tables 
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A-2, A-3, and A-4). At four wells (CEF-059-002-30, CEF-059-003-TOR, CEF-059-004-TOR, and 

NG-l2D), additional sampling will be conducted to provide information to be used in the evaluation of 

bioaugumentation as a potential treatment option for the site. At these four wells, analyses will be 

conducted to evaluate the presence of several species of halorespiring bacteria and to quantify the 

presence of Dehalococcoides (Dhc) bacteria through genetic tests. Analysis will be conducted on 

samples in areas where TCE concentrations are greater than Natural Default Attenuation Criterion of 

300 pg/L. If these tests indicate that bacteria are present, a work plan for further analysis will be 

submitted. 

TCL Metals 

PCBs 

Dhc 

A complete round of synoptic water levels will be collected from the existing and newly installed wells prior 

to purging and sampling. 

SW-846 601 OB 1 1 -liter glass or 
polyethylene; 

Teflon-lined lid 

1 1 -liter amber glass; 
Teflon-lined lid 

SW-846 8082 

qPCR and DGGE TBD 

Sampling handling, bottleware, preservation, and holding time requirements for proposed COC and 

bacterial analyses are presented in the following table. 

TBD 

Parameter Analytical Bottleware I I Method 

TBD 

TCL VOCs I SW-846 8260B 2 40-ml glass; I Teflon-lined septum 
SW-846 8270C 2 1 -liter amber glass; 

TCLSVoCs I I Teflon-lined lid 

Preservation I Holding Time(') 

Cool to 4O c I 14 days to analysis 
pH < 2 with HCI 

cool to 4O c 7 days to extraction; I 40 days to analysis 

HN03 to pH<2, 
Cool to 4OC 

Cool to 4OC 

180 days to analysis 
except mercury which 
is 28 days to analysis 
7 days to extraction; 
40 days to analysis 

1 - Holding times are measured from the datehime of sample collection. 
TBD - To be determined based on laboratory requirements. 

Natural attenuation sampling information for field and laboratory parameters is presented in Tables A-3 

and A-3, respectively. 

As agreed upon by the BCT, the collection of rinsate and trip blanks has been eliminated at NAS Cecil 

Field. In addition, field blanks will not be collected during this sampling program because there will be 

minimal decontamination of sampling equipment. In accordance with these changes, the following table 

summarizes the frequency and type of field quality assurance/quality control (QA/QC) samples to be 

collected for this sampling program. 
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I Type of Samples I Frequency I Samples to be Collected I 

Lab MS/MSD 
I Field Duplicate I 1 / lo  sample/matrix I 5 I 

1/20 samples/matrix 3(1) 

1 - MS/MSD is a laboratory QA/QC requirement. Separate samples are not required, only additional 
volume (2X). 

CONCEPTUAL SITE MODEL 

Figures A-8 and A-9 present the preliminary conceptual site model (CSM) for human health and ecological 

risk assessments, respectively, at Site 59. 

080103lP A-7 CTO 0078 



TABLE A-1 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 1 OF 25 

OU 9, SITE 59 - BUILDINGS 324/1845 AREA REMEDIAL INVESTIGATION WORK PLAN 



TABLE A-1 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 2 OF 25 

OU 9, SITE 59 - BUILDINGS 324/1845 AREA REMEDIAL INVESTIGATION WORK PLAN 



TABLE A-1 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 
OU 9, SITE 59 - BUILDINGS 324/1845 AREA REMEDIAL INVESTIGATION WORK PLAN 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 3 OF 25 



TABLE A-1 

FDEP 
GCTL 
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CEF-324-TW-30 CEF-324-TW-30 CEF-324-TW-30 CEF-324-TW-30 CEF-324-TW-30 CEF-324-TW-31 CEF-324-TW-31 FDEP 
GCTL 15 30 50 70 90 50 70 Parameter 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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CEF-324-MI-31 

90 
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CEF-324-TW-43 CEF-324-TW-43 CEF-324-TW-43 CEF-324-TW-44 CEF-324-TW-44 CEF-324-TW-44 FDEP 
GCTL 70 90 100 50 70 90 Parameter 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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50 70 
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NAVAL AIR STATION CECIL FIELD 
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CEF-324-TW-51 CEF-324-TW-51 CEF-324-TW-52 CEF-324-TW-52 CEF-324-MI-52 CEF-324-MI-53 CEF-324-MI-53 FDEP 
GCTL 90 98 50 70 79 50 70 Parameter 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

