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EXECUTIVE SUMMARY 

This Feasibility Study (FS) report presents the development and evaluation of remedial alternatives to 

address contaminated environmental media at the Naval Undersea Systems Center (NUSC) Disposal 

Area (Site 8), located at Naval Station (NAVSTA) Newport, Rhode Island (formerly the Naval Education 

and Training Center [NETC]).  The NUSC Disposal Area is identified by the United States (U.S.) 

Environmental Protection Agency (EPA) as Operable Unit 07 of the NETC Superfund Site and is an area 

of NAVSTA Newport where historical operations (including materials storage, on-site disposal of inert 

materials, and other industrial processes within adjacent buildings) resulted in the contamination of soil, 

groundwater, and sediment at the site.  Tetra Tech completed a Remedial Investigation (RI) for Site 8 in 

2010, followed by a Supplemental Remedial Investigation (SRI) in 2011 on behalf of the U.S. Navy (Navy) 

under Contract Number N62470-08-D-1001, Contract Task Order (CTO) WE19, for Naval Facilities 

Engineering Command (NAVFAC) Mid-Atlantic.  This FS is submitted for Site 8 based on 

recommendations in the RI and in fulfillment of the Statement of Work under CTO WE19. 

 

Site Description and Background 

 

Site 8 is located within the Naval Undersea Warfare Center (NUWC), which is a tenant of the overall 

NAVSTA Newport facility.  The NAVSTA facility extends through the City of Newport and the Towns of 

Middletown, Portsmouth, and Jamestown, Rhode Island.  Site 8 and NUWC are located in Middletown.  

NAVSTA Newport has been in use by the Navy since the Civil War era, and remains in use today as a 

research, development, and training facility.  NUWC is a Navy research and engineering complex which 

provides fleet support for submarines and underwater systems. 

 

Site 8 occupies approximately 12.4 acres and is bounded to the west by the NUWC facility, to the south by 

undeveloped areas and wetlands, and to the north and east by the Wanumetonomy Golf and Country 

Club.  The southern portion of Site 8 includes the Building 179 Area.  The central and northern portions of 

the site include the Building 185 Complex (storage areas), upland open fields, brush-covered slopes, 

Deerfield Creek, an unnamed stream, associated wetlands, and NUWC Pond (also known as Deerfield 

Pond). 

 

Contaminants have been identified in soil, groundwater, and sediment at Site 8.  Specific records of 

materials spilled or disposed since site operations began in the early 1950s are not available; however, 

the central, upland portion of Site 8 in the Building 185 Area is known to have been used for equipment 

storage, temporary hazardous waste storage, and the disposal of miscellaneous materials, including scrap 

lumber, tires, wire, cable, empty paint canisters, and drums containing a tar-like substance.  Several 

former NUSC operations, including industrial plating, anodizing and chemical cleaning in a former nearby 
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building, as well as PCB storage at an unnamed location, also had the potential to generate hazardous 

materials.  The Building 185 Complex was also used to store torpedo fuels and, in 2004, a release of Otto, 

Fuel, a monopropellant used to drive torpedoes and other weapons systems, was discovered and the 

impacted soil was removed.  

 

The cause of the groundwater contamination in the North Meadow is unknown, but was likely to have 

been associated with the disposal of spent liquid solvents from past facility operations. 

 

The Building 179 Area is a research and development facility and formerly had a 2,000-gallon concrete 

underground storage tank (CUST) that was used to collect byproducts generated from the torpedo 

propulsion system tests.  This CUST likely received waste water mixed with engine oil, solvent-based 

cleaners, Otto Fuel, and combustion byproducts.  In 1995, it was discovered that the CUST had leaked, 

contaminating soil and groundwater in this area and necessitating cleanup.  Contaminants from these 

areas entered Deerfield Creek through overland storm water runoff/soil erosion and groundwater transport 

which resulted in impacts to sediment in the creek and in NUWC Pond. 

 

Current Site Conditions 

 

Site 8 remains an active industrial area within NUWC.  As summarized in Section 1 of the FS, the Navy 

has conducted several investigations and removal actions at Site 8.  The available data from these 

investigations indicate that unacceptable risks to human health and the environment are present at the 

site, and are associated with the remaining contaminants of concern (COCs) in soil, sediment, and 

groundwater.  The Site 8 COCs include volatile organic compounds (VOCs), semivolatile organic 

compounds (SVOCs), inorganics, and polychlorinated biphenyls (PCBs), as follows: 

 

Medium 
Contaminants of Concern 

VOCs SVOCs Inorganics Other 

Soil None 

1,1-Biphenyl 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 
 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 
Manganese 
Zinc 
 
Potential COCs(a) 
Antimony 
Barium 
Mercury 
Nickel 
Selenium 
Thallium 

None(b) 
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Medium 
Contaminants of Concern 

VOCs SVOCs Inorganics Other 

Groundwater 

1,1-Dichloroethane 
1,1-Dichloroethene 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Ethylbenzene 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

1,4-Dioxane 

Arsenic 
Chromium 
Cobalt 
Lead 
Manganese 
Nickel 
Vanadium 

None 

Sediment(c) None None Lead Total PCBs 
(a) To be determined, based on future soil leachability testing. 
(b) Total Petroleum Hydrocarbons (TPH) which are comingled with the above COCs will also be addressed in accordance 

with state regulations. 
(c) Potential toxicity to ecological receptors in the pond sediment based on the presence of polycyclic aromatic hydrocarbons 

(PAHs), pesticides, PCBs, and metals will also be addressed. 
 

Remedial Action Objectives 

 

Remedial action objectives (RAOs) were developed for the media of concern in order to mitigate the 

identified unacceptable risks at Site 8.  The Navy has indicated that Site 8 will continue to be used for 

industrial purposes after the remedial action has been completed.  Residential/recreational use is not a 

current or planned future use of the property; however, as directed by Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980 (CERCLA) requirements, the FS evaluates remedial 

action alternatives for protection of current and potential future receptors; therefore, hypothetical future 

residential/recreational use of the site was included during the development of RAOs. Preliminary 

Remedial Goals (PRGs, or cleanup levels), based on a combination of regulatory criteria/benchmarks, 

acceptable risk levels, and background levels, were developed for each of the site COCs as discussed 

further in Section 2. 

 

The RAOs for the protection of human health and the environment at Site 8 include: 

 

• Prevent the incidental ingestion of and direct contact with surface and subsurface soil containing 

COCs that exceed human health PRGs. 

 

• Prevent the use of site groundwater until groundwater PRGs have been achieved. 

 

• Restore groundwater quality to its beneficial use. 

 

• Prevent insectivorous mammals and birds from exposure to surface soil containing COCs that exceed 

ecological PRGs. 
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• Prevent the migration of sediment COCs that could cause unacceptable ecological risk to pond and 

stream sediment via groundwater transport and overland runoff. 

 

• Prevent pond and stream invertebrates from exposure to sediments containing COCs that exceed 

ecological PRGs. 

 

• Prevent human exposure to stream sediment containing lead above PRGs. 

 

Development and Evaluation of Remedial Alternatives 

 

Remedial alternatives to achieve the identified RAOs and PRGs were developed from various cleanup 

technologies that were found to be potentially feasible for use at Site 8. Potential remedial alternatives 

were evaluated based on their anticipated effectiveness, implementability, and cost as is discussed further 

in Section 3. 

 

Section 4 describes the remedial action alternatives developed and evaluated for soil, including: 

 

Alternative SO1 No Further Action 

Alternative SO2 Excavation, Ex-Situ Treatment, Selective Excavation and Removal of Anomalies, 

Off-Site Disposal, Land Use Controls (LUCs), and Monitoring 

Alternative SO3 Soil Cover, Selective Excavation and Removal of Anomalies, Off-Site Disposal, 

LUCs, and Monitoring 

Alternative SO4 Excavation, Consolidation, Soil Cover, Selective Excavation and Removal of 

Anomalies, LUCs, and Monitoring 

 

Section 5 describes remedial alternatives developed and evaluated for groundwater, including: 

 

Alternative GW1 No Action 

Alternative GW2 Monitored Natural Attenuation (MNA) and LUCs 

Alternative GW3 In-Situ Enhanced Bioremediation, MNA, and LUCs 

Alternative GW4 In-Situ Chemical Oxidation, MNA, and LUCs 

 

Section 6 describes remedial alternatives developed for sediment, including: 

 

Alternative SD1 No Action 

Alternative SD2 Selective Sediment Removal and Off-Site Disposal, Enhanced Natural Recovery 

(ENR) of Pond Sediment, LUCs, and Monitoring 
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Alternative SD3 Selective Sediment Removal and Off-Site Disposal, Pond Sediment Cover, LUCs, 

and Monitoring 

Alternative SD4 Sediment Removal and Off-Site Disposal 

 

A detailed analysis was conducted with respect to the U.S. Environmental Protection Agency (EPA) 

evaluation criteria for each of the soil, groundwater, and sediment remedial alternatives both individually 

and in relative comparison to each other.  The evaluations are summarized in Tables ES-1, ES-2, and ES-

3. 

 

In accordance with CERCLA, the FS provides an evaluation of viable remedial alternatives, but does not 

recommend or select a preferred alternative.  Regulatory agency input on the remedial alternatives is 

gathered through the review process for this document.  Following the finalization of this FS, the Navy will 

issue for public comment, a Proposed Plan presenting the Navy’s preferred alternative.  A public meeting, 

public hearing, and public comment period will be held to solicit comments from the members of the 

community.  The selected remedy will be documented in a Record of Decision (ROD) for the site. 
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1.0  INTRODUCTION 

This Feasibility Study (FS) report presents the development and evaluation of remedial alternatives to 

mitigate human health and ecological risks associated with environmental contamination at Site 8, the 

Naval Undersea Systems Center (NUSC) Disposal Area located within the Naval Station (NAVSTA) 

Newport, Rhode Island (formerly the Naval Education and Training Center [NETC]).  The NUSC Disposal 

Area is identified by the United States (U.S.) Environmental Protection Agency (EPA) as Operable Unit 07 

at NAVSTA Newport, the Naval Education/Training Center Superfund Site. 

 

This report was prepared under the U.S. Department of the Navy (Navy), Naval Facilities Engineering 

Command (NAVFAC) Mid Atlantic Division, Comprehensive Long-Term Environmental Action Navy 

(CLEAN) Contract N62470-08-D-1001, Contract Task Order (CTO) WE19, for submittal to NAVFAC Mid-

Atlantic, NAVSTA Newport, EPA Region 1, and the Rhode Island Department of Environmental 

Management (RIDEM).  The Navy, the lead agency for site activities, and the EPA in consultation with 

RIDEM, work jointly to address the Navy’s Installation Restoration Program (IRP) sites at NAVSTA 

Newport under the terms of a Federal Facility Agreement (FFA) entered into by the three parties. 

 

This FS was developed in accordance with Comprehensive Environmental Response, Compensation, 

and Liability Act of 1980 (CERCLA) requirements, as amended by the Superfund Amendments and 

Reauthorization Act of 1986 (SARA)1 and implemented by the National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP);2 EPA’s FS guidance, and other relevant EPA guidance (EPA, 1988a).  

Consistent with the CERCLA process, this FS will support the selection of a preferred remedy.  The 

preferred remedy will be presented in a Proposed Plan for public review, followed by a Record of 

Decision (ROD) to document the selected remedy. 

 

A comprehensive summary of historical activities and investigations at the site is provided in the Remedial 

Investigation (RI) (Tetra Tech, 2010).3 

 

1.1 OBJECTIVES AND APPROACH 

Based upon the results of the Remedial Investigation (RI) , Supplemental RI (SRI) and conceptual site 

model (CSM), this FS develops remedial action objectives (RAOs), preliminary remediation goals 

                                                      
1 

CERCLA: 42 U.S.C. §§ 9601 et seq. 
 

2 
The NCP is detailed in Title 40 of the Code of Federal Regulations (40CFR), Part 300 (40CFR 300). 

 

3 The original 2008 RI effort was documented in the Final RI Report in January 2010 (Tetra Tech, 2010).  A Supplemental RI effort 
was conducted in summer 2010 to fill identified data gaps, and was documented in a draft final Supplemental RI Report in May 2011 
(Tetra Tech, 2011a).  The findings of the Supplemental RI have been incorporated into this FS. 
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(PRGs)4, and remedial alternatives that will be protective of human health and the environment and 

comply with federal and state Applicable or Relevant and Appropriate Requirements (ARARs) (Tetra 

Tech, 2010, Tetra Tech, 2011a).  The list of contaminants of concern (COCs) compiled for the media of 

concern was prepared based on the results of the baseline human health risk assessment (HHRA), the 

baseline ecological risk assessment (ERA) and exceedances of chemical-specific ARARs (Tetra Tech, 

2010a).  The Site 8 COCs include polycyclic aromatic hydrocarbons (PAHs) and metals in soil, 

polychlorinated biphenyls (PCBs) and lead in sediment, and volatile organic compounds (VOCs) and 

metals in groundwater. 

 

Pursuant to the EPA’s FS guidance, the remedial alternatives are evaluated according to their ability to 

meet the following NCP evaluation criteria (EPA, 1988a): 

 

1. Overall protection of human health and the environment 

2. Compliance with ARARs 

3. Long-term effectiveness and permanence  

4. Reduction of toxicity, mobility, or volume through treatment 

5. Short-term effectiveness 

6. Implementability 

7. Cost 

8. State acceptance 

9. Community acceptance 

 

The last two criteria, state acceptance and community acceptance, are evaluated after regulatory agency 

and public comments are received on the FS and Proposed Plan.  Sustainability elements (e.g., green 

remediation) were also considered during evaluation of the remedial alternatives.5 

 

The information presented herein will be used to select remedial alternative(s) that comply with the 

requirements of the NCP.  This FS report is not intended to serve as a design document; rather, it gives a 

conceptual overview of remedial alternatives and an assessment of their feasibility for the site-specific 

conditions at the NUSC Disposal Area. 

 

1.2 REPORT ORGANIZATION 

 

• Section 1.0 provides background information on Site 8. 

                                                      
4 Final remediation goals (cleanup levels) are established in the ROD. 
5 

Green remediation is the practice of considering all environmental effects of remedy implementation and incorporating options to 
maximize net environmental benefit of cleanup actions (Green Remediation: Incorporating Sustainable Environmental Practices into 
Remediation of Contaminated Sites, Office of Solid Waste and Emergency Response. EPA 542-R-08-002. EPA, April 2008). 
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• Section 2.0 describes the development of RAOs and PRGs for the media of concern and COCs.  

This section also identifies and evaluates federal and state ARARs. 

 

• Section 3.0 describes the general response actions (GRAs) and presents the identification and 

preliminary screening of potential remedial technologies, and the detailed evaluation of candidate 

technologies and process options.  Section 3.0 also presents the remedial alternatives and the 

evaluation criteria used in the FS. 

 

• The detailed descriptions and proposed remedial alternatives for soil, groundwater, and sediment are 

presented in Sections 4.0, 5.0, and 6.0, respectively.  These sections provide detailed and 

comparative analyses of remedial alternatives with respect to the NCP evaluation criteria. 

 

1.3 NAVAL STATION NEWPORT BACKGROUND INFORMATION 

 

NAVSTA Newport is located approximately 60 miles southwest of Boston, Massachusetts, and 25 miles 

south of Providence, Rhode Island, on Aquidneck Island, which is illustrated in Figure 1-1.  It occupies 

approximately 1,000 acres, with portions of the facility located in the city of Newport and the towns of 

Middletown, Portsmouth, and Jamestown, Rhode Island.  The facility layout follows the western shoreline 

of Aquidneck Island for nearly six miles, facing the east passage of Narragansett Bay. 

 

The NAVSTA Newport facility has been in use by the Navy since the Civil War era.  During World Wars I 

and II, military activities at the facility increased significantly and housing was provided for many 

servicemen.  In subsequent years, use of onsite facilities was slowly phased out until Newport became 

the headquarters of the Commander Cruiser-Destroyer Force Atlantic in 1962.  In April 1973, the Shore 

Establishment Realignment Program resulted in the reorganization of naval forces, and activity again 

declined.  This reorganization resulted in the Navy excessing 1,629 acres of property. 

 

From 1974 to the present, research and development and training have been the primary activities at 

NAVSTA Newport.  The facility was renamed from NETC to NAVSTA Newport in 1998.  The major 

commands currently located at NAVSTA Newport include the NETC, the Surface Warfare Officers School 

Command, the Naval Undersea Warfare Center (NUWC), and the Naval War College. 

 

NAVSTA Newport was listed on the National Priorities List (NPL) in November 1989 (the NPL listing is still 

under the previous name of NETC).  An FFA for NAVSTA Newport was signed by the Navy, the State of 

Rhode Island, and EPA Region 1 on March 23, 1992.  The FFA outlines response action requirements 

under the CERCLA regulatory framework at NAVSTA Newport.  The FFA was developed, in part, to 
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ensure that environmental impacts associated with past and present activities at NAVSTA Newport are 

thoroughly investigated and remediated as necessary. 

 

1.4 NAVAL UNDERSEA SYSTEMS CENTER BACKGROUND INFORMATION 

 

The NUSC Disposal Area, Site 8, is located within the NUWC portion of the NAVSTA Newport facility, 

which lies within Middletown, Rhode Island.  The overall facility spans parts of Newport, Middletown, and 

Portsmouth, Rhode Island, shown in Figure 1-2.  Site 8 occupies approximately 12.4 acres along the 

northern boundary of the NUWC grounds, this acreage can be viewed in Figure 1-3.  NUWC, a tenant of 

NAVSTA Newport, is a Navy research and engineering complex. 

 

A concrete dam at the northern terminus of NUWC Pond (also known as Deerfield Pond) marks the Site 8 

boundary to the north.  Along its northeast border, Site 8 is bounded by a chain-link security fence that 

separates the site (and the NUWC property) from the Wanumetonomy Golf and Country Club golf course.  

A one-lane crushed-stone roadway (security patrol road) runs along the NUWC side of this fence.  To the 

south and southeast, Site 8 is bordered by undeveloped areas and wetlands, and to the west and 

southwest, by developed areas of the NUWC facility, this is illustrated in Figure 1-3.  Delineated wetlands 

meeting federal wetland designation criteria are shown on Figure 1-3A. 

 

Based on aerial photography evaluated in the RI, it was determined that waste disposal occurred on the 

upland central portion of Site 8, in areas now identified as the South Meadow, the North Meadow, and the 

two Paved Storage Areas, which is presented in Figure 1-4.  This area was used for disposal and storage 

beginning in the early 1950s.  Site 8 also includes the Building 185 Complex, as well as the Building 179 

Complex and an associated concrete underground storage tank (CUST), located in the extreme 

southwestern portion of the site.  Lowland portions of Site 8 include two streams (Deerfield Creek in the 

western portion of Site 8, and an unnamed stream between the North and South Meadow), NUWC Pond, 

and associated wetlands.  

 

1.4.1 History of Response Actions Pertaining to Site 8 

 

Section 1.4.1 presents a brief chronology of environmental response actions previously conducted at Site 

8.  

 

September 11, 1980 − The Naval Assessment and Control of Installation Pollutants (NACIP) program 

was initiated.  The purpose of this program was to systematically identify, assess, and control 

environmental contamination from past use and disposal of hazardous substances at Navy and Marine 

Corps installations.  
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March 1983 − The Initial Assessment Study (IAS) of NAVSTA was completed (Envirodyne Engineers, 

Inc., 1983).  The IAS Report identified areas at the NETC, presently known as NAVSTA Newport, where 

potential contamination from past waste disposal or handling practices may pose human health or 

environmental risks.  For Site 8, available background information indicated that the NUSC Disposal Area 

was used for disposal of inert materials, such as scrap lumber, tires, wire, cable, and empty paint cans.  

The IAS concluded that the site did not pose a threat to human health or the environment and was not 

recommended for inclusion in the subsequent Confirmation Study (CS).  The IAS Report described 

several former NUSC operations that had the potential to generate hazardous materials.  These 

operations included industrial plating, anodizing, and chemical cleaning in Building 1170 (formerly located 

approximately 200 feet southwest of the Site), and PCB storage at an unnamed location. 

 

1984 − The Defense Environmental Restoration Program (DERP) was established to promote and 

coordinate efforts for the evaluation and cleanup of contamination at Department of Defense (DoD) 

installations.  A major element of the program was the establishment of the IR Program, which focuses on 

the investigation and cleanup of contaminated sites in compliance with the procedural and substantive 

requirements of CERCLA, as amended by SARA, as well as regulations promulgated under these acts or 

by applicable state law. 

 

1988 − A Technical Review Committee was convened to facilitate communication of information with 

regard to actions to be undertaken at NAVSTA.  Technical Review Committee members include 

representatives from the Navy, EPA Region 1, RIDEM, City of Newport, Towns of Portsmouth and 

Middletown, and local citizens’ groups. 

 

November 21, 1989 − NAVSTA was listed on the NPL as the “Naval Education and Training Center 

(NETC).”   

 

1990 – A Community Relations Plan was issued for NAVSTA Newport by the Navy.  Public Information 

Repositories were also established to allow public access to NAVSTA Newport documents.  These were 

located in the public libraries in Newport, Middletown, Portsmouth, and Jamestown, Rhode Island.  The 

site documents are currently available on-line at http://go.usa.gov/Tsy. 

 

1990 – During the early 1990s, an underground storage tank (UST) that had been used to store Otto 

Fuel, a monopropellant used to drive torpedoes and other weapon systems was closed in place at 

Building 110, approximately 970 feet west of the NUWC Pond concrete dam.  As part of the UST closure 

at Building 110, a monitoring well was installed adjacent to Building 1257 just west of the NUWC Pond to 

evaluate downgradient groundwater quality conditions. 

 

http://go.usa.gov/Tsy
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1995 – The Navy established the Restoration Advisory Board (RAB) to provide an ongoing source of 

information to the citizens in Newport, Middletown and Portsmouth, Rhode Island on Navy IR Program 

sites.  The RAB continues to hold meetings at the present time. 

  

1999 – The Building 179 Concrete UST Remedial Investigation Report, by TRC Environmental 

Corporation (TRC), was completed under RIDEM regulations.  The report included the findings of the 

investigation of a concrete UST, (this area is now included within the bounds of Site 8, and is located in 

the most upgradient portion of the site, south of the Building 185 Complex).  A summary of the findings 

and removals associated with the Building 179 Area is provided in Section 1.4.3 of this FS. 

 

2002 – An Environmental Baseline Survey (EBS) Checklist for the NUWC Pond was conducted in 2002 

(NAVSTA Newport, 2002).  According to the report, the Navy allowed Wanumetonomy Golf Course, Inc., 

to pump pond water from NUWC Pond to the golf course greens for irrigation from 1974 until 1996.  The 

EBS Checklist referenced water quality assessment sampling events, the most recent of which (winter 

2002) stated that levels of lead and aluminum in surface water, and inorganics and pesticides in sediment 

exceeded criteria. 

 

June to November 2003 – A Study Area Screening Evaluation (SASE) of Site 8 was conducted to 

evaluate whether contaminant concentrations in site media exceeded risk-based benchmarks.  Based on 

the SASE results, it was recommended that an RI, including baseline human health and ecological risk 

assessments, be performed for the site.  The SASE also concluded that limited removal actions should be 

performed to remove potential sources of contaminants in two locations including: 

 

• Buried Container Area – unknown volume of buried deteriorated metal containers (presumed to be 

empty aerosol paint spray cans), metal debris, and associated contaminated soil located southwest of 

the Paved Open Storage Area, at the eastern bank of Deerfield Creek, discovered during excavation 

of test pit TP14. 

 

• Buried Drum Area – unknown quantity of buried drums with unknown contents located at the center of 

the South Meadow, discovered during excavation of test pit TP02.  

 

June 2004 − The Navy replaced the roof of the Building 185 Complex Area No. 1.  During removal of 

existing interior columns and concrete footings, the odor of Otto Fuel was detected in the soil underlying 

the southwest section of Area No. 1.  The Navy responded to the discovery by removing soil (1.3 tons) 

and concrete (0.7 tons) suspected of Otto Fuel contamination for off-site disposal as hazardous waste.  

The extent of contaminated soil and concrete removal was based on visual and olfactory evidence.  Otto 

Fuel is a reddish-orange, oily liquid with a distinctive odor.  Soils containing Otto Fuel are typically bright 



   
 

W5212801F (081020/P) 1-7 CTO WE19 

yellow in color.  No post-excavation soil samples were collected to confirm removal of contaminated soil.  

Five composite samples of the removed soil were tested for propylene glycol dinitrate (PGDN), the major 

component of Otto Fuel.  One of the five soil samples contained PGDN (310 milligrams per kilogram 

[mg/kg]), verifying that a release of Otto Fuel had occurred at the structure (NUWC Newport, 2004, 2008, 

2009a, 2009b). The excavation was backfilled with clean soil and covered with pavement.  RIDEM was 

notified of the test results and the soil and concrete removal and disposal by the NAVSTA Newport 

Environmental Department (NAVSTA Newport, 2004). 

 

The actual date of the Otto Fuel release and the circumstances that caused it are unknown.  Copies of 

NUWC spill log indexes dating back to 2001 do not list an Area No. 1 Otto Fuel release for the years 2001 

through 2004.  In addition, a NUWC representative whose Building 185 work experience dates back to 

1994 was not aware of any leak or spill in Area No. 1 (NUWC Newport, 2009c).  Therefore, it is likely the 

release occurred prior to 1994.  A location survey of the area excavated to remove the Otto Fuel in soil 

and concrete is not available.  

 

September 2006 – A background soil investigation was conducted for the NUSC Disposal Area to 

provide a background data set for comparisons to soil and sediment data collected from the site during 

the RI.  The objective of the investigation was to identify chemicals/compounds expected to be present, 

had the fill/disposal activities not occurred.  These compounds included naturally-occurring and 

anthropogenic metals, as well as anthropogenic organic chemicals such as pesticides, PCBs, and semi-

volatile organic compounds (SVOCs).  As part of this effort, 60 surface soil samples were collected at off-

site, upgradient locations.  Sample locations included the three soil types that are representative of those 

soil types mapped at the site by the U.S. Soil Conservation Service (USCS) at the site.  This site-specific 

background data set was first evaluated and published as a site-specific Background Soil Investigation 

Report for NUSC Disposal Area, and was then incorporated into the Basewide Background Soil 

Investigation (Tetra Tech, 2008, Tetra Tech, 2006).   

 

2009 – The Navy completed the RI for Site 8.  A brief summary of information from the RI is provided in 

Sections 1.5 through 1.11 of this FS. 

 

2010 – The Navy conducted a SRI for Site 8 to resolve data gaps in the RI, including additional data 

needed to evaluate contaminants present in the Building 179 area, to evaluate 1,4-dioxane in 

groundwater, and to follow up on other recommendations made during the evaluation of the RI (Tetra 

Tech, 2011a). 

 

March 2011 – A supplemental groundwater sampling round was performed to further evaluate the natural 

attenuation of chlorinated volatile organic compounds (CVOCs) in groundwater (Tetra Tech 2011b). 
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1.4.2 Removal Actions in 2005 

 

In response to the findings of the SASE, limited removal actions were conducted from June 2005 to 

February 2006 at the Buried Container Area and Buried Drum Area.  The removal action activities were 

described in the Final Interim Remedial Action Report, prepared by TN & Associates, Inc. (2006). 

 

An area approximately 34 feet by 30 feet by 9 feet deep at the Buried Container Area,  was excavated 

adjacent to Deerfield Creek to remove what appeared to be empty aerosol spray paint cans, metal debris, 

and contaminated soil.  In a second phase of the removal which involved the relocation of a utility pole, an 

adjacent area measuring 6 feet by 12 feet by 8 feet deep was also excavated.  However, some empty 

aerosol spray paint cans at the southern end of the excavation could not be removed without undermining 

the roadway culvert.  A total of approximately 157 cubic yards (236 tons) of soil and metal debris were 

removed from the excavation. 

 

During the removal action at the Buried Drum Area in the South Meadow, a total of 36 drums and 113 

tons of contaminated soil were removed over multiple phases of work.  The integrity of the drums were 

found to be in various states of decay and contained a tar-like substance.  The final excavated area 

measured approximately 25 feet by 60 feet by 6 feet deep.  Due to its proximity to the excavation, 

monitoring well MW-01B could not be protected and was removed, in accordance with well abandonment 

procedures; a replacement well (MW-01C) was installed at the same location in June 2006.  

 

Prior to backfilling, the completed excavations were lined with 6-mil-thick plastic sheeting to separate 

clean backfill from the existing underlying soil.  The excavation areas were backfilled with virgin bedrock 

formation aggregate that was certified clean.  Clean topsoil was placed over the backfill and the areas 

were graded to surrounding elevations.  Slopes were covered with erosion control matting and other 

areas were seeded with rye and fescue.  Riprap (4 to 8 inches) was placed on the slope of the Buried 

Container Area backfill (Deerfield Creek stream bank) as an erosion protection measure.  

 

During the removal activities, samples were collected only for the purpose of characterizing excavated 

soil for disposal purposes; post-excavation sidewall and bottom samples were not collected as part of the 

removal.  Based on characterization testing, material removed from the Buried Container Area excavation 

was disposed as hazardous due to high levels of lead.  Drums and contaminated soil removed from the 

Buried Drum Area were disposed as non-hazardous based on waste characterization test results.   
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1.4.3 Building 179 and CUST Site Investigation and Remediation  

 

The original Building 179, located upgradient (south) of the majority of the remaining portions of Site 8, 

was constructed in 1961 and was used to test torpedo propulsion systems as part of the propulsion 

testing facility (PTF) at NUWC.  The associated CUST, which was closed in place in December 1998, is 

located approximately 20 feet north of the northeast corner of Building 179, which is shown in Figure 1-4.  

The Building 179 CUST Area consists of approximately 2 acres of land, including a heavily vegetated 

wetland adjacent to Deerfield Creek, east of Building 179, and a heavily developed area around Building 

179.  Details on the Building 179 Area are provided in the RI Report.   

 

Two reports which provide significant detail on this portion of the site include the Final Project Closure 

Report for Building 179 Tank Closures (Foster Wheeler Environmental Corporation [FWEC], 1999) and 

the Final Project Close-Out Report for Building 179 Remediation (FWEC, 2000).  During the Site 8 RI, it 

was determined that groundwater contaminants originating from the Building 179 Area had migrated onto 

(what was the original area of) the NUSC Disposal Area site, and as such, the Site 8 boundary was 

extended to the south to include this area of Building 179 and the associated CUST.   

 

Building 179 and the associated 2,000-gallon CUST were constructed in 1961, to support the Navy 

through the testing of torpedo propulsion systems.  The CUST was constructed as two separate 

compartments separated by a concrete wall and covered with a steel plate.  The CUST compartments 

were historically referred to as concrete “pits” and were used to collect byproducts generated from 

propulsion system testing.  The materials that were temporarily held in the concrete pits were reported to 

be: water mixed with engine oil; small amounts of cleaning fluids (mineral spirits and other solvent-based 

cleaners, including 1,1,1-trichloroethane [TCA]); Otto Fuel; and combustion byproduct mixtures 

composed mostly of carbon, with trace amounts of hydrogen cyanide (HCN) and cadmium.  The HCN is a 

combustion product of Otto Fuel, while the cadmium was generated from engine component wear during 

testing. Building floor-drains collected waste materials such as those listed above, and conveyed them to 

the smaller, 500-gallon-capacity compartment within the CUST.  

 

The larger, 1,500-gallon-capacity compartment was used as a quench tank for water-soluble exhaust 

gases resulting from the torpedo test emissions.  During operations, the contents from this compartment 

were pumped into a 6,000-gallon, above-ground, hazardous waste storage tank at the conclusion of each 

test.  An underground “Interceptor Tank” connected to the CUST and had a discharge pipe extending 

approximately 50 feet east toward the wetland/Deerfield Creek (The Environmental Compliance Group) 

[TECG], 1995; TRC, 1999).  In 1992, two double-walled, stainless steel tanks were placed inside the two 

CUST compartments: a 500-gallon-capacity tank in the west side, and a 1,500-gallon-capacity tank in the 

east side. 
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On February 24, 1995, a propulsion test failure and explosion occurred at Building 179, causing damage 

to the building.  Reconstruction of Building 179 was required in order to reestablish full testing operational 

status.  As part of this effort, NUWC conducted a closure assessment of the CUST.  

 

TRC conducted investigative activities to support the Building 179 Reconstruction Program, under 

contract to NUWC.  TCA was detected in groundwater at 72,000 micrograms per liter (µg/L), 

1,1-dichloroethane (DCA) at 6,500 µg/L; total petroleum hydrocarbons (TPH) at 91,000 µg/L; PGDN at 

116,000 µg/L; and cyanide at 400 µg/L.  Eleven VOCs were detected in soil, including TCA at 130,000 

micrograms per kilogram (µg/kg); 1,1-DCA at 31,000 µg/kg; 1,2,4-trimethylbenzene at 64,000 µg/kg; 

n-butylbenzene at 22,000 µg/kg; and naphthalene at 10,000 µg/kg.  The soils with the highest 

concentrations of PGDN and chlorinated solvents were located in the northeastern area of the Building 

179 footprint. 

 

Another series of investigations on the Building 179 Area were conducted between 1996 and 2000, by 

TRC to assess the nature and extent of contamination in the vicinity of the CUST, adjacent to Building 

179.  The investigations were culminated in the Building 179 CUST RI Report (TRC, 1999).  The data 

were used to direct remediation, conducted by another contractor.   

  

Remedial activities were conducted from November 1997 through April 1998, by FWEC under the 

Building 179 Reconstruction Program primarily within the footprint of the Building 179 reconstruction.  The 

associated remedial activities were reported in the “Final Project Close-Out Report for Building 179 

Remediation” (FWEC, 2000). 

 

During Building 179 reconstruction, contaminated groundwater from excavations was pumped out, 

treated on-site, and discharged to the local, publically-owned treatment works (POTW).  Railroad tracks, 

ties and ballast materials were removed and disposed off-site.  Approximately 220 tons of concrete 

flooring were removed and disposed off-site.  Most of the floor slab contained TCA and was classified as 

hazardous waste.  An excavation grid was established and soil was removed to meet RIDEM’s 

Industrial/Commercial Direct Exposure Criteria (DEC).  Soil was excavated to the top of competent 

bedrock within the former building footprint.  In addition, two extraction wells were installed to provide a 

means to remove and treat groundwater during reconstruction; it is not known if either of the two 

extraction wells were ever used.  A liner system was installed to limit migration of any contaminant vapors 

into the newly reconstructed Building 179. 

 

The CUST contents were removed and the tank compartments were cleaned and closed by filling the 

concrete vault with a flowable fill material.  Soil excavation exposed the north, east, and south exterior 

walls of the CUST, where soils were removed to a depth of 9.5 feet below ground surface (bgs), exposing 
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the bottom of the CUST.  Also soils were removed from around the top and the sides of the CUST prior to 

closing the tank in place.  The inner stainless steel tanks from within the CUST were cleaned, removed 

and relinquished for recycling.  A total of eleven post-excavation soil samples were collected in the Grid 

19/CUST excavation including, nine sidewall samples and two bottom of excavation samples.  The 

Interceptor Tank closure included removal of approximately 1,100 gallons of fluid, bottom sludge and 

residual product from the tank.  TCA up to 15,000 mg/kg and PGDN at a concentration of 1.52 milligrams 

per liter (mg/L) were detected in the Interceptor Tank sludge samples.  Soils above and next to the 

Interceptor Tank were excavated, and the tank was crushed and removed.  Post-excavation soil samples 

were collected from the excavation bottom and sidewalls.  In October 1999, the “Final Project Closure 

Report for Building 179 Tank Closures” was issued by FWEC, documenting the CUST area excavation 

(identified as Grid 19) along with the Interceptor Tank and piping. 

 

It was concluded that a chlorinated ethane groundwater plume originates from the former CUST and 

extends northward, following the alignment of Deerfield Creek, and extending nearly to the northern side 

of the South Meadow at Site 8.  This chlorinated ethane plume consists primarily of 1,1,1-TCA and its 

breakdown products, 1,1-DCA and chloroethane.  As this plume migrates with groundwater flow, 

additional chemicals from non-point-source releases from the disposal and operations in the Paved 

Storage Area and in the Building 185 Complex appear to co-mingle with the plume.   

 

1.5 GEOLOGY AND HYDROGEOLOGY 

 

This section presents a summary of regional and site geologic and hydrogeologic features.  The 

information presented below is based on lithologic information collected during the 2008 RI, literature 

review, and other site reports, as presented in the RI Report (Tetra Tech, 2010).  The locations of the 

cross-sections are identified on Figure 1-4, with present geologic cross-sections of Site 8, shown on 

Figures 1-5 and 1-6. 

 

1.5.1 Regional Geology and Hydrogeology 

 

NAVSTA Newport is located at the southeastern end of the Narragansett Basin.  The rock types of the 

Narragansett Basin are non-marine sedimentary and meta-sedimentary rocks of Pennsylvanian age.  The 

bedrock underlying the facility is comprised almost entirely of the Rhode Island Formation.  The Rhode 

Island Formation in this area has been metamorphosed and consists of metaconglomerates, metals and 

stones, schist, carbonaceous schist, phyllites and graphite.  Beneath the Pennsylvanian age bedrock of 

the Narragansett Basin are pre-Pennsylvanian igneous and metamorphic basement rocks. 
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Overlying the Pennsylvanian-age bedrock of the Narragansett Basin are surficial deposits of Pleistocene-

age sediments.  These unconsolidated, glacial sediments range in thickness from 1 to 150 feet, and 

consist of glacial till and glacial outwash drift deposits.  The glacial till is the more extensive of the glacial 

deposits in Rhode Island and is generally unstratified and heterogeneous.   

 

Many areas on Aquidneck Island obtain potable water from wells.  Potable groundwater is obtained from 

the unconsolidated glacial till and outwash deposits, and from the underlying bedrock.  The average 

depth to the unconfined aquifer groundwater at the facility is 14 feet.  In the NAVSTA Newport area, 

glacial till deposits are typically less than 20 feet thick.  Well yields range from 1 to 120 gallons per minute 

(gpm), although the upper limit of this well yield is likely from an outwash deposit that is well sorted and 

stratified.  Wells completed in till typically yield a few hundred gallons of water per day (at a rate of less 

than 1 gpm).  Bedrock well yields range from less than 1 gpm to as much as 55 gpm and are highly 

dependent on the presence of joints and fractures in the rock.  Most groundwater in the area is soft or 

moderately hard.  In scattered locations, pumping of groundwater has led to salt water intrusion. 

 

1.5.2 Site Geology and Hydrogeology 

 

Geological and hydrogeologic conditions at Site 8 are based on data from published maps as well as data 

generated during the RI and SRI field investigations.  The site overburden consists of approximately 0.5 

to 19.5 feet of unconsolidated materials underlain by bedrock.  The overburden thickness is greatest at 

the western corner of the Paved Storage Area and thinnest in the North Meadow.  Three overburden units 

consisting of debris fill, non-debris fill, and non-fill materials were identified. 

 

Debris fill materials dominate the South Meadow where past disposal operations filled low-lying areas or 

grading operations reworked the upper few feet of soil.  Fill materials primarily consist of construction 

debris and/or natural soil or rock (silt, sand, gravel, and weathered bedrock fragments).  Debris fill ranging 

in thickness from 4 to 18 feet was encountered throughout the entire South Meadow and the area 

between the Paved Storage Area and Deerfield Creek.  Surface geophysical surveys and test pitting 

revealed significant metallic content in the debris fill of these areas.  Debris was observed only 

sporadically in the North Meadow, the Paved Storage Areas and the Building 179 Area.   

 

The non-debris fill consists of road base materials and reworked native deposits.  The no-fill overburden 

materials are generally grey to brown sand and silt with various quantities of gravel.  The gravel is 

generally platy, angular of sub-angular and appears to be derived from in place weathering of bedrock.   

 

Bedrock beneath the site consists of metamorphosed sedimentary rock, predominantly phyllite.  The 

hardness and degree of foliation of the rock varies with location, and the color of the rock varies from light 
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to dark gray.  Metaconglomerate, schist, and quartzite were encountered at a few discrete depths in 

several locations, but the predominant bedrock was phyllite.  The upper portion of the bedrock is 

generally significantly weathered and degraded and contains evidence of groundwater flow through the 

fractures.  Bedrock in the North Meadow is significantly degraded and weathered. 

 

Depth to bedrock ranges from approximately 0.5 to 19.5 feet bgs across the site.  Beneath the Paved 

Storage Area and the Building 185 Complex, the depth to bedrock ranges from 3 feet bgs in the east to 

17 feet bgs in the west.  In the South Meadow, bedrock depths are between 5 and 16.5 feet bgs, 

increasing from east to west through the South Meadow.  Bedrock is very shallow (about 0.5 feet) in the 

bedrock valley that forms Deerfield Creek.  Bedrock is also very shallow (within 5 feet of ground surface) 

in the North Meadow.  North of the North Meadow, the depth to bedrock increases to between 8.5 and 17 

feet bgs.  Topography at the site tends to mimic the bedrock surface.  At most of the site (excluding the 

Building 179 Area), Deerfield Creek and NUWC Pond have formed a deep, bedrock valley.  This valley 

and the valley with the unnamed stream were likely formed by weathering and erosion of softer bedrock 

at the site.  At the southern portion of the Site (the Building 179 Area), Deerfield Creek has not weathered 

the bedrock to form a deep valley but rather (based upon its rocky bottom and the shallow depth to 

bedrock) appears to be situated on more competent bedrock. 

 

Borehole geophysics revealed that the strike and dip direction of the bedrock planar features vary (these 

planar features consist of fractures, bedding planes, cleavage or contacts).  Overall, the most common 

strike direction is north-south, with a dip direction to the east or west.  Possible or likely transmissive 

fractures were also identified in the bedrock cores.  In addition, during bedrock drilling, evidence of water-

bearing fractures (iron staining) was noted in core holes.  In general, the number and frequency of 

fractures decreased with depth.  Drilling observations, subsurface geophysics, and hydraulic conductivity 

testing indicate that there is a long, linear zone of water-bearing fractures and highly degraded bedrock 

that extends from the South Meadow through the North Meadow and to the north. 

 

Beneath the Building 185 Complex, the Building 179 Area, the Paved Storage Area, and the South 

Meadow, the water table is generally near the bedrock/overburden interface.  Beneath the North Meadow 

and north of the North Meadow, the water table is within the bedrock.  Surface water is present at the site 

in Deerfield Creek, the unnamed stream, and NUWC Pond. 

 

The depth to groundwater was observed to range from approximately 0.5 to 24 feet bgs in May 2008, and 

from 2 to 24 feet bgs in September 2008.   

 

Groundwater at the site generally flows toward the NUWC Pond and Deerfield Creek.  At the Building 179 

Complex in the southern portion of Site 8, groundwater in bedrock flows northerly and appears to be 
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influenced by Deerfield Creek, which flows to NUWC Pond.  The creek appears to be a discharge zone 

for shallow bedrock groundwater in this area.  In the area of the Paved Storage Area and the South 

Meadow, groundwater generally flows in a west-northwesterly direction.   In the northern portion of the 

site, groundwater flows in a west-northwesterly and a west-southwesterly direction, towards NUWC Pond 

and associated wetlands.  The intermittent unnamed stream appears to have little influence on the 

direction of groundwater flow.  The potentiometric surface in the northern part of the site could not be 

developed without significant inference, but groundwater flow in this area is expected to follow the ground 

surface topography, which drops steeply towards NUWC Pond. 

 

In general, there is a downward vertical hydraulic gradient in the surficial aquifer or between the 

overburden and the bedrock systems.  The nature of the fill and the natural overburden material is such 

that it would not impede infiltration of water and/or a release of contaminants.  One exception is at the 

eastern corner of the Paved Storage Area, where a silt layer overlies the bedrock, and an upward vertical 

hydraulic gradient exists—both of which are expected to minimize migration of COCs to the bedrock. 

 

In the North Meadow where there are wells screened at varying depths in the bedrock, there is an upward 

vertical gradient at all three locations which is consistent with groundwater discharging to NUWC Pond.   

 

The horizontal hydraulic conductivity was measured at various locations using slug tests, during both the 

RI and prior to the RI.  The hydraulic conductivity results are summarized below. 

 

Location Hydraulic Conductivity (ft/day) 
Range Geometric Mean 

General Site-Wide Overburden/Shallow Bedrock 0.02 – 2.7 0.53  
Deeper Bedrock (with the exception of North Meadow) 0.004 – 5.0 0.43  

North Meadow Bedrock 4.7 – 19.5 7.8  

 

Specific bedrock fractures were tested utilizing packers.  These tests revealed hydraulic conductivities 

beyond measure in the North Meadow and below measure in the Paved Storage Area and Building 185 

Complex.  

 

1.6 TERRESTRIAL AND AQUATIC HABITATS 

 

Site 8 occupies approximately 12.4 acres between Cunningham Street and the Wanumetonomy Golf 

Course as illustrated in Figure 1-4.  The site includes NUWC Pond and Deerfield Creek.  A small, 

unnamed stream flows from the golf course through the northern portion of the site toward the pond.  This 

stream previously merged with Deerfield Creek prior to flowing into NUWC Pond, but has since migrated 

naturally and now enters the pond northeast of Deerfield Creek.  The pond discharges through a 

dam/culvert system, which in turn discharges to Narragansett Bay.  Habitats throughout and adjacent to 
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the site are characteristic of fragmented developed landscapes of lightly industrialized or commercial 

areas.  Approximately 30 percent of the site is covered by impervious surfaces (i.e., concrete, pavement, 

asphalt).  There are no flood zones within the site boundary mapped by the Federal Emergency 

Management Agency (FEMA, 2010). 

 

NUWC Pond is considered an open water habitat with some emergent vegetation along its edge.  Surface 

water depths are up to 1 foot at the southeastern end of the pond and 5.5 to 9.5 feet near the dam on the 

northern end.  Along the unnamed stream is a low-lying wet area with vegetation typical of a stream 

environment.  Mature trees are present along the stream embankment, with sporadic tree growth in low-

lying areas along the stream.  Fish such as bluegill, largemouth bass, and white perch are present but are 

not abundant in the pond (MCA, 1996).  During the fish-tissue sampling event conducted as part of the 

RI, bluegill, bullhead, and a single white perch were collected (Tetra Tech, 2010). 

 

The upland areas of the site, North Meadow and South Meadow, are mainly open grassland with some 

dense ground cover of herbaceous plants.  The surrounding area consists of woody shrubs, saplings, and 

trees.  The Paved Storage Area does not provide ecological habitat. 

 

Although the disturbance and fragmentation of the site’s natural community is expected to limit the 

terrestrial, wetland, and avian species use of the site, the dense vegetation in the area does provide 

cover, foraging, and breeding/nesting areas for birds, mammals, reptiles, and amphibians that do not 

require large home ranges.  Several mammals and birds were observed in the upland areas during a site 

visit in 2003, several reptiles were observed in the NUWC Pond area during subsequent visits, and 

salamanders were observed in Deerfield Creek in 2008 (Tetra Tech, 2005, Tetra Tech, 2010).  Various 

fish species were encountered in NUWC Pond during the fish sampling event conducted as part of the RI, 

which is presented in Appendix E of the RI Report [Tetra Tech, 2010]).  The pond and streams provide 

important freshwater sources for wildlife, and migratory birds are expected to use the area. 

 

1.7 CONCEPTUAL SITE MODEL 

 

A CSM facilitates consistent and comprehensive evaluation of potential risks to human health by creating 

a framework for identifying the pathways by which human receptors may come in contact with 

environmental media contaminated by site activities.  A CSM depicts the relationships among the 

following elements, which are necessary for defining complete exposure pathways: 

 

• Site sources of contamination 

• Contaminant release mechanisms and transport/migration pathways 

• Exposure routes 
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• Potential receptors 

 

The elements of the CSM establish the manner and degree to which a potential receptor may be exposed 

to chemicals present at the site.  The degree of risk incurred by a potential receptor varies according to 

the means, duration, and the specific chemical to which the receptor is exposed.  An exposure, however 

long in duration, does not necessarily result in an “unacceptable” health or environmental risk, although 

risks generally increase with increased frequency and/or duration of exposure.   

 

Human health and ecological risk assessments were performed during the RI (Tetra Tech, 2010).  The 

graphical CSM is depicted on Figure 1-7.  The CSM is further supported by the nature and extent of 

contamination (Section 1.8), the fate and transport of contaminants (Section 1.9), and the human health 

and ecological risk assessments (Sections 1.10 and 1.11, respectively).  

 

1.8 NATURE AND EXTENT OF CONTAMINATION 

 

Results of previous investigations indicate that site activities have resulted in the release of both organic 

and inorganic contaminants.  The following is a summary of the nature and extent of site contamination, 

as presented in the RI Report and the SRI Technical Memorandum (Tetra Tech, 2010, Tetra Tech, 

2011a).  For more information on the nature and extent of contamination, including figures depicting 

detected parameters, refer to Section 4.0 of the RI Report and Section 3.0 of the SRI Technical 

Memorandum.  Distribution maps of the COCs identified in Section 1.10 and 1.11 are presented in 

Appendix A. 

 

1.8.1 Soil 

 

Previous disposal activities at Site 8 have resulted in the presence of VOCs, SVOCs, metals, and 

pesticides/PCBs in the site soil.  For the purpose of discussion, the chemical concentrations measured in 

soil were compared to Rhode Island residential direct contact criteria and Oak Ridge National Laboratory 

(ORNL) Regional Screening Levels (RSLs) direct contact residential (DCR) criteria.  These criteria are 

utilized in this discussion because they were used in the RI.  The discussion on soil is provided for 

surface soil (0 to 2 feet in depth) and subsurface soil (2 feet in depth and below).  The discussion is 

provided separately for data collected during the SASE and RI (1.8.1.1) and the SRI (1.8.1.2).  Figure 1-8 

shows the locations from which soil samples were collected during the various investigations. 
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1.8.1.1 Surface Soil  

 

Surface soil samples (0 to 2 foot interval) were collected and analyzed during the SASE and the RI (Tetra 

Tech 2005, Tetra Tech, 2010).  The following sections summarize these results. 

 

VOCs  

Fourteen VOCs were detected in exposed (not paved) surface soil samples, and 13 VOCs were detected 

in unexposed (paved) surface soil samples.  None exceeded state or federal criteria.  Acetone, a common 

laboratory artifact, was the most commonly detected analyte.  The remaining compounds were detected 

infrequently; none were detected in more than five samples.   

 

SVOCs 

In the SVOC analyses, 12 PAHs were detected at concentrations that exceed federal criteria, RIDEM 

criteria, or both, in one or more samples.  Most of the maximum concentrations of SVOCs were detected 

at location DA-SB127-0001, collected from the South Meadow, and MW109B, in the western corner of 

the paved, gated storage area.  High concentrations of PAHs were consistently detected within the South 

Meadow, predominantly by the drum removal area (Section 1.5).  Of the 12 PAHs, seven were detected 

frequently at levels above criteria: benzo(a)anthracene benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(g,h,i)perylene, chrysene dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.   

 

GRO/ETPH 

Extractable Total Petroleum Hydrocarbons (ETPH) were analyzed and results ranged from 11 mg/kg to 

2,200 mg/kg.  Gasoline-range organics (GRO) were analyzed in 74 samples and were detected in 20 

samples (27 percent).  Results ranged from 0.56 mg/kg to 130 mg/kg.   

 

Pesticides/PCBs 

Four types of Aroclors (commercial PCB mixtures) were reported at levels exceeding criteria: 

Aroclor-1254, Aroclor-1248, Aroclor-1260 and Aroclor-1268.  The exceedances were less than an order 

of magnitude above the criteria.  Two of the samples with exceedances were collected on the western 

side of NUWC Pond, outside the boundary of the site.  The highest Aroclor-1260 exceedance was 

detected in the sample collected at SB153, near the extreme southeastern end of the site.  Four of the 

seven samples with exceedances were collected in the same area as TP-07, west of the former drum 

disposal area.   

 

Concentrations of eight pesticides detected in this sub-group were well below criteria.   
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Metals  

Five metals exceeded state or federal criteria.  The arsenic criterion was exceeded in almost of the 

samples collected.  Arsenic levels appear evenly distributed across the entire Site.  The highest 

concentration of arsenic (90 mg/kg) was detected in surface soil (0 to 1 ft bgs) in the northern end of the 

North Meadow (TP-13).  This sample location is outside of the area where disposal was evident.  The 

other metals that had exceedances in at least one sample were beryllium, cobalt, lead, and manganese, 

although no obvious distribution pattern is evident. 

 

1.8.1.2 Subsurface Soil  

 

The subsurface soil samples evaluated in this section are samples that were collected below the 0- to 

2-foot interval.  The data evaluated were collected during the RI and the SASE. 

 

VOCs   

VOCs were detected at low concentrations and did not exceed federal or state criteria.  The most 

frequently detected VOC was acetone, which is a common laboratory artifact.  The second most detected 

VOC (tetrachloroethene [PCE]) had 12 detections.  The remaining VOCs were detected in seven or fewer 

samples.  Maximum detections for many of the VOCs were most frequently reported in SB04 and 

MW109B, under the Paved Storage Areas.  The aromatic VOCs were detected at the highest 

concentrations in the eastern corner of the Paved Storage Area (SB116 and SB04).  The highest 

concentrations of CVOCs were detected most frequently in the western corner of the Paved Gated 

Storage Area (MW109B). 

 

SVOCs  

Fifteen PAHs were detected in exposed subsurface soil samples at levels exceeding criteria.  The PAHs 

exceeding criteria had maximum detections at location TP15A-0506-01.  PAHs most frequently detected 

above criteria were benzo(a)anthracene, benzo(a)pyrene benzo(b)fluoranthene, benzo(g,h,i)perylene, 

benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.  The other PAHs 

that exceeded criteria (acenaphthene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene 

and pyrene) were detected less frequently.  Almost all of the subsurface samples exceeding criteria were 

detected in the South Meadow, under the paved storage areas, and in the Building 179 Area. 

 

GRO/ETPH  

ETPH results ranged from 2.3 mg/kg to 63,000 mg/kg, with nine samples exceeding the RIDEM 

residential criterion of 500 mg/kg.  GRO results ranged from 0.39 to 920 mg/kg as compared to this same 

criterion.  High concentrations were mostly in samples near the area of test pit TP15A. 
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Pesticides/PCBs  

Pesticides were infrequently detected and concentrations did not exceed federal criteria.  PCBs 

measured as Aroclor mixtures were detected infrequently but concentrations were sometimes above 

federal criteria.  Aroclor-1248 exceeded the screening criteria in only one of 67 samples.  Aroclor-1260 

exceeded criteria in only four samples and Aroclor-1268 exceeded the criteria in only three samples.  

PCBs were typically detected in unpaved subsurface soils within areas where disposal or filling was 

known to have occurred (i.e., the South Meadow and the area between the Paved Open Storage Area 

and Deerfield Creek). 

 

Metals  

Seven metals were detected at levels exceeding either federal criteria, state criteria, or both.  Four of 

those metals (cobalt, iron, lead, and zinc) were detected at levels exceeding criteria very infrequently (in 

one to six samples).  Of these, only lead was detected at levels exceeding both state and federal criteria. 

 

Arsenic, beryllium, and manganese were detected more frequently at levels exceeding criteria.  Beryllium 

exceeded the state criterion in 25 samples, but did not exceed the federal criterion in any samples.  

Manganese was detected at levels exceeding the federal criterion in five samples, and the state criterion 

in 34 samples.  Arsenic was detected above the federal criterion in almost all samples, and above the 

state criterion in over half the samples.  The highest concentration of arsenic was detected beneath the 

Open Paved Storage Area (122 J mg/kg6 in sample DA-SB113-0406-AVG). 

 

1.8.1.3 SRI Results for Soil 

 

North Meadow 

Soil samples were collected during the installation of wells MW-127B and MW-128B in the North 

Meadow.  Only a trace amount of trichloroethene (TCE) (1.1 J µg/kg) was detected in only one sample 

(127B at a depth of 4 to 6 ft bgs); therefore, no continuing source of TCE was identified in North Meadow 

soil based on the available data7. 

 

Building 179 Area 

Six soil samples were collected from three boring locations (B179-SB1, B179-SB2, and B179-SB3) in the 

Building 179 Area, including one surface and one subsurface soil sample from each location, to confirm 

that contaminated soils were successfully excavated from this area during a previous removal action.   

 

                                                      
6 The “J” data qualifier indicates that the cited value is estimated. 
7 Additional data may be collected during the Remedial Design phase. 



   
 

W5212801F (081020/P) 1-20 CTO WE19 

No VOC or pesticide criteria were exceeded in the soil samples from the Building 179 Area.  PCBs and 

PGDN were not detected.  

 

The following eight PAHs exceeded one or both screening levels, EPA residential soil RSLs and/or 

RIDEM residential DEC: benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-

cd)pyrene. 

 

In the subsurface soil sample from B179-SB3, arsenic exceeded the RIDEM DEC of 7 mg/kg.  The RSL 

(0.39 mg/kg) for arsenic was exceeded in each of the soil samples from this area.  The RSL for 

manganese (390 mg/kg) was exceeded in only one of the samples (606 mg/kg in B179-SB03-0709). 

 

Building 185 Complex 

A total of ten subsurface soil samples were collected, collected as two samples from each of the five 

borings: four borings in Area 1 (B185A1-SB1 through B185A1-SB4) and one in Area 3 (B185A3-SB1).  

 

No VOC criteria were exceeded in any of the samples.  Seventeen of the 18 SVOCs detected in one or 

more soil samples were PAHs.  The maximum total PAHs concentration, 2,430 J µg/kg, was reported in 

the 1- to 3-foot interval sample from the Area 1 boring, B185A1-SB4. 

 

No pesticide screening levels were exceeded in any of the samples, and PCBs were not detected. 

 

The RSL for arsenic (0.39 mg/kg) was exceeded in each of the 10 soil samples, and the RIDEM DEC (7 

mg/kg) was exceeded in 7 of the 10 samples.  The only other metals with screening value exceedances 

were minimal and/or in few samples: (1) the RIDEM DEC for manganese in one boring (B185-A1-SB4); 

(2) a slight exceedance of the RIDEM DEC (0.4 mg/kg) for beryllium (maximum detection of 0.6 J mg/kg); 

and (3) a slight exceedance of the RSL for cobalt (23 mg/kg) in B185-A1-SB1-07-08 (23.8 mg/kg). 

 

The Otto Fuel component PGDN was not detected above RSLs in soil, and soil data suggest no historical 

releases occurred from the floor drains in the Building 185 Complex. 

 

1.8.1.4 Leachability Criteria for Soil 

 

RIDEM’s Remediation Regulations include soil leachability criteria for the protection of groundwater 

(Section 2.1.4.1).  At Site 8, there are only two organic compounds at concentrations that exceed 

RIDEM’s soil GA leachability criteria:  benzo(a)pyrene at two locations and naphthalene at eight locations, 

which is illustrated in Figure 1-8A. 
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• The maximum concentrations of benzo(a)pyrene exceed the leachability criterion at only two 

locations, which are adjacent to and near the northwest corner of the Paved Storage Area (440 mg/kg 

at SB110, and 1,300 mg/kg to 1,500 mg/kg at two depths in TP-15A). 

 

• The three highest concentrations of naphthalene in soil (maximum of 220 mg/kg) are co-located with 

benzo(a)pyrene in locations SB110 and TP15A. 

 

The concentrations of these two compounds in soil are not adversely impacting groundwater quality at 

Site 8.  Neither benzo(a)pyrene nor naphthalene were detected in any of the groundwater samples 

collected across the site during the RI or SRI. 

 

RIDEM’s leachability criteria for metals are based on Toxicity Characteristic Leaching 

Procedure/Synthetic Precipitation Leaching Procedure (TCLP/SPLP) analyses.  No TCLP/SPLP data are 

currently available to characterize the leachability of metals remaining in site soil (i.e., the available TCLP 

data from past investigations pertain only to combined waste soil piles or drill cuttings and not to 

individual sample locations).  However, the available groundwater sampling data represent the actual 

aquifer conditions and are indicative of the potential impacts of metals leaching from soil.  Therefore, 

consistent with the intent of the leachability criteria [Remediation Regulations Section 8.02(A)(ii)(1)], the 

available site groundwater data were evaluated with respect to the protection of the aquifer as a potential 

drinking water source. 

 

For metals with promulgated soil leachability criteria, there are only two groundwater sampling locations 

(MW119B, MW103S) where these metals exceed federal Maximum Contaminant Levels (MCLs) and/or 

RIDEM’s GA groundwater standards: 

 

• At MW119B, the concentration of total thallium in groundwater (2.3 µg/L) only slightly exceeds the 

federal and state standard of 2 µg/L.  Thallium was not detected in co-located soil samples DA-

SS119B-011608 (0.06 UJ mg/kg)8 and DA-B119B-0204 (0.01 U mg/kg).  Therefore, there is no 

substantial leaching of thallium from soil to groundwater at Site 8. 

 

• At MW103S, total concentrations of four metals exceed federal and/or state standards: beryllium 

(17.8 µg/L), chromium (868 µg/L), lead (1,890 µg/L) and nickel (1,160 µg/L).  The drinking water 

standards are 4 µg/L, 100 µg/L, 15 µg/L, and 100 µg/L, respectively.  The detected concentrations are 

believed to be associated with particulates in the samples as these results are for a highly turbid 

sample, and the dissolved (filtered) results indicated that only lead (19.9 µg/L) slightly exceeds the 

                                                      
8 The “U” data qualifier indicates that the analyte was not detected at the indicated concentration level.   
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standards.  In the co-located soil samples DA-SS103B-011508 and DA-B103B-0810, only lead and 

nickel were detected at concentrations which may have the potential to exceed leachability criteria. 

 

Of these four metals, only beryllium and lead concentrations also exceed RIDEM’s DEC in soil: 

 

• Beryllium concentrations exceeded the RIDEM DEC at only one location (TP-15A) and only in 

subsurface soil from that location (from 2 to 3 feet bgs and 5 to 6 feet bgs); this is the same location 

with the elevated levels of benzo(a)pyrene and naphthalene, described above.   

 

• Lead concentrations exceeded the RIDEM DEC in surface and subsurface soil at only eight locations 

(see Appendix A).  The highest lead concentration was detected in sample B110B-1012 (4,540 

mg/kg) from the South Meadow.  In the co-located groundwater sample from MW110B, lead was not 

detected above the federal or state standards: the total lead result of 1.1 µg/L was well below the 

associated standard of 15 µg/L (and dissolved lead was not detected, reported at 0.97 U µg/L).  Lead 

was also not detected in nearby/downgradient groundwater sample locations, MW04B and MW122. 

 

Additional verification sampling for SPLP-metals analysis will be conducted during the Remedial 

Design/Remedial Action phase, to verify that metals concentrations in onsite soils do not exceed 

leachability criteria.   

 

1.8.2 Groundwater  

 

The water table at the site occurs primarily within the fractured bedrock or coincides approximately with 

the top of the fractured bedrock; therefore, the primary focus of this groundwater contamination summary 

is bedrock groundwater.  The exception to this is contamination identified in the groundwater discharge 

area near the NUWC Pond.  Groundwater at this location was sampled using buried passive-diffusion bag 

samplers just below the stage elevation on the pond edge corresponding to groundwater-to-pond 

discharge.  For the purpose of discussion, the chemical concentrations were compared to EPA’s 

residential tap water RSLs.  Locations of groundwater samples are presented on Figure 1-9.  

 

1.8.2.1  RI Results 

 

VOCs 

The most frequently detected VOCs, and those with the most RSL exceedances, are CVOCs comprised 

primarily of chlorinated ethenes [PCE, TCE and their potential breakdown products, 

cis-1,2-dichloroethene (DCE) and vinyl chloride].  Maximum concentrations of these compounds ranged 
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from 19 to 730 µg/L, and the average concentration of total chlorinated ethenes was 66.1 µg/L (with a 

minimum detection of 0.3 µg/L and a maximum detection of 732 µg/L) in onsite bedrock groundwater. 

 

PCE was detected almost exclusively in groundwater at the Building 185 Complex and hydraulically 

downgradient.  The greatest PCE concentration of 22 µg/L was detected at the Building 185 Complex.  

Three additional elevated detections of PCE occurred in the Paved Storage Area and the South Meadow.  

TCE, which can be a breakdown product of PCE and/or a released material of its own, is one of the most 

widespread VOCs detected in groundwater at Site 8.  It is present both hydraulically upgradient and 

downgradient of the Paved Storage Area.  The greatest TCE concentrations were detected in the North 

Meadow and NUWC Pond area bedrock groundwater at 730 µg/L (MW-117B).  In addition, TCE was 

detected in the eastern NUWC Pond area overburden groundwater samples at concentrations ranging 

from 3 to 350 µg/L.  Cis-1,2-DCE, which may be present as a breakdown product of TCE, was detected in 

each of the wells where TCE was detected and in several additional wells.  Vinyl chloride, which also may 

be present as a breakdown product of PCE or TCE via reductive dechlorination, was detected primarily in 

locations where cis-1,2-DCE was also present, but generally only as far north as the South Meadow. 

 

Carbon tetrachloride and its reductive dechlorination daughter products, chloroform and chloromethane, 

were detected in the shallow groundwater along the eastern bank of NUWC Pond and in the North 

Meadow.  Chloroform and chloromethane were also detected in bedrock wells in the Paved Storage Area.  

Each of the detections of carbon tetrachloride and chloroform, and five of the six chloromethane 

detections, were greater than RSLs.  Federal drinking water MCLs, which are included in the 

development of groundwater cleanup goals, were not exceeded by these compounds because the 

associated MCL values are greater than the RSLs. 

 

Chlorinated ethanes (1,1,1-TCA, 1,1-DCA, and chloroethane) were detected in groundwater (bedrock and 

overburden) beneath the Building 179 Complex.  Maximum concentrations of these compounds ranged 

from 270 to 1,600 µg/L in bedrock groundwater samples and 85 to 380 µg/L in overburden groundwater 

samples.  These chlorinated ethanes generally have fewer RSL exceedances than the chlorinated 

ethenes at Site 8. 

 

GRO/ETPH 

GRO and ETPH were detected in groundwater primarily in the southern portion of the site.  Southwest of 

the Building 185 Complex, GRO was present in groundwater at 110 µg/L (MW101B). 

 

Lower concentrations (up to 74 µg/L ETPH) were detected in four additional bedrock wells located closest 

to MW-101B.  MW-100B, located adjacent to MW-101B, was observed during the RI field work to contain 

light nonaqueous-phase liquid (LNAPL) that was composed primarily of ETPH, secondarily of GRO, and 
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lesser amounts of VOCs.  This LNAPL was identified within bedrock fractures in a localized area and 

formed a 4.5-inch layer atop the water table9.  North of the Paved Storage Area, GRO was detected in 

two wells, with the second greatest detection at 180 µg/L in the North Meadow (MW-117B).  The 

maximum and third greatest concentrations of GRO were detected in the Building 179 Area wells (MW-7A 

and MW-7B). 

 

The greatest ETPH concentrations in groundwater were detected in the Building 185 Complex, where the 

maximum detection was reported at 1,300 µg/L.  Additional ETPH concentrations in groundwater were 

detected in the Paved Storage Area, where concentrations of ETPH ranged from 190 to 360 µg/L.  Lesser 

concentrations of ETPH were detected in bedrock wells in the northern Paved Storage Area, along the 

perimeter of the South Meadow.  ETPH was not detected in North Meadow wells. 

 

ETPH concentrations of 570 µg/L and 200 µg/L were detected in Building 179 Complex overburden well 

(MW-7A) and bedrock well (MW-7B), respectively. 

 

SVOCs 

Five SVOCs were detected in groundwater.  In addition, low concentrations of Otto Fuel components, 

PGDN (5 µg/L) and dibutyl sebacate (30 µg/L), were tentatively identified in groundwater immediately 

south of the Building 185 Complex.  The only SVOC groundwater exceedance was for the PAH 

benzo(k)fluoranthene, which exceeded the RSL of 0.29 µg/L. 

 

Pesticides/PCBs  

Dieldrin was the only pesticide detected in groundwater and it was detected at only one location, at 

overburden well MW-122, at 0.0108 µg/L, exceeding the RSL of 0.0042 µg/L.  PCBs were not detected in 

groundwater. 

 

Metals  

In unfiltered groundwater samples, the five metals with the most frequent exceedances of RSLs are 

arsenic, manganese, iron, aluminum, and cobalt.  Filtered groundwater samples (dissolved metals) also 

contained arsenic, manganese, iron, and cobalt with regular exceedances of RSLs. 

 

 

 

 

                                                      
9 

This LNAPL layer was removed from MW-100B in 2008.  No LNAPL was observed in MW-100B when checked with an oil/water 

indicator probe in March 2011 (under static conditions). 
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1.8.2.2 SRI Results 

 

North Meadow 

During the SRI, TCE was detected in shallow groundwater samples collected near the northern edge of 

NUWC Pond. This indicated that the VOC plume extends further north than delineated in the RI.  The 

portion of the VOC plume with the highest TCE concentrations is in the vicinity of the new monitoring well 

MW-128B (TCE concentration of 1,206 µg/L).  TCE concentrations decreased marginally with depth, but 

these decreases were small.  This observation was consistent with the highly degraded/weathered nature 

of the bedrock aquifer in the North Meadow.  The vertical extent of the TCE plume in the North Meadow 

has not been fully characterized, but is believed to be controlled by the elevation of water in NUWC Pond.  

Upward hydraulic gradients are present in the North Meadow, supporting the discharge of the plume into 

NUWC Pond, and limiting the vertical extent of the TCE plume. 

 

A trace amount of 1,4-dioxane was detected in groundwater in the North Meadow (maximum 

concentration estimated at 0.42 µg/L, which does not exceed the RSL of 0.67 µg/L). 

 

Building 179 CUST Area 

The highest concentration of the CVOC plume in the Building 179 Area was in the vicinity of the former 

release area (i.e., at MW-7A/B).  The Building 179 CVOC plume extends from the former CUST toward 

the north and Deerfield Creek.  The bedrock groundwater geochemistry data showed favorable reducing 

conditions to support anaerobic biodegradation of CVOCs.  The overburden groundwater geochemistry 

data also indicated the possibility of anaerobic biodegradation of CVOCs.   

 

1,4-Dioxane was present in groundwater at concentrations ranging from an estimated concentration of 

0.54 µg/L to 8.3 µg/L, although the RSL was exceeded at only one location (MW-09B).  The maximum 

concentration occurred in the northern (downgradient) portion of the Building 179 CUST area, decreasing 

toward the leading edge of the plume moving north. 

 

At one location, MW-9B, a trace concentration of cyanide was detected at 5.6 J µg/L, slightly above the 

screening benchmark of 5.2 µg/L, which was based upon the EPA National Recommended Water Quality 

Criteria (NRWQC) for fresh surface water; however, it did not exceed the MCL (200 µg/L). 

 

Building 185 Complex 

The Otto Fuel component PGDN was not detected above RSLs in groundwater and groundwater data 

suggested no historical releases from floor drains in the Building 185 Complex.  Groundwater data 

between the Building 185 Area and the North Meadow showed a decrease in CVOC concentrations from 
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the south to north, suggesting migration of the CVOC plume in a northerly direction parallel to the 

Deerfield Creek channel. 

 

1.8.3 Surface Water 

 

Surface water samples were collected during the RI and SRI.  Results of these effects are summarized 

below. 

