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TOOLKIT FOR PREPARING CERCLA 
RECORDS OF DECISION

This effort is the culmination of a multi-year collaboration with the Department of the Navy (DoN) to investigate 
ways to produce higher quality and more user-friendly Records of Decisions.  EPA wishes to acknowledge the 
DoN for its creative ideas, unflagging assistance, and technical support, especially the graphics production.   
This product has been significantly improved through those who have worked with EPA over the years and EPA 
gratefully acknowledges their contributions.



This document provides Remedial Project Managers (RPMs) with a resource to help improve 
the public transparency and understanding of Superfund Records of Decision (RODs) 
for remedy decisions developed in accordance with the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA)1 using  communication tools de-
signed to enhance the decision document’s presentation (Exhibits 1-16). This document 
provides suggestions on means to convey information graphically and visually in a ROD 
or in a separate outreach document. By using these tools, RPMs may help clarify the 
selected remedy (Figure 1) and effectively convey information in a format that thoroughly 
yet concisely presents the full rationale for the remedy decision. These tools are meant 

to supplement the ROD decision document, not replace 
it.  The suggestions or tools in this document do not 
substitute for the statutory or regulatory requirements for 
a ROD or for related guidance documents2.  
The ROD should be a defensible, stand-alone 
document that memorializes the remedy decision in an 
appropriate level of detail, as discussed in EPA’s ROD 
Guidance. Sometimes, in attempts to be all inclusive 
or overly thorough, a ROD includes extraneous inform- 
ation or provides an excessive amount of detailed 
information from previous documents.  This may inad-
vertently affect the public’s ability to understand the ROD.  

RPMs may be able to summarize the key facts from prior site-related documents and use 
the tools described herein to enhance the decision document’s presentation to provide a 
more succinct and understandable ROD. For example, by using summary graphics, figures, 
and tables, supported by appropriate text, an RPM may be able to better illustrate the data, 
analysis, and rationale to  better explain the remedy selected in the ROD. Because there 
is no “one size fits all” template, it is generally important during development of a ROD to 
include the level of detail recommended by EPA’s ROD Guidance and consider the use of 
streamlining and visualization tools for better site-specific data or information presentation. 
The example exhibits presented in this document track the EPA ROD 
outline as provided in the “A Guide to Preparing  Superfund Proposed 
Plans, Records of Decision, and other Remedy Selection Decision 
Documents” (OSWER 9200.1-23P) July 1999, on page 6-2. Each 
exhibit provides recommended tips that suggest how and where to 
consider including tools like tables and graphics in a ROD. These 
recommended streamlining and visualization tools may also be 
effective in the preparation of other documentation related to the 
CERCLA remedy selection process, such as Remedial Investigations and/or Feasibility 
Studies. 
This document is designed to be viewed electronically. This format allows the reader to 
zoom into the detail presented in the color graphics. Please note that some reformatting 
may be required for printing. 
EPA plans to create a web site that will provide additional information on available 
visualization and decision support tools (i.e., software packages). These support tools 
often can be used to present data/ information similar to the exhibits in this document. 
The web site is intended to provide a resource of available free-ware and commercial 
computer software. The data visualization tool listing will not provide endorsements 
or recommendations of specific resources but instead will provide potential users with 
examples of tools available and their stated applications. EPA also intends to provide 
a series of documents on Conceptual Site Models designed to discuss the context for 
potential use of visualization tools. The science supporting data visualization is advancing 
rapidly and we anticipate the web site will continue to capture these advances.

This toolkit consists 
of sixteen exhibits 
and each includes a  
“ R e c o m m e n d e d 
Toolkit Tip ” 
to help improve the 
quality and transparency 
of data presentation in a 
Record of Decision. 

1This document provides guid-
ance to Regional staff regarding 
how the Agency intends to inter-
pret and implement the NCP 
which provides the blueprint for 
CERCLA implementation.  How-
ever, this document does not 
substitute for those provisions 
or regulations, nor is it a reg-
ulation itself.  Thus, it cannot 
impose legally binding require-
ments on EPA, sites, or the reg-
ulated community and may not 
apply to a particular situation 
based upon the circumstances. 
Any decisions regarding a par-
ticular situation will be made 
based on the statute and the 
regulations, and EPA decision-
makers retain the discretion to 
adopt approaches on a case-by-
case basis that differ from the 
guidance where appropriate.

2See for example 40 CFR 
300.400 and the guidance docu-
ment entitled:  “A Guide to Pre-
paring Superfund Proposed 
Plans, Records of Decision, 
and Other Remedy Selection 
Decision Documents” (OSWER 
9200.1-23P), July 1999. 
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EXHIBIT 1. ROAD MAP OF SOME KEY ELEMENTS OF REMEDY SELECTION

R e c o m m e n d e d 
Toolkit Tip
Exhibit 1 visually displays 
some of the possible graph- 
ic tools that should be con- 
sidered for incorporation 
into a ROD; however, this 
Exhibit itself should not be 
included in the ROD.  These 
tools can help explain the 
CERCLA remedy selection 
decision process, and help 
promote meaningful com-
munity involvement, which 
typically is a key compo-
nent throughout that pro-
cess.  Similar to a direc-
tional road map, there is 
a starting point (CERCLA 
Release) and a finish line 
(Expected Outcomes) for 
the site, with many key 
stops along the way.
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8 Selected Remedy

Conduct site investigation  
activities to identify the CER-
CLA release, surface charac-
teristics, hydrogeology, nature 
and extent, and fate and trans-
port mechanisms to develop the  
conceptual site model (CSM).
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Refine the CSM to identify 
the current and potential  
future land and resource 
uses and potential exposure 
pathways for risk evaluation.  

Risk Assessment3

Results of the risk assessment 
are used to identify media and 
chemicals of concern (COCs) 
warranting a response action 
based on current and potential 
future land and resource use.

Remedial alternatives 
are evaluated against 
the nine criteria and 
a comparative anal-
ysis is conducted.
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!A Monitoring Well

Extent of TCE Exceedances
Extent of VC Exceedances
Extent of DCE Exceedances
Extent of Benzene Exceedances

/

Receptor Media
Reasonably Anticipated 

Land Use
Chemical of Concern 

Requiring Action Basis for Action
Surface soil Residential No unacceptable risks Not applicable
Subsurface soil Residential Arsenic Non-cancer hazard index > 1

Benzene Cancer risk > 10 -4 

TCE Cancer risk > 10 -4 

cis-1,2-DCE MCL exceedance
1,1-DCE MCL exceedance
Vinyl chloride Cancer risk > 10 -4 

Sediment/Surface water Recreational & Training No unacceptable risks Not applicable
Surface soil Habitat No unacceptable risks Not applicable
Subsurface soil No pathway Not applicable Not applicable
Groundwater Habitat No unacceptable risks Not applicable
Sediment/Surface water Habitat No unacceptable risks Not applicable

Human 
Health

Ecological

Groundwater Current or potential 
drinking water resource

Remedial alternatives are devel-
oped for the media and COCs 
warranting a response action. 

Based on the comparative analysis, a remedy is 
proposed, then after opportunity for public com-
ment, selected that meets the threshold criteria and 
achieves RAOs.

Legend
!. Injection Wells

Horizontal Well
Slotted Section of Horizontal Well
Air and Ozone Sparge Containers
Base Boundary
Extent of TCE NCGWQS Exceedances
Extent of DCE NCGWQS Exceedances
Extent of VC NCGWQS Exceedances
Extent of Benzene NCGWQS Exceedances
Estimated Aquifer Use Control Boundary (1000 ft)
Estimated Non-Industrial Use Control Boundary (Soil)

Risk RAO
Remedy 

Component Expected Outcomes
Air sparge 

system
Operate system until groundwater cleanup levels are met 
(expected 5 years) to achieve UU/UE.  

LTM

LUCs

Direct exposure to
petroleum hydrocarbons in 
soil under residential use 
scenario and leaching 
potential to groundwater

Prevent future residential exposure to petroleum 
hydrocarbon-contaminated soils above the NC HWS 
SSL and minimize transport to groundwater. LUCs

Maintain LUCs on soil for continued industrial landuse.

Ingestion of VOCS in 
groundwater under potable 
use scenario

Restore groundwater quality based on the 
classification of the aquifer as a potential source of 
drinking water and to prevent human ingestion of 
water containing COCs at concentrations above 
NCGWQS or MCL standards, whichever is more 
stringent until cleanup levels have been obtained.

Maintain LUCs and LTM until groundwater COCs are at or 
below cleanup levels for four consecutive monitoring events 
to establish UU/UE.  

9 Expected Outcomes

The components of the Selected Remedy mitigate 
risk to achieve RAOs consistent with current and  
potential future land and resource uses. 

2  DECISION SUMMARY 

Thus, there would be a potential for COCs to migrate to Courthouse Bay at concentrations above surface water standards with Alternative 2. None of the alternatives would affect the community for the petroleum-impacted soils as they are effectively capped with concrete. Implementability. Alternatives 2, 3, and 4 can be implemented using standard and widely available technologies. However, the chemical injections for Alternatives 3 and 4 rely heavily on the ability to effectively distribute material in the subsurface. The air sparging component of Alternative 4 has been successfully implemented in the past and would be easier to implement than Alternative 3 because it may be challenging to distribute ERD substrate from the horizontal well. The groundwater monitoring and LUCs components of each alternative can easily be implemented using standard procedures. 
Cost. Table 6 summarizes the capital costs, as well as long-term O&M costs for the alternatives. Projected capital costs for alternatives using active remediation processes (Alternatives 3, and 4) are greater than alternatives for no action or MNA, (Alternatives 1 and 2, respectively). The highest capital cost is $855,000 for Alternative 3, followed by $586,000 for Alternative 4. Both technologies are expected to require 20 years to achieve the ARARs, while Alternatives 1 and 2 are expected to require more than 30 years to achieve the ARARs.  

Modifying Criteria 
State Acceptance. State involvement has been solicited throughout the CERCLA process. NCDENR, as the designated State support agency in North Carolina, concurs with the Selected Remedy.  

Community Acceptance. The public meeting was held on April 21, 2009 to present the Proposed Remedial Action Plan (PRAP) and answer community questions regarding the proposed remedial action at Site 35. The questions and concerns raised at the meeting were general inquiries for informational purposes only; no comments were received from the public. 

2.9 Selected Remedy 
Alternative 4, Air Sparging using a Horizontal Well, Downgradient ERD Injections, Monitoring of the Natural Degradation of COCs, and LUCs is the Selected Remedy to address groundwater and soil impacts at Site 73. 
2.9.1 Rationale for the Selected Remedy 
Alternatives 3 and 4 were preferred over Alternatives 1 and 2 based on the relatively short time needed to reduce the highest COC concentrations and reduced time required for natural degradation to achieve site clean up goals. Alternative 4 was chosen over Alternative 3 based on the ease of implementation and lower associated cost. The horizontal well is currently operational for air sparging and it may be challenging to retrofit the system to distribute ERD substrate from the well effectively. In addition, Alternative 3 has the added ERD substrate cost for injection into the horizontal well, so overall; the cost of implementing Alternative 3 would be higher.  

Finally, the Selected Remedy meets the statutory preference for active treatment with lower or similar costs to comparable alternatives.  
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2  DECISION SUMMARY 

Threshold Criteria 
Overall Protection of Human Health and the Environment. Alternatives 2, 3, and 4 are all 
protective of human health and the environment. Alternative 2 is considered to be less 
protective than Alternatives 3 and 4 because it relies on natural degradation, which adds a 
higher degree of uncertainty for the rate of contaminant reduction and length of time to 
achieve RAOs. There would also be a potential for discharging of COCs to Courthouse Bay 
above surface water standards. Alternatives 3 and 4 are similar in protectiveness because 
they each employ an active treatment to reduce chemical concentrations. Monitoring will be 
conducted and LUCs will provide adequate protection of human health and the 
environment by controlling exposure to groundwater and petroleum hydrocarbon-impacted 
soil until the RAOs are achieved.  

Compliance with ARARs. The ARARs include any Federal or State standards, requirement, 
criteria, or limitations that are determined to be legally applicable or relevant and 
appropriate to a CERCLA site or action. TBC criteria are non-promulgated advisories or 
guidance issued by Federal or State government and do not have the status of potential 
ARARs but are evaluated along with ARARs.  Alternatives 2, 3, and 4 are expected to 
comply with ARARs and TBC criteria. Alternative 2 will have a longer timeframe 
associated with meeting the ARARs because it relies on natural degradation, whereas 
Alternatives 3 and 4, which are similar, employ active treatment and will therefore meet the 
ARARs in a shorter timeframe.  

Primary Balancing Criteria 
Long-term Effectiveness and Permanence. Once RAOs have been achieved, Alternatives 2, 3, 
and 4 are expected to have residual risks of approximately the same magnitude. 
Alternative 2 may not be effective for more than 30 years. Alternatives 3 and 4 are expected 
to be effective in the long term (estimated 20 years), although “rebound” is a potential issue 
with any injection or air sparging scenario, although the system can be turned on again to 
address this issue. Reviews at least every 5 years, as required, would be necessary to 
evaluate the effectiveness of any of these alternatives because hazardous substances would 
remain on-site in concentrations above health-based levels. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Alternatives 3 and 4 will 
reduce the toxicity, mobility, and volume through treatment for groundwater, which is the 
statutory preference. Although the groundwater monitoring for natural attenuation 
component of Alternative 2 and the LUCs for soil under Alternatives 2, 3, and 4 are not 
considered active treatment, the natural reduction of contaminant concentrations through a 
variety of physical, chemical, or biological activities is expected over time.  
Short-term Effectiveness. The short-term effectiveness associated with Alternatives 3 and 4 
are similar with regard to how they would affect the community because both treatments 
rely on direct injection technology for implementation; however, Alternative 2 has a lesser 
impact on the community because it does not rely on an active treatment. Alternative 4 
presents a slightly higher risk to construction workers during implementation than 
Alternative 3, based on the potential for vapor intrusion during the operation of the air 
sparge system. However, air monitoring during previous operation of the air sparge system 
indicated there were no risks. Alternatives 3 and 4 are most likely to achieve RAOs, whereas 
Alternative 2 would not since it relies on natural degradation rather than active treatment. 
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2  DECISION SUMMARY 

The No Action alternative does not protect human health and the environment, but is 

presented as a baseline for comparison purposes. With the exception of the No Action 

alternative, the common elements of the remedial alternatives are groundwater monitoring 

and reporting until all COCs have achieved their goals for four consecutive sampling events 

and LUCs until COC concentrations in groundwater and subsurface soil are reduced to 

levels that allow unlimited use and unrestricted exposure. 

The most distinguishing feature of the alternatives is the expected timeframe to achieve 

RAOs within the treatment area. Alternatives 3 (ERD) and 4 (Air Sparge with ERD) have the 

shortest timeframe within the treatment area, although all alternatives are expected to 

require at least 20 years to meet RAOs due to the natural attenuation process at Site 73. 

2.8.2 Comparative Analysis of Alternatives 

A comparative analysis of alternatives with respect to the nine evaluation criteria was 

completed and is provided below. Table 7 depicts a relative ranking of the alternatives. 

Alternative 1 (No Action) does not achieve RAOs and is not considered further in this ROD.  

TABLE 7 
Relative Ranking of Alternatives 

Alternatives 
Air Sparging 

No Action MNA ERD and ERD 

CERCLA Criteria (1) (2) (3) (4) 

Threshold Criteria 

Protection of Human Health and the 

Environment 

Compliance with ARARs  

Primary Balancing Criteria 

Long-term Effectiveness and Permanence 

Reduction in Toxicity, Mobility, or Volume  

Short-Term Effectiveness 

Implementability 

Present-Worth Cost $0 $0.76 M $1.95 M $1.78 M 

Modifying Criteria 

State Acceptance 

Community Acceptance NC NC NC NC 

Relative Ranking:   High   Moderate   Low  

Rankings are provided as qualitative descriptions of the relative compliance of each alternative with the criteria 

NC = No significant comments were received from Community Members 
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7 Comparative Analysis

Remedial alternatives are evaluated 
against the nine criteria and one 
another for a comparative analysis.

Develop Remedial Action Objec-
tives (RAOs) and cleanup levels 
to address all media and COCs 
that warrant a response action. 

2  DECISION SUMMARY 
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TABLE 5
Cleanup Levels for Groundwater and Soil
Groundwater Chemical of Concern  NCGWQS (µg/L) 

Benzene 1 

TCE 2.8 

cis-1,2-DCE 70 

1,1-DCE 7 

VC 0.015 

Soil Chemical of Concern  NC HWS SSL (mg/kg) 

Petroleum Aromatic Carbon Fraction Class C9-C22 33.6 

Notes: 
μg/L = micrograms per liter 
mg/kg = milligrams per kilogram 
NCGWQS - North Carolina Ground Water Quality Standards 
                    are more stringent than MCLs for some COCs 
NC HWS SSL - North Carolina Hazardous Waste Section Soil Screening Level 

 

2.7 Remedial Action Objectives 
The Remedial Action Objectives (RAOs) for Site 73 are based upon the potential of future 
residential receptors using groundwater as a potable water supply and having direct contact 
with subsurface soil.  The RAOs for Site 73 are as follows: 

• Restore groundwater quality at Site 73 to the NCGWQS and maximum contaminant 
level (MCL) standards based on the classification of the aquifer as a potential source of 
drinking water (Class GA or Class GSA) under 15A NCAC 02L.0201, and to prevent 
human ingestion of water containing COCs (benzene, TCE, cis-1,2-DCE, 1,1-DCE, and 
VC) at concentrations above NCGWQS or MCL standards, whichever is more stringent, 
until the cleanup levels have been obtained. 

• Prevent future residential exposure to petroleum hydrocarbon-contaminated soils above 
the NC HWS SSL and minimize transport to groundwater. 

• Minimize migration of COCs in groundwater to surface water. 

Cleanup levels to meet the RAOs are identified in Table 5. 
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EXHIBIT 2. DATA CERTIFICATION CHECKLIST FOR RODS WITH
MULTIPLE OPERABLE UNITS/SITES

ROD Section
Declaration
Data Certification Checklist

R e c o m m e n d e d 
Toolkit Tip
For RODs addressing 
multiple sites or Opera-
ble Units, a table may be 
used to help the reader 
locate important infor-
mation in each individual 
ROD, such as information 
for each recommended 
element of the sam-
ple Data Certification 
Checklist.

ROD Section Number

Data OU/Site 1A-1 OU/Site 1H OU/Site 6A*

Chemicals of concern and their respective 
concentrations

1.2 2.2 3.2

Baseline risk represented by the chemicals of 
concern

1.4 2.4 3.4

Cleanup levels established for chemicals of 
concern and the basis for these levels

1.4 2.4 3.4

How source materials constituting principal 
threats are addressed

1.5 2.5 Not Applicable

Current and reasonably anticipated future 
land-use assumptions and current and potential 
future beneficial uses of groundwater used in the 
baseline risk assessment and ROD

1.3 2.3 3.3

Potential land and groundwater use that will be 
available at the site as a result of the Selected 
Remedy

1.8 2.8 Not Applicable

Estimated capital, annual operation and 
maintenance (O&M), and total present worth 
costs, discount rate, and the number of years 
over which the remedy cost estimates are 
projected

1.8 2.8 Not Applicable

Key factor(s) that led to selecting the remedy 
(i.e., describe how the Selected Remedy 
provides the best balance of tradeoffs with 
respect to the balancing and modifying criteria, 
highlighting criteria key to the decision)

1.7 2.7 Not Applicable

*no action is required for OU/Site 6A



EXHIBIT 3. SITE LAYOUT AND PHOTOGRAPHS

Administrative Record Resources
ROD Section
Decision Summary
Site Name, Location, and 
Brief Description

R e c o m m e n d e d 
Toolkit Tip
Embedding regional and 
base location images 
as insets within a figure 
showing the detailed site 
layout often can effec-
tively consolidate infor-
mation previously dis-
played in several figures. 
This type of comprehen-
sive graphic combined 
with historic and current 
site photographs, if avail-
able, can help provide 
the reader with a better 
understanding of the site.
The figure should present 
accurate information on 
the site boundary, current 
conditions that encompass 
the source(s), or release 
area(s) and the extent of 
contamination.  As noted 
in the 40 CFR 300.4, 
CERCLA response  actions 
include “where a hazardous 
substance has been dep- 
osited,  stored, disposed of, 
or placed, or otherwise 
come to be located.”  
Therefore, the extent of 
contamination should not 
be truncated by artificial/
physical boundaries (e.g., 
property line, roadways, 
water bodies).

Synthesize     Summarize

Site Photos
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ROD Section
Decision Summary
Site History & Enforcement 
Activities

R e c o m m e n d e d
Toolkit Tip
To enhance the presen-
tation of the site history 
and enforcement activities 
discussion, a summary table
and/or graphic depicting 
previous investigations/act-
ions may be used to explain 
how the site has been 
adequately investigated util-
izing an appropriate sampl-
ing strategy. The level of 
detail in a summary table 
should be adequate to me-
aningfully supplement the 
ROD’s discussion of all pert-
inent investigation/action in-
formation as the site has 
gone through the CERCLA 
process.  
Including a fi gure can be an
effective way of illustrating 
the sample locations with 
good spatial coverage, app-
ropriate medium, and rele-
vant analysis groups based 
on the CERCLA release or 
threat of release.  Emerging 
contaminants (e.g., perchlo-
rate, 1,4-dioxane) should 
not be overlooked.
For extensive site histories 
where a text summary may 
be more appropriate, the 
use of a time-line can help 
present a graphic depic-
tion of the CERCLA inves-
tigations/actions that have 
occurred.

EXHIBIT 4. HISTORY OF SITE INVESTIGATIONS AND ACTIONS

Syn
Sum

Administrative Record Resources

Final 

Interim Remedial Investigation Report 
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Virginia Beach, Virginia 
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Norfolk, Virginia 

 

 

 

 

November 1991 
 

Prepared by 
Ebasco Environmental 

Arlington, Virginia 

F

Interim Remedial
Naval Amphibio

Virginia B

Prep
Department of the N

Naval Facilities En
Norfol

Novem

Prep
Ebasco E

Arlingt

Final 

Feasibility Study 
Site 11 - School of Music Plating Shop 

Naval Amphibious Base Little Creek 
Virginia Beach, Virginia 

Contract Task Order 0159 

June 2006 

Prepared for  

Department of the Navy 
Atlantic Naval Facilities Engineering Command 

Norfolk, Virginia 

Under the 

LANTDIV CLEAN II Program  
Contract N62470-95-D-6007 

Prepared by 

 
Herndon, Virginia 

 

ite

N

A

1

Proposed Plan
Site 11: School of Music Plating Shop

Attend the Public Meeting

The Navy will hold a public meeting to 
explain the Proposed Plan. Verbal and 
written comments will be accepted at this 
meeting. 