PAGE 19 OF 25 

OU 9, SITE 59 - BUILDINGS 324/1845 AREA REMEDIAL INVESTIGATION WORK PLAN 

CEF-324-MI-53 

82 
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Parameter 

2-HEXANONE 

TOLUENE 
TRICHLOROETHENE 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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C E F-324-TW-56 CE F-324-T W-56 CEF-324-T W-56 CEF-324-TW-56 CE F-324-TW-56 CE F-324-TW-57 CE F-324-MI-57 CE F-324-TW-57 FDEP 
GCTL 30 50 70 90 100 30 50 70 
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CEF-324-TW-57 CEF-324-TW-57 CEF-324-TW-58 CEF-324-TW-58 CEF-324-TW-58 CEF-324-TW-59 FDEP 
GCTL 90 100 50 70 78 50 

Parameter 

SUMMARY OF EXISTING GROUNDWATER ANALYTICAL RESULTS 

NAVAL AIR STATION CECIL FIELD 
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CEF-324-TW-63 CEF-324-TW-63 CEF-324-TW-64 CEF-324-TW-64 CEF-324-TW-64 FDEP 
GCTL 70 90 30 50 70 Parameter 
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NAVAL AIR STATION CECIL FIELD 
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I FnFP I CEF-324-TW-65 I NG-O2D NG-021 NG-12D NG-121 

All results reported in ug/L. 
Temporary well data analyzed for volatile organics only. 
Florida Department of Environmental Protection Groundwater Cleanup Target Goals (FDEP, 1999) 
Bolded value exceeds detection limit. Bolded value exceeds FDEP GCTL. 
+ = Screened interval for permanent well; depth below ground surface for temporary well samples. 
U = Not detected at associated detection limit. 
J = Estimated concentration. 



TABLE A-2 

PROPOSED MONITORING WELLS AND SAMPLING RATIONALE 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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Upgradient, approximately 100 feet northwest of the 
northwestern corner of Building 324. 

bgs = Below ground surface. 
V = To be analyzed for volatile organic compounds via Method SW-846 82606. 
S = To be analyzed for semivolatile organic compounds via Method SW-846 8270C. 
M = To be analyzed for metals (inorganic compounds) via Method SW-846 60108. 
P =To be analyzed for PCBs via Method SW-846 8082. 
NA =To be analyzed for field and fixed-base natural attenuation parameters (see Tables A-3 and A-4). 
B = Bacterial analyses for bioaugmentation evaluation. 
30-foot wells will be screened from 28 to 33 feet bgs. 
50-fOOt wells will be screened from 48 to 53 feet bgs. 
70-foot wells will be screened from 68 to 73 feet bgs. 
80-foot wells will be screened from 78 to 83 feet bgs. 
'TOR =Top of rock wells will be screened at the bottom of surficial aquifer. Exact screened interval will be determined in the field. 



- 
TABLE A-3 

METHOD ANALYSIS 
SAMPLE VOLUME, CONTAINER, 

AND PRESERVATION 
Follow kit instructions 

DATA USE 

Alkalinity CHEMetrics K-9810' K-9815' and 
K-9820 

Carbon dioxide 

Total alkalinity provides an indication of the amount 
of C02 generated during aerobic or anaerobic 
reduction of a hydrocarbon. 

Dissolved oxygen 

CHEMetrics K-1910, K-1920, 
and K-1925 

Ferrous iron (Fe") 

Compared to background values as an indication of 
aerobic and anaerobic process. Produced during 
aerobic respiration and anaerobic processes. 
Utilized durina methanoaenesis. 

Hydrogen sulfide (H2S: 

CHEMetrics K-7501 and K-7512 
and Direct-reading meter 

Sulfide (S2) 

Follow kit instructions. Analyze immediately. 
Estimated detection limits: 0.025 ppm for K-7501 

and 1 DDm K-7512 

Concentration i 1 .O mg/L indicates anaerobic 
conditions. 

SUMMARY OF FIELD ANALYTICAL METHODS FOR NATURAL ATTENUATION PARAMETERS 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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HACH Test Kit Number IR-18C Presence of ferrous iron may indicate presence of 
1, 10 Phenanthroline Method an anaerobic degradation process due to depletion 
Color Disk, Colorimetric of oxygen, nitrate, and manganese. 

HACH Test Kit Number HS-C Provides evidence of sulfate-based anaerobic 
Effervescence of H2S degradation. May also indicate natural H2S 
Color Chart production. 

Provides evidence of sulfate-based anaerobic 
degradation. 