 

1.8.3.1 RI Results 

 

Surface water samples were collected from Deerfield Creek, the unnamed stream, NUWC Pond, and 

from reference water bodies, Upper Melville Pond and its outlet stream (located at the northern end of 

NAVSTA Newport).  Surface water samples had few exceedances of EPA tap water RSLs. Locations of 

site surface water samples are presented on Figure 1-10. 

 

VOCs  

VOCs were detected infrequently in surface water samples.  None of the VOCs that were detected in Site 

8 or reference surface water samples were detected at levels exceeding RSLs.  Based on groundwater 

samples collected at the edge of NUSC Pond via buried passive-diffusion bags, which is illustrated in 

Figure 1-9, overburden groundwater with TCE concentrations up to 350 µg/L appears to be discharging to 

NUWC Pond from the North Meadow area.  The surface water sample location nearest to the 

groundwater-to-pond discharge area, SW-121, had a TCE concentration of 1 µg/L.  The TCE levels 

reported for the other four NUWC Pond surface water sample locations ranged from non-detect to 0.8 

µg/L. 

 

SVOCs  

No SVOCs were detected in surface water samples collected during the RI.   

 

Pesticides/PCBs 

The only pesticide detected at levels exceeding RSLs was dieldrin, which was detected in samples 

collected from Deerfield Creek and NUWC Pond (but not in samples collected from the unnamed stream 

or the reference samples).  The maximum detection occurred at a Deerfield Creek location upstream of 

the Paved Storage Area, suggesting an upstream source. 

 

PCBs were not detected in the surface water samples collected during the RI. 
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Metals  

Barium and manganese were detected at levels exceeding RSLs most frequently in both the total 

(unfiltered) metals and dissolved (filtered) metals.  Iron also was detected at levels exceeding screening 

levels in both total and dissolved metals.  Lead only was detected at levels exceeding criteria in the total 

metals samples.  It was detected more frequently and at slightly higher concentrations in NUWC Pond 

samples than in stream samples. 

 

1.8.3.2 SRI Results 

 

Building 179 Area 

Three surface water samples (SW-B179-01, SW-B179-02, and SW-B179-04) were collected from 

Deerfield Creek, east of the Building 179 Area.  The samples were analyzed for SVOCs, and none were 

detected.   

 

1.8.4 Sediment 

 

1.8.4.1 RI Results 

 

Sediment samples were collected from Deerfield Creek, the unnamed stream, NUWC Pond, and from 

reference water bodies, Upper Melville Pond and its outlet stream, this is displayed in Figure 1-10.  

Sediment samples were collected from shallow water locations (submerged by one foot of water or less) 

within the onsite streams, the edges of the southern end of NUWC Pond, from a former stream bed, and 

from deep water locations (submerged by more than one foot of water) in the center and northern end of 

NUWC Pond. 

 

VOCs  

Carbon disulfide and PCE were detected in sediment at levels exceeding federal and state screening 

levels at within the southern limits of NUWC Pond. 

 

SVOCs 

A total of 19 SVOCs/PAHs were detected at levels exceeding criteria.  Many PAHs were detected above 

screening criteria in most samples collected.  Concentrations measured in deep water sediment samples 

and shallow water sediment sample were similar. 

 

Pesticides/PCBs 

Eight pesticides/PCBs were detected in samples at levels exceeding screening criteria.  Five of these 

chemicals were not detected or did not exceed criteria in reference samples.  Three pesticides 
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(dichlorodiphenyldichloroethane (DDD), dichlorodiphenyldichloroethylene (DDE), and 

dichlorodiphenyltrichloroethane [DDT]) were detected at high levels in the reference water body samples 

as well as in the onsite samples. 

 

Metals 

Sixteen metals were detected in onsite sediment samples at levels exceeding criteria.  Four of those 

metals exceeded criteria in every sample collected, including reference water body samples.  The rest of 

the metals exceeding criteria ranged from three sample exceedances to 21 of 25 samples with 

exceedances.  Arsenic, iron, and lead were detected at concentrations greater than criteria. 

 

1.8.4.2 SRI Results 

 

Building 179 Area 

Three collocated sediment samples were analyzed for VOCs, SVOCs, 1,4-dioxane, PGDN, TPH, and 

cyanide.   

 

At SD-B179-01, the VOC carbon disulfide was detected at an estimated concentration of 14 µg/kg, 

exceeding the Ecological Screening Level (ECO SL) of 0.85 µg/kg, and the PAHs benzo(a)pyrene and 

chrysene also exceeded RIDEM DECs (not adjusted for sediment exposure [soil screening levels are 

typically divided by 10 for use as sediment screening levels]) at this location.  All but one of the maximum 

PAH concentrations were detected here.  TPH (C09-C36) was detected at each of the three sediment 

locations but exceeded the RIDEM DEC and RIDEM Protection of Groundwater (POG) criteria for TPH 

(500 mg/kg) at only one location, SD-B179-01 (640 J mg/kg). 

 

Sixteen of 18 SVOCs detected in sediment samples were PAHs, and most were detected at each of the 

three sampling locations.  The compounds most often exceeding the RSLs and RIDEM POGs include 

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

cd)pyrene.  Most of the detected SVOCs exceeded the ECO SL in one or more locations. 

 

The other analytes for sediment (1,4-dioxane, PGDN, and cyanide) were not detected.   

 

1.8.5 Tissue Data: Earthworms 

 

To evaluate the impact of site contaminants to terrestrial invertebrates, earthworm tissue collected from 

the site was analyzed for pesticides/PCBs and metals.   
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Metals  

A total of 19 metals were detected in the 11 earthworm tissue samples collected, and all but beryllium 

were detected in every sample (beryllium was detected in 10 out of 11 samples).  There was a large 

range in concentrations of metals between samples, and no one or two samples had the greatest number 

of maximum metals concentrations.  For example, the greatest concentrations of cadmium (838 mg/kg) 

and zinc (1,850 mg/kg) were in the sample from location SB121 (South Meadow); the greatest 

concentrations of lead (881 mg/kg) and selenium (21.1 mg/kg) were in the sample from location MW115B 

(North Meadow); and the greatest concentrations of chromium (302 mg/kg) and nickel (171 mg/kg) were 

in the sample from location SB123 (South Meadow).  These cited metals concentrations are also well 

above the concentrations measured in the reference sample (SB153), located to the south of the site. 

 

Pesticides/PCBs 

Three pesticides and three PCB congeners were detected in earthworm tissue samples.  4,4-DDE and 

Aroclor-1260 were detected in site samples, but also detected in tissue from the upgradient (reference) 

sample location SB153.  Alpha-chlordane, Aroclor-1254, Aroclor-1268, and dieldrin were each detected in 

site samples but not in the reference sample.  These chemicals were each detected in one to three 

samples, with a sample from the South Meadow (MW113B) location having the greatest number of the 

maximum detections. 

 

1.8.6 Tissue Data: Fish 

 

To evaluate the potential impact of contaminants to aquatic receptors, fish tissue samples were collected 

from NUWC Pond and analyzed for SVOCs, pesticides/PCBs, and metals for comparison to fish tissue 

samples from the Upper Melville Pond (reference pond).  Fish tissue samples consisted of blue gill whole 

body, blue gill fillets, and bullhead fillets.   

 

Metals 

Ten metals (aluminum, cadmium, calcium, cobalt, iron, lead, manganese, mercury, molybdenum, and 

sodium) were detected in NUWC Pond fish tissue samples at concentrations significantly greater than the 

respective reference pond fish tissue concentrations. 

 

Pesticides/PCBs  

Pesticides and PCBs were detected in the site fish tissue samples at levels that were significantly higher 

than the respective reference pond fish tissue concentrations.  These pesticides/PCBs include the 

following: 4,4'-DDD, 4,4'-DDE, alpha-chlordane, Aroclor-1254, Aroclor-1260, dieldrin, alpha-chlordane, 

and gamma-chlordane. 
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1.9 FATE AND TRANSPORT 

 

Historical activities at Site 8 have resulted in the presence of PAHs, PCBs, and metals in soil and 

sediment and VOCs and metals in groundwater.  The fate and transport of the COCs in environmental 

media are determined by the physical and chemical properties of the chemicals and of the environmental 

media (e.g., soil, groundwater, surface water, or sediment) into which they are released.  For Site 8, the 

combination of the COC chemistry and the geological and hydrogeologic conditions have influenced how 

the COCs have migrated within soils, sediments, surface water, and the underlying groundwater, or have 

been transformed as a result of degradation processes.  This section presents the evaluation of these 

processes as they pertain to the COCs detected at Site 8. 

 

The fate and transport processes of concern for Site 8 are those that govern the migration and fate of 

contaminants in soil, groundwater, surface water, and sediment.  The following is a summary of the 

processes for each medium at Site 8.  For additional information on these processes is provided in the 

Site 8 RI Report (Tetra Tech, 2010). 

 

Soil – In general, contaminants can be released to soils directly through spills or discharges at or below 

the surface.  Once the contaminants are in the soil, a variety of processes can immobilize, degrade, or 

mobilize the contaminants to other environmental media.  These processes include sorption, 

volatilization, leaching, and runoff/erosion. 

 

Groundwater – In general, contaminants can be directly released to groundwater from subsurface tanks 

or drainage structures or may be transported into groundwater from other media.  Once the contaminants 

are in the groundwater, the contaminants exist in either the dissolved phase or the suspended solid 

phase and a variety of processes can occur that affect the transport and transformation of the 

contaminants within these phases.  These processes include advection, mechanical dispersion, 

molecular diffusion, sorption, biological degradation, and abiotic degradation. 

 

Surface Water and Sediment – In general, contaminants can be released to surface water and sediment 

in the same fashion as contaminants are released to soil and groundwater.  Once the contaminants are in 

the surface water and sediments, a variety of processes can either immobilize, degrade, or mobilize these 

contaminants.  These processes include advection, mechanical dispersion, molecular diffusion, biological 

and abiotic degradation, and sorption. 
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1.9.1  Fate and Transport Characteristics of Site Contaminants 

 

This section summarizes the fate and transport of the Site 8 COCs.  For a detailed description of the fate 

and transport processes, refer to the RI Report (Tetra Tech, 2010).  The following discussions are 

grouped according to the types of COCs at Site 8: 

 

Fate and Transport of VOCs – A continuing source of VOCs in soil has not been identified in the North 

Meadow chlorinated ethene plume or in the Building 179 Area chlorinated ethane plume.  In the North 

Meadow area, it appears that a historical release(s) of TCE to the ground surface occurred in the vicinity 

of MW-03B.  Following the release(s), it is likely that some of the TCE volatilized into the air and the rest 

migrated through the unsaturated zone into the fractured bedrock groundwater.  After reaching 

groundwater, the solvents migrated by advective transport and molecular dispersion toward NUWC Pond. 

 

As evidenced by the fast groundwater seepage velocity towards NUWC Pond, the upward vertical 

gradients in deeper bedrock and the measured discharge of the plume into NUWC Pond (measured via 

the diffusion bag sampling at the edge of the Pond) it is likely that much of the dissolved plume quickly 

discharged into the pond.  However, the plume in the North Meadow also expanded to the north via a 

combination of advective transport and dispersion.  The migration of the plume to the north is evidenced 

by observing that in 2003, during the SASE, the concentration of TCE in MW03B was 1,500 µg/L.  During 

the RI in 2008, the concentration of TCE in MW03B had decreased to 190 µg/L, during the SRI it was 

detected at 150J µg/L, and in March 2011 TCE was detected at 340 µg/L.  TCE was detected during the 

RI at the highest concentration in MW117B, located hydraulically cross-gradient of MW03B.  During the 

SRI the highest concentration was measured in MW 128B, located hydraulically cross-gradient of 

MW117B. 

 

During the SRI, similar concentrations of the TCE plume were detected in the co-located wells sampled at 

multiple depths in the bedrock.  Bedrock in many areas of the North Meadow is highly degraded and 

weathered, even at depth.  In addition, a high yielding fracture zone was encountered during drilling at 

MW-127B and MW-128B.  This fracture zone yielded high volumes of water during drilling; indicating the 

hydraulic conductivity of the fracture zone is high.  These observations indicate that groundwater flow and 

advective transport does not occur in discrete fractures, as it can in many bedrock aquifers.  Rather 

groundwater flow and transport occurs throughout the bedrock matrix and in the fracture zones. 

 

During migration, reductive dechlorination processes likely degraded some of the TCE into its breakdown 

products DCE and vinyl chloride.  Further degradation of vinyl chloride would have resulted in non-toxic 

ethane and/or carbon dioxide.  As described in the RI, the SRI, and in the March 2011 technical 

memorandum, analytical data and field measurements of groundwater quality parameters provide some 
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evidence that reducing conditions exist in the site groundwater and that anaerobic biodegradation and 

reductive dechlorination has occurred to some degree at Site 8 (Tetra Tech, 2011a).   

 

In the vicinity of the paved storage area (around monitoring well MW100B), a small pocket of LNAPL was 

identified during the RI.  This LNAPL was primarily comprised of ETPH, GRO, aromatic VOCs, and 

CVOCs.  The results of groundwater monitoring around MW100B indicated that this LNAPL was limited in 

extent and was trapped within a bedrock fracture or a set of bedrock fractures.  Even though the LNAPL 

appeared to be contained within the bedrock fracture(s), downgradient migration of dissolved-phase 

constituents emanating from the LNAPL can occur over time.  The 4.5-inch layer of LNAPL identified in 

MW100B was removed in 2008.  No measureable LNAPL was present when the well was rechecked in 

March 2011 under static conditions. 

 

The Building 179 Area chlorinated ethane plume originated in the vicinity of the former CUST and, due to 

the shallow groundwater table, and/or a possible sub-surface release, would have migrated quickly to the 

groundwater.  Like the release in the North Meadow some of the solvent(s) may have volatilized to the air 

and the rest migrated to the groundwater.  Once in bedrock groundwater the 1,1,1-TCA migrated 

northerly via advective transport and dispersion.  The 1,1-DCA plume extends to the north beyond 

Deerfield Creek and the western part of the South Meadow (bordering Deerfield Creek).  Reductive 

dechlorination has degraded much of the 1,1,1-TCA to the breakdown products 1,1-DCA then 

chloroethane, which are also seen in this area. 

 

Fate and Transport of SVOCs – SVOCs, primarily PAHs, have been detected in soil, sediment, and 

groundwater.  The presence of PAHs in the subsurface soils, where the maximum PAH concentrations 

were detected, is likely due to the fact that much of the area consists of fill, with and without artificial 

materials incorporated.  The greater concentrations of PAHs in the surface soil are located in the vicinity 

of the buried drum removal area, the paint can removal area, the northern portions of the Paved Storage 

Area, within the vicinity of Building 185 Complex, and within the wetland soils.  PAHs were detected in the 

sediment of Deerfield Creek and NUWC Pond.  The absence of PAHs in surface water and in nearly all 

groundwater samples is attributable to the relative insolubility of these compounds and their strong 

sorption potential to soil/sediment.  The only SVOCs detected in groundwater included 

benzo(k)fluoranthene and the Otto Fuel components PGDN and dibutyl sebacate.  The transport of these 

SVOCs is predominantly related to soil erosion, and it is expected that the PAHs will migrate to the 

deeper sediments over time. 

 

Fate and Transport of Pesticides – The highest frequency of detections and highest concentrations of 

pesticides were detected in sediment and surface water.  Surface and subsurface soil contained the most 

individual detections of pesticides but no detection in soil was greater than the screening levels.  The 
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types of pesticides detected at Site 8 are manufactured chemicals that were widely used in the United 

States in the past and are very persistent in the environment.  Based on the low concentrations of 

pesticides detected in site soil and groundwater, it appears that the presence of pesticides is not due to a 

specific release or disposal associated with past Site 8 operations.  The detected pesticides are likely 

either associated with the borrow material used at the site, from general historic use of pesticides, and 

from background and upgradient sources migrating to the site via sorption to particles that are entrained 

in the water column of the local streams and depositing in low flow velocity areas along the streams and 

within NUWC Pond. 

 

Fate and Transport of PCBs – PCBs were detected in surface soil, subsurface soil, and sediments but 

not in groundwater or surface water.  The PCBs congeners detected included Aroclor-1248, Aroclor-1254, 

Aroclor-1260 and Aroclor-1268.  Since PCBs are nearly insoluble in water and sorb strongly to soil, most 

of the PCB mass in soil likely remains bound in the soils and is expected to remain immobile.  Therefore, 

the PCBs identified at depth were likely placed as fill.  Where PCBs are present in stream and pond 

sediments, PCBs would also be sorbed to the sediment grains that could settle out in streambeds or pond 

bottoms under low velocity flows.  Sediment carrying PCBs could be remobilized during higher flow 

periods by resuspending in the water column and transporting downstream to settle out in lower flow 

velocity areas.   

 

Fate and Transport of Metals – Metals were detected in surface and subsurface soil, groundwater, 

surface water, and sediment.  The most predominant metals detected in these medium at concentrations 

greater than screening levels include arsenic, chromium, cobalt, iron, manganese and lead.  The 

locations with most of the maximum detected metals concentrations varied, although in surface soils, the 

maximum concentrations were located in the wetland area, south of NUWC pond.  The maximum 

concentrations of metals in subsurface soil occur in the vicinity of the paint can removal area.  The 

maximum concentrations in groundwater were wide-spread, located below the North Meadow area, the 

Paved Storage Area, and the South Meadow area. 

 

Metals associated with suspended particulates (surface water) were found in surface water throughout 

NUWC Pond.  In pond sediments, metals were found just above the NUWC Pond dam, and 

concentrations generally decreased with distance from the dam.  Metals, particularly lead, were also 

found in the sediment near the outfall on Deerfield Creek adjacent to the paint can removal area. 

 

Many metals, including arsenic, chromium, cobalt, manganese, iron, and lead, occur naturally in soils at 

varying concentrations.  These naturally occurring metals are related to the bedrock composition which is 

generally the original source material.  The oxidation-reduction (redox) state of the subsurface 

environment will affect the form and valence state of metals such as arsenic and manganese and will 
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influence how much of each metal remains bound to soil and rock surfaces and how much remains in 

dissolved in groundwater.  Under oxidizing conditions, naturally-occurring arsenic and manganese will 

remain bound in soil and rock or sorbed to suspended particles.  Under reducing conditions, the 

concentrations of dissolved metals such as arsenic and manganese tend to increase as the metals on soil 

and rock surfaces reduce to a more soluble form.   

 

With the exception of chromium and lead, the distribution of metals at Site 8 suggests that their presence 

is largely not site-related.  The presence of lead is likely related to the paint can removal area.  In 

addition, the higher concentrations of some metals in NUWC Pond sediments are related to the fact that 

this area is continuously submerged and is a low-velocity flow area with conditions conducive to 

suspended solids settling out and accumulating as sediment. 

 

1.10 HUMAN HEALTH RISK ASSESSMENT 

 

This section summarizes the conclusions of the baseline HHRA presented in the RI Report, and the risk 

evaluation of the data provided in the SRI (Tetra Tech, 2010, Tetra Tech, 2011a). 

 

1.10.1 Baseline Human Health Risk Assessment 

 

The baseline HHRA evaluated the following exposure scenarios:  

 

• Soil exposure (ingestion, dermal, inhalation) for current/future industrial worker, current/future 

adolescent trespasser, current/future recreational user, future construction worker, and future 

resident. 

 

• Indoor air vapor exposure (inhalation) for current/future industrial worker and future resident. 

 

• Groundwater exposure (ingestion, dermal, and inhalation) for future construction worker and future 

resident. 

 

• Sediment exposure (ingestion and dermal) for current/future adolescent trespasser and current/future 

recreational user. 

 

• Surface water exposure (dermal) for current/future adolescent trespasser and current/future 

recreational user. 

 

• Fish exposure (ingestion) for current/future recreational user. 
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Decisions as to whether risk is present at the site were made using the EPA cancer risk range, as stated 

in CERCLA and the EPA guidance document entitled Role of the Baseline Risk Assessment in Superfund 

Remedy Selection Decisions. Washington DC. OSWER Directive 9355.0-30 (EPA, 1991).  Accordingly, if 

the total site risk exceeds the incremental lifetime cancer risk (ILCR) range of 10-4 to 10-6, or a non-cancer 

hazard quotient (HQ) of 1, then a remedial action is likely warranted, depending on site-specific 

conditions.  

 

At Site 8, the future land use is likely to be the same as current land use (industrial); however, other 

potential future receptors (e.g., residential, recreational) were evaluated for decision-making purposes.  

The results of the baseline HHRA indicated that potential unacceptable risks were associated with the 

following exposure scenarios: 

 

• Exposure to soil in the upland area of the site, for each of the evaluated receptor groups; PAHs are 

the major contributors to the incremental cancer risks, with arsenic also being a risk driver in 

subsurface soil in the Paved Storage Area.  

 

• Potable use of site groundwater by future residents (child, adult, and lifetime resident); the primary 

risk drivers include PCE, TCE, vinyl chloride, benzo(b)fluoranthene, and metals. 

 

• Exposure to groundwater for future construction workers; metals are the major contributors to the 

unacceptable risks for construction workers. 

 

• Exposure to sediment for the recreational user; carcinogenetic PAHs and arsenic are the major risk 

drivers. 

 

• Ingestion of fish by recreational users; PCBs, and the pesticides 4,4’-DDE, dieldrin, and aldrin are the 

major contributors to the incremental cancer risk. 

 

One uncertainty that may greatly over-estimate the risk posed to potential future residents of the site is 

the assumption that site groundwater will be used as drinking water.  Currently, groundwater is not used 

as a drinking water source and there is no plan for future use of groundwater at the NUSC Disposal Area 

as a drinking water source. 

 

The HHRA also evaluated potential future exposure from vapor intrusion of VOCs into indoor air from 

groundwater and soil (currently there are no buildings on site that could accumulate vapors in this 

manner).  Cancer and non-cancer risks for residential and industrial exposures via vapor intrusion were 

found to be within acceptable levels. 
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Potential risks associated with exposure to lead in soil, as calculated through blood lead models, were 

found to be within acceptable levels.  However, lead concentrations detected above chemical-specific 

ARARs in the exposed soil in a few locations around the South Meadow area will be addressed by the 

soil remedial alternatives (see Section 1.10.2 and Section 4). 

 

This HHRA did not evaluate groundwater within the Building 179 CUST area.  Past sampling results from 

the Building 179 RI indicate that COC concentrations are generally higher in groundwater from the 

Building 179 CUST area than in the more downgradient portions of Site 8, to the north (TRC, 1999).  

Since risks from exposure to groundwater in areas north of the Building 179 Area were found to be 

unacceptable, the risks from similar exposures to groundwater at the Building 179 Area are also assumed 

to be unacceptable, given the same exposure scenarios. 

 

1.10.2 Selection of Chemicals of Concern for Human Health 

 

Human health risk-based COCs were identified in soil, groundwater, and sediment based on the results of 

the HHRA included in the RI Report, as well as the supplemental data and risk evaluations from the SRI 

(Tetra Tech, 2010, Tetra Tech, 2011a). 

 

Human health risk-based COCs are identified in site environmental media for scenarios where the total 

cancer risk or hazard index (HI) exceeds the target risk benchmarks.  EPA's target cancer risk range is 

1x10-4 to 1x10-6, and RIDEM's cumulative cancer risk benchmark is 1x10-5.  Therefore, to comply with 

both of these criteria for each receptor/exposure scenario, a cumulative site cancer risk of 1x 10-5 was 

used as the threshold to indicate whether further evaluation was required in the FS.  An HI of 1 on a 

target-organ basis was used for non-cancer effects, which is consistent with both EPA and RIDEM 

requirements. 

 

For the COCs identified directly from the standardized risk calculation in the RI, there was additional 

consideration given during the SRI for those COCs regarding the presence in background or reference 

data, the frequency of detection, the presence of the constituents above target risk levels, and the 

representativeness of the CERCLA-release contaminants that are related to the site.  As a step prior to 

development of PRGs, the chemicals of potential concern (COPCs) were reviewed using the RI and SRI 

data and background data, as well as consideration of naturally occurring elements and an evaluation of 

contaminants related to CERCLA releases. The purpose of this COC refinement step was to determine 

which chemicals are appropriate for PRG development in the FS. In this refinement process, the COPCs 

identified in the RI were compared to (1) the target risk values calculated from the risk assessment, and 

(2) to an appropriate background concentration (although no background data have been identified for 

groundwater).  The representative site concentration was selected as the 95 percent upper confidence 
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limit (95% UCL) of the available data set which includes both the RI and the SRI data.  Full details are 

provided in Section 6 of the SRI (Tetra Tech, 2011a). 

 

These risk-based COCs, along with the ARAR-based COCs identified in Section 2.2.2, were used to 

identify the complete list of COCs for which PRGs are to be developed in this FS. 

 

Soil 

 

The following chemicals exceeding threshold values for the residential scenario in either surface or 

subsurface soils were selected as risk-based COCs for residential and recreational soil: 

 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Dibenzo(a,h)anthracene 

Indeno(1,2,3-cd)pyrene 

Arsenic 

 

In addition to these risk-based COCs which were identified in the HHRA as the primary risk drivers in 

residential soil, the following chemicals were also identified as COCs based on exceedances of chemical-

specific ARARs (RIDEM’s residential DEC and/or leachability criteria): 1,1-biphenyl, acenaphthene, 

anthracene, benzo(g,h,i)perylene, chrysene, fluoranthene, fluorene, naphthalene, phenanthrene, pyrene, 

beryllium, lead, manganese, and zinc (see Section 2.2.2). 

 

The following chemicals in soil exceeding threshold values for the industrial/commercial worker scenario 

were selected as risk-based COCs for industrial soil:  

 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a,h)anthracene 

Indeno(1,2,3-cd)pyrene 

 

In addition to these risk-based COCs, which were identified in the HHRA as the primary risk drivers in 

industrial soil, the following chemicals were also identified as COCs based on exceedances of chemical-
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specific ARARs (RIDEM’s industrial DECs and/or leachability criteria): benzo(k)fluoranthene, 

naphthalene, chrysene, arsenic, beryllium, and lead [see Section 2.2.2]). 

 

Groundwater 

 

The following chemicals were present in groundwater at concentrations exceeding the threshold values 

for the residential drinking water scenario, and were selected as COCs:  

 

1,1,1-Trichloroethane 

1,1-Dichloroethane 

1,1-Dichloroethene 

1,4-Dioxane 

Carbon Tetrachloride 

Ethylbenzene 

Tetrachloroethene 

Trichloroethene 

Vinyl Chloride 

Chromium 

Cobalt 

Lead  

Nickel 

Vanadium 

Arsenic and Manganese10 

 

Most of the chemicals present in groundwater at levels exceeding threshold values for the construction 

worker scenario (aluminum, beryllium, iron, and manganese) were not selected as COCs for the industrial 

scenario during the COC refinement step in the SRI, because the representative site concentrations (95% 

UCL) did not exceed the calculated risk values.  Chromium was retained as a COC to be addressed in 

the FS for the construction worker receptor because the representative site concentration exceeded the 

target risk levels, based on the conservative assumption that it is present in the form of hexavalent 

chromium (Cr+6) rather than the less toxic trivalent form (Cr+3).   

 

1,4-Dioxane was detected during the SRI, subsequent to the HHRA calculations conducted as part of the 

RI.  Due to its toxicity and its presence in more than one location at levels above the literature toxicity 

values, 1,4-dioxane is included as a COC for groundwater.  

                                                      

10 Arsenic and manganese are likely present at elevated concentrations in groundwater due to the geochemical environment that 
resulted from the primary release of contaminants to groundwater (i.e., arsenic and manganese were mobilized from soil to 
groundwater as a secondary release from the reducing conditions produced in the aquifer).   
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1,1,1-TCA and 1,1-DCA were not identified in the HHRA as posing risk, however, during the SRI and 

other investigation efforts, these VOCs were detected in groundwater at concentrations greater than 

those that would be expected to pose unacceptable risk to future residential receptors.  Rather than 

calculate risk for 1,1,1-TCA and 1,1-DCA specifically, these VOCs were adopted as COCs for the site. 

 

Sediment, Fish Tissue, Surface Water 

 

Of the COPCs identified in sediment and fish tissue during the HHRA, lead in the stream sediment is the 

only analyte selected as a COC for this FS.  The other sediment COPCs were excluded during the COPC 

refinement step in the SRI due to the comparison of sediment to the background sediment data set for 

this site.  The COPCs identified in fish tissue were not carried forward as COCs for remediation, due to 

significant uncertainties in the source of pesticides found in the fish tissue and in the uptake of PCBs from 

sediment to fish, and based on comparisons to similar fish-tissue samples from local 

background/reference ponds (Tetra Tech, 2011a).  There were no identified risks associated with surface 

water and there were no COPCs identified for surface water in the RI. 

 

1.11 ECOLOGICAL RISK ASSESSMENT 

 

This section summarizes conclusions of the Site 8 ERA presented in the RI Report (Tetra Tech, 2010).  

The ERA was performed to assess ecological risks to the terrestrial and aquatic receptors exposed to 

contaminants at the site.  Data from samples of surface soil, sediment, surface water, fish tissue, and 

earthworm tissue, along with soil and sediment toxicity-test data and benthic community data were 

evaluated.  Data from the SRI were evaluated and, based on this additional new data, it was determined 

that the ERA from the RI required no revision (Tetra Tech, 2011b). 

 

1.11.1 Baseline Ecological Risk Assessment 

 

Although several chemicals were present in the surface soil at concentrations that exceed plant screening 

levels, terrestrial plants were eliminated as receptors of concern because it does not appear that 

significant impacts are occurring to plants, as evidenced by the heavy vegetative growth at the site.  

 

For terrestrial invertebrates, significant risks are not expected based on slight impacts to earthworms as 

measured in toxicity tests. 

 

Risks to sediment invertebrates in NUWC Pond were evaluated through sediment toxicity testing and a 

benthic community investigation.  The benthic community in NUWC Pond appears to have been 

adversely impacted by a combination of organic and inorganic chemicals.  Therefore, no observed effects 
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concentrations (NOECs) and lowest observed effects concentrations (LOECs) were developed for the 

associated COPCs, using the toxicity data.  Based on the toxicity test data, this included total DDx (the 

sum of DDT, DDE, and DDD concentrations), total chlordane (LOEC only), total PCBs (LOEC only), high 

molecular weight (HMW) PAHs, total PAHs, and the probable effects concentration quotient (PEC-Q) for 

NUWC Pond. 

 

There were various uncertainties in the evaluation of the sediment invertebrates in the stream samples.  

However, because the toxicity test data indicated that the benthic community in the stream sediment also 

may have been impacted by a combination of organic and inorganic chemicals, NOECs and LOECs were 

developed for total PCBs, HMW PAHs, total PAHs, and lead. 

 

No adverse impacts to aquatic organisms are expected, based on the measured concentrations of 

chemicals in the surface water compared to screening levels. 

 

After re-evaluating the food-chain model using less conservative exposure assumptions, potentially 

unacceptable risks to insectivorous mammals and birds were identified for surface soil.  The surface soil 

HQs are greater than 1, due to the levels of the metals, cadmium, chromium, and selenium.  For 

sediment, no unacceptable risks were identified for piscivorous mammals or birds.  

 

Surface water and sediment sample data from the Building 179 CUST RI were evaluated for potential 

ecological risks.  No unacceptable risks were identified for surface water (aquatic organisms) or sediment 

(invertebrates).  

 

1.11.2 Ecological Chemicals of Concern 

 

As with the HHRA, the ERA identified COCs that pose an unacceptable risk to ecological receptors.  

These COCs are used in this FS to assist in identifying potential remedial alternatives for the site.  The 

ecological COPCs identified in the ERA were further evaluated during the SRI  to account for some of the 

variables and limitations of the risk assessment as well as the actual conditions at the site (Tetra Tech, 

2011b).  These considerations include the reference (background) conditions applicable to soil and 

sediment, and consideration of both maximum and average measured COPC concentrations.  

 

Based on the COPCs identified in the risk assessment and in the SRI refinement step, the following 

chemicals were selected as ecological COCs to be addressed in the FS: 

 

• Total Aroclors and lead, based on measured concentrations above background and above LOECs for 

stream invertebrates 
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• Cadmium and chromium, based on measured concentrations above background and above LOAELs 

for invertebrates in soil. 
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2.0  DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES  

The purpose of this section is to present pertinent information that will be used in this FS for the 

development and evaluation of remedial alternatives.  Specific goals of this section are as follows: 

 

 Identify federal and state ARARs with which the remedial alternatives must comply (Section 2.1). 

 

 Develop PRGs that will be used to select media of concern and to determine areas requiring remedial 

action (Section 2.2). 

 

 Develop RAOs that will guide the development of remedial alternatives (Section 2.3). 

 

 Compare site sampling data to PRGs and define the area(s) of non-attainment to be addressed by 

the remedial alternatives (Section 2.4). 

 

2.1 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

 

In recognition of the unique characteristics and circumstances associated with the remediation of 

individual sites, SARA and the NCP provide specific standards for the determination of whether a 

particular remedy provides sufficient cleanup at a given site.  The NCP [40 Code of Federal Regulations 

(CFR) Part 300] specifies procedures to be employed in identifying, removing, or remedying releases of 

hazardous substances.  In particular, the NCP specifies procedures for deciding the appropriate type and 

extent of remedial action at the site to effectively mitigate and minimize the threat to, and provide 

adequate protection of, human health, welfare, and the environment. 

 

The goal of remedy selection is to protect human health and the environment, to maintain human health 

and environmental protection over time, and to minimize untreated waste (40 CFR 300.430 of the NCP 

[55 FR 8846]).  The remedial alternative must attain ARARs under federal environmental laws and more 

stringent state environmental and facility siting laws, or provide grounds for invoking one of the waivers 

permitted under the statute. 

 

2.1.1 Definition of Applicable or Relevant and Appropriate Requirements 

 

EPA defines “applicable” and “relevant and appropriate” in the revised NCP, codified in 40 CFR 300.5 

(1994), and has incorporated these definitions in its CERCLA Compliance with Other Laws Manual 

(Interim Final–EPA/540/G-89/006, Part II–EPA/540/G-89/009).  Site remediation must comply with 

ARARs, except where a waiver is granted according to Section 121(d) of CERCLA. 
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A requirement under CERCLA/SARA, as amended, may be either “applicable” or “relevant and 

appropriate” to a site-specific remedial action, but not both. 

 

 Applicable Requirements  These cleanup standards are standards of control, and other 

substantive federal and state environmental and facility siting requirements, criteria, or limitations 

promulgated under federal or state law that specifically address a hazardous substance, pollutant, 

contaminant, remedial action, location, or other circumstances at a site. 

 

 Relevant and Appropriate Requirements  These cleanup standards are standards of control and 

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

federal or state law.  Although not directly “applicable” to a hazardous substance, pollutant, 

contaminant, remedial action, location, or other circumstances at a site, these requirements address 

problems or situations sufficiently similar to those encountered that their use is well-suited to that 

particular site.  In some circumstances, a requirement may be relevant, but not appropriate, for the 

site-specific situation. 

 

2.1.2 Classifications of Applicable or Relevant and Appropriate Requirements 

 

ARARs for remedial action alternatives can be classified into one of the following three functional groups: 

 

1. Chemical-Specific  Health or risk-based numerical values or methodologies that are used to 

develop cleanup levels for particular contaminants, as well as promulgated standards enforced by 

applicable regulations.  

 

2. Location-Specific  Requirements that restrict remedial actions based on the characteristics of the 

site or its immediate environment.  

  

3. Action-Specific  Requirements that set controls or restrictions on the design, implementation, and 

performance levels (including discharge limits) of activities related to the management of hazardous 

substances, pollutants, or contaminants.  

 

2.1.3 To-Be-Considered Guidance 

 

Federal and state guidance and policy documents, advisories, and other criteria that do not have the 

status of ARARs and are not enforceable are identified as To-Be-Considered (TBC) guidance.  However, 

such guidance documents may be utilized when developing remedies that will be protective of human 

health and the environment.  
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2.1.4 Identification of Applicable or Relevant and Appropriate Requirements 

 

The following sections summarize the specific federal and state ARARs for remedial actions that may be 

conducted at the site, and for the types of technologies that will be developed into remedial alternatives.  

Each ARAR has been identified for Site 8 based on its potential applicability or relevance and 

appropriateness in accordance with the procedures identified in the CERCLA Compliance with Other 

Laws Manual (Office of Solid Waste and Emergency Response Directive 9234.1-01 [EPA, 1988b]) and 

Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA (Office of Solid 

Waste and Emergency Response Directive 9355.3-01 [EPA, 1988a]). 

 

2.1.4.1 Chemical-Specific Applicable or Relevant and Appropriate Requirements 

 

Chemical-specific requirements are established using health- or risk-based numerical values or 

methodologies that establish cleanup levels in environmental media for specific substances or pollutants.  

In general, chemical-specific requirements are set for a single chemical or a closely related group of 

chemicals (including setting risk-based cleanup levels).  These requirements do not consider the mixture 

of chemicals.  Chemical-specific ARARs are discussed below for soil, groundwater, and sediment, which 

were the environmental media for which COCs were selected, as summarized in Sections 1.10 and 1.11 

of this FS.  Potential federal and state chemical-specific ARARs identified for the Site 8 remedial 

alternatives are presented in Table 2-1.  The basis for the ARAR selection is summarized below. 

 

Soil 

The State of Rhode Island chemical-specific soil objectives include two components: DECs and 

Leachability Criteria.  Separate DECs are established for residential and industrial/commercial scenarios, 

and the Leachability Criteria are established for soil, based on the state’s classification of the underlying 

groundwater.  For Site 8, either a residential (unrestricted) use or industrial (restricted) reuse is assumed 

for the direct exposure route, depending on the focus of the remedial alternatives. 

 

The groundwater beneath the site is classified as a potential drinking water source.  Therefore, RIDEM’s 

leachability standards for soil, which are established to protect co-located water resources, were 

considered for soil. 

 

Sediment 

Currently, there are no promulgated federal or state chemical-specific ARARs that specify numerical limits 

for the concentrations of COCs in sediment at the site.  Therefore, the Navy has calculated site-specific, 

risk-based PRGs for sediment utilizing federal TBC guidance. 
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Groundwater 

Federal MCLs, non-zero Maximum Contaminant Level Goals (MCLGs), and federal risk-based standards 

for drinking water have been identified as chemical-specific ARARs for groundwater.  Groundwater 

criteria from the RIDEM Remediation Regulations that are more stringent than federal standards for the 

identified COCs were considered during the identification of chemical-specific ARARs. 

 

The groundwater beneath the site is classified by the State of Rhode Island as GA (northeastern portion 

of the site abutting Wanumetonomy Golf Course) and GB (southwestern portion of the site), which is 

illustrated in Figure 1-4.  Groundwater with a classification of GA indicates that the groundwater is 

suitable for private or public drinking water use without treatment, and groundwater classified as GB 

indicates that the groundwater is not suitable for public or private drinking water use without treatment.  

As per EPA groundwater remediation guidance, in states without an EPA-approved Comprehensive State 

Groundwater Protection Program (CSGWPP) such as Rhode Island, CERLCA groundwater remediation 

must meet federal MCLs and risk-based standards, unless the water is non-potable. 

 

2.1.4.2 Location-Specific Applicable or Relevant and Appropriate Requirements 

 

Location-specific ARARs are restrictions placed on the concentrations of hazardous substances 

permitted, or on the conduct of certain activities, based on characteristics pertaining to the site location.  

The general types of location-specific requirements that may be applied to Site 8 include water resources 

and wetlands regulations.  Floodplain regulations and coastal resource protections would be stated in this 

group, if applicable; however, there are no such resource areas at Site 8.  Potential location-specific 

ARARs for the Site 8 remedial alternatives are presented in Table 2-2. 

 

2.1.4.3 Action-Specific Applicable or Relevant and Appropriate Requirements  

 

Action-specific ARARs are technology- or activity-based requirements or limitations for actions taken, with 

respect to managing hazardous substances, pollutants, or contaminants.  These requirements generally 

focus on actions taken to remediate, handle, treat, transport, or dispose of hazardous substances, 

pollutants, or contaminants.  Action-specific requirements may determine how a selected remedial 

alternative is implemented.  Action-specific ARARs can be unique to a particular remedial alternative 

being evaluated.  One or more of these ARARs may be included for a particular remedial alternative 

under evaluation.  Potential action-specific ARARs for the Site 8 remedial alternatives are listed in Table 

2-3. 
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2.1.4.4 To-Be-Considered Guidance 

 

TBC guidance or policies are documents or advisories from federal and state agencies that do not have 

the status of ARARs and are not enforceable.  However, TBC guidance can be used to support the 

development and evaluation of remedial actions for a CERCLA site.  Potential TBC guidance for the Site 

8 remedial alternatives is presented along with ARARs in Tables 2-1 through 2-3. 

 

2.2 DEVELOPMENT OF PRELIMINARY REMEDIATION GOALS  

 

PRGs were developed for the site as target cleanup goals for remedial actions that would reduce COC 

concentrations in site media of concern, and thereby mitigate risks to human health and the environment.  

The final Remediation Goals (RGs) will be established in the ROD for the selected Site 8 remedial action.  

 

PRGs are established for the COCs identified in Section 1.10 (site–specific constituents that pose 

unacceptable risks to human health) and Section 1.11 (site-specific constituents that pose unacceptable 

risks to ecological receptors).  As noted in Section 1.10, PRGs also are established for CERCLA 

hazardous substances, pollutants or contaminants, while not posing unacceptable risk, if detected at 

concentrations exceeding RIDEM’s Remediation Regulations soil DECs or Leachability Criteria. 

 

PRGs are developed to determine the degree of remediation necessary to protect human health and the 

environment.  The PRGs must be protective of each of the principal receptors identified at the site and 

they should be reasonable and practical to implement.  PRGs can be developed based on chemical-

specific ARARs, when available, and risk-based factors.  In addition, the protection of groundwater and 

the presence of COCs in background locations are also considered in developing the PRGs.  For Site 8, 

PRGs were developed for COCs identified for unrestricted (residential) site use and for restricted 

(industrial/commercial) site use.  PRGs are also established by comparison of site data to RIDEM soil 

DECs and Leachability Criteria, and from federal MCLs, which are ARARs, as described in Section 2.1 of 

this report. 

 

The following sections present the identification of the media of concern and the methods used to develop 

candidate PRGs. 

 

2.2.1 Identification of Media of Concern 

 

The media of concern at Site 8 were identified based on the results of the HHRA and ERA conducted 

during the RI and SRI (Tetra Tech, 2010, Tetra Tech, 2011a).  Soil, groundwater, and sediment were 

identified as media of concern to be addressed by the remedial alternatives. 
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 Soil was identified as a medium of concern based on the results of the HHRA (surface and 

subsurface soil) and the ERA (surface soil).  The scenarios associated with unacceptable risks 

include the exposure of: the hypothetical residential user, adolescent trespasser, hypothetical 

recreational user, construction worker, and the industrial/commercial worker.  The RIDEM 

Remediation Regulations require unrestricted land use to meet residential standards; therefore, there 

is also unacceptable risk for unrestricted recreational land use.  The ecological exposure pathway of 

concern is to insectivorous mammals and birds. 

 

 Groundwater was identified as a medium of concern based on the results of the HHRA.  The 

scenarios associated with unacceptable risks include the hypothetical future residential use of the 

site, with groundwater as a potable water source.  As noted in Section 1.10, unacceptable risk was 

also conservatively associated with construction worker exposure to chromium in groundwater.  

 

 Sediment was identified as a medium of concern in the RI based on the results of the HHRA and the 

ERA.  The scenarios associated with unacceptable risks include the exposure of the future 

recreational user (HHRA) and invertebrates (ERA) to the sediment in the NUWC Pond and the two 

streams that feed the pond.  As described in Section 1.10, after completion of the SRI, the further 

evaluation of data eliminated the sediment COPCs selected for human health risk (except for lead in 

stream sediment) because their representative site concentration (95% UCL) was below the risk-

based values, and because some COPCs were determined to be not site–related.  Sediment remains 

a medium of concern for ecological risk.  

 

During the RI, fish tissue was identified as a potential medium of concern based on the results of the 

HHRA.  The scenario associated with unacceptable risk was the future recreational user exposure 

resulting from fish ingestion.  However, as noted in Section 1.10, no COCs are selected based on 

ingestion of fish from the site. 

 

Surface water was not identified as medium of concern that would warrant a remedial action at Site 8.  

The low concentrations of COPCs detected in surface water are not causing excess risks and are the 

result of soil and groundwater migration to the NUWC Pond.  COC migration to surface water will be 

mitigated through the remedial alternatives developed for soil, sediment, and groundwater. 

 

2.2.2 Derivation of Preliminary Remediation Goals 

 

PRGs are defined for media of concern and exposure scenarios with unacceptable risks, for both current 

and future land use scenarios.  Although the site is not currently used for residential or recreational 

purposes and there are no plans for residential/recreational use of the property in the future, PRGs for 
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residential exposures have been calculated in order to evaluate remedial alternatives which provide for 

unrestricted use and unlimited exposure of the property and to determine whether institutional controls 

are needed to control hypothetical future site uses. 

 

Upon identification of the risk-based COCs (Sections 1.10 and 1.11), additional CERCLA hazardous 

substances, pollutants, or contaminants, while not posing unacceptable risk, have been included as 

COCs if detected at concentrations exceeding identified chemical-specific ARARs (i.e., Method 1 

standards under the RIDEM Remediation Regulations).  The risk-based COCs, along with the ARAR-

based COCs, were used to identify the complete list of COCs for which PRGs are to be developed in this 

FS. 

 

The selected PRGs used for the development of remedial alternatives in this FS are presented in Table 

2-4 (soil), Table 2-5 (groundwater), and Table 2-6 (sediment).  

 

Human Health PRGs  

Human health PRGs were developed through a combination of risk-based values (Section 1.10) and 

chemical-specific ARARs are shown in Table 2-1.  Risk-based values were calculated using different 

threshold values for human cancer and non-cancer risks to provide risk managers with a wider range of 

options for reducing human health risks at the site.  These risk threshold values were 1 x 10-6, 1 x 10-5, 

and 1 x 10-4 (cancer risk) and an HQ of 1 (non-cancer risk).  PRGs were calculated for the COCs 

identified in the HHRA as listed in Section 1.10 for the construction worker, industrial worker, adolescent 

trespasser, hypothetical child recreational user, hypothetical adult recreational user, hypothetical lifelong 

recreational user, hypothetical child resident, hypothetical adult resident, and hypothetical lifelong 

resident.  PRGs were developed to achieve EPA’s target risk levels of 10-4 to 10-6 for cancer risks (and 

RIDEM’s 10-5 for cumulative cancer risks) and a hazard index (HI) less than or equal to 1 for non-cancer 

risks to target organs. 

 

Human health PRGs for soil, were selected for industrial and residential exposure scenarios as shown in 

Table 2-4.  For each COC, the calculated 10-6 cancer risk value, the RIDEM Method 1 DEC, the RIDEM 

Leachability Criterion, and the background value were compared.  The lower of the calculated risk-based 

value, DEC, and Leachability Criterion was selected and compared to the background value.  If greater 

than the background value, then the selected value is used as the PRG.  If less than the background 

value, then the background value is used as the PRG.  As described in Section 1.8.1.4, TCLP/SPLP data 

are not available for comparison to the Leachability Criteria for metals in soil, although the available 

groundwater data indicate that exceedances of metals Leachability Criteria are not anticipated.  Additional 

verification sampling for SPLP analysis will be conducted during the Remedial Design/Remedial Action 

phase to verify that metals levels in site soil are not exceeding Leachability Criteria.  As noted in Table 2-
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4, the selected PRGs for some metals may be modified if it is found that Leachability Criteria are being 

exceeded. 

 

The MCL for groundwater was selected, when available, because MCLs are considered to be protective 

as shown in Table 2-5.  If no MCL is available, then the lower of the cancer risk-based (residential 

scenario) and non-cancer risk-based (residential scenario) values was selected. 

 

The human health PRG for sediment is based on EPA’s adult lead model for calculating an acceptable 

blood lead level for construction workers/industrial workers and residential exposure scenarios as shown 

in Table 2-6.  

 

Post-Remediation Human Health Risks 

The risks associated with the selected PRGs were evaluated in accordance with EPA’s Risk Assessment 

Guidance for Superfund (RAGS) Part D and the NCP Section 300.430(e)(2)(i)(D),  to ensure that the site 

remediation will result in acceptable residual risk levels for all media and receptors of concern.  Given that 

the PRGs were developed based on chemical-specific ARARs, background levels, or back-calculations 

from acceptable risk levels, it is expected that once remediation has been completed, the residual risks 

will be protective of human health and the environment.  

 

The residual (post-remediation) risk calculations for soil and groundwater at Site 8 are presented in 

Tables 2-7 through 2-9 as summarized below.  Post-remediation sediment risks were not calculated 

because the sediment PRGs were derived directly from acceptable risk-based levels1, whereas the soil 

and groundwater PRGs were developed from a combination of chemical-specific ARARs, background 

levels, and risk-based calculations. 

 

Medium of Concern 
Residual Cancer Risk 

(Goal: 10-4 to 10-6) 
Residual Non-Cancer Hazard Index 

(Goal: ≤1.0) 
Soil (Residential) 6 x 10-5 0.8 
Soil (Industrial) 2 x 10-5 0.07 
Groundwater (Residential) 2 x 10-3 1.0 

 

The residual risks are appropriate for Site 8.  The residual non-cancer risks are acceptable because they 

do not exceed EPA’s and RIDEM’s criterion of a HI no greater than 1.  The residual cancer risks for soil 

are within EPA’s acceptable risk range of 10-4 to 10-6, but exceed RIDEM’s criterion of 10-5 due to the 

individual risks associated with background levels of benzo(a)pyrene and/or arsenic (Table 2-7 and Table 

2-8).  Given that the residual risks will be consistent with the background risk levels for this region, the 

                                            
1 To address ecological risks in sediment, the PRG was based on the geometric mean of NOECs and LOECs.  For human health, 
the lead PRG for sediment was calculated using EPA’s adult lead model. 
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PRGs do not need to be further reduced in order to be protective of human health and the environment.  

For groundwater, the residual cancer risk exceeds EPA’s acceptable risk range of 10-4 to 10-6 and 

RIDEM’s criterion of 10-5 due to the individual risks associated with PRGs derived from MCLs.  Individual 

cancer risks from the other groundwater PRGs were set at a cancer risk of 10-6 or a non-cancer HI of 1, in 

accordance with EPA’s and RIDEM’s acceptable risk levels.  The MCL-based PRGs do not need to be 

further modified because MCLs are considered to be protective of the most conservative exposure 

pathway (drinking water use) and are also consistent with EPA’s and RIDEM’s water quality goals for 

beneficial reuse of the aquifer. 

 

Calculations of residual risks using PRGs are conservative estimates.  Once the Remedial Action is 

complete, the residual risks are expected to be less than the hypothetical residual risk level based on 

PRGs alone.  For example, the groundwater remedial alternatives are likely to achieve lower ultimate 

cleanup levels for some COCs in order to achieve the PRGs for all Site 8 COCs.  For soil, exposure to 

COCs can be prevented, and risk pathways eliminated, by establishing institutional controls on site use 

and operations, and/or through the placement of clean fill (a soil cover).  Institutional controls can also be 

used to prevent exposure to groundwater (e.g., preventing the use of groundwater as a drinking water 

supply) until acceptable risk levels have been achieved.  Finally, the excess residual risks calculated for 

the hypothetical future residential exposure scenarios are conservative, given that the site will remain 

under industrial use for the foreseeable future.  

 

The remedial alternatives developed for Site 8 will include a requirement for 5-year reviews to be 

conducted by the Navy, EPA, and RIDEM, to ensure continued protection of human health and the 

environment for as long as COC concentrations are present at levels that do not allow for unrestricted use 

and unlimited exposure. 

 

Ecological PRGs 

The RI Report presents NOECs and LOECs for both pond and stream samples developed for sediment 

invertebrates using the results of the toxicity tests and benthic macroinvertebrate survey (Tetra Tech, 

2010).  NOECs and LOECs were developed for total DDx, total chlordane, total PCBs, high molecular 

weight PAHs, total PAHs, lead, and three Probable Effects Concentration-Quotients (PEC-Qs).  As 

presented in the SRI Technical Memorandum, it was determined that the pesticides and PAHs did not 

need to be carried forward to the FS, so PRGs were not developed for those chemicals (Tetra Tech, 

2011a).  In addition, NOECs and LOECs based on the PEC-Q calculation method using 4,4’-DDE was 

used for developing PRGs because this was the primary approach used in Ingersoll et al. (2000). 

 

The ecological PRGs for sediment are presented in Table 2-6.  The geometric mean of the NOEC and 

LOEC were used as the PRG, unless only a LOEC was available in which case, the PRG was set at the 



   

W5212801F (081020/P) 2-10 CTO WE19 

LOEC.  Because of the uncertainty in concluding whether the sediment invertebrates in the stream were 

at risk, the PRGs were calculated using the endpoint-specific NOECs and LOECs, as opposed to the 

combined endpoint NOEC and LOEC.  The NOECs and LOECs calculated using the combined endpoint 

is presented in the RI Report. 

 

The RI indicated that cadmium, chromium, and selenium had the potential to impact mammals and birds 

because hazard quotients (HQs) based on the LOAEL were greater than 1.0.  The risks were acceptable 

for terrestrial plants and soil invertebrates.  However, as presented in the SRI Technical Memorandum, it 

was determined that selenium did not need to be carried forward as a COC to the FS; therefore, a PRG 

was not developed for selenium.  The soil ecological PRG calculation is presented in Appendix F and the 

PRGs are summarized on Table 2-4.   

 

No correlation between the metals concentrations in the earthworm tissue samples and the co-located 

soil samples was found; based on both cadmium and chromium PRGs as shown in Figures 1 and 2 in 

Appendix F.  Furthermore, the chromium PRG, 9.2 mg/kg, is lower than mean background concentrations 

of 13.5 mg/kg for the Pittstown Silt Loam and 13.7 mg/kg for the Stissing Silt Loam, as shown in Appendix 

F.8 in the RI Report.  Also, although the site chromium concentrations were statistically greater than the 

background concentrations, the mean site concentration of 15.7 mg/kg is just slightly greater than the 

mean background concentrations.  Based on this, there does not appear to be a chromium source at the 

site.  Therefore, from a practical standpoint, is not appropriate to use the chromium PRG to develop 

remedial alternatives at the site  

 

Similar for cadmium, most of the actual detections are less than 1 mg/kg and with the exception of the 

maximum detection of 11 mg/kg, almost all the others were less than 2 mg/kg (a few were 2.4 mg/kg and 

one was 3.2 mg/kg).  Therefore, the results are more indicative of slightly elevated levels across the 

entire site.  Most of the higher elevations are located in the South Meadow which is already to be 

addressed by the remedial alternatives due to the identified human health risks.  Also, because the soil 

PRGs are protective of wildlife, which are exposed to the COCs as they move across the site, they are 

typically applied as average concentrations across the site.  The majority of the samples outside of the 

South Meadow are either non-detect for cadmium or have concentrations less than 1 mg/kg, and because 

the soil remedy in the South Meadow will leave the area with clean soil in the top few feet, the average 

residual cadmium concentration across the site will be less than the cadmium PRG of 0.77 mg/kg.  For 

that reason, the soil PRG for cadmium will not be used to develop remedial alternatives at the site. 

 

COCs associated with ecological risk in soils are collocated with the COCs associated with excess human 

health risks.  Therefore, actions performed to address the human health risks will also mitigate the 

ecological risks.  
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2.3 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES 

 

RAOs are media-specific goals that are established to protect human health and the environment (EPA, 

1988).  RAOs are typically based on the identified COCs, exposure pathways, and current and potential 

future receptors at the site.  Additionally, RAOs are developed to ensure compliance with ARARs.  The 

Site 8 RAOs were developed based on the results of the RI and SRI, the risk assessments/evaluations, 

and the identified ARARs.  By specifying both an exposure pathway and target COC cleanup level(s), the 

RAOs permit development of a range of alternatives that may achieve protectiveness by reducing 

exposure to contaminated media or reducing COC concentrations. 

 

During the development of RAOs, CSMs are developed and used to help define the receptor pathways.  

The CSM developed for Site 8 is presented on Figure 1-7.  The CSM identified mitigating factors for the 

risks calculated and the associated PRGs.  These mitigating factors include the following: 

 

 The HHRA and ERA identified risks related to direct exposure and incidental ingestion to surface and 

subsurface soils for current site use and hypothetical future use.  The RAOs are designed to eliminate 

potential exposure pathways for both human and ecological receptors under both current and future 

use. 

 

 The HHRA identified risks related to the use of groundwater as a potable water source by 

hypothetical future residents (unrestricted use) and related to direct contact by construction workers 

(restricted use).  The drinking water source scenario is a hypothetical scenario since there are no 

plans to close this portion of the facility or to use this area for residential housing.  The RAOs for this 

scenario are established to support a remedy that has no restriction on future land use, should this be 

a potential goal for the stakeholders. 

 

 The ERA identified risk to sediment invertebrate exposure to sediment.  Based on the potential 

exposure pathways, the RAOs are designed to reduce or eliminate the potential exposure of 

contaminants in sediment and/or effects to these ecological receptors. 

 

2.3.1 Remedial Action Objectives 

 

The Navy has indicated that Site 8 will be available for continued industrial use after the remedial action 

has taken place.  Residential/recreational use is not a current or planned future use of the property.  

However, as directed by CERCLA, the FS evaluates remedial alternatives for the protection of the 

identified potential receptors, including an unrestricted use scenario. 
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The Site 8 RAOs are as follow: 

 

 Prevent the incidental ingestion of and direct contact with surface and subsurface soil containing 

COCs that exceed human health PRGs. 

 

 Prevent the use of site groundwater until groundwater PRGs have been achieved. 

 

 Restore groundwater quality to its beneficial use.  

 

 Prevent insectivorous mammals and birds from exposure to surface soil containing COCs that exceed 

ecological PRGs. 

 

 Prevent the migration of sediment COCs that could cause unacceptable ecological risk to pond and 

stream sediment via groundwater transport and overland runoff. 

 

 Prevent pond and stream invertebrates from exposure to sediments containing COCs that exceed 

ecological PRGs. 

 

 Prevent human exposure to stream sediment containing lead above PRGs. 

 

2.4 ESTIMATION OF AREAS AND VOLUMES 

 

The areas and volumes of soil, groundwater, and sediment to be addressed by the remedial alternatives 

were estimated based on comparisons of the available sampling data to the PRGs. 

  

Soil 

Surface soil sample locations with one or more COCs exceeding PRGs for industrial worker exposure and 

hypothetical residential exposure are identified on Figures 2-1 and 2-2, respectively.  Figure 2-3 presents 

the overall limits of the surface soil contamination associated with Site 8.   

 

Subsurface soil sample locations with one or more COCs exceeding PRGs for industrial worker exposure 

and hypothetical residential exposure are identified on Figures 2-4 and 2-5, respectively.  Figure 2-6 

presents the overall limits of the subsurface soil contamination associated with Site 8.  

 

Figures 2-3 and 2-6 also provide the locations of the geophysical anomalies identified in the RI.  

Locations where RIDEM’s Leachability Criteria were exceeded are shown on Figure 1-8A.   
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Area and volume estimates were calculated for the identified impacted surface and subsurface soils 

causing unacceptable risk.  These calculations are provided in Appendix B and the results are 

summarized below. 

 

Medium of Concern 
Hypothetical Residential Exposure Industrial Worker Exposure 

Area (sf) Volume (cy) Area (sf) Volume (cy) 
Surface Soil (0-2 ft) 195,000 14,400 149,500 11,100 
Subsurface Soil 172,000  63,700 86,200 25,600 
sf – square feet 
cy – cubic yards 
 

The horizontal extent of soil exceeding PRGs is not bounded in all locations.  For the purposes of this FS, 

the identified limits of contamination and debris are used to calculate the volumes of impacted surface 

and subsurface soil.   

 

Groundwater 

Figure 2-7 presents the overall extent of groundwater contamination, grouped by contaminant type.  

Groundwater at this site is evaluated as a single unit, and any remedial action should consider it as one 

contiguous aquifer.  The area of the groundwater plume was developed by overlaying the various 

chemical-specific plumes identified in the RI, and as amended by the SRI and the most recent sampling 

results of March 2011 (Tetra Tech, 2011b).  The area and volume of the plume were calculated; the 

calculations are provided in Appendix B and the results are summarized below. 

 

Medium of 
Concern 

Hypothetical Residential Exposure Hypothetical Residential Exposure 
Area (sf) Volume (gallons) 

Groundwater 161,000 482,000 
sf – square feet 

 

For the purposes of plume area estimates, the following assumptions were made: 

 

 The groundwater plume volume was estimated based on a contaminated groundwater average 

thickness of approximately 20 feet (refer to Section 3.2.2.2 of the RI). 

 

 The assumed effective porosity of the site bedrock is 0.02 (2 percent). 

 

Sediment 

Sediment sample locations where COCs exceeded sediment PRGs for the ecological receptors are 

presented on Figures 2-8 and 2-9.  Figure 2-10 presents the overall extent of sediment contamination, 

including the portion of stream sediment containing lead at concentrations above the human health PRG.  
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Area and volume estimates of the impacted sediment causing unacceptable risk were calculated for these 

identified areas.  These calculations are provided in Appendix B and the results are summarized below. 

 

Medium of 
Concern 

Pond Sediment Stream Sediment 
Area (sf) Volume (cy) Area (sf) Volume (cy)

Sediment 91,000 6,740 2,800 51 
sf – square feet 
cy – cubic yards 
 

For the purposes of developing these sediment quantities, the following assumptions were made: 

 

 In the upper reaches of Deerfield Creek, the limit of sediment with COCs exceeding PRGs is defined 

by the creek bed itself.  Where the edges of the stream meet at the steep sides of the embankment, 

sediment is not present, and soil PRGs apply.  For the purposes of this FS, the upstream limits of 

sediment contamination in Deerfield Creek are as indicated on Figure 2-10. 

 

 Within Deerfield Creek and the unnamed tributary, where indicated on Figure 2-10, the depth of 

sediment with COCs exceeding PRGs is estimated to be approximately 6 inches. 

 

 Within the NUWC Pond, the depth of sediment with COCs exceeding PRGs is estimated to be 

approximately 2 feet.  
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3.0  IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This section identifies, discusses, and screens potential technologies and process options for the 

assembly of remedial alternatives for the Site 8 media of concern (soil, groundwater, and sediment).  The 

NCP alternative evaluation criteria are also presented in this section.  The description of the remedial 

alternatives for each medium of concern and a detailed evaluation of remedial alternatives are provided in 

Sections 4.0 (soil), 5.0 (groundwater), and 6.0 (sediment). 

 

Technology identification and screening are important preliminary steps in developing remedial 

alternatives.  In this phase of the FS, potentially applicable technology types and process options are 

identified.  The technologies and process options are then screened by evaluating each with respect to 

technical implementability, thereby reducing the number of options for further consideration.  The 

technologies and process options considered implementable are then evaluated in greater detail.  

Technologies and process options retained through this evaluation are subsequently developed into 

remedial alternatives. 

 

The steps for completing the identification, screening, and evaluation of technology types and process 

options are summarized below: 

 

• Develop GRAs for each medium of concern that will satisfy the RAOs. 

• Identify and screen remedial technologies applicable to each GRA. 

• Evaluate and select representative technology types and process options. 

• Develop remedial alternatives. 

 

3.1 GENERAL RESPONSE ACTIONS AND TECHNOLOGY EVALUATION 

 

GRAs describe categories of actions that could be implemented to satisfy the RAOs for each medium of 

concern at a site.  GRAs may include containment, removal, treatment, extraction, disposal, institutional 

controls, or a combination.  In developing remedial alternatives, combinations of GRAs may be identified 

to fully address all RAOs. 

 

GRAs identified as applicable for remediating the three media, vadose zone soil, groundwater, and 

sediment, include the following: 

 

• No Action 

• Limited Action 

• Containment 
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• Removal 

• Treatment 

• Disposal 

 

A description of each GRA is provided below. 

 

No Action – Under the no action option, the affected media is left “as is,” without implementing any 

remedial technologies.  This option does not provide for monitoring or placing access restrictions on 

contaminated media, although it does include conducting statutorily required reviews of the 

protectiveness of the remedy at least every five years.  Examination of this option is retained throughout 

the FS process, as required by the NCP.  Although this option requires no remedial action, it provides a 

baseline against which other GRAs can be evaluated. 

 

Limited Action – The limited action option includes institutional controls and access restrictions that may 

limit use or access to the media to reduce or eliminate risk of exposure to hazardous materials.  Limited 

action also includes implementing a long-term monitoring program to assess changes in environmental 

conditions existing at the site.  While institutional controls and access restrictions alone do not reduce the 

toxicity, mobility, or volume of contaminated media through direct means, naturally occurring processes 

may reduce contaminant concentrations over an extended period of time.  Data generated from long-term 

monitoring activities would provide information to assist in determining the rate of these naturally 

occurring processes, as well as the potential migration of COCs.  Monitoring would also provide 

information on which to base a decision regarding the need to implement additional remedial actions, 

should migration be observed. 

 

Containment – Containment technologies reduce potential exposure risks through the application of 

physical means.  Physical barriers help to prevent direct contact with contaminated media and control 

potential erosion or migration.  Barriers may consist of permeable covers or low permeability caps and 

may be comprised of natural or synthetic materials.  Containment also can be used to reduce the 

movement of the contaminated media by preventing erosion of materials and restricting groundwater and 

surface water movement through the contaminated media that may cause contaminant transport and 

leaching. 

 

Removal – Removal technologies are used to collect contaminated media from their present locations 

and move them for subsequent disposal.  For soil, removal is typically performed by excavation 

equipment, such as excavators and backhoes.  For sediment, excavation and dredging equipment could 

be used. For groundwater, removal would involve pumping to prevent passage of contaminated 

groundwater to downstream receptors.  Removal reduces the volume of contaminated media remaining 
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onsite and allows site conditions to attenuate more rapidly than they would, had the contaminated media 

removal not occurred.  

 

Treatment – Treatment technologies can be implemented in-situ or ex-situ.  In-situ treatment 

technologies treat the contaminated media in place by reducing the contaminants’ toxicity, mobility, or 

volume.  In-situ treatment technologies are not always combined with other GRAs.  Ex-situ treatment 

technologies treat the contaminated media after that media has been removed from its current location.  

Ex-situ treatment technologies are combined with removal and often disposal options.  Ex-situ processes 

may further include both onsite and offsite options.  Treatment technologies reduce contaminant volume, 

mobility, and/or toxicity.  Treatment options include technology types and process options using thermal, 

physical, chemical, and/or biological means. 

 

Disposal – Disposal technologies are combined with removal and/or treatment technologies to develop 

alternatives to clean up contaminated media at the site.  Depending on the nature of the contaminated 

media, disposal may include the following options: disposal at an offsite Resource Conservation and 

Recovery Act (RCRA) Subtitle C/RCRA Subtitle D landfill or treatment, storage, and disposal facility 

(TSDF); or disposal on land at a designated onsite/on-station location.  Disposal in a properly secured 

and maintained manner reduces the movement of the contaminated media. 

 

3.2 SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

 

Brief descriptions of preliminary screening, representative process options, and evaluation of retained 

technologies and process options are presented below. 

 

3.2.1 Preliminary Screening 

 

For the remediation of COCs in Site 8 media of concern, a variety of technologies and process options 

are available for each of the GRAs described in Section 3.1.  A range of these technology types and 

process options was identified and screened to focus on relevancy.  Summaries of the identification and 

preliminary screening of remedial technologies and process options appropriate for soil, groundwater, and 

sediment are provided in Tables 3-1, 3-2, and 3-3, respectively.  Many options were eliminated based on 

technology screening. 

 

3.2.2 Representative Process Options 

 

EPA guidance for conducting FSs recommends that one representative process option (RPO) be 

selected for each GRA to simplify the subsequent development and evaluation of alternatives without 
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limiting flexibility during remedial design (EPA, 1988a).  RPOs are selected from the technologies 

remaining after preliminary screening based on effectiveness, implementability, and cost.  The RPOs 

selected provide a basis for developing performance specifications during preliminary design.  Although 

specific process options are selected for alternative development and evaluation, these process options 

are intended to represent the broader range of process options within a general technology type.  The 

specific process for implementation of the remedial action may not be selected until the Remedial Design 

phase. 

 

Tables 3-4, 3-5, and 3-6 identify the soil, groundwater, and sediment RPOs chosen for further evaluation, 

respectively. 

 

3.2.3 Evaluation of Technologies and Process Options 

 

Following the identification of technologies and process options for each of the GRAs identified above, 

these technologies and process options are screened for appropriateness and implementability.  If an 

identified technology or process option is not appropriate or implementable, it is not retained in the 

preliminary screening process.  Following preliminary screening, retained technologies and process 

options are evaluated in greater detail prior to being selected for use in developing remedial alternatives.  

One representative process option is selected, if possible, from each technology category to simplify 

subsequent development and evaluation of alternatives without limiting flexibility during remedy selection 

or remedial design.  The evaluation criteria include effectiveness, implementability, and cost, with a focus 

on effectiveness.  Brief descriptions of the criteria are as follows: 

 

Effectiveness focuses on the potential ability of a process option to handle the estimated areas or 

volumes of media; to meet the remedial goals identified in the RAOs; to reduce the potential impacts to 

human health and the environment during construction and implementation; and to be technically reliable 

(effectiveness of innovative versus well-proven technologies) with respect to the contaminants and 

conditions at a site. 

 

Implementability encompasses both the technical and institutional feasibility of implementing a process.  

The preliminary screening of technology types and process options was based on an evaluation of 

technical implementability issues in order to eliminate options that are clearly ineffective or unworkable at 

a site.  The subsequent, more detailed, evaluation places greater emphasis on the institutional aspects of 

implementability (coordination with various regulatory agencies and contractors; the availability of 

treatment, storage, and disposal services; and the availability of necessary equipment and skilled workers 

to provide long-term operation and maintenance [O&M] services, etc.). 

 



   

W5212801F (081020/P) 3-5 CTO WE19 

Cost plays a limited role in the screening of process options.  Options are evaluated based on relative 

capital and O&M costs (whether the costs are high, medium, or low relative to the other options in the 

same technology type).  At this point in the evaluation, the cost analysis is based on engineering 

judgment and not on detailed estimates. 

 

A discussion of the technology and process option screening and detailed evaluation of retained 

technology types and process options is presented in the following sections.  Section 3.3 discusses the 

soil technologies to be considered.  Section 3.4 discusses the groundwater technologies to be 

considered.  Lastly, Section 3.5 discusses the sediment technologies to be considered. 

 

3.3 EVALUATION OF RETAINED SOIL PROCESS OPTIONS AND TECHNOLOGIES 

 

For the remediation of contaminants in soil, a variety of technologies and process options are available 

for each of the GRAs described in Section 3.1.  A range of these technology types and process options 

was identified and screened to focus on relevant technologies and process options.  The evaluation of the 

retained RPOs for soil remediation is provided in the following Section 3.3 subsections. 

 

3.3.1 No Action 

 

The no action option is considered to provide a baseline level to which other remedial technologies and 

alternatives can be compared.  Under this option, no removal or treatment of the contaminated soil would 

occur. 