Time - 7:00 pm
Place - Shelton Park Elementary School 
             1700 Shelton Road
             Virginia Beach, VA 23455

September 2006

Mark Your Calendar for the Public Comment Period

The Navy will accept written com-
ments on the Proposed Plan during 
the public comment period.  To 
submit comments or obtain fur-
ther information, please refer to 
the insert page.  

Submit Written Comments

Sept. 25, 2006

 

Sept. 20 – Oct. 20, 2006
Public Comment Period

and Hazardous Substances Pollution Contingency Plan 
(NCP).  

Information documenting environmental investigation 
at Site 11 can be found in the Supplemental Remedial 
Investigation (SRI) (June 2004), the Human Health Risk 
Assessment (HHRA) SRI Addendum (March 2006), Fea-
sibility Study (FS) (June 2006), and other documents 
contained in the Administrative Record file and Infor-
mation Repository for NAB Little Creek.  A glossary of 
key terms used in this PP is attached, and are identified 
in bold print the first time they appear.

The Navy and EPA, in consultation with the VDEQ, will 
make the final decision on the remedial approach for Site 
11 after reviewing and considering all information sub-
mitted during the 30-day public comment period. The 
Preferred Alternative may be modified or another reme-
dial action may be selected based on new information 
and/or public comments received. Therefore, public par-
ticipation is encouraged.

Naval Amphibious Base Little Creek
Virginia Beach, Virginia

Location of Information Repository

Virginia Beach Central Library 
4100 Virginia Beach Boulevard 

Virginia Beach, VA  23452
Phone:  757.431.3001

This Proposed Plan (PP) identifies the Preferred Alterna-
tive for mitigating groundwater contamination at Site 
11, the former School of Music Plating Shop, at Naval 
Amphibious Base (NAB) Little Creek, Virginia Beach, 
Virginia.  The Preferred Alternative is groundwater treat-
ment through Enhanced Reductive Dechlorination (ERD) 
and performance monitoring to ensure that effective and 
optimal conditions are established for natural degrada-
tion of volatile organic compounds (VOCs). Land use 
controls (LUCs) will be maintained until site conditions 
allow for unlimited exposure and unrestricted use. This 
Plan summarizes the remedial alternatives evaluated and 
provides the rationale for selection of ERD as the pre-
ferred remedy for Site 11. 

This PP is issued jointly by the United States Navy 
(Navy), the lead agency for site activities, and the United 
States Environmental Protection Agency (EPA) Region 
III in consultation with the Virginia Department of Envi-
ronmental Quality (VDEQ), the support agency. The PP 
fulfills public participation responsibilities as required 
under Section 117(a) of the Comprehensive Environmen-
tal Response, Compensation, and Liability Act of 1980 
(CERCLA) and Section 300.430(f)(2) of the National Oil 
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March 2006). Unacceptable human health risks were identified from exposure to VOCs in 

shallow groundwater.  
Vapor Intrusion Investigation 2005 To investigate potential vapor intrusion of VOCs from groundwater into the School of 

Music (Building 3602), a site visit was conducted and groundwater samples from the top of 

the water table aquifer and a water sample from the basement sump were collected in May 

2005 for VOC analyses. Based on this effort, it was concluded that there are limited 

pathways for vapor intrusion into the building because the first floor was under a positive 

pressure relative to the basement mechanical room, and there were no VOCs detected in six 

of the eight shallow groundwater samples. Only chloromethane (1.7 micrograms per liter 

[μg/L]) and TCE (6.3 μg/L) were detected, at very low concentrations. No VOCs were 

detected in the sample collected from the basement sump. VOC concentrations at the top of 

the water table are well below risk screening levels, as determined using the Johnson and 

Ettinger model. The vapor intrusion assessment indicated that even if conditions promote 

vapor intrusion, concentrations of VOCs in groundwater would not represent unacceptable 

human health risks from vapor intrusion inside the School of Music building (CH2M HILL, 

June 2006).  

Pre-Feasibility Study Investigations 2005Groundwater sampling for VOC analysis was conducted at Site 11 in March 2005, and 

aquifer soil and groundwater samples were collected in October 2005 to support analysis of 

remedial action alternatives for the FS. In the vicinity of the former neutralization tank 

source area, total VOC concentrations in groundwater samples collected from the Columbia 

Aquifer exceeded 100,000 μg/L. The maximum concentration of TCE (25,000 micrograms 

per kilogram [μg/kg]) was found in Yorktown Confining Unit soil indicating the presence 

of sorbed mass and the possibility of dense nonaqueous phase liquid (DNAPL). However, 

samples collected during the SRI did not confirm a DNAPL source. Total sodium persulfate 

oxidant demand increased with depth, to a concentration of greater than 19.5 μg/kg of 

sodium persulfate in the upper portion of the Yorktown Confining Unit. Microbial analysis 

verified the presence of healthy microbial populations capable of causing biodegradation of 

chlorinated VOCs (CH2M HILL, June 2006).  Feasibility Study 2006 Based on data collected during the previous investigations, an FS was completed to evaluate 

remedial action alternatives for Site 11 groundwater (CH2M HILL, June 2006). The FS 

evaluated the following alternatives: no action, ERD, and electrical resistance heating (ERH) 

and ERD.  

Technical Memorandum Pentachlorophenol 2006 
Three groundwater samples were collected in September 2006 to verify the 

presence/absence of PCP, which was detected in only one 1998 groundwater sample.  

Groundwater samples were collected from two existing monitoring wells previously 

sampled for PCP, and from a monitoring well downgradient of the source area.  PCP was 

not detected in groundwater in 2006; therefore, the Navy, in partnership with the EPA and 

VDEQ, agree that PCP is not a COC in Site 11 groundwater (CH2M HILL, October 2006). 
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and subsurface soil. The neutralization tank, piping, and surrounding soil were excavated in 

1996. An Interim Removal Action Final Closeout Report was completed in 1996 

documenting the neutralization tank, piping, and surrounding soil source area removal (up 

to a depth of 14 feet below ground surface) and recommending further evaluation of the 

nature and extent of VOCs in groundwater resulting from the CERCLA release (IT 

Corporation, May 1996). Additional groundwater sampling was recommended to further 

define the extent of VOCs in groundwater. Screening Ecological Risk Assessment 2000 A screening ecological risk assessment (SERA) for Site 11 was completed in June 2000 

(CH2M HILL, June 2000). The SERA concluded that potential ecological risks at Site 11 are 

negligible based on the lack of complete and significant exposure pathways, and no further 

action was recommended for protecting ecological resources. Delineation Investigations 2001-2003A Membrane Interface Probe (MIP) investigation was conducted in 2001 to further 

characterize the extent of VOCs in groundwater. Direct-push samples for offsite laboratory 

analysis were collected to confirm the MIP results. The results indicated that there had not 

been significant degradation of trichloroethene (TCE) (CH2M HILL, November 2003).  
A pilot test funded by the Environmental Security Technology Certification Program was 

conducted at Site 11 in 2002 to evaluate the in situ removal of organic contaminants from 

groundwater through the injection and extraction of a cyclodextrin (CD) solution (Boving et 

al., 2003). Six wells were installed for this study and follow-up groundwater sampling was 

completed in January 2003. A second MIP investigation was conducted in September 2003 to 

further assess the efficacy of the CD solution on the groundwater at the site (CH2M HILL, 

November, 2003). 

Supplemental Remedial Investigation 2004 and Revised HHRA SRI Addendum 2006 
A Supplemental Remedial Investigation (SRI) was completed in 2004 that incorporated data 

from 1996 through 2001 (CH2M HILL, June 2004). The SRI identified three inorganic 

chemicals of potential concern (COPCs) in surface soil (iron, manganese, and thallium) and 

two inorganic COPCs in groundwater (iron and chromium). Additionally, one semi-volatile 

organic compound (pentachlorophenol [PCP]) and two chlorinated VOCs (TCE and 1,1- 

dichloroethene [DCE]) were identified as COPCs in groundwater. The SRI concluded that 

VOCs in groundwater are limited to the lower portion of the Columbia Aquifer in the area 

of the former plating shop neutralization tank and extend south beneath the School of Music 

building to Gator Boulevard (Figure 2-2).  The SRI human health risk assessment (HHRA) was completed for Site 11 soil and 

groundwater using data collected in 1998 and 1999. Based on background concentrations of 

inorganics in soil and groundwater and the calculated potential risk from central tendency 

exposures (CTEs), the Navy, in partnership with VDEQ and EPA, determined there were no 

unacceptable human health risk associated with exposure to inorganic constituents 

(CH2M HILL, March 2006). Groundwater samples collected following the CD pilot study 

(2003 through 2005) indicated degradation of parent VOCs; consequently, human health 

risks associated with exposure to VOCs in groundwater were reassessed (CH2M HILL, 
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SECTION 2 

Decision Summary 
This ROD describes the Navy’s and EPA's selected remedial action for Site 11 (School of 
Music Plating Shop) at the NAB Little Creek, Virginia Beach, Virginia. VDEQ concurs with 

the Selected Remedy. 

2.1 Site Name, Location, and Description NAB Little Creek encompasses 2,215 acres in the northwest corner of Virginia Beach, 
Virginia, adjacent to the Chesapeake Bay (Figure 2-1). The facility is primarily industrial, 
and its personnel provide logistic facilities and support services for local commands, 
organizations, homeported ships, and other United States and allied units to meet 
amphibious warfare training requirements of the armed forces of the United States. NAB 
Little Creek is also used for recreational, commercial, and residential purposes. Land 
development surrounding the base is residential, commercial, and industrial. Site 11 is located in the eastern portion of the base, near the intersection of Seventh and 
E Streets (Figure 2-2). The site consisted of the plating shop (Building 3651), an in-ground 
concrete tank used to neutralize plating solutions, and its associated piping. The tank was 
approximately 10 feet east of the south corner of Building 3651. Use of the neutralization 
tank took place between 1964 and 1974. Small quantities of plating baths, acids, and lacquer 

strippers were disposed in the plating shop sink that drained to the neutralization tank and 

eventually into the storm sewer system. Reportedly, 10 gallons of plating solutions were 
disposed in the shop sink each year. The neutralization tank, piping, and surrounding soil 
were excavated in 1996; however, there is a VOC plume in shallow groundwater at this site.  2.2 Site History and Enforcement ActivitiesNAB Little Creek was placed on the NPL in May 1999. In accordance with SARA as it 

pertains to CERCLA Federal Facilities Response Actions, the Navy is the lead agency and 
provides funding through the Defense Environmental Restoration Program (DERP). The 
Federal Facilities Agreement (FFA) for NAB Little Creek, signed November 2003 by the 
Navy, EPA, and VDEQ, provides for CERCLA-directed enforcement activities. No 
enforcement activities have been recorded at Site 11. NAB Little Creek initiated environmental investigation efforts under the Navy Assessment 

and Control of Installation Pollutants Program by conducting an Initial Assessment Study in 

1984 (Rogers et al., 1984) followed by a Round 1 Verification Step in 1986 (CH2M HILL , 
October 1986). An Interim Remedial Investigation was completed in 1991 (EBASCO, 
November 1991), and a Remedial Investigation/Feasibility Study (RI/FS) report was 
completed in 1994 (FWES Environmental, November 1994b). Subsequent to the RI/FS, a 
Decision Document was issued in November 1994 (FWES Environmental, November 1994a), 

proposing removal of the neutralization tank, associated piping, and neighboring surface 

g (ERH) 
eted for Site 11 l

g ( ERP). The( ) or NAB Little Creek, signed November 2003 by the
Navy, EPA, and VDEQ, provides for CERCLA di t denforcem t i

1984
Initial 
Assessment 
Study 1991

Interim 
Remedial 
Investigation

1994
Remedial 
Investigation / 
Feasibility 
Study1986

Confirmation 
Study

1994
Decision 
Document

1984 1994 20011999

1999
National 
Priorities List 
Listing

2000
Screening 
Level 
Ecological 
Risk 
Assessment

2006
Feasibility 
Study

2007
Proposed 
Plan

2001-2006
Supplemental 
Remedial 
Investigation

2007

thesize 
mmarize

2  DECISION SUMMARY     2 Decision Summary 
2.2 Site History and Enforcement Activities SJCA began operations as a naval ammunitions facility in 1849. The facility was one of the largest 

ammunition depots in the United States and was involved in the wartime transfer of ammunitions 

to other naval facilities. After ordnance operations ceased at SJCA in 1977, decontamination was 

performed in, around, and under ordnance-handling facilities by flushing the areas with chemical 

solutions and water. SJCA has also been involved in non-ordnance services, including degreasing; 

operating various shops, such as paint, machine, vehicle and locomotive maintenance, pest control, 

battery, printing, and electrical; operating boiler plants, wash racks, and potable-water and saltwater 

fire-protection systems; providing firefighter training; and storing oil and chemicals. Site 21 was initially identified as Building 187 (Figure 2), which was a locomotive maintenance 

facility where TCE was used; however, data from investigations indicated the need to expand the 

initial boundary to encompass a CVOC groundwater plume. The expanded site boundary included 

a number of nearby industrial buildings, which historically had been used as machine, vehicle, and 

locomotive maintenance shops, electrical shops, and munitions-loading facilities; and outdoor areas 

that were used for storing equipment and chemicals. A fuel service station, including two 
rage tanks, had existed just south of Building 187, but has been removed (Figure 2). 
greasers (including TCE) were reportedly disposed of on the ground surface and 

ad tracks in this industrial area. Many of the older buildings at the site have been 
maining buildings within the Site 21 area are used for storage and maintenance 

erized under numerous investigations and studies between 1981 and 2009. Based 
n findings, a shallow groundwater CVOC plume was identified and the Site 21 
anded to encompass the plume. The expanded boundary includes Sites 9, 10, 11, 
which were previously identified as separate sites (Figure 2). Table 1 provides a 
nd brief summary of previous investigations conducted at Site 21 and the other 
by its expanded boundary. The respective investigations are a part of the 

ord and can be referenced for further details for specific sampling strategies, 
ns, and when and where the sampling was performed. 
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Previous 
Investigation/Action* Date Description 

Initial Assessment Study (IAS) 
(Naval Engineering Environmental Support Activity, 

1981) 
1981 

The IAS indicated that degreasers were disposed of onto railroad tracks next to buildings, waste hydraulic oil was disposed of along fence lines to control weeds, and waste oils and solvents were applied to roads to control dust. The area around Building 187 is detailed in the report as being saturated with oil.  Relative Risk Ranking System (RRR) Data Collection Report 
(CH2M HILL, 1996) 

1996 

Groundwater and/or soil samples were collected at Sites 9 (SWMUs 13, 23, and 25), 10 (SWMU 14), 11 (SWMU 15), 18, and 21 to determine and prioritize sites requiring possible further investigation. The sample locations were focused in areas of potential historical releases/potential risk, representing worst-case scenarios. 

Site Investigation (SI) 
(CH2M HILL, 2006 ) 2004 

Groundwater samples were collected to further characterize contamination associated with Site 21. A human health risk screening was conducted using groundwater analytical results and identified potential risks from CVOCs and cyclotrimethylenetrinitramine (RDX) in shallow groundwater and from chloroform, arsenic, and vanadium in deep groundwater. Because the potential for chemicals in groundwater at Site 21 to be transported and discharged to St. Juliens Creek and/or its tributaries was identified g was per
t concentr

e results ind
o further 
f CVOCs i

e out the e
 groundwa

Remedial Investigation (RI)  
(CH2M HILL, 2008) 2008 

Groundwa
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discharging
TCE, cis-1
the shallow
shallow gr
based on 
Study (FS
mitigate una
shallow groun
pathway7 
human hea
ecological 
discharging parison of analytical results to Biological Technical Assistance Group surface water screening criteria. Therefore, no further evaluation of deep groundwater or ecological ris k 8 was recommended. Notes: 

*The documents listed are available in the Administrative Record and provide detailed information used to support remedy 
selection at Site 21. 
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R e c o m m e n d e d
Toolkit Tip
Comprehensive fi gures 
may be used to sup-
port the ROD’s discus-
sion concerning the cur-
rent relationship between 
potential sources, subsur-
face geology and hydro-
geology, and the lateral/
vertical extent and mag-
nitude of contamination. 
The fi gures should refl ect 
any uncertainties in the 
data presentation. 

For sites with groundwa-
ter plumes or subsurface 
contamination, a fi gure 
can help portray an accu-
rate, detailed depiction of 
both the horizontal and 
vertical extent of contam-
ination, which can also 
assist in better under-
standing the conceptual 
site model.
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chlorodiphenyldichloroethane (DDD), 4,4’-dichlorodiphenyldichloroethene (DDE), and 4,4’-

dichlorodiphenyltrichloroethane (DDT). The sample (SJS02-SS20) with the highest 

concentrations reported a total pesticide concentration of approximately 19,000 μg/kg. This 

surface soil sample is located just to the south of former Building 130. 
One PCB (aroclor-1260) was detected in eight soil samples. The highest concentrations were 

found near former Building 278/279, ranging from 110 to 2,700 g/kg (Figure 5-9). No 

background UTL was established for aroclor-1260. Explosives
No explosives were detected in surface soil. Inorganics

Twenty-four inorganics were detected in the surface soil (Table 5-1). Background UTLs 

have been established for 20 of the 24 detected inorganics, and all 20 were exceeded 

(Figure 5-10). Samples SJS02-SS03, SS06, SS16, and SS20 contained the greatest number of 

inorganics and generally at the highest concentrations. SJS02-SS03 and SS06 are located 

within the limits of ABM waste and SJS02-SS16 and SS20 are located just south of former 

Building 130.  

5.1.5 Subsurface Soil Sampling Subsurface soil samples collected during the Site 2 RI adequately defined the nature and 

extent of subsurface soil contamination. Subsurface soil samples were also collected during 

the Site 2 Expanded RI for MIP verification, as discussed in Section 5.1.3. This section 

presents the results for field and laboratory analysis of geochemical parameters, VOCs, 

SVOCs, pesticides/PCBs, explosives, and inorganics in the subsurface soil. Volatile Organic Compounds Four VOCs (2-butanone, acetone, carbon disulfide, and TCE) were detected sporadically in 

subsurface soil during the Site 2 RI (Table 5-2). TCE was only detected (12 μg/kg) in SJS02-

SB06, adjacent to the paved parking area (Figure 5-11).  DPT soil samples were collected during the Triad investigation to confirm MIP readings at 

or below the water table (approximately 4 to 7 ft bgs), with the exception of SJS02-SB203 

where a sample was collected just above the water table (4.5 to 5 ft bgs). TCE and/or its 

breakdown products (cis-1,2-dichloroethene [DCE], trans-1,2-DCE, and vinyl chloride [VC]) 

were detected in all 11 soil samples (Table 5-2) and correlate well with MIP results. Soil 

concentrations of dense non-aqueous phase liquid (DNAPL)-related compounds exceeding 

10,000,000 μg/kg (or 1 percent of soil mass) indicate a strong likelihood of DNAPL 

contamination (USEPA, 2004b). However, a more accurate indicator of potential DNAPL 

presence in soil is determined based on the concentrations of DNAPL-related compounds 

above their soil saturation concentration, or the concentration at which the compound has 

reached its soil adsorption, water solubility, and air saturation limits (USEPA, 1996c). 

Resultantly, the soil saturation concentration incorporates the site-specific impact of organic 

carbon, soil porosity, and soil bulk density when evaluating the potential presence of 

DNAPL. Due to the high TOC concentrations measured at Site 2, the soil saturation 

re exceeded, SS16, and SS20 contained the greatest number of

cs and generally at the highest concentrations. SJS02-SS03 and SS06 are located
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DPT soil and groundwater samples were collected in May 2007 to confirm the MIP response and identify the magnitude of CVOC concentrations at Site 2 (Figure 3-1).  
Correlation plots (provided in Appendix K) were developed to evaluate the reliability of the MIP as screening technology for site contaminants. These correlation plots represent total CVOC concentrations against MIP detector responses. Total CVOC concentrations were selected for the plots over an individual chemical since the MIP responds to all VOCs present in the subsurface; total CVOC concentrations were calculated using analytical laboratory results. Total CVOC concentrations in soil and groundwater were plotted against several MIP detector results (ECD maximum and average and PID maximum and average) to determine which of the MIP detector was most appropriate to use for site characterization. For the DPT soil samples, both the ECD and PID response correlated well.  For the DPT groundwater samples, the ECD response correlated moderately well while the PID response correlated poorly. Both PID and ECD respond to the VOCs sorbed to soil, dissolved in groundwater, and present as vapor. Thus, analytical results for soil samples collected below the water table and groundwater samples may be lower than the ECD or PID response because the detections include response from VOCs located in both matrices. Soil and groundwater analytical results are discussed further in Sections 5.1.4 and 5.15, respectively. 

5.1.4 Surface Soil Sampling 
Surface soil samples collected during the Site 2 RI and Site 17 SI adequately defined the nature and extent of surface soil contamination. This section presents the results for field and laboratory analysis of geochemical parameters, VOCs, SVOCs, pesticides/PCBs, explosives, and inorganics in the surface soil.  
Volatile Organic Compounds 
Four VOCs (2-butanone, acetone, methylene chloride, and toluene) were detected sporadically in surface soil samples (Table 5-1). Detections are shown on Figure 5-9. 
Semivolatile Organic Compounds 
Twenty-two SVOCs were detected in surface soil samples (Table 5-1). Background UTLs have been established for 16 of the 22 detected SVOCs, and all 16 of these SVOCs exceeded the established background UTLs in at least one sample (Figure 5-9). The SVOCs detected most frequently and generally at the highest concentrations are benzo(a)anthracene, benzo-(a)pyrene, benzo(b)fluoranthene, chrysene, fluoranthene, and pyrene. SVOCs were detected at locations inside and outside of the extent of waste. The highest concentrations and the greatest number of SVOCs were reported in SJS02-SS03 (total SVOC concentration of approximately 30,000 micrograms per kilogram [μg/kg]), located on the eastern side of the tidal inlet.  

Pesticides/Polychlorinated Biphenyls 
Ten pesticides were detected in surface soil samples throughout the site, inside and outside the extent of waste (Table 5-1). Of these 10 detected pesticides, background UTLs have been established for nine and all nine were reported above their background UTLs (Figure 5-9). The pesticides detected most frequently and at the highest concentrations were 4,4’- di-
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5.1.2 Wetland Surface Debris Delineation 
Several (10 to 15) concrete slabs within the tidal inlet were identified during the wetland 
surface debris delineation conducted as part of the Expanded RI. The concrete slabs are 
located along an approximate 50-ft long by 5-ft wide area at the southwestern and 
southeastern edges of tidal inlet, in the vicinity of the culvert (Figure 5-1). The historical use 
of the slabs has not been documented; however, it’s possible that the slabs were related to 
the historical activity of filling the inlet in with debris or that they were placed as an erosion 
control measure. The concrete slabs have little impact on the wetland ecosystem, as they are 
composed of inert material. 