HACH DR-850 

Follow kit instructions 
Analyze immediately to nearest 0.2 mg/L 

Follow kit instructions 
Do not aerate or agitate 

Analyze immediately to nearest 0.1 mg/L 
Follow kit instructions 
Analyze immediately 

Avoid agitation and analyze immediately 
Filter if turbid (z 10 NTU) 

9815, and 100 ppm for K-9820 

Follow kit instructions. 
Do not aerate or agitate. 

Analyze immediately. 

Estimated detection limits: 10 ppm for K-9810, 50 ppm for K 

Table adapted from overview of the Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (U.S. EPA, 1998). 



TABLE A-4 

SUMMARY OF FIXED-BASED LABORATORY METHODS FOR NATURAL ATTENUATION PARAMETERS 
OU 9, SITE 59 - BUILDINGS 324/1845 AREA REMEDIAL INVESTIGATION WORK PLAN 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

METHOD 

EPA 310.1 
Manual titrimetric 

ANALYSIS SAMPLE VOLUME, CONTAINER, 
AND PRESERVATION 

100-250 mL plastic container 

Analysis within 14 days 

DATA USE 

General water quality parameter used to verify that 
site samples are obtained from the same ground- 

of the groundwater. 
water system and to measure the buffer capacity Cool to 4O c Alkalinity 

Provides direct evidence of dechlorination. Provides 
additional information on geochemical conditions. 
Potential substrate for microbial resiration. May 
compete as an electron acceptor if present at 
moderate concentrations (>1 .O mg/L) 

Provides additional information on microbial and 
geochemical conditions. 

Potential substrate for microbial resiration. 
Provides additional information on microbial and 
geochemical conditions. 

Potential substrate for microbial respiration. May 
compete as an electron acceptor if present at 
moderate concentrations (>20 mg/L). . 

Chloride 

Nitrate (NO,) 

Nitrite (NO,) 

RSK SOP-I47 & 175 

E 415.1 

Orthophosphate 
(PO,) 

Presence of methane indicates biological 
degradation via an anaerobic pathway utilizing 
COP as an electron acceptor. Ethane and ethene 
also indicate biological degradation of chlorinated 
vocs .  

Indicates if the groundwater has a sufficient supply oi 
carbon to act as the primary substrate. Collect from 
well located upgradient of site. 

Sulfate (SO,") 

)issolved Sulfide (S2) 

Iron (Dissolved) 

Aethane, Ethane, and 
Ethene 

rota1 Organic Carbon 

EPA 300 

Provides evidence of sulfate-based anaerobic 
degradation. 

EPA 376.1 

Iron can act as an electron acceptor during 
biodegradation. 

SW-846 60108 

250 mL plastic container 

Analysis within 28 days 
Cool to 4O c 

500 mL plastic container 
NaOH to pH > 9 

Cool to 4O c 
Analysis within 7 days 

500 mL plastic container (Collect filtered aliquots) 
HN03 to pH c 2 

Cool to 4O c 
Analysis within 6 months 

3 x 40 mL alass vial 
I 

Teflon-lined septum cap 
HCI to pH < 2 

Cool to 4O c 
Analysis within 14 days 

125 mL amber glass container 
HCI to pH < 2 
Cool to 4O c 

Analysis within 28 days 

HCI = Hydrochloric acid. 
HNO, = Nitric acid. 
NAOH = Sodium hydroxide. 
Table adapted from ovelview of the Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (US. EPA, 1998). 
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FIGURE A-9 

PRELIMINARY CONCEPTUAL SITE MODEL FOR 
ECOLOGICAL RISK ASSESSMENT 

NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 

OU 9, SITE 59 - BUILDINGS 324/1845 AREA 

PRIMARY 
SOURCE 

and dumping of 
fuels, oils, solvents, 
metals, explosives, 
pesticides, and other 
potentially hazar- 
dous materiasls 
resulting from 
handling, use, 
storage, and 
disposal during 

SECONDARY RELEASE TRANSPORT EXPOSURE EXPOSURE ECOLOGICAL 
SOURCE MECHANISM MEDIUM MEDIUM MECHANISM1 RECEPTORS 

PATHWAY 

L L 

Leachate to Groundwater 
Direct contact Groundwater Discharge to -4 A I N A ~  I N A ~  ’ 

Surface Water 

-1 Inhalation I H I N A ~ N A ~  

Deposition Direct contact 

Ingestion of prey H NA NA 

Soil 
+ Contami- 

nants 
Volatile 

lcomponents I 
Ingestion of soil 
Uptake by plants 

Contact Ingestion of prey 

LEGEND: 
-= COMPLETE EXPOSURE PATHWAY 

NA = INDICATES THAT EXPOSABLE ROUTE NOT 
APPLICABLE TO RECEPTOR 
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