 

• Effectiveness: The no action option would not achieve RAOs.  Human health risks associated with 

exposure to carcinogenic and non-carcinogenic contaminants in the soil would remain the same or 

could become greater over time as a result of erosion; long-term protection of groundwater would not 

be provided since the contaminants in the soil would potentially continue to migrate into the 

groundwater, and re-use of the property would be impeded.   

 

• Implementability: Implementability considerations are not associated with the no action option. 

 

• Cost: Because no action would be taken other than 5-year reviews of site status, capital and long-

term costs would be negligible. 

 

Conclusion – The no action option is retained as a baseline for comparison purposes, as required by the 

NCP. 
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3.3.2 Limited Action 

 

The components of limited action that are evaluated in this screening include institutional controls (e.g., 

land use controls [LUCs]), use of physical barriers such as fencing and posting of signs, and monitoring. 

 

3.3.2.1 Land Use Controls/Deed Restrictions 

 

LUCs are institutional controls that place restrictions on the use of property based on the presence of a 

risk to human health or the environment.  On non-federal property, these restrictions are commonly 

recorded against property deeds.  On federal property, such as the NAVSTA Newport, the restrictions 

may be placed on the NAVSTA’s property management instruction.  These restrictions are used to limit 

future activities or uses of a site to prevent human contact with contaminated media.  LUCs commonly 

used to reduce exposure to contaminated media include prohibitions on installing water supply wells, 

restrictions on types of development allowed (e.g., no residential use), disturbing components of the 

remedy (digging into cover systems), and limitations on certain types of construction (e.g., excavation, 

buildings with basements). 

 

LUCs would be implemented in accordance with the Department of Defense Principles and Procedures 

for Specifying, Monitoring and Enforcement of Land Use Controls and Other Post-ROD Actions, and other 

relevant guidance (DoD, 2004).  The Navy retains the property, any time the “activity” (in this case the 

“activity” is the NAVSTA Newport Public Works Department) enforces any LUC necessary.  Under the 

FFA, the Navy must allow access to the regulatory agencies to monitor and enforce LUCs; however, the 

manner in which the LUCs are to be enforced will be addressed in the ROD.  The Navy’s policies for 

implementing LUCs and demonstrating that such controls remain protective at NAVSTA Newport were 

addressed in a letter from the Navy to RIDEM (NAVFAC MidLant, 2007).  The letter affirms the FFA 

requirement for the Navy to allow access to the state and EPA for inspection and enforcement activities. 

 

LUCs for NAVSTA would be memorialized in a base instruction as was similarly provided to establish a 

LUC at McAllister Point Landfill at NAVSTA Newport.  If the Navy excesses property through lease or 

sale, an EBS is performed to identify possible hazards associated with that property.  Any restriction 

based on the contaminants present will be identified in the EBS for the next occupant.  If the land is to be 

leased, the use restrictions identified in the EBS are written into the lease.  If the land is sold and released 

from Navy jurisdiction, the land use restriction that was incorporated into the base instruction is written 

into the deed for the new property and recorded against the property title.  The format of the land use 

restriction would meet local or Rhode Island recording standards.  The regulatory standards in the State 

of Rhode Island for institutional controls are termed Environmental Land Use Restrictions (ELURs).  

Currently there is no plan for the excessing of Navy property at or in the vicinity of Site 8. 
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In cases where LUCs that include base instructions or ELURs are placed to address contamination at a 

site, the Navy must submit an annual report to the regulatory agencies documenting that all of the 

restrictions are being met.  The Navy is also required to take immediate action to correct any violations 

identified.  This report must be submitted every year and the obligations to enforce the restrictions remain 

as long as levels of contamination exceeding CERCLA risk levels remain on the property. 

 

• Effectiveness: LUCs could be applied to limit construction activities and limit future use of the 

property.  LUCs alone may not be effective in the long term to reduce risk.  LUCs are only effective if 

they are enforced properly.  No additional risks to human health and the environment would directly 

result from the imposition of LUCs. 

 

• Implementability: LUCs for soil on an active base, in the form of base instructions, can be easily 

implemented by the Navy.  Before any property transfer occurs from Navy control, the Navy would 

establish and record land use restrictions (in the form of an ELUR) against any deed created for the 

transferred property.  This can be readily implemented.  Monitoring and enforcement of land use 

restrictions would also be readily implemented by the Navy.   

 

• Cost: Because only administrative actions would be taken, capital costs would be very low and few 

long-term costs would be incurred for monitoring and enforcing LUCs. 

 

Conclusion – LUCs are retained for development into remedial action alternatives.  LUCs can be 

effective based on the restrictions placed.  For example, a restriction that does not allow any use except 

open space would protect against worker and residential exposure.  However, as the current and 

predicted future land use of this site is to be industrial, and because there are health risks associated with 

those uses, some additional controls would be warranted in conjunction with the LUCs. 

 

3.3.2.2 Fencing 

 

Fencing may be used as a barrier to restrict access to areas where contaminants are present at or near 

the surface, thereby limiting direct contact exposure for human receptors.  Access to portions of Site 8, 

where contaminated soil is present, is currently partially restricted by fencing. 

 

• Effectiveness: Fencing alone would not meet RAOs for soil because it is not effective in the long term 

to reduce risk and would not prevent ecological exposure.  It would help to meet RAOs along with 

LUCs and would be useful to prevent human access to contaminated areas or operating remedies.  

No additional risks to human health and the environment would result from the installation of fencing. 
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• Implementability: Installation of new fencing is readily implementable.  Contractors and equipment are 

readily available for fence installation and maintenance. 

 

• Cost: The capital and long-term costs for fencing would be low. 

 

Conclusion – Fencing is retained for development into remedial action alternatives. 

 

3.3.2.3 Signs 

 

The posting of signs may be used as a means of indicating areas where contaminants are present at or 

near the surface, thereby preventing direct contact exposure for human receptors.  Signs are usually 

posted around the perimeter of a site at a designated frequency (e.g., place a sign every 100 feet around 

the perimeter of a landfill).  Signs can be mounted to fencing or on a post that is driven into the ground. 

  

• Effectiveness: Sign posting alone would not meet RAOs for soil because it is not effective in the long 

term to reduce risk.  It would help to meet RAOs along with LUCs.  No additional risks to human 

health and the environment would result from the installation of signs. 

 

• Implementability: Installation of new signs is readily implementable.  Contractors and equipment are 

readily available for sign installation and maintenance. 

 

• Cost: The capital and long-term costs for posting signs would be low. 

 

Conclusion – Signs are retained for development into remedial action alternatives. 

 

3.3.2.4 Groundwater Monitoring 

 

Groundwater monitoring is used as a means to determine whether contaminants left in place in the soil 

continue or begin to migrate to the groundwater.  Groundwater monitoring is usually performed 

periodically at several locations, including upgradient of the contaminated area, within the contaminated 

area, and downgradient of the contaminated area.  Locating groundwater monitoring wells in this manner 

allows for the determination of site contaminant migration and the identification of contaminant sources 

upgradient of the area of investigation.  Typically, the cost for groundwater monitoring for FS purposes 

considers monitoring for a period of 30 years, and the development of a long-term groundwater 

monitoring plan.  However, the ROD and groundwater monitoring plan would identify the sampling 

frequency, duration, and decision rules to be followed under such a program. 
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• Effectiveness: Groundwater monitoring alone would not meet RAOs for soil because it is not effective 

in the long-term to reduce risk.  However, groundwater monitoring is often used to determine the 

effectiveness of selected remedies.  Using the proper sampling techniques and the appropriate 

personal protective equipment, no additional risks to human health and the environment would result 

from the implementation of a groundwater monitoring program. 

 

• Implementability: Installation of a long-term groundwater monitoring program is readily 

implementable.  Contractors and equipment are readily available for groundwater monitoring well 

installation, groundwater sample collection, and laboratory analysis. 

 

• Cost: The capital and long-term costs for a long-term groundwater monitoring is low. 

 

Conclusion – Groundwater monitoring is retained for development into soil remedial action alternatives 

that include leaving contaminants in place at the site. 

 

3.3.3 Containment 

 

The following containment technologies and process options for contaminated soil are evaluated in this 

section. 

 

• Impermeable Cap 

• Permeable Cover 

 

3.3.3.1 Impermeable Cap 

 

Impermeable capping involves installing an impermeable barrier over the contaminated soil or debris to 

restrict access to the contaminated soil or debris and to reduce infiltration of water (e.g., precipitation) into 

the subsurface.  Such a barrier is appropriate where soil contamination threatens groundwater or surface 

water, and is typically used for the purpose of reducing the leaching of contaminants from soil to 

groundwater.  Regrading of soil prior to capping may be required.  Cap materials can either be natural or 

synthetic.  Frequently used materials include low-permeability clay, bentonite-enhanced soils, and 

geomembrane liners made of materials such as low-density polyethylene, polyvinyl chloride, and 

Hypalon®.  These materials are typically covered with clean fill and vegetation (grass), or clean fill and 

asphalt to protect them against damage caused by puncturing and weathering.  Capping will involve 

regrading to provide for drainage and erosion control. 
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• Effectiveness: Capping can prevent direct exposure to COCs in soil, and to subsurface debris, and 

can reduce the migration of COCs from the site.  Capping is a reliable technology that would reduce 

risk to human and ecological receptors by providing a barrier between contaminated soil and debris 

and potential receptors.  Capping would be effective in reducing the infiltration of water, and 

consequently, reducing the potential leaching of contaminants from unsaturated soil and debris to 

groundwater; however, the soil PRGs and the observed groundwater conditions do not warrant 

construction of an impermeable cap to prevent the leaching of COCs from soil to groundwater (see 

Section 1.8.1.4).  Capping alone would not prevent potential contaminant leaching from saturated soil 

to groundwater.  Because capping does not eliminate the natural flow of groundwater through the 

subsurface, any contaminated soil or debris in the saturated zone would remain a possible continuing 

source of contamination to groundwater.  Capping only isolates existing contamination, offering no 

decrease in contaminant levels.  Since contaminated soil and debris remain in place, the long-term 

effectiveness of capping depends on adequate long-term cap maintenance. 

 

• Implementability: Construction of an impermeable cap is implementable at Site 8.  A variety of proven 

capping materials can be used, including bentonite-enhanced soil, low permeability clay, 

geomembranes, and combinations of these materials.  Due to the mounds and grade differential 

across Site 8, significant earthwork may be required to provide proper slopes for cap stability and to 

promote surface water drainage.  Remedial activities involving regrading and capping are relatively 

common and can be conducted by many contractors.  No permits or other administrative 

requirements would be necessary for onsite activities.  However, due to the operational 

limitations/restrictions associated with the paved storage area, an impermeable cap would be difficult 

to construct across the entire site.  Because the contaminated soil and debris would remain in place, 

the need for a TSDF is not a concern.  LUCs would be required in conjunction with capping to limit 

the future use of the capped areas or actions that may damage the cap.  Long-term groundwater 

monitoring would also need to be implemented. 

 

• Cost: The capital costs for impermeable cap construction are moderate to high depending on the size 

of the areas to be capped.  Long-term O&M costs of impermeable cap systems are low. 

 

Conclusion – Due to the operational limitations/restrictions associated with the Paved Storage Area, the 

construction of an impermeable cap would be difficult across the entire site.  Depending upon the 

impermeable cap orientation, construction of an impermeable cap can increase infiltration in areas that 

are not capped.  Although an impermeable cap would address RAOs associated with direct exposure to 

soil, the soil PRGs and groundwater conditions do not warrant construction of an impermeable cap to 

prevent the leaching of COCs from soil to groundwater (see Section 1.8.1.4).  Instead, the Navy plans to 

conduct selective excavation of soil deemed to be a leachability concern.  An impermeable cap may also 
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complicate the planned groundwater cleanup efforts (e.g., hindering the attenuation of arsenic and 

manganese concentrations in groundwater by maintaining reducing conditions in the aquifer which can 

mobilize arsenic and manganese from soil).  Therefore, an impermeable cap is not retained for further 

consideration in the development of remedial action alternatives. 

 

3.3.3.2 Permeable Cover 

 

Permeable covers involve installing a soil barrier over the contaminated soil or debris to assist restriction 

of access to the contaminated soil or debris.  Permeable barriers are appropriate where soil 

contamination and debris do not threaten groundwater or surface water resources or are located beneath 

the water table.  Regrading of the surface may be required prior to covering.  Cover materials are natural 

materials but could include geosynthetic separation or marker layers.  Frequently used materials include 

clean common fill soils, topsoil, and geotextiles.  Covering at Site 8 will involve regrading to provide for 

drainage and erosion control. 

 

• Effectiveness: Installation of a permeable cover would achieve the RAO for preventing direct 

exposure to contaminated soil and debris.  A permeable cover would not be effective in preventing 

infiltration or potential leaching of contaminants from unsaturated soil and debris to groundwater.  

Because contaminated soil and debris remains in place when implementing a permeable cover, the 

effectiveness of a permeable cover in preventing direct exposure to contaminants depends on 

adequate cover maintenance.  Institutional controls such as LUCs would be required in conjunction 

with the impermeable cover, to limit the future use of or intrusion into the covered areas.   

 

• Implementability: Construction of a permeable cover is readily implementable at Site 8.  Specialized 

construction techniques are not required, and qualified contractors and necessary cover materials are 

readily available.  Earthwork requirements would be similar to those described for an impermeable 

cap.  Due to the mounds and grade differential across Site 8, significant earthwork may be required to 

promote surface water drainage.  However, due to the operational limitations/restrictions associated 

with the Paved Storage Area, a cap would be difficult to construct across the entire site.  No permits 

or other administrative requirements would be necessary.  Because no offsite activities would be 

occurring, the need for TSDFs is not a concern.  Long-term groundwater monitoring would also need 

to be implemented.  

 

• Cost: The capital and long-term O&M costs for a permeable cover are moderate. 
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Conclusion – Capping with a permeable cover, in conjunction with LUCs, would prevent exposure to 

contaminated soil and debris; therefore, this technology will be retained for development into remedial 

action alternatives. 

 

3.3.4 Removal – Bulk or Selective Excavation 

 

Bulk excavation involves the large-scale removal of contaminated soil and debris.  Selective excavation 

involves the removal of limited or localized areas of contaminated soil and debris.  Traditional excavation 

equipment such as hydraulic excavators, bulldozers, wheel loaders, and off-road dump trucks are 

typically used.  The excavated material could be loaded onto trucks and hauled over the road to an 

approved treatment or disposal facility, or could be treated and/or relocated at the site or another location 

at NAVSTA Newport.  Large excavation areas are typically sloped at 3 feet horizontal to 1 foot vertical to 

establish a stable slope.  Open excavations would be backfilled using clean fill or treated soil.  For Site 8, 

due to the mission-critical use of the Paved Storage Area, only partial (selective) excavation is 

considered, which would exclude the material beneath the Paved Storage Area.  Although this area has 

not been fully investigated and may contain additional buried debris, the existing pavement and fencing 

would prevent exposure to COCs and debris in the soil beneath the paved area.  Groundwater around 

this waste management area would be monitored.   

 

• Effectiveness: Excavation would be effective for handling the volume of contaminated soil and debris 

at Site 8.  Control of fugitive dust would be required during excavation to protect onsite workers and 

the surrounding community.  Standard engineering controls such as dust suppressants would 

adequately and safely control airborne contaminants.  This technology, combined with subsequent 

treatment and/or disposal, would be a permanent solution and achieve the RAOs. 

 

• Implementability: Excavation is implementable for vadose zone soil (depth of soil above the 

groundwater table).  The groundwater table is present in bedrock across much of Site 8, so the actual 

excavation would reach the top of the soil-bedrock interface in many areas prior to reaching the 

groundwater table.  Additionally, the area impacted would not leave sufficient staging and working 

space onsite, so the excavation would have to be done in portions.  Specialized construction 

techniques are not required, and qualified contractors and necessary equipment are readily available.  

Excavation would require protection of the site surface water and implementation of erosion and 

sediment control measures.  If excavated materials are disposed of offsite, transportation and TSDF 

requirements must be met. 

 

• Cost: The capital costs range from moderate to high due to the extent of the affected area and the 

disposition of the excavated material.   



   

W5212801F (081020/P) 3-13 CTO WE19 

Conclusion – Removal of contaminated soil by bulk and/or selective excavation is retained for 

development of remedial action alternatives, particularly for the removal of waste anomalies and 

addressing exposure risks associated with surface soil (whole-site excavation may not be implementable 

or cost-effective).  As stated above, although the Paved Storage Area has not been fully investigated and 

may contain additional buried debris, the Navy believes that the pavement acts as a low permeability 

barrier which, together with the fencing, would prevent exposure to COCs and any debris in the soil 

beneath that area.  The Paved Storage Area would therefore be operated as a waste management area 

and LUCs would be implemented, along with a groundwater monitoring program, to ensure the pavement 

is maintained and that COCs are not migrating from that area over time. 

 

The planned long-term use of the site is industrial.  However, under a hypothetical clean-closure scenario 

for unrestricted use, an estimated 78,000 cy of contaminated soil would need to be excavated from the 

site, including the Paved Storage Area.  This level of effort would require over 5,000 truckloads of 

contaminated soil and another 5,000 truckloads of clean fill, which would have an impact on the 

surrounding roads and community.  The Paved Storage Area and related Building 185 Complex would 

need to be demolished and relocated.  The operations associated with Building 185 are mission-critical 

and cannot be readily interrupted.  Assuming a typical unit cost of $150/cy for excavation, backfill, and off-

site disposal, the total cost of the clean-closure scenario is estimated to be on the order of $12,000,000, 

plus additional costs for relocating the operations associated with the Building 185 Complex. 

 

3.3.5 Treatment 

 

The treatment technologies evaluated in this section include ex-situ treatment (Low Temperature Thermal 

Desorption) and in-situ treatment (phytoremediation). 

 

3.3.5.1 Ex-Situ Treatment - Low Temperature Thermal Desorption 

 

Once excavated, contaminated soil can be treated and reused on site or sent offsite for treatment and 

disposal.  Low Temperature Thermal Desorption (LTTD) is the only ex-situ treatment option retained from 

the initial screening for further evaluation.  The technology uses low to high temperatures to volatilize 

organics.  The off-gas generated during desorption may require treatment to capture contaminants.  The 

temperatures and residence times used to treat the contaminated soil are designed for the selected 

COCs.  Low temperatures are effective on petroleum hydrocarbons and solvents, and high temperatures 

are effective on SVOCs.  COC destruction efficiencies of the units are typically greater than 95 percent.  

Treated soil generally retains its physical properties and ability to support biological activity if backfilled. 

Two common types of thermal units are the rotary dryer and thermal screw.  Soil throughput rates are 
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typically 15 to 20 tons per hour for sandy soils.  Most of the units are transportable and can be mobilized 

to a site for onsite treatment. 

 

• Effectiveness:  LTTD can be effective for treating the contaminated soil at Site 8.  The efficiencies of 

the system should allow soil to be reused on site to be treated to PRGs and soil to be disposed 

off-site to be treated to required concentrations (e.g., land disposal requirements [LDRs]).  Additional 

soil characterization and treatability studies would be required to design the appropriate treatment 

system (temperatures, residence times, and off-gas treatment). 

 

• Implementability:  The required equipment and vendors are available to treat contaminated soil on 

site and TSD facilities are also available to treat the contaminated soil off site.  Many vendors offer 

low-temperature thermal desorption units mounted on a single trailer.  Fewer venders offer high-

temperature desorption units and these units are typically larger and mounted on multiple trailers.  

Dewatering of the contaminated soil may be necessary to achieve acceptable soil moisture content 

levels prior to treatment.  Air emission controls may be required to protect human health and the 

environment. 

 

• Cost:  Costs for ex-situ thermal treatment of excavated soil are moderate to high.  Mobilization costs 

can be high for mobile units, especially high-temperature units with air emission controls. 

 

Conclusion – On-site and off-site ex-situ thermal treatment of excavated soil will be retained for Site 8.  

On-site thermal treatment will be considered so that the contaminated soil can be reused as fill material.  

Off-site treatment will be considered for any soil designated as hazardous or Toxic Substances Control 

Act (TSCA) waste that requires pretreatment prior to offsite disposal. 

 

3.3.5.2 In-Situ Treatment - Phytoremediation  

 

Phytoremediation is the only in-situ treatment option retained from the initial screening for further 

evaluation.  Phytoremediation is the use of naturally occurring and/or genetically engineered vegetation to 

cleanup or contain contaminated environmental media.  It is considered an “innovative” technology 

because, although the technology has been shown to be very effective in specific situations, the 

processes are not well understood and they have been applied (in full-scale) to only a relatively small 

number of sites. There are several phytoremediation mechanisms for the removal, degradation, or 

stabilization of contaminated soil: 

 

• Phytoextraction involves the direct uptake and translocation of contaminants into plant tissues. 
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• Phytotransformation or phytodegradation involves the breakdown or transformation of contaminants 

by enzymes in plants (or exudates) into other harmless chemicals. 

 

• Phytostabilization involves the use of plants to reduce the migration potential of contaminated soil, 

and mostly relies on adsorption and precipitation of contaminants (principally metals) by plants. 

 

• Rhizofiltration involves the uptake of contaminants by plant root systems, and mostly relies on 

adsorption, concentration, and precipitation of heavy metals by plant roots. 

 

• Phytostimulation, or plant-assisted bioremediation, relies on stimulation of microbial and fungal 

degradation by release of exudates/enzymes into the root zone. 

 

Phytoremediation processes are applicable for a wide variety of organic and inorganic contaminants and 

are most effective where soil contamination is within three feet of the ground surface. 

 

• Effectiveness: Phytoremediation may be an effective treatment technology for remediating arsenic 

and PAHs in shallow soil, although full-scale implementation of this technology is uncertain.  

Seasonal effects (i.e., winter) may limit the effectiveness of phytoremediation.  The toxicity and 

bioavailability of biodegradation products is uncertain. 

 

• Implementability: Implementation of a phytoremediation remedy would require the removal of existing 

vegetation and replanting with selected plant species which are capable of treating the site COCs.  

Plants used for the uptake of arsenic would require harvesting, testing, and proper disposal.  

Phytoremediation could not be implemented in paved areas or for treating subsurface soil. 

 

• Cost: Costs for phytoremediation can be moderate to high compared to other soil treatment options. 

 

Conclusion – Phytoremediation will not be retained for further consideration at Site 8.  Phytoremediation 

has uncertain effectiveness for full-scale implementation and would not be able to address subsurface 

contamination at the site.  Other concerns include its lesser protection against soil erosion to stream and 

pond sediment compared to containment and removal options. 

 

3.3.6 Disposal – Landfilling 

 

The disposal technologies evaluated in this section include off-site landfilling and on-site landfilling 

(consolidation). 
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3.3.6.1 Off-Site Landfilling 

 

Contaminated soil and debris may ultimately be disposed of at a regulated landfill.  Depending on the 

contaminants and their concentrations, the material may or may not require treatment prior to landfilling.  

The treatment, if necessary, can be part of a process option chosen in the selected remedy or can be 

provided by the operator of the landfill as part of the disposal service. 

 

The types of landfills considered are hazardous waste landfills and non-hazardous waste landfills.  The 

principal differences between these landfills are the administrative requirements and the lining, leachate 

collection and removal, and cap systems.  These two types of landfills are described as follows: 

 

• Hazardous Waste Landfill 

 

Hazardous waste landfills are regulated by the landfill and post-closure requirements of RCRA (40 

CFR 264 and 265, Subparts G and N), the TSCA for PCBs, and state and local laws.  Among the 

requirements are foundations, double liner systems, leak detection systems, leachate collection and 

removal systems, operations, capping, post-closure inspections, maintenance (30-year period), and 

post-closure groundwater monitoring (30-year period). 

 

• Non-Hazardous Waste Landfill 

 

Non-hazardous waste landfills include municipal waste landfills and construction/demolition waste 

landfills.  Design and operating practices are somewhat similar to hazardous waste landfills; however, 

the lining and cap system requirements are generally not as stringent.  These landfills may be used 

for wastes that are not classified as hazardous but may still significantly contaminate groundwater.  

Among the design and operating requirements are foundations, liner systems, leak detection 

systems, leachate collection and removal systems, operations, capping, post-closure inspections, 

maintenance, and post-closure groundwater monitoring. 

 

Hazardous and non-hazardous waste landfills are currently available off-base to accept wastes. 

 

• Effectiveness: Disposal of contaminated soil and debris at a landfill would achieve the RAOs by 

preventing direct exposure to COCs in soil.  Since the soil includes inorganic COCs which are not 

easily treated, a landfill may be required for ultimate disposal.  The technologies available include a 

hazardous waste landfill and a non-hazardous waste landfill.  The selection of one landfill over 

another depends on the relative toxicity of the contaminated soil and debris, the risks associated with 

their disposal, and the regulatory requirements.  Soil containing contaminants restricted under RCRA 
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LDR regulations would have to be treated to acceptable levels prior to landfilling.  These treatments 

can be conducted onsite or at an approved offsite landfill. 

 

• Implementability: Landfill disposal is implementable, although availability of offsite landfill capacity 

may be limited.  For off-base landfill disposal, transportation requirements must be met to transport 

the contaminated soil and debris from NAVSTA Newport.  Treatment of the contaminated soil, in 

compliance with RCRA LDRs, may be required for some of the soil prior to landfilling.  Off-base 

disposal facilities with these treatment capabilities are available, but may limit the landfills available 

for waste acceptance.  No hazardous waste landfills are located in Rhode Island; however, 

equipment and resources needed to transport the contaminated soil and debris are readily available. 

Additionally, careful consideration should be given to energy-inefficient transport and disposal of large 

quantities of waste that contain low concentrations of contaminants. 

 

• Cost: For disposal in off-site landfills, the capital costs are moderate to high depending on the 

transportation distance to the landfill.  Disposal in hazardous waste landfills is the most expensive of 

the landfill options, while disposal in a non-hazardous waste landfill is less expensive. 

 

Conclusion – Landfilling is an effective technology that would support the removal of contaminated soil 

and debris and is implementable when using existing off-base disposal facilities.  However, it should be 

noted that the waste is not permanently addressed; with land disposal, the location of the waste is simply 

transferred to a facility with management practices in place.  For large quantities of material, careful 

consideration is needed to be sure that such an effort is appropriate.  It is likely more appropriate to 

address small quantities of highly contaminated material in this manner, than it is to address large 

quantities of material with lesser concentrations of contaminants.  Off-site landfill disposal is retained for 

development of remedial action alternatives. 

 

3.3.6.2 On-Site Landfilling (Consolidation) 

 

On-site landfilling, or consolidation, includes the process of reducing the limits of contaminated soil or 

debris by excavating, moving and piling the contaminated soil or debris to a centrally located area.  This 

technology, as it is described in this FS, does not refer to the excavation and transportation of 

contaminated soil or debris to another location within NAVSTA Newport for landfilling.  The result of 

consolidation is a smaller Site 8 footprint that would require a cover or cap, LUCs, or physical barriers to 

prevent exposure to the contaminated soil and debris.  

 

• Effectiveness: Consolidation of contaminated soil and debris does not achieve the RAOs alone by 

preventing direct exposure to contaminated soil or debris.  However, the consolidation process could 
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reduce the area of supporting technologies needed such as soil cover, capping, LUCs, and/or 

barriers, thus making the overall effort more efficient. 

 

• Implementability: Consolidation is implementable with the same conventional equipment used for 

implementing excavation, cover systems, and LUCs.  The implementation of this technology does not 

create any additional hazards that are not apparent during implementation of the other technologies 

that must accompany consolidation as a remedial action alternative.  The consolidated material would 

need to be managed according to solid waste disposal regulations or RIDEM’s Remediation 

Regulations, depending on the characteristics of the waste and the regulatory status of the disposal 

area.  Thus, it does not provide any further gains than those that are presented for covering soil 

in-place.  

 

• Cost: The cost of consolidation is moderate, depending on the volume of contaminated soil and 

debris being consolidated.  However, such costs will reduce the cost of remedial actions that must 

accompany this technology. 

 

Conclusion – On-site landfilling (consolidation) is an effective technology to be used as an enhancement 

to technologies such as containment and LUCs, and will be retained for further consideration. 

 

3.4 EVALUATION OF RETAINED GROUNDWATER PROCESS OPTIONS AND 

TECHNOLOGIES 

 

For the remediation of contaminants in groundwater, a variety of technologies and process options are 

available for each of the GRAs described in Section 3.1.  A range of these technology types and process 

options was identified and screened to focus on relevant technologies and process options.  A summary 

of the identification and preliminary screening of technologies and process options appropriate for 

groundwater is provided in Table 3-2.  Many options were eliminated based on technology screening.  

Groundwater remediation technologies and process options retained after the preliminary screening are 

presented in Table 3-5.  The evaluation of the retained technologies and process options for groundwater 

remediation is provided in the following Section 3.4 subsections. 

 

3.4.1 No Action 

 

The no action option is considered to provide a baseline level to which other remedial technologies and 

alternatives can be compared.  Under this option, no removal or treatment of the contaminated 

groundwater would occur. 
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• Effectiveness: This option would not be effective in achieving the RAOs for contaminated 

groundwater.  No action would not allow the evaluation of either potential contaminant reduction 

through natural attenuation or potential contaminant migration offsite, because no monitoring would 

be performed. 

 

• Implementability: No implementability considerations are associated with the no action option. 

 

• Cost: Because no actions would be taken other than 5-year reviews of site status, capital and O&M 

costs would be negligible. 

 

Conclusion – The no action option is retained as a baseline, as required by the NCP. 

 

3.4.2 Limited Action 

 

The components of limited action that are evaluated in this screening are LUCs, monitoring, and natural 

attenuation. 

 

3.4.2.1 Land Use Controls 

 

Institutional controls would be established in the form of LUCs to restrict activities within the current Navy 

base through the establishment of a base instruction.  To address the future use of land in the event that 

a property is sold or transferred, the Navy will create and record deed restrictions that will meet local and 

state requirements.  These restrictions may: limit future activities such as new well placement or establish 

construction restrictions that would restrict access to the groundwater for any reason (e.g., potable water 

supply).  Restrictions would also prevent the disturbance to any component of the remedy (e.g., 

monitoring wells).  LUCs would be monitored and enforced by the Navy for as long as COCs are present 

that pose a risk above CERCLA risk levels. 

 

• Effectiveness: LUCs would not remove COCs from groundwater or restore aquifer quality; however, 

LUCs would effectively minimize potential human health risks associated with exposure to COCs in 

groundwater.  No additional risks to human health and the environment would directly result from the 

imposition of LUCs.  Because of the long time required for natural attenuation, a LUCs-only 

alternative would not be effective. 

 

• Implementability: LUCs would be implemented at the active base through base instructions created 

and enforced by the Navy.  Before any property transfer were to occur, the Navy would establish and 

record land use restrictions (in the form of an ELUR) against any deed created for the transferred 
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property.  This could be readily implemented.  Monitoring and enforcement of land use restrictions 

would also be readily implemented by the Navy. 

 

• Cost: Because only administrative actions would be taken, capital costs would be very low and limited 

O&M costs would be incurred for monitoring and enforcing the LUCs. 

 

Conclusion – Use of LUCs to meet RAOs for protection of human health from exposure to COCs in 

groundwater is retained for development into remedial action alternatives. 

 

3.4.2.2 Groundwater Monitoring 

 

Sampling and analysis of groundwater throughout the area of potential groundwater contamination could 

be used to evaluate flushing and/or migration of contaminants.  Monitoring could also be used to assess 

the progress of natural attenuation.  Whereas it is likely that attenuation will take place, it is not intended 

to be a primary element of this technology. 

 

• Effectiveness: Groundwater monitoring by itself would not reduce the toxicity, mobility, or volume of 

contaminants in the groundwater.  However, periodic groundwater monitoring and evaluation of 

contaminant migration data would allow the responsible party to assure that an existing acceptable 

condition remains, and to anticipate and take action to prevent potential adverse impacts, such as 

contaminant transport offsite.  Monitoring would also be helpful in measuring and evaluating the 

effectiveness of groundwater remediation and source control measures. 

 

• Implementability: A groundwater monitoring program could be readily implemented at the site.  Wells 

are currently in place and could be augmented with new wells as needed.  

 

• Cost: The capital and O&M costs for periodic groundwater monitoring would be relatively low. 

 

Conclusion – Groundwater monitoring would be an effective and implementable method of observing 

contaminant leaching, as well as migration/flushing during the progress of active groundwater 

remediation. This option is retained for development into remedial action alternatives.   

 

3.4.2.3 Monitored Natural Attenuation 

 

Monitored natural attenuation (MNA) would consist of monitoring groundwater quality to determine the 

extent to which naturally occurring processes such as biodegradation, abiotic transformation, dispersion, 

and dilution would reduce concentrations of COCs over time.  For this purpose, new monitoring wells 
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would be installed as required.  Conceptually, samples from new and existing wells within the CVOC 

plumes would be regularly collected and analyzed for natural attenuation parameters such as oxidation-

reduction potential (ORP), dissolved oxygen (DO), pH, alkalinity, temperature, conductivity, total organic 

carbon (TOC), ferrous and total iron, sulfur compounds (sulfide and sulfate), nitrogen compounds (nitrite 

and nitrate), orthophosphate, chloride, and metabolic gases (methane, ethane, ethene, and carbon 

dioxide). 

 

• Effectiveness: Naturally-occurring processes could reduce concentrations of CVOCs and metals in 

groundwater over the long-term.  Based on the results of the RI, the SRI, and the recent MNA 

technical memorandum, natural reductive dehalogenation is occurring at the site to some degree; 

however, limited historical sampling data are available and more data over time would be helpful for 

further evaluating the effectiveness of MNA at the site (Tetra Tech, 2010, Tetra Tech, 2011a, Tetra 

Tech, 2011b).  The Navy is planning to conduct additional MNA sampling events during 2012.  

Groundwater monitoring would provide an effective means of evaluating the changing concentrations 

of COCs in groundwater and of assessing the rate of decrease of these concentrations.  Monitoring of 

indicator parameters would help to evaluate the potential effectiveness of the reductive 

dehalogenation process.  Natural attenuation of dissolved metals concentrations in groundwater 

would be more effective following remediation of the CVOC plumes in groundwater.  Following the 

depletion of CVOC contamination and the re-establishment of the aquifer geochemical conditions that 

favor the binding of metals to aquifer solids, the elevated metals concentrations are expected to 

attenuate over time, via adsorption or (co)precipitation.  Institutional controls such as LUCs would be 

required in conjunction with the MNA, to limit the future use of groundwater until cleanup goals are 

reached.   

 

• Implementability: MNA would be easy to implement.  Monitoring groundwater quality and periodically 

reviewing site conditions could readily be performed, and the necessary resources are available to 

provide these services.  

 

• Cost: The capital and O&M costs for MNA would be relatively low. 

 

Conclusion – MNA is retained in combination with other process options for the development of remedial 

action alternatives. 

 

3.4.3 Containment – Hydraulic Containment 

 

The only containment method evaluated in this screening is hydraulic containment. The hydraulic 

containment option would use a pumping well system, composed of a series of wells installed in the 
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overburden and bedrock aquifers, to capture contaminated groundwater for treatment.  A hydraulic 

containment system is similar to an extraction well system, but the purpose of the two systems differs 

somewhat.  The wells used in a hydraulic containment system would be designed and situated to provide 

optimum efficiency in holding contaminated groundwater in place to minimize migration, whereas an 

extraction system would be focused on maximizing the removal of contaminant mass. 

 

• Effectiveness: The effectiveness of a hydraulic containment system depends largely on the geology 

and hydrogeology of the aquifers.  Hydraulic containment systems are sometimes successful in 

homogeneous, isotropic overburden aquifers with well-defined source areas and plume extents.  At 

Site 8, the bedrock aquifer consists of varying planar features, including fractures, bedding planes, 

cleavage or contacts.  The weathering of bedrock is particularly significant in many areas of the North 

Meadow, even at depth. A high yielding fracture zone was identified at the North Meadow, which 

yielded high volumes of water during drilling, indicating a significantly high hydraulic conductivity.  

This suggests that groundwater containment by use of an extraction system would be ineffective at 

the site due to the hydrogeologic conditions at the site, especially the heterogeneity and anisotropy of 

the bedrock beneath the site.  The proximity to the pond would complicate plume capture in this area 

(i.e., extraction wells would draw in pond water over time). 

 

• Implementability: Complete hydraulic containment using a pumping well system in bedrock is not a 

proven technology.  Even partial hydraulic control in bedrock in similar situations may be difficult.  

Implementation of this technology would require long-term operation and maintenance of wells and 

pumps.  Required maintenance may include periodic replacement of mechanical components and 

well flushing to remove fine-grained material that may clog the wells.  Establishing an effective 

containment system at this site is complicated by the presence of the stream and pond, which is 

hydraulically connected to the bedrock aquifer.  The location of the site along a large bedrock fracture 

zone makes the success of this technology improbable. 

 

• Cost: The capital costs for groundwater extraction wells are low.  The O&M costs would be moderate. 

 

Conclusion – In site conditions that include bedrock and bedrock with multiple fractures, hydraulic 

containment is likely to be difficult.  Hydraulic containment of the plume in the North Meadow also would 

be difficult due to the high hydraulic conductivity and the proximity to NUWC Pond.  The groundwater 

plume at Site 8 is already relatively contained due to the groundwater flow regime which is directed 

toward the pond.  Therefore, hydraulic containment is not retained for further development into remedial 

action alternatives. 
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3.4.4 Removal – Groundwater Extraction with Wells 

 

The only technology and process option considered under this GRA is groundwater extraction with wells.   

The extraction well option would use a pumping well system similar to a hydraulic containment system 

(described in Section 3.4.3), composed of a series of wells installed in the bedrock aquifer, to capture 

contaminated groundwater for treatment.  The wells used in a groundwater extraction system would be 

designed and situated to provide optimum efficiency in capturing contaminated groundwater as it is 

traveling within the predicted flow path, while minimizing the collection of uncontaminated groundwater. 

 

• Effectiveness: The effectiveness of a groundwater extraction system depends largely on the geology 

and hydrogeology of the aquifers.  Groundwater extraction systems are sometimes successful in 

homogeneous, isotropic overburden aquifers with well-defined source areas and plume extents.  

However, as described in Section 3.4.3, due to the heterogeneity and anisotropy of the fractured 

bedrock aquifer and potential back diffusion of contaminants from rock matrix, this technology is 

considered ineffective.  Extraction in the North Meadow also may not be effective due to the proximity 

to NUWC Pond which would serve as a constant head (preventing adequate drawdown and plume 

capture).  Over time, an extraction system in this area would pull in and unnecessarily treat large 

quantities of pond surface water.  In the southern part of the site, water yields in the bedrock aquifer 

where the CVOCs are present were found to be too low for groundwater extraction (i.e., extraction 

wells would quickly dewater). 

 

• Implementability: Groundwater extraction in bedrock is not a proven technology.  Even partial plume 

capture in bedrock in similar situations has been shown to be ineffective.  Implementation of this 

technology would require long-term operation and maintenance of wells and pumps.  Required 

maintenance may include periodic replacement of mechanical components and well flushing to 

remove fine-grained material that may clog the wells.   

 

• Cost: The capital and O&M costs for groundwater extraction wells are low; however, the costs of the 

treatment plant are high and would likely be required for an extended timeframe. 

 

Conclusion – Where site conditions include bedrock and bedrock with multiple fractures, groundwater 

extraction has proven to be an ineffective process.  Effective plume capture also would not be 

implementable due to the presence of the pond and the low groundwater yields in the southern part of the 

site.  The high costs of a long-term pump-and-treat system are not warranted for Site 8, where the plume 

generally consists of low to moderate COC concentrations and is contained by the stream/pond system to 

which it discharges.  Therefore, groundwater extraction is not retained for further development into 

remedial action alternatives.  Groundwater extraction wells may be retained for limited applications at Site 
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8 in conjunction with other in-situ treatment technologies (e.g., for purposes of hydraulic control in 

combination with injection wells). 

 

3.4.5 Treatment – In-Situ 

 

This section presents the evaluation of in-situ treatment technologies that remove the contaminants from 

groundwater and processes that treat the groundwater without removal from the subsurface.  The 

following technologies and process options are evaluated: 

 

• In-situ Enhanced Bioremediation  

• In-situ Chemical Oxidation (ISCO) 

 

3.4.5.1 In-Situ Enhanced Bioremediation 

 

In-situ enhanced bioremediation involves the use of microorganisms, primarily bacteria, actinomycetes, 

and fungi, to breakdown hazardous organic compounds into nontoxic or less toxic forms.  In-situ 

enhanced bioremediation includes biostimulation and bioaugmentation.  Biostimulation consists of using 

an electron-donor compound to cause reductive dehalogenation and/or an oxygen-release compound to 

enhance the activity and growth of indigenous microorganisms and natural biodegradation processes.  

Bioaugmentation consists of using a bacterial culture to increase the naturally occurring microorganism 

population and to provide organisms specifically targeted to the degradation of COCs. 

 

For Site 8, in-situ biostimulation would consist of an electron-donor compound such as a lactate or 

emulsified oil substrate to enhance the anaerobic dechlorination of the CVOCs.  For example, TCE can 

be transformed to ethene, carbon dioxide, and water though anaerobic biological process.   

 

In-situ bioaugmentation could consist of injecting a specialized bacterial culture, such as 

Dehalococcoides (DHC), to enhance the dechlorination of TCE if indigenous microorganisms are not 

sufficient. 

 

The electron-donor compound and/or bacterial culture would be injected into the TCE plumes using 

multiple injection points or injection wells.  

 

• Effectiveness: Biostimulation with an electron-donor compound and bioaugmentation with the use of 

DHC are fairly well-proven technologies for the complete dehalogenation of non-degraded chlorinated 

solvents (e.g., TCE) from groundwater.  Although increasingly documented, the effectiveness of these 

technologies, particularly in cases of very high contaminant concentrations, may need to be 
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demonstrated through site-specific treatability testing, including a microcosm study.  A microcosm 

study would help to verify that the necessary microorganisms are present/active in site groundwater 

and would help to evaluate the effectiveness of various amendments needed to assist the 

bioremediation process. 

 

• Implementability: In-situ enhanced bioremediation is implementable although with some difficulty due 

to the presence of COCs in fractured bedrock.  A tight spacing of injection points may be required in 

order to achieve the required substrate contact, and injection into bedrock may be difficult to 

accomplish.  Pilot testing may be needed to support the design of injection wells.  Many qualified 

contractors would be available for the implementation of this technology.  Because of the relatively 

large surface area and depth of the plume, application of an electron-donor compound and bacterial 

culture would best be accomplished through injection wells.  Permanent injection points into the 

bedrock would be required.   

 

• Cost: Capital and O&M costs for in-situ enhanced bioremediation would be moderate to high. 

 

Conclusion – In-situ enhanced bioremediation is retained for the development of groundwater remedial 

alternatives. 

 

3.4.5.2 In-Situ Chemical Oxidation 

 

ISCO involves the injection of chemical agents into the contaminant plume.  These chemical agents 

promote the generation of highly reactive hydroxyl radicals that react with COCs such as CVOCs and 

result in the oxidative cleavage of the carbon-to-carbon bond, yielding water, carbon dioxide, oxygen, and 

dilute hydrochloric acid as by-products.   

 

Traditionally, the chemical agents used for this purpose have included powerful oxidants such as iron-

catalyzed hydrogen peroxide (known as Fenton's Reagent), sodium persulfate, or potassium 

permanganate.  More recently, milder oxidants such as catalytically complexed sodium percarbonate 

(marketed as RegenOx™) have also been successfully used.   

 

Similar to in-situ biological treatment additives, in-situ chemical oxidation reagents are generally injected 

in the contaminant plumes using multiple injection points. 

 

• Effectiveness: ISCO using strong oxidants such as Fenton's Reagent and potassium permanganate 

is a well-established technology that could be effective for the destruction of CVOCs at the site.  Use 
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of this technology has been proven particularly successful where high concentrations of CVOCs are 

present that could render other in-situ treatment technologies (e.g., biological treatment) ineffective.   

 

ISCO with milder oxidants such as catalytically complexed sodium percarbonate could also be 

effective for the destruction of TCE.  A significant advantage of the milder oxidants is that they do not 

result in the generation of high heat and pressure, which means that they are safer and can be used 

more easily and in a more widespread fashion.  However, the effectiveness of milder oxidants is not 

as well documented as that of stronger oxidants.  Therefore, treatability testing, preferably of the pilot-

scale type, may be required to confirm effectiveness and determine injection system design criteria.   

 

ISCO is generally more cost effective when focused on reducing high COC concentrations. Achieving 

low PRGs may require dosages of oxidants in excess of stoichiometry and/or multiple applications.  

Accordingly, in-situ chemical oxidation is generally better suited to the treatment of highly 

concentrated hot spots and source areas rather than to the plume fringe. 

 

Most oxidizing agents remain active in the groundwater for a relatively short time because they react 

with both contaminants and naturally-occurring substances.  Thus, excess oxidizing agents are 

unlikely to migrate through the groundwater to Deerfield Creek or NUWC Pond. 

 

The effectiveness of ISCO with either strong or mild oxidants can also be impacted by heterogeneous 

subsurface conditions such as are known to be present at the site and that could result in uneven 

distribution of the injected chemical agents and incomplete contact of these agents with the 

groundwater COCs.  ISCO also results in aerobic subsurface conditions that require a significant lag 

time following application for the anoxic/anaerobic reductive conditions favorable to continued natural 

attenuation to be restored. 

 

• Implementability: ISCO is implementable, although with some difficulty, due to the presence of COCs 

in fractured bedrock.  A tight spacing of injection points may be required in order to achieve the 

required substrate contact, and injection into bedrock may be difficult to accomplish.  Pilot testing may 

be needed to support the design of injection wells.  Qualified contractors specializing in the 

application of this technology are relatively available.  Based on the heterogeneity of subsurface 

materials at the site, application of an oxidant may best be accomplished through direct injection 

rather than by recirculation, although placement of injection points may interfere with current site 

operations.  Pilot tests to select a reagent might also be required, although because of the relatively 

low TCE concentrations, potassium permanganate would likely be used.  The chemical reactions that 

result from the application of strong oxidizing agents typically generate large quantities of heat and 

high pressure that can drastically alter subsurface characteristics and even result in hazardous 
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conditions if not carefully administered.  Most of the site is paved and the water table is high, which 

needs to be considered in the selection process. 

 

• Cost: Capital and O&M costs for ISCO would be moderate to high. 

 

Conclusion – In-situ chemical oxidation of CVOCs is retained in combination with other technologies and 

process options for the development of remedial alternatives. 

 

3.5 EVALUATION OF RETAINED SEDIMENT PROCESS OPTIONS AND 

TECHNOLOGIES 

 

For the remediation of contaminated sediment, a variety of technologies and process options are 

available for each of the GRAs described in Section 3.1.  A range of these technology types and process 

options was identified and screened to focus on relevant technologies and process options.  A summary 

of the identification and preliminary screening of technologies and process options appropriate for 

sediment is provided in Table 3-3.  Many options were eliminated based on technology screening.  

Sediment remediation technologies and process options retained after the preliminary screening are 

presented in Table 3-6.  The evaluation of the retained technologies and process options for sediment 

remediation is provided in the following subsections. 

 

3.5.1 No Action 

 

The no action option is considered to provide a baseline level to which other remedial technologies and 

alternatives can be compared.  Under this option, no removal or treatment of the contaminated sediment 

would occur. 

 

• Effectiveness: This option would not be effective in achieving the RAOs for contaminated sediment.  

Contaminants would remain and could continue to pose a risk to the environment and/or human 

health.  Impacted sediment could migrate to other areas within NUWC Pond, under flooding 

conditions. 

 

• Implementability: Implementability considerations are not associated with the no action alternative. 

 

• Cost: Because no actions would be taken other than 5-year reviews of site status, capital and O&M 

costs would be negligible. 

 

Conclusion – The no action option is retained as a baseline, as required by the NCP. 
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3.5.2 Limited Action 

 

The limited action GRA consists of activities designed to minimize potential risks to human health and the 

environment primarily by prohibiting or controlling access to impacted areas.  The technology 

types/process options include monitored natural recovery and institutional controls.  These options may 

be conducted independently or in conjunction with other process options to protect human health and the 

environment. 

 

3.5.2.1 Monitored Natural Recovery 

 

Naturally-occurring processes can reduce the availability of contaminants to the associated receptors by 

reducing the concentrations of risk-causing contaminants and through the natural deposition of clean 

sediments on top of the current sediment surface.  Periodic monitoring is conducted to verify that these 

processes are occurring.  Monitoring typically includes evaluation of the natural sediment loading of the 

area, and sampling and analysis to evaluate COC concentration reduction.  

 

• Effectiveness: This option would be effective in achieving human health and ecological RAOs over 

time by reducing the exposure of ecological receptors to COCs in sediment.  However, unless 

upgradient actions are taken to reduce soil and groundwater contamination, natural recovery 

processes may not have the opportunity to succeed.  No additional risks to human health and the 

environment would result from implementation of monitored natural recovery as a remedial action 

alternative. 

  

• Implementability: Monitored natural recovery can be implemented in conjunction with a monitoring 

plan to verify that natural recovery processes are reducing COC concentrations within a reasonable 

timeframe.  The natural recovery processes would also depend on controlling upgradient/upstream 

sources of contamination.  Monitored natural recovery should not be implemented until upgradient 

sources of contamination are controlled. 

 

• Cost: The capital and O&M cost for monitored natural recovery implementation is low.  The costs for 

monitoring the effectiveness of monitored natural recovery are low to moderate depending upon the 

number of sampling locations required and analytical requirements.  Costs associated with restriction 

compliance and 5-year reviews would be relatively low as well. 
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Conclusion – Monitored natural recovery is retained for development into remedial action alternatives. 

   

3.5.2.2 Institutional Controls 

 

Institutional controls would be established in the form of LUCs to restrict activities within the current limits 

of NUWC Pond and the contributing streams (Deerfield Creek and the unnamed creek), through the 

establishment of a base instruction.  To address the future use of these areas in the event that a property 

is sold or transferred, the Navy will create and record deed restrictions that will meet local and state 

requirements.  These restrictions may limit future activities that may cause disturbance of the sediment or 

sediment cover material and restrict future use of the site that may result in uncontrolled exposure of 

human receptors to the contaminated sediment stream and pond sediments.  LUCs would be monitored 

and enforced by the Navy for as long as contaminants are present that pose a risk above CERCLA risk 

levels.  

 

• Effectiveness: LUCs would not achieve RAOs for ecological receptors, but would be effective in 

conjunction with some sediment process options which leave some COCs in place (e.g., maintaining 

sediment covers).  No additional risk to human health and the environment would result from 

implementation of land use restrictions. 

  

• Implementability: LUCs can be implemented by the Navy.  The Navy currently has a no swimming 

rule for the NAVSTA Newport shoreline and ponds. Before any property transfer were to occur from 

Navy control, the Navy would establish and record land use restrictions (in the form of an ELUR) 

against any deed created for the transferred property.  This can be readily implemented.  Monitoring 

and enforcement of land use restriction would also be readily implemented by the Navy. 

 

• Cost: The capital and O&M costs for administrative actions, monitoring compliance with the 

restrictions and enforcement, and 5-year reviews would be relatively low. 

 

Conclusion – LUCs are retained as a supplemental process option to support another active sediment 

remedial process such as capping, covering, or treating, as well as monitored natural recovery.   

 

3.5.3 Containment 

 

The containment GRA involves using engineering controls to limit potential risks to human health and the 

environment.  It consists of installing and maintaining physical barriers to isolate and contain the 

contaminated sediment.  The containment process options retained during preliminary screening include 
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a cover system, consolidation and cover system, and Aquabloc® (covering contaminated sediment with a 

low permeable cap system). 

 

3.5.3.1 Cover System 

 

A sediment cover system involves the distribution of clean soil material over the contaminated sediment 

such that when complete, there is a clean soil cover with a predetermined minimum thickness over the 

contaminated sediment.  Conceptually, for the purposes of this FS, fine-grained sand would be placed on 

the contaminated sediment material to achieve a minimum thickness of 6 inches.  Following the sand 

placement, additional sand and gravel mixture (or a sandy material with a higher organic carbon content) 

would be installed to a minimum thickness of 6 inches.  Storm water storage capacity of the pond would 

be reduced due to placement of the cover, unless combined with some sediment removal.  There would 

be a temporary detrimental effect to the existing pond ecosystem, as the vegetation and biotic zone of the 

existing sediment would be covered with solid material.  Impacted wetlands would need to be restored.  

Benthic organisms would repopulate naturally over time based on inputs from upstream areas.  The final 

result would be a multi-layer porous barrier with a minimum thickness of 1 foot, which would be in place 

over the contaminated sediment.  This porous barrier would support aquatic flora and fauna, and would 

prevent direct contact with the contaminated sediment for both human and ecological receptors.  

Geotextile can be incorporated into the cover system to help improve the stability of the cover system and 

to better isolate the contaminated sediments from the placed, clean sediments. 

  

• Effectiveness: Covering would not reduce the toxicity, mobility, or volume of COCs in sediments, but 

the process would eliminate exposure to those COCs.  However, this process would not achieve the 

avoidance of long-term liability because contamination would remain within the subsurface sediment 

of NUWC Pond.  As a result, NUWC Pond would require long-term monitoring.  To protect the 

constructed cover system, LUCs would need to be implemented as a secondary technology.  

Implementation of this process option would not create any increased risks to human receptors.  

However, as with typical sediment remedial actions, contaminant levels in ecological receptors and 

surface water may temporarily increase slightly as a result of remedy implementation (from 

disturbance) before reducing to acceptable levels. 

 

• Implementability: Installing a cover system is implementable with locally available equipment, labor, 

and materials.  Following cover construction, the sediment would be covered with a multi-layer porous 

barrier to prevent contact and sediment migration. 

 

• Cost:  Capital and O&M costs for installing and maintaining a cover system is expected to be 

moderate to high. 
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Conclusion – Covering is retained for the development of remedial action alternatives.   

 

3.5.3.2 Consolidation and Cover System 

 

Consolidation and onsite containment would consist of removing contaminated sediment from one 

location and consolidating that sediment in another area to be covered.  For this FS, the consolidation 

options are limited to piling contaminated sediment in one area of NUWC Pond.  Following consolidation, 

a soil cover would be placed over the contaminated sediments to prevent direct contact exposure.  Based 

on the depth of water in NUWC Pond and the amount of sediment to be consolidated, this process may 

create an upland area within the current pond limits.  As a result, storm water storage capacity of the 

pond may be reduced unless combined with some sediment removal.  There would be a temporary 

detrimental effect to the existing pond ecosystem as the vegetation and biotic zone of the existing 

sediment is moved and covered.  However, the flora and fauna would re-establish itself over time. 

 

• Effectiveness: Consolidation and capping/covering would not reduce the toxicity, mobility, or volume 

of COCs in sediments, but the process would eliminate exposure to those COCs.  The process would 

also be effective in reducing the size of the restricted area within NUWC Pond.  However, this 

process would not achieve the avoidance of long-term liability because COCs would remain within a 

containment cell that would require continual monitoring.  To protect the constructed cap or cover 

system, LUCs would need to be implemented as a secondary technology. 

 

• Implementability: Consolidation within a containment cell and installing a cover system is 

implementable with locally available equipment, labor, and materials.  A containment system would 

have to be constructed (e.g., sheet pile walls), and the sediment would be hydraulically or 

mechanically dredged from a portion of the pond and pumped/moved into the containment system.  

Following consolidation, the sediment would be covered with a soil cover to prevent contact and 

migration. 

 

• Cost:  Capital and O&M costs for the consolidation of contaminated sediment and the construction of 

a cover system is expected to be high. 

 

Conclusion – Consolidation and covering is not retained for the development of remedial alternatives 

because of the limited cost-effectiveness compared to other sediment cover and removal options and due 

to the potential loss of habitat capacity within the pond.   
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3.5.3.3 AquaBloc® 

 

As indicated in Table 3-3, AquaBloc® is a patented product that can be placed on sediments or 

consolidated sediments to create a low permeability cap.  The product acts like bentonite, which expands 

when hydrated.  The AquaBloc® material is placed over the required containment area in the desired 

thickness.  The water then hydrates the AquaBloc® material, which expands and forms an impermeable 

flexible containment system.  Conceptually, for purposes of this FS, it is assumed that the AquaBloc® 

material would be placed at a thickness of 6 inches to create the desired barrier between the contaminated 

sediment and human and ecological receptors.  

 

• Effectiveness: Installing an AquaBloc® cap would not reduce the toxicity, mobility, or volume of COCs 

in sediments, but the process would eliminate exposure to those COCs.  However, this process would 

not achieve the avoidance of long-term liability because contamination would remain within a 

containment cell that would require continual monitoring and control.  The use of AquaBloc® would 

also reduce the amount of contaminant migration from the groundwater to the surface water.  To 

protect the AquaBloc® cap, LUCs would need to be implemented as a secondary technology with this 

technology.  No additional risks to human health and the environment would result from 

implementation of the AquaBloc® cap. 

 

• Implementability: Construction of an AquaBloc® cap would require specialized equipment that would 

need to be mobilized to the site.  In addition, the AquaBloc® product would also need to be mobilized 

to the site.   

 

• Cost:  Capital and O&M costs for the construction of an AquaBloc® cap for the contaminated 

sediment is expected to be high. 

 

Conclusion – AquaBloc® cap construction is not retained for the development of remedial alternatives.  

Groundwater COCs migrating to the pond are not causing associated unacceptable risks in surface water 

or sediment.  Also, the use of this type of cover material may change the direction and discharge location 

of the groundwater.     

 

3.5.4 Removal – Dredging 

 

Removal technologies are included as key components of the removal, treatment, and disposal GRAs.  

Removal process options retained from the preliminary screening include mechanical and hydraulic 

dredging.  Dredging also is associated with subsequent handling requirements, which are described 

below.   
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• Material Handling and Disposal – Handling and disposal technologies are included as key 

components of the removal GRAs.  Disposal media include any debris and sediment dredged from a 

water environment.  Disposal options may include both on-base and off-base locations.  Additional 

activities associated with excavation/dredging operations are related to material handling.  These 

activities include transporting dredged material for processing, screening, and dewatering, and 

treating and disposing of both the residual water and the dewatered sediment. 

 

• Transportation of Excavated/Dredged Material - Sediment removed from the impacted areas 

would be transported for processing (e.g., removal of debris, dewatering, etc.) prior to disposal.  The 

type of transport depends on the method of excavation/dredging (mechanical transport for 

mechanical dredging and hydraulic transport through suction pipelines for hydraulic dredging).  Final 

transportation methods would be selected after the dredging method is selected. 

 

• Dewatering Activities - Dewatering is the first step of processing dredged material.  This is generally 

required to reduce the moisture content of the sediment, enhance the handling characteristics, and 

prepare the sediment for further treatment and disposal.  Typically, dredged material is screened to 

remove large objects and debris that may plug or foul the dewatering equipment.  Dewatering 

technologies appropriate for sediment include centrifuging, filtration, and gravity thickening.  The 

effectiveness of these technologies can be influenced by the clay, silt, and organic matter content in 

the sediment.  The selection of a dewatering process or combination of processes depends on the 

sediment volume and solids content (a function of the dredging technique), available land space, and 

degree of dewatering required.  The system may be operated on the barge/scow or at the onshore 

portions of the site in the vicinity of the removal activities. 

 

1. Centrifuging techniques use the force developed by the fast rotation of a cylindrical drum or bowl 

to separate solids and liquids due to differences in densities.  They can generally achieve a 

product composed of 10 to 35 percent solids.  The effectiveness of using centrifuges is limited by 

sediment containing tars, small particle sizes, low density particles, large objects, or fibrous 

materials.  Centrifuges are generally compact and are well-suited for use in areas with space 

limitations. 

 

2. Filtration is a physical process whereby liquid is forced through a permeable medium and 

dewatered solids are retained.  Filtration techniques are able to dewater fine-grained sediment 

over a wide range of solids concentrations.  The effectiveness depends on the type of filter, the 

particle size, and the water content of the sediment.  Three commonly used filtration systems 

include belt press filtration, vacuum filtration, and pressure filtration.  The achievable solids 

content of dewatered sediment is in the range of 10 to 50 percent. 
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3. Gravity thickeners concentrate solids in a tank, similar to a conventional sedimentation tank or 

clarifier. They can concentrate dredged sediment slurries of nearly any grain size to at least 2 to 

15 percent solids. Heavier material will dewater quickly and more efficiently than fine-grained 

material.  Thickened material is typically further dewatered by other methods.  The use of gravity 

thickening techniques for dewatering sediment has limited applicability.  However, it may be used 

as a preliminary dewatering technique in cases when the solids content is very low, as in the case 

of slurries generated from hydraulic dredging operations. 

 

• Treatment/Disposal of Residual Water - The water generated from sediment dewatering processes 

may require treatment to remove dissolved and colloidal contaminants prior to disposal.  Treatment 

can take place on the dredging platform or through a skid-mounted clarifier and membrane filter prior 

to discharge into a nearby water body.  The clarifier would remove inorganic constituents by metals 

precipitation.  Unsettled metals precipitant and other suspended particles would be removed by 

sedimentation and/or filtration.  Many of the site sediment contaminants (PAHs and metals) are 

expected to be adsorbed onto the surface of the suspended particles and removed along with these 

particles.  However, should a need arise to further reduce the concentrations of these organic 

constituents, additional process units may be added to the skid-mounted treatment train.  These may 

include dissolved air flotation and/or granular activated carbon (GAC) process units.  The treated 

effluent would be required to meet specific contaminant concentration limits prior to discharge either 

to a surface water body (NUWC Pond or Narragansett Bay) or a POTW. 

 

3.5.4.1 Mechanical Dredging  

 

Mechanical dredging may be conducted using a number of techniques including clamshells, dippers, 

bucket ladders, draglines, and conventional earth-moving equipment.  This equipment operates by the 

direct application of mechanical force to dislodge materials to be removed.  Mechanical dredging allows 

for the removal of sediment, and the water associated with the sediment is often allowed to drain from the 

dredging equipment prior to depositing the dredged sediment in the approved location.  Use of these 

techniques may be significantly hampered by the nature of the site location and conditions.  Large-scale 

equipment would only be able to be brought into the pond at the northern end, where there is no land 

area available for secondary handling of the dredge spoils. 

 

• Clamshells – The most commonly used mechanical dredge for removing contaminated soil and 

sediment is the clamshell dredge.  Clamshells can recover all types of material and debris, except 

highly consolidated sediment.  This type of dredge is generally equipped with an open, hinged bucket 

with a capacity of 1 to 12 cubic yards.  The bucket is attached by cable to a land or flat-bottomed 
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barge based crane.  The clamshell dredge can excavate to practically any depth, restricted only by 

the crane lifting capacity. 

 

The clamshell dredge is operated by opening the jaws of the bucket, lowering the bucket into the 

material to be removed, closing the jaws, and hoisting the bucket by means of the crane cable.  The 

dredge removes a heaped bucket of material, part of which is excavated by drag forces during 

hoisting.  If properly operated, conventional clamshell dredges can operate with limited loss of 

sediment and can efficiently remove a large volume of material.  For contaminated sediment dredging 

applications or where turbidity is a concern, a modified, watertight bucket is sometimes used to 

minimize the re-suspension of solids into the water column.  Large rocks and debris, if present within 

the sediment to be dredged, will frequently prevent the bucket from closing, thereby reducing the 

effectiveness of the watertight bucket. 

  

• Dippers – The dipper is a powered 8 to 12-cubic-yard shovel designed for digging out rock and very 

hard, compacted material.  Its use is suited for excavation of soft rock and highly consolidated 

sediment within a working depth of 50 feet.  Since this technique operates with a violent digging 

action and tends to drop small particles, its application for contaminated sediment dredging is often 

limited; however, it may be well suited for removing debris and large rocks.  It could be operated from 

the shoreline to remove contaminated sediment. 

 

• Bucket Ladders – A bucket ladder dredge is made up of a submersible ladder that supports a 

continuous chain of buckets that rotate around two pivots.  When the buckets rotate around the 

underside of the ladder, they scoop up material and transport it up the ladder for discharge into a 

storage bin.  These dredges are most commonly used in mining operations abroad, such as for sand 

and gravel production.  The bucket ladder dredge generates considerable turbidity because of the 

mechanical agitation of sediment and leakage from the bucket.  Therefore, its use is limited to 

removal of contaminated sediment. 

 

• Draglines – Draglines use the same basic equipment as the clamshell dredge.  However, the 

dragline operates by the use of a drag cable that pulls the bucket through the material being 

excavated, toward the crane.  Dragline dredges typically provide for a longer reach than clamshell 

dredges operated by the same crane.  Since draglines cause a great deal of mechanical agitation of 

the material being removed, and because the buckets are generally open, their use generally results 

in excessive sediment re-suspension.  Use of dragline dredges may be required to remove materials 

in hard-to-reach areas.  If possible, their use should be limited to removing contaminated sediment. 
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• Conventional Earth-Moving Equipment – Conventional, track-mounted, earth-moving equipment 

(e.g., excavators, front-end loaders, backhoes, and bulldozers) may be well suited to removing 

consolidated sediment and debris from shallow water depths.  Front-end loaders and bulldozers are 

generally used to remove loose or soft materials from a few feet above to a few feet below grade, 

since they must be in close proximity (both horizontally and vertically) to the material being removed.  

Excavators are typically used for trenching and other subsurface excavations and can be modified 

with long reach capability using a bucket on a fixed arm with a reach up to 100 feet.  They can be 

operated from shore, from a temporary cofferdam, or mounted on a barge. 

 

A brief summary of the advantages and disadvantages of mechanical dredging is as follows: 

 

• Advantages of mechanical dredging include excavation can be conducted to maximize the solids 

content and thereby minimize the scale of the dewatering and handling activities.  Mechanical 

dredges are maneuverable, can remove many types of debris, and provide dredging accuracy.  

Clamshell dredges and excavators are further capable of efficiently removing materials from greater 

depths.  Many techniques are available for shoreline use, while fewer options are suited for barge-

mounted operation. 

 

• Disadvantages of mechanical dredging include the potential to re-suspend large amounts of 

sediment, as well as offering a lower production capacity and typically higher costs than other 

dredging techniques.  Mechanical dredging operations also require significant re-handling of 

materials. 

 

Assessment of this option is as follows: 

 

• Effectiveness: Mechanical dredging would be effective in removing contaminated sediment from the 

NUWC Pond.  Removal would minimize future exposure risks to human health and the environment 

while preventing contaminant migration.  The effectiveness of mechanical dredging is limited by the 

difficulty of achieving complete removal in an underwater environment.  Use of cofferdams would be 

adequate to mitigate this complication. The use of appropriate turbidity control measures during 

sediment dredging would minimize contaminant migration during implementation.  Any aquatic 

habitats altered by the remedy would require mitigation measures to offset the aquatic habitat loss.  

Restoration of the habitat would be accomplished by refilling the excavated area to the existing grade 

using materials similar to the existing substrate.  Implementation of mechanical dredging would not 

increase risk to human health but would significantly increase risk to ecological receptors  
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• Implementability: Mechanical dredging is implementable by companies with trained personnel 

qualified to perform contaminated sediment dredging operations.  Fewer companies are available 

with direct experience in associated contaminated sediment dewatering and treatment techniques; 

however, qualified companies are assumed to be available within the Rhode Island coastal business 

community.  However, due to the restricted access the NUWC Pond, large equipment may be difficult 

to mobilize and operate within this site.   

 

• Cost: The capital costs are moderate to high for dredging of contaminated materials.  No O&M costs 

are associated with dredging, but some O&M would be required in the first few years following 

dredging to monitor the aquatic habitat restoration.  Overall O&M costs would be low. 

 

Conclusion – Mechanical dredging is retained as a viable removal option to be used in the development 

of remedial action alternatives, particularly for selective shallow and near-shore areas of the pond (most 

affected sediments). 

 

3.5.4.2 Hydraulic Dredging  

 

Hydraulic dredging is conducted using cutter-heads mounted on a vacuum system that transports 

sediment into a conveyance system that moves sediment from the bed of a pond or any other water body 

to a containment system.  Hydraulic dredging generates a large amount of water with the removed 

sediment and this water would need to be handled to prevent unrestricted discharge back to the pond.  

 

• Effectiveness: Hydraulic dredging would be effective in removing contaminated sediment from the 

NUWC Pond.  Removal would minimize future exposure risks to human health and the environment 

while preventing contaminant migration.  The effectiveness of hydraulic dredging is limited by the 

difficulty of achieving complete removal in an underwater environment, but hydraulic dredging offers 

more control over mechanical dredging.  Use of cofferdams would be adequate to mitigate this 

complication.  The use of appropriate turbidity control measures during sediment dredging would 

minimize contaminant migration during implementation.  Any aquatic habitats that are altered by the 

remedy would require mitigation measures to offset the aquatic habitat loss.  Restoration of the 

habitat would be accomplished by refilling the excavated area to the existing grade using materials 

similar to the existing substrate.  Implementation of hydraulic dredging would not increase risk to 

human health, although it would significantly increase risk to ecological receptors, as indicated.  

 

• Implementability: Hydraulic dredging is implementable by companies with trained personnel qualified 

to handle contaminated sediment dredging operations.  There are fewer companies with direct 

experience in contaminated sediment dewatering and treatment techniques; however, qualified 
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companies are assumed to be available within the Rhode Island coastal business community.  It is 

also assumed that there are fewer available hydraulic dredging companies available than there are 

mechanical dredging companies.  However, hydraulic dredging equipment is more portable than the 

mechanical dredging equipment, although secondary handling of dredge spoils would be difficult.   

• Cost: The capital costs are moderate to high for hydraulic dredging of contaminated materials.  

Accompanying water treatment costs associated with hydraulic dredging can significantly increase 

the cost of a project.  No O&M costs are associated with dredging, but some O&M would be required 

in the first few years following dredging to monitor the aquatic habitat restoration.  Overall O&M costs 

would be low. 

 

Conclusion – Hydraulic dredging is retained as a viable removal option to be used in the development of 

remedial action alternatives.  

 

3.5.5 Disposal – Landfilling 

 

Disposal is included as a key component of the removal GRA.  Disposal process options retained from 

the preliminary screening include offsite disposal (landfilling) and onsite disposal (landfilling).  All disposal 

process options include some handling and characterization of the material.  The following includes the 

evaluation of offsite landfilling and onsite landfilling.  

 

3.5.5.1 Off-Site Landfilling 

 

Off-site landfilling requires the preparation and characterization of the removed sediment.  Preparation 

includes the removal of water to meet the requirements of the paint filter liquids test.  This test indicates 

that the material is dry enough that it will not introduce too much free liquid to the receiving landfill.  The 

characterization testing would be required by any selected landfill to confirm that the material does not 

contain any contaminants that the landfill is not permitted to accept.  Following dewatering and 

characterization, the sediment would be loaded and transported via truck to the selected landfill.  

 

• Effectiveness: Off-base disposal offers a full range of disposal and treatment/disposal options, 

depending on the contaminant type and concentration.  Disposal at a permitted landfill or TSDF is an 

effective means of offsite disposal.  Furthermore, these facilities may be capable of providing 

treatment of selected materials, if required, prior to disposal.  With proper handling, safe equipment, 

and maintained vehicles, this process should not cause any additional human or environmental risk 

during implementation. 
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• Implementability: This disposal option is implementable, and RCRA Subtitle D landfills are available 

locally.  RCRA Subtitle C TSDFs are available for disposing and/or treating removed sediment but 

may require shipping out of state.  Proper handling and transport of contaminated materials, complete 

with bill of lading, would be required.  Some stabilization of the materials may be required prior to 

transport to minimize the presence of free liquids. 