5.1.3 MIP Investigations 
The results of the MIP investigations were used to delineate the horizontal and vertical 
extent of the VOC groundwater plume and help locate the source. Elevated ECD response, 
an indicator of CVOC presence, was observed in MIP borings located along the western 
edge of the tidal inlet and in the wooded area northwest of the inlet, near monitoring well 
SJS02-MW07S (Figures 5-6 and 5-7). There was no significant ECD response observed in 
MIP borings located on the eastern side of the inlet. Since the MIP could not be utilized 
within the tidal inlet, ECD response in this area was interpolated using the three-
dimensional software, Mining Visualization System (MVS), distributed by C Tech 
Development Corporation, based on the available data. Based on groundwater sample data 
collected within the inlet, the extent of elevated MIP response within the inlet may be 
overestimated. The MIP logs are provided in Appendix K. 

The CVOC hot spot, the area with the highest CVOC concentrations, was defined by the 
MIP (ECD response greater than 5 million microvolts) in the western portion of the site over 
an approximately 250-ft long by 125-ft wide area and includes monitoring wells SJS02-
MW07S, MW10S, and MW15S (Figure 5-8). Potential release points within the hot spot were 
identified at MIP 216, MIP 202, and MIP 235 based on the presence of very high ECD 
response at shallow depths (4 to 6 ft bgs) (Figures 5-6 and 5-7). The highest MIP response 
was observed at MIP 216 (adjacent to monitoring well SJS02-MW10S) between 9 and 11 ft 
bgs. This location is adjacent to a historic storage area (Building 257 and its vicinity) 
identified in aerial photographs. The MIP screening logs generally depict a vertical 
contaminant profile where concentrations were relatively low to a depth of approximately 
8 ft bgs (with the exception of the two release points) and then increased with depth to the 
top of the Yorktown confining unit (11 to 25 ft bgs). The MIP borings did not extend into the 
confining unit; however, CVOCs are assumed to be sorbed or trapped as residual 
contamination in the finer-grained lithology of the confining unit.  

The trapping data collected during the 2004 investigation indicated the presence of benzene 
at MIP 216 and TCE south of the parking lot adjacent to the Site 2 inlet. Based on the 
trapping data, the highest TCE concentrations were found at MIP 216, just south of the 
parking lot (Figure 3-1). With the exception of MIP locations 216 and 220, which were 
collected from 3 ft bgs down to the Yorktown confining unit (15 to 19 ft bgs), the traps were 
obtained from a depth in groundwater where elevated concentrations of VOCs were present 
(6 to 12 ft bgs) extending into the Yorktown confining unit. 
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SECTION 5  

Nature and Extent of Contamination 

This section presents the results of the Site 2 RI, Site 17 SI, and Site 2 Expanded RI field 

investigation activities in order to present a comprehensive depiction of the nature and 

extent of contamination at the site. Table 2-1 provides a summary of all samples collected at 

Site 2 and their analytical parameters. The sample locations are identified on Figures 2-4, 3-

1, and 3-2.  

Data were compared to screening criteria, where available. Shallow groundwater, soil, and 

sediment were compared to background UTLs to identify potential site-related releases, 

discussed previously in Section 3.3. In cases where no background UTLs are available (e.g., 

VOCs, certain SVOCs and inorganics, explosives, total petroleum hydrocarbons [TPH]) 

detections were treated as exceedances. Additionally, shallow and deep groundwater were 

compared to Federal Maximum Contaminant Levels (MCLs) and surface water was 

compared to Virginia Water Quality Criteria for human health and aquatic life. The 

complete analytical results are provided in Appendix C. 

5.1 Investigation Results 

5.1.1 Waste Delineation 

A review of historic aerial photographs, electromagnetic and magnetometer geophysical 

surveys, and test pitting were conducted during the RI in order to delineate the extent of 

waste present at the site. The RI test pit locations are shown on Figure 5-1 and the logs are 

provided in the RI (CH2M HILL, 2004a). The RI waste delineation activities delineated the 

extent of waste with the exception of the parking lot in the northwestern portion of Site 2. 

Therefore, soil borings were advanced below the parking lot during the Expanded RI 

(Figure 5-1). The soil boring locations are shown on Figure 5-1 and the logs from the 

Expanded RI are presented in Appendix J. 

Based on these investigations, the areal extent of the waste covers approximately 3.9 acres 

(Figure 5-1). The horizontal extent of waste beneath the parking lot to the west is inferred. 

Based on interpretation of historical aerial photographs of former site activities and 

locations of physical features (e.g., current or former buildings or roads), it is not likely that 

the waste extends much farther west of the area. The soil borings revealed that the layer of 

waste material is as thick as 10 to 11 ft in some locations and is present within the 

unsaturated zone and the saturated zone. Vertical delineation of the waste continued until 

waste was no longer encountered or test pitting could no longer continue (e.g., water table 

was encountered); therefore, it is possible that waste may be present deeper than the bottom 

of the test pits. Subsurface waste consists of ABM, burnt/stained soil, concrete, asphalt, 

brick, metal, glass, wood, solvents, and MEC-related scrap (one shell and three Mark 5 

cartridge cases were found during test pitting). Three geologic cross sections were created to 

illustrate the spatial extent of waste. The locations of these cross sections are depicted in 

Figure 5-2 and the cross sections are presented in Figures 5-3, 5-4, and 5-5. 

ivolatile Organic Compounds 
nty-two SVOCs were detected in surface soil samples (Table 5-1). Background UTLs been established for 16 of the 22 detected SVOCs, and all 16 of these SVOCs exceededstablished background UTLs in at least one sample (Figure 5-9). The SVOCs detected frequently and generally at the highest concentrations are benzo(a)anthracene, benzo-e fluor th and pyrene. SVOCs were detected
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2.4.1 DNAPL and Source Zones Dense, non-aqueous phase liquids (DNAPLs) were not visually observed during previous 
site investigations. One of the “rule of thumb” indicators that DNAPL may be present at a 
site is when chemicals that are known to behave as DNAPLs (due to their hydrophobic 
nature and density) are found in concentrations above 1 percent of their pure phase 
solubility in water. The maximum TCE concentration in Columbia aquifer monitoring wells 
(330,000 micrograms per liter [ g/L]) is approximately 30 percent of the TCE solubility level 
(11,000 g/L), suggesting that DNAPL may be present at the site.  A MIP investigation was conducted in November 2004 to help identify the possible source 
of the TCE in groundwater. Twenty MIP borings were logged from the ground surface to 
approximately the depth of the Yorktown confining unit (Figure 2-2). Elevated electron 
capture detector (ECD) response was observed in MIP borings located along the western 
boundary of the site and extending to the east towards monitoring well SJS02-MW11S 
(Figures 2-6 and 2-7). The eastern boundary of the elevated ECD response was not defined 
due to the proximity of the tidal inlet.  
The MIP screening logs generally depict a vertical contaminant profile where concentrations 
were relatively low to a depth of approximately 8 ft bgs and then increased significantly 
with depth to the Yorktown confining unit (15 to 19 ft bgs). In the area of high ECD, 
elevated response was located in lower electrical conductivity lithology (Figure 2-8). The 
higher electrical conductivity readings at the base of the investigation correspond to the top 
of the Yorktown confining unit. The lack of high electrical conductivity response in the 
central part of the investigation area suggests that the confining unit is deeper in this 
location and MIP borings may not have been advanced to the confining layer. Based on the 
trapping (speciation) data, the highest TCE concentrations were found at MIP location 216, 
just south of the parking lot.  

2.4.2 Soil
Surface soil and subsurface soil samples were collected during the RI. TCE was detected in 
one subsurface soil location at a concentration (12 micrograms per kilogram [ g/kg]) below 
the EPA Region III risk-based concentration (RBC) for residential soil (16,000 g/kg).  2.4.3 Groundwater

Groundwater monitoring at Site 2 was initiated in 1997. During the ERI, nine CVOCs (TCA, 
1,1-DCE, chloroform, methylene chloride, PCE, TCE, vinyl chloride, cis-1,2- DCE, and trans-
1,2-DCE) were detected at concentrations above their respective Federal Maximum 
Contaminant Levels (MCLs). Table 2-3 and Figure 2-9 present a summary of historical 
analytical groundwater data for CVOCs.  
The shallow CVOC plume, based on MIP data and laboratory analytical results, is estimated 
to extend over an area of approximately 17,200 square ft just south of the parking lot 
(Figures 2-10 and 2-11). The highest CVOC concentrations were detected in groundwater 
samples collected from SJS02-MW07S and SJS02-MW10S. This area of high groundwater 
concentrations correlates to the area of elevated ECD response, with one possible exception. 
Monitoring well SJS02-MW13S had no detections of CVOCs although it is located 
approximately 40 ft south of MIP-204, which had an elevated ECD response. However, as 
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The Site 2 inlet has historically also received discharges from vehicle and equipment wash racks and ordnance degreasing operations, located north of Site 2. Upgradient buildings were historically used as machine, vehicle, and locomotive maintenance shops; electrical shops; and munitions loading facilities. Outdoor areas at the buildings were used for equipment and chemical storage. CVOCs, such as tetrachloroethene (PCE) and trichloroethene (TCE), were most likely used in the degreasing operations. Several of these buildings and/or their surrounding areas were designated as former IR sites (Sites 9, 10, 11, 12, 13, 14, 18, and Area of Concern [AOC] E). Descriptions of each building or industrial area (NEESA, August 1981) and corresponding historical activities and contaminant sources are described in Table 2-2.  

A separate CVOC groundwater plume (Site 21) located upgradient of Site 2 is also suspected to be infiltrating the adjacent stormwater system that discharges to the Site 2 inlet. Surface water samples collected at the discharge point indicated the presence of CVOCs at concentrations below screening criteria. A video inspection of the storm sewer was conducted to confirm the potential for transport and release of CVOCs from Site 21 shallow groundwater through the storm sewer system to Site 2. The video inspection indicated that the storm sewer system is providing a potential transport mechanism. However, the damage was classified as light to moderate and CVOC groundwater concentrations are significantly lower at Site 21 than at Site 2; therefore, transport of Site 21 CVOCs to Site 2 is not considered to be a significant pathway and no repairs will be made to the storm sewer system. In addition, a treatability study is planned to reduce CVOC concentrations at Site 21. 

2.3.2 Potential Release Pathways 
The primary contaminant release mechanism is attributed to the waste material placed over a 3.8-acre portion of the site. Since the disposal area was unlined and extends approximately 4 ft below the water table, CVOCs from solvents and other disposal materials were in direct contact with natural soils and groundwater if any leaching occurred or waste packaging was breached. Additional releases may have occurred as spills onto the ground surface during operational activities at the site.  
Grass-lined drainage ditches (approximately 2 to 3 ft deep) and underground stormwater drainage system originate north of Site 2 and discharge stormwater runoff from upgradient areas to the tidal inlet.  

2.4 Nature and Extent of Contamination 
The Triad investigation for Site 2 will focus exclusively on CVOC delineation, since prior investigations have adequately delineated the nature and extent of the other chemicals of concern (COCs). The CVOCs identified as COCs in shallow groundwater are 1,1,2-trichloro-ethane (TCA), 1,1-dichlorethene (DCE), PCE, TCE, vinyl chloride, cis-1,2-DCE, and trans-1,2-DCE. Discussion of other COCs is included in the Draft ERI Report (CH2M HILL, October 2005). 
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There are 13 shallow zone wells and 4 deep zone wells at the site. The locations of the 
monitoring wells are shown on Figure 2-2 and a monitoring well construction summary is 
provided on Table 2-1. The water table occurs typically at 4 to 8 ft bgs. Based on a 
groundwater flux analysis, shallow groundwater discharges to the inlet at a rate of 
0.0082 cubic feet per second, or 5,300 gallons per day. Shallow groundwater may also 
discharge to the nearby drainage ditches during extremely high water-table conditions.  

Shallow groundwater flow at Site 2 mimics the topography of the site and flows towards the 
inlet and St. Juliens Creek (Figure 2-4) at a horizontal hydraulic gradient of 0.004 ft/ft. 
Groundwater in the underlying Yorktown aquifer has a very flat horizontal hydraulic 
gradient of 0.0008 ft/ft and generally flows east towards the Southern Branch of the 
Elizabeth River (Figure 2-5). Based on available data from the shallow and deep 
groundwater well pairs, the vertical hydraulic gradient west of the Site 2 inlet is generally 
upward and the vertical hydraulic gradient east of the Site 2 inlet is downward. The upward 
vertical gradient at well cluster SJS02-MW02S/02D (0.05 ft/ft) and the downward vertical 
gradient at SJS02-MW05S/05D (0.03 ft/ft) are approximately ten times greater that 
horizontal gradients at the site.  

Results from rising head slug tests and a deep aquifer pump test were used to evaluate 
aquifer hydraulic conductivity in the vicinity. The geometric average horizontal hydraulic 
conductivities were interpreted to be about 3 ft/day for the Columbia aquifer and about 
34 ft/day for the Yorktown aquifer.  

2.3 Contaminant Sources and Release Mechanisms
2.3.1 Potential Sources of Contamination 
Waste management operations at Site 2 included open burning, incineration, and disposal 
from 1921 to sometime after 1947. The total volume of waste prior to burning is reported to 
have been approximately 35,000 cubic yards. The extent of waste at Site 2 has been defined 
by historic aerial photographs and waste delineation activities (direct-push technology 
[DPT] and drilling, electromagnetic and magnetometer geophysical survey, and test pits.) 
The aerial extent of the waste covers approximately 3.8 acres (Figure 1-2). The horizontal 
extent of waste beneath the parking lot to the west is inferred. Waste lies within the 
unsaturated zone (ranging from 0 to 6 ft bgs) and the saturated zone (ranging from 3 to 14 ft 
bgs). Subsurface waste consists of ABM, burnt/stained soils, concrete, asphalt, brick, metal, 
glass, wood, solvents, and munitions and explosives of concern (MEC)-related scrap (one 
shell and three Mark 5 cartridge cases were found during test pit sampling).  

Potential sources of petroleum contamination have been identified from four former 
revetted above ground storage tanks (ASTs) (removed between 1986 and 1990) and one 
underground storage tank (UST) located east of Site 2 where fuel oil and diesel may have 
been stored. 

Lead-acid battery maintenance was reportedly conducted at Building 279; the waste acid 
electrolyte was collected and hauled off-station for disposal. There were two 55-gallon 
drums of PD-680, a commercial degreaser, stored on the concrete storage pad located just 
outside of Building 279 which had a release onto nearby soil (A. T. Kearney, March 1989).  
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2.1.2 Site History 
Waste disposal operations at Site 2 began in 1921 and continued until sometime after 1947. 

Initially, refuse was burned openly onsite and was used to fill in the adjacent swampy area 

(Site 2 inlet). In 1942, an incinerator was installed to replace the open burning practices. 

Mixed municipal wastes, abrasive blast media (ABM), waste ordnance, organics, metals, 

and solvents were reportedly disposed of. In 1989, the site was used to store heavy 

equipment and machinery, including storage of tools and tires in sheds and trailers. 

Construction debris (concrete and brick), as well as ABM, are visible on the ground surface. 

In the northern portion of the site, Buildings 278/279 (formerly identified as Site 17) were 

used as a lead-acid battery maintenance facility (Figure 1-2).  

The Site 2 inlet historically received stormwater runoff and direct discharges from the 

industrial area located north of the site, including discharges from vehicle and equipment 

wash racks and ordnance degreasing operations. It appears that most of the Site 2 area was 

cleared of trees and vegetation that was pushed into the inlet area to reclaim land. During 

intrusive investigations, this layer of vegetation is visible indicating the elevation of the 

former ground surface and tidal inlet area.  

The Draft ERI Report (CH2M HILL, October 2005) documents previous investigations 

performed at Site 2.  

2.2 Hydrogeology
The subsurface hydrogeology at Site 2 is separated into three hydrostratigraphic units: the 

Columbia aquifer, the Yorktown confining unit, and the Yorktown aquifer (Figure 2-3). A 

layer of waste material, as thick as 6 to 7 ft in some locations, overlies the native soils. The 

Columbia aquifer begins at 3 to 7 ft below ground surface (bgs) and extends to 

approximately 15 to 25 ft bgs. In the Site 2 study area, the Columbia aquifer thickness is 

generally about 20 ft. The Yorktown confining unit separating the aquifers is approximately 

30 ft thick on average. The top of the confining unit generally slopes towards St. Juliens 

Creek and the Southern Branch of the Elizabeth River and is competent beneath the tidal 

inlet bed. The full thickness of the Yorktown aquifer was not penetrated anywhere on site; 

the deepest well boring at Site 2 terminates at 70 ft bgs.  

The Columbia aquifer consists of silty/clayey sands and well-sorted fine to coarse sands. 

Peat has also been reported in this groundwater zone from approximately 14 to18 ft bgs in 

two borings (SJS02-MW11S and SJS02-MW13S). This peat layer was found at the same depth 

as phragmites debris, indicating the location of the former tidal inlet elevation prior to 

filling activities. The Yorktown confining unit consists of a thick layer of silty, clayey sand 

underlain by a thick clay layer. Thin, fine to very fine sand lenses are interbedded in the clay 

at varying depths in the confining unit. Silt, organic materials, including peat, and shell 

fragments have been observed in this layer. The Yorktown aquifer consists primarily of fine 

to medium grained sand and/or silty sand with trace to abundant amounts of shell 

material, along with traces of finer grained material, gravel, and organic material. The 

amount of organic matter in the Columbia aquifer, Yorktown confining unit, or Yorktown 

aquifer is undefined.  

DYNAMIC WORK PLAN-TRIAD INVESTIGATION AT SITE 2 

2-2

2.1.2 Site History 
Waste disposal operations at Site 2 began in 1921 and continued until sometime after

Initially, refuse was burned openly onsite and was used to fill in the adjacent swamp

(Site 2 inlet). In 1942, an incinerator was installed to replace the open burning practic

Mixed municipal wastes, abrasive blast media (ABM), waste ordnance, organics, me

and solvents were reportedly disposed of. In 1989, the site was used to store heavy 

equipment and machinery, including storage of tools and tires in sheds and trailers.

Construction debris (concrete and brick), as well as ABM, are visible on the ground 

In the northern portion of the site, Buildings 278/279 (formerly identified as Site 17)

used as a lead-acid battery maintenance facility (Figure 1-2).  

The Site 2 inlet historically received stormwater runoff and direct discharges from t

industrial area located north of the site, including discharges from vehicle and equi

wash racks and ordnance degreasing operations. It appears that most of the Site 2 a

cleared of trees and vegetation that was pushed into the inlet area to reclaim land. 

intrusive investigations, this layer of vegetation is visible indicating the elevation o

former ground surface and tidal inlet area.  

The Draft ERI Report (CH2M HILL, October 2005) documents previous investigat

performed at Site 2.  

2.2 Hydrogeology
The subsurface hydrogeology at Site 2 is separated into three hydrostratigraphic 

Columbia aquifer, the Yorktown confining unit, and the Yorktown aquifer (Figur

layer of waste material, as thick as 6 to 7 ft in some locations, overlies the native s

Columbia aquifer begins at 3 to 7 ft below ground surface (bgs) and extends to 

approximately 15 to 25 ft bgs. In the Site 2 study area, the Columbia aquifer thick

generally about 20 ft. The Yorktown confining unit separating the aquifers is app

30 ft thick on average. The top of the confining unit generally slopes towards St.

Creek and the Southern Branch of the Elizabeth River and is competent beneath

inlet bed. The full thickness of the Yorktown aquifer was not penetrated anywhe

the deepest well boring at Site 2 terminates at 70 ft bgs.  

The Columbia aquifer consists of silty/clayey sands and well-sorted fine to coar

Peat has also been reported in this groundwater zone from approximately 14 to

two borings (SJS02-MW11S and SJS02-MW13S). This peat layer was found at th

as phragmites debris, indicating the location of the former tidal inlet elevation p

filling activities. The Yorktown confining unit consists of a thick layer of silty, c

underlain by a thick clay layer. Thin, fine to very fine sand lenses are interbedd

at varying depths in the confining unit. Silt, organic materials, including peat, 

fragments have been observed in this layer. The Yorktown aquifer consists pri

to medium grained sand and/or silty sand with trace to abundant amounts of

material, along with traces of finer grained material, gravel, and organic mater

amount of organic matter in the Columbia aquifer, Yorktown confining unit, o

aquifer is undefined.  

WDC.070440001.KPG 
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SECTION 2 

Existing Conceptual Site Model 

This section presents the CSM for Site 2 based on existing data. The CSM is considered a 

“living” document and will be continuously updated throughout the investigation.  

2.1 Site Description and History 

2.1.1 Site Description 

Site 2 is a former waste disposal area covering approximately 4.4 acres in the southern 

portion of the SJCA (Figure 1-2). In the center of Site 2 is a tidal inlet surrounded by 

wetlands, brush, trees, and grass that is directly connected to St. Juliens Creek through a 

36-inch (in.) culvert. An asphalt-paved parking lot is located adjacent to the inlet on the 

northwestern side and the concrete foundation of former Buildings 278/279 is located just 

north of the inlet. The corner of St. Juliens Road and Cradock Street is located to the 

southwest of the site and a grassy field is located to the east of the site.  

The site topography ranges from 0 to 8 feet (ft) above mean sea level (msl), sloping towards 

the tidal inlet and St. Juliens Creek. Grass-lined drainage ditches (approximately 2 to 3 ft 

deep) originate north of Site 2 along Cradock Street and discharge stormwater runoff to the 

inlet. Additional stormwater from north of Site 2 is carried by an underground stormwater 

system that also outlets to the inlet. The surface water in the tidal inlet drains into the creek. 

The area encompassing SJCA receives an average of approximately 46 in. of precipitation 

annually. Between 50 and 70 percent of the precipitation is removed from the area via runoff 

due to the relatively flat topography and via evapotranspiration. The remaining 30 to 

50 percent (14 to 23 in.) of precipitation recharges the surficial aquifer system by percolation 

through the upper soils (Siudyla, 1981).  

In the vicinity of SJCA, the mean tide range of the Elizabeth River is approximately 2.8 ft and 

the spring tide range is approximately 3.4 ft (CH2M HILL, March 2005). During a recent 

deep aquifer pumping test, background barometric pressure and ambient water level 

measurements were collected from the deep aquifer wells SJS02-MW01D and SJS02-MW10D 

and nearby shallow aquifer wells SJS02-MW10S and SJS02-MW12S to evaluate potential 

fluctuations in the water levels due to natural site conditions/cycles (e.g., tidal influence, 

interference from other nearby wells, etc). Figure 2-1 provides a chart of the background 

measurements and the locations of the monitoring wells are shown on Figure 2-2. The 

results show that the water levels in the deep aquifer wells are influenced by the tidal cycle. 