 

• Cost: The capital costs are expected to be relatively high. No O&M costs are associated with this 

option. 

 

Conclusion – Off-site landfilling is retained for development into remedial action alternatives. 

 

3.5.5.2 On-Site Landfilling 

 

On-site landfilling requires the preparation of the removed sediment and the characterization of the 

removed sediment.  The preparation includes the removal of water to meet the requirements of the paint 

filter liquids test.  This test indicates that the material is dry enough to be consolidated within the adjacent 

waste disposal area.  The characterization test would be required to determine if the presence of the 

sediment within the waste disposal area would require a change in the type of landfill cover planned or a 

change in the waste disposal area.  Based on the contaminant concentrations found to date, it is 

assumed that the contamination concentrations are not expected to require the placement of a RCRA 

Subtitle C cap on the NUSC disposal area.  

 

• Effectiveness: On-site disposal offers a less expensive way of disposing of the contaminated 

sediment.  With the proposed disposal area being adjacent to the sediment removal area this allows 

the sediment to be processed and characterized within the location it will be disposed.  This will 

remove the process of over the road transportation through populated areas.  With proper handling 

and safe equipment, this process should not cause any additional human or environmental risk during 

implementation. 

 

• Implementability: This process option is implementable and the equipment needed is locally available.  

However, to implement this process option, some preparation to the receiving area would need to be 

made and space would only be available if soil alternatives including removal were selected.  Some 

stabilization of the materials may be required prior to landfilling to minimize the presence of free 

liquids.  The disposal unit would need to be designed and managed according to the solid waste 

disposal regulations.  
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• Cost: The capital costs are expected to be moderate to high and with onsite landfilling; there would be 

O&M costs associated with maintaining the closed disposal area.   

 

Conclusion – On-site landfilling is not retained for the development of remedial action alternatives 

because the available space for consolidation is limited and because a disposal unit would require long-

term management as a solid waste disposal facility.  

 

3.6 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

 

Remedial alternatives are developed to comply with regulatory criteria applicable to the site conditions 

and the media of concern, as directed by the following regulations and guidance: 

 

• Department of Navy Environmental Restoration Program Manual, which dictates that remedial 

alternatives be consistent with the procedures outlined in the NCP (40 CFR 300.430) (DON, 2006). 

 

• NCP (40 CFR 300), which establishes the criteria for development and evaluation of remedial 

alternatives, and further suggests consideration of applicable EPA directives and guidance. 

 

• Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, 

1988a). 

 

These documents require that a range of alternatives be developed that eliminate, reduce, or control 

human and ecological risks.  The goal is to select remedies that are protective of human health and the 

environment, that maintain protection over time, and that minimize untreated waste.  According to Section 

121 of CERCLA, as amended by SARA, the statutory preference is for remedies that will result in a 

permanent and significant decrease in toxicity, mobility, or volume of contaminants through treatment and 

will provide long-term protection.  In addition, the NCP requires that certain expectations be considered in 

developing and screening remedial alternatives.  These expectations are as follows: 

 

• Treatment will be used to address the principal threats posed by the site, wherever practical.  

Principal threats are considered to be liquids, areas contaminated with high concentrations of toxic 

compounds, and highly mobile materials, if present. 

 

• Engineering controls, such as containment, will be used for waste that poses a relatively low, long-

term threat and for which treatment is impractical. 
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• A combination of methods will be used, as appropriate, to achieve protection of the environment.  In 

appropriate site situations, treatment of principal threats will be combined with engineering and LUCs 

for dealing with residuals and relatively low, long-term threats. 

 

• Institutional controls, such as deed restrictions or LUCs, are acceptable to supplement engineering 

controls for short- and long-term management to prevent or limit exposure to hazardous substances, 

pollutants, or contaminants. 

 

• The use of innovative technologies will be considered when such use offers the potential for 

comparable or superior treatment performance or implementability, fewer or lesser adverse impacts, 

or lower costs for similar levels of performance than previously demonstrated technologies. 

 

Environmental media will be returned to their beneficial uses, when practical, within a reasonable time 

frame.  When restoration of a medium is not practical, actions are expected to prevent further migration 

and exposure to contaminated media and to evaluate further risk reduction measures. 

 

Alternatives are developed by assembling retained technologies and process options.  The Guidance for 

Conducting Remedial Investigations and Feasibility Studies under CERCLA identifies six steps for 

developing alternatives (EPA, 1988a).  The six steps as specified by the EPA are described below. 

 

1. Develop RAOs specifying the chemicals and media of interest, exposure pathways, and PRGs that 

permit a range of treatment and containment alternatives to be developed.  The PRGs are developed 

on the basis of chemical-specific ARARs and, when available, other available information (e.g., 

reference doses [RfDs]) and site-specific risk-related factors. 

 

2. Develop GRAs for each medium of interest defining containment, treatment, excavation, or other 

actions, singly or in combination that may be taken to satisfy the RAOs for the site. 

 

3. Identify volumes or areas of media to which GRAs might be applied, taking into account the 

requirements for protectiveness, as identified in the RAOs, and the chemical and physical 

characterization of the site. 

 

4. Identify and screen the technologies applicable to each GRA to eliminate those that cannot be 

implemented at the site.  Further define the GRAs to specify remedial technology types (e.g., the 

GRA of treatment can be further defined to include chemical or biological technology types). 
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5. Identify and evaluate technological process options to select an RPO for each technology type to be 

retained for consideration.  Although specific processes are selected for alternative development and 

evaluation, these processes are intended to represent the broader range of process options within a 

general technology type. 

 

6. Assemble the selected RPOs into alternatives representing a range of treatment and containment 

combinations, as appropriate. 

 

The purpose of providing a range of remedial alternatives is to ensure that all reasonable GRAs are 

represented and evaluated.  A range of alternatives is required by CERCLA to develop alternatives that 

differ in time to cleanup, cost, scope of remediation, and to evaluate different remedial process options 

that provide differing benefits and detriments.  The list of technologies and process options retained from 

the screening and evaluation process are presented in the above text.  In order to address RAOs, 

alternatives were developed for soil, groundwater, and sediment to address Site 8 contamination.  The 

remedial alternatives are as follows: 

 

Soil Alternatives 

Alternative SO1 No Further Action 

 

Alternative SO2  Excavation, Ex-Situ Treatment, Selective Excavation and Removal of Anomalies, 

Offsite Disposal, LUCs, and Monitoring 

 

Alternative SO3 Soil Cover, Selective Excavation and Removal of Anomalies with Offsite Disposal, 

LUCs, and Monitoring 

 

Alternative SO4  Excavation, Consolidation, Soil Cover, Selective Excavation and Removal of 

Anomalies with Offsite Disposal, LUCs, and Monitoring 

 

Groundwater Alternatives 

Alternative GW1 No Action 

 

Alternative GW2 MNA and LUCs 

 

Alternative GW3 In-Situ Enhanced Bioremediation, MNA, and LUCs 

 

Alternative GW4 In-Situ Chemical Oxidation, MNA, and LUCs 
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Sediment Alternatives 

Alternative SD1 No Action 

 

Alternative SD2  Selective Sediment Removal with Off-site Disposal, Enhanced Natural Recovery for 

Pond Sediment, LUCs, and Monitoring 

Alternative SD3 Selective Sediment Removal with Off-site Disposal, Pond Sediment Cover, LUCs, 

and Monitoring 

 

Alternative SD4 Sediment Removal and Offsite Disposal 

 

Detailed descriptions of these alternatives and the evaluation of these alternatives are presented in 

Section 4.0 (soil alternatives), Section 5.0 (groundwater alternatives), and Section 6.0 (sediment 

alternatives).  The following section presents the alternative evaluation criteria. 

 

3.7 NATIONAL CONTINGENCY PLAN EVALUATION CRITERIA AND RELATIVE 

IMPORTANCE OF CRITERIA 

 

The evaluation criteria, as required by the NCP, and the relative importance of these criteria in the 

CERCLA process, are described in the following sections: 

 

3.7.1 Evaluation Criteria 

 

In accordance with the NCP (40 CFR 300.430), the following nine criteria are used for the evaluation of 

remedial alternatives: 

 

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs 

• Long-Term Effectiveness and Permanence 

• Reduction of Toxicity, Mobility, or Volume through Treatment 

• Short-Term Effectiveness 

• Implementability 

• Cost 

• State Acceptance 

• Community Acceptance 
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3.7.1.1. Overall Protection of Human Health and the Environment 

 

Remedial alternatives must be assessed for adequate protection of human health and the environment in 

both the short and long term.  The remedial alternatives must be able to diminish the unacceptable risks 

posed by hazardous substances or contaminants present at the site by eliminating, reducing, or 

controlling exposure to levels exceeding remediation goals. 

 

3.7.1.2 Compliance with ARARs and TBCs 

 

Remedial alternatives must be assessed to determine whether they attain ARARs and TBCs under 

federal environmental laws and state environmental or facility citing laws.  If one or more regulations that 

are applicable cannot be complied with, a waiver must be invoked. 

 

3.7.1.3 Long-Term Effectiveness and Permanence 

 

Remedial alternatives must be assessed for the long-term effectiveness and permanence they offer, 

along with the degree of certainty that the alternative would prove successful.  Factors that are 

considered, as appropriate, include the following: 

 

• Magnitude of Residual Risk – Risk posed by untreated waste or treatment residuals at the conclusion 

of remedial activities.  The characteristics of residuals are considered to the degree that they remain 

hazardous, taking into account their volume, toxicity, mobility, and propensity to bioaccumulate. 

 

• Adequacy and Reliability of Controls – Controls, such as containment systems and LUCs, that are 

necessary to manage treatment residuals and untreated waste must be shown to be reliable.  In 

particular, this evaluation considers the uncertainties associated with land disposal for providing long-

term protection from residual contamination, assessment of the potential need to replace technical 

components of the alternative (such as a surface cover, sign, or treatment system), and the potential 

exposure pathways and risks posed if technical components or the entire remedial action needs to be 

replaced. 

 

3.7.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

 

The degree to which the remedial alternative employs treatment that reduces the toxicity, mobility, or 

volume is assessed.  This assessment includes how treatment is used to address threats posed by the 

site.  Factors to be considered, as appropriate, include the following: 
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• Treatment processes that the remedial alternative employs and the materials that they will treat. 

 

• Amount of hazardous substances, pollutants, or contaminants that will be destroyed or treated. 

 

• Degree of expected reduction in toxicity, mobility, or volume of waste caused by treatment and the 

specification of which reduction(s) is occurring. 

 

• Degree to which the treatment is irreversible. 

 

• Type and quantity of residual contamination that will remain following treatment considering the 

persistence, toxicity, mobility, and propensity to bioaccumulate of such hazardous substances and 

their constituents. 

 

• Degree to which treatment reduces the inherent hazards posed by principal threats at the site. 

 

3.7.1.5 Short-Term Effectiveness 

 

The short-term impacts of the remedial alternative are assessed considering the following: 

 

• Short-term risks that might be posed to the community during implementation. 

 

• Potential impacts on workers during remedial action and the effectiveness and reliability of protective 

measures taken to minimize these impacts. 

 

• Potential environmental impacts of the remedial action and the effectiveness and reliability of 

mitigative measures during implementation. 

 

• Time until protection is achieved. 

 

Although not a CERCLA-criterion, the sustainability of each alternative was evaluated per Navy policy 

(Guidance for Optimizing Remedy Evaluation, Selection, and Design, UG-2087-ENV, 2010).  

Sustainability factors are similar to those evaluated as part of the Short-Term Effectiveness criterion, so 

they are discussed in this section.  Sustainability evaluations provide insight into elements of a remedy 

that have the greatest impact on the environmental footprint.  For example, the amount of greenhouse 

gas (GHG) emissions related to materials production generally exceeds that from installation, 

transportation, or operations.  Other factors that are considered include emissions of criteria air pollutants, 

water usage, energy consumption, and worker risk.  Sensitivity analysis of such factors can help provide 
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an optimal design that minimizes the overall environmental footprint of the remedial action.  Sustainability 

evaluations were performed for each remedial alternative and are provided in Appendix E. 

 

3.7.1.6 Implementability 

 

The ease or difficulty of implementing the alternative is assessed considering the following types of 

factors, as appropriate:   

• Technical feasibility, including technical difficulties and unknowns associated with the construction 

and operation of a technology, reliability of the technology, ease of undertaking additional remedial 

actions, and ability to monitor the effectiveness of the remedy. 

 

• Administrative feasibility, including activities needed to coordinate with other offices and agencies and 

the time required to obtain approvals from other agencies. 

 

• Availability of services and materials, including the availability of adequate offsite treatment, storage 

capacity, and disposal capacity and services; availability of necessary equipment, specialists, and 

additional resources; availability of services and materials; and availability of prospective 

technologies. 

 

• Sustainability of an alternative is discussed and includes consideration of the relative size of the 

associated carbon footprint, material usage, and environmental benefit.  

 

3.7.1.7 Cost 

 

Costs for remedial alternatives include both capital costs and annual O&M costs.  Capital costs include 

both direct and indirect costs expected at the time of alternative implementation.  Annual O&M costs 

include periodic costs that occur following alternative implementation.  Typical O&M costs include periodic 

long-term monitoring and inspections.  A present worth of the capital and O&M costs is also provided.  

The present worth of a remedial alternative is the total of all capital and O&M costs expressed in today’s 

dollars.  Typically, the cost estimate accuracy range during the FS stage is +50 percent to -30 percent of 

the actual remedial action cost. 

 

3.7.1.8 State Acceptance 

 

This criterion reflects the statutory requirements to provide for substantial and meaningful regulatory 

involvement.  Formal assessment of regulatory acceptance is completed during the ROD phase, 
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occurring after the public comment period on the Proposed Plan.  In addition, regulatory concerns are 

continually considered through resolution of regulatory comments received on the FS and Proposed Plan. 

 

3.7.1.9 Community Acceptance 

 

This criterion refers to comments from community members on the remedial alternatives under 

consideration, where "community" is broadly defined to include all interested parties.  These comments 

are considered throughout the CERCLA process.  The community acceptance criterion is evaluated as 

part of the responsiveness summary presented in the ROD after the public comment period on the 

Proposed Plan is held. 

 

3.7.2 Relative Importance of Criteria 

 

Among the nine criteria, the threshold criteria are considered to be: 

 

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs and TBCs 

 

For a remedial alternative to be eligible for selection, these two threshold criteria must be satisfied. 

 

Among the remaining criteria, the following five are considered to be the primary balancing criteria: 

 

• Long-Term Effectiveness and Permanence 

• Reduction of Toxicity, Mobility, or Volume through Treatment 

• Short-Term Effectiveness 

• Implementability 

• Cost 

 

These five balancing criteria are used to weigh the relative merits of remedial alternatives. 

 

The remaining two criteria, State Acceptance and Community Acceptance, are considered to be 

modifying criteria that must be considered during remedy selection.  These last two criteria are evaluated 

after the end of the public comment period on the Proposed Plan; therefore, seven of the nine criteria are 

evaluated in this FS.  
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4.0  DESCRIPTION AND SCREENING OF ALTERNATIVES FOR SOIL 

The purpose of this section is to describe the remedial alternatives developed in Section 3.3 for the 

remediation of the Site 8 soil, evaluate the soil remedial alternatives against the NCP evaluation criteria, 

and compare each of the soil remedial alternatives to one another.  The remedial action alternatives 

developed in Section 3.6 include: 

 

Alternative SO1 No Further Action 

 

Alternative SO2  Excavation, Ex-Situ Treatment, Selective Excavation and Removal of Anomalies, 

Off-site Disposal, LUCs, and Monitoring 

 

Alternative SO3 Soil Cover, Selective Excavation and Removal of Anomalies, Off-Site Disposal, 

LUCs, and Monitoring 

 

Alternative SO4  Excavation, Consolidation, Soil Cover, Selective Excavation and Removal of 

Anomalies, LUCs, and Monitoring 

 

4.1 DESCRIPTION OF REMEDIAL ACTION ALTERNATIVES 

 

The remedial action alternatives were developed to address soil and debris in the areas identified as 

posing potential risks to human health and the environment.  The alternatives would address risks 

associated with COCs in soil through excavation and/or capping to a depth of 2 feet for purposes of 

supporting continued industrial use of the site.  Two feet of clean soil is consistent with the industrial use 

standards under Section 8.02(A)(i)(2) and Section 12.04 of the Remediation Regulations.  The alternatives 

include LUCs to address potential risks under hypothetical future residential and recreational use 

scenarios.  The current and planned future use of the site is industrial. 

 

Sections 4.1.1 through 4.1.3 describe the alternatives developed to address the Site 8 soil contamination. 

 

4.1.1 Alternative SO1 – No Further Action 

 

A “no action” alternative, as required under the NCP, provides a baseline for comparison to other 

alternatives.  No remedial response activities would be conducted and no additional protection of human 

health or the environment would be provided.  No measures would be implemented to restrict access to 

Site 8, and no actions would be taken to warn people of the potential hazards.  Existing measures that 

would provide some protectiveness include partial fencing and signs around the site, limiting access to 
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portions of the site.  However, under  Alternative SO1, these existing signs and fencing would not be 

maintained in the future.  Because contamination would remain onsite, 5-year reviews of the no further 

action decision would be required. 

  

4.1.2 Alternative SO2 – Excavation, Ex-Situ Treatment, Selective Excavation and 

Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring 

 

Alternative SO2 includes the following  components: (1) excavation of the upper two feet of soil and 

backfilling to grade; (2) ex-situ, on-site thermal treatment and reuse of the excavated, PAH-contaminated 

soil, and off-site disposal of the metals-contaminated soil; (3) selective excavation and off-site disposal of 

soil and waste anomalies; (4) verification sampling; (5) LUCs, and (6) monitoring and 5-year reviews. 

 

Alternative SO2 would include the following:  

 

• In areas where COC concentrations exceed industrial PRGs,  soil/debris would be excavated to a 

depth of 2 feet below ground surface (bgs).  The upper 2 feet of the excavated area would be 

replaced with 2 feet of clean soil, which, together with LUCs to restrict future residential or recreational 

use, would render the site suitable for the planned continued industrial use, in accordance with 

requirements of the RIDEM Remediation Regulations Section 8.02(A)(i)(2) and Section 12.04. 

 

• LUCs would be used address the remaining soil with COCs exceeding residential PRGs, and 

subsurface soil with COCs exceeding industrial PRGs.   

 

• The excavated, PAH-contaminated soil/debris would be treated using LTTD, while metals-

contaminated soil would be disposed of at an off-site landfill. 

 

Component 1: Soil/Debris Excavation  

Areas of soil/debris with COC concentrations exceeding industrial PRGs, totaling approximately 147,500 

square feet in area, would undergo surface soil excavation (soils would be excavated to a depth of 2 feet 

bgs), as shown on Figure 4-1 (areas marked “Excavate to 2-ft”).  This corresponds to a volume of 

approximately 11,600 cubic yards of excavated material.  Soil/debris would be removed using 

conventional excavation equipment and would be staged on site for treatment and/or subsequent disposal 

at an off-site, permitted facility. 

 

Following backfilling with clean soil to the proper grade, the soil would be seeded and maintained to 

prevent erosion over time.  Any wetland areas impacted by the remedy would also be restored.  
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Component 2: Ex-Situ Treatment – LTTD 

For the soil/debris that is excavated from the 2-foot-depth, as described under Component 1, some would 

be treated onsite using LTTD; specifically, PAH-contaminated soil that does not have elevated arsenic (at 

levels exceeding the PRG) would be treated onsite, using LTTD, as designated on Figure 4-1.  The LTTD 

system would heat soil/debris to between 90 and 320°C (200 to 600°F) to separate out the organic 

constituents.  The off-gas generated during stripping may require treatment to capture contaminants, 

using a GAC adsorption unit, a catalytic oxidation unit, or a condenser unit.  The treated off-gas would 

then be discharged through a stack.  For the purposes of this FS, it is assumed that approximately 3,700 

cubic yards of PAH-contaminated soil would be treated using LTTD. 

 

A bench-scale study would be conducted to determine operating parameters and effectiveness, prior to 

full-scale operations.  In addition to recording soil COC concentrations, information needed for the system 

operations includes soil moisture content and classification, texture, mercury content, pH, and the 

appropriate temperature for treatment. 

 

Treated soils would be sampled and used onsite as backfill, once sampling results confirm that the soils 

are clean.   

 

Soil not amenable to treatment (i.e., soils containing elevated levels of metals such as arsenic) would be 

disposed offsite at a permitted facility.  It is estimated  that 7,910 cubic yards of soil/debris would be 

excavated, characterized, and transported offsite for disposal.   

 

Component 3: Selective Excavation of Soil and Removal of Anomalies  

In addition to the surface soil excavation described above as Component 1, the Navy would also conduct 

additional selective soil excavation in the areas listed below.  In some of these areas, excavation may be 

deeper than the 2-foot depth proposed for Component 1 areas, and would continue to the depth 

necessary to remove the listed materials (i.e. the buried materials causing the geophysical anomalies or 

buried drum fragments, etc.)  These areas are presented on Figure 4-1, and other than the identified 

geophysical anomalies, the areas listed below are shown as either “Excavate to Depth…” or as isolated 

areas outside the main site area, identified as “Excavate 2-ft…” 

 

• Within the Paved Storage Area, excavation will be limited to several areas where geophysical 

anomalies, believed to be buried waste materials, were measured, on Figure 4-1, “Geophysical 

Anomaly”. These limited excavation areas in the Paved Storage Area will then be backfilled and 

repaved.  If buried materials causing the geophysical anomalies are located deeper than the proposed 

2-foot excavation depth, excavation would continue to the depth necessary to remove the materials 

associated with the anomaly.  The Paved Storage Area will then be managed as a Waste 

Management Area which uses the existing asphalt pavement as a means to contain and prevent 
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exposure to COCs in the underlying soil.  LUCs would be implemented to maintain the pavement in 

the future.  A long-term groundwater monitoring program would be conducted at the pavement 

perimeter to verify that COC migration is not occurring.  During the RI, a complete geophysical survey 

of the Paved Storage Area was not possible, due to the active use of the area.  Therefore, if the use of 

the Paved Storage Area were to change in the future, including transfer of the property outside the 

Navy, or if the Paved Storage Area becomes inactive, or if there is reason to believe that sources 

under the Paved Storage Area are inhibiting groundwater cleanup, then the Navy would complete 

follow-on geophysical investigations in that area and would remove subsurface debris, as necessary. 

 

• Known remaining buried drum fragments in the South Meadow (RI test pit locations TP-103 and TP-

105). 

 

• Remaining buried canisters in the Buried Container/Paint Can Area (including sample location SB106, 

where lead was detected at 4,650 mg/kg at a depth of 6 to 8 feet bgs) 

 

• Isolated locations to the west of Deerfield Creek and NUWC Pond or south of the main site area 

(sample locations DA-SB142, DA-SB-145, DA-SB146, DA-SB153, B179-SB1/2/3, DA-SS149) 

 

• Selected areas in the South Meadow where benzo(a)pyrene and/or naphthalene concentrations 

exceeded RIDEM’s Soil Leachability Criteria (sample locations DA-TP15A, DA-SB110, DA-SB127, 

and DA-TP08).  RIDEM’s Leachability Criteria for metals are based on TCLP/SPLP analyses, which 

are not currently available for Site 3.  Therefore, during the Remedial Design/Remedial Action phase, 

the Navy will collect soil samples from remaining area(s) with the highest concentrations of metals 

COCs (e.g., sample location B110B, where lead was detected at 4,540 mg/kg at a depth of 10 to 12 

feet bgs).  These samples would be analyzed for SPLP-metals.  If the results do not exceed RIDEM’s 

Leachability Criteria, then it will be concluded that no further action regarding leachability will be 

required.  If the results exceed Leachability Criteria, the soils from those location(s) would be 

excavated (i.e., hot spot removal) as part of the overall RA.  This sampling may be performed either 

during the early design (planning) phase or during the RA phase (collected as post-excavation 

confirmatory samples).  The Navy would prepare the Sampling and Analysis Plan (SAP) for this 

additional sampling in coordination with EPA and RIDEM.  

 

Under this Component 3 soil excavation, it is estimated that a total of 558 cubic yards of soil/debris would 

be excavated, temporarily staged on site, and disposed offsite at a licensed facility (with the exception of 

one area of PAHs to be excavated west of NUWC Pond, to undergo LTTD), as shown on Figure 4-1.  

After completion of selective excavation, the areas would be backfilled to restore prior surface elevations, 

using clean fill and/or treated soil, followed by 6 inches of topsoil that would be seeded for revegetation (or 
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repaved, if within the Paved Storage Area).  The excavations would be performed in a sequence that 

would allow for continued access to the surrounding operational buildings. 

 

There are four sampling locations where soil TPH concentrations exceed RIDEM’s Industrial DEC of 

2,500 mg/kg: TP-15A, from 2 to 3 feet bgs (50,000 mg/kg), TP-15A, from 5 to 6 feet bgs (63,000 mg/kg), 

SB-110, from 8 to 10 feet bgs (12,000 mg/kg), and SB-121, from 4 to 6 feet bgs (2,800 mg/kg).  Although 

TPH is not a CERCLA-regulated contaminant, the remedial alternative would address RIDEM’s 

regulations for these TPH locations, through excavation or capping (excavation of TP-15A1 and SB-110 

due to leachability criteria, and capping of SB-121 in the South Meadow).  Compliance with RIDEM TPH 

criteria would be demonstrated through confirmatory (verification) sampling.  Any remaining site locations 

containing TPH above RIDEM’s Residential DEC of 500 mg/kg, would be addressed by the LUCs (see 

below) prohibiting residential/recreational site use. 

 

Component 4: Verification Sampling 

Verification samples for laboratory analysis would be collected from the sidewalls of the 2-foot excavation 

areas and results would be compared to industrial PRGs to verify that the proper extent of contaminated 

soil has been removed.  Samples would also be tested for TPH to satisfy state requirements.  If the results 

exceed PRGs, the excavation would continue in the direction of the exceedance until subsequent 

verification samples meet PRGs, or until the site boundary or other limiting site feature is reached.  

Verification samples would also be collected from the bottom and sidewalls of selective excavation areas 

listed in Component 3.  Sampling of soil in areas of removed debris (anomalies) within the Paved Storage 

Area would not be used to verify COC removal (i.e., excavation areas would not be expanded beyond the 

targeted area), rather this sampling would be conducted for informational purposes regarding the status of 

any potential contamination being left and covered in-place under pavement).  The Navy would develop a 

SAP for the verification sampling that would identify the frequency of verification sample collection.  For 

purposes of this FS, it is assumed that the frequency of verification sample collection would be one 

sample for every 50 linear feet of excavation perimeter.  

 

Component 5: LUCs and Inspections  

LUCs would be implemented to preclude both residential and recreational future use of the site, limiting 

future site use to industrial, only.  The intent of LUCs is to ensure that the land use and site features 

(existing paved area) within the designated areas do not change and remain in place so that contact with 

COCs at concentrations that would cause an unacceptable risk to human or ecological receptors is 

prevented for the life of the remedy.  The extent of the LUCs would cover the area where COCs remain in 

soil (surface and subsurface) at levels exceeding residential PRGs.  Accordingly, the LUCs boundary 

would include the North Meadow, South Meadow, Paved Storage Area, and Building 179 Area. 

                                                      
1 Excavation of location TP-15A also addresses RIDEM’s Upper Concentration Limit for TPH in soil (30,000 mg/kg). 
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To implement LUCs, the Navy would prepare a Land Use Control Remedial Design (LUC RD) that would 

document the specific site controls, O&M requirements, inspection requirements, signage requirements, 

and organizations responsible for implementation of the LUCs.  Signage would consist of warning signs 

that would alert the public to the presence of contaminated soil/debris and to dig restrictions.  

Requirements for management of excavated soil as part of any future construction activities at the site 

would be included as part of the LUCs.   

 

The LUCs would also include provisions for additional geophysical investigations to be conducted to 

identify and remove potential subsurface anomalies, as necessary: (1) if the use of the site is changed 

such that the Paved Storage Area is no longer operated as a Waste Management Area, (2) if ownership of 

the property is transferred outside of the Navy, or (3) if groundwater restoration goals are not achieved in a 

reasonable timeframe and there is reason to believe that a continuing source of contamination from this 

area may be inhibiting groundwater cleanup.  If ownership of the site is transferred with contamination 

remaining in place, ELURs would be recorded in accordance with applicable laws and requirements of the 

LUC RD. 

 

For the purposes of the FS and developing a cost estimate, it was assumed that annual inspections of the 

site would be conducted to verify continued effectiveness of the LUCs, and that periodic minor repair of 

warning signs and pavement would be required, based on the results of the annual site inspections. 

Annual reports would be submitted to EPA and RIDEM to document that the conditions of the site LUCs 

continue to be met. 

 

Component 6: Groundwater Monitoring and 5-Year Reviews 

Because a portion of the site would be operated as a Waste Management Area, groundwater monitoring 

would be performed around the perimeter of the Waste Management Area to verify that COCs are not 

migrating from that area.  The monitoring program would be included as part of the overall site 

groundwater monitoring program (see Section 5). 

 

Because contamination would remain in excess of levels that allow for unrestricted use and unlimited 

exposure, 5-year reviews would be required under this alternative to evaluate the continued adequacy of 

the remedy. 
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4.1.3 Alternative SO3 – Selective Excavation and Removal of Anomalies, Soil Cover, Off-

Site Disposal, LUCs, and Monitoring 

 

Alternative SO3 includes the following  components: (1) selective excavation and off-site disposal of soil 

and waste anomalies; (2) construction of a 2-foot soil cover; (3) verification sampling; (4) LUCs, and (5) 

monitoring and 5-year reviews. 

 

Alternative SO3 would include the construction of a 2-foot-thick soil cover over the areas of soil containing 

COC concentrations that exceed industrial PRGs, and would include selective excavation and removal of 

anomalies for off-site disposal.  The existing pavement in the Paved Storage Area would serve as a cover; 

therefore, the construction of a new cover would not be required in this area, with the exception of the 

geophysical anomalies in the Paved Open Storage Area, which would be removed and the area repaved.  

Alternative SO3 would also include establishing LUCs to preclude both residential and recreational site 

use, to maintain the pavement and soil cover, and to implement a long-term groundwater monitoring 

program to monitor for contaminant migration at the perimeter of the cover system and potential future 

contaminant releases across the site.  Alternative SO3 would render the site suitable for the planned 

continued industrial use.  Details of each component of Alternative SO3 are as follows. 

 

Component 1: Selective Excavation of Soil and Removal of Anomalies 

This component is identical to that described under Alternative SO2 (Section 4.1.2, Component 3), with 

the exception of the LTTD of PAH-contaminated soils. 

 

Component 2: Soil Cover 

A soil cover system would be constructed east of the NUWC Pond and Deerfield Creek, over the identified 

limits of unpaved soils where COC concentrations are greater than the identified industrial PRGs, as 

illustrated in Figure 4-2.  The cover would be constructed to prevent contact with contaminated soil/debris 

and to prevent exposure, erosion and transport (to the stream/pond) of soil containing COCs at levels 

exceeding industrial PRGs.  For the purposes of this FS, it is assumed that the soil cover thickness would 

be 2 feet and would include 18 inches of common fill and 6 inches of topsoil.  It is assumed that the soil 

cover would be vegetated upon completion of its construction.  The soil cover detail is provided on Figure 

4-32 and the limits of the soil cover area are identified on Figure 4-2.  It is estimated that portions of the 

cover will need to be armored to resist the erosive forces associated with Deerfield Creek and the 

unnamed stream.  Armoring would be achieved by replacing the 2-foot-thick soil cover with 2 feet of armor 

stone cover, mainly along sloped areas.  Based on the proposed location and construction, the soil cover 

will consist of 8,300 cubic yards of common fill, 2,800 cubic yards of topsoil, and 2,500 cubic yards of 

                                                      
2 The geotextile shown on Figure 4-3 is an optional feature of the cap, and its inclusion or exclusion will be determined during the 

Remedial Design phase.   
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armor stone (average stone size, 6 inches).  Following site restoration to the proper grade, the soil would 

be seeded and maintained to prevent future erosion.  Any wetland areas impacted by the remedy would 

also be restored.  

 

Additional excavation (beyond that identified above) may be required in some areas, for proper placement 

of the soil cover, to maintain appropriate topography, and to match existing site features.  The details of 

the soil cover placement, including adjustments to the estimated soil volumes and associated costs, will 

be finalized and presented during the Remedial Design phase.  The soil cover would not be constructed 

over the Paved Storage Area.  Instead, the existing asphalt pavement would be maintained, and the 

Paved Storage Area would be handled as a Waste Management Area, as described under Alternative 

SO2.  

 

Component 3: Verification Sampling 

This component is identical to that described under Alternative SO2 (Section 4.1.2). 

 

Component : LUCs and Inspections 

This component is identical to that described under Alternative SO2 (Section 4.1.2). 

 

Component 5: Groundwater Monitoring and 5-Year Reviews 

This component is identical to that described under Alternative SO2 (Section 4.1.2). 

 

4.1.4 Alternative SO4 – Selective Excavation and Removal of Anomalies, Excavation 

(North Meadow), Consolidation, Soil Cover, Off-Site Disposal, LUCs, and 

Monitoring 

 

Alternative SO4 includes the following  components: (1) selective excavation and off-site disposal of soil 

and waste anomalies; (2) excavation of North Meadow soil with consolidation in the South Meadow; 

(3) construction of a 2-foot-thick soil cover in the South Meadow; (4) verification sampling; (5) LUCs; and 

(6) monitoring and 5-year reviews. 

 

Alternative SO4 would include excavation of soil/debris in the North Meadow area (north of the unnamed 

stream and to the east and north of NUWC Pond) and west of NUWC Pond, as shown on Figure 4-4.  Soil 

with COC concentrations exceeding residential PRGs in these areas would be excavated to depths 

ranging from 2 feet bgs to approximately 9 feet bgs (as determined by confirmatory sampling), which 

would render this area of the site suitable for unrestricted use and unlimited exposure, relative to COC 

concentrations in soil.  The excavated soil/debris would be removed to the South Meadow area (south of 

the unnamed stream) and consolidated with soil in that area, where COC concentrations exceed industrial 
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PRGs.  A 2-foot-thick soil cover would then be constructed over the South Meadow.  Soil removed from 

areas of selective excavation would be disposed offsite or consolidated into the South Meadow. 

 

Alternative SO4 would render the northern part of the site (North Meadow) suitable for unrestricted use 

with respect to soil COCs, while the southern area (South Meadow and Building 179 Area) would be 

suitable for the planned continued industrial use.  Details of each component of Alternative SO4 are as 

follows. 

 

Component 1: Selective Excavation of Soil and Removal of Anomalies 

This component is identical to that described under Alternative SO2 (Section 4.1.2).  Soil containing COCs 

exceeding RIDEM’s Leachability Criteria and or any excavated debris would be disposed offsite at a 

licensed facility.  Other soil may be consolidated into the South Meadow under the new soil cover. 

 

Component 2: Soil Excavation and Consolidation 

An area of approximately 69,500 square feet in the North Meadow where COC concentrations exceed 

residential PRGs would be excavated, which is presented on Figure 4-4).  Conceptually, locations where 

subsurface contamination exceed residential PRGs would be excavated to 1 foot below the depth at which 

the exceedance occurred.  At remaining subsurface locations where contamination was deeper 

(MW120B, MW119, SB138, MW116B, MW118B, and TP13), soil would be removed to depths ranging 

from 5 to 9 feet bgs.  The total volume of surface and subsurface soil that would be excavated from the 

North Meadow for consolidation within the South Meadow is approximately 5,600 cubic yards.  After 

completion of excavation, these excavated areas would be backfilled to restore surface elevations with 

clean soil followed by topsoil, which would be seeded for revegetation.  Excavated soil (from the North 

Meadow and isolated areas) would be characterized (sampled) and transported to the South Meadow for 

consolidation in that area.   

 

Component 3: Soil Cover for Consolidation Area 

A soil cover system would be constructed in the South Meadow over the identified limits of unpaved soils 

where COC concentrations are greater than the identified industrial PRGs, which is presented on Figure 

4-4.  The cover would be constructed to prevent human or ecological receptor contact with contaminated 

soil/debris and to prevent exposure, erosion and transport (to the stream/pond) of soil containing elevated 

levels of COCs.  For the purposes of this FS, it is assumed that the soil cover thickness would be 2 feet, 

and would include 18 inches of common fill and 6 inches of topsoil.  It is assumed that the soil cover would 

be vegetated following completion of its construction.  The soil cover detail is provided on Figure 4-3 and 

the limits of the soil cover area are identified on Figure 4-4.  Due to its location, it is estimated that portions 

of the cover would need to be armored to resist the erosive forces associated with Deerfield Creek and 

the unnamed stream.  Armoring would be achieved by replacing the 2-foot-thick soil cover with a 2-foot-

thick armor stone cover, mainly along sloped areas.  Based on the proposed location and construction, the 
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soil cover would consist of 4,950 cubic yards of common fill, 1,650 cubic yards of topsoil, and 2,300 cubic 

yards of armor stone (average stone size, 6 inches).  The geotextile shown on Figure 4-3 is an optional 

feature of the cap and its inclusion or exclusion would be determined during the Remedial Design phase.  

Following site restoration to the proper grade, the soil would be seeded and maintained to prevent future 

erosion.  Any wetland areas impacted by the remedy would also be restored.  

 

Additional excavation (beyond that identified above) may be required in some areas, for proper placement 

of the soil cover, to maintain appropriate topography, and to match existing site features.  The details of 

the soil cover placement, including adjustments to the estimated soil volumes and associated costs, would 

be finalized and presented during the Remedial Design phase.  The soil cover would not be constructed 

over the Paved Storage Area.  Instead, the existing asphalt pavement would be maintained and the Paved 

Storage Area would be handled as a Waste Management Area, as described under Alternative SO2.   

 

Component 4: Verification Sampling 

Verification samples would be collected from the sidewalls and bottom of the excavation in the North 

Meadow area, and the isolated excavation areas (north of the dam, west of the pond, and south of the 

paved area) for comparison to residential PRGs and to verify that the proper extent of soil is removed from 

the isolated areas that would not be capped.  If the results exceed the residential PRGs, the excavation 

would continue in the direction of the exceedance until PRGs are achieved, or until the boundary of the 

site or other limiting site feature is reached.  The Navy would develop a SAP for the verification sampling 

that would identify the frequency of verification sample collection.  It is assumed, for the purpose of this 

FS, that the frequency of verification sample collection in these areas would be one sidewall sample for 

every 50 linear feet of excavation perimeter and one excavation base sample for every 1,000 square feet 

of open excavation.  Verification sampling of selective excavation areas would be identical to that 

described under Alternative SO2 (Section 4.1.2). 

 

Component 5: LUCs and Inspections  

This component is like that described under Alternative SO2 (Section 4.1.2), except that the LUCs would 

not include the North Meadow.  Excavation of the North Meadow would render that portion of the site 

suitable for unrestricted use and unlimited exposure, with respect to soil. 

 

Component 6: Groundwater Monitoring and 5-Year Reviews 

This component is identical to that described under Alternative SO2 (Section 4.1.2). 

 

4.2 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

 

The remedial alternatives developed in Section 3.6 and described in Section 4.1 are evaluated against the 

seven NCP evaluation criteria described in Section 3.7.  The evaluation analysis of the alternatives 
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provides information to facilitate selection of a specific remedy or combination of remedies.  The detailed 

evaluation of alternatives was developed in accordance with the NCP (40 CFR 200.430[e]) and the 

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988a).  

 

4.2.1 Alternative SO1: No Further Action 

 

Consideration of a “no action” alternative is required under the NCP.  At a minimum, it provides a baseline 

against which other alternatives may be compared.  No containment, removal, or treatment of soil 

contaminants would be conducted.  The alternative would provide no mechanism to minimize potential 

risks to receptors except for the existing fencing and signs, which would not be maintained.  No 

groundwater monitoring would occur, and there would be no restrictions on groundwater use.  The only 

activities to be conducted under Alternative SO1 would be a review of site conditions and risks every five 

years. 

 

An analysis of this alternative with respect to the NCP evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

The no further action alternative would not be protective of human health and the environment.  

Alternative SO1 would not achieve RAOs, and COCs would remain at the site at concentrations exceeding 

acceptable risk levels.  COCs in the soil would continue to pose risks to human health in the long-term 

through dermal contact, incidental ingestion, and possibly through fugitive dust inhalation, during potential 

future use of the site.  Under the future land-use scenario, an industrial worker exposed to COCs in soil 

would have unacceptable risk.  In addition, the site soil would continue to pose risk to ecological receptors  

in the long-term through direct contact and ingestion.  Proper maintenance of the existing fencing and 

signs currently at the site would not be verified and could become ineffective over time. 

 

Because contaminants would remain at the site, 5-year reviews would be conducted, as required by 

CERCLA, to assess changing conditions and potential risks.   

 

Compliance with ARARs 

Table 4-1 summarizes the chemical-specific ARARs and TBCs for Alternative SO1.  There are no actions 

associated with this alternative, because there are no identified location- or action-specific ARARs or 

TBCs, which are summarized in Tables 4-2 and 4-3.  This alternative fails to meet ARARs because it does 

not address soil presenting unacceptable risks as determined by the baseline risk assessment (following 

federal TBC risk guidances) and exceeding RIDEM’s Remediation Regulation criteria.   
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Long-Term Effectiveness and Permanence 

Since no remedial actions would occur under Alternative SO1, the estimated risk of effects to human 

health and the environment would remain.  Potential contaminant migration pathways would not be 

addressed, and COCs remaining at the site would continue to pose threats to human health and the 

environment through various exposure pathways.   

 

5-year reviews would be required, for any risk associated with leaving contaminated soil onsite. These 5-

year reviews would assess whether risks are increasing or abating with time and any changes in site 

conditions. 

 

Under the no further action alternative, no additional controls would be used to manage the COCs at the 

site.  Therefore, the evaluation of the adequacy and reliability of new controls is not applicable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

The no further action alternative would not reduce the toxicity, mobility, or volume of contamination 

through treatment, since no treatment is used to address COCs in soil.  As a result, no hazardous 

substances would be treated or destroyed, and contaminated soil and debris would remain in place. 

 

Alternative SO1 would not satisfy the statutory preference for treatment to reduce risks posed by 

contaminated soil. 

 

Short-Term Effectiveness 

Since no response actions would be implemented, Alternative SO1 would not pose additional short-term 

risks to the local community, base personnel, or the environment.  Workers that would perform the 5-year 

reviews would be protected from contaminant-related risks by PPE and proper site safety procedures.  

Potential risks from soil contamination would remain unabated.  None of the RAOs would be achieved. 

 

Implementability 

This alternative would require no implementation other than completion of the 5-year reviews.  This activity 

would not require any permits, but it may require a minimal amount of coordination between regulatory 

agencies.  Implementation of Alternative SO1 would not limit future implementation of additional remedial 

actions at the site, if deemed necessary. 

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SO1 are provided in Appendix 

C and summarized below.  Present-worth costs were developed for a 30-year period at a 2.0 percent 

discount rate.  The identified costs are only for conducting 5-year reviews. 
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Cost Description Estimated Cost 

Capital Costs $0 
O&M/Long-Term Monitoring $0 
5-Year Reviews $27,500 
Net Present Worth $118,000 

 

4.2.2 Alternative SO2: Excavation, Ex-Situ Treatment, Selective Excavation and Removal 

of Anomalies, Off-Site Disposal, LUCs, and Monitoring 

 

Alternative SO2 would include excavation of soil with concentrations of COCs exceeding industrial PRGs, 

to a depth of 2 feet bgs, treatment of PAH-contaminated soil, and off-site disposal of metals-contaminated 

soil.  Suspected wastes (geophysical anomalies in the Paved Storage Area and buried drum fragments in 

the South Meadow) would be excavated for off-site disposal.  Additionally, soil from locations where 

elevated benzo(a)pyrene, naphthalene, and potentially elevated lead concentrations were identified and 

which may pose leachability concerns would be excavated deeper than the proposed 2-foot excavation 

depth and disposed off-site.  The soil/debris containing concentrations of COCs greater than the industrial 

PRGs that would remain on site would be covered by the existing or replaced pavement, clean fill, and/or 

treated soil.  Alternative SO2 would also include the establishment of LUCs and implementation of a long-

term groundwater monitoring program to monitor the site for any potential future releases of 

contamination. 

 

An analysis of this alternative with respect to the NCP evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

Alternative SO2 would be protective of human health and the environment under the planned future use 

(industrial).  Surface soil exceeding industrial PRGs would be removed from the site and treated and/or 

disposed offsite.  Removing the geophysical anomalies is an added precaution in preventing contaminant 

migration from the soil to the groundwater.  Post-excavation verification sampling would be performed to 

ensure that the proper extent of surface soil containing COC concentrations above industrial criteria has 

been removed.  The clean fill used to restore the site grade would provide further protection by creating a 

barrier between receptors (human and ecological) and the COCs in subsurface soil.  The Paved Storage 

Area would continue to act as a barrier layer for the underlying soil with elevated levels of COCs.  The cut 

slope extending from the edge of the Paved Storage Area after excavation would be backfilled with clean 

fill and/or treated soil to create a barrier over the COCs that would remain in soil in this area.  

Implementation of groundwater monitoring would detect if any remaining COCs leach into the 

groundwater.   

 

Implementation of LUCs would protect future industrial site workers from potential exposure to elevated 

levels of COCs in subsurface soil.  LUCs would also prohibit future residential or recreational use of the 
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site.  Lastly, 5-year reviews would be conducted, as required by CERCLA, to assess changing conditions 

and potential risks.  Once the 5-year review results have been evaluated, and if contaminant migration is 

deemed to pose human health or environmental risks, then additional response actions may be 

warranted. 

 

Compliance with ARARs 

Tables 4-4, 4-5, and 4-6 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative SO2.   This alternative would meet the identified ARARs. 

 

Long-Term Effectiveness and Permanence 

Alternative SO2 would provide long-term effectiveness and permanence.  The identified geophysical 

anomalies, buried drum fragments, and soils that pose potential leachability concerns would be removed 

from the site through selective excavation.  Although contaminated soil/debris with COCs that exceed 

industrial PRGs would remain on site, they would be contained beneath the Paved Storage Area or under 

2 feet of clean fill.  Risks to human health and the environment would therefore be mitigated.   

 

The site would be suitable for continued industrial use, and LUCs would prevent potential human 

receptors from coming into contact with the contained soil/debris.  LUCs would also prevent disturbance of 

the Paved Storage Area and would prevent development of the site for other uses that could provide 

unacceptable exposure of future site users to contamination.  Five-year reviews would be conducted to 

evaluate the continued effectiveness of the remedy.   

 

Groundwater monitoring would identify potential future migration of COCs from the Waste Management 

Area to the groundwater, and the remedy would be re-evaluated for effectiveness at the 5-year review 

cycle. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Through the active treatment of PAH-contaminated soil using LTTD, this alternative would achieve 

reductions in the toxicity, mobility, or volume of PAHs.  Any treatment of metals-contaminated soil would 

occur at the offsite disposal facility, being performed independently of this alternative, and is therefore not 

evaluated as part of this alternative. 

 

Short-Term Effectiveness 

Alternative SO2 would be effective in the short-term with implementation of proper controls during the 

remedial action (e.g., dust control, air monitoring).  With soil excavation, removal of geophysical 

anomalies, treatment of PAH-contaminated soil, and off-site transportation and disposal of metals-

contaminated soil, controls would have to be implemented to protect remediation construction workers, 

the public, and the environment until cover construction and site restoration are completed.   



   

W5212801F (081020/P) 4-15 CTO WE19 

Alternative SO2 could be implemented within 2 years and would attain the RAOs upon implementation.  

The remedial design and preparation of the construction work plan, the LUC RD, and the long-term 

management plan would be completed within that the first year, and construction activities are expected to 

require an additional 5 months, which could be impacted by weather conditions and access limitations at 

this active facility.   

 

Refer to Appendix E for the sustainability analysis.   

 

Implementability 

Alternative SO2 is implementable.  The remedial operations are complicated by the need to segregate 

PAH-contaminated soil with elevated metals levels from PAH-contaminated soil without elevated metals.  

Prior to and following LTTD treatment, the PAH-contaminated soil must be stockpiled in an area with 

limited space. The on-site LTTD operation requires specialized equipment and operators.  LTTD is a 

demonstrated effective method for the removal of PAHs from soil.  The resources, equipment, and 

materials required for excavation, treatment, and site restoration are readily available.  However, the 

remediation must be conducted so that it does not adversely impact site operations.  Prior to soil 

excavation, a disposal facility that will accept soil contaminated with PAHs and metals must be secured. 

 

The Remedial Design would provide the technical specifications for excavation, on-site treatment of PAH-

contaminated soil, transportation and off-site disposal of soil contaminated with metals and PAHs, and site 

restoration.  The necessary health and safety requirements for any construction activities conducted as 

part of the remedy implementation would be identified in the work plan.  A traffic-control plan would also 

be necessary due to the significant truck traffic to haul the soil off site and bring clean cover soils to the 

site.  The implementation of LUCs and a long-term management plan would require administrative 

processes that would be easily implemented.  

 

Selective excavation of geophysical anomalies and the Buried Container Area would be complicated by 

NUWC’s active use of the Paved Storage Area.  Stored equipment would need to be temporarily 

relocated.  A temporary access road may need to be provided for Storage Area workers in order to allow 

the remediation crew to remove buried paint canisters adjacent to the storm water culvert (located under 

the access road to the Paved Storage Area).  Remediation efforts will have to be coordinated with facility 

personnel. 

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SO2 is provided in Appendix 

C and is summarized below.  Present-worth costs were developed for a 30-year period at a 2.0 percent 

discount rate. 
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Cost Description Estimated Cost 

Capital Costs $4,863,000 
O&M/Long-Term Monitoring $3,500 
5-Year Reviews $27,500  
Net Present Worth $5,059,000 

 

4.2.3 Alternative SO3: Selective Excavation and Removal of Anomalies, Soil Cover, Off-

Site Disposal, LUCs, and Monitoring 

 

Alternative SO3 would include the construction of a soil cover over the limits of soil exceeding industrial 

PRGs and the selective removal of soil/anomalies.  Alternative SO3 would also include establishing LUCs 

and implementing a long-term groundwater monitoring program to monitor for future contaminant releases 

from the remaining areas of soil contamination. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

Alternative SO3 would be protective of human health and the environment under the planned future use 

(industrial).  Post-excavation verification sampling would be performed to ensure that the proper extent of 

surface soils had been removed (soils with COC concentrations exceeding industrial criteria).  The 

constructed soil cover would provide further protection by creating a barrier between COCs in subsurface 

soil and human and ecological receptors.  Removing the geophysical anomalies is an added precaution in 

preventing contaminant migration from the soil to groundwater.  Implementation of groundwater 

monitoring would detect future contaminant migration to the groundwater.  Implementation of LUCs would 

protect future industrial site workers from potential exposure to COCs in subsurface soil.  LUCs would also 

prohibit future residential or recreational use of the site.  Five-year reviews would be conducted, as 

required by CERCLA, to assess changing conditions and potential risks.  Once the 5-year review results 

have been evaluated, and if contaminant migration is deemed to pose human health or environmental 

risks, then additional response actions may be warranted. 

 

Compliance with ARARs 

Tables 4-7, 4-8, and 4-9 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative SO3.  This alternative would meet the identified ARARs. 

 

Long-Term Effectiveness and Permanence  

Alternative SO3 would provide long-term effectiveness and permanence.  The identified geophysical 

anomalies, buried drums, and soils that pose potential leachability concerns would be removed from the 

site through selective excavation.  Although contaminated soil/debris with COCs that exceed industrial 
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PRGs would remain on site, they would be contained beneath the Paved Storage Area or under 2 feet of 

clean fill.  Risks to human health and the environment would therefore be mitigated. 

 

The site would be suitable for continued industrial use, and LUCs would restrict potential human receptors 

from coming into contact with the contained soil/debris.  LUCs would also prevent disturbance of the soil 

cover system and the Paved Storage Area, and would prevent development of the site for other uses that 

could provide unacceptable exposure of future site users to site contamination.  Five-year reviews would 

be conducted to evaluate the continued effectiveness of the remedy. 

 

Groundwater monitoring would identify potential future migration of COCs in Waste Management Area 

soils to the groundwater, and the remedy would be re-evaluated for effectiveness at the 5-year review 

cycle. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

This alternative would not provide active treatment technologies that would reduce the toxicity, mobility, or 

volume of COCs.  The process of excavation would only move the contaminated material to a permitted 

disposal facility.  Any treatment that would occur at the disposal facility would be performed independently 

of this alternative and is not evaluated as a part of this alternative. 

 

Short-Term Effectiveness 

Alternative SO3 would be effective in the short-term, with implementation of proper controls during the 

remedial action (e.g., dust control).  With excavation, off-site transportation and disposal, and regrading as 

part of the soil cover construction, controls would have to be implemented to protect remediation 

construction workers, the public, and the environment, until cover construction and site restoration is 

completed. 

 

Alternative SO3 could be implemented within 2 years and would attain the RAOs upon implementation.  

The remedial design, preparation of the construction work plan, the LUC RD, and the long-term 

management plan would be completed within the first year, and construction activities would be expected 

to require an additional 4 months, which could be impacted by weather conditions and access 

requirements. 

 

Refer to Appendix E for the sustainability analysis. 

 

Implementability 

Alternative SO3 is implementable.  The resources, equipment, and materials required for removal of 

waste anomalies, excavation, backfilling, and covering are readily available.  However, the remediation 

must be conducted so that it does not adversely impact facility operations. 
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The remedial design would provide the specifications for selective excavation and removal of geophysical 

anomalies, soil cover construction, and site restoration.  The necessary health and safety requirements for 

any construction activities conducted as part of the remedy implementation would be identified in the work 

plan.  A traffic-control plan would also be necessary, due to the significant truck traffic to haul 

contaminated soil and clean soil cover materials.  The implementation of LUCs and a long-term 

management plan would require administrative processes and would be easily implemented. 

 

Selective excavation of geophysical anomalies and the Buried Container Area would be complicated by 

NUWC’s active use of the Paved Storage Area.  Stored equipment would need to be temporarily 

relocated.  A temporary access road may need to be provided for Storage Area workers in order to allow 

the remediation crew to remove buried paint canisters located adjacent to the storm water culvert (located 

under the access road to the Paved Storage Area).  Remediation efforts will have to be coordinated with 

facility personnel. 

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SO3 is provided in Appendix 

C and is summarized below.  Present-worth costs were developed for a 30-year period at a 2.0 percent 

discount rate. 

Cost Description Estimated Cost 

Capital Costs $1,926,000 
O&M/Long-Term Monitoring $3,500 
5-Year Reviews $27,500  
Net Present Worth $2,123,000 

 

4.2.4 Alternative SO4:  Selective Excavation and Removal of Anomalies, Excavation, 

Consolidation, Soil Cover, Off-Site Disposal, LUCs, and Monitoring  

 

Alternative SO4 would include excavation of soil with COCs exceeding residential PRGs in the North 

Meadow (as well as isolated areas west of NUWC Pond and south of the Paved Area) for consolidation 

with soil in the South Meadow, and the removal and off-site disposal of selected soil/geophysical anomaly 

areas.  In the South Meadow, Alternative SO4 would also include constructing a 2-foot-thick soil cover 

over the limits of exposed soil containing COCs at levels exceeding industrial PRGs, establishing LUCs, 

and implementing a long-term groundwater monitoring program to monitor for future contaminant releases 

from the remaining areas of soil contamination. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 
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Overall Protection of Human Health and the Environment 

Alternative SO4 would be protective of human health and the environment under the planned future use 

(industrial).  Although no residential or recreational use is planned for the site, Alternative SO4 would 

render the soil in the North Meadow and the isolated areas, as presented on Figure 4-4.  Post-excavation 

verification sampling would be performed to ensure that the proper extent of surface soil containing COC 

concentrations above industrial criteria had been removed.  The constructed soil cover in the South 

Meadow would provide protection by creating a barrier between elevated COCs in soil and human and 

ecological receptors, although site use in that area would remain limited to industrial use.  Removing the 

anomalies is an added precaution in preventing contaminant migration from the soil to the groundwater.  

Verification sampling would ensure that the remaining soils meet the appropriate PRGs and are of 

adequate quality to be managed under the cover system.  Implementation of groundwater monitoring 

would detect future contaminant migration to the groundwater.  Implementation of LUCs across the South 

Meadow and the Building 179 Area would protect future industrial site workers from potential exposure to 

COCs in subsurface soil.  LUCs would also prohibit future residential or recreational use of the site.  LUCs 

would not be required for the North Meadow, because excavation would render that area suitable for 

unrestricted use and unlimited exposure, with respect to soil.  Five-year reviews would be conducted, as 

required by CERCLA, to assess changing conditions and potential risks.  Once the 5-year review results 

have been evaluated, and if contaminant migration is deemed to pose human health or environmental 

risks, then additional response actions may be warranted. 

 

Compliance with ARARs 

Tables 4-10, 4-11, and 4-12 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative SO4.  This alternative would meet the identified ARARs. 

 

Long-Term Effectiveness and Permanence  

Alternative SO4 would provide long-term effectiveness and permanence.  Although not all of the 

contaminated soil and debris would be removed from the site, the identified risks to human and ecological 

receptors would be mitigated because COCs would be contained beneath the soil cover or pavement. 

 

The site would be suitable for continued use, and LUCs would restrict potential human receptors from 

coming into contact with the contained soil/debris.  LUCs would also prevent disturbance of the soil cover 

system and the Paved Storage Area and would prevent site development for other uses that could provide 

unacceptable exposure to future site users due to site contamination.  Five-year reviews would be 

conducted to evaluate the continued effectiveness of the remedy.   

 

Groundwater monitoring would ensure that future migration of contamination from the soil/debris to the 

groundwater does not occur undetected. 
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Reduction of Toxicity, Mobility, or Volume through Treatment 

This alternative would not provide active treatment technologies that would achieve reductions in the 

toxicity, mobility, or volume of COCs.  The process of excavation would only move the contaminated 

material to a permitted disposal facility or to the South Meadow soil cover area, as described above.  Any 

treatment that would occur at the disposal facility would be performed independently of this alternative and 

is not evaluated as a part of this alternative. 

 

Short-Term Effectiveness 

Alternative SO4 would be effective in the short-term, with implementation of proper controls during the 

remedial action (e.g., dust control).  With excavation, off-site transportation and disposal, and regrading as 

part of the soil cover construction, controls would have to be implemented to protect remediation 

construction workers, the public, and the environment, until cover construction and site restoration is 

completed.   

 

Alternative SO4 could be implemented within 2 years and would attain the RAOs upon implementation.  

The remedial design and preparation of the construction work plan, the LUC RD, and the long-term 

management plan would be completed within the first year, and then construction activities would be 

expected to take 4 months, which could be impacted by weather conditions and access requirements.   

 

Refer to Appendix E for the sustainability analysis. 

 

Implementability 

Alternative SO4 is implementable.  The resources, equipment, and materials required for removal of 

geophysical anomalies, excavation, backfilling, and covering are readily available.  However, the 

remediation must be conducted so that it does not adversely impact facility operations.   

 

The remedial design would provide the technical specifications for selective excavation and removal of 

geophysical anomalies, soil cover construction, and site restoration.  The necessary health and safety 

requirements for any construction activities conducted as part of the remedy implementation would be 

identified in the work plan.  A traffic-control plan would also be necessary due to the significant truck traffic 

to haul contaminated soil and clean soil cover materials.  The implementation of LUCs and a long-term 

management plan would require administrative processes and would be easily implemented. 

 

Selective excavation of geophysical anomalies and the Buried Container Area would be complicated by 

NUWC’s active use of the Paved Storage Area.  Stored equipment would need to be temporarily 

relocated.  A temporary access road may need to be provided for Storage Area workers in order to allow 

the remediation crew to remove buried paint canisters that are located adjacent to the storm water culvert 
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(located under the access road to the Paved Storage Area).  Remediation efforts would have to be 

coordinated with facility personnel. 

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SO4 is provided in Appendix 

C and is summarized below.  Present-worth costs were developed for a 30-year period at a 2.0 percent 

discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $2,267,000 
O&M/Long-Term Monitoring $3,500  
5-Year Reviews $27,500  
Net Present Worth $2,464,000 

 

4.3 COMPARATIVE ANALYSIS OF SOIL ALTERNATIVES 

 

A comparative analysis is conducted to evaluate the significant differences between alternatives, based on 

the threshold and balancing criteria.  This comparative analysis of soil alternatives is presented to address 

the effectiveness of each alternative in complying with the standards listed in the guidance (EPA, 1994). 

The analysis is provided below and summarized in Table 4-13. 

 

Overall Protection of Human Health and the Environment 

Alternative SO2 would be the most effective at protecting human health and the environment because 

most of the contaminated surface soil and debris would be either treated (destroying the organic 

contaminants) or removed and transported off site for disposal (to reduce metals contamination on site).  

However, Alternatives SO2, SO3, and SO4 eventually lead to equal measures of onsite protectiveness of 

human health and the environment, because all three alternatives prevent exposure to the COCs 

remaining in soil.  The cost-benefit for Alternative SO2 needs to be considered, given that the metals-

contaminated soil would only be moved, for management elsewhere, and the same management 

practices will still be needed onsite to fully address contamination in subsurface soil.   

 

Alternative SO4 would reduce the size of the soil cover area, and thus, the area for which soil LUCs would 

be required; however, it would not allow the full, unrestricted use of the North Meadow, as LUCs would still 

be required due to the underlying groundwater contamination at the North Meadow until groundwater 

cleanup goals are met.  The costs associated with the additional subsurface soil removal to depths of 9 

feet bgs in this area would need to be weighed against the benefits of the additional excavations, since 

overall industrial site use would not change. 
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Alternatives SO2, SO3, and SO4 would include LUCs, which add equal human health protection and 

prevent exposure to the contaminated soil remaining onsite.  In addition, all three Alternatives, SO2, SO3, 

and SO4, would include groundwater monitoring to ensure long-term performance of the alternatives.  

Alternative SO1 would not be protective of human health and the environment, because contact with the 

contaminated soil would not be prevented for either human or ecological receptors.   

 

Compliance with ARARs 

Alternatives SO2, SO3 and SO4 meet chemical-specific, location-specific, and action-specific ARARs.  

Implementation of any of these three alternatives would be in accordance with regulations.  Alternative 

SO1 would not comply with ARARs because it does not prevent exposure to contaminated soil/debris 

containing COC at concentrations greater than PRGs.   

 

Alternative SO3 is deemed to be the Least Damaging Practicable Alternative to protect wetland resources 

in accordance with the Clean Water Act, because it involves the least disturbance (least excavation) to the 

upland areas abutting the wetlands.  

 

Long-Term Effectiveness and Permanence  

Alternative SO2 would have the greatest long-term effectiveness, due to removal of the largest volume of 

contaminated soil/debris from the site.  However, Alternatives SO2, SO3, and SO4 utilize the same 

processes over the long-term to provide the desired long-term effectiveness for subsurface soil (i.e., cover 

with 2 feet of clean soil, in order to support continued industrial use of the site).  Alternative SO1 would not 

be effective or provide permanent protection from COCs in soil, because no remedial actions would be 

implemented.   

 

Reduction in Toxicity, Mobility, or Volume through Treatment  

Alternative SO2 provides some reduction of PAHs contaminants, through treatment by LTTD.  Treated soil 

would be reused onsite as clean backfill material.  Elevated levels of metals COCs are not addressed in 

this manner and would instead be disposed offsite.  Alternatives SO1, SO3, and SO4 do not include 

treatment.   

 

Short-Term Effectiveness  

Alternative SO1 would be effective in the short-term in that the alternative does not involve any major 

construction activities that would expose construction workers, the surrounding community, or the 

environment to COCs; however, Alternative SO1 would not meet RAOs.  Alternative SO3 is the next most 

effective in the short-term, because a smaller volume of soil would be removed and transported through 

the surrounding community.  Alternative SO4 would be less effective than Alternative SO3 in the short-

term, due to the greater potential for worker exposure to COCs in soil during the excavation and 

consolidation of North Meadow soil; however, compared to Alternative SO2, a lower volume of soil would 
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need to be transported offsite and through the surrounding community.  Alternative SO2 provides the least 

short-term effectiveness, due to the amount of contaminated soil/debris to which construction workers, the 

surrounding community, and the environment could be exposed.  The timeframes to achieve RAOs under 

Alternatives SO2, SO3, and SO4 are similar. 

 

Implementability 

Alternative SO1 would be the easiest to implement because no action is required; however, it is not 

implementable in an administrative sense, because it does not achieve the threshold criteria for the 

protection of human health and the environment and for achieving ARARs.  Alternative SO3 would be 

easier to implement than Alternatives SO2 and SO4, because a smaller volume of contaminated 

soil/debris would be excavated.  Alternative SO4 would be more difficult to implement than Alternative 

SO2, due to the deeper excavation in the North Meadow, and the greater change in the South Meadow 

topography following consolidation and final cover completion (side slopes would be more difficult to tie 

into the topography of the surrounding stream slopes and the Paved Storage Area). 

 

Cost 

Capital, O&M, and present worth costs for the four soil remedial alternatives are summarized as follows: 

 

Costs 

Alternative 
SO1 

No Further 
Action 

Alternative SO2 
Excavation, Ex-Situ 
Treatment, Selective 

Excavation and 
Removal of Anomalies, 

Off-Site Disposal, 
LUCs, and Monitoring 

Alternative SO3 
Selective Excavation 

and Removal of 
Anomalies, Soil 
Cover, Off-Site 

Disposal, LUCs, and 
Monitoring 

Alternative SO4 
Selective Excavation 

and Removal of 
Anomalies, Excavation, 

Consolidation, Soil 
Cover, Off-Site 

Disposal, LUCs, and 
Monitoring 

Capital $0 $4,863,000 $1,926,000 $2,267,000 
O&M/ 
Long-Term 
Monitoring 

$0 $3,500 (years 1-30) $3,500 (years 1-30) $3,500 (years 1-30) 

5-Year 
Reviews 

$27,500 $27,500  $27,500  $27,500  

Net 
Present 
Worth 

$118,000 $5,059,000 $2,123,000 $2,464,000 
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5.0  DESCRIPTION AND DETAILED ANALYSIS OF ALTERNATIVES FOR 
GROUNDWATER 

The section describes the remedial alternatives developed in Sections 3.4 and 3.6 for the remediation of 

Site 8 groundwater, evaluates the groundwater remedial alternatives against the NCP evaluation criteria, 

and compares each of the groundwater remedial alternatives to one another.  The alternatives, developed 

in Section 3.6, are as follows: 

 

Alternative GW1 No Action 

Alternative GW2 MNA and LUCs 

Alternative GW3 In-Situ Enhanced Bioremediation, MNA, and LUCs 

Alternative GW4  In-Situ Chemical Oxidation, MNA, and LUCs 

 

5.1 DESCRIPTION OF ALTERNATIVES 

 

Sections 5.1.1 through 5.1.4 describe the remedial alternatives developed for Site 8 groundwater. 

 

5.1.1 Alternative GW1 - No Action 

 

The no action alternative, as required under the NCP, would involve no remedial response activities and 

would provide no additional protection of human health or the environment; however, it would provide a 

baseline for comparison to other alternatives.  Five-year reviews of the site would be required because 

COCs would remain onsite at concentrations exceeding PRGs. 

 

Under this alternative, no remedial actions would be performed, no measures would be implemented to 

restrict access to Site 8, and no actions would be taken to warn people of the hazards.  There would be 

no reduction in toxicity, mobility, or volume of the contaminants other than what would result from natural 

dispersion, dilution, biodegradation, and other attenuating factors.  No monitoring would be performed to 

verify that natural attenuation was occurring at an acceptable rate.  Long-term maintenance of existing 

measures that provide some protectiveness, including site fencing and NUWC security that limits access, 

would not be verified under this alternative. 

  

5.1.2 Alternative GW2 – Monitored Natural Attenuation and Land Use Controls 

 

Alternative GW2 would consist of two major components: (1) MNA and (2) LUCs. 
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Component 1: Monitored Natural Attenuation 

Under this remedial alternative, MNA would be implemented in accordance with the OSWER Directive, 

Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and Underground Storage 

Tank Sites, and other MNA guidance documents (USEPA, 1999). 

 

Natural attenuation would rely on naturally-occurring processes within the aquifer to reduce the mass, 

toxicity, volume, or concentration of COCs in groundwater.  The concentrations of CVOCs, which are the 

predominant COCs in groundwater at the site, would be reduced through a variety of biological (e.g., 

reductive dechlorination, aerobic oxidation, anaerobic oxidation, aerobic co-metabolism), physical (e.g., 

advection, dilution, dispersion, diffusion, etc.), and chemical (e.g., abiotic degradation) processes.  The 

most important mechanism for the natural biodegradation of CVOCs is anaerobic reductive 

dechlorination.  Optimal conditions for reductive dechlorination are created when sufficient carbon 

sources are present for microorganisms to use up the available oxygen.  Once the oxygen is depleted, 

the microorganisms must use other electron acceptors (e.g., Mn4+, SO4
2-, NO3

-, and Fe3+) to metabolize 

the carbon.  If enough carbon, suitable organisms, and the proper geochemical conditions are present, 

the aquifer would become depleted of these electron acceptors and conditions would become suitable for 

methanogenic bacteria to use CO2 as the electron acceptor (producing methane in the process).  These 

conditions are also optimal for the CVOCs to serve as electron acceptors, resulting in degradation of the 

CVOCs via reductive dechlorination. 

 

Less-oxidized CVOCs, such as vinyl chloride, do not readily serve as electron acceptors and may 

degrade only slowly under anaerobic conditions via reductive dechlorination.  If conditions are sufficient to 

promote reductive dechlorination of the more highly substituted CVOCs, and anaerobic conditions persist 

along the entire length of the plume, vinyl chloride may accumulate.  However, vinyl chloride can also be 

removed from the plume via aerobic degradation where it can be used as a primary substrate and serve 

as an electron donor.  Thus, optimal CVOC degradation can occur at sites where conditions change from 

strongly reducing to aerobic along the axis of the plume. 

 

The available groundwater sampling results indicate that natural attenuation of CVOCs is occurring to 

varying degrees across the site (Tetra Tech, 2011b)1.  Under Alternative GW2, based on preliminary 

modeling using BIOCHLOR, it is estimated that PRGs would be achieved for CVOCs in 35 to 45 years in 

the North Meadow plume and 40 to 50 years in the South Meadow and Building 179 plumes.  

Calculations supporting BIOCHLOR modeling are included in Appendix D.  Some uncertainty is 

associated with the predicted timeframes for remediation, given the limited historical data set for 

groundwater contaminant levels and geochemical indicator parameters (e.g., electron acceptor 

                                                      
1 As noted in the 2011 MNA technical memorandum, limited historical data are available to evaluate long-term COC concentration 
trends.  The Navy is planning to conduct additional groundwater monitoring in 2012 to further evaluate natural attenuation processes 
at Site 8. 
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concentrations, ORP, DO, etc.) as well as the need to use some literature-based values in the model’s 

calculations instead of site-specific values (e.g., fraction of organic carbon present in the aquifer matrix).  

The Navy will continue to update attenuation rate models as more groundwater data are collected over 

time. 

 

Under favorable geochemical conditions, inorganic COCs (metals) in groundwater would generally be 

sequestered by precipitation or adsorption to immobilized and/or occluded forms that are rendered 

inaccessible to human and ecological receptors via exposure to groundwater.  Although there are seven 

metal COCs in groundwater, four of these (chromium, lead, nickel, and vanadium) exceeded PRGs only 

in one shallow well (MW103S) and two of these metals (arsenic and manganese) are considered part of a 

secondary release from soil to groundwater, which is described in  Section 1.10.2).  When sampled, the 

groundwater in the sample from MW103S had an extremely high turbidity reading compared to the other 

monitoring wells.  In the filtered sample from the same well, chromium, nickel, and vanadium did not 

exceed the PRGs.  Given that their concentrations were orders of magnitude lower than in the unfiltered 

sample, the high metals concentrations in the sample collected from MW103S were likely associated with 

the suspended solids in the unfiltered sample, rather than representing dissolved-phase COCs.  Such 

localized metals contamination in the shallow groundwater of MW103S can likely be attenuated through 

natural processes, and would not be expected to migrate to downgradient locations.  In addition, 

removing buried metallic objects suspected to be upgradient of MW103S, which is described in Section 4) 

would reduce a potential source of these metals in groundwater and would help the attenuation of metals 

concentrations at MW103S.  The PRG exceedances of arsenic and cobalt in groundwater samples were 

sporadic and scattered across the site, mostly at concentrations only slightly greater than their respective 

PRGs.  However, manganese exceedances in groundwater were relatively wide-spread across the site, 

this is presented in Appendix A.3.  

 

The elevated levels of arsenic, cobalt, and manganese are believed to be associated with naturally-

occurring minerals in the soil and bedrock matrix that were mobilized via reductive dissolution or 

desorption as a result of change in pH and redox conditions during the reductive dechlorination of CVOCs 

in the subsurface.  It is expected that following the depletion of CVOCs contamination and re-

establishment of geochemical conditions in the aquifer that favor the binding of metals to aquifer solids, 

these elevated metals concentrations would also be subsequently attenuated over time via adsorption or 

(co)precipitation.  Although part of a secondary release, these metals will be included in the long-term 

monitoring program to verify that concentrations achieve PRGs over time as the aquifer conditions are 

restored.  Accurately modeling the timeframe for the attenuation of metals in groundwater is currently not 

feasible, based on the available information.  
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Additional groundwater monitoring would be needed to evaluate contaminant concentration and 

geochemical trends over time, as well as to evaluate aquifer recharge rates from upgradient groundwater 

and precipitation infiltration.  Also, substantial reduction of the CVOC plume would need to be 

accomplished first.  For the purposes of this FS, the additional time to achieve the attenuation of metals 

following the remediation of the CVOC plume was estimated at 2 to 3 years for the North Meadow plume 

and 10 to 15 years in the South Meadow and Building 179 plumes, based on the expected replenishment 

rates from upgradient groundwater, which is shown in Appendix B.  A background data set has not been 

developed site groundwater.  Collection of background groundwater samples for metals may be required 

during the MNA evaluation period, because elevated concentrations (i.e., above PRGs) of manganese, 

and slightly elevated levels of arsenic and cobalt, have been detected in groundwater from wells located 

in the upgradient portion of the North Meadow (MW-115B, MW-116B).  Similarly, slightly elevated levels 

of cobalt and manganese have been detected in groundwater from a well in the upgradient portion of the 

South Meadow (MW-106B). However, these locations are still considered to be “on-site” and may not 

represent true background conditions. 

 

Groundwater contamination by 1,4-dioxane was associated with the chlorinated ethane (1,1,1-TCA) 

plume originating from the Building 179 area, and was found as far north as the northern part of the North 

Meadow, suggesting it travels in advance of the 1,1,1-TCA plume.  1,4-Dioxane is present only at low, 

residual concentrations (maximum concentrations of 8.3 µg/L) and no substantial source of 1,4-dioxane 

has been found to remain at the site.  Due to its resistance to biodegradation by indigenous soil 

microorganisms under ambient conditions, attenuation of the 1,4-dioxane plume would rely primarily on 

abiotic processes that would occur after the 1,1,1-TCA source is depleted. 

 

Monitoring would be conducted to assess the effectiveness of natural attenuation over time, until PRGs 

have been achieved.  Groundwater samples would be collected and analyzed for the Site 8 COCs and 

various natural attenuation parameters, such as ORP, DO, pH, alkalinity, TOC, ferrous and total iron, 

sulfur compounds (sulfate and sulfide), nitrogen compounds (nitrate and nitrite), chloride, and metabolic 

gases (methane, ethane, ethene, and carbon dioxide).  Wells monitored for these parameters would be 

selected from upgradient and side-gradient areas with respect to the source areas, within the plumes, and 

near the downgradient edge of the plumes.  A long-term monitoring plan would be prepared to identify the 

wells to be sampled and the analyses to be performed.  For the purpose of this FS, a total of 49 wells 

(including three dual-nested wells) are assumed to be included in this monitoring program, based on the 

extent of the plumes and the thickness of the aquifer.  The actual number and location of monitoring wells 

would be determined during the Remedial Design phase. 

 

Conceptually, the monitoring program would be conducted quarterly for the first year, to establish 

baseline conditions and to evaluate the effectiveness of natural attenuation.  Then the monitoring 
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frequency could be reduced to semi-annually for the next two years, and annually thereafter, as 

appropriate, based on the observed COC trends.  The effectiveness of MNA would be evaluated using a 

weight-of-evidence approach, consistent with recent MNA guidance documents. 

 

Component 2: LUCs 

LUCs would be implemented to control exposure to COCs in groundwater and to protect human health 

during the interim time period until PRGs have been achieved in groundwater.  The groundwater LUCs 

would prohibit the installation of groundwater supply (extraction) wells, including public and private 

drinking water wells and irrigation wells, in addition to prohibiting any use of groundwater for drinking 

water purposes. 

 

Regular site inspections would be performed to verify the continued maintenance of LUCs until the 

groundwater PRGs have been achieved.  The areas to which the LUCs would apply would be identified 

and surveyed.  The Navy would also coordinate with adjacent property owner(s) and state agencies (e.g., 

Department of Public Health and RIDEM) to prevent the installation of residential drinking water supply 

wells or other groundwater extraction wells directly adjacent to the site. 

 

LUCs would be integrated with, and implemented as part of, existing LUCs at the base.  If ownership of 

the base is transferred, with contamination remaining in place, ELURs would be recorded in accordance 

with applicable laws and the requirements of the LUC RD.  Annual reports would be submitted to EPA 

and RIDEM to document that the conditions of the LUCs have been met.  The LUCs will be maintained 

for as long as site conditions are not suitable for unrestricted use and unlimited exposure. 

 

Remedy will result in hazardous substances, pollutants, or contaminants remaining onsite in excess of 

levels that allow for unlimited use and unrestricted exposure, in accordance with Section 121(c) of 

CERCLA and NCP §300.430(f)(5)(iii)(c), a statutory review will be conducted within 5 years of the 

initiation of remedial action, and every 5 years thereafter, to ensure that the remedy continues to be 

protective of human health and the environment.  During such reviews, the Navy, EPA, and state would 

review site conditions and monitoring data to determine whether the continued implementation of the 

selected remedy is appropriate. 

 

5.1.3 Alternative GW3 – In-Situ Enhanced Bioremediation, Monitored Natural 

Attenuation, and Land Use Controls 

 

Alternative GW3 includes three major components: (1) in-situ enhanced bioremediation, (2) MNA, and (3) 

LUCs. 
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Component 1: In-Situ Enhanced Bioremediation 

In-situ enhanced bioremediation would consist of injecting a nutrient substrate (e.g., emulsified vegetable 

oil) into the saturated zone to stimulate the reductive dechlorination of CVOCs in groundwater by naturally 

occurring microorganisms.  An oil-in-water emulsion would be prepared using food-grade vegetable oil 

and distributed throughout the target treatment zone (TTZ) to provide a long-lasting electron donor to 

support anaerobic biodegradation processes. These oils would be fermented to molecular hydrogen (H2) 

and acetate by common subsurface microorganisms, which can then be used as a carbon and energy 

source for anaerobic biodegradation of the target pollutants.  Soluble substrates and nutrients (e.g., 

lactate, yeast extract, vitamins) can be added as needed to the mixture prior to injection to stimulate rapid 

growth of desired bacteria.   

 

The emulsions can be distributed through the subsurface using recirculation systems or injection only 

systems.  For injection only systems, two basic configurations, i.e. barriers or area treatment, are usually 

considered.  Barriers would consist of rows of injection points placed across a plume perpendicular to the 

direction of groundwater flow so that the plume can be treated as it migrates through the emulsion treated 

zone.  Area treatments would consist of grids or multiple rows of injection points in areas of interest to 

treat both mobile dissolved contaminants and relatively immobile sorbed/residual contaminants. 

 

Conceptually, a mixed approach would be adopted to select TTZs for either treatment of high 

concentration areas or interception of plumes for treatment in barriers depending on the groundwater 

velocity, which is shown on Figure 5-1.  A commercially-available emulsified oil product would be used for 

injection into the subsurface through injection wells in each TTZ.  At each injection location, the emulsified 

oil would be injected via two wells over two consecutive 10-foot intervals.  The injection locations would 

be on a hexagonal grid with a spacing of approximately 10 feet between points in each TTZ to account for 

the uncertainty of the lateral interconnection in bedrock fractures.  Under these assumptions, it is 

estimated that approximately 278 injection locations would be needed.  The total volume of emulsion 

injected would be approximately 35,000 gallons, including approximately 107,000 pounds of emulsified 

oil.  Because of the low alkalinity of the groundwater, a buffered product is expected to be required.  A 

high-pressure pump capable of a pumping rate of 5 gpm would be necessary to ensure the proper 

application of the emulsified oil product and to minimize application time. 

 

Target Treatment Zone 
Number of 
Injection 

Locations* 

Total Mass of Oil 
Added 

(pounds) 

Total Water 
Added 

(gallons) 

Area Treatment for Hot Spot at MW-
117B, MW-118B, MW-128B and MW-
03B (300 ft. by 40 ft.) 

120 47,000 8,000 
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Target Treatment Zone 
Number of 
Injection 

Locations* 

Total Mass of Oil 
Added 

(pounds) 

Total Water 
Added 

(gallons) 

Area Treatment for Hot Spot at MW-
04B, MW-104B and MW-105B (100 ft. 
by 40 ft.) 

40 16,000 3,000 

Area Treatment for Hot Spot at MW-
103B (40 ft. by 40 ft.) 

16 6,000 1,000 

Area Treatment for Hot Spot at MW-
100B (40 ft. by 40 ft.) 

16 6,000 1,000 

Area Treatment for Hot Spot at MW-
101B (40 ft. by 40 ft.) 

16 6,000 1,000 

Barrier Downgradient of MW-129B and 
MW-9B (60 ft. by 90 ft.) 

54 20,000 6,000 

Area Treatment for Hot Spot at MW-7A 
and MW-7B (40 ft. by 40 ft.) 

16 6,000 1,000 

*   Two wells at each location for two consecutive 10-foot injection intervals. 
ft. - feet  
 

The conceptual approach described herein may be modified during the Remedial Design phase.  During 

the design phase, a pilot study may be performed at a selected location(s) to verify the conceptual 

approach and provide information needed to engineer the full-scale system.  A location would be selected 

that is representative of the heterogeneous conditions in the fractured bedrock aquifer, to confirm the 

appropriate well spacing and application rate, under the anticipated typical conditions that may be 

encountered. Supplemented with the understanding of the bedrock fracture characteristics across the 

site, and by adding necessary safety factors into design parameters, the final design would be able to 

account for uncertainties in the heterogeneity of the fractured bedrock aquifer.  The studies during the 

Remedial Design may also include a microcosm study to verify the presence/activity of the 

microorganisms responsible for reductive dechlorination, and to further evaluate the types/quantities of 

amendments needed to augment the bioremediation process. 

 

As a conservative assumption, a second injection of the selected emulsified oil product would be applied 

within two years of the initial injection, to replenish the emulsified oil consumed by contaminant 

degradation and other electron acceptors in the aquifer, based on the results of groundwater monitoring.  

To evaluate the progress of the bioremediation system, monitoring would be performed (baseline and 

quarterly) for one year. 
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Active remediation, by adding electron donor compounds to promote in-situ bioremediation, may 

temporarily increase the mobilization of the metal COCs from site soil to groundwater, as a result of the 

change in pH and redox conditions during the reductive dechlorination of CVOCs.  However, it is 

expected that following the depletion of CVOC contamination, and re-establishment of aquifer 

geochemical conditions that favor the binding of metals to aquifer solids, the metals that may be 

mobilized would subsequently be attenuated over time, via adsorption or (co)precipitation. 

 

Component 2: Monitored Natural Attenuation 

Under Alternative GW3 in the untreated portions of the plumes, MNA would be identical to MNA under 

Alternative GW2.  In the treated areas of the plumes, the indigenous microbial population would be 

stimulated by injection of the selected electron donor compounds, resulting in an accelerated rate of 

biodegradation of CVOCs, and a shortened cleanup timeframe. 

 

With enhanced bioremediation followed by MNA as a polishing step, based on preliminary modeling using 

BIOCHLOR, it is estimated that PRGs for CVOCs would be achieved in 25 to 35 years in the North 

Meadow plume, and in 15 to 20 years in the South Meadow plumes, which is discussed in Appendix D.  

Some uncertainty is associated with the predicted timeframes for remediation, given the limited historical 

data set for groundwater contaminant levels and geochemical indicator parameters (e.g., electron 

acceptor concentrations, ORP, DO, etc.), as well as the need to use some literature-based values in the 

model’s calculations, instead of site-specific values (e.g., fraction of organic carbon present in the aquifer 

matrix).  The Navy will continue to update attenuation-rate models as more groundwater data are 

collected over time.  As described for MNA under Alternative GW2, the attenuation of inorganic (metals) 

COCs would proceed following the cleanup of the organic (CVOC) plumes.  For the purposes of this FS, 

the additional time required to achieve the attenuation of metals after the remediation of the CVOC plume 

was estimated at 2 to 3 years for the North Meadow plume and 10 to 15 years in the South Meadow and 

Building 179 plumes, based on the expected replenishment rates from upgradient groundwater, as 

discussed in Appendix B); however, further sampling and evaluation of metals attenuation would be 

required, following remediation of the CVOC plumes. 

 

Component 3: LUCs 

This component would be identical to Component 2 of Alternative GW2. 

 

Five-year reviews would be conducted as described in Section 5.1.2. 
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5.1.4 Alternative GW4 – In-Situ Chemical Oxidation, Monitored Natural Attenuation, and 

Land Use Controls 

 

Alternative GW4 would consist of three major components: (1) ISCO, (2) MNA, and (3) LUCs. 

 

Component 1: In-Situ Chemical Oxidation 

ISCO involves the subsurface delivery of a chemical oxidant to destroy organic contaminants.  As 

discussed in Section 3.4.5.2, a number of chemical oxidants, including Fenton’s Reagent, activated 

persulfate, and potassium or sodium permanganate are available for in-situ treatment of the COCs 

identified in groundwater at Site 8.  While these oxidants offer various levels of effectiveness based on 

site conditions, there are also different levels of stability inherent to their chemical structure as well as 

implementability issues related to their use in an active industrial area and adjacent to a wetland 

ecosystem.  The specific oxidant for use at Site 8 would be determined during the Remedial Design 

phase.  For conceptual and costing purposes, the use of Fenton’s Reagent is assumed in this FS. 

 

Fenton’s Reagent (hydrogen peroxide and iron catalyst) is a commonly used chemical oxidant that can 

react with chlorinated ethanes, chlorinated ethenes, and 1,4-dioxane found in groundwater at the site.  

When catalyzed in water, hydrogen peroxide may generate a wide variety of free radicals and other 

reactive species that are capable of transforming or decomposing these organic contaminants. 

 

Conceptually, a solution containing Fenton’s Reagent would be injected into the subsurface through 

injection wells in selected TTZs where high-concentrations of chlorinated ethenes, chlorinated ethanes 

and 1,4-dioxane were detected in groundwater (see Figure 5-2).  It is assumed that 1,500 gallons of 

Fenton’s Reagent solution (12.5 percent) would be injected at each injection location via two wells over 

two consecutive 10-ft intervals.  The injection locations would be on a hexagonal grid with a spacing of 

approximately 10 feet between points in each TTZ specified on Figure 5-2.  Approximately 224 injection 

locations would be needed.  The volume of Fenton’s Reagent solution injected would be approximately 

336,000 gallons.  A high-pressure pump capable of a pumping rate of 5 gpm would be necessary to 

ensure the proper application of the Fenton’s Reagent solution and to minimize application time.   

 

 

Target Treatment Zone 
Number of 
Injection 

Locations* 

Total Fenton’s 
Reagent Added, 

(gallons) 

Area Treatment for Hot Spots at 
MW-03B, MW-117B, MW-118B, 
and MW-128B (300 ft. by 40 ft.) 

120 180,000 
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Target Treatment Zone 
Number of 
Injection 

Locations* 

Total Fenton’s 
Reagent Added, 

(gallons) 

Area Treatment for Hot Spots at 
MW-04B, MW-105B, and MW-
104B (100 ft. by 40 ft.) 

40 60,000 

Area Treatment for Hot Spot at 
MW-103B (40 ft. by 40 ft.) 

16 24,000 

Area Treatment for Hot Spot at 
MW-100B (40 ft. by 40 ft.) 

16 24,000 

Area Treatment for Hot Spot at 
MW-101B (40 ft. by 40 ft.) 

16 24,000 

Area Treatment for Hot Spot at 
MW7A/7B (40 ft. by 40 ft.) 

16 24,000 

*      Two wells at each location for two consecutive 10-foot injection intervals. 
ft – feet 

 

The conceptual approach described herein may be modified during the Remedial Design phase.  During 

the design phase, a pilot study may be performed at a selected location(s) to verify the conceptual 

approach and provide information needed to engineer the full-scale system.  A location that is 

representative of the heterogeneous conditions in the fractured bedrock aquifer would be selected to 

confirm the appropriate well spacing and application rate under typical conditions that may be 

encountered.  Supplemented with an understanding of the bedrock fracture characteristics across the 

site, and by adding necessary safety factors into design parameters, the final design would be able to 

account for uncertainties in the heterogeneity of the fractured bedrock aquifer. 

 

For the purposes of this FS, it is assumed that a 99 percent reduction in aqueous-phase CVOC 

concentrations in the TTZs would be achieved from the first injection; a secondary injection event, at 

approximately 50 percent of the level of effort of the primary injection event, is assumed to be required 

after six months to one year after the first injection, to account for potential rebound of CVOC 

concentrations (to be based on the results of groundwater monitoring).  Baseline and quarterly monitoring 

would be performed for one year to evaluate the progress of the chemical oxidation.  All monitoring 

events would use low-flow groundwater sampling techniques. 

 

Injection of Fenton’s Reagent could potentially mobilize metal contaminants in the subsurface and cause 

a transient increase of metal concentrations in groundwater due to changes in oxidization states of the 

metals, degradation of metal-binding natural organic matter (NOM), or addition of acids, chelators, or 

stabilizers to enhance the activation of hydrogen peroxide.  However, such temporal increases in metal 
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concentrations would usually be limited to ISCO TTZs, and any mobilized metals would generally be 

naturally attenuated within a few months after ISCO treatment. 

 

Component 2: Monitored Natural Attenuation 

This component would be identical to Component 1 of Alternative GW2 for the untreated portions of the 

plumes.  After ISCO treatment, MNA would also be applied to TTZs and the downgradient portions of the 

plumes until PRGs are achieved.  Any residual CVOCs in the TTZs would rely on natural attenuation 

processes for further reduction over time.  The indigenous microbial population responsible for reductive 

dechlorination would be impacted by the ISCO treatment, but would be expected to recover over time.  

Prior to the return of anaerobic geochemical conditions that favor reductive dechlorination, abiotic 

degradation or aerobic co-metabolic oxidation may occur to decrease the residual CVOC concentrations.  

In addition, residual CVOCs in the TTZs would also be degraded after migrating to downgradient 

locations where reductive dechlorination is actively occurring. 

 

With ISCO treatment followed by MNA as a polishing step, based on preliminary modeling using 

BIOCHLOR, it is estimated that PRGs would be achieved for CVOCs in 5 to 30 years in the North 

Meadow plume, and in 5 to 25 years in the South Meadow plumes, as discussed in Appendix D.  Some 

uncertainty is associated with the predicted timeframes for remediation, given the limited historical data 

set for groundwater contaminant levels and geochemical indicator parameters (e.g., electron acceptor 

concentrations, ORP, DO, etc.), as well as the need to use some literature-based values in the model’s 

calculations instead of site-specific values (e.g., fraction of organic carbon present in the aquifer matrix).  

The Navy will continue to update attenuation rate models as more groundwater data are collected over 

time.   

 

As described for MNA under Alternative GW2, the attenuation of inorganic (metals) COCs would proceed 

following cleanup of the organic (CVOC) plumes.  For the purposes of this FS, the additional time to 

achieve the attenuation of metals following the remediation of the CVOC plume was estimated at 2 to 3 

years for the North Meadow plume and 10 to 15 years in the South Meadow and Building 179 plumes, 

based on the expected replenishment rates from upgradient groundwater, as discussed in Appendix B; 

however, further sampling and evaluation of metals attenuation would be required following remediation 

of the CVOC plumes. 

 

Component 3: LUCs 

This component would be identical to Component 2 of Alternative GW2. 

 

Five-year reviews would be conducted as described in Section 5.1.2. 
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5.2 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

 

The remedial alternatives developed in Section 3.6 and described in Section 5.1 are described and 

evaluated in detail in this section.  The evaluation analysis of the alternatives provides information to 

facilitate selection of a specific remedy or a combination of remedies.  The detailed evaluation of 

alternatives was developed in accordance with the NCP [40 CFR 200.430(e)] and the Guidance for 

Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988a).  The NCP 

criteria for alternative evaluation are presented and described in Section 3.7.  

 

5.2.1 Alternative GW1: No Action 

 

Consideration of a no action alternative is required under the NCP.  At a minimum, it provides a baseline 

against which other alternatives may be compared.  No containment, removal, or treatment of 

groundwater contaminants would be conducted.  The alternative would provide no mechanism to 

minimize potential risks to receptors except for the existing fencing and signs, which would not be 

maintained.  No groundwater monitoring would occur, and there would be no restrictions on groundwater 

use.  The only activities to be conducted under Alternative GW1 would be review of site conditions and 

risks every five years. 

 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

The no action alternative would not be protective of human health and the environment.  Alternative GW1 

would not achieve RAOs, and COCs would still exist at Site 8 at concentrations exceeding PRG levels.  

Because there would be no groundwater monitoring, the progress of the natural attenuation of 

groundwater COCs would remain unknown and potential offsite migration of COCs would not be 

detected. 

 

Because contaminants would remain at the site, 5-year reviews would be conducted, as required by 

CERCLA.  Once the 5-year review results had been evaluated, and if contaminant migration was deemed 

to pose human health or environmental risks, then additional response actions may be warranted. 

 

Compliance with ARARs 

Tables 5-1, 5-2, and 5-3 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative GW1.  This alternative fails to comply with chemical-specific ARARs or TBCs 

because it does not address groundwater contamination.  Chemical-specific ARARs and TBCs might 
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eventually be met through natural attenuation, but this would not be verified through monitoring.  There 

are no location- or action-specific ARARs or TBCs for this alternative. 

 

Long-Term Effectiveness and Permanence 

Since no remedial actions would occur under Alternative GW1, the identified unacceptable risks to human 

health under the future residential use scenario would remain (however, groundwater is currently not 

used at the site).  Since there would be no monitoring, the progress of the natural attenuation of 

groundwater COCs would remain unknown and the potential offsite migration of these COCs would not 

be detected. 

 

5-year reviews would be required, depending on associated risk of leaving contaminated groundwater 

onsite.  While concentrations of COCs would not be measured, the 5-year reviews would assess whether 

new exposures are occurring, through inspection of the property. Such inspections would result in 

identification of new land uses and presence of groundwater wells that might be used for potable supply 

or other purpose. In this manner, the threats of risk will be identified, although whether the actual risks are 

increasing or abating with time would not be measured. 

 

Under the no action alternative, no additional controls would be used to manage the contaminants at the 

site.  Therefore, the evaluation of the adequacy and reliability of new controls is not applicable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

The no action alternative would not reduce the toxicity, mobility, or volume of contamination through 

treatment, since no treatment would be used to mitigate COCs in groundwater. 

 

Alternative GW1 would not satisfy the statutory preference for treatment. 

 

Short-Term Effectiveness 

No action would occur; implementation of Alternative GW1 would not pose any risks to site workers or 

result in short-term adverse impact to the local community or the environment.  Alternative GW1 may 

achieve the groundwater RAOs eventually, and although the groundwater PRGs might eventually be met 

through natural attenuation, this would not be verified through monitoring. 

 

Implementability 

No action would occur; Alternative GW1 would be readily implementable in a technical sense.  The 

technical feasibility criteria, including constructability, operability, and reliability, are not applicable.  

Implementability of additional administrative measures is not applicable because no such measures 

would be taken. 
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Cost 

There are no costs associated with Alternative GW1.  For purposes of this FS, the costs associated with 

5-year reviews are assumed under the soil alternatives, which are discussed in Section 4. 

 

5.2.2 Alternative GW2: Monitored Natural Attenuation and Land Use Controls 

 

Overall Protection of Human Health and the Environment 

Alternative GW2 would be protective of human health through the reduction of COC concentrations over 

time and the implementation of LUCs to prevent exposure to COCs during the interim.  Naturally 

occurring processes such as biodegradation, abiotic degradation, dispersion, and dilution would reduce 

concentrations of VOCs to their PRGs over the long term.  Metal contaminants would generally be 

sequestered by precipitation or adsorption under favorable geochemical conditions to immobilized and/or 

occluded forms that are rendered harmless to receptors.  However, it would be approximately 45 to 65 

years before these processes achieve the PRGs for CVOCs.  The risk from exposure to contaminated 

groundwater would be addressed through LUCs, which would effectively prevent unacceptable risk from 

exposure until the PRGs have been met. 

 

Monitoring is necessary to document the effectiveness and progress of natural attenuation processes, 

and detecting potential migration of COCs in groundwater so that appropriate contingency measures can 

be taken, if required. 

 

LUCs would be protective of human health and the environment during the attenuation period until PRGs 

are met.  Restricting the use of groundwater would be protective of human health by avoiding 

unacceptable risks of exposure to contaminated groundwater. 

 

Compliance with ARARs 

Tables 5-4, 5-5, and 5-6 summarize chemical-, location-, and action-specific ARARs and TBCs, 

respectively, for Alternative GW2.  Alternative GW2 would eventually comply with chemical-specific 

ARARs and TBCs through natural attenuation.  This would be confirmed through monitoring.  Alternative 

GW2 would also comply with location- and action-specific ARARs and TBCs. 

 

Long-Term Effectiveness and Permanence 

Alternative GW2 would provide long-term effectiveness and permanence.  Natural attenuation would 

effectively and permanently reduce groundwater contaminant concentrations to acceptable levels over 

time.  MNA for CVOCs and metals is a recognized (established) remediation option.  There is reason to 

believe that, following remediation of the CVOC plumes, the metals concentrations in groundwater 
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resulting from the release of naturally-occurring metals in site soil would be reduced over time, due to the 

restored aquifer quality. 

 

Monitoring the progress of natural attenuation would be an effective means to evaluate the progress of 

remediation. 

 

LUCs would effectively prevent the use of the groundwater until PRGs are met.   

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative GW2 would reduce the toxicity, mobility, and volume of groundwater COCs through passive 

remediation, and not through active treatment.  The total mass of COCs that would be degraded or 

immobilized through biological and abiotic processes during natural attenuation is uncertain at this time, 

although it is expected that PRGs would be achieved over time.  No treatment residues would be 

generated by this alternative. 

 

Short-Term Effectiveness 

Alternative GW2 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during groundwater sampling would be 

minimized by compliance with OSHA requirements including wearing appropriate personal protective 

equipment (PPE) and adherence to site-specific health and safety procedures.  Implementation of LUCs 

and monitoring would not adversely impact the surrounding community or the environment. 

 

The RAO to prevent the use of site groundwater would be achieved immediately upon implementation of 

LUCs and monitoring.  Alternative GW2 would attain the RAO to restore groundwater quality to its 

beneficial use once COCs reach the cleanup goals through natural attenuation.  It is estimated that PRGs 

would be achieved for CVOCs in 35 to 45 years in the North Meadow plume and 40 to 50 years in the 

South Meadow plumes.  After the CVOCs are depleted, it would take approximately 2 to 3 years in the 

North Meadow and approximately 10 to 15 years in the South Meadow and Building 179 Area for 

upgradient groundwater to fully replenish the site aquifer and to restore the relatively aerobic geochemical 

conditions that favor metal immobilization via precipitation and/or (co)precipitation, and the resulting 

attenuation of the elevated metals concentrations, as discussed in Appendix B. 

 

As part of the overall evaluation for this alternative, the relative environmental sustainability was 

examined with respect to greenhouse gas and criteria pollutant emissions, energy usage, water 
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consumption, and worker safety.  Refer to Appendix E for details of the sustainable remediation 

evaluation. 

 

Implementability 

Sampling and maintenance of existing monitoring wells during natural attenuation and performance of 

5-year reviews would readily be accomplished.  The resources, equipment, and materials required for 

these activities are readily available. 

 

The administrative aspects of Alternative GW2 would be relatively simple to implement.  The LUCs would 

be incorporated into the existing LUC program at the base. 

 

Cost 

A detailed estimate of capital and O&M costs and net present worth for Alternative GW2 is provided in 

Appendix C and is summarized below.  The net present worth was developed for a 30-year period of 

performance at a 2.0 percent discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $16,500 

O&M/Long-Term Monitoring 

(Year 1) 
$274,000 

O&M/Long-Term Monitoring 

(Years 2 and 3) 
$137,000 

O&M/Long-Term Monitoring 

(Year 4 and after) 
$69,000 

30-Year Net Present Worth $1,880,000 

 

 

5.2.3 Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, 

and Land Use Controls 

 

Overall Protection of Human Health and the Environment 

Alternative GW3 would be protective of human health and the environment through the active remediation 

of the highest COC concentrations in groundwater and the implementation of interim LUCs to prevent 

exposure to the residual COCs until PRGs are achieved.  By actively treating the TTZs with high CVOCs 

concentrations, in-situ enhanced bioremediation using emulsified oil would significantly reduce the 

expansion of the plumes of CVOCs.  Contamination of CVOCs at downgradient locations or areas where 

active treatment is not feasible (e.g., western edge of the North Meadow where diffusion samples were 

collected) would be reduced over time by natural attenuation.  Elevated concentrations of metal COCs in 



   

W5212801F (081020/P) 5-17 CTO WE19 

groundwater would also be attenuated through naturally-occurring processes after CVOCs are depleted 

in the subsurface.  Overall, Alternative GW3 would significantly reduce risk from exposure to COCs in 

groundwater.   

 

Monitoring would be protective by evaluating the effectiveness of in-situ enhanced bioremediation, 

evaluating the progress of natural attenuation processes, and detecting potential migration of COCs in 

groundwater. 

 

LUCs would be protective of human health and the environment during the remedial period until PRGs 

are met.  Restricting the use of groundwater would be protective of human health and the environment by 

avoiding unacceptable risks of exposure to contaminated groundwater.   

 

Compliance with ARARs 

Tables 5-7, 5-8, and 5-9 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative GW3.  Alternative GW3 would eventually comply with chemical-specific 

ARARs and TBCs through a combination of in-situ treatment and natural attenuation.  Alternative GW3 

would also comply with location- and action-specific ARARs and TBCs.   

 

Long-Term Effectiveness and Permanence 

Alternative GW3 would provide long-term effectiveness and permanence.  In-situ enhanced 

bioremediation would effectively reduce the highest groundwater COC concentrations.  This would 

accelerate the remediation process and reduce the expansion of the plume.  In-situ enhanced 

bioremediation is a relatively well-established technology; however, a pre-design pilot-scale treatability 

study may be required to evaluate the site-specific application.  

 

After treatment of the groundwater using bioremediation, MNA of the residual plume would effectively and 

permanently reduce groundwater COC concentrations to acceptable levels over time.  MNA for CVOCs 

and metals is a recognized (established) remediation option.  There is reason to believe that, following 

remediation of the CVOC plumes, the metals concentrations in groundwater resulting from the release of 

naturally-occurring metals in site soil would be reduced over time due to the restored aquifer quality.   

 

Monitoring the progress of active treatment and natural attenuation would be an effective means to 

evaluate the progress of remediation and verify that no migration of COCs is occurring. 

 

Groundwater use restrictions would effectively prevent the use of the groundwater until PRGs are met by 

the bio-treatment and MNA.   
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The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative GW3 would effectively reduce the toxicity, mobility, and volume of groundwater COCs through 

active treatment of the highest CVOC concentrations and MNA of the residual plume.  In-situ enhanced 

bioremediation would permanently and irreversibly remove an estimated 0.33 pounds of CVOCs (0.001 

pounds of PCE, 0.08 pounds of TCE, 0.003 pound of vinyl chloride, 0.03 pounds of 1,1,1-TCA, 0.22 

pounds of 1,1-DCA and 0.00001 pounds of carbon tetrachloride) from groundwater.  The total mass of 

CVOCs that would be degraded through biological and abiotic processes during natural attenuation is 

uncertain, but would be monitored.  No treatment residues would be generated by this alternative. 

 

Short-Term Effectiveness 

Alternative GW3 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of injection wells, 

substrate injection, and groundwater sampling would be minimized by compliance with OSHA 

requirements including wearing appropriate PPE and adherence to site-specific health and safety 

procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.   

 

Groundwater RAOs for preventing exposure to COCs would be achieved immediately upon 

implementation of LUCs and monitoring.  The installation of injection wells and injection of the nutrient 

substrate would be completed in approximately 4 months, plus a reinjection after 2 years.  It is estimated 

that through MNA, PRGs would be achieved for CVOCs in 25 to 35 years in the North Meadow plume 

and in 15 to 20 years in the South Meadow plumes.  After the CVOCs are depleted, it would take 

approximately 2 to 3 years in the North Meadow and approximately 10 to 15 years in the South Meadow 

and Building 179 Area for upgradient groundwater to fully replenish the site aquifer and to restore the 

relatively aerobic geochemical conditions that favor metal immobilization via precipitation and/or 

(co)precipitation, and the resulting attenuation of the elevated metals concentrations, as discussed in 

Appendix B.   

 

As part of the overall evaluation for this alternative, the relative environmental sustainability was 

examined with respect to greenhouse gas and criteria pollutant emissions, energy usage, water 

consumption, and worker safety.  Refer to Appendix E for details of the sustainable remediation 

evaluation. 
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Implementability 

The injection wells could be readily installed for in-situ enhanced bioremediation treatment.  There are 

many qualified contractors to implement this technology.  Sampling and maintenance of existing 

monitoring wells and performance of 5-year reviews could readily be accomplished.  The resources, 

equipment, and materials required for these activities are readily available.  However, there is uncertainty 

associated with the distribution of the bioremediation substrate injected into the bedrock, because of the 

heterogeneity in fractures; therefore, a pilot study may be warranted to assist in the full-scale design. 

 

The administrative aspects of Alternative GW3 would be relatively simple to implement.  However, due to 

the active Navy operations at the Paved Storage Area, Building 185 Complex, and Building 179 Area, the 

notification of and coordination with NUWC would be required for all steps of any remedial action (e.g., 

installation and operation of injection wells).  The LUCs would be incorporated into the existing LUC 

program at the base.   

 

Cost 

A detailed estimate of capital and O&M costs and net present worth for Alternative GW3 is provided in 

Appendix C and is summarized below.  The net present worth was developed for a 30-year period of 

performance at a 2.0 percent discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $3,764,000 

O&M/Long-Term Monitoring 

(Year 1) 
$274,000 

O&M/Long-Term Monitoring 

(Years 2 and 3) 
$137,000 

O&M/Long-Term Monitoring 

(Year 4 and after) 
$69,000 

Reinjection (Year 2) $1,536,000 

30-Year Net Present Worth $7,177,000 

 

 

5.2.4 Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and 

Land Use Controls 

 

Overall Protection of Human Health and the Environment 

Alternative GW4 would be protective of human health and the environment through the active remediation 

of the highest COC concentrations in groundwater and the implementation of interim LUCs to prevent 
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exposure to the residual COCs until PRGs are achieved.  By actively treating the highest CVOC 

concentration areas and removing the sources of contamination, ISCO would significantly reduce the 

expansion of the plumes of CVOCs and 1,4-dioxane.  Contamination of CVOCs and 1,4-dioxane at 

locations downgradient of the TTZs or where active treatment is not feasible (e.g., western edge of the 

North Meadow by NUWC Pond) would be reduced over time by natural attenuation.  Elevated 

concentrations of metal COCs (e.g., arsenic, cobalt, and manganese) in groundwater would also be 

attenuated through naturally-occurring processes after CVOCs are depleted in the subsurface.  

Temporary increase in metal concentrations caused by ISCO treatment would be limited to TTZs and any 

mobilized metals would likely be attenuated within a few months after ISCO treatment.  Overall, 

Alternative GW4 would significantly reduce risk from exposure to COCs in groundwater.   

 

Monitoring would be protective by evaluating the effectiveness of ISCO, evaluating the progress of natural 

attenuation processes, and detecting potential migration of COCs in groundwater. 

 

LUCs would be protective of human health and the environment during the remedial period until PRGs 

are met.  Restricting the use of groundwater would be protective of human health and the environment by 

avoiding unacceptable risks from exposure to contaminated groundwater.   

 

Compliance with ARARs 

Tables 5-10, 5-11, and 5-12 summarize chemical-, location-, and action-specific ARARs and TBCs, 

respectively, for Alternative GW4.  Alternative GW4 would eventually comply with chemical-specific 

ARARs and TBCs through a combination of ISCO and natural attenuation.  Alternative GW4 would also 

comply with location- and action-specific ARARs and TBCs.   

 

Long-Term Effectiveness and Permanence 

Alternative GW4 would provide long-term effectiveness and permanence.  ISCO would effectively and 

permanently reduce the highest groundwater COC concentrations.  This would accelerate the 

remediation process and reduce the expansion of the plume.  ISCO is a relatively well-established 

technology; however, a pre-design pilot-scale treatability study may need to be performed to evaluate the 

site-specific application. 

 

MNA of the residual plume after treatment using ISCO would effectively and permanently reduce 

groundwater COC concentrations to acceptable levels over time.  MNA for CVOCs and metals is a 

recognized (established) remediation option.  There is reason to believe that, following remediation of the 

CVOC plumes, the metals concentrations in groundwater resulting from the release of naturally-occurring 

metals in site soil would be reduced over time due to the restored aquifer quality.   
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Monitoring the progress of natural attenuation would be an effective means to evaluate the progress of 

remediation and to verify that no migration of COCs is occurring. 

 

Groundwater use restrictions would effectively prevent the use of groundwater until PRGs are met. 

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative GW4 would effectively reduce the toxicity, mobility, and volume of groundwater COCs through 

active treatment of the highest CVOC concentrations and MNA of the residual plume.  ISCO would 

permanently and irreversibly remove an estimated 0.33 pounds of COCs (0.001 pounds of PCE, 0.08 

pounds of TCE, 0.003 pounds of vinyl chloride, 0.03 pounds of 1,1,1-TCA, 0.22 pounds of 1,1-DCA, and 

0.00001 pounds of carbon tetrachloride and 0.0007 pounds of 1,4-dioxane) from groundwater.  The total 

mass of CVOCs that would be degraded through biological and abiotic processes during natural 

attenuation is uncertain but would be monitored.  No treatment residues would be generated by this 

alternative. 

 

Short-Term Effectiveness 

Alternative GW4 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to COCs during installation of groundwater injection wells, 

Fenton’s Reagent injection, and groundwater sampling would be minimized by compliance with OSHA 

requirements including wearing appropriate PPE and adherence to site-specific health and safety 

procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.   

 

Groundwater RAOs for preventing exposure to COCs would be achieved immediately upon 

implementation of LUCs and monitoring.  The ISCO application would be completed in approximately 

3 months followed by a reinjection one year later, and it is estimated that PRGs would be achieved for 

CVOCs in 5 to 30 years in the North Meadow plume and 5 to 25 years in the South Meadow plumes 

through MNA.  After the CVOCs are depleted, it would take approximately 2 to 3 year in the North 

Meadow and approximately 10 to 15 years in the South Meadow and Building 179 area for fresh 

groundwater from upgradient to fully replenish the site aquifer and return the geochemical condition to 

relatively aerobic that favors metal immobilization via precipitation and/or (co)precipitation so that the 

elevated metal concentrations can be attenuated, as provided in Appendix B.   
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As part of the overall evaluation for this alternative, the relative environmental sustainability with respect 

to greenhouse gas and criteria pollutant emissions, energy usage, water consumption, and worker safety 

was examined.  Refer to Appendix E for details of the sustainable remediation evaluation. 

 

Implementability 

The injection system could be readily applied for ISCO treatment.  There are a number of qualified 

contractors to provide both well installation and chemical injection.  Sampling and maintenance of existing 

monitoring wells and performance of 5-year reviews could readily be accomplished.  The resources, 

equipment, and materials required for these activities are readily available.  However, there is uncertainty 

associated with the distribution of chemicals injected into the bedrock because of the heterogeneity of 

fractures; therefore, a pilot study may be warranted to assist in the full-scale design. 

 

The administrative aspects of Alternative GW4 would be relatively simple to implement.  However, due to 

the active Navy operations at the Paved Storage Area, the Building 185 Complex, and the Building 179 

Area, the notification of and coordination with NUWC would be required for all steps of any remedial 

action (e.g., installation and operation of injection wells).  The LUCs would be incorporated into the 

existing LUC program at the base.   

 

Cost 

A detailed estimate of capital and O&M cost and net present worth for Alternative GW4 is provided in 

Appendix C and is summarized below.  The net present worth was developed for a 30-year period of 

performance at a 2.0 percent discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $3,398,000 

O&M/Long-Term Monitoring (Year 1) $274,000 

O&M/Long-Term Monitoring (Years 2 and 3) $137,000 

O&M/Long-Term Monitoring (Year 4 and after) $69,000 

Reinjection (Year 2) $1,610,000 

30-Year Net Present Worth $6,913,000 

 

5.3 COMPARATIVE ANALYSIS OF GROUNDWATER ALTERNATIVES 

 

A comparative analysis is conducted to evaluate the significant differences between alternatives, based 

on the threshold and balancing criteria, and to address how effectively each alternative would comply with 

the standards listed in the guidance (EPA, 1994).  This analysis is provided below and is summarized in 

Table 5-13. 
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Overall Protection of Human Health and the Environment  

Alternatives GW2, GW3, and GW4 would be protective of human health and the environment, with 

Alternative GW4 providing the best protection, because ISCO would treat the areas with high 

concentrations of CVOCs in what may be the shortest amount of time; however, the timeframe for 

remediation under Alternative GW3 is comparable.  In Alternative GW2, CVOCs would persist for the 

longest period of time due to the slower rate of natural attenuation, with no enhancement to address the 

highest concentrations of COCs present. 

 

The natural attenuation components of Alternatives GW2, GW3, and GW4 would further reduce the 

residual COC concentrations.  This would significantly reduce the potential future risk from exposure to 

COCs in groundwater.  Monitoring under each of these alternatives would be effective in detecting the 

potential migration of the plume and in monitoring the progress of the remediation.  By restricting the use 

of groundwater, the LUCs would provide equivalent levels of protection of human health until PRGs are 

met. 

 

Alternative GW1 would not be protective of human health and the environment because contaminated 

groundwater would not be restricted from use nor would it be treated.  Since no monitoring would be 

performed, potential migration of COCs would not be detected. 

 

Compliance with ARARs 

Alternatives GW2, GW3, and GW4 would comply with location- and action-specific ARARs and TBCs. 

 

Alternative GW4 has the potential to achieve chemical-specific ARARs and TBCs in TTZs in a shorter 

timeframe than GW3.  Alternatives GW3 and GW4 would achieve chemical-specific ARARs in a shorter 

timeframe than Alternative GW2.   For areas outside of TTZs, compliance would eventually be achieved 

through natural attenuation under Alternatives GW3 and GW4.   

 

Although Alternative GW1 may eventually meet chemical-specific ARARs through natural attenuation, 

there would be no monitoring to confirm this.  Action-specific ARARs or TBCs do not apply to Alternative 

GW1. 

 

In accordance with the Clean Water Act, the Navy has determined that Alternative GW3 would be the 

Least Environmentally Damaging Practicable Alternative to protect wetland resources, because it 

provides the best overall balance of addressing contamination within and adjacent to wetlands and 

waterways, and minimizing both temporary and permanent alteration of wetlands and aquatic habitats 

onsite.  Alternative GW3 would more quickly reduce the groundwater plumes that are currently 
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discharging to the wetland area, as compared to Alternative GW2, and without the strong chemical 

oxidants of Alternative GW4 that could impact wetland areas. 

 

Long-Term Effectiveness and Permanence  

Alternatives GW3 and GW4 would provide long-term effectiveness and permanence through a 

combination of treatment, MNA, and LUCs, whereas Alternative GW2 would provide effectiveness and 

permanence through MNA and LUCs alone.  The treatment technologies involved in Alternative GW3 and 

GW4 are reliable for the target COCs.  Alternative GW2 may be less effective than Alternative GW3 and 

GW4 because relying only on natural attenuation processes would leave COCs at the site longer in 

comparison to alternatives involving active treatment.  Uncertainties in the current MNA model for 

determining the remediation timeframes are of less concern under Alternatives GW3 and GW4 than they 

are under Alternative GW2, as provided in Appendix D.  Alternatives GW3 and GW4  are to provide active 

treatment for the highest COC concentrations and only specify MNA for addressing the residual, low-level 

plume.  For all three alternatives, LUCs would be equally effective in preventing exposure to groundwater 

COCs in the long-term until PRGs are met.   

 

Alternative GW1 would not be effective though it might provide protection from contaminants in the long 

run.  This is because LUCs would not be present to prevent use of groundwater, and attenuation may 

occur but it would not be identified.  Because there would be no groundwater monitoring, potential offsite 

migration of COCs would not be detected.  Although COC concentrations might eventually decrease to 

PRGs through natural attenuation, no monitoring would verify this. 

 

Reduction in Toxicity, Mobility, or Volume through Treatment  

Alternative GW3 and GW4 would achieve reductions in COC toxicity and volume through active 

treatment.  Alternative GW2 would achieve reductions in COC toxicity and volume through passive 

(intrinsic) treatment.  

 

Alternative GW3 would permanently and irreversibly remove an estimated 0.33 pounds of COCs (0.001 

pounds of PCE, 0.08 pounds of TCE, 0.003 pounds of vinyl chloride, 0.03 pounds of 1,1,1-TCA, 0.22 

pounds of 1,1-DCA, and 0.00001 pounds of carbon tetrachloride) and 0.0007 pounds of 1,4-dioxane 

through enhanced bioremediation.  Alternative GW4 would permanently and irreversibly remove the same 

amount of CVOCs through chemical oxidation.   

 

Alternatives GW2, GW3, and GW4 are not expected to generate treatment residues of concern. 
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Alternative GW1 does not provide reduction of toxicity, mobility, or volume of waste through treatment, as 

no active treatment is proposed.  Reduction of COC toxicity and volume through natural attenuation may 

be achieved; however, under Alternative GW1, this reduction would neither be verified nor quantified. 

 

Short-Term Effectiveness  

Implementation of Alternative GW1 would not result in risks to site workers or adversely impact the 

surrounding community and environment because no remedial activities would be performed.   

 

Implementation of Alternatives GW2, GW3, and GW4 would result in a slight possibility of exposing site 

workers to COCs in groundwater during the installation, maintenance, and sampling of new and existing 

monitoring wells and during active remediation.  Alternative GW2 would result in the lowest short-term risk 

to site workers, with the potential for exposure only during monitoring well installation and groundwater 

sampling.  Alternatives GW3 and GW4 would result in approximately the same level of short-term 

exposure, with increased potential exposure during installation of injection points.  During Alternative 

GW4, workers would also be required to handle strongly oxidizing (hazardous) chemicals.  Under 

Alternative GW4, the risk of exposure to oxidizers would need to be controlled by wearing appropriate 

PPE and working in compliance with proper site-specific health and safety procedures.  Extra care would 

also be needed when using oxidizers around the occupied buildings and active storage areas at Site 8.  

The nutrient substrate to be used under Alternative GW3 is non-hazardous.  Implementation of 

Alternatives GW2, GW3, and GW4 would not adversely impact the surrounding community; however, 

because of injections into groundwater under Alternative GW3 and GW4, assurances that nearby 

wetlands and NUWC Pond would not be adversely impacted (i.e., through exposure to potentially 

damaging oxidants under Alternative GW4 or to high nutrient concentrations under Alternative GW3) 

would be required. 

 

Alternatives GW2, GW3, and GW4 would achieve the groundwater RAO immediately upon 

implementation of LUCs and monitoring.  Construction activities associated with Alternatives GW3 and 

GW4 would be completed in approximately three months.  However, after active treatment, additional 

time would be required to meet the PRGs via natural attenuation.  For Alternative GW3, it is estimated 

that PRGs for CVOCs would be achieved in 25 to 35 years in the North Meadow plume and in 15 to 20 

years in the South Meadow plumes.  For Alternative GW4, it is estimated that PRGs for CVOCs would be 

achieved in 5 to 30 years in the North Meadow plume and in 5 to 25 years in the South Meadow plumes.  

For Alternative GW2, it is estimated that PRGs for CVOCs would be achieved in 35 to 45 years in the 

North Meadow plume and in 40 to 50 years in the South Meadow plumes.  Additional equivalent 

timeframes would be required for the attenuation of metals concentrations in groundwater following 

remediation of the CVOC plumes. 
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As part of the overall comparative analysis, the relative environmental sustainability with respect to 

greenhouse gas and criteria pollutant emissions, energy usage, water consumption, and worker safety 

was examined for the remedial alternatives.  Refer to Appendix E for details of the sustainable 

remediation evaluation. 

 

Implementability 

Alternative GW1 would be easiest to implement in a technical sense because no action would be 

required.   

 

Of the remaining three alternatives, Alternative GW2 would be the easiest to implement because of the 

minimal construction effort (e.g., potential new monitoring wells) and the ease of conducting a long-term 

monitoring program.  Technical implementation of the various components of Alternatives GW3 and GW4 

would be feasible, although handling of the oxidizing agent in Alternative GW4 would add to the difficulty 

of implementation.  For all three alternatives, contractors and equipment are readily available.  However, 

under Alternatives GW3 and GW4, there is uncertainty associated with the distribution of chemicals 

injected into the bedrock because of the heterogeneity in bedrock fractures.  Administrative, 

management, and operational issues and coordination with other agencies are achievable for Alternatives 

GW2, GW3, and GW4, although these issues and coordination would be easiest under Alternative GW2, 

because this alternative does not include injections of chemicals/substrates into groundwater.  Due to the 

active operations at the Paved Storage Area, the Building 185 Complex, and the Building 179 Area, the 

notification of and coordination with NUWC would be required for all steps of any remedial action 

(e.g., installation and operation of injection wells).  Potential future remedial actions at the site, if 

necessary, would not be hindered by the identified alternatives.   

 

Cost 

Capital, O&M, and present worth costs for the four groundwater alternatives are summarized as follows: 

 

Costs 
Alternative GW1 

No Action 
Alternative GW2 
MNA and LUCs 

Alternative GW3 
In-Situ Enhanced 
Bioremediation, 
MNA, and LUCs 

Alternative GW4 
In-Situ Chemical 

Oxidation, MNA, and 
LUCs 

Capital $0 $16,500 $3,764,000 $3,398,000 
O&M/ 
Long-Term 
Monitoring 

$0 
$274,000 (Yr 1) 

$137,000 (Yrs 2 & 3) 
$69,000 (Yrs 4-30) 

$274,000 (Yr 1) 
$137,000 (Yrs 2 & 3) 

$69,000 (Yrs 4-30) 

$274,000 (Yr 1) 
$137,000 (Yrs 2 & 3) 

$69,000 (Yrs 4-30) 
Reinjection $0 $0 $1,536,000 (Yr 2) $1,609,000 (Yr 1) 
30-Year Net 
Present 
Worth  

$104,000 $1,880,000 $7,177,000 $6,913,000 

   Note:  Five-year review costs are included under the soil alternatives. 
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6.0  DESCRIPTION AND SCREENING OF ALTERNATIVES FOR SEDIMENT 

This section describes the remedial alternatives for Site 8 sediment, as developed in Section 3.0, 

evaluates these alternatives against the NCP evaluation criteria, and compares each of the sediment 

remedial action alternatives to one another.  These alternatives, developed in Section 3.6, are as follow: 

 

Alternative SD1 No Action 

Alternative SD2 Selective Sediment Removal and Off-site Disposal, Enhanced Natural Recovery 

(ENR) of Pond Sediment, LUCs, and Monitoring 

Alternative SD3 Selective Sediment Removal and Off-site Disposal, Pond Sediment Cover, LUCs, 

and Monitoring 

Alternative SD4 Sediment Removal and Offsite Disposal 

 

6.1 DESCRIPTION OF REMEDIAL ACTION ALTERNATIVES 

 

The alternatives were developed to address sediment identified as posing potential risks to human health 

and the environment.  The volume of sediment that would need to be remediated to achieve the 

acceptable risks is approximately 6,800 cubic yards (based on an average sediment thickness of 2 feet 

within NUWC Pond and 6 inches within the contributing streams).   

 

Sections 6.1.1 through 6.1.4 describe the alternatives developed to address the Site 8 sediment 

contamination.   

 

6.1.1 Alternative SD1 – No Action 

 

The no action alternative, as required under the NCP, provides a baseline for comparison to other 

alternatives.  This alternative involves no remedial response activities.  No additional protection to human 

health or the environment would be provided.  5-year reviews of the no action decision would be required, 

if contamination would remain onsite.   

  

6.1.2 Alternative SD2 – Selective Sediment Removal and Off-Site Disposal, Enhanced 

Natural Recovery of Pond Sediment, Land Use Controls, and Monitoring 

 

Alternative SD2 includes four major components: (1) removal of contaminated sediment in selected areas 

and off-site disposal, (2) enhanced natural recovery of pond sediment, (3) LUCs, and (4) monitoring. 
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Component 1: Sediment Removal and Off-Site Disposal 

This alternative includes the removal of contaminated sediments from Deerfield Creek and from the 

northern and southern portions of NUWC Pond that are associated with unacceptable risks to human 

health and the environment.  These sediments would be removed, dewatered, characterized, and 

transported offsite for disposal within an approved permitted landfill.  

 

Sediment from affected sections of Deerfield Creek would be removed to the depth of bedrock, which 

comprises the bottom of the creek for the majority of its length, or to a depth of 0.5 feet in areas where 

sediment has accumulated, at the locations indicated on Figure 6-1.  Pond sediment would be removed 

from the northern and southern ends of NUWC Pond, where sediment COC concentrations are highest.  

For the purposes of this FS, it is estimated that approximately 51 cubic yards of sediment from Deerfield 

Creek, and under this alternative, approximately 1,685 cubic yards of sediment from NUWC Pond would 

be removed, dewatered, characterized, and transported offsite for disposal. At NUWC Pond, the removal 

of sediment will also allow for construction of the ENR sediment cover, discussed in Component 2, below 

without reducing the flood or habitat capacity of the pond due to filling (i.e., the volume removed would 

balance the volume that would be added for construction of the sediment cover).  Given the shallow depth 

of the southern end of NUWC Pond, removal of sediment in this area will allow for cover construction 

without creating new upland areas.  Removal of sediment can be conducted in these areas with standard 

construction equipment (i.e., hydraulic and/or mechanical dredging equipment, to be determined during 

the remedial design phase).  

 

Based on field observations, sediment within Deerfield Creek (where present) is sandy in nature and is 

expected to drain/dewater relatively easily.  Based on field observations, the sediment within NUWC 

Pond contains a much higher percentage of silts and has a much higher content of organic material than 

the Deerfield Creek sediments.  As a result, the dewatering process for sediment removed from NUWC 

Pond is expected to be supplemented using filtration bags and an absorbent agent.  For costing 

purposes, it is assumed that sediment will be allowed to dewater for two weeks within the sediment bags 

prior to offsite transportation and disposal.  It is assumed that water resulting from sediment dewatering 

would be treated (filtered) prior to discharging it to NUWC Pond.   

 

During transportation to the approved landfill for offsite disposal, sodium polyacrylate (absorbent polymer) 

will be added to each truck at a rate of 100 pounds per truck, to absorb any additional free water 

generated.    

 

Following sediment removal, verification samples would be collected from the exposed banks of Deerfield 

Creek (samples would not be collected from the exposed bedrock areas) and from the exposed pond bed 

of NUWC Pond.  The Navy would develop a verification sampling and analysis plan that would identify the 
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frequency of verification sample collection.  For the purposes of this FS, it is assumed that the frequency 

of verification sample collection at Deerfield Creek would be one sample for every 100 linear feet of 

exposed bank along the creek, and at NUWC Pond, the rate of verification sample collection would be 

one sample for every 1,000 square feet of exposed pond bed.   

 

Any wetlands impacted by the sediment removal would be restored as part of the overall post-remediation 

site restoration effort. 

 

Component 2: Enhanced Natural Recovery (ENR) Sediment Cover 

ENR would be used to prevent exposure to COCs in the remaining sediment of NUWC Pond.  The ENR 

process includes the placement of six inches of clean, fine-grained material over the existing sediment.    

The barrier would be created by spreading fine-grained sands or silty sand over the sediment within 

NUWC Pond.  The limits for the cover are provided on Figure 6-1 and a detail of the cover is provided on 

Figure 6-2.  Additional sampling may be performed during the remedial design phase to better define the 

extent of contamination, possibly resulting in the covering of a smaller area.  The cover material would be 

placed using small work boats and by broadcasting from the shore.  Both methods involve suspending 

the fine-grained soil within a liquid that is pumped to, or broadcast across the surface of NUWC Pond.  

The suspended, fine-grained material then settles out over the remaining contaminated sediments to 

create the soil barrier.  Acoustic surveys would be performed prior to and after placing the cover material 

to confirm that the required cover layer thickness has been achieved.  For the purposes of this FS, it is 

estimated that approximately 1,548 cubic yards of fine-grained soil would be required to establish a 

6-inch-thick barrier across an area of 83,600 square feet.   

 

Although the 6-inch cover would prevent most ecological contact with COCs in sediment, the cover would 

be further fortified (made thicker) over time as a result of natural sedimentation in the NUWC Pond, which 

would increase the level of protection.   

 

Any wetlands impacted by the cover construction would be restored as part of the overall post-

remediation site restoration effort.  Benthic organisms would repopulate naturally over time, from 

upstream influences (wetlands, stream).  To implement the natural recovery process, the Navy would 

develop a management plan specifying the frequency and details of periodic monitoring and inspections 

associated with this alternative.   

 

NUWC Pond receives contamination via the transport and deposition of upgradient contaminated Site 8 

soil/sediment, implementation of this alternative would not occur until the soil remedy had been 

completed or until this transport had been otherwise controlled.   
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Component 3: LUCs and Inspections 

LUCs would be implemented to ensure that the land use (pond) and site features (fine-grained sediment 

cover) within designated areas are not changed, and that the sediment cover remains in place.  This 

would ensure that contact with contaminants at concentrations that would cause unacceptable risk to 

ecological receptors is prevented for the life of the remedy.  To implement LUCs, the Navy would prepare 

a LUC RD that would document the LUCs, O&M requirements, inspection requirements, signage 

requirements, and organizations responsible for the implementation of LUCs.  Requirements for the 

management of sediment that might be removed as part of any future construction activities at the site 

would also be included as part of the LUCs.   

 

For the purposes of the FS, it is assumed that annual site inspections would be conducted to verify the 

continued effectiveness of the pond sediment cover and LUCs, including warning signs.  The dam at the 

north end of the pond would also be periodically inspected, as it helps to contain pond sediment.  Repairs 

to the remedy components would be conducted, as needed. Inspection and maintenance of the NUWC 

Pond dam would be required to prevent the release of covered sediments to downstream areas.  Annual 

reports would be submitted to EPA and RIDEM to document that the conditions of the site LUCs continue 

to be met.  If ownership of the base is transferred with contamination remaining in place, ELURs would be 

recorded in accordance with applicable laws, and with the requirements of the LUC RD.  

 

Component 4: Monitoring 

A management plan would be prepared to provide the requirements for sediment monitoring.  The plan 

would identify sampling frequency, sampling locations, analytical parameters and action levels.  The 

monitoring would also include a determination of natural sedimentation rates so that the increase in 

sediment cover thickness can be quantified.  For the purposes of the FS, it is assumed that four 

monitoring locations would be established for the long-term monitoring program.  On an annual basis, 

sediment samples would be collected and analyzed and sediment thickness would be measured at each 

of these locations.  The parameters for analysis in the sediment would include PAHs, PCBs, pesticides, 

and metals.  

 

Contamination would remain in excess of levels that allow for unrestricted use and unlimited exposure; 5-

year reviews would be required under this alternative to evaluate the continued adequacy of the remedy. 

 

6.1.3 Alternative SD3 – Selective Sediment Removal and Off-site Disposal, Pond 

Sediment Cover, Land Use Controls, and Monitoring 

 

Alternative SD3 includes four major components: (1) removal of contaminated sediment in selected areas 

and off-site disposal, (2) construction of a cover for pond sediment, (3) LUCs, and (4) monitoring. 
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Component 1: Sediment Removal and Offsite Disposal 

This alternative includes the removal of contaminated sediments from Deerfield Creek and from the 

northern and southern portions of NUWC Pond that are associated with unacceptable risks to human 

health and the environment.  These sediments would be removed, dewatered, characterized, and 

transported offsite for disposal within an approved permitted landfill.  

 

Sediment from affected sections of Deerfield Creek would be removed to the depth of bedrock, which 

comprises the bottom of the creek for the majority of its length, or to a depth of 0.5 feet in areas where 

sediment has accumulated, at the locations indicated on Figure 6-1.  Pond sediment would be removed 

from the northern and southern ends of NUWC Pond, where sediment COC concentrations are highest.  

For the purposes of this FS, it is estimated that approximately 51 cubic yards of sediment from Deerfield 

Creek would be removed, and under this alternative, 3,370 cubic yards of sediment from NUWC Pond 

would be removed, dewatered, characterized, and transported offsite for disposal within an approved 

permitted landfill.  At NUWC Pond, the removal of sediment will also allow for construction of the 1-foot 

thick cover system, as provided in Component 2, without reducing the flood or habitat capacity of the 

pond due to filling (i.e., the volume removed would balance the volume being added for construction of 

the sediment cover).  Given the shallow depth of the southern end of NUWC Pond, removal of sediment 

in this area will allow for cover construction without creating new upland areas.  Removal of sediment can 

be conducted in these areas with standard construction equipment (mechanical and hydraulic dredging 

equipment, to be determined during the remedial design phase). 

 

Based on field observations, sediment within NUWC Pond and Deerfield Creek (where present) is sandy 

in nature and is expected to drain/dewater relatively easily.  Based on field observations, the sediment 

within NUWC Pond contains a much higher percentage of silts and has a much higher content of organic 

material than the Deerfield Creek sediments.  As a result, the dewatering process for sediment removed 

from NUWC Pond is expected to be supplemented using filtration bags and an absorbent agent. For 

costing purposes, it is assumed that sediment will be allowed to dewater for two weeks within the 

sediment bags prior to offsite transportation and disposal. It is assumed that water resulting from 

sediment dewatering would be treated (filtered) prior to discharging it to NUWC Pond.   

 

During transportation to the landfill for offsite disposal, sodium polyacrylate (absorbent polymer) will be 

added to each truck at a rate of 100 pounds per truck, to absorb any additional free water generated,  

 

Following sediment removal, verification samples would be collected from the exposed banks of Deerfield 

Creek (samples would not be collected from the exposed bedrock).  The Navy would develop a 

verification sampling and analysis plan that would identify the frequency of verification sample collection.  

For the purposes of this FS, it is assumed that the frequency of verification sample collection at Deerfield 
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Creek would be one sample for every 100 linear feet of exposed bank along the creek, and at NUWC 

Pond, the rate of verification sample collection would be one sample for every 1,000 square feet of 

exposed pond bed.   

 

Any wetlands impacted by the sediment removal would be restored as part of the overall post-remediation 

site restoration effort. 

 

Component 2: Cover System Construction 

Alternative SD3 would include the placement of a 1-foot-thick cover system to act as a barrier to prevent 

aquatic receptors from coming into direct contact with COCs in pond sediment.  For Alternative SD3, the 

barrier would be created by first placing a geotextile on top of the pond sediments, spreading 6 inches of 

fine-grained sands or silty sand over the contaminated sediment within NUWC Pond, and covering the 

fine-grained cover layer with a 6-inch layer of either granular material (coarse sands and gravels) or with 

a fine-grained layer which has a higher organic carbon content, which would serve as a habitat layer.  

The limits for the cover are provided on Figure 6-3 and a detail of the cover is provided on Figure 6-4.  

Additional sampling may be performed during the design phase to better define the extent of 

contamination and possibly resulting in the covering of a smaller area.   

 

The geotextile layer would be installed to (1) support the overlying sediment cover (cover stability); (2) to 

better separate the underlying sediment with the clean cover sediment (prevent mixing); and (3) to act as 

an indicator layer in the event of cover erosion.  The geotextile would be placed using a series of cables 

and weights to stretch and sink the geotextile where needed.  Once the geotextile is placed, the 

remaining cover material could be placed using a boat or by broadcasting from the shore.  Both methods 

involve suspending the cover materials within a liquid that is pumped to, or broadcast across, the surface 

of NUWC Pond.  The suspended fine-grained soil then settles out over the geotextile to create the 

sediment barrier.  Acoustic surveys would be performed prior to and after placing the cover material, to 

confirm that the required cover thickness has been achieved. 

 

For the purposes of this FS, it is estimated that approximately 10,200 square yards of geotextile would be 

needed for the cover system, 1,550 cubic yards of fine-grained soil would be required to establish the 

lower 6 inches of the cover system, and 1,550 cubic yards of coarse-grained sands and gravel would be 

required to establish the upper 6 inches of the cover system.  In total, this system would cover the 

required 91,000-square-foot area of NUWC Pond.   

 

Any wetlands impacted by the cover construction would be restored as part of the overall post-

remediation site restoration effort.  Benthic organisms would repopulate naturally over time from upstream 

influences (wetlands, stream) and would be monitored. 
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NUWC Pond receives contamination via the transport and deposition of upgradient contaminated Site 8 

soil/sediment, implementation of this alternative would not occur until the soil remedy had been 

completed or until this transport had been otherwise controlled.   

 

Component 3: LUCs and Inspections 

LUCs would be implemented to ensure that the land use (pond) and site features (fine-grained sediment 

cover) within designated areas are not changed and that the sediment cover remains in place.  This 

would ensure that contact with contaminants at concentrations that would cause an unacceptable risk to 

ecological receptors is prevented for the life of the remedy.  To implement LUCs, the Navy would prepare 

a LUC RD that would document the LUCs, O&M requirements, inspection requirements, signage 

requirements, and organizations responsible for the implementation of LUCs.  Requirements for the 

management of sediment that might be removed as part of any future construction activities at the site 

would also be included as part of the LUCs.   

 

For the purposes of the FS, it is assumed that annual site inspections would be conducted to verify 

continued effectiveness of the pond sediment cover, LUCs, and warning signs.  The dam at the north end 

of the pond would also be periodically inspected, as it helps to contain pond sediment.  Repairs to the 

remedy components would be conducted as needed.  Inspection and maintenance of the NUWC Pond 

dam would be required to keep covered sediments from being released downstream.  Annual reports 

would be submitted to EPA and RIDEM to document that the conditions of the site LUCs continue to be 

met.  If ownership of the base is transferred with contamination remaining in place, ELURs would be 

recorded in accordance with applicable laws and the requirements of the LUC RD.  

 

Component 4: Monitoring 

A long-term management plan would be prepared to provide the requirements for sediment monitoring.  

The plan would identify sampling frequency, sampling locations, analytical parameters and action levels, 

and monitoring exit strategies.  The monitoring would also include measuring the cover thickness to 

ensure that the sediment cover system remains at a minimum thickness of 1 foot.  For the purposes of the 

FS and developing a cost estimate, it was assumed that four monitoring locations would be established 

for the long-term monitoring program.  On a yearly basis, sediment samples and a cover thickness 

measurement would be collected at the identified locations.  The parameters for analysis in sediment 

would include PAHs, PCBs, pesticides, and metals.  

 

Contamination in excess of levels that allow for unrestricted use and unlimited exposure would remain at 

the site; 5-year reviews would be required under this alternative to evaluate the continued adequacy of 

the remedy.  
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6.1.4 Alternative SD4 – Sediment Removal and Offsite Disposal 

 

Alternative SD4 includes one major component: the removal and off-site disposal of contaminated 

sediment from Deerfield Creek and NUWC Pond. The removed sediment would be dewatered, 

characterized, transported, and disposed offsite within an approved permitted landfill.   

 

At Deerfield Creek, sediment would be removed to the depth of bedrock, which comprises the bottom of 

the creek for the majority of its length, or to a depth of 0.5 feet in areas where sediment has accumulated, 

as indicated on Figure 6-5.  For the purposes of this FS, it is estimated that 51 cubic yards of sediment 

would be removed from Deerfield Creek.  At NUWC Pond, sediment would be removed to a depth of 2 

feet, the currently estimated depth of contamination, as indicated on Figure 6-5.  For the purposes of this 

FS, it is estimated that 6,735 cubic yards of contaminated sediment would be dredged from NUWC Pond, 

dewatered, characterized, and transported offsite for disposal.  Additional sampling may be performed 

during the design phase to better define the extent of contamination, possibly resulting in the removal of a 

smaller area of sediment.  Removal of sediment can be conducted in these areas with standard 

construction equipment (mechanical and hydraulic dredging equipment).   

 

Based on field observations, the sediment within Deerfield Creek is sandy in nature and is expected to 

drain easily.  It is not expected that an absorbent agent would need to be added to the Deerfield Creek 

sediment to facilitate offsite transportation and disposal.  Based on field observations, the sediment within 

NUWC Pond contains a much higher percentage of silts and has a much higher content of organic 

material than the Deerfield Creek sediments.   

 

It is assumed that the water resulting from the dewatering process would be treated (filtered) prior to 

discharging to NUWC Pond.  As a result, the dewatering process is expected to be supplemented using 

filtration bags and an absorbent agent.  For costing purposes, it is assumed that sediment will be allowed 

to dewater for two weeks within the sediment bags prior to offsite transportation and disposal.  In addition, 

sodium polyacrylate (absorbent polymer) will be added to each truck at a rate of 100 pounds per truck to 

absorb any additional free water generated during transportation to the landfill.    

 

NUWC Pond receives transported contamination associated with Site 8 soil, implementation of this 

alternative would not occur until the soil remedy has been completed or otherwise controlled.   