The background measurements did not indicate a tidal influence in the shallow aquifer 

wells. This has been observed at other locations in Southeastern Virginia, and may be 

attributed to a much lower hydraulic conductivity in the shallower aquifer.  
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ROD Section
Decision Summary
Current and Potential 
Future Land and Resource 
Uses

R e c o m m e n d e d 
Toolkit Tip
A map can be an extremely 
effective tool for depicting all 
onsite and adja cent land/
resource uses, including 
recreational use of adjacent 
surface waters and ground-
water classifica tion for cur-
rent and poten tial future 
use.  Refer to page 7 of 
“Summary of Key Existing 
EPA CERCLA Policies for 
Groundwater Restoration” 
(OSWER Directive  9283.1-
33,  June  26,  2009.)   The 
map can also help ensure 
appropriate remedial action 
objectives are identified for 
the potential receptors.  
Maps also can help show 
consideration of land use 
assumptions, relevant land 
and resource manage ment 
plans, zoning maps, 20-year 
development plans, reuse 
assess ments, and nearby 
development activity. The 
site layout figure or addi-
tional figures/photographs/ 
planning documents also 
may be useful for depicting 
current and potential future 
land and resource uses.

Refer to page 2 of “Land 
Use in the CERCLA Rem-
edy Selection process” 
(OSWER 9355.7-04, May 
25, 1995.)

EXHIBIT 7. CURRENT AND POTENTIAL FUTURE LAND AND
RESOURCE USES

Amphibious Drive

H
el

ic
o

p
te

r
R

o
ad

Former Landfill
Existing Marsh

Observation
Deck

Observation
Deck

Observation
Deck

42
0

6

8

Figure 2-3
Existing Site Layout Map

Site 8 Record of Decision
NAB Little Creek

Virginia Beach, Virginia/
0 100 20050

Feet

\\Aphrodite\projects\USNavFaceNGCom\LittleCreek\Projects\Site8_ROD\Figure 2-3 - Existing Site Layout Map.mxd

Legend
Tidal Channel
Marsh
Gravel Trail
Tidal Channel/Contour
Contours
Boundary of Tidal Open Water

Installation Boundary

+U

§̈¦-

Reservoir

Community
Park

§̈¦-

Drinking Water
Resource

Non-Potable Well

/
0 1,000 2,000

Feet

Legend
Watershed Boundary

Conservation Land/
Recreational Parks

Agricultural (2.4%)
Commercial 

Limited Industrial (2%)

Military (2.4%)

Public/Semi-Public (2.8%)

Single-Family and
Multi-Family Residential

Vacant/Open Space

Roads (3.5%)

Undefined (0.4%)

(52%)

(23.2%)

(6.7%)

(4.6%)



ROD Section
Decision Summary
Summary of Site Risks

R e c o m m e n d e d 
Toolkit Tip
Summary tables may be 
used to help explain the 
ROD’s discussion describ-
ing the risk assessment 
procedures and to help 
summarize the unac-
ceptable risks; the sum-
mary tables can include 
information on receptor 
scenarios, medium, expo-
sure pathways, chemicals 
of concern, exposure point 
concentrations, and tox-
icity values. These tables 
should be supplemented 
with cumulative risk sum-
mary tables to help ensure 
all risk assessment consid-
erations discussed in EPA’s 
ROD Guidance (1999) are 
addressed. 

Summary tables can 
help explain how the risk 
assessment reflects current 
toxicity values, risk assess-
ment methodologies and 
guidance, and site condi-
tions (e.g., current residual 
risk if interim actions were 
taken). The tables also can 
help explain how all appro-
priate exposure pathways 
have been evaluated in a 
manner that considers cur-
rent and potential future 
use (e.g., indoor air expo-
sure, risk to future on-site 
workers).

EXHIBIT 8. RISK ASSESSMENT SUMMARY TABLES

Synthesize     Summarize

Receptor Media Exposure Route Cancer Risk
COPCs with Cancer 

Risks >10-4 Hazard Index COPCs with HI > 1

Current/Future Site Worker Surface Water 30-E6.170-E6.2noitsegnI
Little Creek ANANnoitalahnI

40-E1.180-E7.1tcatnoC lamreDevoC
30-E7.170-E8.2latoT

Future Resident Adult Groundwater Ingestion NA 2.9E+00
ANANnoitalahnI

20-E1.8ANtcatnoC lamreD
Total NA 3.0E+00

Soil 10-E9.1ANnoitsegnI
Weigh Station ANANnoitalahnI

10-E4.4ANtcatnoC lamreDaerA
10-E3.6ANlatoT

Soil 10-E0.2ANnoitsegnI
Area to West of ANANnoitalahnI

10-E1.2ANtcatnoC lamreDeht ,llifdnaL 
 "Ear" 10-E1.4ANlatoT
Soil 10-E9.3ANnoitsegnI
Site Perimeter ANANnoitalahnI

Dermal Contact NA 1.4E+00 Vanadium (1.4)
Total NA 1.8E+00

Soil 10-E2.1ANnoitsegnI
ANANnoitalahnIaerA derevoC

10-E3.3ANtcatnoC lamreD
10-E5.4ANlatoT

Receptor Total NA 6.3E+00

Future Resident Child Groundwater Ingestion NA 6.8E+00
Arsenic (1.5), Iron (2.1), 
Manganese (2.0)

ANANnoitalahnI
10-E3.2ANtcatnoC lamreD

Total NA 7.0E+00
Soil Ingestion NA 1.7E+00
Weigh Station ANANnoitalahnI

10-E8.5ANtcatnoC lamreDaerA
Total NA 2.3E+00

Soil Ingestion NA 1.9E+00
Area to West of ANANnoitalahnI

10-E8.2ANtcatnoC lamreDeht ,llifdnaL 
 "Ear" Total NA 2.2E+00
Soil Ingestion NA 3.7E+00 Vanadium (2.6)
Site Perimeter ANANnoitalahnI

Dermal Contact NA 1.9E+00 Vanadium (1.9)
Total NA 5.5E+00

Soil Ingestion NA 1.1E+00
ANANnoitalahnIaerA derevoC

10-E3.4ANtcatnoC lamreD
Total NA 1.6E+00
Receptor Total NA 1.9E+01

Future Resident Child/Adult Groundwater Ingestion 1.5E-04 Arsenic (1.5E-04) NA
ANANnoitalahnI
AN70-E3.3tcatnoC lamreD

Total 1.5E-04 NA
Soil AN60-E3.8noitsegnI

ANANnoitalahnInoitatS hgieW
AN60-E0.3tcatnoC lamreDaerA
AN50-E1.1latoT

Soil AN50-E1.1noitsegnI
ANANnoitalahnIfo tseW ot aerA
AN60-E7.1tcatnoC lamreDeht ,llifdnaL 

 "Ear" AN50-E3.1latoT
Soil AN50-E8.1noitsegnI

ANANnoitalahnIretemireP etiS
AN60-E4.5tcatnoC lamreD
AN50-E3.2latoT

Soil AN50-E6.1noitsegnI
ANANnoitalahnIaerA derevoC
AN60-E9.8tcatnoC lamreD
AN50-E5.2latoT

Receptor Total 2.2E-04 NA

Table 1
Summary of RME Cancer Risks and Hazard Indices Based on 2004 HHRA
Site 7, NAB Little Creek, Virginia Beach, Virginia

Page 1 of 1

TABLE 2 
Summary of Human Health Risks Above USEPA Threshold Levels 

Receptor Media Pathway 
Chemical of 

Concern EPC*  

RME 
Cancer 
Risk1 

RME Non-
Cancer 

Hazard (HI) 
CTE Cancer 

Risk1 

CTE Non-
Cancer 

Hazard (HI) 

Cancer Toxicity 
Factor (CSF) 
mg/kg-day-1 

Non-Cancer 
Toxicity 
Factor 
(RfD) 

mg/kg-day 

Future 
Resident 
Adult 

Ground-
water 

Ingestion 

Arsenic 2.8 NA 2.9 NA 0.43 1.5E+00 0.0003* 

Iron 12,000 NA 0.46 NA 0.16 NA 0.7** 

Manganese 1,100 NA 1.6 NA 0.47 NA 0.02* 

Dermal 

Arsenic 28 NA 0.013 NA 0.0014 1.5E+00 0.0003* 

Iron 12,000 NA 0.0024 NA 0.00052 NA 0.7** 

Manganese 1,100 NA 0.2 NA 0.038 NA 0.0008* 

Site 
Perimeter 

Soil 

Ingestion 
Vanadium 202 

NA 0.028 NA 0.0098 - - 

Dermal NA 1.4 NA 0.086 - - 

Future 
Resident 
Child 

Ground-
water 

Ingestion 

Arsenic 28 6.3E-04 6 8.0E-05 1.4 1.5E+00 0.0003* 

Iron 12,000 NA 1.1 NA 0.54 NA 0.7** 

Manganese 1,100 NA 3.6 NA 1.6 NA 0.02* 

Dermal 

Arsenic 28 3.6E-06 0.04 2.0E-07 0.0031 1.5E+00 0.0003* 

Iron 12,000 NA 0.007 NA 0.0012 NA 0.7** 

Manganese 1,100 NA 0.06 NA 0.086 NA 0.0008* 

Site Perimeter 
Soil 

Ingestion 
Vanadium 202 

0.0E-00 2.6 NA 0.051 - - 

Dermal 0.0E-00 1.9 NA 0.063 - - 

Future 
Industrial 
Worker 

Ground-
water Ingestion Arsenic 28 1.5E-04 0.92 9.2E-06 0.29 1.5E+00 0.0003* 

Site Perimeter 
Soil 

Ingestion 
Vanadium 202 

0.0E-00 0.2 NA 0.0091 - - 

Dermal 0.0E-00 1.3 NA 0.045 - - 

Notes: 

EPC – Exposure Point Concentration  
HI – Hazard Index 
CSF – Cancer Slope Factor 
RfD – Reference Dose 
*Source: Integrated Risk Information System (IRIS); EPC for groundwater measured in µg/L, EPC for soil measured in mg/kg. 
**Source: National Center for Environmental Assessment (NCEA) 
***The RME EPCs were calculated as the 95 percent upper confidence limit (95% UCL) of the arithmetic mean concentration. The maximum detected 
concentration was used in place of the 95% UCL when the calculated 95% UCL was greater than the maximum detected value.  Maximum 
concentrations that differed from the EPC were arsenic (max conc. = 31 µg/L), iron (max conc. = 16,000 µg/L), and manganese (max conc. = 1,600 
µg/L).   

1 The RME and CTE Cancer Risks for the lifetime resident (adult and child) are reflected in the child resident scenario. 

TABLE 9.1.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

St.Juliens Creek Annex - Site 2

Scenario Timeframe:  Current/Future

Receptor Population:  Trespasser

Receptor Age:  Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Surface Soil Surface Soil At Site 2 Benzo(a)pyrene 2.8E-07 NA 2.4E-07 5.1E-07 NA NA NA NA 0.0E+00

4,4'-DDT 1.3E-07 NA 2.6E-08 1.6E-07 Liver 2.3E-03 NA 4.5E-04 2.7E-03

Arsenic 9.9E-07 NA 2.0E-07 1.2E-06 Skin, Vascular 6.4E-03 NA 1.3E-03 7.7E-03

Copper NA NA NA 0.0E+00 Gastrointestinal 8.5E-03 NA 5.6E-04 9.1E-03

Iron NA NA NA 0.0E+00 Gastrointestinal 4.2E-02 NA 2.8E-03 4.5E-02

Vanadium NA NA NA 0.0E+00 Kidney 9.5E-03 NA 2.4E-02 3.4E-02

Chemical Total 1.4E-06 0.0E+00 4.6E-07 1.9E-06 6.9E-02 0.0E+00 2.9E-02 9.8E-02

Exposure Point Total 1.9E-06 9.8E-02
Exposure Medium Total 1.9E-06 9.8E-02

Air Emissions from Surface 
Soil at Site 2 Chromium NA 5.5E-09 NA 5.5E-09 Respiratory System NA 1.3E-05 NA 1.3E-05

Chemical Total 0.0E+00 5.5E-09 0.0E+00 5.5E-09 0.0E+00 1.3E-05 0.0E+00 1.3E-05

Exposure Point Total 5.5E-09 1.3E-05
Exposure Medium Total 5.5E-09 1.3E-05

Medium Total 1.9E-06 9.8E-02

Surface Water Surface Water
Drainage Features and 

Ponded Area Chloroform NA NA 2.3E-08 2.3E-08 Liver NA NA 8.3E-05 8.3E-05

Trichloroethene NA NA 5.2E-06 5.2E-06 Liver, Kidney, Fetus NA NA 1.3E-01 1.3E-01

Vinyl chloride NA NA 7.3E-07 7.3E-07 Liver NA NA 9.8E-04 9.8E-04

cis-1,2-Dichloroethene NA NA NA 0.0E+00 Blood NA NA 2.3E-03 2.3E-03

bis(2-Ethylhexyl)phthalate NA NA 8.6E-07 8.6E-07 Liver NA NA 9.0E-03 9.0E-03

Arsenic NA NA 2.3E-08 2.3E-08 Skin, Vascular NA NA 1.5E-04 1.5E-04

Chromium NA NA NA 0.0E+00 NOAEL NA NA 2.3E-02 2.3E-02

Iron NA NA NA 0.0E+00 Gastrointestinal NA NA 4.5E-04 4.5E-04

Manganese NA NA NA 0.0E+00 CNS NA NA 2.9E-02 2.9E-02

Vanadium NA NA NA 0.0E+00 Kidney NA NA 7.6E-03 7.6E-03

Chemical Total 0.0E+00 0.0E+00 6.8E-06 6.8E-06 0.0E+00 0.0E+00 2.0E-01 2.0E-01

Exposure Point Total 6.8E-06 2.0E-01
Exposure Medium Total 6.8E-06 2.0E-01

Medium Total 6.8E-06 2.0E-01

TABLE 7.11.CT

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

St.Juliens Creek Annex - Site 2

Scenario Timeframe:  Current/Future

Receptor Population:  Resident

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concern

Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard
Quotient

Value Units Value Units Value Units Value Units

Groundwater Deep Groundwater Tap Water Ingestion Chloroform 8.3E-01 ug/L NA NA NA NA NA 1.1E-05 mg/kg/day 1.0E-02 mg/kg/day 1.1E-03

Arsenic 2.0E+00 ug/L NA NA NA NA NA 2.5E-05 mg/kg/day 3.0E-04 mg/kg/day 8.4E-02

Iron 3.1E+02 ug/L NA NA NA NA NA 3.9E-03 mg/kg/day 3.0E-01 mg/kg/day 1.3E-02

Manganese 4.9E+01 ug/L NA NA NA NA NA 6.3E-04 mg/kg/day 2.0E-02 mg/kg/day 3.2E-02

Vanadium 1.7E+00 ug/L NA NA NA NA NA 2.2E-05 mg/kg/day 1.0E-03 mg/kg/day 2.2E-02

Exp. Route Total 0.0E+00 1.5E-01

Dermal Chloroform 8.3E-01 ug/L NA NA NA NA NA 9.1E-07 mg/kg/day 1.0E-02 mg/kg/day 9.1E-05

Arsenic 2.0E+00 ug/L NA NA NA NA NA 8.1E-08 mg/kg/day 3.0E-04 mg/kg/day 2.7E-04

Iron 3.1E+02 ug/L NA NA NA NA NA 1.3E-05 mg/kg/day 3.0E-01 mg/kg/day 4.2E-05

Manganese 4.9E+01 ug/L NA NA NA NA NA 2.0E-06 mg/kg/day 8.0E-04 mg/kg/day 2.5E-03

Vanadium 1.7E+00 ug/L NA NA NA NA NA 7.1E-08 mg/kg/day 2.6E-05 mg/kg/day 2.7E-03

Exp. Route Total 0.0E+00 5.7E-03

Exposure Point Total 0.0E+00 1.6E-01

Exposure Medium Total 0.0E+00 1.6E-01

Groundwater Air

Deep groundwater - 
Water Vapors at 

Showerhead Inhalation Chloroform 8.3E-01 ug/L NA NA NA NA NA 2.9E-05 mg/kg/day 1.4E-02 mg/kg/day 2.0E-03

Exp. Route Total 0.0E+00 2.0E-03

Exposure Point Total 0.0E+00 2.0E-03

Exposure Medium Total 0.0E+00 2.0E-03

Groundwater 0.0E+00 1.6E-01

Total of Receptor Risks Across All Media     0.0E+00 Total of Receptor Hazards Across All Media     1.6E-01

DAevent for exposure to groundwater while bathing calculated on Table 7.3.CT Supplement A.
EPC for inhalation of volatiles from groundwater from shower calculated on Table 7.3.CT Supplement B.

Notes-

TABLE 7.1.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

St.Juliens Creek Annex - Site 2

Scenario Timeframe:  Current/Future

Receptor Population:  Trespasser

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC

Hazard
Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil At Site 2 Ingestion Benzo(a)pyrene 5.4E-01 mg/kg 3.8E-08 mg/kg/day 7.3E+00 1/(mg/kg-day) 2.8E-07 1.1E-07 mg/kg/day NA mg/kg/day NA

4,4'-DDT 5.6E+00 mg/kg 3.9E-07 mg/kg/day 3.4E-01 1/(mg/kg-day) 1.3E-07 1.1E-06 mg/kg/day 5.0E-04 mg/kg/day 2.3E-03

Arsenic 9.5E+00 mg/kg 6.6E-07 mg/kg/day 1.5E+00 1/(mg/kg-day) 9.9E-07 1.9E-06 mg/kg/day 3.0E-04 mg/kg/day 6.4E-03

Copper 1.7E+03 mg/kg 1.2E-04 mg/kg/day NA 1/(mg/kg-day) NA 3.4E-04 mg/kg/day 4.0E-02 mg/kg/day 8.5E-03

Iron 6.2E+04 mg/kg 4.4E-03 mg/kg/day NA 1/(mg/kg-day) NA 1.3E-02 mg/kg/day 3.0E-01 mg/kg/day 4.2E-02

Vanadium 4.7E+01 mg/kg 3.3E-06 mg/kg/day NA 1/(mg/kg-day) NA 9.5E-06 mg/kg/day 1.0E-03 mg/kg/day 9.5E-03

Exp. Route Total 1.4E-06 6.9E-02

Dermal Benzo(a)pyrene 5.4E-01 mg/kg 3.3E-08 mg/kg/day 7.3E+00 1/(mg/kg-day) 2.4E-07 9.5E-08 mg/kg/day NA mg/kg/day NA

Absorption 4,4'-DDT 5.6E+00 mg/kg 7.7E-08 mg/kg/day 3.4E-01 1/(mg/kg-day) 2.6E-08 2.2E-07 mg/kg/day 5.0E-04 mg/kg/day 4.5E-04

Arsenic 9.5E+00 mg/kg 1.3E-07 mg/kg/day 1.5E+00 1/(mg/kg-day) 2.0E-07 3.8E-07 mg/kg/day 3.0E-04 mg/kg/day 1.3E-03

Copper 1.7E+03 mg/kg 7.7E-06 mg/kg/day NA 1/(mg/kg-day) NA 2.2E-05 mg/kg/day 4.0E-02 mg/kg/day 5.6E-04

Iron 6.2E+04 mg/kg 2.9E-04 mg/kg/day NA 1/(mg/kg-day) NA 8.4E-04 mg/kg/day 3.0E-01 mg/kg/day 2.8E-03

Vanadium 4.7E+01 mg/kg 2.2E-07 mg/kg/day NA 1/(mg/kg-day) NA 6.3E-07 mg/kg/day 2.6E-05 mg/kg/day 2.4E-02

Exp. Route Total 4.6E-07 2.9E-02

Exposure Point 
Total 1.9E-06 9.8E-02

Exposure Medium Total 1.9E-06 9.8E-02

Air
Emissions from 
Surface Soil at 

Site 2
Inhalation

Chromium 1.2E-07 mg/m3 1.3E-10 mg/kg/day 4.1E+01 1/(mg/kg-day) 5.5E-09 3.9E-10 mg/kg/day 3.0E-05 mg/kg/day 1.3E-05

Exp. Route Total 5.5E-09 1.3E-05

Exposure Point 
Total 5.5E-09 1.3E-05

Exposure Medium Total 5.5E-09 1.3E-05

Medium Total 1.9E-06 9.8E-02

Surface Water Surface Water

Drainage
Features and 
Ponded Area Dermal Chloroform 5.4E+00 ug/L 2.8E-07 mg/kg/day 8.1E-02 1/mg/kg/day 2.3E-08 8.3E-07 mg/kg/day 1.0E-02 mg/kg/day 8.3E-05

Trichloroethene 1.3E+02 ug/L 1.3E-05 mg/kg/day 4.0E-01 1/mg/kg/day 5.2E-06 3.8E-05 mg/kg/day 3.0E-04 mg/kg/day 1.3E-01

Vinyl chloride 1.5E+01 ug/L 1.0E-06 mg/kg/day 7.2E-01 1/mg/kg/day 7.3E-07 2.9E-06 mg/kg/day 3.0E-03 mg/kg/day 9.8E-04

cis-1,2-Dichloroethene 8.4E+01 ug/L 7.8E-06 mg/kg/day NA 1/mg/kg/day NA 2.3E-05 mg/kg/day 1.0E-02 mg/kg/day 2.3E-03
bis(2-Ethylhexyl)phthalate 6.9E+01 ug/L 6.2E-05 mg/kg/day 1.4E-02 1/mg/kg/day 8.6E-07 1.8E-04 mg/kg/day 2.0E-02 mg/kg/day 9.0E-03

Arsenic 3.8E+00 ug/L 1.5E-08 mg/kg/day 1.5E+00 1/mg/kg/day 2.3E-08 4.4E-08 mg/kg/day 3.0E-04 mg/kg/day 1.5E-04
Chromium 1.5E+02 ug/L 5.9E-07 mg/kg/day NA 1/mg/kg/day NA 1.7E-06 mg/kg/day 7.5E-05 mg/kg/day 2.3E-02

Iron 1.2E+04 ug/L 4.6E-05 mg/kg/day NA 1/mg/kg/day NA 1.3E-04 mg/kg/day 3.0E-01 mg/kg/day 4.5E-04

Manganese 2.0E+03 ug/L 8.1E-06 mg/kg/day NA 1/mg/kg/day NA 2.4E-05 mg/kg/day 8.0E-04 mg/kg/day 2.9E-02

Vanadium 1.7E+01 ug/L 6.8E-08 mg/kg/day NA 1/mg/kg/day NA 2.0E-07 mg/kg/day 2.6E-05 mg/kg/day 7.6E-03

Exp. Route Total 6.8E-06 2.0E-01

TABLE 6.1

CANCER TOXICITY DATA -- ORAL/DERMAL

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential Efficiency for Dermal for Dermal Cancer Guideline
Concern Value Units (1) Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

St. Juliens Creek Annex - Site 2

RDX 1.1E-01 1/mg/kg-day NA 1.1E-01 1/mg/kg-day C IRIS 06/16/2003

Thallium NA NA NA NA NA NA NA NA

Trichloroethene 4.0E-01 1/mg/kg-day 1 4.0E-01 1/mg/kg-day B2 NCEA 08/01/2001

Vanadium NA NA NA NA NA NA NA NA

Vinyl Chloride (adult) 7.2E-01 1/mg/kg-day 1 7.2E-01 1/mg/kg-day A IRIS 06/16/2003

Vinyl Chloride (incl early life 1.4E+00 1/mg/kg-day 1 1.4E+00 1/mg/kg-day A IRIS 06/16/2003

Zinc NA NA NA NA NA NA NA NA

(1)  Source: Risk Assessment Guidance for Superfund: Volume 1: Human Health Definitions: NA = Not Available

      Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. IRIS = Integrated Risk Information System

      Section 4.2 and Exhibit 4-1. HEAST = Health Effects Assessment Summary Tables

(2) See Risk Assessment text for derivation of the "Absorbed Cancer Slope Factor for Dermal". NCEA = National Center for Environmental Assessment

* USEPA recommends the adjustment for dermal toxicity is not performed for this constituent.