 

Verification samples would be collected from the banks of Deerfield Creek where sediment is removed 

and from the bed of NUWC Pond where sediment is dredged (verification samples would not be collected 

from exposed bedrock in the creed).  The Navy would develop a sampling and analysis plan that would 

identify the frequency of verification sample collection.  For purposes of this FS, it is assumed that the 
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frequency of verification sample collection would be one sample for every 100 linear feet of exposed bank 

along Deerfield Creek and at a rate of one sample for every 1,000 square feet of exposed pond bed.   

 

Any wetlands impacted by the sediment removal would be restored as part of the overall post-remediation 

site restoration effort. 

 

Contaminated sediment would be removed from the site, no LUCs, monitoring, or 

inspections/maintenance (including the dam) would be required. 

 

6.2 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

 

The remedial alternatives developed in Section 3.6 and described in Section 6.1 are evaluated against 

the seven NCP evaluation criteria described in Section 3.7.  The evaluation of the alternatives provides 

information to facilitate selection of a specific remedy or combination of remedies.  The detailed 

evaluation of alternatives was developed in accordance with the NCP (40 CFR 200.430[e]) and the 

Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988).  

 

6.2.1 Alternative SD1: No Action 

 

Consideration of a no action alternative is required under the NCP as it provides a baseline against which 

other alternatives may be compared.  No containment, removal, or treatment of sediment contaminants 

would be conducted.  The alternative would provide no mechanism to minimize potential risks to 

receptors, except for the existing site security.  No monitoring would occur, and there would be no 

restrictions on use.  The only activity to be conducted under Alternative SD1 would be a review of site 

conditions and risks every five years. 

 

An analysis of this alternative with respect to the NCP evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

The no action alternative would not provide long-term protection of human health and the environment.  

Alternative SD1 would not achieve RAOs for the protection of the environment, and COCs would still 

remain within the sediment at concentrations that pose unacceptable risks to ecological aquatic 

receptors.  Contaminants would remain at the site; 5-year reviews would be conducted, as required by 

CERCLA, to assess changing conditions and potential risks.  Once the 5-year review results have been 

evaluated, and if contaminant migration is deemed to pose environmental risk, then additional response 

actions may be warranted. 
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Compliance with ARARs 

Table 6-1 summarizes the chemical-specific ARARs and TBCs for Alternative SD1.  There are no actions 

associated with this alternative; there are no location- or action-specific ARARs or TBCs, as indicated in 

Tables 6-2 and 6-3.  This alternative fails to meet ARARs because it does not address sediment with 

contaminants that exceed the PRGs, derived from federal regulations, and risk-based standards, derived 

from federal TBC guidance documents.   

 

Long-Term Effectiveness and Permanence 

Since no remedial actions would occur under Alternative SD1, the unacceptable future threats to the 

environment would remain.  Potential contaminant migration pathways would not be addressed, and 

COCs remaining at the site would continue to pose threats to the environment through various exposure 

pathways.   

 

Risk associated with leaving contaminated sediment on site, 5-year reviews would be required.  These 5-

year reviews would assess whether threats or risks are increasing or abating with time, as well as any 

changes in the conditions at the site. 

 

Under the no action alternative, no additional controls would be used to manage the site COCs.  

Therefore, the evaluation of the adequacy and reliability of new controls is not applicable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

The no action alternative would not reduce the toxicity, mobility, or volume of contamination through 

treatment, since no treatment is specified.  As a result, no hazardous substances would be treated or 

destroyed, and contaminated sediment would remain in place. 

 

Alternative SD1 would not satisfy the statutory preference for treatment to reduce risks posed by 

contaminated media. 

 

Short-Term Effectiveness 

Since no response actions would be implemented, the no action alternative would not pose additional 

short-term risks to the local community, base personnel, or the environment.  Potential ecological risks 

from sediment contamination would remain unabated.  RAOs would not be achieved. 

 

Implementability 

This alternative would require no implementation other than performance of the 5-year reviews.  This 

activity would not require any permits, but may require a minimal amount of coordination between 
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regulatory agencies.  Implementation of the no action alternative would not limit future implementation of 

additional remedial actions at the site, if deemed necessary. 

 

Cost 

There are no costs associated with Alternative SD1.  The costs associated with 5-year reviews are 

assumed under the soil alternatives, as provided in Section 4.   

 

6.2.2 Alternative SD2: Selective Sediment Removal and Off-site Disposal, Enhanced 

Natural Recovery for Pond Sediment, Land Use Controls, and Monitoring 

 

Alternative SD2 would include removal and off-site disposal of sediment associated with an unacceptable 

risk from both Deerfield Creek and NUWC Pond, and constructing a 6-inch fine-grained sediment cover 

over the sediments of NUWC Pond.  The purpose of the fine-grained sediment cover is to enhance the 

natural sedimentation and to protect the ecological receptors by preventing exposure to COCs in 

sediment.  Alternative SD2 would also include the establishment of LUCs and the implementation of a 

long-term monitoring program that would include sediment sampling, to monitor for the recovery of the 

water quality of the pond and the aquatic life within the pond. 

 

An analysis of this alternative with respect to the NCP evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

This alternative would be protective of human health and the environment.  Enhancement of natural 

sedimentation (installation of the fine-grained 6-inch cover) would provide a barrier between the pond 

sediment and aquatic receptors.  Many or most receptor organisms would be impacted through the 

installation of the cover material, but populations would be expected to recover over time due to inputs 

from upstream areas (wetlands, stream).  LUCs would protect the accumulating sediment cover from 

future disturbance that could potentially result in reestablishing the direct contact exposure route for 

aquatic receptors.  Five-year reviews would be conducted, as required by CERCLA, to assess changing 

conditions and potential risks.   

 

Compliance with ARARs 

Tables 6-4, 6-5, and 6-6 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative SD2.  This alternative meets all ARARs.   

 

In accordance with action-specific ARARs, wetland mitigation measures may be required if wetlands are 

permanently lost as a result of implementation of Alternative SD2, but mitigation would not be required for 

wetlands that are temporarily impacted if a portion of the pond is dredged.   
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In accordance with location-specific ARARs, the pond’s flood storage capacity will not be adversely 

impacted by construction of the sediment cover because dredging would be performed in combination 

with construction of the cover. 

 

In accordance with TSCA, the status of residual PCBs to remain in sediment was evaluated.  The human 

health and ecological risk evaluations concluded that leaving PCBs in-place (disposal) at the present 

concentrations does not pose an unreasonable risk to public health or the environment, based on current 

and proposed future uses of the site.  Alternative SD2 includes the construction of a sediment cover, 

which would provide additional protection to site receptors.  Accordingly, and based on the provisions of 

40 CFR § 761.61(c), EPA will make a determination in the ROD, based in part on any public comment 

received on the Proposed Plan if the Navy selects this alternative, as to whether in-place management of 

PCB-contaminated sediments will not pose an unreasonable risk to public health or the environment. 

 

Long-Term Effectiveness and Permanence 

Alternative SD2 would provide long-term effectiveness and permanence.  Although not all COCs in 

sediment would be removed from the site, the remaining pond sediment would be isolated beneath a 

6-inch-thick, fine-grained sediment cover that would prevent exposure to COCs in pond sediment.  The 

sediment cover would increase in thickness over time, further reducing the potential for exposure.  As a 

result, potential risks to ecological receptors would be mitigated through the implementation of this 

alternative.  Cover thickness accumulation rates would be measured during alternative implementation, 

and the 5-year review process would include evaluations on the accumulation of clean sediments within 

NUWC Pond.  The identified potential human health risks would be eliminated through the removal of 

stream sediment containing elevated levels of lead.  Removal of the stream sediment will also remove a 

source of lead to pond sediment.   

 

The site would be suitable for continued use, and LUCs would also prevent disturbance of the sediment 

cover within NUWC Pond.  Damaged ecosystems are expected to recover over time through repopulation 

from upstream influences (wetlands, stream) and would be monitored.  Any wetlands impacted by the 

cover construction would be restored as part of the overall post-remediation site restoration effort.  

Benthic organisms would repopulate naturally over time from upstream influences (wetlands, stream) and 

would be monitored.   

 

Five-year reviews would be conducted to ensure the continued protectiveness of this remedy.  The 

sediment cover and dam would be inspected over time and any adverse impacts, such as erosion or 

sediment scouring due to storm events, would be repaired as needed.  Currently, the surface water of 

NUWC Pond is often observed to contain suspended fine particles during storm events, although the 
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extent to which pond sediment is being scoured is unknown (i.e., suspended sediment particles also may 

be transported to the pond from upstream areas). 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Under Alternative SD2, partial treatment and volume reduction of pond sediment would occur.  Water 

resulting from the sediment dewatering process would be treated (filtered) prior to discharging to NUWC 

Pond.  The dewatering process is expected to be supplemented using filtration bags and an absorbent 

agent.  In addition, sodium polyacrylate (absorbent polymer) will be added to each transportation truck, at 

a rate of 100 pounds per truck, to absorb any additional free water generated during transportation to the 

landfill.  Any sediment treatment that would occur at the disposal facility would be performed 

independently of this alternative and is not evaluated as a part of this alternative. 

 

Short-Term Effectiveness 

Alternative SD2 would be effective in the short term, with controls to protect construction workers and the 

public during construction activities (removal of sediment, offsite transportation and disposal, and placing 

a fine-grained sediment cover over the contaminated sediment within NUWC Pond).  These controls 

would need to be in effect until construction and site restoration is completed.  Implementation of 

sediment remedies that would disturb the sediment within NUWC Pond (covering) would result in the re-

suspension of some sediment.  As a result, aquatic receptor ingestion of this re-suspended sediment 

would increase temporarily.  Engineering controls during sediment removal can reduce the short-term 

risks associated with re-suspension of sediment.   

 

Alternative SD2 could be implemented within 1 year and would attain the RAOs upon implementation.  

The remedial design and preparation of the construction work plan, LUC RD, and long-term management 

plan would be completed within that year.  Construction activities would be expected to take two months, 

but could be influenced by weather and contractor/subcontractor access requirements.  The RAO for 

preventing ecological exposure to pond sediment would be achieved with the completion of the 6-inch 

sediment cover, and the level of protectiveness would continue to increase over time as additional 

sediment is deposited into the pond by natural processes. 

 

Refer to Appendix E for the sustainability analysis. 

 

Implementability 

Alternative SD2 is relatively simple to implement, although access to all pond and stream areas would be 

complicated by the site topography (steep side slopes).  Construction of a temporary access road would 

likely be required.  Removal of stream sediment also would be limited by the presence of exposed 

bedrock along some portions of the stream.   The removal of some sediment from NUWC Pond will allow 
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for construction of the ENR sediment cover without reducing the flood or habitat capacity of the pond from 

the additional cover materials. 

 

The resources, equipment, and materials required for removal, cover construction, and site restoration 

are available.  However, the remediation must be conducted so that it does not adversely impact site 

operations.  Prior to removal activities, a disposal facility that would accept the dredged sediment must be 

secured.    

 

The remedial design would provide the specifications for removal, transportation, and disposal of dredged 

sediment, sediment cover construction, and site restoration.  The necessary health and safety 

requirements for any construction activities conducted as part of implementation of the remedy would be 

identified in the work plan.  A traffic control plan would also be necessary, due to the significant truck 

traffic resulting from hauling sediment from the site, and from hauling clean soils to the site, for restoration 

and cover construction.  Lastly, the implementation of LUCs and a long-term management plan would 

require administrative processes and field activities that would be easily implemented.  

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SD2 is provided in Appendix 

C and is summarized below.  Present-worth costs were developed for a 30-year period at a 2.0 percent 

discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $1,376,000 

O&M/Long-Term Monitoring $18,700 

5-Year Reviews $27,500 

30-Year Net Present Worth $1,908,000 

 

 

6.2.3 Alternative SD3: Selective Sediment Removal and Off-Site Disposal, Pond 

Sediment Cover, Land Use Controls, and Monitoring 

 

Alternative SD3 would include removal and offsite disposal of contaminated sediment from Deerfield 

Creek and from portions of NUWC Pond, and constructing a 1-foot-thick cover system over the sediments 

of NUWC Pond.  Alternative SD3 would also include the establishment of LUCs and implementation of a 

long-term monitoring program that includes sediment sampling to monitor the effectiveness of the 

sediment cover system and the recovery of the pond and aquatic life within the pond. 
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An analysis of this alternative with respect to the NCP evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

This alternative would be protective of human health and the environment.  The removal of sediment from 

Deerfield Creek and NUWC Pond and the construction of the sediment cover system would eliminate the 

direct contact exposure route between the contaminated sediments and aquatic and potential human 

receptors.  Most receptor organisms would be impacted through the installation of the cover material, 

although populations would be expected to recover over time due to upstream inputs (wetlands, stream) 

which would be monitored.  Implementation of LUCs would protect the sediment cover system from future 

disturbance that could potentially result in reestablishing the direct contact exposure route for aquatic 

receptors.  Lastly, 5-year reviews would be conducted, as required by CERCLA, to assess changing 

conditions and potential risks.   

 

Compliance with ARARs 

Tables 6-7, 6-8, and 6-9 summarize chemical-, location-, and action-specific ARARs and TBCs, 

respectively, for Alternative SD3.  This alternative meets all ARARs.   

 

In accordance with action-specific ARARs, wetland mitigation measures may be required if wetlands are 

permanently lost as a result of implementation of Alternative SD3, but mitigation would not be required for 

wetlands that are temporarily impacted if a portion of the pond is dredged.   

 

In accordance with location-specific ARARs, the pond’s flood storage capacity will not be adversely 

impacted by construction of the sediment cover, because capping would be performed in combination 

with dredging. 

 

In accordance with TSCA, the status of residual PCBs to remain in sediment was evaluated.  The human 

health and ecological risk evaluations concluded that leaving PCBs in-place (disposal) at the present 

concentrations does not pose an unreasonable risk to human health or the environment, based on current 

and proposed future use.  Alternative SD2 includes the construction of a sediment cover, which would 

provide additional protection to site receptors. Accordingly, and based on the provisions of 

40 CFR § 761.61(c), EPA will make a determination in the ROD, based in part on any public comment 

received on the Proposed Plan if the Navy selects this alternative, as to whether in-place management of 

PCB-contaminated sediments will not pose an unreasonable risk to human health or the environment. 

 

Long-Term Effectiveness and Permanence 

Alternative SD3 would provide long-term effectiveness and permanence.  Although not all of the COCs in 

sediment would be removed from the site, the remaining sediment associated with excess risks would be 
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isolated beneath a 1-foot-thick sediment cover system.  As a result, potential risks to ecological receptors 

would be mitigated.  The identified potential human health risks would be eliminated through the removal 

of stream sediment containing elevated levels of lead.  Removal of the stream sediment will also remove 

a source of lead to pond sediment.  

 

The site would be suitable for continued use, and LUCs would also prevent future disturbance of the 

sediment cover within NUWC Pond.  Any wetlands impacted by the cover construction would be restored 

as part of the overall post-remediation site restoration effort.  Over time, benthic organisms would 

repopulate naturally from upstream influences (wetlands, stream) and would be monitored.   

 

Five-year reviews would be conducted to ensure the continued protectiveness of this remedy.  The 

sediment cover and NUWC Pond dam would be inspected over time, and any adverse impacts such as 

erosion or sediment scouring due to storm events would be repaired, as needed.  Currently, the surface 

water of NUWC Pond is often observed to contain suspended fine particles during storm events, although 

the extent to which pond sediment is being scoured is unknown (i.e., suspended sediment particles also 

may be transported to the pond from upstream areas).  If the geotextile were to become exposed over 

time (e.g., along the fringes of the pond), it may become a less hospitable substrate for biota than the 

existing sediments.   Other than covering with additional sediment, repairs to the geotextile layer would be 

difficult.  

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Under Alternative SD3, partial treatment and volume reduction of pond sediment would occur.  Water 

resulting from the dewatering process would be treated (filtered) prior to discharging to NUWC Pond.  The 

dewatering process is expected to be supplemented using filtration bags and an absorbent agent.  In 

addition, sodium polyacrylate (absorbent polymer) will be added to each truck at a rate of 100 pounds per 

truck to absorb any additional free water generated during transportation to the landfill.  Any sediment 

treatment that would occur at the disposal facility would be performed independently of this alternative 

and is not evaluated as a part of this alternative. 

 

Short-Term Effectiveness 

Alternative SD3 would be effective in the short term, with controls to protect construction workers and the 

public during construction activities (sediment removal, offsite transportation and disposal, and placing a 

cover system over the contaminated sediment within NUWC Pond).  These controls would need to be in 

effect until construction and site restoration is completed.  Implementation of sediment remedies that 

would disturb the sediment within NUWC Pond (covering) would result in the re-suspension of some 

sediment.  As a result, aquatic receptor ingestion of this re-suspended sediment would temporarily 

increase.  Engineering controls during sediment removal and cover placement can reduce the short-term 
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risks associated with re-suspension of sediment.  Installing the geotextile liner over the pond sediment 

would smother the existing benthic organisms, although the benthic population would recover over time 

due to inputs from upstream areas (wetlands, streams). 

 

Alternative SD3 could be implemented within one year and would attain the RAOs immediately following 

implementation.  The remedial design and preparation of the construction work plan, LUC RD, and long-

term management plan would be completed within that year.  Construction activities would be expected to 

take three months, but could be impacted by weather conditions and contractor/subcontractor access 

requirements.   

 

Refer to Appendix E for the sustainability analysis.   

 

Implementability 

Alternative SD3 is implementable, although access to all pond and stream areas would be complicated by 

the site topography (steep side slopes).  Construction of a temporary access road would likely be 

required.  Removal of stream sediment also would be limited by the presence of exposed bedrock along 

some portions of Deerfield Creek. The removal of some sediment from NUWC Pond will allow for 

construction of the sediment cover without reducing the flood or habitat capacity of the pond due to filling. 

 

The resources, equipment, and materials required for removal, cover construction, and site restoration 

are available.  However, the remediation must be conducted so that it does not adversely impact site 

operations.  Prior to removal activities, a disposal facility that would accept the dredged sediment must be 

secured.    

 

The remedial design would provide the specifications for sediment removal, transportation, and disposal, 

sediment cover construction, and site restoration.  The necessary health and safety requirements for any 

construction activities conducted as part of the implementation of the remedy would be identified in the 

work plan.  A traffic control plan would also be necessary, due to the significant truck traffic which would 

result from hauling sediment from the site, and hauling clean soils to the site, for restoration and cover 

construction. The implementation of LUCs and a long-term management plan would require 

administrative processes and field activities that would be easily implemented.  

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SD3 is provided in Appendix 

C and is summarized below.  Present-worth costs were developed for a 30-year period at a 2.0 percent 

discount rate. 
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Cost Description Estimated Cost 

Capital Costs $2,098,000 

O&M/Long-Term Monitoring $22,000 

5-Year Reviews $27,500 

30-Year Net Present Worth $2,703,000 

 

 

6.2.4 Alternative SD4: Sediment Removal and Offsite Disposal 

 

Alternative SD4 would include removal and offsite disposal of Deerfield Creek and NUWC Pond 

sediments associated with unacceptable risks to human and ecological receptors.  This alternative would 

remove sediments with COCs that contribute to excess risk at the site, resulting in clean sediment that 

would not require LUC implementation or the implementation of a long-term management plan.   

 

An analysis of this alternative with respect to the NCP evaluation criteria is as follows: 

 

Overall Protection of Human Health and the Environment 

This alternative would provide protection of human health and the environment.  The removal of sediment 

from Deerfield Creek and NUWC Pond would eliminate the direct contact exposure route between the 

contaminated sediments and aquatic and potential human receptors.  The existing benthic organisms 

would be impacted through the dredging of the pond sediment, although populations would be expected 

to recover over time due to inputs from upstream areas (wetlands, streams) which would be monitored. 

Any wetlands impacted by the cover construction would be restored as part of the overall post-

remediation site restoration effort.  This alternative would render the pond and streams suitable for 

unrestricted use and unlimited exposure and therefore would not require LUCs, monitoring, or 5-year 

reviews.   

 

Compliance with ARARs 

Tables 6-10, 6-11, and 6-12 summarize chemical, location, and action-specific ARARs and TBCs, 

respectively, for Alternative SD4.  This alternative meets all ARARs. 

 

Long-Term Effectiveness and Permanence: 

Alternative SD4 would provide long-term effectiveness and permanence, because all sediment 

associated with excess risk to human and ecological receptors would be removed from the site.  As a 

result, risks to human health and the environment would be mitigated immediately following alternative 

implementation.   
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Reduction of Toxicity, Mobility, or Volume through Treatment 

Under Alternative SD4, partial treatment and volume reduction of pond sediment would occur.  Water 

resulting from the dewatering process would be treated (filtered) prior to discharging to NUWC Pond.  The 

dewatering process is expected to be supplemented using filtration bags and an absorbent agent.  In 

addition, sodium polyacrylate (absorbent polymer) will be added to each truck at a rate of 100 pounds per 

truck to absorb any additional free water generated during transportation to the landfill.  Any sediment 

treatment that would occur at the disposal facility would be performed independently of this alternative 

and is not evaluated as a part of this alternative. 

 

Short-Term Effectiveness 

Alternative SD4 would be effective in the short-term with controls to protect construction workers and the 

public during construction activities (sediment removal, offsite transportation and disposal).  These 

controls would need to be in effect until construction and site restoration is completed.  Implementation of 

sediment remedies that would disturb the sediment within NUWC Pond (removal) would result in the re-

suspension of some sediment.  As a result, aquatic receptor ingestion of this re-suspended sediment 

would increase temporarily.  Engineering controls during sediment removal and cap placement can 

reduce the short-term risks associated with re-suspension of sediment.  The newly exposed sediment in 

the pond may present some short-term toxicity to benthic organisms (due to the anaerobic conditions of 

the deeper sediment), but beneficial surface sediment conditions would be restored over time. 

 

Alternative SD4 could be implemented within one year and would attain the RAOs following 

implementation.  The remedial design and preparation of the construction work plan, LUC RD, and long-

term management plan would be completed within that year.  Construction activities would be expected to 

take 4 months, but could be impacted by weather conditions and contractor/subcontractor access 

requirements.   

 

Refer to Appendix E for the sustainability analysis. 

 

Implementability 

Conceptually, alternative SD4 is implementable, but with some difficulties.  The resources, equipment, 

and materials required for sediment removal/dredging are readily available.  However, access to all pond 

and stream areas would be complicated by the site topography (steep side slopes).  Construction of a 

temporary access road will likely be required.  Removal of stream sediment also would be limited by the 

presence of exposed bedrock along some portions of the stream.  Prior to removal activities, a disposal 

facility that would accept the dredged sediment must be secured.  Remediation activities must be 

conducted so as not to adversely impact site operations of the surrounding areas.  Significant space is 

required to dewater sediment and to process the resulting water through the dewatering process.  This 
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alternative involves dredging of the contaminated sediment; the processing area can be located adjacent 

to NUWC Pond or at a distance from the pond, as long as the dredging pipeline does not interrupt traffic 

flow. Significant restoration efforts would be required for the pond and wetland ecosystems.  

 

The Remedial Design would provide the specifications for sediment removal/dredging, transportation, and 

disposal.  The necessary health and safety requirements for any construction activities conducted as part 

of the implementation of the remedy would be identified in the work plan.  A traffic control plan would also 

be necessary, due to significant truck traffic to haul sediment from the site.  

 

Cost 

A detailed estimate of capital, O&M, and present-worth costs for Alternative SD4 is provided in 

Appendix C and is summarized below.  Present-worth costs were developed for the periodic surface 

water sampling at a 2.0 percent discount rate. 

 

Cost Description Estimated Cost 

Capital Costs $2,197,000 

Years 1 through 4 Sampling $15,500 

Year 5 Sampling  $41,000 

5-Year Net Present Worth $2,293,000 

 

6.3 COMPARATIVE ANALYSIS OF SEDIMENT ALTERNATIVES 

 

A comparative analysis is conducted to evaluate the significant differences between alternatives, based 

on the threshold and balancing criteria.  This comparative analysis of sediment alternatives is presented 

to address the effectiveness of each alternative in complying with the standards listed in the guidance 

(EPA, 1994). The analysis is provided below and summarized in Table 6-13. 

 

Overall Protection of Human Health and the Environment 

No excess human health risks were identified for pond sediment.  Potential human health risks and 

ecological risks associated with exposure to COCs in stream sediment would be equally addressed under 

Alternatives SD2, SD3, and SD4, through removal and offsite disposal.  Alternative SD4 would be the 

most effective at protecting potential ecological receptors from the COCs present in pond sediment 

because the contaminated sediment would be removed from the site and transported offsite for disposal.  

Alternatives SD2, SD3, and SD4 would each result in substantial damage to the existing ecosystem 

(benthic organisms) for the purpose of addressing COCs; however, repopulation of the flora and fauna in 

the area is likely from upstream influences (wetlands, streams).  In the short-term, Alternative SD4 would 

cause the most damage to the existing ecosystem during remedy implementation, and SD2 would cause 
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the least damage.  At completion, Alternative SD3 would be slightly more protective than Alternative SD2, 

due to the greater thickness of the new sediment barrier; however, both Alternatives SD2 and SD3 

provide adequate protection for ecological receptors.  In addition, both Alternatives SD2 and SD3 would 

include sediment monitoring to ensure long-term performance of the remedies.  Alternative SD1 would 

not be protective of the environment, because the identified risks to ecological receptors would not be 

mitigated.   

 

Compliance with ARARs 

Alternatives SD2, SD3, and SD4 meet chemical-specific, location-specific, and action-specific ARARs.  

Implementation of any of these three alternatives would be in accordance with regulations.  Alternative 

SD1 would not comply with ARARs because it does not prevent exposure to sediment associated with 

excess risk to ecological receptors.   

 

In accordance with the Clean Water Act, the Navy believes that Alternative SD4 would be the Least 

Environmentally Damaging Practicable Alternative to protect wetland resources in the long-term.  

Alternative SD4 provides the best balance of addressing contaminated sediment within and adjacent to 

wetlands and waterways, and minimizes both temporary and permanent alteration of wetlands and 

aquatic habitats on site.  Although each of the sediment Alternatives SD2, SD3, and SD4 would impact 

the wetland and pond areas during cleanup activities, Alternative SD4 would permanently remove COCs 

in sediment, which would be of long-term benefit to the restored wetland area.  Alternative SD4 would 

also increase the water volume capacity of NUWC Pond, which would benefit the recovery of aquatic life 

in the pond.  

 

Long-Term Effectiveness and Permanence  

Alternative SD4 would have the highest long-term effectiveness due to the complete removal of 

contaminated sediment from the site.  Alternative SD4 also does not rely on long-term maintenance of the 

NUWC Pond dam, as would be required under Alternatives SD2 and SD3 as part of the needed 

containment of sediment under these alternatives.  Alternative SD3 would provide slightly more long-term 

effectiveness than Alternative SD2, because it provides a thicker sediment cover upon implementation.  A 

thinner sediment cover would be more susceptible to erosion and biological disturbance and could require 

more maintenance over time.  Alternative SD1 would not be effective in the long-term nor would it provide 

permanent protection from risks associated with sediment.   

 

Reduction in Toxicity, Mobility, or Volume through Treatment  

Only partial treatment/volume reduction of dredged pond sediment would occur under Alternatives SD2, 

SD3, and SD4.  Water generated from the dewatering process would be treated (filtered) prior to 

discharging back to NUWC Pond.  The dewatering process is expected to be supplemented using 
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filtration bags and an absorbent agent.  For costing purposes, it is assumed that sediment will be allowed 

to dewater for two weeks within the sediment bags prior to offsite transportation and disposal.  In addition, 

sodium polyacrylate (absorbent polymer) will be added to each truck at a rate of 100 pounds per truck to 

absorb any additional free water generated during transportation to the landfill.  Alternative SD4 would 

treat the greatest volume of pond sediment. Alternative SD3 would treat a larger volume of sediment than 

Alternative SD2, and there would be no treatment of sediment under Alternative SD1. 

 

Short-Term Effectiveness  

Alternative SD1 would offer the highest short-term effectiveness because the alternative involves no 

major construction activities that would expose construction workers, the surrounding community, or the 

environment to contaminants, nor would it damage the existing ecosystem; however, Alternative SD1 

would not achieve RAOs.  Alternative SD4 would offer the least short-term effectiveness because this 

alternative includes the greatest potential exposure to COCs in sediments during remediation, causes the 

most sediment re-suspension within NUWC Pond, and causes the greatest short-term impact to the 

existing ecosystem.  Alternative SD2 has a slight advantage in short-term effectiveness over Alternative 

SD3.  Although both of these alternatives include the same amount of contaminant handling, Alternative 

SD3 includes more truck traffic through the surrounding area, causing more risk to the public and site 

workers.  Alternative SD3 also includes the installation of a geotextile liner over the pond sediment, which 

would have more of an adverse impact on the existing benthic organisms than would gradually-applied 

sand cover; however, benthic organisms would repopulate naturally over time in either case.   

 

Implementability 

Alternative SD1 would be the easiest to implement because no action is required.  Alternatives SD2 and 

SD3 would include the same processes, but Alternative SD2 would be more easily implemented due to 

the simpler components of the sediment cover layer and the smaller volume of material to be handled.  

Alternative SD4 would be the most difficult to implement due to the processes required, the space needed 

to implement the alternative (e.g., for the staging and dewatering of dredged sediment), and the amount 

of site restoration that would be required.  Alternatives SD2, SD3, and SD4 would each have difficulties 

associated with accessing all pond and stream areas, due to the site topography (steep side slopes) and 

the presence of exposed bedrock along some portions of the stream. 

 

Cost 

Capital, O&M, and present worth costs for the four sediment remedial action alternatives are summarized 

as follows: 

 

Costs Alternative SD1 Alternative SD2 Alternative SD3 Alternative SD4 

Capital $0 $1,376,000 $2,098,000 $2,197,000 
O&M/ $0 $18,700 $22,000 $15,500 
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Costs Alternative SD1 Alternative SD2 Alternative SD3 Alternative SD4 

Long-Term 
Monitoring 

Present Worth  $0 $1,908,000 $2,703,000 $2,293,000 
Note:  Five-year review costs are included under the soil alternatives. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

TABLES 
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TABLE ES-1 
 

REMEDIAL ACTION ALTERNATIVES FOR SOIL – EVALUATION SUMMARY 
SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

Criteria 
Alternative SO1 

No Action 

Alternative SO2 

Excavation, Ex-Situ 
Treatment, Removal of 

Anomalies, Off-Site 
Disposal, LUCs, and 

Monitoring 

Alternative SO3 

Soil Cover, Selective 
Excavation and Removal 

of Anomalies, Off-Site 
Disposal, LUCs, and 

Monitoring 

Alternative SO4 

Excavation, Consolidation, Soil 
Cover, Removal of Anomalies, 

LUCs, and Monitoring 

THRESHOLD CRITERIA  

Overall Protection of Human 

Health and the Environment 
No Yes Yes Yes 

Compliance with Applicable 

or Relevant and Appropriate 

Requirements (ARARs) 

No Yes Yes Yes 

BALANCING CRITERIA  

Does Alternative Reduce 

Residual Risk? 
No Yes Yes Yes 

Does Alternative Reduce 

Toxicity, Mobility, or Volume 

Through Treatment? 

No Yes No No 

Short-Term Effectiveness: 

Time Until Remedial Action 

Objectives (RAOs) 

Achieved 

RAOs would not be 

achieved 
2 years 2 years 2 years 

Implementability: 

Constructible? 

No construction 

activities 
Yes Yes Yes 

30-Year Net Present Worth $118,000 $5,058,000 $2,123,000 $2,464,000 

 
LUCs - Land Use Controls 



   

W5212801F (081020/P)  CTO WE19 

TABLE ES-2 
 

REMEDIAL ALTERNATIVES FOR GROUNDWATER – EVALUATION SUMMARY 
SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

Criteria 
Alternative GW1 

No Action 

Alternative GW2 

MNA and LUCs 

Alternative GW3 

In-Situ Enhanced 

Bioremediation, 

MNA, and LUCs 

Alternative GW4 

In-Situ Chemical 

Oxidation, MNA, 

and LUCs 

THRESHOLD CRITERIA 

Overall Protection of Human Health and the 

Environment 
No Yes Yes Yes 

Compliance with Applicable or Relevant and 

Appropriate Requirements (ARARs) 
No Yes Yes Yes 

BALANCING CRITERIA 

Does Alternative Reduce Residual Risk? No Yes Yes Yes 

Does Alternative Reduce Toxicity, Mobility, or 

Volume Through Treatment? 
No 

No (passive 

remediation only) 
Yes Yes 

Short-Term Effectiveness: Time Until Remedial 

Action Objectives Achieved 
Would not be verified 

35 to 50 years for 
CVOCs plus 10-15 

years for metals 

15 to 35 years for 
CVOCs plus 10-15 

years for metals 

5 to 30 years for 
CVOCs plus 10-15 

years for metals 

Implementability: Constructible? 
No construction 

activities 
Yes Yes Yes 

30-Year Net Present Worth $0 $1,880,000 $7,177,000 $6,913,000 

 
Notes: 
LUCs - Land Use Controls. 
MNA - Monitored natural attenuation. 
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TABLE ES-3 
 

REMEDIAL ACTION ALTERNATIVES FOR SEDIMENT – EVALUATION SUMMARY 
SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
 

Criteria 
Alternative SD1 

No Action 

Alternative SD2 

Selective Sediment 
Removal and Off-Site 
Disposal, Enhanced 
Natural Recovery of 

Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 

Selective Sediment Removal 
and Off-Site Disposal, Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 

Sediment Removal and 
Off-Site Disposal 

THRESHOLD CRITERIA  

Overall Protection of Human Health 

and the Environment 
No Yes Yes Yes 

Compliance with Applicable or 

Relevant and Appropriate 

Requirements (ARARs) 

No Yes Yes Yes 

BALANCING CRITERIA  

Does Alternative Reduce Residual 

Risk? 
No Yes Yes Yes 

Does Alternative Reduce Toxicity, 

Mobility, or Volume Through 

Treatment? 

No Partial Partial Partial 

Short-Term Effectiveness: Time Until 

Remedial Action Objectives (RAOs) 

Achieved 

RAOs would not be 

achieved 
1 year after startup 1 year after startup 1 year after startup 

Implementability: Constructible? No construction 

activities 
Yes Yes Yes 

30-Year Net Present Worth (1) $0 $1,908,000 $2,703,000 $2,293,000 

 
LUCs - Land Use Controls. 
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements  

EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 

To Be 
Considered 

These are guidance values used to evaluate 
the potential carcinogenic hazard caused by 
exposure to contaminants. 

Were used to compute the individual 
incremental cancer risk resulting from 
exposure to carcinogenic contaminants in 
site media. 

Reference Dose (RfD) To Be 
Considered 

Guidance used to compute human health 
hazard resulting from exposure to non-
carcinogens in site media. 

Were used to calculate potential non-
carcinogenic hazards caused by exposure to 
contaminants. 

Guidelines for 
Carcinogen Risk 
Assessment     
EPA/630/P-03/001F   
(March 2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Were used to calculate potential 
carcinogenic risks caused by exposure to 
contaminants. 

Supplemental 
Guidance for Assessing 
Susceptibility from 
Early-Life Exposure to 
Carcinogens    
EPA/630/R-03/003F  
(March 2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Were used to calculate potential 
carcinogenic risks to children caused by 
exposure to contaminants. 

Recommendations of 
the Technical Review 
Workgroup for Lead for 
an Approach to 
Assessing Risks 
Associated with Adult 
Exposure to Lead in 
Soil 

To Be 
Considered 

EPA guidance for evaluating the risks posed 
by lead in soil 

Guidance on assessing lead-impacted soil 
exceeding adult (and child) risk levels in 
residential use scenarios.   
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 

(continued) 

Safe Drinking Water 
Act (42 U.S.C. §300f et 
seq.); National Primary 
Drinking Water 
Regulations (40 CFR 
141, Subpart B and G) 

Relevant and 
Appropriate 

Establishes maximum contaminant levels 
(MCLs) for common organic and inorganic 
contaminants applicable to public drinking 
water supplies. Used as relevant and 
appropriate cleanup standards for aquifers 
and surface water bodies that are potential 
drinking water sources. 

Under federal standards, groundwater within 
the Site is considered a potential drinking 
water source; therefore, groundwater must 
achieve these standards in all areas outside 
of the compliance boundary for any waste 
management area.  Groundwater use 
restrictions will be maintained until these 
standards are achieved.  Within the 
compliance boundary beginning at the edge 
of any waste management area, these are 
used as monitoring standards. 

Safe Drinking Water 
Act (42 U.S.C. §300f et 
seq.); National primary 
drinking water 
regulations (40 C.F.R. 
141, Subpart F) 

Relevant and 
Appropriate 
for non-zero 
MCLGs only 

Establishes maximum contaminant level goals 
(MCLGs) for public water supplies.  MCLGs 
are health goals for drinking water sources.  
These unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Under federal standards, groundwater within 
the Site is considered a potential drinking 
water source; therefore, groundwater must 
achieve these standards in all areas outside 
of the compliance boundary for any waste 
management area.  Groundwater use 
restrictions will be maintained until these 
standards are achieved.  Within the 
compliance boundary beginning at the edge 
of any waste management area, these are 
used as monitoring standards. 
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 

(continued) 

Health Advisories (EPA 
Office of Drinking 
Water) 

To Be 
Considered 

Health Advisories are estimates of risk due to 
consumption of contaminated drinking water; 
they consider non-carcinogenic effects only.  
To be considered for contaminants in 
groundwater that may be used for drinking 
water.  The risk-based standard for 
manganese is 0.3 mg/L. 

Health advisories will be used to evaluate the 
non-carcinogenic risk resulting from 
exposure to certain compounds (i.e., 
manganese).  The remedy will be designed 
to ultimately reduce contaminant levels in 
groundwater used for drinking water to levels 
that do not exceed advisory levels in all 
areas outside of the compliance boundary for 
any waste management area.  Groundwater 
use restrictions will be maintained until these 
standards are achieved outside of the waste 
management area compliance boundary and 
will be maintained within the compliance 
boundary until conditions are suitable for 
unlimited use and unrestricted exposure. 

Probable Effects 
Concentration 
Quotients (PEC-Qs), 
MacDonald, et al., 2000 
and Ingersoll et al., 
2000. 

To Be 
Considered 

Provides guidance values for identifying 
potential risk to ecological receptors exposed 
to contaminated sediments.  

Primary basis for evaluating risk to aquatic 
ecological receptors.  This guidance can be 
used to develop PRGs.  

State 
Regulatory 
Requirements 

Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations), CRIR 12-
180-001, DEM-DSR-
01-93, Sections 8002 
and 8.03 

Applicable These regulations set remediation standards 
for contaminated media.  These standards are 
applicable to a CERCLA remedy when they 
are more stringent than federal standards.  
Establishes criteria for groundwater and both 
direct contact and leachability of contaminants 
in soil. 

The Remediation Regulations are used in 
the establishment of PRGs for soil for direct 
contact and leachability to be used in the 
remedial action.  Also used to establish 
groundwater PRGs when these standards 
are more stringent than federal standards.  
PRGs based on these standards will be 
achieved outside of the compliance zone for 
the waste management area (i.e., beyond 
the edge of the waste management area) 
and will be used as monitoring standards 
inside the compliance boundary. 

 
CERCLA – Comprehensive Environmental Response, Compensation, and Liability Act 
CFR – Code of Federal Regulations 
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EPA – United States Environmental Protection Agency. 
OSWER – Office of Solid Waste and Emergency Response 
PRG – Preliminary Remediation Goal 
U.S.C. – United States Code 
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

Federal 
Regulatory 
Requirements 

 

Clean Water Act - Section 
404 (33 U.S.C. s 1344); 
Section 404 (b)(1) 
Guidelines For 
Specification Of Disposal 
Sites For Dredged or Fill 
Material (40 CFR 230 and 
33 CFR 320 and 323) 

Applicable Under this requirement, no activity that adversely 
affects a federal jurisdictional wetland and waters of 
the United States shall be permitted if a practicable 
alternative with lesser effects is available.  If activity 
takes place, impacts must be minimized to the 
maximum extent.  Controls discharges of dredged 
or fill material to protect aquatic ecosystems. 

Alternatives may involve excavation and filling 
of federal jurisdictional wetland resources and 
waters of the United States.  Filling or 
discharge into wetland resource areas will 
only occur where there is no other practicable 
alternative and any adverse impacts to 
aquatic ecosystems will be mitigated.  The 
Navy will identify the remedial alternative that 
is the least environmentally damaging 
practicable alternative for protecting wetland 
resource areas. 

Fish and Wildlife 
Coordination Act 
(16 U.S.C. 661) 

Applicable This regulation requires that any federal agency 
proposing to modify a body of water must consult 
with the U.S. Fish and Wildlife Service (USFWS), 
National Marine Fisheries Service, and other related 
state agencies.  That federal agency must consult 
with the appropriate government entity and also 
take action to prevent, mitigate, or compensate for 
project-related losses of endangered species, fish 
and wildlife resources. 

Alternatives may modify potential, fish and 
wildlife habitats. All appropriate state and 
federal agencies, such as the USFWS, will be 
consulted to ensure that losses of these 
resources will be prevented, mitigated, or 
compensated. 

Floodplain Management 
and Protection of Wetlands, 
44 CFR 9 

Relevant 
and 
Appropriate 

FEMA regulations that implement Executive Order 
11990, Protection of Wetlands. Prohibits activities 
that adversely affect a federally-regulated wetland 
unless there is no practicable alternative and the 
proposed action includes all practicable measures 
to minimize harm to wetlands that may result from 
such use. 

During the remedial design stage, the effects 
of the remedial action, particularly in regard to 
the sediment and soil alternatives on federal 
jurisdictional wetlands will be evaluated.   All 
practicable means will be used to minimize 
harm to the wetlands. Wetlands disturbed by 
sediment remediation, monitoring, or other 
remedial activities will be mitigated in 
accordance with requirements.  No 
floodplains are onsite and potential impacts to 
downstream floodplains will be avoided. 
Public comment will be solicited in the 
Proposed Plan. 
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

Federal 
Regulatory 
Requirements 
(Continued) 

Endangered Species Act 
16 USC 1531 et seq., 
50 CFR 200, 50 CFR 402 

Applicable If a location contains a federal endangered or 
threatened species or its critical habitat, and an 
action may impact the species or its habitat, the 
USFWS or the National Marine Fisheries Service 
must be consulted. 

The federally-listed endangered loggerhead 
turtle (Caretta caretta) and federally-listed 
threatened Kemp’s ridley turtle (Lepidochelys 
kempii) occur in the waters of Narragansett 
Bay.  Appropriate agencies will be consulted 
to find ways to minimize adverse effects to 
the listed species and its habitat. 

National Historic 
Landmarks (Historic Sites 
Act); 16 USC §461 et seq.; 
36 CFR Part 65 

Applicable The purpose of the National Historic Landmarks 
program is to identify and designate National 
Historic Landmarks, and encourage the long range 
preservation of nationally significant properties that 
illustrate or commemorate the history and prehistory 
of the United States. 

Features with potential historical/cultural 
significance will be evaluated during the 
remedial design phase.  Should this remedy 
impact historical properties/structures 
determined to be protected by this standard, 
activities will be coordinated with the 
Department of the Interior. 

Protection of Historic 
Properties (National 
Historic Preservation Act); 
16 USC §470 et seq., 36 
CFR Part 800 

Applicable Section 106 of the National Historic Preservation 
Act requires federal agencies to take into account 
the effects of their undertakings on historic 
properties and afford the Advisory Council on 
Historic Preservation a reasonable opportunity to 
comment. 

Features with potential historical/cultural 
significance will be evaluated during the 
remedial design phase.  Should this remedy 
impact properties/structures determined to be 
protected by this standard, activities will be 
coordinated with the Advisory Council on 
Historic Preservation. 

State 
Regulatory 
Requirements 

Endangered Species Act, 
RIGL 20-37-1 et seq. 

Relevant 
and 
Appropriate 

Regulates activities affecting state-listed 
endangered or threatened species or their critical 
habitat.  Includes provisions to declare state-listed 
threatened and endangered species. 

The state listed loggerhead turtle (Caretta 
caretta) and Kemp’s ridley turtle 
(Lepidochelys kempii) occur in the waters of 
Narragansett Bay.  Appropriate agencies will 
be consulted to find ways to minimize adverse 
effects to the listed species and its habitat. 

Inspection of Dams and 
Reservoirs; Rules and 
Regulations for Dam 
Safety, RIGL 46-19 

Applicable  Sets standards for inspecting and maintaining dams 
in the State. 

LUCs and O&M of the NUSC Pond dam will 
be required to prevent contaminated sediment 
that is being managed in-place from migrating 
downstream of the dam.  
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AUTHORITY REQUIREMENT STATUS REQUIREMENT SYNOPSIS CONSIDERATION 

State 
Regulatory 
Requirements 
(cont.) 

RIGL 2-1, Sections 2-1-18 
through 2-1-20.2; Fresh 
Water Wetlands Act;  DEM 
Rules And Regulations 
Governing the 
Administration and 
Enforcement of the Fresh 
Water Wetlands Act (Dec 
2010), Rules 4.00 and 5.00 

Applicable Defines and establishes provisions for the 
protection of swamps, marshes and other fresh 
water wetlands in the state.  Actions are required to 
prevent the undesirable drainage, excavation, filling, 
alteration, encroachment or any other form of 
disturbance or destruction of a wetland.  Also 
establishes standards for land within 50 feet of the 
edge of state-regulated wetlands. 

Remedial activities will be conducted to 
minimize the disturbance of state jurisdictional 
wetlands and perimeter wetlands. 

Rhode Island Historical 
Preservation Act; RIGL 42-
45 et seq. 

Applicable Requires action to take into account effects on 
properties included on or eligible for the National 
register of Historic Places and minimizes harm to 
National Historic Landmarks. 

Features with potential historical/cultural 
significance will be evaluated during the 
remedial design phase.  Should this remedy 
impact properties/structures determined to be 
protected by this standard, activities will be 
coordinated with the State Agency. 

 
CFR – Code of Federal Regulations 
RIGL – Rhode Island General Laws  
U.S.C. – United States Code 
FEMA – Federal Emergency Management Agency 
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 

Toxic Substances 
Control Act (TSCA); PCB  
Remediation 
Waste, 15 U.S.C. 2601 
et seq.; 40 CFR 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and disposal 
options for PCB remediation waste based 
on the risks posed by the concentrations 
at which the PCBs are found.  Written 
approval for the proposed risk-based 
cleanup must be obtained from the 
Director, Office of Site Remediation and 
Restoration, U.S. Environmental 
Protection Agency (USEPA) Region 1. 

All sediment and soil exceeding identified PCB 
cleanup levels will either be removed, 
dewatered (if required) and disposed of off-site 
or will be placed under a cover system that 
meets TSCA protectiveness standards. The 
dredging, transportation/dewatering, and 
management of PCB-contaminated media will 
be performed in a manner to comply with 
TSCA, including air and surface water 
monitoring during remedial activities.  The ROD 
will contain a finding by the Director, Office of 
Site Remediation and Restoration, EPA 
Region 1, that the remedy's sediment and soil 
PCB cleanup levels, along with the dredging, 
dewatering, and management of the 
contaminated media will not pose an 
unreasonable risk to human health or the 
environment. 

CWA, Underground Injection 
Control (UIC), 40 CFR 144,146, 
and 147.2000 

Applicable These regulations address the discharge 
of wastes, chemicals or other substances 
into the subsurface. The federal UIC 
program designates injection wells 
incidental to aquifer remediation and 
experimental technologies as Class V 
wells authorized by rule that do not 
require a separate UIC permit. 

These standards regulate the injection of 
biological or chemical substance into the 
groundwater.  In-situ treatment will be 
conducted in compliance with these standards. 
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 
(continued) 

Use of Monitored Natural 
Attenuation at Superfund, RCRA 
Corrective Action, and 
Underground Storage Tank Sites, 
OSWER Directive 9200.4-17P  
(April 21, 1999) 

To Be 
Considered 

EPA guidance regarding the use of 
monitored natural attenuation for the 
cleanup of contaminated soil and 
groundwater.  In particular, a reasonable 
time frame for achieving cleanup standard 
though monitored attenuation would be 
comparable to that which could be 
achieved through active restoration. 

This guidance will be used to determine 
success of monitored natural attenuation 
component of any alternative to attain all 
groundwater cleanup standards within a 
reasonable time frame.   

Safe Drinking Water Act (42 U.S.C. 
§300f et seq.); National primary 
drinking water regulations (40 
C.F.R. 141, Subparts B and G) 

Relevant 
and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable to 
public drinking water supplies.  Used as 
relevant and appropriate standards for 
aquifers and surface water bodies that 
are potential drinking water sources. 

These are monitoring standards used to ensure 
contaminated groundwater does not migrate 
beyond the compliance zone for areas where 
waste is managed in place. 

Safe Drinking Water Act (42 U.S.C. 
§300f et seq.); National primary 
drinking water regulations (40 
C.F.R. 141, Subpart F) 

Relevant 
and 
Appropriate 
for non-zero 
MCLGs only; 
MCLGs set 
as zero are 
To Be 
Considered. 

Establishes maximum contaminant level 
goals (MCLGs) for public water supplies.  
MCLGs are health goals for drinking 
water sources.  These unenforceable 
health goals are available for a number of 
organic and inorganic compounds. 

These are monitoring standards used to ensure 
contaminated groundwater does not migrate 
beyond the compliance zone for areas where 
waste is managed in place. 

Health Advisories (EPA Office of 
Drinking Water) 

To Be 
Considered 

Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based standard 
for manganese is 0.3 mg/L. 

These are monitoring standards used to ensure 
contaminated groundwater does not migrate 
beyond the compliance zone for areas where 
waste is managed in place. 
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 
(continued) 

CWA National Recommended 
Water Quality Criteria (NRWQC), 
40 CFR 122.44) 

Relevant 
and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed for 
carcinogenic and non-carcinogenic 
compounds.  These standards may be 
used to develop cleanup standards for 
sediments. 

Water quality standards used to develop 
monitoring standards for sediment remedial 
alternatives at the Site. 

Clean Water Act - National 
Pollutant Discharge Elimination 
System (NPDES), 40 CFR Parts 
122 and 125 

Applicable Establishes the specifications for 
discharging pollutants from any point 
source into the waters of the U.S. 
Includes stormwater standards for 
activities disturbing more than one acre. 

Any water discharged to surface water bodies 
during remedial activities will comply with this 
regulation.  Best management practices will be 
used to meet stormwater standards during the 
remedial action. 

Clean Water Act; General 
Pretreatment Regulations for 
Existing and New Sources of 
Pollution, 33 U.S.C. § 1251 et seq. 
40 CFR. Part 403   

Applicable  Standards for direct discharge of waste 
water into a Publicly Owned Treatment 
Works (POTW).  

These standards will apply if water from the 
remedial action such as from dewatering is 
discharged to a POTW.  
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 
(continued) 

EPA Groundwater Protection 
Strategy (August 1984; NCP 
Preamble, Vol 55, No. 46, March 8, 
1990, 40 CFR Part 300, p. 8733); 
Guidelines for Ground-Water 
Classification (November 1986) 

To Be 
Considered 

The Groundwater Protection Strategy 
provides a common reference for 
preserving clean groundwater and 
protecting the public health against the 
effects of past contamination. Guidelines 
for consistency in groundwater protection 
programs focus on the highest beneficial 
use of a groundwater aquifer and define 
three classes of groundwater.  These 
documents defined Class I, II and III 
groundwaters. 

Under federal standards, groundwater within 
the Site is considered a potential drinking water 
source except within the compliance boundary 
of any waste management area established 
under the soil or sediment alternatives; 
therefore, groundwater must achieve federal 
drinking water and risk-based standards or 
more stringent State groundwater standards 
outside of the compliance boundary.  
Groundwater use restrictions outside of the 
compliance boundary will be maintained until 
these standards are achieved.  Inside of the 
compliance boundary groundwater use 
restrictions will be in effect as long as the waste 
management area remains in place.  
Groundwater monitoring using these standards 
will be used to make sure groundwater 
exceeding these standards does not migrate 
beyond the compliance boundary.  
Exceedances of these standards within the 
compliance boundary are a basis for 
establishing prohibitions on the use of 
groundwater within the compliance boundary.  
An additional buffer zone beyond the 
compliance boundary to prevent groundwater 
wells from being installed that would draw 
contaminated groundwater beyond the 
compliance boundary may also be established, 
if required. 
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Authority Requirement Status Requirement Synopsis Consideration 

Federal 
Regulatory 
Requirements 
(continued) 

Contaminated Sediment 
Remediation Guidance for 
Hazardous Waste Sites (EPA-540-
R-05-012 OSWER 9355.0-85 
December 2005) 
 

To Be 
Considered 

Guidance for making remedy decisions 
for contaminated sediment sites.  

This guidance will be considered in addressing 
contaminated sediment alternatives involving 
Monitored Natural Recovery, Thin Layer 
Capping, Dredging, and/or Cover/Capping.  The 
guidance also addresses dewatering, and 
disposal of the contaminated sediments. 

Management of Undesirable Plants 
on Federal Lands, 7 U.S.C. 2814 

Relevant 
and 
Appropriate  

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 

Measures will be taken to control the 
establishment of Phragmites, purple loosestrife 
or other invasive plants within all remediated 
areas.  An invasive species control plan will be 
developed as part of the long-term O&M for this 
site.  The responsibility of control will be 
transitioned to NAVSTA after (1) the remedy is 
in place, and (2) NAVSTA develops a base-
wide program for controlling undesirable plants. 

State 
Regulatory 
Requirements 

Clean Air Act - Fugitive Dust 
Control, RIGL 23-23 et seq.; CRIR 
12-31-05 

Applicable Requires that reasonable precaution be 
taken to prevent particulate matter from 
becoming airborne. 

Removal of soil/sediment during active 
construction would be implemented to prevent 
material from becoming airborne. 

Clean Air Act -Emissions 
Detrimental to Persons or Property, 
RIGL 23-23 et seq.; CRIR 12-31-
07 
 

Applicable  Prohibits emissions of contaminants that 
may be injurious to human, plant, or 
animal life, or cause damage to property 
or which reasonably interferes with the 
enjoyment of life and property.  

Monitoring of air emissions during remedial 
activities will be used to assess compliance with 
these standards if threshold levels are reached. 

Clean Air Act - Air Pollution 
Control, RIGL 23-23 et seq.; 
CRIR 12-31-09 

Applicable Establishes guidelines for the 
construction, installation, or operation of 
potential air emission units.  Establishes 
permissible emission rates for some 
contaminants. 

Emissions for soil treatment system and fugitive 
dust would be monitored and if any control 
system is required it will meet the substantive 
provisions of the standards if threshold levels 
are reached.  
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Authority Requirement Status Requirement Synopsis Consideration 

State 
Regulatory 
Requirements 
(Continued) 

Visible Emissions (CRIR 12-31-01) Applicable Regulates emissions that cause opacity. Soil treatment equipment will have controls to 
meet opacity requirements. 

Particulate Emissions from 
Industrial Processes (CRIR12-31-
03) 

Relevant 
and 
Appropriate 

Regulates particulate emission rates 
based on weight of material processed in 
industrial processes. 

Particulate emissions from soil processed 
through soil treatment equipment would be 
controlled to meet the requirements of this 
regulation. 

Clean Air Act – Air Toxics, RIGL 
23-23 et seq.; CRIR 12-31-22 

Applicable Prohibits the emission of specified 
contaminants at rates which would result 
in ground level concentrations greater 
than acceptable ambient levels or 
acceptable ambient levels as set in the 
regulations. 

Monitoring of air emissions during excavation 
will be used to assess compliance with these 
standards if threshold levels are reached.  
Operation and maintenance activities will be 
carried out in a manner which will minimize 
potential air releases. 

Regulations for Rhode Island 
Pollutant Discharge Elimination 
Systems, RIGL 42-16 et seq.; 
CRIR 12-190-003, Rules 15 and 31

Applicable Contains applicable effluent monitoring 
requirements, and standards and special 
conditions for discharges.  Rule 31 
establishes standards for storm water 
discharges.  Rhode Island is fully 
authorized to administer the NPDES 
program. 

Discharge of water from remedial activities 
(including dewatering sediment/soil) to surface 
waters will need to meet these standards.  
Storm water controls for areas of 
construction/maintenance will be implemented 
and maintained to meet these standards. 

Water Quality Regulations, RIGL 
42-16 et seq.; CRIR 12-190-001 

Applicable Establishes water use classification and 
water quality criteria for waters of the 
state. 

Surface water concentrations will be compared 
against these criteria during monitoring of the 
implementation of the remedy, as well as during 
long-term monitoring events. 

Drilling of Drinking Water Wells; 
Rules and Regulations Governing 
the Enforcement of Chapter 46-
13.2 Relating to the Drilling of 
Drinking Water Wells, RIGL 46-
13..2 et seq.   

Applicable Prohibits installing drinking water wells in 
contaminated aquifers.  Establishes 
standards for decommissioning 
monitoring wells (Rule 9.03). 

Under these standards drinking water wells are 
prohibited within areas of contamination and 
monitoring wells used will be properly 
decommissioned when no longer needed. 
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Authority Requirement Status Requirement Synopsis Consideration 

State 
Regulatory 
Requirements 
(Continued) 

Water Pollution Control - Pollution 
Discharge Elimination Systems – 
Pretreatment Regulations; 
Rules 1 - 7 

Applicable Regulations for the discharge of 
wastewater into a publicly owned 
treatment works (POTW). 

Water generated through sediment dewatering 
will be characterized for proper disposal.  
Discharges to a POTW will follow these 
requirements.   

Pretreatment Regulations, RIGL 
46-12, 42-17.1, 42-45 

Applicable Rhode Island standards for discharge to 
POTWs. 

These standards will apply if water from the 
remedial action (such as from soil or sediment 
dewatering) is discharged to a POTW. 

Rhode Island Solid Waste 
Regulations, DEM OWM-SW04-01, 
1.7.14(b)  
 

Relevant 
and 
Appropriate 

Regulation states that an approved 
closure plan must be implemented.   

The site will be closed under a plan developed 
in accordance with the substantive 
requirements of this section of the regulations, 
to be incorporated into the remedial design 
(RD), and the Operations and Maintenance 
Plan (O&M) (including a monitoring plan).    

Rhode Island Solid Waste 
Regulations – Dust Control, DEM 
OWM-SW0401, 1.7.10 

Relevant 
and 
Appropriate 

Requires dust control. Dust must be controlled at the site during cover 
construction and during maintenance activities. 

Rhode Island Solid Waste 
Regulations – Health and Safety, 
DEM OWM-SW0401, 1.7.12 (a) 

Relevant 
and 
Appropriate 

Requires solid waste management 
facilities be designed and maintained to 
protect the health and safety of personnel 
at the facility and persons in close 
proximity. 

Under this subsection health and safety of 
construction workers and persons in the 
proximity of the site would be maintained during 
construction and maintenance activities. 
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State 
Regulatory 
Requirements 
(Continued) 

Rhode Island Solid Waste 
Regulations, DEM OWM-SW04-01, 
1.8.01 (a) and 1.8.01 (b) 

Relevant 
and 
Appropriate 

Requires facilities to monitor groundwater 
and to meet closure requirements. 

The substantive requirements of this section of 
the regulations will be met by monitoring 
groundwater and meeting closure requirements.  
If contaminants are left in place, the site will be 
closed as a waste management unit, and 
undergo long term monitoring.  The remedial 
design (RD), remedial action work plan 
(RAWP), operations and monitoring plan (O&M) 
(including the long term monitoring plan 
[LTMP]) developed for this cleanup will contain 
the specific monitoring and closure 
requirements for the waste management unit 
that will comply with the substantive 
requirements. 

Rhode Island Solid Waste 
Regulations, DEM OWM-SW04-01, 
2.1.08 (a) (8) 

Relevant 
and 
Appropriate 

Contains requirements for construction of 
monitoring wells to monitor a solid waste 
landfill. 

The substantive requirements of this section of 
the regulations will be met for construction of 
new monitoring wells. 

Rhode Island Solid Waste 
Regulations, DEM OWM-SW04-01, 
2.2.12 (d) (1) and 2.2.12 (d) (2) 
(ii)(iii) and (v) 

Relevant 
and 
Appropriate 

Contains requirements for construction 
and maintenance of the vegetative cover 
final cover system. 

Remedies including cover systems will include 
appropriate vegetation requirements of a soil 
cover in compliance with these standards. 

Rhode Island Solid Waste 
Regulations – Sedimentation and 
Erosion Control, DEM OWM-
SW0401, 2.1.04 

Relevant 
and 
Appropriate 

Requires a “Sedimentation and Erosion 
Control Plan” be developed. 

An erosion and sediment control plan will be 
developed for this site in accordance with the 
substantive requirements of this section. The 
RD and the RAWP, to be developed for this 
cleanup, will contain the specific erosion and 
sediment controls requirements for the remedial 
construction. 
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Authority Requirement Status Requirement Synopsis Consideration 

State 
Regulatory 
Requirements 
(Continued) 

Rhode Island Solid Waste 
Regulations, DEM OWM-SW04-01, 
2.3.04(e), (f) 

Relevant 
and 
Appropriate 

Outlines the requirements for the 
maintenance and permeability of cover 
material. 

The substantive requirements of this section of 
the regulations will be met by installing an 
asphalt cover that has been determined to 
provide an adequate barrier for specific areas to 
be used for storage, or a soil cover that has 
been determined to provide an adequate barrier 
for the remainder of the land within the site.”   

Rhode Island Solid Waste 
Regulations – Compliance 
Boundaries, DEM OWM-SW0401, 
2.3.05 

Relevant 
and 
Appropriate 

Establishes requirement for compliance 
boundary for pollution of ground waters or 
surface waters. 

The substantive requirements of this section of 
the regulations will be met by the requirement 
that no contamination of groundwater be 
permitted outside the boundary of the Paved 
Storage Area. Because this remedy leaves 
contamination in place, groundwater monitoring 
will be conducted to assure that no 
contaminants are transported to the 
groundwater beyond the boundary of the waste 
management area. 

Rhode Island Solid Waste 
Regulations, DEM OWM-SW04-01, 
2.3.10 

Relevant 
and 
Appropriate 

Contains requirements for surface water 
drainage. 

The substantive requirements of this section of 
the regulations will be met through design of 
appropriate surface drainage considerations for 
the cover.   The cover system would be 
designed to prevent erosion, sedimentation, 
and standing water on the cover.  Minimum 
slope requirements for solid waste landfills  
have been determined not relevant or 
appropriate for a soil cover which is not 
intended to reduce infiltration 
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State 
Regulatory 
Requirements 
(Continued) 

Rhode Island Solid Waste 
Regulations – Siting in and 
Adjacent to Wetlands and 
Floodplains, DEM OWM-SW0401, 
2.3.14 

Relevant 
and 
Appropriate 

Provides requirements for new solid 
waste landfill units and expansions that 
impact wetlands and coastal wetlands, 
coastal flood zones, etc. 

These regulations would apply to alternatives 
that involve alteration of land within wetlands. 
The substantive requirements of this section of 
the regulations would be met by protecting 
wetland resources during construction and 
maintenance of a cover over soil containing 
residual contamination. The RD, RAWP, and 
the LTMP would be developed and would 
provide specific requirements, to meet the 
substantive requirements of this section. 

Rhode Island Solid Waste 
Regulations – Closure in “Unstable 
Areas”, DEM OWM-SW0401, 
2.3.23 

Relevant 
and 
Appropriate 

Provides requirements for closure of solid 
waste units in “unstable areas”, 
interpreted to include wetland and 
floodplains. 

These regulations would apply to alternatives 
that establish a waste management area 
adjacent to “unstable areas.” The substantive 
requirements of this section of the regulations 
would be met through the closure of the waste 
management area. The waste management 
area would be covered in a manner that 
prevents the release of contaminants during a 
100 year flood event. 

Standards for Identification and 
Listing of Hazardous Waste, Rules 
and Regulations for Hazardous 
Waste Management, RIGL 23-19.1 
et seq.; CRIR 12-030-003 Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes including designated 
“Rhode Island Wastes” which are not 
included in the federal definition of 
hazardous waste.   

These regulations would apply when 
determining whether or not a solid waste is 
hazardous, either by being listed or by 
exhibiting a hazardous characteristic or meeting 
the definition of a Rhode Island Waste. 

Standards for Generators of 
Hazardous Waste, Rules and 
Regulations for Hazardous Waste 
Management, RIGL 23-19.1 et 
seq.; CRIR 12-030-003 Rule 5.0 

Applicable Establishes manifesting, pre-transport, 
and recordkeeping requirements for 
hazardous waste. 

These regulations would apply to the 
management of any contaminated media that, 
after testing, is determined to exceed 
hazardous waste thresholds. 
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State 
Regulatory 
Requirements 
(Continued) 

Operational Requirements for 
Treatment, Storage, and Disposal  
Facilities (TSDF), Rules and 
Regulations for Hazardous Waste 
Management, RIGL 23-19.1 et 
seq.; CRIR 12-030-003 Rule 8.0 

Potentially 
Applicable 

Outlines operational requirements for all 
hazardous waste TSDFs including, but 
not limited to, general waste analysis, 
security procedures, inspections, safety, 
groundwater monitoring.  Also, sets 
design, construction, and operational 
requirements for hazardous waste 
containers and tanks, and closure 
requirements for hazardous waste 
facilities.  The site is not a TSDF, and the 
Navy does not intend to treat, store or 
dispose of hazardous wastes in a manner 
that would require the site to be 
considered a TSDF under these 
regulations.  

If remediation at the site results in the necessity 
to treat, store, or dispose of hazardous waste in 
the manner required of a TSDF, the substantive 
requirements must be met. 

Injection Control Regulations, 
Underground Injection Control 
Program Rules and Regulations 

Applicable Establishes a State Underground 
Injection Control Program consistent with 
federal requirements to preserve the 
quality of the groundwater of the state. 

These regulations apply underground injection 
of electron donor substrate or oxidizing 
chemicals.  

RIGL Ch. 46-12, Section 46-12-2; 
Ch. 46-13.1, Ch. 23-18.9, Sec. 23-
18-9.1; DEM Rules and 
Regulations for Groundwater 
Quality (Mar 2005), Appendix 1 

Applicable Identifies the standards and specification 
that must be followed for the installation 
or abandonment of monitoring wells. 

Applies to wells installed for monitoring and 
injection of electron donor substrate or oxidizing 
chemicals. 
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State 
Regulatory 
Requirements 
(Continued) 

Rules and Regulations for 
Dredging and the Management of 
Dredged Material, DEM-OWR-DR-
02-03 (September 2010) 

Relevant 
and 
Appropriate 

These standards ensure that dredging 
and management of the associated 
dredged material is conducted in a 
manner which is protective of 
groundwater and surface water quality so 
as to ensure the continued viability and 
integrity of drinking water and fish and 
wildlife resources.   
Establish standards and criteria governing 
the dewatering of dredged material for 
beneficial use or disposal.  

Sediment alternatives that involve dredging as a 
component of the remedial action will be 
developed so as to meet these standards. 

Injection Control Regulations; 
Underground Injection Control 
Program Rules and Regulations; 
RIGL Ch 46-12, 46-13.1; DEM 
Underground Injection Control 
Program Rules and Regulations 
(May 1984) 

Applicable Establishes a State Underground 
Injection Control Program consistent with 
federal requirements to preserve the 
quality of the groundwater of the state. 

These standards regulate the injection of 
biological or chemical substance into the 
groundwater.  In-situ treatment will be 
conducted in compliance with these standards. 

 
CFR – Code of Federal Regulations 
RAWP – Remedial Action Work Plan 
RIGL – Rhode Island General Laws 
U.S.C. – United States Code 



TABLE 2-4

PRELIMINARY REMEDIATION GOALS FOR SOIL
SITE 8 - NUSC DISPOSAL AREA FEASIBILITY STUDY

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Exposed Area Paved Area

Surface Soil
Subsurface 

Soil
Surface Soil

Subsurface 
Soil

Residential Industrial Residential Industrial Residential Industrial

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg as noted mg/kg mg/kg mg/kg mg/kg

1,1-Biphenyl -- -- -- -- -- -- 0.8 10,000 -- -- -- 0.8 --(g) Lower of HI=1 and RIDEM DEC

Acenaphthene NA 76.6 NA NA -- -- 43 10,000 -- -- -- 43 --(g) Lower of HI=1 and RIDEM DEC

Anthracene NA 153 NA NA -- -- 35 10,000 -- -- -- 35 --(g) Lower of HI=1 and RIDEM DEC
Benzo(a)anthracene 3.22 302 2.69 2.8 0.15 2.1 0.9 7.8 -- 0.157/-- -- 0.15 2.1 Lower of 10-6 risk-level and RIDEM DEC
Benzo(a)pyrene 2.44 243 2.32 1.4 0.015 0.21 0.4 0.8 240 mg/kg 0.157/-- -- 0.157 0.21 Lower of 10-6 risk-level and RIDEM DEC/LC or background
Benzo(b)fluoranthene 2.55 210 2.75 1.59 0.15 2.1 0.9 7.8 -- 0.154/-- -- 0.15 2.1 Lower of 10-6 risk-level and RIDEM DEC
Benzo(g,h,i)perylene 0.96 134 0.551 0.52 -- -- 0.8 10,000 -- 0.155/-- -- 0.8 --(g) Lower of HI=1 and RIDEM DEC
Benzo(k)fluoranthene 1.88 199 1.1 1.3 1.5 21 0.9 78 -- 0.098/-- -- 0.9 21 Lower of 10-6 risk-level and RIDEM DEC
Chrysene 2.87 269 1.5 2.75 -- -- 0.4 780 -- 0.106/-- -- 0.4 780 Lower of 10-6 risk-level and RIDEM DEC
Dibenzo(a,h)anthracene 0.4 52.7 0.141 0.108 0.015 0.21 0.4 0.8 -- -- -- 0.015 0.21 Lower of 10-6 risk-level and RIDEM DEC
Fluoranthene 7.3 723 NA NA -- -- 20 10,000 -- 0.153/-- -- 20 --(g) Lower of HI=1 and RIDEM DEC

Fluorene --- --- --- --- -- -- 28 10,000 -- -- -- 28 --(g) Lower of HI=1 and RIDEM DEC
Indeno(1,2,3-cd)pyrene 1.1 138 1.12 0.317 0.15 2.1 0.9 7.8 -- 0.111/-- -- 0.15 2.1 Lower of 10-6 risk-level and RIDEM DEC
Naphthalene 1.2 35.1 NA NA -- -- 54 10,000 0.8 mg/kg -- -- 0.8 0.8 Lower of 10-6 risk-level and RIDEM DEC/LC
Phenanthrene 6.66 563 NA NA -- -- 40 10,000 -- 0.089/-- -- 40 --(g) Lower of HI=1 and RIDEM DEC

Pyrene 7.1 569 NA NA -- -- 13 10,000 -- 0.142/-- -- 13 --(g) Lower of HI=1 and RIDEM DEC
Arsenic 23.9 17.7 18.6 35 0.39 NC 7 7 -- 18/28.5 -- 18 18 Lower of the surface/subsurface background levels
Antimony (i) 0.436 0.574 NA NA -- -- 10 820 0.05 mg/L SPLP -- -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.

Barium (i) NA NA NA NA -- -- 5,500 10,000 23 mg/L SPLP 51.0/36.2 -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.
Beryllium 0.434 0.518 0.395 0.47 -- -- 1.5 1.5 0.03 mg/L SPLP 0.583/0.641 -- 1.5 1.5 Lower of HI=1 and RIDEM DEC
Cadmium (i) 1.51 0.907 NA NA -- -- 39 1000 0.03 mg/L SPLP 0.168/0.152 0.77(e) --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.
Chromium (i) 20.5 19.6 15.4 24.3 -- -- 390 (d) 10000 1.1 mg/L SPLP 16.1/17.7 9.2(f) --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.

Cyanide (i) --- --- --- --- -- -- 200 10,000 2.4 mg/L SPLP -- -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.
Lead 73.1 190 NA 18 -- -- 150 500 0.04 mg/L SPLP 40.0/11.7 -- 150 500 Lower of 10-6 risk-level and RIDEM DEC
Manganese 436 835 418 1100 -- -- 390 10,000 -- 350/1034 -- 390 -- Lower of HI=1 and RIDEM DEC
Mercury (i) NA NA NA NA -- -- 23 610 0.02 mg/L SPLP 0.175/0.011 -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.

Nickel (i) NA NA NA NA -- -- 1,000 10,000 1 mg/L SPLP 14.5/28.0 -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.

Selenium (i) --- --- --- --- -- -- 390 10,000 0.6 mg/L SPLP 1.17/0.285 -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.

Thallium (i) NA 0.15 NA NA -- -- 5.5 140 0.005 mg/L SPLP -- -- --(i) --(i) No direct contact PRG necessary.  Potential leachability PRG.

Zinc NA 888 NA NA -- -- 6,000 10,000 -- 62.2/66.6 -- 6,000 --(g) Lower of HI=1 and RIDEM DEC

(a) Risk-based PRGs are calculated for the risk-based COCs identified from the HHRA (Tetra Tech, 2010).
(b) Background values are based on the Upper Predictive Limit (UPL) of the background sample data set.
(c) See Appendix F for the calculation of these PRGs.
(d) Standard shown for Cr(VI)
(e) This PRG will not be used as a cleanup goal at the site because most of the areas where it is exceeded will be addressed because of human health risks. 
     See Section 2.2.2, Ecological PRGs, for further discussion.
(f) This PRG is less than background and will not be used as a cleanup goal at the site.  See Section 2.2.2, Ecological PRGs, for further discussion.
(g) An industrial PRG was not selected because the maximum COC concentration does not exceed the industrial standards.
(h) The representative site concentration is based on the 95% UCL calculated from the Remedial Investigation for Site 8, NUSC Disposal Area (Tetra Tech, 2010)
(i) Potential COC based on RIDEM leachability criteria.  PRGs may be modified based on the leachability criteria if sampling during the Remedial Design/Remedial Action shows that SPLP criteria are being exceeded by the identified metals in soil.
DEC - Direct Exposure Criteria
HI - Hazard Index
mg/kg - milligram per kilogram
PRG - Preliminary Remediation Goal
EPA - United States Environmental Protection Agency
RIDEM - Rhode Island Department of Environmental Management
SPLP - Synthetic Precipitation Leaching Procedure
NC - Not Calculated
NA - Not Applicable.  Not considered a COPC in soil during the HHRA. 

Chemical of Concern
Rationale

RIDEM Direct Exposure 
Criteria Ecological 

PRGs(c)
RIDEM 

Leachability 
Criteria

Background(b) 

(Surface/ 
Subsurface)

Human Health PRGs

Selected PRG
10-6 Cancer Risk Level (a)

Representative Site Concentration (h)

W5212801F (081020/P) CTO WE19
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PRELIMINARY REMEDIATION GOALS FOR GROUNDWATER
SITE 8 - NUSC DISPOSAL AREA FEASIBILITY STUDY

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Chemical Site Concentration(a) EPA MCL
RIDEM GA 

Criteria(b)

Cancer Risk 

Level (10-6)

Noncancer 
Risk Level, 

(HI=1)

Selected
PRG Rationale(c)

ug/L ug/L ug/L ug/L ug/L ug/L
1,1-Dichloroethane 310 -- -- 2.3 2,100 2.3 Cancer risk-based value for lifelong resident.
1,1-Dichloroethene 52 7 7 -- 230 7 EPA MCL
1,4-Dioxane 8.3 -- -- 0.58 330 0.58 Cancer risk-based value for lifelong resident.
1,1,1-Trichloroethane 440 200 200 -- 6,800 200 EPA MCL
Carbon Tetrachloride 2 5 5 0.37 -- 5 EPA MCL
Ethylbenzene 58 700 700 1.3 575 700 EPA MCL
Tetrachloroethene 12 5 5 0.07 70 5 EPA MCL
Trichloroethene 730 5 5 1.9 2.3 5 EPA MCL
Vinyl Chloride 19 2 2 0.012 28 2 EPA MCL
Arsenic 503 10 10 0.04 3 10 EPA MCL
Chromium 868 100 100 0.075 24 100 EPA MCL
Cobalt 1,440 -- -- -- 3.3 3.3 Noncarcinogenic risk-based value for child resident.
Lead 1,890 15 15 15 -- 15 EPA MCL
Manganese 13,800 -- -- -- 300 (d) 300 EPA Health Advisory
Nickel 1,160 -- 100 -- 218 100 RIDEM GA criterion
Vanadium 832 -- -- -- 56 56 Noncarcinogenic risk-based value for child resident.

(a) Maximum detected concentration in groundwater during the RI (Tetra Tech 2010) and SRI (Tetra Tech 2011).
(b) RIDEM's Method 1 GA Groundwater Objectives from Section 8.03 of the the Rhode Island Remediation Regulations, DEM-DSR-01-93, as amended Nov. 2011.
(c) If available, the EPA MCL or RIDEM GA was selected as the PRG.  If an MCL/GA criterion was not available, then the risk-based concentration was selected as the PRG.
     calculated in accordance with USEPA's RAGS Part B (1992).
(d) The calculated risk-based value for manganese is 775 ug/L; however, EPA has requested that their Health Advisory guidance value be used at Site 8.

MCL - Maximum Contaminant Level
PRG - Preliminary Remediation Goal
EPA - United States Environmental Protection Agency
RIDEM - Rhode Island Department of Environmental Management
ug/L - Microgram per liter
-- Not applicable
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TABLE 2-6

PRELIMINARY REMEDIATION GOALS FOR SEDIMENT 
SITE 8 - NUSC DISPOSAL AREA FEASIBILITY STUDY

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Only Survival Impacted

NOEC LOEC PRG(1) NOEC LOEC NOEC LOEC PRG(1,2) Residential Industrial PRG
Organics (ug/kg)
Total PCBs ND 150 150 370 550 NA NA 451 NA NA NA 451
Metals (mg/kg)
Lead NA NA NA NA NA 1,000 1,520 1,233 400 2,200 400/2,200 1,233(4)

PEC-Qs (unitless)(3)

PEC-Q (with DDE) 0.45 1.02 0.68 NA NA NA NA NA NA NA NA NA

ug/kg - Micrograms per kilogram
LOEC - Lowest Observed Effects Concentration
NA - Not available
ND - Not Detected
NOEC - No Observed Effects Concentration
mg/kg - Milligrams per kilogram
PCB - Polychlorinated biphenyls.
PEC-Q - Probable Effects Concentration Quotient.
PRG - Preliminary Remediation Goal
1.  Geometric mean of NOEC and LOEC; if a NOEC was not available, PRG was set at the LOEC.

     endpoint-specific NOECs and LOECs.
3. To calculate the overall, mean PEC-Q, first calculate the individual PEC-Qs for total PAHs, total PCBs, DDE, and individual metals (arsenic, cadmium,
     chromium, copper, lead, nickel, and zinc).  PEC-Qs are calculated by dividing the chemical concentrations by the respective PECs (unitless).
     The average of those ten, individual PEC-Qs is used as the overall, mean PEC-Q.
4.  The PRG for lead in stream sediment is based on the lower of the industrial value for human health and the ecological PRG.  Lead concentrations in
      sediment above the human health value of 400 mg/kg will be addressed though land use controls (LUCs).

Human Health Selected 
PRG

Chemical

2.  Because there is more uncertainty in whether there are risks to sediment invertebrates in the stream, the 

Only Growth Impacted

Stream SedimentPond Sediment
Ecological

Ecological
Selected 

PRG
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TABLE 2-7

HUMAN HEALTH RISKS AND HAZARD INDICES ASSOCIATED WITH PRGS FOR SOIL (RESIDENTIAL)
SITE 8 - NUSC DISPOSAL AREA FEASIBILITY STUDY

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Medium: Soil
Receptor Population: Residential

Exposed Area Paved Area
Surface Soil Subsurface Soil Surface Soil Subsurface Soil

Benzo(a)anthracene 3.22 302 2.69 2.8 0.15 Risk-based PRG 1E-06 NA NA
Benzo(a)pyrene 2.44 243 2.32 1.4 0.157 Background 1E-05 NA NA
Benzo(b)fluoranthene 2.55 210 2.75 1.59 0.15 Risk-based PRG 1E-06 NA NA
Benzo(k)fluoranthene 1.88 199 1.1 1.3 0.9 RIDEM DEC 6E-07 NA NA
Dibenzo(a,h)anthracene 0.4 52.7 0.141 0.108 0.015 Risk-based PRG 1E-06 NA NA
Indeno(1,2,3-cd)pyrene 1.1 138 1.12 0.317 0.15 Risk-based PRG 1E-06 NA NA
Arsenic 23.9 17.7 18.6 35 18 Background(3) 5E-05 8E-01 Cardiovascular System, Skin

Totals 6E-05 8E-01

(1) 95% UCL from the Remedial Investigation for Site 8, NUSC Disposal Area (Tetra Tech, 2010).
(2) Lower of 10-6 risk-based PRG and RIDEM DEC/LC or background, unless otherwise noted.
(3) Lowest site-specific background value.
NA - Not applicable.
PRG - Preliminary Remediation Goal
RIDEM DEC/LC - Rhode Island Department of Environmental Management Direct Exposure Criteria/Leachability Criteria. DEM-DSR-01-93, November 2011.

Site Concentration(1)

(mg/kg)Chemical Target Endpoint
Hazard at 

PRG:
Noncancer

Risk at PRG:
Cancer

PRG
(mg/kg) Basis for PRG(2)
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TABLE 2-8

HUMAN HEALTH RISKS AND HAZARD INDICES ASSOCIATED WITH PRGS FOR SOIL (INDUSTRIAL)
SITE 8 - NUSC DISPOSAL AREA FEASIBILITY STUDY

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Medium: Soil
Receptor Population: Industrial

Exposed Area Paved Area
Surface Soil Subsurface Soil Surface Soil Subsurface Soil

Benzo(a)anthracene 3.22 302 2.69 2.8 2.1 Risk-based PRG 1E-06 NA NA
Benzo(a)pyrene 2.44 243 2.32 1.4 0.21 Risk-based PRG 1E-06 NA NA
Benzo(b)fluoranthene 2.55 210 2.75 1.59 2.1 Risk-based PRG 1E-06 NA NA
Benzo(k)fluoranthene 1.88 199 1.1 1.3 21 Risk-based PRG 1E-06 NA NA
Dibenzo(a,h)anthracene 0.4 52.7 0.141 0.108 0.21 Risk-based PRG 1E-06 NA NA
Indeno(1,2,3-cd)pyrene 1.1 138 1.12 0.317 2.1 Risk-based PRG 1E-06 NA NA
Arsenic 23.9 17.7 18.6 35 18 Background(3) 1E-05 7E-02 Cardiovascular System, Skin

Totals 2E-05 7E-02

(1) 95% UCL from the Remedial Investigation for Site 8, NUSC Disposal Area (Tetra Tech, 2010).
(2) Lower of 10-6 risk-based PRG and RIDEM DEC/LC or background, unless otherwise noted.
(3) Lowest site-specific background value.
NA - Not applicable.
PRG - Preliminary Remediation Goal
RIDEM DEC/LC - Rhode Island Department of Environmental Management Direct Exposure Criteria/Leachability Criteria. DEM-DSR-01-93, November 2011.

Target EndpointChemical
Site Concentration(1)

PRG
(mg/kg) Basis for PRG(2) Risk at PRG:

Cancer

Hazard at 
PRG:

Noncancer
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TABLE 2-9

HUMAN HEALTH RISKS AND HAZARD INDICES ASSOCIATED WITH PRGS FOR GROUNDWATER
SITE 8 - NUSC DISPOSAL AREA FEASIBILTY STUDY

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND

Medium: Groundwater
Receptor Population: Residential

Hazard at PRG:

Kidney Liver
Central 
Nervous 
System

Blood Body Weight

1,1-Dichloroethane 310 2.3(2,3) Risk-based PRG 1E-06 1E-03 -- 1E-03 -- -- Kidney, Central Nervous System

1,1-Dichloroethene 52(4) 7 EPA MCL -- -- -- -- -- -- Not applicable - PRG is based on MCL

1,4-Dioxane 8.3(4) 0.58(3) Risk-based PRG 1E-06 2E-03 2E-03 -- -- -- Liver, Kidney

1,1,1-Trichloroethane 440(4) 200 EPA MCL -- -- -- -- -- -- Not applicable - PRG is based on MCL
Carbon Tetrachloride 2 5 EPA MCL 1E-05 -- -- -- -- -- Not applicable - PRG is based on MCL
Ethylbenzene 58 700 EPA MCL 5E-04 -- -- -- -- -- Not applicable - PRG is based on MCL
Tetrachloroethene 12 5 EPA MCL 5E-07 -- -- -- -- -- Not applicable - PRG is based on MCL
Trichloroethene 730 5 EPA MCL 1E-05 -- -- -- -- -- Not applicable - PRG is based on MCL
Vinyl Chloride 19 2 EPA MCL 2E-04 -- -- -- -- -- Not applicable - PRG is based on MCL
Arsenic 503 10 EPA MCL 3E-04 -- -- -- -- -- Not applicable - PRG is based on MCL
Chromium(6) 868 100 EPA MCL 1E-03 -- -- -- -- -- Not applicable - PRG is based on MCL

Cobalt 1,440 3.3(7) Risk-based PRG --(5) -- -- -- 1E+00 -- Blood
Lead 1,890 15 EPA MCL -- -- -- -- -- -- Not applicable - PRG is based on MCL
Manganese 13,800 300 Lifetime Health Advisory -- -- -- 4E-01 -- -- Central Nervous System

Nickel 1,160 100(8) RIDEM GA criterion --(5) -- -- -- -- 5E-01 Body Weight

Vanadium 832 56(9) Risk-based PRG --(5) 1E+00 -- -- -- -- Kidney
Totals 2E-03 1E+00 2E-03 4E-01 1E+00 5E-01

(1) - Maximum detected concentration in groundwater are from the Remedial Investigation for Site 8, NUSC Disposal Area (Tetra Tech 2010), unless otherwise noted.
(2) - PRG calculated using Tier 3 toxicity criteria.
(3) - Carcinogenic and noncarcinogenic PRGs were calculated for 1,1-dichloroethane and 1,4-dioxane.  The carcinogenic PRGs were lower than the noncarcinogenic PRGs; therefore, the carcinogenic PRGs were selected as the final PRG.
(4) - Maximum detected concentration in groundwater from the Supplemental Remedial Investigation Report (Tetra Tech 2011).
(5) No carcinogenic toxicity criteria are available for these chemicals; therefore, individual cancer risks for these chemicals were not calculated.
(6) Risks for chromium are based on assuming hexavalent chromium.  The MCL is based on total chromium.
(7) The cobalt PRG is based on an hazard index of 1 (target organ effects to the blood pathway).
(8) By comparison, a risk-based PRG for nickel (using toxicity criteria for "Nickel Soluble Salts") would be 218 ug/L based on an hazard index of 1 for effects to the body weight pathway. 
(9) Vanadium, 1,1-dichloroethane, and 1,4-dioxane affect the kidney pathway.  The PRGs for 1,1-dichloroethane and 1,4-dioxane are conservatively based on carcinogenic effects (lower PRG).  Thus the noncancer risk associated with
       the selected PRGs for 1,1-dichloroethane and 1,4-dioxane is insignificant (hazard index of 0.003) and the PRG for vanadium can be based on a hazard index of 1 to remain protective of human health.  The noncancer vanadium PRG
       was developed using the toxicity criteria for "Vanadium and Compounds".
PRG - Preliminary Remediation Goal
MCL - Maximum Contaminant Level. 2011 Edition of the Drinking Water Standards and Health Advisories (USEPA, January 2011). 

Target EndpointChemical
Site 

Concentration(1)

(ug/L)

PRG
(ug/L)

Basis for PRG
Risk at PRG:

Cancer
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

No Action None Not Applicable No activities conducted to address 
contamination. 

Required by National Oil and Hazardous 
Substances Pollution Contingency Plan 
(NCP).  Retain for baseline comparison. 

Institutional 
Actions 

Access 
Restrictions 

Physical Barriers Fencing, markers, and warning 
signs to restrict site access and 
communicate hazards. 

Retain, in conjunction with additional 
controls, to limit exposure to 
contaminated media. 

Institutional 
Controls 

Land Use Controls 
(LUCs) 

Administrative action using site use 
prohibitions to restrict future use, 
activities, and digging. 

Retain, in conjunction with additional 
controls, to limit exposure to 
contaminated media. 

Monitoring Groundwater Monitoring Action to determine the continuation 
of contamination migration form 
impacted soils and debris.  

Retain in conjunction with alternatives 
that leave contaminated soil and debris 
in place to monitor potential future 
contaminant migration via groundwater. 

Containment Impermeable Cap Engineered Cap Use of low permeability soil or low 
permeability geosynthetic barriers to 
minimize exposure to contaminant 
soil and debris and to minimize 
migration of contaminants to 
groundwater. 

Eliminate due to lack of need to prevent 
infiltration across the site and due to the 
likely adverse impact to the planned 
groundwater remedy. 

Permeable Cover Soil Cover Use of soil material to minimize 
exposure to contaminated soil or 
debris. 

Retain to prevent exposure to and 
migration of contaminants. 
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Removal Excavation Selective Excavation Means for removal of 
limited/localized waste and 
contaminated soil.  This technology 
is coupled with disposal or 
treatment technologies to address 
the disposition of excavated 
material. 

Retain to remove limited/localized areas 
of waste and/or contaminated soil. 

Bulk Excavation Means for removal of larger areas 
of waste and contaminated soil.  
This technology is coupled with 
disposal or treatment technologies 
to address the disposition of 
excavated material. 

Retain to remove larger areas of waste 
and/or contaminated soil. 

In-Situ 
Treatment  

Thermal Vitrification Thermal destruction process that 
immobilizes soil contaminants by 
converting soil to a chemically inert, 
stable glass product. 

Eliminate due to the variety of 
contaminants at the site and the 
presence of waste/debris that will not be 
treated through this process. 

Biological Phytoremediation Use of naturally occurring and/or 
genetically engineered vegetation to 
cleanup or contain contaminated 
environmental media.   

Eliminate due to uncertain effectiveness 
for full-scale implementation, inability to 
address subsurface contamination, and 
concerns due to the variety of 
contaminants and the presence of 
waste/debris. 

Physical/Chemical Soil Flushing Use of water or solvents to remove 
contaminants from the vadose zone 
by leaching and collecting 
contaminated wastewater in the 
saturated zone followed by 
aboveground treatment. 

Eliminate because of questionable 
effectiveness and implementability 
concerns due to the variety of 
contaminants and the presence of 
waste/debris. 



   
TABLE 3-1 

 
PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 

SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

PAGE 3 OF 4 
 

W5212801F (081020/P)  CTO WE19 

General 
Response 

Action 
Technology Process Option Description Screening Comments 

Physical/Chemical Solidification/Stabilization
  

Use of pozzolanic materials in the 
vadose zone to chemically fix 
inorganics and solidify the matrix to 
reduce leachability. 

Eliminate because of questionable 
effectiveness and implementability 
concerns due to the variety of 
contaminants and the presence of 
waste/debris. 

Ex-Situ 
Treatment 
 

Physical/Chemical Soil Washing/Solvent 
Extraction 

Use of water and solvents to 
remove contaminants from solid 
materials. 

Eliminate because of the variety of 
contaminants and the presence of 
waste/debris. 

Solidification/Stabilization Use of pozzolanic materials to 
chemically fix inorganics and solidify 
the matrix to reduce leachability. 

Eliminate because of questionable 
effectiveness and implementability 
concerns due to the variety of 
contaminants and the presence of 
waste/debris. 

Biological Aerobic Biodegradation Use of microorganisms to 
chemically break down and detoxify 
organic compounds in the presence 
of oxygen. 

Eliminate because less effective for site-
specific COCs and cannot treat debris. 

Biological 
(Continued) 

Phytoremediation Use of plants to treat contamination. Eliminate because the paved storage 
areas must remain.  This would prevent 
the planting of vegetation in these areas.  
In addition, the variety of contaminants 
and the presence of debris make this 
technology less effective.  

Thermal Incineration Use of high temperature to destroy 
organic contaminants. 

Eliminate because ineffective in treating 
inorganics and the high cost would not 
be cost effective relative to the site risks. 

Low-Temperature 
Thermal Desorption 

Use of low to moderate temperature 
to volatilize contaminants. 

Retain to treat PAH-contaminated soil. 
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Disposal Off-site Landfill Hazardous or Non-
Hazardous Waste Landfill 

Disposal of excavated material at a 
permitted offsite landfill or 
treatment, storage and disposal 
facility (TSDF). 

Retain offsite landfilling to permanently 
remove contaminated materials.   

On-site Backfill Onsite Backfill Use of treated or clean soil as 
backfill for any excavated areas at 
the site 

Retain for possible combination with 
other technologies. 

On-site Landfill Consolidation Excavation and placement in one 
location on site to minimize space 
and closure requirements. 

Retain for possible combination with 
containment technology. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

No Action None Not Applicable No activities conducted at site to remedy 
or monitor contamination.  Site is released 
for unrestricted development. 

Retain.  No action is retained as a baseline 
for comparison with other technologies. 

Limited Action Institutional 
Controls 

Active Controls:  
Physical Barriers/ 
Security Guards 

Fencing, markers, and warning signs to 
restrict site access and communicate 
hazards. 

Eliminate.  Site access is already restricted 
via base security and the exposure pathway 
of concern pertains to the use of 
groundwater as a drinking water supply. 

Passive Controls:  
Land Use 
Controls (LUCs) 

Administrative action using LUCs to 
restrict future site use and to prohibit use 
of groundwater as a source of drinking 
water.   

Retain.  Groundwater is currently not used 
as a drinking water source and classified as 
GA under the northeast half of the site and 
GB under the southwest half of the site.  
This option would limit future uses of 
groundwater and thus limit human exposure 
to chemicals of concern (COCs) in 
groundwater.   

Monitoring Sampling and 
Analysis 

Periodic sampling and analysis of 
groundwater to track changes in the extent 
of contamination. 

Retain.  This technology would assess 
natural attenuation, the potential migration 
of COCs, and the progress of any active 
remediation efforts. 

Monitored Natural 
Attenuation (MNA) 

Naturally 
Occurring 
Degradation and 
Dilution 

Monitoring groundwater to assess the 
reduction in concentrations of COCs 
through natural processes. 

Retain. This technology may decrease 
concentrations of COCs over time and is 
often used as a follow-up step to active 
remediation of a source area. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

Containment Vertical Barriers Slurry Wall Low-permeability wall formed in a 
perimeter trench to restrict horizontal 
migration of groundwater. 

Eliminate.  Not implementable in bedrock.   

Sheet Piling Metal sheet piling driven into the ground to 
restrict horizontal migration of 
groundwater. 

Eliminate.  Not implementable in bedrock.   

Grout Curtain Pressure injection of grout to form a low-
permeability perimeter wall to restrict 
horizontal migration of groundwater. 

Eliminate.  Difficult to implement in bedrock. 
The plume is already relatively contained on 
the site due to discharge to the streams and 
pond.  This technology also would not 
restore groundwater quality.   Groundwater 
treatment would still be needed.   

Hydraulic Barrier Use of extraction wells and/or collection 
trenches to restrict horizontal migration of 
groundwater. 

Eliminate.  Difficult to implement due to the 
site hydrogeology.  Heterogeneity and 
anisotropy would affect capture of 
groundwater. The plume is already 
relatively contained on the site due to 
discharge to the streams and pond.  This 
technology also would not restore 
groundwater quality.   Groundwater 
treatment would still be needed.   

Horizontal Barriers Physical Barrier Injection of bottom-sealing slurry beneath 
source to minimize vertical migration of 
groundwater. 

Eliminate.  Not applicable to fractured 
bedrock. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

Removal Groundwater 
Extraction 

Extraction Wells Series of conventional pumping wells used 
to remove contaminated groundwater. 

Eliminate as a remedial alternative.  Difficult 
to implement in fractured bedrock.   
However, groundwater extraction wells 
may be retained for limited applications 
(e.g., used in conjunction with other in-situ 
treatment technologies for purposes of 
hydraulic control). 

Collection Trench A permeable trench used to intercept and 
collect groundwater. 

Eliminate.  Not implementable in bedrock.  
A deep trench would be needed to capture 
the full depth of the plume. 

Ex-Situ 
Treatment 

 

Biological Aerobic/ 
Anaerobic 

Natural degradation of organic COCs via 
microorganisms in an aerobic (oxygen-
rich) or anaerobic (oxygen-deficient) 
environment.  

Eliminate.  Groundwater extraction was not 
retained. 

Physical 

 

Filtration Separation of suspended solids from 
water via entrapment in a bed of granular 
media or membrane. 

Eliminate.  Groundwater extraction was not 
retained. 

Air Stripping Contact of water with an air stream to 
remove volatile organic compounds 
(VOCs). 

Eliminate.  Groundwater extraction was not 
retained. 

Granular 
Activated Carbon 
(GAC) Adsorption 

Separation of dissolved contaminants from 
water or air streams via adsorption onto 
GAC.  

Eliminate.  Groundwater extraction was not 
retained.  

Solvent Extraction Separation of contaminants from a 
solution by contact with an immiscible 
liquid with a higher affinity for the COCs. 

Eliminate.  Groundwater extraction was not 
retained. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment (cont.) 

Sedimentation Separation of solids from water via gravity 
settling. 

Eliminate.  Groundwater extraction was not 
retained. 

Chemical Neutralization/pH 
Adjustment 

Use of acid or base to counteract high or 
low pH conditions. 

Eliminate.  Groundwater extraction was not 
retained. 

Ion Exchange Removal of dissolved ions through 
exchange with similarly charged ions held 
on the active sites of a synthetic resin that 
is contacted with the liquid to be treated. 

Eliminate.  Groundwater extraction was not 
retained. 

Chemical 
Oxidation 

Use of oxidizers such as ozone, hydrogen 
peroxide, or potassium permanganate to 
break down certain organic compounds.  

Eliminate.  Groundwater extraction was not 
retained. 

Ultraviolet (UV) 
Oxidation  

Use of a controlled combination of ozone 
and/or hydrogen peroxide and UV light to 
induce photochemical oxidation of organic 
compounds. 

Eliminate.  Groundwater extraction was not 
retained. 

Precipitation/ 
Flocculation 

Use of chemicals to convert soluble 
compounds into insoluble compounds, 
neutralize surface charges and promote 
attraction of colloidal particles to facilitate 
settling. 

Eliminate.  Groundwater extraction was not 
retained. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

In-Situ Treatment Biological Anaerobic/ 
Aerobic 

Enhancement of biodegradation of 
organics in an anaerobic (oxygen-
deficient) or aerobic (oxygen-rich) 
environment by injection of electron-donor 
compounds or oxygen source.  
Microorganism cultures may need to be 
added. 

Retain.  Anaerobic reductive dechlorination 
can be effective at degrading chlorinated 
VOCs. Induced sulfate reduction will also 
remove metals from groundwater. 

Physical/Thermal Air Stripping (AS) 
or AS/Soil Vapor 
Extraction (SVE) 

Volatilization and enhancement of 
biodegradation of organic compounds by 
supply of air with or without capture and 
treatment of volatilized compounds. 

Eliminate.  The heterogeneous and 
anisotropic subsurface which includes 
fractured bedrock would make effective 
implementation of this method difficult. 

Dynamic 
Underground 
Stripping 

Steam injection at the periphery of the 
contaminated area resulting in the 
vaporization of volatile compounds bound 
to soil and the movement of contaminants 
to a centrally located extraction well.   

Eliminate.  The heterogeneous and 
anisotropic subsurface which includes 
fractured bedrock would make effective 
implementation of this method difficult. 

Thermal Electrical 
Resistance 
Heating 

Volatilization of organic COCs through 
groundwater and soil heating with 
electrical electrodes in combination with 
vacuum extraction of volatilized material. 

Eliminate. Not cost effective for the site’s 
large water volume containing low to 
moderate COC concentrations.  Low 
concentrations of VOCs are more readily 
removed by other processes.  Difficult to 
implement in fractured bedrock. 

Chemical  Chemical 
Oxidation 

Chemical destruction of organic COCs 
through oxidation with hydrogen peroxide 
and ferrous iron (Fenton’s Reagent), 
catalyzed percarbonate (RegenOx™), or 
potassium permanganate. 

Retain.  This technology could remove the 
chlorinated VOCs, although the subsurface 
heterogeneity and anisotropy would affect 
the distribution of the chemical.  A pilot 
study may be needed.   
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

In-Situ Treatment 
(cont.) 

Chemical (cont.) Chemical 
Reduction 

Chemical destruction of organic COCs 
through reduction with nano- or micro-size 
zero-valent iron (ZVI) in emulsions. 

Eliminate. This technology could remove 
the chlorinated VOCs and immobilize 
hexavalent chromium, but the ability to 
adequately distribute the particles in a 
bedrock formation is very uncertain.   

ZVI-Permeable 
Reactive Barrier 
(PRBs) 

Use of a permeable barrier with ZVI, which 
allows the passage of groundwater and 
reacts with the contaminants. 

Eliminate.  Not implementable in bedrock.  
Size and depth of contaminant plume would 
make construction of PRB difficult.   

Discharge/ 
Disposal 

Surface Discharge 

 

Direct Discharge Discharge of treated water to surface 
water. 

Eliminate.  Groundwater extraction was not 
retained. 

Indirect Discharge Discharge of collected/treated water to 
local sewage treatment plant. 

Eliminate.  Groundwater extraction was not 
retained. 

Offsite Treatment 
Facility 

Treatment and disposal of water at an off-
site treatment works. 

Eliminate.  Groundwater extraction was not 
retained. 

Reinjection Use of injection wells, spray irrigation, or 
infiltration to discharge of treated 
groundwater underground. 

Eliminate.  Groundwater extraction was not 
retained. 
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

No Action None Not Applicable No activities would be conducted at the site 
to address sediment contamination. 

Retain.  No action is retained for 
comparison with other technologies. 

Limited Action Natural 
Attenuation 

Monitored Natural 
Recovery 

This process relies on natural 
sedimentation rates and natural chemical 
degradation to establish a layer of clean 
sediment above the existing layer of 
contaminated sediments and to reduce the 
concentrations of chemicals of concern 
(COCs) in the sediments.  This process 
also includes monitoring the sedimentation 
rate and chemical characteristics of newly 
accumulating sediment. 

Retain.  With implementation of soil and 
groundwater remedies, natural processes 
can be given the time to remediate the 
contaminated sediments.  

Access/Use 
Restrictions 

Land Use Controls 
(LUCs) 

LUCs include both physical and 
administrative controls.  Physical controls 
might include barricades, signage, etc., or a 
combination of these items.  Administrative 
controls include dig restriction and future 
use restrictions.   

Retain.  LUCs are retained because 
technologies that include containment on 
site are retained as viable options.  Any 
remedial alternative that leaves 
contaminated materials on site will require 
LUCs. 

Containment Onsite 
Containment 

Constructing a Cover 
or Cap System Over 
In-Place Sediments 

Onsite containment refers to the installation 
of natural or geosynthetic materials, or a 
combination of both, over impacted 
sediment as a cap or cover.  The sediment 
cap effectively prevents the potential for 
human and ecological receptors contacting 
contaminated sediment.  

Retain.  Covering or capping 
contaminated sediment in place is 
retained as an appropriate technology for 
addressing the contaminated sediments.  
This technology can also be combined 
with monitored natural recovery to 
develop an enhanced natural recovery 
approach.    
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Containment 
(Continued) 

Consolidation 
and Onsite 
Containment 

Dredging and 
Reconsolidation to 
Reduce Sediment 
Cover or Cap Size  

Consolidation and onsite containment is 
essentially the same technology as onsite 
containment with the exception that 
sediments from several impacted areas of 
the site are relocated to another 
contaminated sediment area of the site to 
reduce the footprint of the containment 
system.  

Eliminate.  Not cost effective compared to 
other sediment capping/removal options.  
May reduce the habitat capacity of the 
pond. 

AquaBloc® Low-Permeability 
Sediment Cover or 
Capping System 

AquaBloc® is a patented product that can 
be placed on in-place sediments or 
consolidated sediments.  The product acts 
like bentonite, which expands when 
hydrated.  The AquaBloc® material is 
placed over the required containment area 
in the desired thickness.  The water then 
hydrates the AquaBloc® material, which 
expands and forms an impermeable flexible 
containment system.  Additives can also be 
added to the AquaBloc® material to turn 
the AquaBloc® system into a horizontal 
reactive treatment barrier. 

Eliminate.  Groundwater COCs migrating 
to the pond are not causing associated 
unacceptable risks in surface water or 
sediment.  Also, the use of this type of 
cover material may change the direction 
and discharge location of the 
groundwater.     
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Removal Dredging Mechanical Dredging Sediment dredging involves the physical 
removal of sediment from a designated 
area.  Dredging with excavation equipment 
involves the use of clam shells or 
excavators mounted on a barge, placed on 
shorelines or overhead cable system.  The 
process of dredging with excavation 
equipment is an imprecise process that 
results in re-suspension of sediments.  The 
effectiveness of the technology is 
dependent on several factors beyond the 
technology itself, including the equipment 
operator, weather, and unpredictable site 
conditions (e.g., buried debris).  Dredging is 
typically combined with ex-situ remediation, 
disposal, or land-farming of the dredged 
sediments. 

Retain.  Mechanical dredging is retained 
as a viable technology to be coupled with 
consolidation, covering, and offsite 
disposal.   
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Removal 
(Continued) 

Dredging 
(Continued) 

Hydraulic Dredging  Sediment dredging involves the physical 
removal of sediment from a designated 
area.  Dredging with hydraulic pumps 
requires vacuum equipment and the 
introduction of fluids based on the distance 
sediments are going to be transferred.  Like 
dredging with excavation equipment, the 
use of hydraulic pumps will re-suspend the 
sediments; however, the use of hydraulic 
pumps will dramatically reduce re-
suspension.  The effectiveness of the 
technology is dependent on many factors 
beyond the technology itself, including the 
equipment operator, weather, and 
unpredictable site conditions (i.e., buried 
debris).  Dredging is typically combined with 
ex-situ remediation, disposal, or land-
farming of the dredged sediments. 

Retain.  Hydraulic dredging is retained as 
a viable technology to be coupled with 
consolidation, covering, or off-site 
disposal.   
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Treatment In-Situ 
Sediment 
Treatment  

LIMNOFIX LIMNOFIX In-Situ Sediment Treatment 
Technology (LIST) is an in-situ process for 
the remediation of contaminated 
sediments in freshwater and marine 
environments.  The technology uses 
specially designed equipment to inject an 
oxidant and amendments directly into 
contaminated sediment.  This Golder 
Associates licensed technology can be 
used to biodegrade organic contaminants 
including polycyclic aromatic hydrocarbons 
(PAHs), non-halogenated volatile organic 
carbons (VOCs) such as benzene, 
toluene, ethylbenzene, xylene (BTEX) 
compounds, and total petroleum 
hydrocarbons (TPH).  

Eliminate.  LIMNOFIX has not been 
proven to adequately treat inorganic 
contaminants.  As a result, the technology 
cannot address all COCs present in the 
sediment at the site.  LIMNOFIX is 
eliminated from consideration due to 
uncertain effectiveness. 

ElectroChemical 
GeoOxidantion 

ElectroChemical GeoOxidation (ECGO) In-
Situ Sediment Treatment Technology is a 
patented electrochemical process that uses 
direct current for the mineralization of 
organic contaminants either in-situ or ex-
situ in soil and sediment.  The process may 
also be altered using the Induced Complex 
process to treat inorganic contaminants. 

Eliminate.  Pilot testing (at other locations) 
indicate that the ECGO technology has 
limited success, needs to be tailored to 
each individual site to optimize 
performance, and may be too difficult to 
implement to achieve efficient in-situ 
results.  This technology is eliminated 
from consideration due to uncertain 
effectiveness.  
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Treatment 
(Continued) 

In-Situ 
Sediment 
Treatment 
(Continued) 

Activated Carbon This process includes the placement of 
clean soil amended with activated carbon 
over the existing contaminated sediment.  
The process through pilot studies on 
granular river sediment has been found to 
treat contaminants such as PAHs, volatile 
organics, polychlorinated biphenyls (PCBs) 
and TPH.   

Eliminate.  Existing conditions are 
providing enough organic material for the 
PAHs to adhere to so that they are not 
dissolving into the surface water.  The 
technology would not treat inorganic 
contamination. 

Disposal Landfilling 
Offsite 

Off-Site Disposal 
(Hazardous, Non-
Hazardous, or Toxic 
Substance Control Act 
(TSCA) Regulated  
Waste Landfill) 

Landfilling is an option that is combined 
with most excavation and removal options.  
Landfilling of sediments requires 
preparation of the material before disposal.  
Sediments must be dewatered, stabilized, 
and characterized prior to transporting to 
the appropriate disposal facility or 
treatment/disposal facility.  Landfill disposal 
may require staging of the excavated 
material during characterization to identify 
the appropriate type of waste disposal 
facility.      

Retain. Landfill disposal is also retained 
as an optional soil remediation 
technology.  Due to the volume of 
sediment under consideration and the 
pre-transportation treatment requirements 
(staging, dewatering, and stabilizing), off-
site transportation and disposal may not 
be the most cost-effective containment 
option.  However, this technology is the 
only technology that removes all future 
liabilities and land use control 
requirements for sediment. 
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General 
Response 

Action 
Technology Process Option Description Screening Comments 

Disposal 
(Continued) 

Onsite 
Landfilling 

Constructing or utilizing 
an onsite (on-facility) 
landfill to permanently 
store removed 
sediments 

Landfilling is an option that is combined 
with most excavation and removal options.  
Landfilling of sediments requires 
preparation of the material before disposal.  
Sediments must be dewatered, stabilized, 
and characterized prior to transportation or 
placement at an appropriate onsite disposal 
location.  Landfill disposal may require 
staging of the excavated material during 
characterization to identify the appropriate 
type of waste disposal facility.      

Eliminate.  Limited space is available for 
onsite landfilling.  Disposal site would 
have to be managed as a solid waste 
disposal facility.   
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TABLE 3-4 
 

SUMMARY OF RETAINED TECHNOLOGIES AND PROCESS OPTIONS 
SOIL (SURFACE AND SUBSURFACE) 

SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
General Response Action Technology Representative Process Option 

No Action None Not Applicable 

Institutional Action 

Access/Use Restrictions Physical barriers (fencing and signs) 

Monitoring  Groundwater Monitoring 

Land Use Controls (LUCs) Land Use Restrictions 

Containment Permeable Cover Soil Cover 

Removal Excavation 
Selective Excavation 

Bulk Excavation 

Disposal Landfill 
Off-Base Landfilling 

On-Site Consolidation 

Ex-situ Treatment Thermal Low-Temperature Thermal Desorption 
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TABLE 3-5 
 

SUMMARY OF RETAINED TECHNOLOGIES AND PROCESS OPTIONS 
GROUNDWATER 

SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
General Response Action Technology Representative Process Option

No Action None Not applicable 

Limited Action 

Land Use Controls (LUCs) Groundwater use restrictions  

Monitoring Sampling and analysis 

Monitored Natural Attenuation (MNA) Sampling and analysis 

In-Situ Treatment 
Biological 

Enhanced bioremediation with an 
electron-donor compound  

Chemical Chemical oxidation  
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TABLE 3-6 
 

SUMMARY OF RETAINED TECHNOLOGIES AND PROCESS OPTIONS 
SEDIMENT 

SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 
General Response Action Technology Representative Process Option

No Action None Not Applicable 

Limited Action Land Use Controls (LUCs) Land Use Restriction 

Containment Onsite Containment 
Monitored Natural Recovery 

Cover System 

Removal Excavation/Dredging 
Mechanical Dredging 

Hydraulic Dredging 

Disposal Landfilling Offsite 

Offsite Disposal (Hazardous, Non-
Hazardous, or Toxic Substance 
Control Act [TSCA] Regulated  
Waste Landfill) 

 



 TABLE 4-1   
 

CHEMICAL-SPECIFIC ARARs AND TBCs 
SOIL ALTERNATIVE SO1 – NO ACTION 

SITE 8 – NUSC DISPOSAL AREA FEASIBILITY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 

W5212801F (081020/P)  CTO WE19 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 

None To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

Reference Dose (RfD) None To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

Guidelines for 
Carcinogen Risk 
Assessment      

EPA/630/P-
03/001F   
(March 2005) 

To Be 
Considered 

Guidance for assessing cancer risk. There are no actions for this alternative.  
Therefore, this TBC is not met. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure to 
Carcinogens     

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

Recommendations of 
the Technical Review 
Workgroup for Lead for 
an approach to 
Assessing Risks 
Associated with Adult 
Exposure to Lead In 
soil 

None To Be 
Considered 

EPA Guidance for evaluating risks 
posed by lead in soil. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations)  

Code of Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-01-
93, section 8.02 

Applicable These regulations set remediation 
standards for contaminated media at 
non-NPL sites in Rhode Island.  
These standards may also be 
determined to be relevant and 
appropriate for NPL sites when they 
are more stringent than federal 
standards. 

There are no actions for this alternative.  
Therefore, this ARAR is not met. 
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LOCATION-SPECIFIC ARARs AND TBCs 
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR
Federal 

 
 

There are no federal location-specific ARARs. 
 
 

State 
 
 

There are no state location-specific ARARs 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal 
 
 

There are no federal action-specific ARARs. 
 
 

State 
 
 

There are no state action-specific ARARs. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
EPA Carcinogenicity 
Slope Factor 

None To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  Risks 
due to carcinogens as assessed with slope 
factors will be addressed through remediation to 
industrial cleanup levels based on excavation of 
the top 2 feet of contaminated soil, backfilling 
with 2 feet of clean permeable cover material 
(except in areas where an existing pavement 
cover will be maintained), ex-situ treatment of 
PAH contaminated soil, off-site disposal of the 
remaining excavated soil, removal of anomalies, 
LUCs and long-term monitoring of the area 
under the soil cover and the waste management 
area.  

EPA Risk Reference 
Dose (RfDs) 

None To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to contaminants.  
Hazards due to non-carcinogens with EPA RfDs 
will be addressed through remediation to 
industrial cleanup levels based on excavation of 
the top 2 feet of contaminated soil, backfilling 
with 2 feet of clean permeable cover material 
(except in areas where an existing pavement 
cover will be maintained), ex-situ treatment of 
PAH contaminated soil, off-site disposal of the 
remaining excavated soil, removal of anomalies, 
LUCs and long-term monitoring of the area 
under the soil cover and the waste management 
area. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
Guidelines for 
Carcinogen Risk 
Assessment   

EPA/630/P-
03/001F (March 
2005) 

To Be 
Considered  

Guidance for assessing cancer risk.   Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  Hazards 
due to carcinogens assessed through this 
guidance will be addressed through remediation 
to industrial cleanup levels based on excavation 
of the top 2 feet of contaminated soil, backfilling 
with 2 feet of clean permeable cover material 
(except in areas where an existing pavement 
cover will be maintained), ex-situ treatment of 
PAH contaminated soil, off-site disposal of the 
remaining excavated soil, removal of anomalies, 
LUCs and long-term monitoring of the area 
under the soil cover and the waste management 
area. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure to 
Carcinogens  

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children.   

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.  
Carcinogenic risks to children assessed through 
this guidance will be addressed through 
remediation to industrial cleanup levels based 
on excavation of the top 2 feet of contaminated 
soil, backfilling with 2 feet of clean permeable 
cover material (except in areas where an 
existing pavement cover will be maintained), ex-
situ treatment of PAH contaminated soil, off-site 
disposal of the remaining excavated soil, 
removal of anomalies, LUCs and long-term 
monitoring of  the area under the soil cover and 
the waste management area. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
Recommendations of 
the Technical Review 
Workgroup for Lead for 
an approach to 
Assessing Risks 
Associated with Adult 
Exposure to Lead In 
Soil 

EPA-540-R-03-
001 (January 
2003) 

To Be 
Considered 

EPA Guidance for evaluating risks 
posed by lead in soil.  

Risks from lead assessed under this guidance 
will be addressed through remediation to 
industrial cleanup levels based on excavation of 
the top 2 feet of contaminated soil, backfilling 
with 2 feet of clean permeable cover material 
(except in areas where an existing pavement 
cover will be maintained), ex-situ treatment of 
PAH contaminated soil, off-site disposal of the 
remaining excavated soil, removal of anomalies, 
LUCs and long-term monitoring of the  area 
under the soil cover and the waste management 
area. 

State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 

Code of Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-01- 
93, sections 
8.01 and 8.02 

Applicable These regulations set remediation 
standards for direct contact and 
leachability for contaminated soil at  
NPL sites when they are more 
stringent than federal standards. 

These standards were used to develop soil 
PRGs.  Remediation to industrial cleanup levels 
based on excavation of the top 2 feet of 
contaminated soil, backfilling with 2 feet of clean 
permeable cover material (except in areas 
where an existing pavement cover will be 
maintained), ex-situ treatment of PAH 
contaminated soil, off-site disposal of the 
remaining excavated soil, removal of anomalies, 
LUCs and long-term monitoring (of the  area 
under the soil cover and the waste management 
area) meets the regulations’ requirements for 
allowing industrial use.  Leachability standards 
will be met through excavation and off-site 
disposal.  PRGs based on these standards will 
be achieved outside of the compliance zone for 
the waste management area (i.e., beyond the 
edge of the waste management area) and will 
be used as monitoring standards inside the 
compliance boundary. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland 
shall be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls 
discharges of dredged or fill 
material to protect aquatic 
ecosystems. Filling or discharge 
of dredged material will only occur 
where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated. 
Under these standards the Navy 
must solicit public comment 
through the Proposed Plan on its 
finding that one of the alternatives 
is the Least Environmentally 
Damaging Practicable Alternative. 

Alternatives may involve discharge of 
dredged material and/or excavation. 
Soil remediation or other remedial 
actions that include dredging or filling 
in wetlands will be implemented to 
meet these requirements, including 
mitigation of altered wetland/aquatic 
resource, as required.  The Navy has 
determined that this alternative is not 
the Least Environmentally Damaging 
Practicable Alternative to protect 
wetland resources because it does not 
provide the best balance of addressing 
contaminated soil within and adjacent 
to wetlands and waterways with 
minimizing both temporary and 
permanent alteration of wetlands and 
aquatic habitats on site.   

Fish and Wildlife 
Coordination Act  

16 U.S.C. §661 
et seq. 

Applicable Requires Federal agencies 
involved in actions that will result 
in the control of structural 
modification of any stream or 
body of water for any purpose to 
take action to protect fish and 
wildlife resources that may be 
affected by the action. The Navy 
must coordinate with appropriate 
federal and state resource 

Measures to mitigate or compensate 
adverse project related impacts to fish 
and wildlife resources will be taken, if 
determined necessary. The 
appropriate federal and state resource 
agencies will be consulted, in particular 
regarding remedial measures for 
contaminated soil that will impact 
streams, wetlands, and downstream 
water bodies. 
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agencies to ascertain the means 
and measures necessary to 
mitigate, prevent, and 
compensate for project related 
losses of fish and wildlife 
resources and to enhance the 
resources.  

Floodplain Management 
and Protection of Wetlands 

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 
11990 (Protection of Wetlands).  
Prohibits activities that adversely 
affect a federally-regulated 
wetland unless there is no 
practicable alternative and the 
proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result 
from such use. 

During the remedial design stage the 
effects of soil remedial actions on 
federal jurisdictional wetlands will be 
evaluated.  All practicable means will 
be used to minimize harm to the 
wetlands. Wetlands disturbed by soil 
remediation, will be mitigated in 
accordance with requirements.  No 
impact to downstream floodplain areas 
will occur.  Public comment will be 
solicited in the Proposed Plan. 
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Endangered Species Act  16 U.S.C. 1531 
et seq.; 50 
C.F.R. parts 200 
and 402 

 Relevant and 
Appropriate 

Regulates activities affecting 
federally listed endangered or 
threatened species or their 
habitat.   The federally-listed 
loggerhead turtle and Kemps-
Ridley turtle occur in the water of 
Narragansett Bay. 

Appropriate federal agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  

National Historic 
Landmarks (Historic Sites 
Act) 

16 USC §461 et 
seq.; 36 CFR 
Part 65 

Applicable The purpose of the National 
Historic Landmarks program is to 
identify and designate National 
Historic Landmarks, and 
encourage the long range 
preservation of nationally 
significant properties that illustrate 
or commemorate the history and 
prehistory of the United States. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial design 
phase.  Should this remedy impact 
historical properties/structures 
determined to be protected by this 
standard, activities will be coordinated 
with the Department of the Interior. 

Protection of Historic 
Properties (National 
Historic Preservation Act ) 

16 USC §470 et 
seq., 36 CFR 
Part 800 

Applicable Section 106 of the National 
Historic Preservation Act requires 
federal agencies to take into 
account the effects of their 
undertakings on historic 
properties and afford the Advisory 
Council on Historic Preservation a 
reasonable opportunity to 
comment. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial design 
phase.  Should this remedy impact 
properties/structures determined to be 
protected by this standard, activities 
will be coordinated with the Advisory 
Council on Historic Preservation. 

State     

Rhode Island Endangered 
Species Act  

RIGL 20-37- 
1 et seq. 

Relevant and 
Appropriate 

Regulates activities affecting 
State-listed endangered or 
threatened species or their 
habitat.   The State-listed 

Appropriate State agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
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loggerhead turtle and Kemps-
Ridley turtle occur in the water of 
Narragansett Bay. 

migrating downstream to the Bay.  

Rhode Island Historical 
Preservation Act 

RIGL 42-45 et 
seq. 

Applicable Requires action to take into 
account effects on properties 
included on or eligible for the 
National register of Historic 
Places and minimizes harm to 
National Historic Landmarks. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial design 
phase.  Should this remedy impact 
properties/structures determined to be 
protected by this standard, activities 
will be coordinated with the State 
Agency. 

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water Wetlands 
Act;  DEM Rules 
And Regulations 
Governing the 
Administration 
and Enforcement 
of the Fresh 
Water Wetlands 
Act (Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing 
the administration and 
enforcement of the Fresh Water 
Wetlands Act.  Defines and 
establishes provisions for the 
protection of swamps, marshes 
and other fresh water wetlands in 
the state.  Actions are required to 
prevent the undesirable drainage, 
excavation, filling, alteration, 
encroachment or any other form 
of disturbance or destruction of a 
wetland.  Also establishes 
standards for land within 50 feet 
of the edge of a state-regulated 
wetlands. 

Excavation activities will be conducted 
to minimize the disturbance of state 
jurisdictional wetland and perimeter 
wetlands. 
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Federal     
Toxic Substances 
Control Act (TSCA) 
15 U.S.C. 2601 
et seq.; PCB  Remediation 
Waste, 

40 CFR 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and 
disposal options for PCB remediation 
waste based on the risks posed by the 
concentrations at which the PCBs are 
found.  Written approval for the 
proposed risk-based cleanup must be 
obtained from the Director, Office of 
Site Remediation and Restoration, 
USEPA Region 1. 

All soil exceeding identified PCB cleanup 
levels will either be removed, dewatered 
(if required) and disposed of off-site or will 
be placed under a cover system that 
meets TSCA protectiveness standards. 
The excavation, transportation/ 
dewatering, and management of PCB 
contaminated media will be performed in 
a manner to comply with TSCA, including 
air and surface water monitoring during 
remedial activities.  The ROD will contain 
a finding by the Director, Office of Site 
Remediation and Restoration, USEPA 
Region 1, that the remedy's soil PCB 
cleanup levels, along with the excavation, 
dewatering, and management of the 
contaminated media will not pose an 
unreasonable risk to human health or the 
environment. 

Safe Drinking Water Act; 
National primary drinking 
water regulations 

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subparts B 
and G 

Relevant and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable 
to public drinking water supplies.  Used 
as relevant and appropriate standards 
for aquifers and surface water bodies 
that are potential drinking water 
sources. 

MCLs were considered in development of 
PRGs.  The MCLs will be used to develop 
performance standards for monitoring the 
compliance boundary for the waste 
management area.  If contamination 
levels have been reduced enough so that 
no unacceptable site risk remains, 
monitoring can be ended. 
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Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subpart F  

Relevant and 
Appropriate for 
non-zero MCLGs 
only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

MCLGs were considered in development 
of PRGs.  The non-zero MCLGs will be 
used to develop performance standards 
for monitoring the compliance boundary 
for the waste management area.  If 
contamination levels have been reduced 
enough so that no unacceptable site risk 
remains, monitoring can be ended. 

Health Advisories (EPA 
Office of Drinking Water) 

 
 
 
 

To Be Considered Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based 
standard for manganese is 0.3 mg/L. 

The Health Advisory for manganese was 
considered in development of PRGs.  The 
Health Advisory will be used to develop 
performance standards for monitoring the 
compliance boundary for the waste 
management area.  If contamination 
levels have been reduced enough so that 
no unacceptable site risk remains 
monitoring can be ended. 

CWA National 
Recommended Water 
Quality Criteria (NRWQC) 

40 CFR 122.44 Relevant and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed 
for carcinogenic and non-carcinogenic 
compounds.  These standards may be 
used to develop cleanup standards for 
sediments. 

Water quality standards used to develop 
monitoring standards both during the 
active remedial period and for long-term 
monitoring of the protectiveness of the 
waste management area that will be 
established under this alternative. 

Clean Water Act - National 
Pollutant Discharge 
Elimination System 
(NPDES) 

40 CFR Parts 122 
and 125 

Applicable Includes stormwater standards for 
activities disturbing more than one 
acre. 

Best management practices will be used 
to meet stormwater standards during the 
remedial action. 



  
TABLE 4-6 

 
ACTION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE SO2 - EXCAVATION, EX-SITU TREATMENT, REMOVAL OF ANOMALIES, OFF-SITE DISPOSAL, LUCS, MONITORING 
SITE 8 – NUSC DISPOSAL AREA FEASIBILTY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 3 OF 11 

 

W5212801F (081020/P)  CTO WE19 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Management of 
Undesirable Plants on 
Federal Lands 

7 U.S.C. 2814 Relevant and 
Appropriate  

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 

Measures will be taken to control the 
establishment of Phragmites, purple 
loosestrife or other invasive plants within 
all remediated areas.  An invasive 
species control plan will be developed as 
part of the long-term O&M for this site.  
The responsibility of control will be 
transitioned to NAVSTA after (1) the 
remedy is in place, and (2) NAVSTA 
develops a base-wide program for 
controlling undesirable plants. 

State     
Clean Air Act -Emissions 
Detrimental to Persons or 
Property  

RIGL 23-23 et 
seq.; CRIR 12-31-
07  

Applicable  Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage to 
property or which reasonably interferes 
with the enjoyment of life and property. 

Monitoring of air emissions during 
excavation/cover installation and ex-situ 
treatment will be used to assess 
compliance with these standards if 
threshold levels are reached. 

Clean Air Act – Air Toxics  RIGL 23-23 et 
seq.; CRIR 12-31-
22  

Applicable  Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations.  

Monitoring of air emissions during 
excavation/cover installation and ex-situ 
treatment will be used to assess 
compliance with these standards if 
threshold levels are reached.  

Clean Air Act - Fugitive 
Dust Control 

RIGL 23-23 et 
seq.; CRIR 12-31-
05 

Applicable Requires that reasonable precaution 
be taken to prevent particulate matter 
from becoming airborne. 

Removal of soil during active construction 
would be implemented to prevent material 
from becoming airborne. 

Clean Air Act - Air Pollution 
Control 

RIGL 23-23 et 
seq.; CRIR 12-31-
09 

Applicable Establishes guidelines for the 
construction, installation, or operation 
of potential air emission units.  
Establishes permissible emission rates 
for some contaminants. 

Emissions for soil treatment system and 
fugitive dust would be monitored and if 
any control system is required it will meet 
the substantive provisions of the 
standards if threshold levels are reached. 
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Visible Emissions RIGL 23-23; CRIR 

12-31-01 
Applicable Regulates emissions that cause 

opacity. 
Soil treatment equipment will have 
controls to meet opacity requirements. 

Particulate Emissions from 
Industrial Processes 

RIGL 23-23; 
CRIR12-31-03 

Relevant and 
Appropriate 

Regulates particulate emission rates 
based on weight of material processed 
in industrial processes. 

Particulate emissions from soil processed 
through soil treatment equipment would 
be controlled to meet the requirements of 
this regulation. 

Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

RIGL 42-16 et 
seq.; CRIR 
12-190-003, 
Rule 31 
 

Applicable  Includes storm water requirements for 
construction projects that disturb over 
one acre. 

Stormwater standards for construction 
projects over one acre will be met.  

Rules and Regulations for 
Dredging and Management 
of Dredge Materials  

DEM-OWR-DR-
0203 

Applicable Addresses dredging activities and 
disposal of dredge spoils. 

Any dredging of wetland soils and 
backfilling with cover material that is 
required under this alternative must 
comply with the requirements of the 
regulations. 

Drilling of Drinking Water 
Wells; Rules and 
Regulations Governing the 
Enforcement of Chapter 
46-13.2 Relating to the 
Drilling of Drinking Water 
Wells  

RIGL 46-13..2 et 
seq.  

Applicable  Prohibits installing drinking water wells 
in contaminated aquifers.  Establishes 
standards for decommissioning 
monitoring wells (Rule 9.03).  

Under these standards drinking water 
wells are prohibited within the waste 
management area that will be established 
under this alternative and monitoring 
wells used will be properly 
decommissioned when no longer needed.
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Rules and Regulations for 
Groundwater Quality 

RIGL Ch. 46-12, 
Section 46-12-2; 
Ch. 46-13.1, Ch. 
23-18.9, Sec. 23-
18-9.1; DEM 
Rules and 
Regulations for 
Groundwater 
Quality (Mar 
2005), Appendix 1

Applicable 
 

Identifies the standards and 
specification that must be followed for 
the installation or abandonment of 
monitoring wells. 

Under this alternative, wells installed for 
monitoring the waste management area 
will be installed and abandoned according 
to these standards. 

State (Continued)     
Standards for Identification 
and Listing of Hazardous 
Waste 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Hazardous Waste 
Management Standards for 
Generators 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 5 

Applicable Sets standards for handling and 
disposal of hazardous waste.   

Wastes generated will be tested to 
determine if they constitute hazardous 
waste.  Any hazardous waste identified 
will be handled and disposed according to 
these standards. 
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Operational Requirements 
for Treatment, Storage, and 
Disposal  Facilities (TSDF) 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 8.0 

Potentially 
Applicable 

Outlines operational requirements for 
all hazardous waste TSDFs including, 
but not limited to, general waste 
analysis, security procedures, 
inspections, safety, groundwater 
monitoring.  Also, sets design, 
construction, and operational 
requirements for hazardous waste 
containers and tanks, and closure 
requirements for hazardous waste 
facilities.  The site is not a TSDF, and 
the Navy does not intend to treat, store 
or dispose of hazardous wastes in a 
manner that would require the site to 
be considered a TSDF under these 
regulations. 

If remediation at the site results in the 
necessity to treat, store, or dispose of 
hazardous waste in the manner required 
of a TSDF, the substantive requirements 
must be met. 

State (Continued)     
Rhode Island Solid Waste 
Regulations – Closure 

DEM OWM-
SW0401, 
1.7.14(b) 

Relevant and 
Appropriate 

Regulation states that an approved 
closure plan must be implemented. 

The site will be closed under a plan 
developed in accordance with the 
substantive requirements of this section 
of the regulations (to be incorporated into 
the Remedial Design and the Operations 
and Maintenance (O&M) Plan (including a 
monitoring plan).  Contaminated soil 
beneath the Paved Storage Area will be 
left in place as a waste management 
area. 

Rhode Island Solid Waste 
Regulations – Dust Control 

DEM OWM-
SW0401, 1.7.10 

Relevant and 
Appropriate 

Requires dust control. Dust must be controlled at the site during 
cover construction and during 
maintenance activities. 
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Rhode Island Solid Waste 
Regulations – Health and 
Safety 

DEM OWM-
SW0401, 1.7.12 
(a) 

Relevant and 
Appropriate 

Requires solid waste management 
facilities be designed and maintained 
to protect the health and safety of 
personnel at the facility and persons in 
close proximity. 

Under this subsection health and safety 
of construction workers and persons in 
the proximity of the site would be 
maintained during construction and 
maintenance activities. 

Rhode Island Solid Waste 
Regulations – Groundwater 
Monitoring and Closure 

DEM OWM-
SW0401, 1.8.01 
(a) and 1.8.01 (b) 

Relevant and 
Appropriate 

Requires facilities to monitor 
groundwater and to meet closure 
requirements 

The substantive requirements of this 
section of the regulations will be met by 
monitoring groundwater and meeting 
closure requirements.  Because 
contaminants will be left in place, the 
Paved Storage Area will be closed as a 
waste management area, and undergo 
long term monitoring.  Monitoring of the 
area under the soil cover would also be 
conducted.  The Remedial Design, 
remedial action work plan (RAWP), 
operations and monitoring plan (O&M) 
(including the long term monitoring plan 
[LTMP]) developed for this cleanup will 
contain the specific monitoring and 
closure requirements for the waste 
management area that will comply with 
the substantive requirements. 

Rhode Island Solid Waste 
Regulations – 
Sedimentation and Erosion 
Control 

DEM OWM-
SW0401, 2.1.04 

Relevant and 
Appropriate 

Requires a “Sedimentation and 
Erosion Control Plan” be developed. 

An erosion and sediment control plan will 
be developed for this site in accordance 
with the substantive requirements of this 
section. The Remedial Design and the 
RAWP, to be developed for this cleanup, 
will contain the specific erosion and 
sediment controls requirements for the 
remedial construction. 
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Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.1.08 
(a) (8) 

Relevant and 
Appropriate 

Contains requirements for construction 
of monitoring wells to monitor a solid 
waste landfill. 

The substantive requirements of this 
section of the regulations will be met for 
construction of new monitoring wells. 

Rhode Island Solid Waste 
Regulations – Long-term 
Monitoring 

DEM OWM-
SW0401, 2.1.08 
(c) 

Relevant and 
Appropriate  

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site. Because this 
remedy leaves contamination in place, it 
will be supported with a Long Term 
Monitoring Plan (LTMP) for groundwater. 
The LTMP will be directed by a work plan 
that will contain the specific monitoring 
requirements. 

State (Continued)     
Rhode Island Solid Waste 
Regulations – Cover 
Systems 

DEM OWM-
SW0401, 2.2.12 
(d) (1) and 2.2.12 
(d) (2) (ii)(iii) and 
(v). 

Relevant and 
Appropriate 

Contains requirements for 
maintenance of the vegetative cover 
final cover system. 

Remedies including cover systems will 
include appropriate vegetation 
requirements of a soil cover in 
compliance with these standards. 

Rhode Island Solid Waste 
Regulations – Cover 
Permeability 

DEM OWM-
SW0401, 
2.3.04(e), (f) 

Relevant and 
Appropriate 

Outlines the requirements for the 
maintenance and permeability of cover 
material  

The substantive requirements of this 
section of the regulations will be met by 
maintaining the asphalt cover that has 
been determined to provide an adequate 
barrier for specific areas to be used for 
storage (waste management area), or a 
soil cover that has been determined to 
provide an adequate barrier for the 
remainder of the land within the site. 



  
TABLE 4-6 

 
ACTION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE SO2 - EXCAVATION, EX-SITU TREATMENT, REMOVAL OF ANOMALIES, OFF-SITE DISPOSAL, LUCS, MONITORING 
SITE 8 – NUSC DISPOSAL AREA FEASIBILTY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 9 OF 11 

 

W5212801F (081020/P)  CTO WE19 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Rhode Island Solid Waste 
Regulations – Compliance 
Boundaries 

DEM OWM-
SW0401, 2.3.05 

Relevant and 
Appropriate 

Establishes requirement for 
compliance boundary for pollution of 
ground waters or surface waters. 

The substantive requirements of this 
section of the regulations will be met by 
monitoring groundwater under the soil 
cover and by the requirement that no 
contamination of groundwater be 
permitted outside the boundary of the 
waste management area. Because this 
remedy leaves contamination in place, 
groundwater monitoring will be conducted 
to assure that no contaminants are 
transported to the groundwater beyond 
the boundary of the waste management 
area. 

Rhode Island Solid Waste 
Regulations – Surface 
Water Drainage 

DEM OWM-
SW0401, 2.3.10 

Relevant and 
Appropriate 

Contains requirements for surface 
water drainage. 

The substantive requirements of this 
section of the regulations will be met 
through design of appropriate surface 
drainage considerations for the cover.  
The cover system would be designed to 
prevent erosion, sedimentation, and 
standing water on the cover.  Minimum 
slope requirements for solid waste 
landfills have been determined not 
relevant or appropriate for a soil cover 
which is not intended to reduce 
infiltration. 
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Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.3.11 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
having and maintaining monitoring wells 
for the purpose of monitoring 
groundwater conditions by the soil cover 
and the waste management area. 
Because this remedy leaves 
contaminants in place, it will be supported 
with a Long Term Monitoring Plan (LTMP) 
for groundwater. The LTMP will be 
directed by a work plan that will contain 
the specific monitoring well requirements. 

Rhode Island Solid Waste 
Regulations – Siting in and 
Adjacent to Wetlands and 
Floodplains 

DEM OWM-
SW0401, 2.3.14 

Relevant and 
Appropriate 

Provides requirements for new solid 
waste landfill units and expansions that 
impact wetlands and coastal wetlands, 
coastal flood zones, etc. 

This alternative will involve alteration of 
land within wetlands. The substantive 
requirements of this section of the 
regulations will be met by protecting 
wetland and downstream floodplain 
resources during construction and 
maintenance of a cover over soil 
containing residual contamination. The 
Remedial Design, RAWP, and the LTMP 
will be developed and provide specific 
requirements, to meet the substantive 
requirements of this section 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Rhode Island Solid Waste 
Regulations – Closure in 
“Unstable Areas” 

DEM OWM-
SW0401, 2.3.23 

Relevant and 
Appropriate 

Provides requirements for closure of 
solid waste units in “unstable areas”, 
interpreted to include wetland and 
floodplains. 

This alternative establishes a soil cover 
and a waste management area adjacent 
to “unstable areas.” The substantive 
requirements of this section of the 
regulations will be met through the 
closure of the cover areas. This 
alternative meets the intent because the 
site will be covered in a manner that 
prevents the release of contaminants 
during a 100-year flood event. 
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Federal     
EPA Carcinogenicity 
Slope Factor 

None To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  Risks 
due to carcinogens as assessed with slope 
factors will be addressed through remediation to 
industrial cleanup levels based on installing a 
cover over areas of contaminated soil (except in 
areas where an existing pavement cover will be 
maintained), removal of anomalies, LUCs and 
long-term monitoring of the  area under the soil 
cover and the waste management area.  

EPA Risk Reference 
Dose (RfDs) 

None To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to contaminants.  
Hazards due to noncarcinogens with EPA RfDs 
will be addressed through remediation to 
industrial cleanup levels based on installing a 
cover over areas of contaminated soil (except in 
areas where an existing pavement cover will be 
maintained), removal of anomalies, LUCs and 
long-term monitoring of the area under the soil 
cover and the waste management area. 

Guidelines for Carcinogen 
Risk Assessment   

EPA/630/P-
03/001F 
(March 2005) 

To Be 
Considered  

Guidance for assessing cancer risk.   Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  Hazards 
due to carcinogens assessed through this 
guidance will be addressed through remediation 
to industrial cleanup levels based on installing a 
cover over areas of contaminated soil (except in 
areas where an existing pavement cover will be 
maintained), removal of anomalies, LUCs and 
long-term monitoring of the area under the soil 
cover and the waste management area. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal (Continued) 
Supplemental Guidance 
for Assessing 
Susceptibility from Early-
Life Exposure to 
Carcinogens  

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children.   

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.  
Carcinogenic risks to children assessed through 
this guidance will be addressed through 
remediation to industrial cleanup levels based 
on installing a cover over areas of contaminated 
soil (except in areas where an existing 
pavement cover will be maintained), removal of 
anomalies, LUCs and long-term monitoring of 
the  area under the soil cover and the waste 
management area. 

Recommendations of 
the Technical Review 
Workgroup for Lead for 
an approach to 
Assessing Risks 
Associated with Adult 
Exposure to Lead In Soil 

EPA-540-R-
03-001 
(January 
2003) 

To Be 
Considered 

EPA Guidance for evaluating risks 
posed by lead in soil.  

Risks from lead assessed under this guidance 
will be addressed through remediation to 
industrial cleanup levels based on installing a 
cover over areas of contaminated soil (except in 
areas where an existing pavement cover will be 
maintained), removal of anomalies, LUCs and 
long-term monitoring of the  area under the soil 
cover and the waste management area. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 

Code of 
Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-
01- 
93, sections 
8.01 and 8.02

Applicable These regulations set  remediation 
standards for direct contact and 
leachability for contaminated soil at  
NPL sites when they are more 
stringent than federal standards. 

These standards were used to develop soil 
PRGs.  Remediation to industrial cleanup levels 
based on placement of 2 feet of clean 
permeable cover material (except in areas 
where an existing pavement cover will be 
maintained), removal and off-site disposal of 
anomalies, LUCs and long-term monitoring (of 
the area under the soil cover and the waste 
management area) meets the regulations’ 
requirements for allowing industrial use.  
Leachability standards will be met through 
excavation and off-site disposal. PRGs based 
on these standards will be achieved outside of 
the compliance zone for the waste management 
area (i.e., beyond the edge of the waste 
management area) and will be used as 
monitoring standards inside the compliance 
boundary. 
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR 

Federal     

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for Specification 
of Disposal Sites for 
Dredged or Fill Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity that 
adversely affects a wetland shall be 
permitted if a practicable alternative 
with lesser effects is available. If 
activity takes place, impacts must be 
minimized to the maximum extent. 
Controls discharges of dredged or fill 
material to protect aquatic 
ecosystems. Filling or discharge of 
dredged material will only occur where 
there is no other practicable alternative 
and any adverse impacts to aquatic 
ecosystems will be mitigated. Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging Practicable 
Alternative. 

Alternatives may involve discharge 
of dredged material and/or 
excavation. Soil remediation or other 
remedial actions that include 
dredging or filling in wetlands will be 
implemented to meet these 
requirements, including mitigation of 
altered wetland/aquatic resource as 
required.  The Navy has determined 
that this alternative is the Least 
Environmentally Damaging 
Practicable Alternative to protect 
wetland resources because it 
provides the best balance of 
addressing contaminated soil within 
and adjacent to wetlands and 
waterways with minimizing both 
temporary and permanent alteration 
of wetlands and aquatic habitats on 
site.   
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Action to Be Taken to Attain 

ARAR 

Federal (Continued)     

Fish and Wildlife 
Coordination Act  

16 U.S.C. §661 
et seq. 

Applicable Requires Federal agencies involved in 
actions that will result in the control of 
structural modification of any stream 
or body of water for any purpose to 
take action to protect fish and wildlife 
resources that may be affected by the 
action. The Navy must coordinate with 
appropriate federal and state resource 
agencies to ascertain the means and 
measures necessary to mitigate, 
prevent, and compensate for project 
related losses of fish and wildlife 
resources and to enhance the 
resources.  