TABLE 5.1

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

St. Juliens Creek Annex - Site 2

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal (2) Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency for Dermal Target Uncertainty/Modifying
Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(1) (MM/DD/YYYY)

Aluminum Chronic 1.0E+00 mg/kg-day 1 1.0E+00 mg/kg-day CNS 100 NCEA 06/21/2001

Antimony Chronic 4.0E-04 mg/kg-day 0.15 6.0E-05 mg/kg-day Blood 1000/1 IRIS 06/16/2003

Antimony Subchronic 4.0E-04 mg/kg-day 0.15 6.0E-05 mg/kg-day Blood 1000 HEAST 07/01/1997

Arsenic* Chronic 3.0E-04 mg/kg-day 0.95 3.0E-04 mg/kg-day Skin, Vascular 3/1 IRIS 06/16/2003

Arsenic* Subchronic 3.0E-04 mg/kg-day 0.95 3.0E-04 mg/kg-day Skin, Vascular 3 HEAST 07/01/1997

Barium Chronic 7.0E-02 mg/kg-day 0.07 4.9E-03 mg/kg-day Kidney 3/1 IRIS 06/16/2003

Barium Subchronic 7.0E-02 mg/kg-day 0.07 4.9E-03 mg/kg-day Cardiovascular 3 HEAST 07/01/1997

Benzo(a)anthracene NA NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA NA

Bis(2-Ethylhexyl)phthalate Chronic 2.0E-02 mg/kg-day 1 2.0E-02 mg/kg-day Liver 1000/1 IRIS 06/16/2003

Cadmium (water) Chronic 5.0E-04 mg/kg-day 0.025 1.3E-05 mg/kg-day Kidney 10/1 IRIS 06/16/2003

Cadmium (food) Chronic 1.0E-03 mg/kg-day 0.025 2.5E-05 mg/kg-day Kidney 10/1 IRIS 06/16/2003

Chloroform Chronic 1.0E-02 mg/kg-day 1 1.0E-02 mg/kg-day Liver 1000/1 IRIS 06/16/2003

Chloroform Subchronic 1.0E-02 mg/kg-day 1 1.0E-02 mg/kg-day Liver 1000 HEAST 07/01/1997

Chromium (VI) Chronic 3.0E-03 mg/kg-day 0.025 7.5E-05 mg/kg-day NOAEL 300/3 IRIS 06/16/2003

Chromium (VI) Subchronic 2.0E-02 mg/kg-day 0.025 5.0E-04 mg/kg-day NOAEL 100 HEAST 07/01/1997

Copper Chronic 4.0E-02 mg/kg-day 1 4.0E-02 mg/kg-day Gastrointestinal NA HEAST 07/01/1997

DDD-4,4' NA NA NA NA NA NA NA NA NA NA

DDE-4,4' NA NA NA NA NA NA NA NA NA NA

DDT-4,4'* Chronic 5.0E-04 mg/kg-day 0.9 5.0E-04 mg/kg-day Liver 100/1 IRIS 06/16/2003

DDT-4,4'* Subchronic 5.0E-04 mg/kg-day 0.9 5.0E-04 mg/kg-day Liver 100 HEAST 07/01/1997

Dibenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA NA

1,4-Dichlorobenzene Chronic 3.0E-02 mg/kg-day 1 3.0E-02 mg/kg-day Liver 1000 NCEA 04/29/97

cis-1,2-Dichloroethene Chronic 1.0E-02 mg/kg-day 1 1.0E-02 mg/kg-day Blood 3000 HEAST 07/01/1997

Heptachlor Chronic 5.0E-04 mg/kg-day 1 5.0E-04 mg/kg-day Liver 300/1 IRIS 06/16/2003

Heptachlor Subchronic 5.0E-04 mg/kg-day 1 5.0E-04 mg/kg-day Liver 300 HEAST 07/01/1997

Iron Chronic 3.0E-01 mg/kg-day 1 3.0E-01 mg/kg-day Gastrointestinal NA NCEA 07/23/1996

Administrative Record Resources

 Scenario Timeframe: Current/Future
 Medium: Surface Soil
 Exposure Medium: Surface Soil

Exposure Point Chemical Units Arithmetic Maximum
of Mean Concentration

Potential (Qualifier)
Concern Value Units Statistic Rationale

At Site 2
Benzo(a)pyrene MG/KG 0.391 0.543 T 1.40 J 0.543 MG/KG 95% UCL-T (1)

4,4'-DDT MG/KG 1.00 5.6 NP 12.0 J 5.6 MG/KG 99% Cheb (1)
Arsenic MG/KG 4.93 9.5 T 18.0 9.5 MG/KG 95% UCL-T (1)
Copper MG/KG 287 1,672 NP 4,260 1,672 MG/KG 97.5% Cheb-m (3)

Iron MG/KG 17,331 62,428 NP 106,000 62,428 MG/KG 97.5% Cheb-m (3)
Lead MG/KG 278 0.612 T 2,370 109 MG/KG Mean-T (1)

Vanadium MG/KG 30.6 46.8 T 138 46.8 MG/KG 95% UCL-T (1)

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the maximum of the two samples was used.

ProUCL, Version 2.1 used to determine distribution of data using the Shapiro-Wilk W Test.  ProUCL used to calculate RME EPC, following recommendations

                       based on distribution and standard deviation  in users guide.

Statistics:  Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data, H-Statistic (95% UCL-T);

                       95% Chebyshev (MVUE) UCL (95% Cheb); 99% Chebyshev (MVUE) UCL (99% Cheb); 95% Chebyshev (mean,std) UCL (95% Cheb-m); 

                       97.5% Chebyshev (mean,std) UCL (97.5% Cheb-m); 99% Chebyshev (mean,std) UCL (99% Cheb-m); Mean of Normal Data (Mean-N).

(1)  Shapiro-Wilk W Test indicates data are log-normally distributed. N = Normal

(2)  Shapiro-Wilks W Test indicates data are normally distributed. T = Transformed

(3)  Shapiro-Wilks W Test indicates data neither log-normally or normally distributed. Use non-parametric RME EPC. NP = Non-parametric

(4)  95% UCL (or mean) exceeds maximum detected concentration.  Therefore, maximum concentration used for EPC. J = Estimated Value

(5) Shapiro-Wilks W Test indicated data are normally and lognormally distributed.  Distribution with the highest W-Value used to select EPC.

(N/T/NP)
95% UCL of

Table 3.1.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

St. Juliens Creek  Annex - Site 2

Exposure Point Concentration

 Scenario Timeframe: Current/Future

 Medium: Surface Soil
 Exposure Medium: Surface Soil

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Background [3] Screening [4] Potential Potential COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Contaminant

Concentration Limits Screening Value Source Deletion
or Selection

At Site 2 78-93-3 2-Butanone 0.2 0.2 MG/KG SJS02-SS11-000  1/19  0.01 - 0.012 0.2 ND 61,320 N NA NA NO BSL

67-64-1 Acetone 0.007 J 0.035 MG/KG SJS02-SS10-000  3/19  0.01 - 0.012 0.035 ND 91,980 N NA NA NO BSL

108-88-3 Toluene 0.001 J 0.002 J MG/KG SJS02-SS08-000  2/19  0.01 - 0.012 0.002 ND 20,440 N NA NA NO BSL

91-57-6 2-Methylnaphthalene 0.31 J 0.31 J MG/KG SJS02-SS03-000  1/19  0.33 - 1.7 0.31 ND 2,044 N NA NA NO BSL

83-32-9 Acenaphthene 0.1 J 0.17 J MG/KG SJS02-SS03-000  2/19  0.33 - 1.7 0.17 92 6,132 N NA NA NO BSL

208-96-8 Acenaphthylene 0.037 J 0.82 J MG/KG SJS02-SS03-000  8/19  0.33 - 1.7 0.82 95 2,044 N NA NA NO BSL

120-12-7 Anthracene 0.043 J 0.59 J MG/KG SJS02-SS03-000  6/19  0.33 - 1.7 0.59 91 30,660 N NA NA NO BSL

56-55-3 Benzo(a)anthracene 0.12 J 2.3 MG/KG SJS02-SS03-000  14/19  0.33 - 1.7 2.3 6.9 3.92 C NA NA NO BSL

50-32-8 Benzo(a)pyrene 0.13 J 1.4 J MG/KG SJS02-SS03-000  14/19  0.33 - 1.7 1.4 91 0.392 C NA NA YES ASL

205-99-2 Benzo(b)fluoranthene 0.057 J 1.7 J MG/KG SJS02-SS03-000  15/19  0.33 - 1.7 1.7 91 3.92 C NA NA NO BSL

191-24-2 Benzo(g,h,i)perylene 0.076 J 0.89 J MG/KG SJS02-SS03-000  13/19  0.33 - 1.7 0.89 91 3,066 N NA NA NO BSL

207-08-9 Benzo(k)fluoranthene 0.062 J 1.1 J MG/KG SJS02-SS03-000  14/19  0.33 - 1.7 1.1 91 39.2 C NA NA NO BSL

85-68-7 Butylbenzylphthalate 0.057 J 0.28 J MG/KG SJS02-SS06-000  2/19  0.33 - 1.7 0.28 ND 20,440 N NA NA NO BSL

86-74-8 Carbazole 0.12 J 0.3 J MG/KG SJS02-SS03-000  2/19  0.33 - 1.7 0.3 ND 143 C NA NA NO BSL

218-01-9 Chrysene 0.13 J 2.7 MG/KG SJS02-SS03-000  14/19  0.33 - 1.7 2.7 102 392 C NA NA NO BSL

84-74-2 Di-n-butylphthalate 0.047 J 0.51 J MG/KG SJS02-SS20-000  4/19  0.33 - 1.7 0.51 ND 10,220 N NA NA NO BSL

53-70-3 Dibenz(a,h)anthracene 0.054 J 0.054 J MG/KG SJS02-SS02-000  1/19  0.33 - 1.7 0.054 91 0.392 C NA NA NO BSL

132-64-9 Dibenzofuran 0.07 J 0.07 J MG/KG SJS02-SS02-000  1/19  0.33 - 1.7 0.07 ND 204 N NA NA NO BSL

206-44-0 Fluoranthene 0.045 J 5 MG/KG SJS02-SS03-000  15/19  0.33 - 1.7 5 103 4,088 N NA NA NO BSL

86-73-7 Fluorene 0.11 J 0.38 UJ MG/KG
SJS02-SS03-000, SJS02-

SS19-000  2/19  0.33 - 1.7 0.38 92 4,088 N NA NA NO BSL

193-39-5 Indeno(1,2,3-cd)pyrene 0.086 J 0.8 J MG/KG SJS02-SS03-000  14/19  0.33 - 1.7 0.8 91 3.92 C NA NA NO BSL

91-20-3 Naphthalene 0.052 J 0.052 J MG/KG SJS02-SS02-000  1/19  0.33 - 1.7 0.052 92 2,044 N NA NA NO BSL

85-01-8 Phenanthrene 0.041 J 4.4 MG/KG SJS02-SS03-000  13/19  0.33 - 1.7 4.4 91 3,066 N NA NA NO BSL

129-00-0 Pyrene 0.048 J 7.2 MG/KG SJS02-SS03-000  15/19  0.33 - 1.7 7.2 125 3,066 N NA NA NO BSL

117-81-7 bis(2-Ethylhexyl)phthalate 0.035 0.07 J MG/KG SJS02-SS20-000  4/19  0.33 - 1.7 0.07 ND 204 C NA NA NO BSL

72-54-8 4,4'-DDD 0.00160 J 4.2 MG/KG SJS02-SS09-000  15/19  0.0033 - 0.38 4.2 10.6 11.9 C NA NA NO BSL

72-55-9 4,4'-DDE 0.00160 J 7.2 J MG/KG SJS02-SS20-000  18/19  0.0033 - 2 7.2 269 8.42 C NA NA NO BSL

50-29-3 4,4'-DDT 0.003 J 12 J MG/KG SJS02-SS20-000  18/18  0.0033 - 2 12 34 8.42 C NA NA YES ASL

11096-82-5 Aroclor-1260 0.015 J 0.11 J MG/KG
SJS02-SS03-000, SJS02-

SS04-000  5/19  0.033 - 0.35 0.11 ND 1.43 C NA NA NO BSL

60-57-1 Dieldrin 7.90E-04 J 0.0038 J MG/KG SJS02-SS02-000  3/19  0.0033 - 0.035 0.0038 11.5 0.179 C NA NA NO BSL

76-44-8 Heptachlor 0.00220 J 0.00220 J MG/KG SJS02-SS12-000  1/19  0.0017 - 0.018 0.00220 ND 0.636 C NA NA NO BSL

5103-71-9 alpha-Chlordane 8.10E-04 J 0.05 J MG/KG SJS02-SS12-000  7/19  0.0017 - 0.2 0.05 9.1 8.18 C NA NA NO BSL

5103-74-2 gamma-Chlordane 0.002 UJ 0.029 J MG/KG SJS02-SS12-000  5/19  0.0017 - 0.018 0.029 6.1 8.18 C NA NA NO BSL

7429-90-5 Aluminum 1,960 18,600 MG/KG SJS02-SS06-000  19/19  6.5 - 8.79 18,600 7669 102,200 N NA NA NO BSL

7440-36-0 Antimony 0.530 J 7 J MG/KG SJS02-SS03-000  6/17  0.34 - 0.6 7 0.7 40.9 N NA NA NO BSL

7440-38-2 Arsenic 1.30 J 18 MG/KG SJS02-SS13-000  18/19  0.34 - 0.6 18 5.7 1.91 C NA NA YES ASL
7440-39-3 Barium 9.80 J 469 MG/KG SJS02-SS20-000  19/19  0.03 - 0.4 469 40 7,154 N NA NA NO BSL

Concentration Concentration

Qualifier Qualifier

Table 2.1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

St. Juliens Creek  Annex - Site 2

 Minimum [1]  Maximum [1]

TABLE 4.1.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

St. Juliens Creek Annex - Site 2

Scenario Timeframe: Current/Future

Medium:   Surface Soil

Exposure Medium: Surface Soil

    

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion Trespasser Adult At Site 2 CS Chemical Concentration in Soil See Table 3.1.RME mg/kg - - CDI (mg/kg-day) =

IR-S Ingestion Rate of Soil 100 mg/day EPA, 1991 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 52 days/year (1)

ED Exposure Duration 24 years EPA, 1991

CF1 Conversion Factor  1 0.000001 kg/mg - -

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

Trespasser Adolescent At Site 2 CS Chemical Concentration in Soil See Table 3.1.RME mg/kg - - CDI (mg/kg-day) =

IR-S Ingestion Rate of Soil 100 mg/day EPA, 1991 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 52 days/year (1)

ED Exposure Duration 9 years (2)

CF1 Conversion Factor  1 0.000001 kg/mg - -

BW Body Weight 51 kg EPA, 1997, (3)

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 3,285 days EPA, 1989

Dermal Trespasser Adult At Site 2 CS Chemical Concentration in Soil See Table 3.1.RME mg/kg - - CDI (mg/kg-day) =

SA Skin Surface Area Available for Contact 3,300 cm2 EPA, 2001, (4) CS x SA x SSAF x DABS x CF1  x EF x 

SSAF Soil to Skin Adherence Factor 0.2 mg/cm2-day EPA, 2001, (5)  ED x 1/BW x 1/AT

DABS Dermal Absorption Factor Solids chem specific -- EPA, 2001

CF1 Conversion Factor  1 0.000001 kg/mg - -

EF Exposure Frequency 52 days/year (1)

ED Exposure Duration 24 years EPA, 1991

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

TABLE 1

SELECTION OF EXPOSURE PATHWAYS

St. Juliens Creek Annex - Site 2

Scenario Medium Exposure Exposure Receptor Receptor Exposure On-Site/ Type of Rationale for Selection or Exclusion

Timeframe Medium Point Population Age Route Off-Site Analysis of Exposure Pathway

Current / Future Surface Soil Surface Soil At Site 2 Trespasser Adult Dermal On-Site Quant Trespassers may have exposed skin surfaces come into contact with soil

Ingestion On-Site Quant Trespassers may incidentally ingest soil

Adolescent Dermal On-Site Quant Trespassers may have exposed skin surfaces come into contact with soil

Ingestion On-Site Quant Trespassers may incidentally ingest soil

Air Emissions from Surface Soil 
at Site 2 Trespasser Adult Inhalation On-Site Quant Trespassers may inhale volatiles/particulates

Adolescent Inhalation On-Site Quant Trespassers may inhale volatiles/particulates

Groundwater Deep Groundwater Tap Water Resident Adult Dermal Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Ingestion Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Child Dermal Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Ingestion Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Adult/Child Dermal Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Ingestion Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Air Deep Groundwater - Water 
Vapors at Showerhead Resident Adult Inhalation Off-Site Quant Local municipality currently has some uses for groundwater from deep aquifer

Surface Water 2 Surface Water 2
Drainage Features and 

Ponded Area Trespasser Adult Dermal On-Site Quant Trespassers may have exposed skin surfaces come into contact with surface water

Ingestion On-Site None Ingestion of surface water not expected to be a significant exposure pathway during 
wading

Adolescent Dermal On-Site Quant Trespassers may have exposed skin surfaces come into contact with surface water

Ingestion On-Site None Ingestion of surface water not expected to be a significant exposure pathway during 
wading

Sediment 2 Sediment 2 Drainage Features and 
Ponded Area Trespasser Adult Dermal On-Site Quant Trespassers may have exposed skin surfaces come into contact with sediment

Ingestion On-Site Quant Trespassers may incidentally ingest sediment
Adolescent Dermal On-Site Quant Trespassers may have exposed skin surfaces come into contact with sediment

Ingestion On-Site Quant Trespassers may incidentally ingest sediment

Future Soil1 Soil1 At Site 2 Resident Adult Dermal On-Site Quant Residents may have exposed skin surfaces come into contact with soil

Ingestion On-Site Quant Residents may incidentally ingest soil 

Child Dermal On-Site Quant Residents may have exposed skin surfaces come into contact with soil

Ingestion On-Site Quant Residents may incidentally ingest soil 

Adult/Child Dermal On-Site Quant Residents may have exposed skin surfaces come into contact with soil

Ingestion On-Site Quant Residents may incidentally ingest soil 



ROD Section
Decision Summary
Summary of Site Risks

R e c o m m e n d e d 
Toolkit Tip
Maps and tables can help 
explain the results of the 
risk assessment and to help 
iden tify medium and chemi-
cals of concern (COC) war-
ranting a response action, 
considering current and pot- 
ential future land use. These 
tools can help docu ment the 
appropriate risk manage-
ment decisions for risks 
exceeding threshold cri teria 
and for chemicals of poten-
tial concern iden tified in 
screening-level risk assess-
ments (e.g., comparison to 
back ground, slight exceed-
ance of threshold criteria). 
A sum mary table with sup-
porting text may be use-
ful in identifying the poten-
tial receptors, impacted 
medium, land and resource 
uses, and COCs warrant-
ing response action under 
CERCLA. A summary table 
can help present the con-
centrations of COCs in each 
medium and associated risk 
factors may also be included 
to illustrate the magnitude of 
the threat to human health 
and the environment posed 
by the site. Graphics to help 
explain the Basis for Action 
can also assist in the ROD’s 
discussion of the Remedial 
Action Objectives (RAOs) 
and the cleanup levels (see 
Exhibit 10).

EXHIBIT 9. BASIS FOR ACTION
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Extent of TCE Exceedances
Extent of VC Exceedances
Extent of DCE Exceedances
Extent of Benzene Exceedances
Extent of Soil Contamination

/

Receptor Media
Reasonably Anticipated 

Land Use
Chemical of Concern 

Requiring Action Basis for Action
Surface soil Residential No unacceptable risks Not applicable
Subsurface soil Residential Arsenic Non-cancer hazard index of 1.4

Benzene Cancer risk of 1.2 x 10-4 

-3TCE Cancer risk of 2.3 x 10

cis-1,2-DCE Max concentration = 136 µg/L
(exceeding MCL of 70 µg/L) 

1,1-DCE Max concentration = 34 µg/L
(exceeding MCL of 7 µg/L)

Vinyl chloride Cancer risk of 1.7 x 10-4 

Sediment/Surface water Recreational & Training No unacceptable risks Not applicable
Surface soil Habitat No unacceptable risks Not applicable
Subsurface soil No pathway Not applicable Not applicable
Groundwater Habitat No unacceptable risks Not applicable
Sediment/Surface water Habitat No unacceptable risks Not applicable

Human 
Health

Ecological

Groundwater Current or potential 
drinking water resource



ROD Section
Decision Summary
Remedial Action Objectives

R e c o m m e n d e d 
Toolkit Tip
Where appropriate, it 
may be helpful to use a 
bullet format to present 
the remedial action 
objectives (RAOs) that 
are established to add-
ress all unacceptable 
current and reasonably 
anticipated future risks 
at the site. A bullet 
format for the RAOs 
can effectively present 
qualitative statements. To 
present the quantitative 
site-specific cleanup levels 
that need to be met for 
each medium in order to 
achieve the RAOs, it may 
be useful to include tables 
to list the chemicals of 
concern (COCs) in each 
medium warranting a 
response action, their 
respective cleanup levels, 
and the basis for the 
cleanup levels. A figure 
also can be effective to 
help illustrate the areas 
within the site where 
concentrations of COCs 
exceed cleanup levels 
and warrant action.

EXHIBIT 10. REMEDIAL ACTION OBJECTIVES FOR CHEMICALS
OF CONCERN WARRANTING RESPONSE ACTION

2  DECISION SUMMARY

 

2.7 Remedial Action Objectives
The Navy, EPA, and VDEQ concluded that remedial action is necessary to protect public 
health, welfare, and the environment from actual or threatened releases of hazardous 
substances in soil, shallow groundwater, sediment, and surface water at Site 2. Site-specific 
Remedial Action Objectives (RAOs) are as follows:  

Waste, soil, and sediment (including sediment pore water): 

• Prevent direct media contact with human and ecological receptors at concentrations that 
pose unacceptable risks 

• Prevent migration of contaminants through surface water runoff and erosion pathways 

• Prevent or minimize transport of COCs from waste to site media 

Shallow groundwater (including residual DNAPL): 

• Reduce contaminant source mass to the maximum extent practicable 

• Prevent activities that might cause migration of chlorinated VOCs in the Columbia 
aquifer to the underlying Yorktown aquifer 

• Prevent chlorinated VOC migration from the shallow groundwater to surface water and 
sediment 

• Reduce chlorinated VOC concentrations in shallow groundwater to the maximum extent 
practicable and prevent exposure until concentrations allow for unlimited use and 
unrestricted exposure (beneficial use scenario) 

Surface water: 

• Minimize degradation of surface water  

The quantitative cleanup levels that need to be met to achieve the RAOs are presented in 
Table 2-2 below.  

TABLE 2-2
COCs and Cleanup Levels

C hemical of C oncern C leanu p Level B as is  for C leanup L evel 

Surface soil (mg/kg)

Antimony 26.4 Calculated risk-based value

Lead 400* Action Level

Vanadium 72 Background

Groundwater (µg/L)

1,1-DCE 7 MCL

cis-1,2-DCE 70 MCL

Napthalene 170 Cacluated risk-based value

TCE 5 MCL

Sediment (mg/kg)

Chromium 53 Background

*average site-wide concentration
 

fi



ROD Section
Decision Summary
Description of Alternatives

R e c o m m e n d e d 
Toolkit Tip
Remedial alternatives dis-
cussed in a ROD also may 
be presented in a summary 
table identifying the alterna-
tives, major components, 
descrip tion (e.g., estimated 
volume of excavation), costs 
(capital, operation and main-
tenance, present worth, and 
discount rate), and estimated 
time frame to achieve reme-
dial action objectives (RAOs). 
Such a table can help show 
how the alternatives consid-
ered would each address the 
risks at the site, consistent 
with the basis for action and 
RAOs. To accurately pres-
ent the “no action” alterna tive, 
land use controls (LUCs)/ insti-
tutional controls (ICs) should 
not be included, for example. 
The tables can also include 
text that presents the com-
mon elements and distinguish-
ing features that are unique to 
the alternatives and that may 
directly affect the implementa-
tion, operation, or outcome if 
selected as the remedy. 

Refer to Institutional Controls:  
A Guide to Planning, Imple-
menting, Maintaining, and 
Enforcing Institutional Con-
trols at Contaminated Sites 
(EPA, 2010).  A summary table 
should include appropriate use 
of terminology for LUCs/ICs, if 
applicable.

EXHIBIT 11. SUMMARY OF REMEDIAL ALTERNATIVES

Synthesize     Summarize

Administrative Record Resources

TABLE 5 - REMEDIAL ALTERNATIVES
Alternative Components Description Cost

Soil 
No Action
No action for contaminated 
soil with no restriction on 
activities.

-Existing soil -No action No cost

Biostimulation and Off-
Site Disposal
Excavation and stockpiling 
of contaminated soil for on-
site ex-situ treatment 
followed by backfilling and 
site restoration.

-Excavation of soil

-On-site ex-situ 
biostimulation 
followed by off-site 
disposal

-Site restoration

-Engineering
Controls

 

-Excavation of an estimated 1,333 yd3 of soil. On-site 
material will be evaluated for potential re-use for backfill  
(it is estimated that only 1/3 of excavated material is 
contaminated based on existing sample data)

-Collection of confirmation samples from the excavation 
and of the uncontaminated soil for analysis of COCs to 
verify performance standards are met

-Stockpiling of contaminated site soil and placement on 
a treatment pad with physical controls (fencing and 
signs) to prevent access and erosion and sediment 
controls (silt fencing) to prevent contaminant transport

-Mixing stockpiled soil with amendments (e.g., commercial 
fertilizer) and bi-weekly aeration to stimulate biological 
degradation

-Periodic sampling of stockpiled soil until performance 
standards are met followed by off-site disposal

-Mixing clean fill and uncontaminated site soil for backfill 
and site restoration (repaving)

Capital Cost: 
$291,600
Annual O&M Cost: $0

  

Timeframe: 2 years

Excavation and Off-Site 
Disposal 

Excavation of 
contaminated soil followed 
by off-site disposal, 
backfilling, and site 
restoration.

-Excavation of soil 

-Off-site disposal

-Site restoration

-Engineering
Controls

-Excavation of an estimated 1,333 yd3 of soil. On-site 
material will be evaluated for potential re-use for backfill 
(it is estimated that only 1/3 of excavated material is 
contaminated based on existing sample data)

-Collection of confirmation samples from the excavation 
and of the uncontaminated soil for analysis of COCs to 
verify performance standards are met

-Stockpiling of contaminated site soil with physical 
controls (signs) to prevent access and erosion and 
sediment controls (silt fencing) to prevent contaminant 
transport during waste characterization 

-Waste characterization testing to classify the 
contaminated soil for proper off-site disposal

-Mixing clean fill and uncontaminated site soil for backfill 
and site restoration (repaving)

Capital Cost: 
$229,300
Annual O&M Cost: $0

Timeframe: 1 month

Groundwater
No Action
No action for contaminated 
groundwater with no 
restriction on activities.

-Existing 
groundwater 

-No action No cost

MNA and LUC/ICs
Groundwater monitoring to 
access concentrations of 
COCs until performance 
standards have been 
achieved via natural 
attenuation

-MNA groundwater 
monitoring

-LUC/ICs

-Periodic groundwater monitoring (three existing wells 
and one newly installed well) for natural attenuation 
indicator parameters and reporting
-LUC/ICs  tto restrict access to the Surficial Aquifer so tha  
the potential exposure pathway to contamination would 
remain incomplete until performance standards have 
been achieved
-O&M of monitoring wells

Capital Cost: $73,400
Annual O&M Cost: 
$24,900

  

Timeframe: 5 years

 

Federal Discount 
Rate: 3.5%

Federal Discount 
Rate: 3.5%

Federal Discount 
Rate: 3.5%

Present-Worth Cost:
$291,600

Present-Worth Cost:
$229,300

Present-Worth Cost:
$194,300

SECTION 6 

Development and Evaluation of Remedial 
Alternatives

After RAOs and remedial goals are established, General Response Actions (GRAs) meeting 
those objectives are identified. For each GRA, technology types or process options are 
identified and evaluated based on feasibility. Remedial alternatives are developed from the 
retained options and are evaluated qualitatively based on estimated effectiveness, 
implementability, and relative cost. The most feasible alternatives are then carried forward 
to a detailed analysis and comparison in Section 7. 

6.1 General Response Actions 
GRAs describe general remedial activities that may satisfy the RAOs, either independently 
or in combination. The lack of any risk drivers to current receptors results in the RAOs 
being driven by the exceedances of NC SSLs and NC 2L groundwater standards. The GRAs 
for soil and groundwater at OU6 and the approach of each toward achieving RAOs are 
summarized in Tables 6-1 and 6-2. 

Within each GRA, there may be one or more approach that can be used to perform the 
action described. Remedial approaches considered applicable for the COCs at OU6 are 
identified, qualitatively compared, and screened in the next section. 

6.2 Identification and Evaluation of Remedial Approaches 
To help select the most promising remedial approach for meeting the remedial objectives, a 
list of applicable approaches satisfying the GRAs has been compiled (Tables 6-3 and 6-4). In 
addition to passive approaches consisting of monitoring concentrations in groundwater and 
implementing institutional controls (ICs), active remedies were considered for both soil and 
groundwater. For both soil and groundwater, in-situ treatment technologies as well as 
removal, treatment, and disposal options were considered. 

6.3 Development and Evaluation of Remedial Alternatives 
The remedial approaches were screened based on estimated implementability, effectiveness, 
and relative cost (Tables 6-3 and 6-4). Relative effectiveness was judged based on estimated 
ability to meet one or more RAOs and ARARs, estimated protectiveness of human health 
and the environment during implementation and operation, and estimated functional 
reliability considering the COCs and site conditions. Implementability was evaluated by 
considering both the technical and administrative feasibility of the alternative. Cost 
encompasses both estimated capital cost and operation and maintenance (O&M) cost. 
Detailed cost analyses were not performed at this level of screening. Technologies 
considered effective and implementable were not eliminated based on cost alone.  
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depend on the duration of the monitoring program. Five years of monitoring have been 
assumed for cost estimating purposes.  

Alternative G4 – ICs with MNA 
Alternative 4 is a combination of Alternatives 2 and 3. The benefit of this combination is that 
the ICs prevent human exposure to constituents during the MNA process. In addition, the 
monitoring component helps determine when remediation goals have been achieved in 
order to allow termination of the ICs and to initiate site closure. 

Alternative G5 – Groundwater Pump and Treat with Air Stripping and Discharge to Hancock 
Creek
Under Alternative G5, a groundwater extraction well network would be installed to collect 
contaminated groundwater and pump it to an aboveground treatment system. The 
appropriate groundwater treatment system would be an air stripper system. An air stripper 
is a physical mass transfer technology that “strips” VOCs and SVOCs from the water and 
transfers them to a countercurrent air stream. Depending on the air phase concentrations, 
the stripper may require an offgas treatment system, such as granular activated carbon 
canisters, to capture the contaminants. Treated groundwater would be discharged to 
Hancock Creek. Spent carbon canisters would require disposal as hazardous waste. 
Monitoring the treatment system effluent and site groundwater would also be a component 
of this alternative. The system would have an added benefit of hydraulic control across  
Site 12. 

6.4 Alternatives Retained for Detailed and Comparative 
Analysis

A qualitative preliminary screening of the six soil and five groundwater alternatives was 
performed prior to the detailed analysis described in Section 7.  Alternatives determined to 
be impracticable or ineffective were not retained.  

Alternatives S1 and G1, the No Action alternatives, are required by CERCLA to be 
evaluated as a baseline for other alternatives, so they are carried forward to the detailed 
evaluation and comparative analysis. Because Alternatives S2 and G2, the IC alternatives, 
lack monitoring components that provide a termination point for the remedial action, they 
are not retained.  

Alternative S3, Soil Fracturing and SVE, was rejected based on site-specific implementation 
concerns. SVOCs do not readily volatilize, and the shallow extent of contamination poses 
considerable challenges associated with air leakage from the surface. Alternative S4, 
Biostimulation and Offsite Disposal, is retained because it may provide a feasible biological 
treatment alternative for soil. Alternative S5, Thermal Treatment, is not retained because 
onsite thermal treatment is cost-prohibitive and difficult to implement for the volume and 
concentrations of COCs at OU6. Alternative S6, Excavation and Offsite Disposal, is retained 
because contamination is limited to shallow soils, and this approach provides an expedient 
and proven method to remove COCs from the site and eliminate potential future risks to 
human health. 

6-6 WDC050230001.ZIP 

SECTION 6 — DEVELOPMENT AND EVALUATION OF REMEDIAL ALTERNATIVES 

property records.  The ICs will prohibit the withdrawal and/or future use of water, except 
for monitoring, from the surficial aquifer within the Site 12 boundary. The ICs will also 
prohibit intrusive activities that encounter the water table within the extent of current 
groundwater contamination without concurrence from both NCDENR and USEPA.  

Some administrative costs are associated with this alternative.  The O&M cost would 
depend on the duration of the IC program and other applicable regulatory requirements.  
Costs incurred for this alternative would consist primarily of time for MCAS Cherry Point 
environmental personnel, NCDENR, and the USEPA to agree on any necessary updates to 
the LUC portion of the RD.  Costs would also include incorporating the new LUC onto the 
Air Station’s Geographic Information System.  The site would be inspected periodically, and 
the effectiveness of the ICs would be certified by USEPA and NCDENR.  

Alternative G3 – MNA 
Under Alternative G3, periodic monitoring would be performed to evaluate changes in site 
conditions over time and to ultimately signal when remediation goals have been achieved 
for the unit via natural attenuation.  Various groundwater parameters and conditions would 
be assessed and documented.  The final groundwater COCs (naphthalene and 2-
methylnaphthalene) would be evaluated by sampling groundwater at four permanent 
monitoring wells at OU6 (three existing wells and one newly installed well). Technical 
memoranda would be prepared to summarize analytical results and document progress 
toward remediation goals. 

Upon demonstrating that a COC is at or below its respective remediation goal for four 
consecutive sampling events, this COC would no longer require monitoring, while the 
others would continue to be analyzed and documented in technical memoranda. When all 
COCs have achieved their goals for four consecutive sampling events, procedures for site 
closure would be initiated. 

MNA has been proven effective for documenting the progress of changes in site conditions 
over time. It is a straightforward, commonly accepted site management technique that is 
easily implemented.  The source of NC 2L exceedances in groundwater appears to be a 
result of NC SSL exceedances in overlying soil. The close proximity of non-detect samples to 
the exceedances supports the conclusion that higher concentration areas in soils are 
contributing to sporadic and localized NC 2L exceedances in groundwater.  Contaminants 
or concentrations not amenable to natural attenuation typically produce a plume as 
groundwater migrates from the source area. The lack of widespread detections above the 
NC 2Ls or any discernable plume indicates that the groundwater is capable of attenuation to 
below the NC 2Ls if the continuing source is removed. Finally, low groundwater flow rates 
at OU6 result in a long travel time for contaminants to reach a discharge point (surface 
water).  

Three permanent monitoring wells have been installed at Burn Pit E.  One monitoring well 
was installed upgradient of the extent of contamination and two were installed 
downgradient of Burn Pit E. Samples collected from these wells and one planned new 
monitoring well at the center of the former burn pit would be analyzed for COC 
concentrations. Sampling results would serve as an indicator of whether constituents are 
migrating offsite and if the remedial approach needs to be modified. The O&M costs would 
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Excavated soil must be processed prior to performing LTTD, including screening to remove 
large objects (greater than 2 inches). Processed soil would be tested to determine 
geochemical properties, and may require amendment before reusing the soil in the 
excavation.  After replacement of the soil, the site would be paved. Soils reused onsite 
would not require monitoring or ICs because no constituents above remedial goals would 
remain onsite.  

Capital costs include the cost of excavation, setup of the LTTD unit, and site restoration. No 
long-term operations and maintenance costs would be incurred. This alternative would 
meet RAOs by physically removing contaminants from the soil, and will not limit future use 
of the site or require monitoring. 

Alternative S6 – Excavation and Offsite Disposal 
Alternative S6 includes the physical removal of shallow soils with COC concentrations 
greater than the NC SSLs for disposal offsite. Excavated soils will be replaced with clean fill 
material. Based on the characterization of soils, treatment is unlikely to be necessary prior to 
disposal. However, Toxicity Characteristic Leaching Procedure (TCLP) testing will be 
performed prior to disposal, and an appropriate disposal facility selected based on the 
results.  

This alternative meets the objectives for minimizing leaching of contaminants to 
groundwater and limiting human exposure to contaminated media by removing impacted 
soil from the site.  This alternative will eliminate the need for soil monitoring or ICs and will 
not limit future use of the area.  

6.3.1 Groundwater Alternatives 
Five groundwater alternatives were developed from the GRAs. These alternatives include 
No Action, ICs, Monitored Natural Attenuation (MNA), ICs with MNA, and Groundwater 
Pump and Treat with Air Stripping and Discharge to Hancock Creek. Each alternative is 
described in the following subsections. 

Alternative G1 – No Action 
Alternative G1 consists of No Action.  The NCP requires that the No Action alternative be 
retained throughout the feasibility study process as a basis of comparison for other 
approaches.  No action would leave impacted groundwater in place at OU6 and there 
would be no restrictions on activities at the site.  Natural attenuation processes, such as 
dilution, dispersion, and biodegradation would be expected to occur with the potential to 
reduce chemical concentrations over time. However, the concentrations would not be 
monitored and the degree to which attenuation occurs would be unknown. There are no 
capital or O&M costs for the No Action alternative.   

Alternative G2 – ICs 
ICs would be implemented with the objective of preventing exposures to contaminated OU6 
groundwater until remediation goals have been met. These ICs would be designed to 
restrict access to groundwater so that the potential exposure pathway to contamination 
would remain incomplete.  Specifically, the IC would consist of a Notice of Inactive 
Hazardous Substance or Waste Disposal Site filed as a deed notice in Craven County real 
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Technologies retained at the end of the initial screening process were assembled into 
remedial alternatives (Table 6-5). Separate alternatives were developed for soil and 
groundwater, to allow different approaches to be taken with each media. Soil alternatives 
are numbered S1 through S6, and groundwater alternatives are numbered G1 through G5. A 
detailed description of each alternative is provided below. 

6.3.1 Soil Alternatives 
Six soil alternatives were developed from the GRAs. These alternatives include No Action, 
ICs, Soil Fracturing and SVE, Biostimulation and Offsite Disposal, Thermal Treatment, and 
Excavation and Offsite Disposal. Each alternative is described in the following subsections. 
Regardless of the soil alternative chosen (with the exception of the no action alternative), ICs 
would be maintained for soil as long as criteria necessary for unlimited use and unrestricted 
exposure are not met. A detailed description of ICs is provided as part of Alternative S2, 
ICs. 

Alternative S1 – No Action  
Alternative S1 consists of No Action. The NCP requires that the No Action alternative be 
retained throughout the FS process as a basis of comparison for other approaches. It is 
assumed that Alternative S1 would be paired with Alternative G1, the No Action alternative 
for groundwater. No action would leave impacted soil in place at OU6 and there would be 
no restrictions on activities at the site. Natural attenuation processes such as dilution, 
dispersion, and biodegradation would be expected to occur, potentially reducing chemical 
concentrations over time.  However, the concentrations would not be monitored and the 
degree to which attenuation occurs would be unknown. 

Although the land use at the site is not expected to change from the existing industrial use, 
this alternative has no provisions preventing land use from changing and potentially 
resulting in human exposure. There are no capital or operations and maintenance (O&M) 
costs for the No Action alternative. 

Alternative S2 – ICs 
ICs would be implemented with the objective of preventing exposure to contaminated OU6 
soil until remediation goals have been met. These ICs would be designed to restrict access to 
the site so that the potential exposure pathway to contamination would remain incomplete.  
Specifically, the IC would consist of a Notice of Inactive Hazardous Substance or Waste 
Disposal Site filed as a deed notice in the Craven County real estate property records.  The 
ICs will prohibit intrusive activities within the extent of current soil contamination without 
concurrence from both NCDENR and USEPA.  

Some administrative costs are associated with this alternative.  The O&M cost would 
depend on the duration of the IC program and other applicable regulatory requirements.  
Costs incurred for this alternative would consist primarily of time for MCAS Cherry Point 
environmental personnel, NCDENR, and the USEPA to agree on any necessary updates to 
the Land Use Control (LUC) portion of the Remedial Design (RD).  Costs would also include 
incorporating the new LUC onto the Air Station’s Geographic Information System.  The site 
would be inspected periodically, and the effectiveness of the ICs would be certified by 
USEPA and NCDENR.  
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Technologies retained at the end of the initial screening process were assembled into 
remedial alternatives (Table 6-5). Separate alternatives were developed for soil and 
groundwater, to allow different approaches to be taken with each media. Soil alternatives 
are numbered S1 through S6, and groundwater alternatives are numbered G1 through G5. A 
detailed description of each alternative is provided below. 

6.3.1 Soil Alternatives 
Six soil alternatives were developed from the GRAs. These alternatives include No Action, 
ICs, Soil Fracturing and SVE, Biostimulation and Offsite Disposal, Thermal Treatment, and 
Excavation and Offsite Disposal. Each alternative is described in the following subsections. 
Regardless of the soil alternative chosen (with the exception of the no action alternative), ICs 
would be maintained for soil as long as criteria necessary for unlimited use and unrestricted 
exposure are not met. A detailed description of ICs is provided as part of Alternative S2, 
ICs. 

Alternative S1 – No Action  
Alternative S1 consists of No Action. The NCP requires that the No Action alternative be 
retained throughout the FS process as a basis of comparison for other approaches. It is 
assumed that Alternative S1 would be paired with Alternative G1, the No Action alternative 
for groundwater. No action would leave impacted soil in place at OU6 and there would be 
no restrictions on activities at the site. Natural attenuation processes such as dilution, 
dispersion, and biodegradation would be expected to occur, potentially reducing chemical 
concentrations over time.  However, the concentrations would not be monitored and the 
degree to which attenuation occurs would be unknown. 

Although the land use at the site is not expected to change from the existing industrial use, 
this alternative has no provisions preventing land use from changing and potentially 
resulting in human exposure. There are no capital or operations and maintenance (O&M) 
costs for the No Action alternative. 

Alternative S2 – ICs 
ICs would be implemented with the objective of preventing exposure to contaminated OU6 
soil until remediation goals have been met. These ICs would be designed to restrict access to 
the site so that the potential exposure pathway to contamination would remain incomplete.  
Specifically, the IC would consist of a Notice of Inactive Hazardous Substance or Waste 
Disposal Site filed as a deed notice in the Craven County real estate property records.  The 
ICs will prohibit intrusive activities within the extent of current soil contamination without 
concurrence from both NCDENR and USEPA.  

Some administrative costs are associated with this alternative.  The O&M cost would 
depend on the duration of the IC program and other applicable regulatory requirements.  
Costs incurred for this alternative would consist primarily of time for MCAS Cherry Point 
environmental personnel, NCDENR, and the USEPA to agree on any necessary updates to 
the Land Use Control (LUC) portion of the Remedial Design (RD).  Costs would also include 
incorporating the new LUC onto the Air Station’s Geographic Information System.  The site 
would be inspected periodically, and the effectiveness of the ICs would be certified by 
USEPA and NCDENR.  
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Development and Evaluation of Remedial 
Alternatives

After RAOs and remedial goals are established, General Response Actions (GRAs) meeting 
those objectives are identified. For each GRA, technology types or process options are 
identified and evaluated based on feasibility. Remedial alternatives are developed from the 
retained options and are evaluated qualitatively based on estimated effectiveness, 
implementability, and relative cost. The most feasible alternatives are then carried forward 
to a detailed analysis and comparison in Section 7. 

6.1 General Response Actions 
GRAs describe general remedial activities that may satisfy the RAOs, either independently 
or in combination. The lack of any risk drivers to current receptors results in the RAOs 
being driven by the exceedances of NC SSLs and NC 2L groundwater standards. The GRAs 
for soil and groundwater at OU6 and the approach of each toward achieving RAOs are 
summarized in Tables 6-1 and 6-2. 

Within each GRA, there may be one or more approach that can be used to perform the 
action described. Remedial approaches considered applicable for the COCs at OU6 are 
identified, qualitatively compared, and screened in the next section. 

6.2 Identification and Evaluation of Remedial Approaches 
To help select the most promising remedial approach for meeting the remedial objectives, a 
list of applicable approaches satisfying the GRAs has been compiled (Tables 6-3 and 6-4). In 
addition to passive approaches consisting of monitoring concentrations in groundwater and 
implementing institutional controls (ICs), active remedies were considered for both soil and 
groundwater. For both soil and groundwater, in-situ treatment technologies as well as 
removal, treatment, and disposal options were considered. 

6.3 Development and Evaluation of Remedial Alternatives 
The remedial approaches were screened based on estimated implementability, effectiveness, 
and relative cost (Tables 6-3 and 6-4). Relative effectiveness was judged based on estimated 
ability to meet one or more RAOs and ARARs, estimated protectiveness of human health 
and the environment during implementation and operation, and estimated functional 
reliability considering the COCs and site conditions. Implementability was evaluated by 
considering both the technical and administrative feasibility of the alternative. Cost 
encompasses both estimated capital cost and operation and maintenance (O&M) cost. 
Detailed cost analyses were not performed at this level of screening. Technologies 
considered effective and implementable were not eliminated based on cost alone.  
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Decision Summary
Description of Alternatives

R e c o m m e n d e d
Toolkit Tip
A diagram may be a useful tool 
if Monitored Natural Attenua-
tion (MNA) is considered as a 
potential remedial alternative 
or component of an alterna-
tive for groundwater; the dia-
gram can present the lines 
of evidence contained in the 
administrative record and dis-
cussed in the ROD which sup-
port an MNA approach at the 
site. The diagram also can be 
an effective tool for depicting 
a clear and meaningful trend 
of concentrations, fi gures of 
groundwater concentrations 
over time, and tables of geo-
chemical data.  Other graphics 
can help explain the estimated 
time frame for MNA to achieve 
cleanup levels, as well as com-
parable  time frames which 
could be achieved with active 
restoration. 

Tables and diagrams also can 
be used to portray site-specifi c 
data, such as the lines of evi-
dence for MNA, and summa-
rize the key points discussed 
in the ROD’s evaluation con-
tained in the Decision Sum-
mary: Description of Alter-
natives and Comparative 
Analysis of Alternatives.
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VOC Concentra ons

TCE cis-1,2-DCE Vinyl Chloride

Upgradient Source Area Downgradient

MW-05 MW-04 MW-14

Temperature  (°C) 18.7 17.4 17.2
DO (mg/L) 1.2 0.25 0.3
pH (SU) 8.2 7.5 8.1
ORP  (mV) 31 -170 -123
Ferrous Iron (mg/L) 0.5 8.2 2.1
Nitrate (mg/L) Not Detected Not Detected Not Detected
Nitrite (mg/L) 1.2 0.8 0.7
Alkalinity (mg/L) 600 1,500 1,400
Chloride (mg/L) 57 254 195
Sulfate  (mg/L) 12 1.8 8.4
Sulfide (mg/L) 0.8 Not Detected 0.1
TOC (mg/L) 4.5 260 48
Methane (μg/L) 24 780 342
Ethane (μg/L) Not Detected 125 97
Ethene (μg/L) Not Detected 12.8 5.4

Dehalococcoides Not Detected 350,000 5,000
Desulfuromonas Not Detected 23.6 1.54
Dehalobacter 2.81 45.1 6.45

Microbial Analysis (cells/mL)

Geochemical Parameters

Natural Attenuation 
Indicator Parameters

EXHIBIT 12. EVALUATING MONITORED NATURAL ATTENUATION AS
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TCE Concentrations Over Time
Lines of evidence for MNA:

1. Historical groundwater and/or soil chemistry 
data that demonstrate a clear and meaning-
ful trend of decreasing contaminant mass 
and/or concentration over time at appropriate 
monitoring or sampling points.  (In the case of a 
groundwater plume, decreasing concentrations 
should not be solely the result of plume migra-
tion. In the case of inorganic contaminants, the 
primary attenuating mechanism should also be 
understood.)

2. Hydrogeologic and geochemical data that can 
be used to demonstrate indirectly the type(s) 
of natural attenuation processes active at the 
site, and the rate at which such processes will 
reduce contaminant concentrations to required 
levels. For example, characterization data may 
be used to quantify the rates of contaminant 
sorption, dilution, or volatilization, or to demon-
strate and quantify the rates of biological deg-
radation processes occurring at the site.

3. Data from fi eld or microcosm studies (conduct-
ed in or with actual contaminated site medium) 
which directly demonstrate the occurrence of 
a particular natural attenuation process at the 
site and its ability to degrade the contaminants 
of concern (typically used to demonstrate bio-
logical degradation processes only).

Use of Monitored Natural Attenuation at Superfund, RCRA 
Corrective Action, and Underground Storage Tank Sites 
(EPA, 1999)

Performance monitoring to evaluate biodegradation over time should 
be included as part of an MNA alternative.

S A REMEDIAL ALTERNATIVE



ROD Section
Decision Summary
Comparative Analysis of 
Alternatives

R e c o m m e n d e d 
Toolkit Tip
Various table formats using 
summary text can be effec-
tive in complementing the 
ROD’s detailed discussion 
of how each alterna-
tive compares with the 
other alternatives and with 
respect to the National 
Oil and Haz ardous Sub-
stances Pol lution Contin-
gency Plan (NCP) nine 
criteria. Tables can help 
identify the distinguishing 
element or factor that favors 
one alternative above the 
others and that supports 
the rationale for selection of 
the remedy explained in the 
ROD. A graphic “consumer 
report” style table may be 
used to present the rela-
tive rank ing in support of the 
ROD’s text. 

The NCP’s two thresh-
old criteria must be met 
for all alternatives except 
“no action”.  If contingency 
remedies are a compo-
nent of a remedial alt- 
ernative, be sure to evaluate 
them with respect to the  
NCP criteria. Refer to “Guide 
to Preparing Superfund Pro- 
posed Plans, Record of  
Decisions, or Other Rem-
edy Selection Decision Doc- 
uments” (OSWER 9200.1-
23P, July 1, 1999), Highlight 
8-8, p. 8.10.

EXHIBIT 13. COMPARATIVE ANALYSIS OF ALTERNATIVES

Synthesize     Summarize
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contaminant volatilization; however, modeling suggests that no exposures would exceed 

risk-based criteria. Risks to site workers can be addressed through the use of appropriate 

personal protective equipment and air monitoring.  
The horizontal well component of Alternative 5 has only two surface disturbance areas, 

resulting in minimal impacts to the Base training areas, in comparison to the multiple 

injection components of Alternatives 3 and 4.  Implementability. Alternatives 3, 4, and 5 can be implemented using materials and services 

readily available. However, subsurface injections rely heavily on the ability to effectively 

distribute reagents uniformly in the subsurface. Air sparging (Alternative 5) using a 

horizontal well has been successfully implemented in the past at MCB Camp Lejeune 

whereas injection of ERD (Alternative 3) and ISCO (Alternative 4) have been less effective at 

some sites due to challenges associated with substrate distribution. In addition, ISCO would 

require extra health and safety precautions for the handling of both the oxidant and the 

activator.  
Cost. Table 6 summarizes the capital costs, as well as long-term O&M costs for the 

alternatives. Projected capital costs for alternatives using active remediation processes 

(Alternatives 3, 4, and 5) are greater than alternatives for no action or MNA, (Alternatives 1 

and 2, respectively). The highest capital cost is $2.5 million for Alternative 3, followed by 

$1.9 million for Alternatives 4 and 5. Both technologies are expected to require 20 years to 

achieve the ARARs, while Alternatives 1 and 2 are expected to require more than 30 years to 

achieve the ARARs. Alternative 2 has high capital costs ($1.1 million) because several new 

monitoring wells will be installed to track contaminant movement and degradation 

processes. 

Modifying Criteria State Acceptance. State involvement has been solicited throughout the CERCLA process. 

NCDENR, as the designated state support agency in North Carolina, concurs with the 

Selected Remedy (Appendix A). Community Acceptance. The public meeting was held on April 21, 2009, to present the 

Proposed Remedial Action Plan (PRAP) and answer community questions regarding the 

proposed remedial action at Site 35. There were no concerns raised at the meeting, and the 

questions were general inquiries for information purposes only. No comments were 

received from the public. Detailed information on the public meeting is provided in the 

Responsiveness Summary (Section 3) of this ROD. 2.9 Selected Remedy Alternative 5, Air Sparging using a Horizontal Well, Monitoring of the Natural Degradation 

of COCs, and LUCs is the Selected Remedy to address groundwater contamination at 

Site 35. 

2.9.1 Summary of Rationale for the Selected Remedy 
Alternative 5 was chosen over Alternatives 2, 3, and 4 because it has been effective at other 

IR sites with similar subsurface geology at MCB Camp Lejeune. Air sparging using a 

horizontal well would allow for subsequent treatment if RAOs are not achieved in a 
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Threshold Criteria 
Overall Protection of Human Health and the Environment. Alternatives 2 (MNA), 3 (ERD), 
4 (ISCO), and 5 (Air Sparging) are all protective of human health and the environment. 
Alternative 2 is considered to be less protective than Alternatives 3, 4, and 5 because it relies 
on natural degradation, which adds a higher degree of uncertainty for the rate of 
contaminant reduction and length of time to achieve RAOs. Alternatives 3, 4, and 5 are 
similar in protectiveness because they each employ an active treatment to reduce chemical 
concentrations. Monitoring will be conducted, and LUCs will provide adequate protection 
of human health and the environmental by controlling exposure to groundwater until the 
RAOs are achieved. 
Compliance with ARARs. The timeframe for compliance with Chemical-specific ARARs will 
vary with different remedial alternatives. Location-specific ARARS remain the same for each 
alternative and Action-specific ARARs may vary to some extent with the different remedial 
alternatives. Alternatives 2, 3, 4, and 5 are expected to comply with all ARARs. Alternative 2 
will have a longer timeframe associated with meeting the ARARs because it relies on natural 
degradation, whereas Alternatives 3, 4, and 5 employ active treatment and will therefore meet 
the ARARs in a shorter timeframe than Alternative 2.  
Primary Balancing Criteria 
Long-term Effectiveness and Permanence. Once RAOs have been achieved, Alternatives 2, 3, 
4, and 5 are expected to have residual risks of approximately the same magnitude. Because 
Alternative 2 is dependent on the rate of natural biodegradation, it may not be effective for 
more than 30 years whereas the active treatment component of Alternatives 3, 4, and 5 is 
intended to reduce groundwater contaminant concentration to levels below regulatory 
limits in a shorter timeframe (less than 20 years), although “rebound” is a potential issue 
with any injection or air sparging scenario. Alternative 5 is expected to provide the greatest 
degree of long-term effectiveness if rebound occurs because a permanent horizontal well 
will be installed for air sparging and would allow for cost-effective implementation of 
subsequent treatment if RAOs are not achieved. 
Reduction in Toxicity, Mobility, or Volume. Alternatives 3, 4, and 5 will reduce the toxicity, 
mobility, and volume through active treatment, which is the statutory preference. Although 
Alternative 2 is not considered active treatment, the natural reduction of contaminant 
concentrations through a variety of physical, chemical, or biological activities is expected 
over time. 

Short-term Effectiveness. Alternative 2 does not rely on an active treatment, and there is no 
implementation time or impacts to the community; however, there is a higher potential for 
impacts to Brinson Creek based on the extended timeframe to achieve RAOs. The timeframe 
to implement Alternatives 3, 4, and 5 and any impacts to the community or environment are 
similar because treatments rely on injection technology. Alternatives 3, 4, and 5 involve 
active treatment to reduce contaminant mass, resulting in less potential for impacts to 
Brinson Creek.  
Alternative 4 has a higher short-term risk to site workers during implementation because it 
involves handling of and potential exposure to oxidants and strong corrosive chemicals. 
During implementation of Alternative 5, there is a potential short-term risk from 
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The No Action alternative does not protect human health and the environment, but is 

presented as a baseline for comparison purposes. With the exception of the No Action 

alternative, the common elements of the remedial alternatives are groundwater monitoring 

and  reporting  until  all  COCs  have  achieved  their cleanup levels for four consecutive  

sampling events and LUCs until COC concentrations in groundwater are reduced to levels 

that allow for unlimited use and unrestricted exposure. The most distinguishing feature of 

the alternatives is the expected timeframe to achieve RAOs. The timeframe for the active 

treatment alternatives (Alternatives 3 (enhanced reductive dechlorination [ERD]), 4 (in-situ 

chemical oxidation [ISCO]), and 5 (Air Sparging)) is projected to be about 20 years whereas 

monitored natural attenuation (MNA) is expected to take at least 30 years. 

2.8.2 Comparative Analysis of Alternatives 

A comparative analysis of alternatives with respect to the  nine  evaluation  criteria  was 

completed and is provided below. Table 7 presents the relative ranking of alternatives. 

TABLE 7
Relative Ranking of Alternatives Alternatives 

No Action MNA ERD ISCO Air Sparging 

CERCLA Criteria 
(1) (2) (3) (4) (5)

Threshold Criteria 

Protection of human health and the 

environment 

Compliance with ARARs 

Primary Balancing Criteria 

Long-term effectiveness and permanence 

Reduction in toxicity, mobility, or volume 

through treatment 

Short-term effectiveness 

Implementability 

Present Cost 

$0 $1.1 M $2.5 M $1.9 M $1.9 M 

Modifying Criteria 

State Acceptance 

Community Acceptance 
NC NC NC NC NC

Ranking:  High  Moderate  Low

Rankings are provided as qualitative descriptions of the relative compliance of each alternative with the 

criteria.

NC = No significant comments were received from Community Members 

Yellow shading indicates selected remedy.
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The No Action alternative does not protect human health and the environment, but is 
presented as a baseline for comparison purposes. With the exception of the No Action 
alternative, the common elements of the remedial alternatives are groundwater monitoring 
and  reporting  until  all  COCs  have  achieved  their cleanup levels for four consecutive  
sampling events and LUCs until COC concentrations in groundwater are reduced to levels 
that allow for unlimited use and unrestricted exposure. The most distinguishing feature of 
the alternatives is the expected timeframe to achieve RAOs. The timeframe for the active 
treatment alternatives (Alternatives 3 (enhanced reductive dechlorination [ERD]), 4 (in-situ 
chemical oxidation [ISCO]), and 5 (Air Sparging)) is projected to be about 20 years whereas 
monitored natural attenuation (MNA) is expected to take at least 30 years. 

2.8.2 Comparative Analysis of Alternatives 
A comparative analysis of alternatives with respect to the nine evaluation criteria was 
completed and is provided below. Table 7 presents the relative ranking of alternatives. 

TABLE 7
Relative Ranking of Alternatives

Alternatives 

No Action MNA ERD ISCO Air Sparging 
CERCLA Criteria (1) (2) (3) (4) (5)

Threshold Criteria 

Protection of human health and the 
environment 

Compliance with ARARs 

Primary Balancing Criteria 

Long-term effectiveness and permanence 

Reduction in toxicity, mobility, or volume 
through treatment 

Short-term effectiveness 

Implementability 

 M 9.1$ M 5.2$ M 1.1$ 0$ tsoC tneserP $1.9 M 

Modifying Criteria 

State Acceptance 

 CN CN CN CN ecnatpeccA ytinummoC NC

Ranking:  High  Moderate  Low
Rankings are provided as qualitative descriptions of the relative compliance of each alternative with the 
criteria.
NC = No significant comments were received from Community Members 

Yellow shading indicates selected remedy.
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SECTION 5—DETAILED ANALYSIS OF ALTERNATIVES 5.3.8 State Acceptance State acceptance is likely for all alternatives, except for No Action.  5.3.9 Community Acceptance Community acceptance is unlikely for No Action. Community acceptance is anticipated for 

the other alternatives, but the community may have a preference for active remediation.  
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5.3.3 Long-term Effectiveness and Permanence 
Alternatives 2 through 5 are expected to be effective in the long-term, although “rebound” is 
a potential issue with any injection scenario or air sparging. Active treatment is intended to 
treat a majority of the remaining contamination and allow natural attenuation to reduce 
groundwater contaminant concentration to levels below regulatory limits. 

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
Alternatives 4 and 5 will quickly reduce the toxicity and volume of the plume, while under 
Alternative 3 toxicity, mobility, and volume will be reduced at a relatively slower rate 
related to enhanced biological remediation. Although natural biodegradation will occur, 
Alternative 2 (MNA) provides no additional reduction in toxicity, mobility, or volume.  The 
rate of natural biodegradation is also uncertain at this time. Under Alternative 1 (No 
Action), natural biodegradation will occur at unmonitored rates and at unknown locations; 
therefore, it must be assumed that no contaminants are treated or destroyed. 

5.3.5 Short-term Effectiveness 
Short-term effectiveness in terms of risks to workers, the community, and the environment 
is minimized for Alternative 3 through 5 through the use of appropriate PPE and air 
monitoring. Alternative 4 has a higher short-term risk due to the use of oxidants and strong 
corrosive chemicals. Alternatives 4 and 5 are most likely to achieve RAOs in the shortest 
period of time due to enhanced distribution of relatively fast acting reagents, particularly 
chemical oxidation. Subsurface distribution is key to the effectiveness and treatment time-
frame of Alternatives 3 and 4 (microbes, ERD substrate or oxidant). The time frame 
associated with complete dechlorination via bioremediation can be many years. Alternative 
2 likely would exhibit the least short-term effectiveness as the remediation timeline would 
be dictated by the rate of natural biodegradation.   

5.3.6 Implementability 
Each alternative is implementable, with materials and services readily available. However, 
sub-surface injections rely heavily on the ability to distribute reagents uniformly at 
acceptable quantities. In addition, in situ chemical oxidation (Alternative 4) would require 
extra health and safety precautions for the handling of both the oxidant and the activator. 
Similarly, air sparging relies upon relatively uniform distribution of air. Air injected beneath 
the cemented sand layer is likely to follow this layer until it reaches the point where the 
cemented sand layer is discontinuous. The air sparge alternative (Alternative 5) would also 
require more extensive construction effort including installation of treatment equipment 
requiring long-term operation. Vendors are readily available; however, there are a limited 
number of vendors that can provide persulfate and pneumatic fracturing.  

5.3.7 Cost
Table 5-2 summarizes the direct and indirect capital costs, as well as long-term operation 
and maintenance costs (as applicable) for the alternatives. The detailed cost estimates are 
provided in Appendix C.  
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considered acceptable. Air sparging of VOCs is primarily a mass transfer (volatilization) 

process, with the potential for some biodegradation; therefore, vapors will be produced 

during the process. Ambient air monitoring will be required to ensure vapor concentrations 

do not exceed applicable regulatory standards. The duration of air sparging needed in order 

to achieve RAOs is expected to be 3 years or more. 

This alternative is technically feasible and implementable with readily available services and 

materials. Competent drillers and robust air sparge components are readily procured. 

Twenty years of monitoring were assumed for the cost estimate, based on BIOCHLOR 

predictions that a 50 percent to 75 percent reduction of contaminants in the treatment area 

would result in contaminant concentrations attenuating below the NCGWQS within 15 to 

20 years.  

For the vertical air sparge system the present worth cost is estimated to be $1,940,000, with a 

capital cost of $690,000 and a present worth O&M and monitoring costs of $1,250,000.  The 

horizontal air sparge system present worth cost is estimated to be $1,929,000 with a capital 

cost of $679,000 and a present worth O&M of $1,250,000. The annual O&M cost is primarily 

for system operation and maintenance and groundwater monitoring and reporting. 

5.3 Comparative Analysis of Alternatives 

In the following subsections, all of the alternatives are comparatively analyzed using the 

nine EPA criteria. The comparative analyses presented below are summarized in Table 5-1.  

5.3.1 Overall Protection of Human Health and the Environment 

All of the alternatives screened, with the exception of Alternative 1 (No Action), can achieve 

the RAOs specified in Section 3.2 (summarized below in review): 

1. Protection of surface water quality of Brinson Creek. 

2. Prevent human ingestion of water containing COCs (TCE, cis-1,2-DCE,  

VC, and benzene) at concentrations above NCGWWQS or MCLs, whichever is more 

conservative. 

3. Restore groundwater quality at Site 35 to meet NCDENR and federal primary drinking 

water standards based on the classification of the aquifer as a potential source of 

drinking water [Class GA or Class GSA] under 15A NAC 02L.0201. 

Alternatives 2 through 5 are suitable for treatment of groundwater contaminated with 

chlorinated solvents and for the reduction of risk to human and ecological risk receptors. 

Alternatives 3, 4, and 5 provide active treatment to meet the RAOs. 

5.3.2 Compliance with ARARs 

All alternatives, except No Action, are expected to meet ARARs, provided in Section 3, at 

the completion of implementation. 
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Operable Unit No. 10 (Site 35)

North Carolina

5 evitanretlA
4 evitanretlA

3 evitanretlA
2 evitanretlA

1 evitanretlA

No Action Monitored Natural Attenuation
Enhanced Reductive Dechlorination with 

egrapS riA
noitadixO lacimehC utiS nInoitatnemguaoiB

Overall Protection of Human Health 

and the Environment

Will not meet RAOs. Human health risks 

associated with potential receptors and the 

potential future use of groundwater as a 

potable source.

Will eventually meet RAOs.  Prolonged 

period of time required to meet RAOs due 

to reliance on natural biodegradation. 

Will meet RAOs by promoting biological 

degradation of VOCs in treatment area
Will meet RAOs via oxidation of VOCs in 

treatment area.

Will meet RAOs via mass transfer by volatilizing 

dissolved phase VOCs.

Compliance with ARARs Does not comply with chemical-specific or 

location-specific ARARs.

.sRARA htiw seilpmoC
.sRARA htiw seilpmoC

sRARA htiw seilpmoC .sRARA htiw seilpmoC

Long-term Effectiveness and 

Permanence

Will not reduce risk; therefore, is not 

effective in the long term. Additionally, no 

mechanism is in place to monitor (1) 

attenuation of VOCs and (2) potential 

migration of plume into deeper aquifers. 

Expected to be an effective and permanent 

remedy for treatment of groundwater if land 

use controls are in place and groundwater 

is monitored to ensure that the plume is not 

migrating. Permanent risk reduction is 

possible when contaminants attenuate 

below the appropriate standards.

Expected to be an effective and permanent 

remedy for treatment of groundwater contaminated 

with chlorinated solvents.  Permanent risk 

reduction time line is determined by time required 

for biodegradation of the VOCs. 

Expected to be an effective and permanent 

remedy for treatment of groundwater contaminated 

with VOCs to below NCGWQS/MCLs within 

proposed treatment area at completion of 

implementation.

Expected to be an effective and permanent 

remedy for treatment of groundwater contaminated 

with chlorinated solvents to below 

NCGWQS/MCLs within proposed treatment area 

at completion of system operation. 

Reduction of Toxicity, Mobility or 

Volume Through Treatment
No treatment is involved, so it does not 

meet this criterion.

Reduces toxicity, mobility, and volume over 

a prolonged period of time by naturally 

degrading contaminants. 

Reduces toxicity, mobility, or volume through 

promotion of biologically mediated reductive 

dechlorination.

Reduces toxicity, mobility, or volume through 

chemical oxidation of dissolved phase VOCs to 

carbon dioxide, water and chloride.

Reduces toxicity, mobility, or volume through mass 

transfer to volatilize dissolved phase VOCs.

Short-term Effectiveness No short-term impacts because nothing is 

implemented.

Monitoring would be required during the 

duration of remediation.

Requires engineering controls during injection to 

protect environment, and safety controls to protect 

workers.
Monitoring would be required during the duration 

of remediation.

Chemical oxidation is a relatively fast process and 

contaminant reduction in the treatment area is 

expected to be relatively high in the short term.

Monitoring would be required during the duration 

of remediation.
Worker safety an issue thorough the use of 

oxidants and corrosive chemicals.

Short-term impacts from potential to generate 

VOC vapors from sparging that are not captured.

Monitoring would be required during the duration 

of remediation.
Vapor monitoring of nearby buildings required.

Implementability
No construction or operation. Services and materials are available; and 

the technology is easily implementable.
Services and materials are available; and the 

technology is easily implementable. Limited 

number of pneumatic fracturing companies.

Services and materials are available; and the 

technology is easily implementable.  Health and 

safety precautions would be required handling 

both the oxidant and the activator.  Limited number 

of pneumatic fracturing companies.

Services and materials are available; and the 

technology is easily implementable.  Permanent 

construction and electricity service would be 

required.

Cost

 000,111,1$
 0$

$2,479,000a to $2,480,000b $1,797,000b to $1,859,000a $1,929,000c to $1,940,000d

State Acceptance This alternative is not likely to be accepted 

by the state.

This alternative is likely to be accepted by 

the state.

This alternative is likely to be accepted by the state

environmental regulators.

This alternative is likely to be accepted by the state

environmental regulators.

This alternative is likely to be accepted by the state

environmental regulators.

Community Acceptance This alternative is not likely to be accepted 

by the community.

This alternative is likely to be accepted by 

the community.

This alternative is likely to be accepted by the 

community.

This alternative is likely to be accepted by the 

community.

This alternative is likely to be accepted by the 

community.

Notes:
a Pneumatic Fracturing delivery alternative

b DPT delivery alternative

c Horizontal well alternative

d Vertical well alternative

TABLE 5-1
Summary of Remedial Alternatives Evaluated Against the Nine Criteria

Evaluation Criteria

Feasibility Study

Marine Corps Base, Camp Lejeune

TABLE 5-2
Summary of Cost AnalysisOperable Unit No. 10 (Site 35)Feasibility StudyMarine Corps Base, Camp LejeuneNorth Carolina

General Response Action

Alternative 2
MNAa Alternative 3aEnhanced Reductive Dechlorinization 

with Bioaugmentation - DPT b Alternative 4aIn Situ Chemical Oxidation - DPTb Alternative 5aAir Sparge - Vertical Wellsc

-30% Estimate +50% -30% Estimate +50% -30% Estimate +50% -30% Estimate +50%

Total Capital Costs

$58,118 $83,025 $124,538 $1,064,505 $1,520,721 $2,281,082 $586,675 $838,107 $1,257,161 $483,179 $690,255 $1,035,383

Subsequent Years' Costs
$719,714 $1,028,163 $1,542,244 $671,456 $959,223 $1,438,834 $671,456 $959,223 $1,438,834 $874,758 $1,249,655 $1,874,482

Total Present Worth Costsd

$777,832 $1,111,188 $1,666,782 $1,735,960 $2,479,944 $3,719,915 $1,258,131 $1,797,330 $2,695,994 $1,357,937 $1,939,910 $2,909,865

Alternative 3bEnhanced Reductive Dechlorinization 
with Bioaugmentation - Fracturing b

Alternative 4bIn Situ Chemical Oxidation - Fracturingb
Alternative 5bAir Sparge - Horizontal Wellsc

-30% Estimate +50% -30% Estimate +50% -30% Estimate +50%

Total Capital Costs
$1,063,547 $1,519,353 $2,279,030 $630,145 $900,207 $1,350,311 $475,146 $678,780 $1,018,170

Subsequent Years' Costs
$671,456 $959,223 $1,438,834 $671,456 $959,223 $1,438,834 $874,758 $1,249,655 $1,874,482

Total Present Worth Costsd

$1,735,003 $2,478,576 $3,717,864 $1,301,601 $1,859,430 $2,789,144 $1,349,904 $1,928,435 $2,892,652

a Includes 30 years GW monitoring
b Includes 20 years GW monitoring

c Includes 3 years O&M and 20 years GW monitoring 

d Includes 4.9% discount rate 
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EXHIBIT 14. DESCRIPTION OF SELECTED REMEDY

!?
!?!?

’;

!?
!?!?

!?

!>

!>

!>

!>

!>

!>

!>!>

!>
!>!>

!>!>

!>

!>

!>

!>

!>!>
!>

!>
!>

!>

!>

!>

!>

’;’;

’;’;

’;

’;

’;

’;

’;

’;

’;

!(
!(

!(
!(

!(

!(
!( !( !( !(

!(
!(

!(

!( !(

!(

!( !(

!( !( !( !( !(

!(

!(
!(

!(

TC
E

>
5

µg
/L

VC
>

2
µg

/L

PC
P

>
1

µg
/L

Former PCP Diptank
or Washrack

PC
E

>
5

µg
/L

7TH ST

F
ST

GATOR BLVD

NIDER
BLVD

F
ST

3165

3503

3174

3521

3165D

  \\NORTHEND\PROJ\USNAVFACENGCOM\LITTLECREEK\MAPFILES\381535_ROD_GUIDANCE_DOC\FIGURE X - ERD REMEDY LAYOUT.MXD  CBOWMAN 2/10/2011 12:24:52

/
0 25 50

Feet

Legend
!? Existing Monitoring Wells
!( Estimated Injection Points
’; Estimated RA Monitoring Wells
!> Estimated LTM Wells

Estimated Boundary Aquifer Use Control
Groundwater Flow

   20

Prohibit intrusive activities that encounter the water table within the extent of current groundwater 
contamination unless specifically concurred with by both NCDENR and USEPA.  Maintain the integrity of any current or future monitoring system.  Specific types of LUCs include: 1) incorporate land use prohibitions into the MCAS Cherry Point master 

planning process; 2) a deed Notice of Inactive Hazardous Substance or Waste Disposal filed in Craven 

County real property records per NCGS 130A-310.8; and 3) deed restrictions included in any deed 

transferring any portion of OU 6, Site 12 to any non-Federal transferee.  The site shall be inspected 

periodically, and the Navy will certify the effectiveness of the LUCs. The Navy will maintain LUCs 

within the boundaries of Burn Pit E (Figure 5) until the concentrations of hazardous substances in the 

groundwater are at such levels as to allow for UU/UE.  Within 120 days of the ROD signature, the  Navy shall prepare and submit to USEPA and NCDENR for 

review and concurrence, in accordance with the FFA and the schedule in the Site Management Plan, a 

Remedial Design (RD) to implement the Selected Remedy. The LUC portion of the RD will provide for 

implementation and maintenance actions, including periodic inspections and reporting. The Navy will 

implement, maintain, monitor, report on and enforce the LUCs in accordance with the RD. Although 

the Navy may later transfer these responsibilities to another party by contract, property transfer 

agreement, or through other means, the Navy shall retain ultimate responsibility for remedy integrity. 2.9.3 Expected Outcomes of the Selected Remedy Although current land uses are expected to continue at Site 12 and there is no other planned land uses 

in the foreseeable future, UU/UE will be available at the site as a result of the Selected Remedy. The 

expected outcome of MNA of groundwater will be UU/UE once the performance standards are met. 

Until then, exposure will be controlled through LUCs. The effectiveness of MNA in groundwater will 

be measured through implementation of a groundwater-monitoring program. The groundwater 

monitoring program will continue until each COC at each sample location is at or below its respective 

performance standard (Table 4) for four consecutive sampling events to demonstrate no seasonal 

variations in concentrations. When all COCs have achieved their goals for four consecutive sampling 

events, procedures for site closure will be initiated. Once RAOs for this groundwater action have been 

achieved, OU 6, Site 12 is expected to be suitable for UU/UE. Therefore, the Navy, USEPA, and 

NCDENR may agree for the LUC component of the Selected Remedy to be terminated at site closeout. 

If the Navy and the USEPA, with NCDENR’s concurrence, determines that MNA and LUCs are 

insufficient to meet RAOs in a timeframe compatible with MCAS Cherry Point operations, other more 

aggressive remedial approaches (e.g., in-situ treatment) will be evaluated and documented if 

implemented.   

2.9.4 Statutory Determinations 
In accordance with the NCP, the Selected Remedy meets the following statutory determinations. Protection of Human Health and the Environment - The Selected Remedy is needed to restore 

groundwater to levels consistent with drinking water use and will protect human health and the 

environment through excavation of contaminated soil and implementation of LUCs to prevent the 

potable use of groundwater until concentrations are reduced to acceptable levels.  Compliance with ARARs - The Selected Remedy will attain the federal and state ARARs and TBC 

presented herein. There are no ARARs that the remedy will not meet.  
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remedy meets the RAOs by excavating contaminated soil exceeding the NC SSLs, thereby removing the 
potential source of contaminants to groundwater, and prohibiting access to groundwater through LUCs 
until the NC 2Ls are met through MNA. Additionally, because arsenic exceeds the MCL in the Surficial 
Aquifer (identified as a drinking water source), the MCL is a relevant and appropriate ARAR of the 
Safe Drinking Water Act and will be addressed through MNA.  LUCs will prevent potable use of 
groundwater in the Surficial Aquifer until MCLs are achieved. 

Natural attenuation, through biological degradation, volatilization, diffusion, dispersion, and 
absorption, is an effective remedy for groundwater treatment. Site-specific MNA parameters were 
evaluated to determine if conditions are favorable for the intrinsic biodegradation of the organic 
contaminants. The MNA parameter data and analytical results suggest that biodegradation of the COCs 
has occurred; low nitrate concentrations, moderately low oxygen reduction potential, elevated iron (II) 
concentrations, low sulfate concentrations, elevated methane concentrations, and groundwater 
temperatures are favorable for biodegradation. The site-specific data suggests that conditions are 
currently anoxic/anaerobic at the site. The removal of the tar-like layer will allow the oxygen levels to 
increase, thereby increasing the rate biodegradation of the COCs. 

The principal factors in this remedy selection decision are achieving the performance standards in the 
shortest timeframe and in a cost-effective manner with minimal impacts to MCAS Cherry Point 
operations. The Selected Remedy for soil, in comparison with the biostimulation and off-site disposal 
alternative, achieves performance standards for soil in 1 month as compared to 2 years, costs $229,300 
as compared to $291,600, and does not result in stockpiled material remaining on-site hindering MCAS 
Cherry Point operations.  

2.9.2 Description of Selected Remedy 
The Selected Remedy for soil consists of excavation of the tar-like layer (approximately 444 yd3) and 
surrounding soil (approximately 888 yd3) within Burn Pit E. The total limits of excavation are estimated 
to encompass 6,000 ft2 to a depth of 6 ft bgs (1,333 yd3) based on existing site information (Figure 5).  
The final limits of excavation will be determined by confirmation samples verifying that performance 
standards (NC SSLs) have been met.  The performance standards are shown in Table 4. Site restoration 
will include backfilling the excavation with clean fill and reuse of site soil with concentrations of COCs 
below the performance standards, and repaving. Waste characterization testing will be conducted to 
classify the soil for proper off-site disposal. 

To address groundwater containing COCs at concentrations exceeding NC 2Ls and MCLs, the Selected 
Remedy consists of MNA and LUCs. MNA consists of periodic groundwater monitoring for COCs and 
natural attenuation indicator parameters to demonstrate if source removal results in reduction in 
concentrations over time. Monitoring will consist of quarterly sampling of groundwater from wells 
located within the source area and documented in an annual technical memorandum.  Upon 
completion of the first year of monitoring, the frequency will be evaluated by the MCAS Cherry Point 
Partnering Team and adjusted accordingly to meet the site conditions. The groundwater monitoring 
system will consist of four monitoring wells (three existing wells and one newly installed well). MNA is 
expected to result in a reduction of contaminant concentrations to MCLs within five years.   

The objectives of the LUCs shall be to:   

• Restrict access to groundwater so the potential exposure pathway to the contaminants would 
remain incomplete.  

• Prohibit the withdrawal and/or future use of water, except for monitoring, from the Surficial 
Aquifer within the identified groundwater LUC boundary (Figure 5). 
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and do not have the status of potential ARARs but are evaluated along with ARARs. The soil and 

groundwater alternatives for OU 6 would comply with the ARARs and TBC criteria. 

Primary Balancing Criteria 
Long-Term Effectiveness and Permanence. The biostimulation alternative and excavation alternative for 

soil would remove contaminated soil resulting in UU/UE; thereby providing long-term effectiveness 

and permanence. Once performance standards have been met, through MNA and LUCs for 

groundwater, long-term effectiveness and permanence is achieved.  

Reduction in Toxicity, Mobility, or Volume through Treatment. While all the alternatives are expected 

to reduce toxicity, mobility, or volume, the only alternatives with treatment components are 

biostimulation and off-site disposal for soil.  While MNA is not considered a treatment, the natural 

reduction of contaminant concentrations through a variety of physical, chemical, or biological activities 

is expected with a reasonable timeframe.  

Short-Term Effectiveness. The excavation and off-site disposal alternative provides the greatest short-

term effectiveness due to the shorter timeframe (1 month) until protection is achieved, in comparison to 

biostimulation and off-site disposal (2 years). The excavation component of both soil alternatives have 

equal short-term effectiveness; however, the stockpiling and ex-situ treatment component of the 

biostimulation alternative results in increased duration exposure of contaminated media to workers 

and the environment during implementation. The excavation and off-site disposal alternative would 

result in a potential risk to surrounding communities during the transport of contaminated soil off-site. 

The MNA and LUCs alternative for groundwater poses minimal risk to workers conducting 

monitoring, as the risks are addressed through use of personal protective equipment, and the time to 

achieve protectiveness is five years. 

Implementability. The excavation component of both soil alternatives is easily implemented using well-

established technologies with conventional equipment and standard construction methods. The 

biostimulation alternative for soil is more difficult to implement because the on-site ex-situ treatment 

component adversely impacts MCAS Cherry Point operations by requiring bi-weekly manipulation in 

the airfield vicinity.  Additionally, the soil pile and the mixing of soil amendments would likely attract 

birds requiring measures to minimize Bird Aircraft Strike Hazards (BASH). The MNA and LUCs 

alternative for groundwater can easily be implemented using standard procedures. 

Cost. The estimated present-worth cost for excavation and off-site disposal ($229,300) is less than 

biostimulation and off-site disposal ($291,600). The estimated present-worth cost for the MNA and 

LUCs is $194,300. 

Modifying Criteria  
State Acceptance. State involvement has been solicited throughout the CERCLA process. The NCDENR 

as the designated state support agency in North Carolina concurs with the Selected Remedy.  

Community Acceptance. The public expressed its support for the preferred alternative presented in the 

public meeting. The questions and concerns raised at the meeting were general inquiries for 

informational purposes only; no significant comments were received from the public. 

2.9 Selected Remedy 

2.9.1 Rationale for Selected Remedy 

The Selected Remedy for Site 12 is excavation and off-site disposal for soil and MNA and LUCs for 

groundwater because it provides the best balance of tradeoffs with respect to the nine criteria. This 
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2.9.3 Expected Outcomes of the Selected Remedy 
Current industrial land uses are expected to continue at Site 73 and there are no other planned 
land uses in the foreseeable future, or for development of adjacent lands. Cleanup levels for the 
Selected Remedy are based on unlimited use and unrestricted exposure. Exposure will be 
controlled through land use controls/industrial controls (LUCs/ICs) until chemicals of concern 
(COCs) in groundwater and soil are reduced to the cleanup levels. Table 2-5 summarizes the 
unacceptable risk (media, pathway, receptor), the remedial action objectives (RAOs) identified 
to address the risk, the remedy component intended to achieve the RAO, the metric that 
measures the remedial action progress, and the expected outcome that the remedy will achieve.   

TABLE 2-5 
Expected Outcomes of the Selected Remedy 

Risk Remedial Action Objective
Remedy 

Component Metric
Expected 
Outcomes 

Ingestion of VOCS
in groundwater 
under potable use 
scenario

Restore groundwater quality based 
on the classification of the aquifer as 
a potential source of drinking water 
and to prevent human ingestion of 
water containing chemicals of 
concern at concentrations above 
NCGWQS or MCL standards, 
whichever is more stringent until 
cleanup levels have been obtained.

Air sparge 
system

Operate system for up to 5 years or 
until groundwater cleanup levels within 
the radius of influence are met, 
whichever is the shortest period.  Achieve 

unlimited use 
and unrestricted 
exposure

LTM for MNA Implement until each groundwater 
chemical of concern is at or below its 
respective cleanup level for four 
consecutive monitoring events.  LUCs/ICs

Direct exposure to 
arsenic in soil under 
residential use scenario 
and leaching potential 
to groundwater

Prevent future residential exposure 
to arsenic-contaminated soils 
above the NC HWS SSL and 
minimize transport to groundwater.

LUCs/ICs

Maintain LUCs/ICs until chemicals of 
concern in the soil are at such levels 
that allow for unlimited use and 
unrestricted exposure.

Maintain 
industrial use

Transport of VOCs 
in groundwater to 
surface water

Minimize migration of chemicals of 
concern in groundwater to surface 
water.

ERD 
biobarrier

Maintain until chemicals of concern in 
groundwater meet cleanup levels

Minimize 
migration of 
chemicals of 
concern in 
groundwater to 
surface water

LTM Implement until each groundwater 
chemical of concern is at or below its 
respective cleanup level for four 
consecutive monitoring events. 

LUCs/ICs

 

The air sparge system will be operated for up to 5 years or until the cleanup levels within the 
radius of influence were met, whichever is the shortest period.  System effectiveness will be 
evaluated annually by comparison of current concentrations of COCs in treatment area 
monitoring wells to pretreatment concentrations and the cleanup levels. The enhanced 
reductive dechlorination (ERD) biobarrier wall will be maintained until groundwater COCs 
concentrations have met the cleanup levels.  

In accordance with LUC/IC objectives, groundwater use will be restricted to monitoring or 
remedial purposes. Long-term monitoring (LTM) for Monitored Natural Attenuation (MNA) will be
conducted until each COC in groundwater is at or below its respective cleanup level for four con-
secutive monitoring events. The Navy and Marine Corps, in partnership with USEPA and the State,
will evaluate the discontinuation of monitoring of individual COCs that have met the cleanup levels 
after four rounds based on site conditions. The results of LTM will be documented in an annual 
monitoring report. When all COCs have achieved their cleanup levels for four consecutive 
sampling events, site closure will be initiated. Once RAOs for this groundwater action have 
been achieved, the Site 73 area is expected to be suitable for unlimited use and unrestricted 
exposure for groundwater. Therefore, the Navy, USEPA, and NCDENR may agree for the 
groundwater LUC/IC component of the Selected Remedy to be terminated at site closeout. 

LUCs/ICs, restricting any potential future residential exposure to impacted soils, will be 
maintained until the concentration of COCs in the soil are at such levels that allow for 
unrestricted use and unlimited exposure.  
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disposal of contaminated soil, monitored natural attenuation (MNA) for groundwater, and land use controls (LUCs) to restrict groundwater use. The estimated time to achieve performance standards is not expected to exceed five years.  The Selected Remedy meets the statutory requirements and is protective of human health and the environment, complies with Federal and State regulations that are applicable or relevant and appropriate to the remedial action, is cost-effective, and utilizes permanent solutions and alternative treatment (or resource recovery) technologies to the maximum extent practicable. Because this remedy will result in pollutants or contaminants remaining on-site in groundwater above levels that allow for unlimited use/unrestricted exposure (UU/UE), a statutory review will be conducted within five years after the initiation of remedial action to ensure that the remedy is protective of human health and the environment.  

1.2 Data Certification Checklist 
The following are among the factors considered in selecting the remedy for Site 12:  
• Chemicals of concern (COCs) and their respective concentrations (Sections 2.3 and 2.5). • Baseline risk represented by the COCs (Section 2.5). 
• Cleanup levels established for COCs and the basis for these levels (Sections 2.5 and 2.7). • Principle threat wastes (Section 2.6). 
• Current and reasonably anticipated future land use assumptions and current and potential future beneficial uses of groundwater (Section 2.4). 
• Potential land and groundwater use that will be available at the site as a result of the Selected Remedy (Section 2.9.3). 
• Estimated capital costs, annual operation and maintenance (O&M), and total present-worth costs; discount rate; and the number of years over which the remedy cost estimate is projected (Table 5). • Key factors that led to selecting the remedy (i.e., a description of how the Selected Remedy provides the best balance of tradeoffs with respect to the balancing and modifying criteria, highlighting criteria key to the decision) (Section 2.9.1). 

If contamination posing an unacceptable risk to human health or the environment is discovered after execution of this ROD, the Navy will undertake all necessary actions to ensure continued protection of human health and the environment. 
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1 Declaration 

This Record of Decision (ROD) presents the Selected Remedy for Operable Unit (OU) 6, Site 12 at 

Marine Corps Air Station (MCAS) Cherry Point, North Carolina. MCAS Cherry Point was placed on the 

National Priorities List (NPL) December 16, 1994 (EPA ID: NC1170027261). The remedy was selected in 

accordance with the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(CERCLA), as amended by the Superfund Amendments and Reauthorization Act (SARA) of 1986, and 

to the extent practicable, the National Oil and Hazardous Substances Pollution Contingency Plan 

(NCP). This decision is based on information contained in the Administrative Record for the site. 

Information not specifically summarized in this ROD or its references but contained in the 

Administrative Record1 has been considered and is relevant to the selection of the remedy at OU 6. 

Thus the ROD is based upon and relies upon the entire Administrative Record file in making the 

decision. 

The Navy, Marine Corps, and the United States Environmental Protection Agency (USEPA) jointly 

selected the remedy for Site 12, with the concurrence of the North Carolina Department of Environment 

and Natural Resources (NCDENR). The Navy provides funding for site cleanups at MCAS Cherry 

Point. The Federal Facility Agreement (FFA) for MCAS Cherry Point documents how the Navy and 

Marine Corps intend to meet and implement CERCLA in partnership with USEPA and NCDENR.   

OU 6 is one of nine OUs that have been identified at the Air Station. CERCLA environmental 

investigations began in 1983 with an Initial Assessment Study. Additional investigations and remedial 

actions are ongoing. The Site Management Plan (SMP) for MCAS Cherry Point further details the 

schedule for CERCLA remediation activities and is updated annually. This ROD documents the final 

remedial action for Site 12 and does not include or affect any other sites at the facility.  

1.1 Selected Remedy 

The response action selected in this ROD is necessary to protect the public health, welfare, and the 

environment from actual or threatened releases of contaminants from the site. The response action for 

Site 12 addresses a tar-like layer identified in the subsurface soil that is considered a source of 

contamination to groundwater, and the potential unacceptable human health risk associated with 

potential for potable use of the groundwater. A CERCLA action is required to return the aquifer to 

beneficial use because the groundwater is a potential source of drinking water and Maximum 

Contaminant Levels (MCLs) have been exceeded. The remedy consists of excavation and off-site 

                             
                         

1Bold blue text identifies detailed site information available in the Administrative Record and listed in the References Table.  This 

ROD is also available on CD whereby bold blue text serves as a hyperlink to referenced information. The excerpts referenced by the 

hyperlinks are part of the ROD.
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