Measures to mitigate or compensate 
adverse project related impacts to 
fish and wildlife resources will be 
taken, if determined necessary. The 
appropriate federal and state 
resource agencies will be consulted, 
in particular regarding remedial 
measures for contaminated soil that 
will impact streams, wetlands, and 
downstream water bodies. 

Floodplain Management 
and Protection of Wetlands 

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use.  

During the remedial design stage the 
effects of soil remedial actions on 
federal jurisdictional wetlands will be 
evaluated.  All practicable means will 
be used to minimize harm to the 
wetlands. Wetlands disturbed by soil 
remediation, will be mitigated in 
accordance with requirements.  No 
impact to downstream floodplain 
areas will occur.  Public comment 
will be solicited in the Proposed 
Plan. 

Endangered Species Act  16 U.S.C. 1531 
et seq.; 50 
C.F.R. parts 200 
and 402 

Relevant and 
Appropriate 

Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.   The 
federally-listed loggerhead turtle and 
Kemps-Ridley turtle occur in the water 
of Narragansett Bay. 

Appropriate federal agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR 
Federal (Continued) 

National Historic 
Landmarks (Historic Sites 
Act) 

16 USC §461 et 
seq.; 36 CFR 
Part 65 

Applicable The purpose of the National Historic 
Landmarks program is to identify and 
designate National Historic 
Landmarks, and encourage the long 
range preservation of nationally 
significant properties that illustrate or 
commemorate the history and 
prehistory of the United States. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial design 
phase.  Should this remedy impact 
historical properties/structures 
determined to be protected by this 
standard, activities will be 
coordinated with the Department of 
the Interior. 

Protection of Historic 
Properties (National 
Historic Preservation Act ) 

16 USC §470 et 
seq., 36 CFR 
Part 800 

Applicable Section 106 of the National Historic 
Preservation Act requires federal 
agencies to take into account the 
effects of their undertakings on historic 
properties and afford the Advisory 
Council on Historic Preservation a 
reasonable opportunity to comment. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial design 
phase.  Should this remedy impact 
properties/structures determined to 
be protected by this standard, 
activities will be coordinated with the 
Advisory Council on Historic 
Preservation. 
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR 

State     

Rhode Island Endangered 
Species Act  

RIGL 20-37- 
1 et seq. 

Relevant and 
Appropriate 

Regulates activities affecting State-
listed endangered or threatened 
species or their habitat.  The State-
listed loggerhead turtle and Kemps-
Ridley turtle occur in the water of 
Narragansett Bay. 

Appropriate State agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  

Rhode Island Historical 
Preservation Act 

RIGL 42-45 et 
seq. 

Applicable Requires action to take into account 
effects on properties included on or 
eligible for the National register of 
Historic Places and minimizes harm to 
National Historic Landmarks. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial design 
phase.  Should this remedy impact 
properties/structures determined to 
be protected by this standard, 
activities will be coordinated with the 
State Agency. 

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water Wetlands 
Act;  DEM Rules 
And Regulations 
Governing the 
Administration 
and Enforcement 
of the Fresh 
Water Wetlands 
Act (Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the state. 
 Actions are required to prevent the 
undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland.  Also 
establishes standards for land within 
50 feet of the edge of state-regulated 
wetlands. 

Cover installation and excavation 
activities will be conducted to 
minimize the disturbance of state 
jurisdictional wetland and perimeter 
wetland. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
Toxic Substances 
Control Act (TSCA) 
15 U.S.C. 2601 
et seq.; PCB  Remediation 
Waste 

40 CFR 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and 
disposal options for PCB remediation 
waste based on the risks posed by the 
concentrations at which the PCBs are 
found.  Written approval for the 
proposed risk-based cleanup must be 
obtained from the Director, Office of 
Site Remediation and Restoration, 
USEPA Region 1. 

All soil exceeding identified PCB cleanup 
levels will either be removed, dewatered 
(if required) and disposed of off-site or will 
be placed under a cover system that 
meets TSCA protectiveness standards. 
The excavation, transportation/ 
dewatering, and management of PCB 
contaminated media will be performed in 
a manner to comply with TSCA, including 
air and surface water monitoring during 
remedial activities.  The ROD will contain 
a finding by the Director, Office of Site 
Remediation and Restoration, USEPA 
Region 1, that the remedy's soil PCB 
cleanup levels, along with the excavation, 
dewatering, and management of the 
contaminated media will not pose an 
unreasonable risk to human health or the 
environment. 

Safe Drinking Water Act; 
National primary drinking 
water regulations 

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subparts B 
and G 

Relevant and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable 
to public drinking water supplies.  Used 
as relevant and appropriate standards 
for aquifers and surface water bodies 
that are potential drinking water 
sources. 

MCLs were considered in development of 
PRGs.  The MCLs will be used to develop 
performance standards for monitoring the 
compliance boundary for the waste 
management area.  If contamination 
levels have been reduced enough so that 
no unacceptable site risk remains, 
monitoring can be ended. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subpart F  

Relevant and 
Appropriate for 
non-zero MCLGs 
only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

MCLGs were considered in development 
of PRGs.  The non-zero MCLGs will be 
used to develop performance standards 
for monitoring the compliance boundary 
for the waste management area.  If 
contamination levels have been reduced 
enough so that no unacceptable site risk 
remains, monitoring can be ended. 

Health Advisories (EPA 
Office of Drinking Water) 

 
 
 
 

To Be Considered Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based 
standard for manganese is 0.3 mg/L. 

The Health Advisory for manganese was 
considered in development of PRGs.  The 
Health Advisory will be used to develop 
performance standards for monitoring the 
compliance boundary for the waste 
management area.  If contamination 
levels have been reduced enough so that 
no unacceptable site risk remains, 
monitoring can be ended. 

CWA National 
Recommended Water 
Quality Criteria (NRWQC) 

40 CFR 122.44 Relevant and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed 
for carcinogenic and non-carcinogenic 
compounds.  These standards may be 
used to develop cleanup standards for 
sediments. 

Water quality standards used to develop 
monitoring standards both during the 
active remedial period and for long-term 
monitoring of the protectiveness of the 
waste management area that will be 
established under this alternative. 

Clean Water Act - National 
Pollutant Discharge 
Elimination System 
(NPDES) 

40 CFR Parts 122 
and 125 

Applicable Includes stormwater standards for 
activities disturbing more than one 
acre. 

Best management practices will be used 
to meet stormwater standards during the 
remedial action. 
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Management of 
Undesirable Plants on 
Federal Lands 

7 U.S.C. 2814 Relevant and 
Appropriate  

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 
 

Measures will be taken to control the 
establishment of Phragmites, purple 
loosestrife or other invasive plants within 
all remediated areas.  An invasive 
species control plan will be developed as 
part of the long-term O&M for this site.  
The responsibility of control will be 
transitioned to NAVSTA after (1) the 
remedy is in place, and (2) NAVSTA 
develops a base-wide program for 
controlling undesirable plants. 

State     
Clean Air Act -Emissions 
Detrimental to Persons or 
Property  

RIGL 23-23 et 
seq.; CRIR 12-31-
07  

Applicable  Prohibits emissions of contaminants, 
which may be injurious to humans, 
plant or animal life or cause damage to 
property, or which reasonably 
interferes with the enjoyment of life and 
property.  

Monitoring of air emissions during cover 
installation and O&M will be used to 
assess compliance with these standards 
if threshold levels are reached. 

Clean Air Act – Air Toxics  RIGL 23-23 et 
seq.; CRIR 12-31-
22  

Applicable  Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations.  

Monitoring of air emissions during cover 
installation and O&M will be used to 
assess compliance with these standards 
if threshold levels are reached. 

Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

RIGL 42-16 et 
seq.; CRIR 
12-190-003 
Rule 31 

Applicable  Includes storm water requirements for 
construction projects that disturb over 
one acre. 

Stormwater standards for construction 
projects over one acre will be met.  
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Rules and Regulations for 
Dredging and Management 
of Dredge Materials  

DEM-OWR-DR-
0203 

Applicable Addresses dredging activities and 
disposal of dredge spoils. 

Any dredging of wetland soils and 
backfilling with cover material that is 
required while implementing the 
alternative must comply with the 
requirements of the regulations. 

Drilling of Drinking Water 
Wells; Rules and 
Regulations Governing the 
Enforcement of Chapter 
46-13.2 Relating to the 
Drilling of Drinking Water 
Wells  

RIGL 46-13..2 et 
seq.  

Applicable  Prohibits installing drinking water wells 
in contaminated aquifers.  Establishes 
standards for decommissioning 
monitoring wells (Rule 9.03).  

Under these standards drinking water 
wells are prohibited within the waste 
management area that will be established 
under this alternative and monitoring 
wells used will be properly 
decommissioned when no longer needed.

Rules and 
Regulations for 
Groundwater 
Quality 

RIGL Ch. 46-12, 
Section 46-12-2; 
Ch. 46-13.1, Ch. 
23-18.9, Sec. 23-
18-9.1; DEM 
Rules and 
Regulations for 
Groundwater 
Quality (Mar 
2005), Appendix 1

Applicable 
 

Identifies the standards and 
specifications that must be followed for 
installation or abandonment of 
monitoring wells. 
 

Under this alternative, wells installed for 
monitoring the waste management area 
will be installed and abandoned according 
to these standards. 

Standards for Identification 
and Listing of Hazardous 
Waste 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 
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Hazardous Waste 
Management Standards for 
Generators 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 5.0 

Applicable Sets standards for handling and 
disposal of hazardous waste.   

Wastes generated will be tested to 
determine if they constitute hazardous 
waste.  Any hazardous waste identified 
will be handled and disposed according to 
these standards. 

Operational Requirements 
for Treatment, Storage, and 
Disposal  Facilities (TSDF) 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 8.0 

Potentially 
Applicable 

Outlines operational requirements for 
all hazardous waste TSDFs including, 
but not limited to, general waste 
analysis, security procedures, 
inspections, safety, groundwater 
monitoring.  Also, sets design, 
construction, and operational 
requirements for hazardous waste 
containers and tanks, and closure 
requirements for hazardous waste 
facilities.  The site is not a TSDF, and 
the Navy does not intend to treat, store 
or dispose of hazardous wastes in a 
manner that would require the site to 
be considered a TSDF under these 
regulations. 

If remediation at the site results in the 
necessity to treat, store, or dispose of 
hazardous waste in the manner required 
of a TSDF, the substantive requirements 
must be met. 

Rhode Island Solid Waste 
Regulations – Closure 

DEM OWM-
SW0401, 
1.7.14(b) 

Relevant and 
Appropriate 

Regulation states that an approved 
closure plan must be implemented. 

The site will be closed under a plan 
developed in accordance with the 
substantive requirements of this section 
of the regulations, to be incorporated into 
the Remedial Design and the Operations 
and Maintenance Plan (O&M) (including 
a monitoring plan).  Contaminated soil 
beneath the Paved Storage Area will be 
left in place as a waste management 
area. 
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Rhode Island Solid Waste 
Regulations – Dust Control 

DEM OWM-
SW0401, 1.7.10 

Relevant and 
Appropriate 

Requires dust control. Dust must be controlled at the site during 
cover construction and during 
maintenance activities. 

Rhode Island Solid Waste 
Regulations – Health and 
Safety 

DEM OWM-
SW0401, 1.7.12 
(a) 

Relevant and 
Appropriate 

Requires solid waste management 
facilities be designed and maintained 
to protect the health and safety of 
personnel at the facility and persons in 
close proximity. 

Under this subsection health and safety 
of construction workers and persons in 
the proximity of the site would be 
maintained during construction and 
maintenance activities. 

Rhode Island Solid Waste 
Regulations – Groundwater 
Monitoring and Closure 

DEM OWM-
SW0401, 1.8.01 
(a) and 1.8.01 (b) 

Relevant and 
Appropriate 

Requires facilities to monitor 
groundwater and to meet closure 
requirements 

The substantive requirements of this 
section of the regulations will be met by 
monitoring groundwater and meeting 
closure requirements.  Because 
contaminants will be left in place , the 
Paved Storage Area will be closed as a 
waste management area, and undergo 
long term monitoring.  Monitoring of the 
area under the soil cover would also be 
conducted.  The Remedial Design, 
remedial action work plan (RAWP), 
operations and monitoring plan (O&M) 
(including the long term monitoring plan 
[LTMP]) developed for this cleanup will 
contain the specific monitoring and 
closure requirements for the waste 
management area that will comply with 
the substantive requirements. 
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Rhode Island Solid Waste 
Regulations – 
Sedimentation and Erosion 
Control 

DEM OWM-
SW0401, 2.1.04 

Relevant and 
Appropriate 

Requires a “Sedimentation and 
Erosion Control Plan” be developed. 

An erosion and sediment control plan will 
be developed for this site in accordance 
with the substantive requirements of this 
section. The Remedial Design and the 
RAWP, to be developed for this cleanup, 
will contain the specific erosion and 
sediment controls requirements for the 
remedial construction. 

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.1.08 
(a) (8) 

Relevant and 
Appropriate 

Contains requirements for construction 
of monitoring wells to monitor a solid 
waste landfill. 

The substantive requirements of this 
section of the regulations will be met for 
construction of new monitoring wells. 

Rhode Island Solid Waste 
Regulations – Long-term 
Monitoring 

DEM OWM-
SW0401, 2.1.08 
(c) 

Relevant and 
Appropriate  

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site. Because this 
remedy leaves contamination in place, it 
will be supported with a Long Term 
Monitoring Plan (LTMP) for groundwater. 
The LTMP will be directed by a work plan 
that will contain the specific monitoring 
requirements. 

Rhode Island Solid Waste 
Regulations – Cover 
Systems 

DEM OWM-
SW0401, 2.2.12 
(d) (1) and 2.2.12 
(d) (2) (ii)(iii) and 
(v). 

Relevant and 
Appropriate 

Contains requirements for construction 
and maintenance of the vegetative 
cover final cover system. 

Remedies including cover systems will 
include appropriate vegetation 
requirements of a soil cover in 
compliance with these standards. 
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Rhode Island Solid Waste 
Regulations – Cover 
Permeability 

DEM OWM-
SW0401, 
2.3.04(e), (f) 

Relevant and 
Appropriate 

Outlines the requirements for the 
maintenance and permeability of cover 
material. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining the asphalt cover that has 
been determined to provide an adequate 
barrier for specific areas to be used for 
storage (waste management area), or a 
soil cover that has been determined to 
provide an adequate barrier for the 
remainder of the land within the site. 

Rhode Island Solid Waste 
Regulations – Compliance 
Boundaries 

DEM OWM-
SW0401, 2.3.05 

Relevant and 
Appropriate 

Establishes requirement for 
compliance boundary for pollution of 
ground waters or surface waters. 

The substantive requirements of this 
section of the regulations will be met by 
monitoring groundwater under the soil 
cover and by the requirement that no 
contamination of groundwater be 
permitted outside the boundary of the 
waste management area. Because this 
remedy leaves contamination in place, 
groundwater monitoring will be conducted 
to assure that no contaminants are 
transported to the groundwater beyond 
the boundary of the waste management 
area. 
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Rhode Island Solid Waste 
Regulations – Surface 
Water Drainage 

DEM OWM-
SW0401, 2.3.10 

Relevant and 
Appropriate 

Contains requirements for surface 
water drainage. 

The substantive requirements of this 
section of the regulations will be met 
through design of appropriate surface 
drainage considerations for the cover.  
The cover system would be designed to 
prevent erosion, sedimentation, and 
standing water on the cover.  Minimum 
slope requirements for solid waste 
landfills have been determined not 
relevant or appropriate for a soil cover 
which is not intended to reduce 
infiltration. 

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.3.11 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
having and maintaining monitoring wells 
for the purpose of monitoring 
groundwater conditions by the soil cover 
and the waste management area. 
Because this remedy leaves 
contaminants in place, it will be supported 
with a Long Term Monitoring Plan (LTMP) 
for groundwater. The LTMP will be 
directed by a work plan that will contain 
the specific monitoring well requirements. 



   
TABLE 4-9 

 
ACTION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE SO3 – SOIL COVER, SELECTIVE EXCAVATION AND REMOVAL OF ANOMALIES, OFF-SITE DISPOSAL, LUCS, 
MONITORING 

SITE 8 – NUSC DISPOSAL AREA FEASIBILTY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

PAGE 10 OF 10 
 

W5212801F (081020/P)  CTO WE19 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Rhode Island Solid Waste 
Regulations – Siting in and 
Adjacent to Wetlands and 
Floodplains 

DEM OWM-
SW0401, 2.3.14 

Relevant and 
Appropriate 

Provides requirements for new solid 
waste landfill units and expansions that 
impact wetlands and coastal wetlands, 
coastal flood zones, etc. 

This alternative will involve alteration of 
land within wetlands. The substantive 
requirements of this section of the 
regulations will be met by protecting 
wetland and downstream floodplain 
resources during construction and 
maintenance of a cover over soil 
containing residual contamination. The 
Remedial Design, RAWP, and the LTMP 
will be developed and provide specific 
requirements, to meet the substantive 
requirements of this section. 

Rhode Island Solid Waste 
Regulations – Closure in 
“Unstable Areas” 

DEM OWM-
SW0401, 2.3.23 

Relevant and 
Appropriate 

Provides requirements for closure of 
solid waste units in “unstable areas”, 
interpreted to include wetland and 
floodplains. 

This alternative establishes a soil cover 
and a waste management area within 
and/or adjacent to “unstable areas.” The 
substantive requirements of this section 
of the regulations will be met through the 
closure of the cover areas. This 
alternative meets the intent because the 
site will be covered in a manner that 
prevents the release of contaminants 
during a 100-year flood event. 
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Federal     
EPA Carcinogenicity 
Slope Factor 

None To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants.  Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  Risks 
due to carcinogens as assessed with slope 
factors will be addressed through remediation to 
industrial cleanup levels based on excavation, 
consolidation, and installing a cover over areas 
of contaminated soil (except in areas where an 
existing pavement cover will be maintained), 
removal of anomalies, LUCs and long-term 
monitoring of the area under the soil cover and 
the waste management area. 

EPA Risk Reference 
Dose (RfDs) 

None To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to contaminants.  
Hazards due to non-carcinogens with EPA RfDs 
will be addressed through remediation to 
industrial cleanup levels based on excavation, 
consolidation, and installing a cover over areas 
of contaminated soil (except in areas where an 
existing pavement cover will be maintained), 
removal of anomalies, LUCs and long-term 
monitoring of the area under the soil cover and 
the waste management area. 
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Federal (Continued) 
Guidelines for Carcinogen 
Risk Assessment   

EPA/630/P-
03/001F 
(March 2005) 

To Be 
Considered  

Guidance for assessing cancer risk.   Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  Hazards 
due to carcinogens assessed through this 
guidance will be addressed through remediation 
to industrial cleanup levels based on excavation, 
consolidation, and installing a cover over areas 
of contaminated soil (except in areas where an 
existing pavement cover will be maintained), 
removal of anomalies, LUCs and long-term 
monitoring of the  area under the soil cover and 
the waste management area. 

Supplemental Guidance 
for Assessing 
Susceptibility from Early-
Life Exposure to 
Carcinogens  

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children.   

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.  
Carcinogenic risks to children assessed through 
this guidance will be addressed through 
remediation to industrial cleanup levels based 
on excavation, consolidation, and installing a 
cover over areas of contaminated soil (except in 
areas where an existing pavement cover will be 
maintained), removal of anomalies, LUCs and 
long-term monitoring of the  area under the soil 
cover and the waste management area. 

Recommendations of 
the Technical Review 
Workgroup for Lead for 
an approach to 
Assessing Risks 
Associated with Adult 
Exposure to Lead In Soil 

EPA-540-R-
03-001 
(January 
2003) 

To Be 
Considered 

EPA Guidance for evaluating risks 
posed by lead in soil.  

Risks from lead assessed under this guidance 
will be addressed through remediation to 
industrial cleanup levels based on excavation, 
consolidation, and installing a cover over areas 
of contaminated soil (except in areas where an 
existing pavement cover will be maintained), 
removal of anomalies, LUCs and long-term 
monitoring of the  area under the soil cover and 
the waste management area. 
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State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 

Code of 
Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-
01- 
93, sections 
8.01 and 8.02

Applicable These regulations set  remediation 
standards for direct contact and 
leachability for contaminated soil at  
NPL sites when they are more 
stringent than federal standards. 

These standards were used to develop soil 
PRGs.  Remediation to industrial cleanup levels 
based on excavation, consolidation, and 
placement of 2 feet of clean, permeable cover 
material (except in areas where an existing 
pavement cover will be maintained), removal 
and off-site disposal of anomalies, LUCs and 
long-term monitoring (of the area under the soil 
cover and the waste management area) meets 
the regulations’ requirements for allowing 
industrial use.  Leachability standards will be 
met through excavation and offsite disposal.  
PRGs based on these standards will be 
achieved outside of the compliance zone for the 
waste management area (i.e., beyond the edge 
of the waste management area) and will be 
used as monitoring standards inside the 
compliance boundary. 
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Action to Be Taken to Attain 

ARAR
Federal     

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will only 
occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated. Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Alternatives may involve discharge 
of dredged material and/or 
excavation. Soil remediation or other 
remedial actions that include 
dredging or filling in wetlands will be 
implemented to meet these 
requirements, including mitigation of 
altered wetland/aquatic resource as 
required.  The Navy has determined 
that this alternative is not the Least 
Environmentally Damaging 
Practicable Alternative to protect 
wetland resources because it does 
not provide the best balance of 
addressing contaminated soil within 
and adjacent to wetlands and 
waterways with minimizing both 
temporary and permanent alteration 
of wetlands and aquatic habitats on 
site.   
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ARAR
Federal (Continued)     

Fish and Wildlife 
Coordination Act  

16 U.S.C. §661 
et seq. 

Applicable Requires Federal agencies involved in 
actions that will result in the control of 
structural modification of any stream 
or body of water for any purpose to 
take action to protect fish and wildlife 
resources that may be affected by the 
action. The Navy must coordinate with 
appropriate federal and state resource 
agencies to ascertain the means and 
measures necessary to mitigate, 
prevent, and compensate for project 
related losses of fish and wildlife 
resources and to enhance the 
resources.  

Measures to mitigate or compensate 
adverse project related impacts to 
fish and wildlife resources will be 
taken, if determined necessary. The 
appropriate federal and state 
resource agencies will be consulted, 
in particular regarding remedial 
measures for contaminated soil that 
will impact streams, wetlands, and 
downstream water bodies. 

Floodplain Management 
and Protection of Wetlands 

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use.  

During the remedial design stage 
the effects of soil remedial actions 
on federal jurisdictional wetlands will 
be evaluated.  All practicable means 
will be used to minimize harm to the 
wetlands. Wetlands disturbed by soil 
remediation, will be mitigated in 
accordance with requirements.  No 
impact to downstream floodplain 
areas will occur.  Public comment 
will be solicited in the Proposed 
Plan. 

Endangered Species Act  16 U.S.C. 1531 
et seq.; 
50 C.F.R. parts 
200 and 402 

Relevant and 
Appropriate 

Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.   The 
federally-listed loggerhead turtle and 
Kemps-Ridley turtle occur in the water 
of Narragansett Bay. 

Appropriate federal agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  
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ARAR
Federal (Continued) 
National Historic 
Landmarks (Historic Sites 
Act) 

16 U.S.C. §461 
et seq.; 36 
C.F.R. Part 65 

Applicable The purpose of the National Historic 
Landmarks program is to identify and 
designate National Historic 
Landmarks, and encourage the long 
range preservation of nationally 
significant properties that illustrate or 
commemorate the history and 
prehistory of the United States. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial 
design phase.  Should this remedy 
impact historical 
properties/structures determined to 
be protected by this standard, 
activities will be coordinated with the 
Department of the Interior. 

Protection of Historic 
Properties (National 
Historic Preservation Act) 

16 U.S.C. §470 
et seq., 
36 C.F.R. Part 
800 

Applicable Section 106 of the National Historic 
Preservation Act requires federal 
agencies to take into account the 
effects of their undertakings on 
historic properties and afford the 
Advisory Council on Historic 
Preservation a reasonable opportunity 
to comment. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial 
design phase.  Should this remedy 
impact properties/structures 
determined to be protected by this 
standard, activities will be 
coordinated with the Advisory 
Council on Historic Preservation. 
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Action to Be Taken to Attain 

ARAR 

State     

Rhode Island Endangered 
Species Act  

RIGL 20-37- 
1 et seq. 

Relevant and 
Appropriate 

Regulates activities affecting State-
listed endangered or threatened 
species or their habitat.  The State-
listed loggerhead turtle and Kemps-
Ridley turtle occur in the water of 
Narragansett Bay. 

Appropriate State agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  

Rhode Island Historical 
Preservation Act 

RIGL 42-45 et 
seq. 

Applicable Requires action to take into account 
effects on properties included on or 
eligible for the National register of 
Historic Places and minimizes harm to 
National Historic Landmarks. 

Features with potential 
historical/cultural significance will be 
evaluated during the remedial 
design phase.  Should this remedy 
impact properties/structures 
determined to be protected by this 
standard, activities will be 
coordinated with the State Agency. 

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water Wetlands 
Act;  DEM Rules 
And Regulations 
Governing the 
Administration 
and 
Enforcement of 
the Fresh Water 
Wetlands Act 
(Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland.  Also 
establishes standards for land within 
50 feet of the edge of a state-
regulated wetlands. 

Excavation, consolidation, and cover 
installation activities will be 
conducted to minimize the 
disturbance of state jurisdictional 
wetland and perimeter wetland. 
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Federal     
Toxic Substances 
Control Act (TSCA) 
15 U.S.C. 2601 
et seq.; PCB  Remediation 
Waste, 

40 CFR 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and 
disposal options for PCB remediation 
waste based on the risks posed by the 
concentrations at which the PCBs are 
found.  Written approval for the 
proposed risk-based cleanup must be 
obtained from the Director, Office of 
Site Remediation and Restoration, 
USEPA Region 1. 

All soil exceeding identified PCB cleanup 
levels will either be removed, dewatered 
(if required) and disposed of off-site or will 
be placed under a cover system that 
meets TSCA protectiveness standards. 
The excavation, transportation/ 
dewatering, and management of PCB 
contaminated media will be performed in 
a manner to comply with TSCA, including 
air and surface water monitoring during 
remedial activities.  The ROD will contain 
a finding by the Director, Office of Site 
Remediation and Restoration, USEPA 
Region 1, that the remedy's soil PCB 
cleanup levels, along with the excavation, 
dewatering, and management of the 
contaminated media will not pose an 
unreasonable risk to human health or the 
environment. 

Safe Drinking Water Act; 
National primary drinking 
water regulations 

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subparts B 
and G 

Relevant and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable 
to public drinking water supplies.  Used 
as relevant and appropriate standards 
for aquifers and surface water bodies 
that are potential drinking water 
sources. 

MCLs were considered in development of 
PRGs.  The MCLs will be used to develop 
performance standards for monitoring the 
compliance boundary for the waste 
management area.  If contamination 
levels have been reduced enough so that 
no unacceptable site risk remains, 
monitoring can be ended. 



  
TABLE 4-12 

 
ACTION-SPECIFIC ARARs AND TBCs 

SOIL ALTERNATIVE SO4 – EXCAVATION, CONSOLIDATION, REMOVAL OF ANOMALIES, SOIL COVER, LUCs, AND MONITORING 
SITE 8 – NUSC DISPOSAL AREA FEASIBILTY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 2 OF 10 

 

W5212801F (081020/P)  CTO WE19 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subpart F  

Relevant and 
Appropriate for 
non-zero MCLGs 
only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

MCLGs were considered in development 
of PRGs.  The non-zero MCLGs will be 
used to develop performance standards 
for monitoring the compliance boundary 
for the waste management area.  If 
contamination levels have been reduced 
enough so that no site unacceptable risk 
remains, monitoring can be ended. 

Health Advisories (EPA 
Office of Drinking Water) 

 
 
 
 

To Be Considered Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based 
standard for manganese is 0.3 mg/L. 

The Health Advisory for manganese was 
considered in development of PRGs.  The 
Health Advisory will be used to develop 
performance standards for monitoring the 
compliance boundary for the waste 
management area.  If contamination 
levels have been reduced enough so that 
no unacceptable site risk remains, 
monitoring can be ended. 

CWA National 
Recommended Water 
Quality Criteria (NRWQC) 

40 CFR 122.44 Relevant and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed 
for carcinogenic and non-carcinogenic 
compounds.  These standards may be 
used to develop cleanup standards for 
sediments. 

Water quality standards used to develop 
monitoring standards both during the 
active remedial period and for long-term 
monitoring of the protectiveness of the 
waste management area that will be 
established under this alternative. 

Clean Water Act - National 
Pollutant Discharge 
Elimination System 
(NPDES) 

40 CFR Parts 122 
and 125 

Applicable Includes stormwater standards for 
activities disturbing more than one 
acre. 

Best management practices will be used 
to meet stormwater standards during the 
remedial action. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Management of 
Undesirable Plants on 
Federal Lands 

7 U.S.C. 2814 Relevant and 
Appropriate  

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 
 

Measures will be taken to control the 
establishment of Phragmites, purple 
loosestrife or other invasive plants within 
all remediated areas.  An invasive 
species control plan will be developed as 
part of the long-term O&M for this site.  
The responsibility of control will be 
transitioned to NAVSTA after (1) the 
remedy is in place, and (2) NAVSTA 
develops a base-wide program for 
controlling undesirable plants. 

State     
Clean Air Act -Emissions 
Detrimental to Persons or 
Property  

RIGL 23-23 et 
seq.; CRIR 12-31-
07  

Applicable  Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage to 
property or which reasonably interferes 
with the enjoyment of life and property. 

Monitoring of air emissions during cover 
installation and O&M will be used to 
assess compliance with these standards 
if threshold levels are reached. 

Clean Air Act – Air Toxics  RIGL 23-23 et 
seq.; CRIR 12-31-
22  

Applicable  Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations.  

Monitoring of air emissions during cover 
installation and O&M will be used to 
assess compliance with these standards 
if threshold levels are reached. 

Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

RIGL 42-16 et 
seq.; CRIR 
12-190-003 
Rule 31 
 
 

Applicable  Includes storm water requirements for 
construction projects that disturb over 
one acre. 

Stormwater standards for construction 
projects over one acre will be met.  
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Rules and Regulations for 
Dredging and Management 
of Dredge Materials  

DEM-OWR-DR-
0203 

Applicable Addresses dredging activities and 
disposal of dredge spoils. 

Any dredging of wetland soils and 
backfilling with cover material that is 
required while implementing the 
alternative must comply with the 
requirements of the regulations. 

Drilling of Drinking Water 
Wells; Rules and 
Regulations Governing the 
Enforcement of Chapter 
46-13.2 Relating to the 
Drilling of Drinking Water 
Wells  

RIGL 46-13..2 et 
seq.  

Applicable  Prohibits installing drinking water wells 
in contaminated aquifers.  Establishes 
standards for decommissioning 
monitoring wells (Rule 9.03).  

Under these standards drinking water 
wells are prohibited within the waste 
management area that will be established 
under this alternative and monitoring 
wells used will be properly 
decommissioned when no longer needed.

Rules and 
Regulations for 
Groundwater 
Quality 

RIGL Ch. 46-12, 
Section 46-12-2; 
Ch. 46-13.1, Ch. 
23-18.9, Sec. 23-
18-9.1; DEM 
Rules and 
Regulations for 
Groundwater 
Quality (Mar 
2005), Appendix 1

Applicable 
 

Identifies the standards and 
specification that must be followed for 
the installation or abandonment of 
monitoring wells. 
 

Under this alternative, wells installed for 
monitoring the waste management area 
will be installed and abandoned according 
to these standards. 

Standards for Identification 
and Listing of Hazardous 
Waste 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Hazardous Waste 
Management Standards for 
Generators 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 5.0 

Applicable Sets standards for handling and 
disposal of hazardous waste.   

Wastes generated will be tested to 
determine if they constitute hazardous 
waste.  Any hazardous waste identified 
will be handled and disposed according to 
these standards. 
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Operational Requirements 
for Treatment, Storage, and 
Disposal  Facilities (TSDF) 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003 Rule 8.0 

Potentially 
Applicable 

Outlines operational requirements for 
all hazardous waste TSDFs including, 
but not limited to, general waste 
analysis, security procedures, 
inspections, safety, groundwater 
monitoring.  Also, sets design, 
construction, and operational 
requirements for hazardous waste 
containers and tanks, and closure 
requirements for hazardous waste 
facilities.  The site is not a TSDF, and 
the Navy does not intend to treat, store 
or dispose of hazardous wastes in a 
manner that would require the site to 
be considered a TSDF under these 
regulations. 

If remediation at the site results in the 
necessity to treat, store, or dispose of 
hazardous waste in the manner required 
of a TSDF, the substantive requirements 
must be met. 

Rhode Island Solid Waste 
Regulations – Closure 

DEM OWM-
SW0401, 
1.7.14(b) 

Relevant and 
Appropriate 

Regulation states that an approved 
closure plan must be implemented. 

The site will be closed under a plan 
developed in accordance with the 
substantive requirements of this section 
of the regulations, to be incorporated into 
the remedial design (RD) and the 
Operations and Maintenance Plan (O&M) 
(including a monitoring plan).  
Contaminated soil beneath the Paved 
Storage Area will be left in place as a 
waste management area. 

Rhode Island Solid Waste 
Regulations – Dust Control 

DEM OWM-
SW0401, 1.7.10 

Relevant and 
Appropriate 

Requires dust control. Dust must be controlled at the site during 
cover construction and during 
maintenance activities. 
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Rhode Island Solid Waste 
Regulations – Health and 
Safety 

DEM OWM-
SW0401, 1.7.12 
(a) 

Relevant and 
Appropriate 

Requires solid waste management 
facilities be designed and maintained 
to protect the health and safety of 
personnel at the facility and persons in 
close proximity. 

Under this subsection health and safety 
of construction workers and persons in 
the proximity of the site would be 
maintained during construction and 
maintenance activities. 

Rhode Island Solid Waste 
Regulations – Groundwater 
Monitoring and Closure 

DEM OWM-
SW0401, 1.8.01 
(a) and 1.8.01 (b) 

Relevant and 
Appropriate 

Requires facilities to monitor 
groundwater and to meet closure 
requirements 

The substantive requirements of this 
section of the regulations will be met by 
monitoring groundwater and meeting 
closure requirements.  Because 
contaminants will be left in place, the 
Paved Storage Area will be closed as a 
waste management area, and undergo 
long term monitoring.  Monitoring of the 
area under the soil cover would also be 
conducted.  The remedial design (RD), 
remedial action work plan (RAWP), 
operations and monitoring plan (O&M) 
(including the long term monitoring plan 
[LTMP]) developed for this cleanup will 
contain the specific monitoring and 
closure requirements for the waste 
management area that will comply with 
the substantive requirements. 

Rhode Island Solid Waste 
Regulations – 
Sedimentation and Erosion 
Control 

DEM OWM-
SW0401, 2.1.04 

Relevant and 
Appropriate 

Requires a “Sedimentation and 
Erosion Control Plan” be developed. 

An erosion and sediment control plan will 
be developed for this site in accordance 
with the substantive requirements of this 
section. The RD and the RAWP, to be 
developed for this cleanup, will contain 
the specific erosion and sediment 
controls requirements for the remedial 
construction. 
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Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.1.08 
(a) (8) 

Relevant and 
Appropriate 

Contains requirements for construction 
of monitoring wells to monitor a solid 
waste landfill. 

The substantive requirements of this 
section of the regulations will be met for 
construction of new monitoring wells. 

Rhode Island Solid Waste 
Regulations – Long-term 
Monitoring 

DEM OWM-
SW0401, 2.1.08 
(c) 

Relevant and 
Appropriate  

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site. Because this 
remedy leaves contamination in place, it 
will be supported with a Long Term 
Monitoring Plan (LTMP) for groundwater. 
The LTMP will be directed by a work plan 
that will contain the specific monitoring 
requirements. 

Rhode Island Solid Waste 
Regulations – Cover 
Systems 

DEM OWM-
SW0401, 2.2.12 
(d) (1) and 2.2.12 
(d) (2) (ii)(iii) and 
(v) 

Relevant and 
Appropriate 

Contains requirements for construction 
and maintenance of the vegetative 
cover final cover system. 

Remedies including cover systems will 
include appropriate vegetation 
requirements of a soil cover in 
compliance with these standards. 

Rhode Island Solid Waste 
Regulations – Cover 
Permeability 

DEM OWM-
SW0401, 
2.3.04(e), (f) 

Relevant and 
Appropriate 

Outlines the requirements for the 
maintenance and permeability of cover 
material. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining the asphalt cover that has 
been determined to provide an adequate 
barrier for specific areas to be used for 
storage (waste management area), or a 
soil cover that has been determined to 
provide an adequate barrier for the 
remainder of the land within the site. 
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Rhode Island Solid Waste 
Regulations – Compliance 
Boundaries 

DEM OWM-
SW0401, 2.3.05 

Relevant and 
Appropriate 

Establishes requirement for 
compliance boundary for pollution of 
ground waters or surface waters. 

The substantive requirements of this 
section of the regulations will be met by 
monitoring groundwater under the soil 
cover and by the requirement that no 
contamination of groundwater be 
permitted outside the boundary of the 
waste management area. Because this 
remedy leaves contamination in place, 
groundwater monitoring will be conducted 
to assure that no contaminants are 
transported to the groundwater beyond 
the boundary of the waste management 
area. 

Rhode Island Solid Waste 
Regulations – Surface 
Water Drainage 

DEM OWM-
SW0401, 2.3.10 

Relevant and 
Appropriate 

Contains requirements for surface 
water drainage. 

The substantive requirements of this 
section of the regulations will be met 
through design of appropriate surface 
drainage considerations for the cover.  
The cover system would be designed to 
prevent erosion, sedimentation, and 
standing water on the cover.  Minimum 
slope requirements for solid waste 
landfills have been determined not 
relevant or appropriate for a soil cover 
which is not intended to reduce 
infiltration. 
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Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.3.11 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
having and maintaining monitoring wells 
for the purpose of monitoring 
groundwater conditions by the soil cover 
and the waste management area. 
Because this remedy leaves 
contaminants in place, it will be supported 
with a Long Term Monitoring Plan (LTMP) 
for groundwater. The LTMP will be 
directed by a work plan that will contain 
the specific monitoring well requirements. 

Rhode Island Solid Waste 
Regulations – Siting in and 
Adjacent to Wetlands and 
Floodplains 

DEM OWM-
SW0401, 2.3.14 

Relevant and 
Appropriate 

Provides requirements for new solid 
waste landfill units and expansions that 
impact wetlands and coastal wetlands, 
coastal flood zones, etc. 

This alternative will involve alteration of 
land within wetlands. The substantive 
requirements of this section of the 
regulations will be met by protecting 
wetland and downstream floodplain 
resources during construction and 
maintenance of a cover over soil 
containing residual contamination. The 
RD, RAWP, and the LTMP will be 
developed and provide specific 
requirements, to meet the substantive 
requirements of this section. 
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Rhode Island Solid Waste 
Regulations – Closure in 
“Unstable Areas” 

DEM OWM-
SW0401, 2.3.23 

Relevant and 
Appropriate 

Provides requirements for closure of 
solid waste units in “unstable areas”, 
interpreted to include wetland and 
floodplains. 

This alternative establishes a soil cover 
and a waste management area within 
and/or adjacent to “unstable areas.” The 
substantive requirements of this section 
of the regulations will be met through the 
closure of the cover areas. This 
alternative meets the intent because the 
site will be covered in a manner that 
prevents the release of contaminants 
during a 100-year flood event. 
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Criteria 
Alternative SO1 

No Further Action 

Alternative SO2 
Excavation, Ex-Situ Treatment, 
Removal of Anomalies, Off-site 

Disposal, LUCs, and 
Monitoring  

Alternative SO3 
Soil Cover, Selective 

Excavation, Removal of 
Anomalies, Off-site Disposal, 

LUCs, and Monitoring  

Alternative SO4
Excavation, 

Consolidation, Soil Cover, 
Removal of Anomalies, 

Consolidation, LUCs, and 
Monitoring 

Human Health Protection 
Not protective.  No 
reduction in the identified 
unacceptable risk. 

Protective.  Removes a large 
portion of the contaminated 
soil/debris and provides a barrier 
to prevent human exposure to 
remaining soil. 

Protective.  Removes a small 
portion of the contaminated 
soil/debris and provides a barrier 
to prevent human exposure to 
remaining soil. 

Most protective.  Removes a 
small portion of the 
contaminated soil/debris 
and consolidates the 
remaining contaminated soil 
into a smaller area to be 
capped.  Soil cover will 
prevent human exposure to 
remaining soil. 

Environmental Protection 
Not protective.  No 
reduction in the identified 
unacceptable risk. 

Protective.  Will prevent exposure 
primarily through removal of 
impacted surface soil. 

Protective.  Will prevent exposure 
primarily through capping of 
impacted soil. 

Most protective.  Will 
prevent exposure primarily 
through consolidation and 
capping of impacted soil. 

Compliance with Chemical-
Specific Applicable or Relevant 
and Appropriate Requirements 
(ARARs) 

Would not comply. 
Will comply with chemical-
specific ARARs upon 
implementation within two years. 

Will comply with chemical-specific 
ARARs upon implementation 
within two years. 

Will comply with chemical-
specific ARARs upon 
implementation within two 
years. 

Compliance with Location-
Specific ARARs 

Not applicable 
Will comply with location-specific 
ARARs during and following 
construction. 

Will comply with location-specific 
ARARs during and following 
construction. 

Will comply with location-
specific ARARs during and 
following construction. 

Compliance with Action-Specific 
ARARs 

Not applicable 
Will comply with action-specific 
ARARs during  
construction. 

Will comply with action-specific 
ARARs during  
construction. 

Will comply with action-
specific ARARs during  
construction. 
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Criteria 
Alternative SO1 

No Further Action 

Alternative SO2 
Excavation, Ex-Situ Treatment, 
Removal of Anomalies, Off-site 

Disposal, LUCs, and 
Monitoring  

Alternative SO3 
Soil Cover, Selective 

Excavation, Removal of 
Anomalies, Off-site Disposal, 

LUCs, and Monitoring  

Alternative SO4
Excavation, 

Consolidation, Soil Cover, 
Removal of Anomalies, 

Consolidation, LUCs, and 
Monitoring 

Magnitude of Residual Risk 
Will not meet either 
RIDEM or EPA risk target 
levels 

Will remove or prevent contact 
with COCs that cause a 
cumulative cancer risk greater 
than 1x10-5 and a Hazard Index 
(HI) greater than 1.  Risk 
following implementation will be 
less than the target cumulative 
cancer risk of 1x10-5 and HI of 1. 

Will remove or prevent contact 
with COCs that cause a 
cumulative cancer risk greater 
than 1x10-5 and a HI greater than 
1.  Risk following implementation 
will be less than the target 
cumulative cancer risk of  1x10-5 
and HI of 1. 

Will remove or prevent 
contact with COCs that 
cause a cumulative cancer 
risk greater than 1x10-5 and 
a HI greater than 1.  Risk 
following implementation will 
be less than the target 
cumulative cancer risk of  
1x10-5 and HI of 1. 

Need for 5-Year Review Required Required Required Required 

Need for Long-Term 
Management 

Not applicable 
LUCs must be maintained and 
monitoring/inspection programs 
must be periodically performed. 

LUCs must be maintained and 
monitoring/inspection programs 
must be periodically performed. 

LUCs must be maintained 
and monitoring/inspection 
programs must be 
periodically performed. 

Adequacy and Reliability of 
Controls 

Not applicable 

With LUCs and periodic 
maintenance the remedy 
provides a good level of reliability 
of residual management.  
Controls are adequate and 
reliable. 

With LUCs and periodic 
maintenance the remedy provides 
a good level of reliability of 
residual management.  Controls 
are adequate and reliable. 

With LUCs and periodic 
maintenance the remedy 
provides a good level of 
reliability of residual 
management.  Controls are 
adequate and reliable. 

Amount Destroyed or Treated 
Only via natural 
attenuation (would not be 
verified) 

Some PAHs will be removed by 
LTTD.  Alternative would also 
relocate and prevent access to 
the balance of the COCs.   

Only via natural attenuation.  
Alternative would instead prevent 
exposure to COCs.   

Only via natural attenuation.  
Alternative would instead 
prevent exposure to COCs 
and minimize the area for 
potential future exposure. 

Reduction in Toxicity, Mobility, 
and Volume through Treatment 

None 
Volume of PAH-impacted sol 
would be reduced through LTTD 
treatment of some excavated soil.

None None 

Degree to which Treatment Is 
Irreversible 

No active treatment 
PAHs would be irreversibly 
removed from the treated soil. 

No active treatment No active treatment 

Type and Quantity of Residuals 
Remaining after Treatment 

No active treatment 
Treated soil would be returned to 
the excavation for use as backfill. 

No active treatment No active treatment 
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Criteria 
Alternative SO1 

No Further Action 

Alternative SO2 
Excavation, Ex-Situ Treatment, 
Removal of Anomalies, Off-site 

Disposal, LUCs, and 
Monitoring  

Alternative SO3 
Soil Cover, Selective 

Excavation, Removal of 
Anomalies, Off-site Disposal, 

LUCs, and Monitoring  

Alternative SO4
Excavation, 

Consolidation, Soil Cover, 
Removal of Anomalies, 

Consolidation, LUCs, and 
Monitoring 

Community Protection during 
Implementation 

No active treatment; no 
new risks to site workers 
or the community 

An increase in truck traffic 
through the duration of the 
project would be managed 
through a traffic control plan.  
Dust and air emissions from 
excavation activities and LTTD 
would be controlled. 

An increase in truck traffic through 
the duration of the project would 
be managed through a traffic 
control plan.  Compared to 
Alternatives SO2 and SO4 there 
would be fewer trucks with 
contaminated soil, but more trucks 
with clean soil cover material.  
Dust and air emissions from 
excavation activities would be 
controlled during construction. 

An increase in truck traffic 
through the duration of the 
project would be managed 
through a traffic control plan.  
Compared to Alternative 
SO2, there would be fewer 
trucks with contaminated 
soil, but more than with 
Alternative SO3.  Trucks 
with clean fill and soil cover 
material would be similar for 
SO3 and SO4.  Dust and air 
emissions from excavation 
activities would be 
controlled during 
construction.  Requirements 
and duration for SO4 would 
be more than for SO3. 

Worker Protection during 
Implementation 

No active treatment; no 
risk to workers 

PPE required against dermal 
contact, dust inhalation, and air 
emissions during excavation and 
construction. 

PPE required against dermal 
contact, dust inhalation, and air 
emissions during excavation and 
construction. 

PPE required against 
dermal contact, dust 
inhalation, and air emissions 
during excavation and 
construction. 

Environmental Impacts 

No impact from alternative 
implementation.  
Continued potential for 
erosion of soil containing 
COCs to stream and pond 
sediment. 

Impacts from dust and air 
emissions, soil erosion, etc., can 
be controlled. 

Impacts from dust and air 
emissions, soil erosion, etc., can 
be controlled. 

Impacts from dust and air 
emissions, soil erosion, etc., 
can be controlled. 

Time until Remedial Action 
Objectives Achieved (from 
project start) 

RAOs would not be 
achieved 

2 years 2 years 2 years 
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Criteria 
Alternative SO1 

No Further Action 

Alternative SO2 
Excavation, Ex-Situ Treatment, 
Removal of Anomalies, Off-site 

Disposal, LUCs, and 
Monitoring  

Alternative SO3 
Soil Cover, Selective 

Excavation, Removal of 
Anomalies, Off-site Disposal, 

LUCs, and Monitoring  

Alternative SO4
Excavation, 

Consolidation, Soil Cover, 
Removal of Anomalies, 

Consolidation, LUCs, and 
Monitoring 

Ability to Construct and Operate 
the Technology 

No construction activities 

Implementable.  Contractors, 
equipment, and materials are 
readily available. Operations will 
be complicated by the need to 
segregate arsenic-contaminated 
soil from PAH-contaminated soil.  
LTTD will require a dedicated 
area for treatment and 
stockpiling.  LTTD services are 
available from several 
subcontractors.  Excavation 
would be complicated due to site 
topography, the potential 
presence of buried wastes, and 
access limitations to this active 
facility. 

Most implementable.  Contractors, 
equipment, and materials are 
readily available. Excavation of 
waste anomalies would be 
complicated by access limitations 
to this active facility.  Cap 
construction may be complicated 
by the site topography. 

Least implementable.  
Contractors, equipment, and 
materials are readily 
available. Excavation of 
waste anomalies would be 
complicated by access 
limitations to this active 
facility.  Consolidation and 
cap construction may be 
complicated by the site 
topography. 

Reliability of the Technology Not applicable 
Better reliability.  Less soil cover 
maintenance required. 

Reliable.  Requires more long-
term maintenance of the soil cover 
than Alternative SO2. 

Reliable.  Requires more 
long-term maintenance of 
the soil cover than 
Alternative SO2.  Mounded 
consolidation area may 
present more runoff and 
drainage issues than SO3. 

Ease of Undertaking Additional 
Remedial Actions, if Necessary 

Easily implementable 
Additional soil removals can be 
implemented provided 2 feet of 
clean surface fill is provided. 

Additional soil removals can be 
implemented provided the soil 
cover is repaired to provide 2 feet 
of clean surface fill. 

Easily implementable in the 
North Meadow.  Additional 
soil removals can be 
implemented in the South 
Meadow provided the soil 
cover is repaired to provide 
2 feet of clean surface fill. 
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Criteria 
Alternative SO1 

No Further Action 

Alternative SO2 
Excavation, Ex-Situ Treatment, 
Removal of Anomalies, Off-site 

Disposal, LUCs, and 
Monitoring  

Alternative SO3 
Soil Cover, Selective 

Excavation, Removal of 
Anomalies, Off-site Disposal, 

LUCs, and Monitoring  

Alternative SO4
Excavation, 

Consolidation, Soil Cover, 
Removal of Anomalies, 

Consolidation, LUCs, and 
Monitoring 

Ability to Monitor Effectiveness 
of Remedy 

Not applicable 

Effectiveness of the remedy is 
simply monitored through the use 
of groundwater monitoring 
upgradient, downgradient and 
within the soil cover system. 

Effectiveness of the remedy is 
simply monitored through the use 
of groundwater monitoring 
upgradient, downgradient and 
within the soil cover system. 

Effectiveness of the remedy 
is simply monitored through 
the use of groundwater 
monitoring upgradient, 
downgradient and within the 
soil cover system. 

Administrative Requirements 
with Regulators 

None Expected 

Coordination with federal, state, 
and/or base agencies would be 
required for transportation, offsite 
treatment and disposal. Need to 
comply with all ARAR standards.  
No onsite permits will be 
required.  Disposal facility should 
have a permit.  Land use controls 
would be required to limit future 
site use for industrial purposes. 

Coordination with federal, state, 
and/or base agencies would be 
required for transportation, offsite 
treatment and disposal. Need to 
comply with all ARAR standards.  
No onsite permits will be required.  
Disposal facility should have a 
permit.  Land use controls would 
be required to limit future site use 
for industrial purposes. 

Coordination with federal, 
state, and/or base agencies 
would be required for 
transportation, offsite 
treatment and disposal. 
Need to comply with all 
ARAR standards.  No onsite 
permits will be required.  
Disposal facility should have 
a permit.  Land use controls 
would be required to limit 
future site use for industrial 
purposes. 

Availability of OffSite Disposal None required 

Available.  Would be more 
difficult than Alternatives SO3 
and SO4 due to the greater soil 
volume involved. 

Available Available   

Availability of Necessary 
Equipment and Specialists 

None required Available Available Available 

Availability of Prospective 
Technologies 

None required Available Available 

Available. Construction of 
soil cover may be more 
difficult due to increased 
elevation in soil cover area.  
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Criteria 
Alternative SO1 

No Further Action 

Alternative SO2 
Excavation, Ex-Situ Treatment, 
Removal of Anomalies, Off-site 

Disposal, LUCs, and 
Monitoring  

Alternative SO3 
Soil Cover, Selective 

Excavation, Removal of 
Anomalies, Off-site Disposal, 

LUCs, and Monitoring  

Alternative SO4
Excavation, 

Consolidation, Soil Cover, 
Removal of Anomalies, 

Consolidation, LUCs, and 
Monitoring 

Capital Costs $0 $4,863,000 $1,926,000 $2,267,000 

Total Annual Operations and 
Maintenance (O&M) 

$0 $3,500 $3,500 $3,500 

5-Year Reviews $27,500 $27,500 $27,500 $27,500 

Net Present Worth  $118,000 $5,059,000 $2,123,000 $2,464,000 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs) 

None To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  The 
No Action Alternative will not meet the risk 
based standards established by the federal TBC 
criteria.   

Reference Dose (RfD) None To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to contaminants. 
The No Action Alternative will not meet the risk 
based standards established by the federal TBC 
criteria.   

Guidelines for 
Carcinogen Risk 
Assessment      

EPA/630/P-
03/001F   
(March 2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants. The No 
Action Alternative will not meet the risk based 
standards established by the federal TBC 
criteria.   

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure to 
Carcinogens     

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance on assessing cancer risks 
to children. 

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.   
The No Action Alternative will not meet the risk 
based standards established by the federal TBC 
criteria.   

Safe Drinking Water 
Act, National Primary 
Drinking Water 
Regulations - Maximum 
Contaminant Levels 
(MCLs) 

40 Code of 
Federal 
Regulations 
(CFR)141, 
Subpart B and 
G 

Relevant 
and 
Appropriate 

Establishes maximum contaminant 
levels (MCLs) for common organic 
and inorganic contaminants 
applicable to public drinking water 
supplies.  Used as relevant and 
appropriate cleanup standards for 
aquifers and surface water bodies that 
are potential drinking water sources. 

The No Action Alternative will not meet these 
criteria. 

Safe Drinking Water 
Act; National primary 
drinking water 

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 

Relevant 
and 
Appropriate 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 

The No Action Alternative will not meet these 
criteria. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

regulations  Subpart F for non-zero 
MCLGs only 

drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Health Advisories (EPA 
Office of Drinking 
Water) 

 To Be 
Considered 

Health Advisories are estimates of 
risk due to consumption of 
contaminated drinking water; they 
consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that may 
be used for drinking water.  The risk-
based standard for manganese is 0.3 
mg/L. 

The No Action Alternative will not meet these 
criteria. 

State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations)  

Code of Rhode 
Island Rules 
(CRIR) 12-180-
001; DEM-DSR-
01-93, Section 
8.03, A to D 

To Be 
Considered 

Sets levels for monitoring of 
contaminated groundwater when 
more stringent than federal standards 

Standards were considered in development of 
groundwater PRGs based on the use of the 
groundwater as a water supply.  The No Action 
Alternative will not meet the risk based 
standards established by the State Remediation 
Regulations. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal 
 
 

There are no federal location-specific ARARs. 
 
 

State 
 
 

There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal 
 
 

There are no federal action-specific ARARs. 
 
 

State 
 
 

There are no state action-specific ARARs. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
Safe Drinking Water 
Act; National primary 
drinking water 
regulations  

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 
Subparts B and 
G 

Relevant 
and 
Appropriate 

Establishes MCLs for common 
organic and inorganic contaminants 
applicable to public drinking water 
supplies.  Used as relevant and 
appropriate standards for aquifers and 
surface water bodies that are potential 
drinking water sources. 

MCLs were considered in development of 
PRGs. Outside of the compliance boundary of 
the waste management area, PRGs would be 
met through natural attenuation. LUCs within the 
compliance boundary of the waste management 
area will prevent use of contaminated 
groundwater that exceeds these standards. 

Safe Drinking Water 
Act; National primary 
drinking water 
regulations  

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 
Subpart F 

Relevant 
and 
Appropriate 
for non-zero 
MCLGs only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.   Outside of the 
compliance boundary of the waste management 
area, PRGs would be met through natural 
attenuation. LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

Health Advisories (EPA 
Office of Drinking 
Water) 

 To Be 
Considered 

Health Advisories are estimates of 
risk due to consumption of 
contaminated drinking water; they 
consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that may 
be used for drinking water.  The risk-
based standard for manganese is 0.3 
mg/L. 

Health Advisory was considered in development 
of PRG for manganese. Outside of the 
compliance boundary of the waste management 
area, PRG would be met through natural 
attenuation.   LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

EPA Carcinogenicity 
Slope Factor 

 To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in groundwater for 
COCs without MCLs, non-zero MCLGs, or 
Health Advisory values.  Outside of the 
compliance boundary of the waste management 
area, PRG would be met through natural 
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information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

attenuation.   LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

EPA Risk Reference 
Dose (RfDs) 

 To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in groundwater for 
COCs without MCLs, non-zero MCLGs, or 
Health Advisory values.  Outside of the 
compliance boundary of the waste management 
area, PRG would be met through natural 
attenuation.   LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

Guidelines for 
Carcinogen Risk 
Assessment   

EPA/630/P-
03/001F (March 
2005) 

To Be 
Considered  

Guidance for assessing cancer risk.   Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  Outside 
of the compliance boundary of the waste 
management area, PRG would be met through 
natural attenuation.   LUCs within the 
compliance boundary of the waste management 
area will prevent use of contaminated 
groundwater that exceeds these standards. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure to 
Carcinogens  

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children.   

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.  
Outside of the compliance boundary of the 
waste management area, PRG would be met 
through natural attenuation.  LUCs within the 
compliance boundary of the waste management 
area will prevent use of contaminated 
groundwater that exceeds these standards. 
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State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 

Code of Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-01- 
93, sections 
8.01 and 8.03 

Applicable These regulations set remediation 
standards for groundwater at NPL 
sites when they are more stringent 
than federal standards. 

These standards were used to develop 
groundwater PRGs.  Outside of the compliance 
boundary of the waste management area, PRG 
would be met through natural attenuation.  
LUCs within the compliance boundary of the 
waste management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 
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Federal     

Floodplain Management 
and Protection of Wetlands  

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use.  

During the remedial design stage the 
effects of installing and maintaining 
monitoring wells on federal 
jurisdictional wetlands will be 
evaluated.   All practicable means will 
be used to minimize harm to the 
wetlands. Wetlands disturbed by well 
installation and maintenance will be 
mitigated in accordance with 
requirements.  Public comment will be 
solicited in the Proposed Plan.  

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for Specification 
of Disposal Sites for 
Dredged or Fill Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will 
only occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated. Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Alternatives may involve discharge of 
dredged material and/or excavation.  
Installation or maintenance of 
monitoring wells that include dredging 
or filling in wetlands will be 
implemented to meet these 
requirements, including mitigation of 
altered wetland/aquatic resource as 
required.    
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State     

Fresh Water Wetlands Act RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water 
Wetlands Act;  
DEM Rules 
And 
Regulations 
Governing the 
Administration 
and 
Enforcement of 
the Fresh 
Water 
Wetlands Act 
(Dec. 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland.  Also 
establishes standards for land within 
50 feet of the edge of a state-
regulated wetlands. 

Injection well installation, injection, 
and monitoring activities will be 
conducted to minimize the 
disturbance of state jurisdictional 
wetland and perimeter wetland. 
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Federal     

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f et 
seq.; 40 C.F.R. 
141, Subparts B 
and G 

Relevant and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable 
to public drinking water supplies.  Used 
as relevant and appropriate standards 
for aquifers and surface water bodies 
that are potential drinking water 
sources. 

The MCLs will be used to develop 
performance standards for monitoring 
the compliance boundary for the waste 
management area established where 
contamination is left in place under a 
cover.  Exceedances of these standards 
within the compliance boundary will be 
addressed by LUCs. 

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f et 
seq.; 40 C.F.R. 
141, Subpart F 

Relevant and 
Appropriate for 
non-zero MCLGs 
only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

The non-zero MCLGs will be used to 
develop performance standards for 
monitoring the compliance boundary for 
the waste management area 
established where contamination is left 
in place under a cover.  Exceedances of 
these standards within the compliance 
boundary will be addressed by LUCs. 

Health Advisories (EPA 
Office of Drinking Water) 

 To Be Considered Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based 
standard for manganese is 0.3 mg/L. 

The Health Advisory for manganese will 
be used to develop performance 
standards for monitoring the compliance 
boundary for the waste management 
area established where contamination is 
left in place under a cover.  
Exceedances of these standards 
(particularly for manganese) within the 
compliance boundary will be addressed 
by LUCs. 

Use of Monitored Natural 
Attenuation at Superfund, 
RCRA 
Corrective Action, and 

OSWER Directive 
9200.4-17P 
(April 21, 1999) 
 

To Be 
Considered 
 

EPA guidance regarding the use of 
monitored natural attenuation for the 
cleanup of contaminated soil and 
groundwater. In particular, a reasonable 

This guidance will be used to determine 
success of monitored natural 
attenuation component of any 
alternative to attain all groundwater 
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Underground Storage Tank 
Sites 
 

time frame for achieving cleanup 
standard through monitored attenuation 
would be comparable to that which 
could be achieved through active 
restoration. 

cleanup standards within a reasonable 
time frame. 

EPA Groundwater Protection 
Strategy (August 1984); NCP 
Preamble; Guidelines for 
Ground-Water Classification 
(November 1986) 

Federal Register 
Vol 55, No. 46, 
March 8, 1990, 
p. 8733 (NCP 
Preamble) 

To Be Considered The Groundwater Protection Strategy 
provides a common reference for 
preserving clean groundwater and 
protecting the public health against the 
effects of past contamination. 
Guidelines for consistency in 
groundwater protection programs focus 
on the highest beneficial use of a 
groundwater aquifer and define three 
classes of groundwater.  These 
documents defined Class I, II and III 
groundwaters. 

Under federal standards, groundwater 
within the Site is considered a potential 
drinking water source except within the 
compliance boundary of any waste 
management area established under the 
soil or sediment alternatives; therefore, 
groundwater must achieve federal 
drinking water and risk-based standards 
or more stringent State groundwater 
standards outside of the compliance 
boundary. Groundwater use restrictions 
outside of the compliance boundary will 
be maintained until these standards are 
achieved.  Inside of the compliance 
boundary groundwater use restrictions 
will be in effect for as long as the waste 
management area remains in place.  
Groundwater monitoring using these 
standards will be used to make sure 
groundwater exceeding these standards 
does not migrate beyond the 
compliance boundary. Exceedances of 
these standards within the compliance 
boundary is a basis for establishing 
prohibitions on the use of groundwater 
within the compliance boundary.  An 
additional buffer zone beyond the 
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compliance boundary to prevent 
groundwater wells from being installed 
that would draw contaminated 
groundwater beyond the compliance 
boundary may also be established, if 
required. 

State     

Standards for Identification 
and Listing of Hazardous 
Waste 

Rules and 
Regulations for 
Hazardous Waste 
Management, 
Rhode Island 
General Laws 
(RIGL) 23-19 et 
seq,, Code of 
Rhode Island 
Rules (CRIR) 12-
030-003 Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations to well installation 
and monitoring well sampling IDW when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Standards for Generators of 
Hazardous Waste 

Rules and 
Regulations for 
Hazardous Waste 
Management, 
RIGL 23-19 et 
seq,, CRIR 12-
030-003 Rule 5.0 

Applicable Establishes manifesting, pre-transport, 
and recordkeeping requirements for 
hazardous waste. 

These regulations would apply to well 
installation and monitoring well sampling 
IDW, if hazardous. 

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.1.08 
(a) (8) 

Relevant and 
Appropriate 

Contains requirements for construction 
of monitoring wells to monitor a solid 
waste landfill. 

The substantive requirements of this 
section of the regulations will be met for 
construction of new monitoring wells 
and maintenance of all monitoring wells. 
 

Rhode Island Solid Waste DEM OWM- Relevant and Contains requirements for monitoring The substantive requirements of this 
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Regulations – Long-term 
Monitoring 

SW0401, 2.1.08 
(c) 

Appropriate  wells. section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site, including 
monitoring for soil contamination left in 
place.  Groundwater monitoring for 
alternatives for all media will be 
addressed through a monitoring 
program under the selected 
groundwater alternative. 

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.3.11 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site, including 
monitoring for soil contamination left in 
place.  Groundwater monitoring for 
alternatives for all media will be 
addressed through a monitoring 
program under the selected 
groundwater alternative. 

Rules and Regulations for 
Groundwater Quality 

RIGL Ch. 46-12, 
Section 46-12-2; 
Ch. 46-13.1, Ch. 
23-18.9, Sec. 23-
18-9.1; DEM 
Rules and 
Regulations for 
Groundwater 
Quality (March 
2005), Appendix 1

Applicable 
 

Identifies the standards and 
specification that must be followed for 
the installation or abandonment of 
monitoring wells. 

Wells installed for monitoring will be 
installed and abandoned according to 
these standards. 
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Federal     
Safe Drinking Water 
Act; National primary 
drinking water 
regulations  

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 
Subparts B and 
G 

Relevant 
and 
Appropriate 

Establishes MCLs for common 
organic and inorganic contaminants 
applicable to public drinking water 
supplies.  Used as relevant and 
appropriate standards for aquifers and 
surface water bodies that are potential 
drinking water sources. 

MCLs were considered in development of 
PRGs. Outside of the compliance boundary of 
the waste management area, PRGs would be 
met through bioremediation and natural 
attenuation. LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

Safe Drinking Water 
Act; National primary 
drinking water 
regulations  

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 
Subpart F 

Relevant 
and 
Appropriate 
for non-zero 
MCLGs only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.   Outside of the 
compliance boundary of the waste management 
area, PRGs would be met through 
bioremediation and natural attenuation. LUCs 
within the compliance boundary of the waste 
management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

Health Advisories (EPA 
Office of Drinking 
Water) 

 To Be 
Considered 

Health Advisories are estimates of 
risk due to consumption of 
contaminated drinking water; they 
consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that may 
be used for drinking water.  The risk-
based standard for manganese is 0.3 
mg/L. 

Health Advisory was considered in development 
of PRG for manganese. Outside of the 
compliance boundary of the waste management 
area, PRG would be met through natural 
attenuation.   LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

EPA Carcinogenicity 
Slope Factor 

 To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in groundwater for 
COCs without MCLs, non-zero MCLGs, or 
Health Advisory values.  Outside of the 
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assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

compliance boundary of the waste management 
area, PRG would be met through bioremediation 
and natural attenuation.   LUCs within the 
compliance boundary of the waste management 
area will prevent use of contaminated 
groundwater that exceeds these standards. 

EPA Risk Reference 
Dose (RfDs) 

 To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in groundwater for 
COCs without MCLs, non-zero MCLGs, or 
Health Advisory values.  Outside of the 
compliance boundary of the waste management 
area, PRG would be met through bioremediation 
and natural attenuation.   LUCs within the 
compliance boundary of the waste management 
area will prevent use of contaminated 
groundwater that exceeds these standards. 

Guidelines for 
Carcinogen Risk 
Assessment   

EPA/630/P-
03/001F (March 
2005) 

To Be 
Considered  

Guidance for assessing cancer risk.   Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  Outside 
of the compliance boundary of the waste 
management area, PRG would be met through 
bioremediation and natural attenuation.   LUCs 
within the compliance boundary of the waste 
management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure to 

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children.   

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.  
Outside of the compliance boundary of the 
waste management area, PRG would be met 
through bioremediation and natural attenuation. 
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Carcinogens   LUCs within the compliance boundary of the 
waste management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 

Code of Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-01- 
93, sections 
8.01 and 8.03 

Applicable These regulations set remediation 
standards for groundwater at NPL 
sites when they are more stringent 
than federal standards. 

These standards were used to develop 
groundwater PRGs.  Outside of the compliance 
boundary of the waste management area, PRG 
would be met through bioremediation and 
natural attenuation.  LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 
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Federal     

Floodplain Management 
and Protection of Wetlands  

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use.  

During the remedial design stage the 
effects of installing and maintaining 
monitoring wells on federal 
jurisdictional wetlands will be 
evaluated.   All practicable means will 
be used to minimize harm to the 
wetlands. Wetlands disturbed by well 
installation and maintenance will be 
mitigated in accordance with 
requirements.  Public comment will be 
solicited in the Proposed Plan.  

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for Specification 
of Disposal Sites for 
Dredged or Fill Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will 
only occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated.  Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Alternatives may involve discharge of 
dredged material and/or excavation.  
Installation or maintenance of 
monitoring wells that include dredging 
or filling in wetlands will be 
implemented to meet these 
requirements, including mitigation of 
altered wetland/aquatic resource as 
required.    
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State     

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water 
Wetlands Act;  
DEM Rules 
And 
Regulations 
Governing the 
Administration 
and 
Enforcement of 
the Fresh 
Water 
Wetlands Act 
(Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland.  Also 
establishes standards for land within 
50 feet of the edge of a state-
regulated wetlands. 

Injection well installation, injection, and 
monitoring activities will be conducted 
to minimize the disturbance of state 
jurisdictional wetland and perimeter 
wetland. 
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Federal     

Underground Injection 
Control (UIC) 

40 CFR 144,146, 
and 147.2000 

Applicable These regulations address the 
discharge of wastes, chemicals or other 
substances into the subsurface. The 
federal UIC program designates 
injection wells incidental to aquifer 
remediation as Class V wells.  

These regulations apply underground 
injection of electron donor substrate. 

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subparts B 
and G 

Relevant and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable 
to public drinking water supplies.  Used 
as relevant and appropriate standards 
for aquifers and surface water bodies 
that are potential drinking water 
sources. 

The MCLs will be used to develop 
performance standards for monitoring 
the compliance boundary for the waste 
management area established where 
contamination is left in place under a 
cover.  Exceedances of these standards 
within the compliance boundary will be 
addressed by LUCs. 

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subpart F 

Relevant and 
Appropriate for 
non-zero MCLGs 
only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

The non-zero MCLGs will be used to 
develop performance standards for 
monitoring the compliance boundary for 
the waste management area 
established where contamination is left 
in place under a cover.  Exceedances of 
these standards within the compliance 
boundary will be addressed by LUCs. 

Health Advisories (EPA 
Office of Drinking Water) 

 To Be Considered Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based 
standard for manganese is 0.3 mg/L. 

The Health Advisory for manganese will 
be used to develop performance 
standards for monitoring the compliance 
boundary for the waste management 
area established where contamination is 
left in place under a cover.  
Exceedances of these standards 
(particularly for manganese) within the 
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compliance boundary will be addressed 
by LUCs. 

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

OSWER Directive 
9200.4-17P 
(April 21, 1999) 
 

To Be 
Considered 
 

EPA guidance regarding the use of 
monitored natural attenuation for the 
cleanup of contaminated soil and 
groundwater. In particular, a reasonable 
time frame for achieving cleanup 
standard though monitored attenuation 
would be comparable to that which 
could be achieved through active 
restoration. 

Bioremediation and MNA can attain 
federal drinking water and risk 
standards as defined by this guidance 
within a reasonable time frame outside 
of the compliance boundary for the 
waste management area. 

EPA Groundwater Protection 
Strategy (August 1984); NCP 
Preamble; Guidelines for 
Ground-Water Classification 
(November 1986) 

Federal Register 
Vol 55, No. 46, 
March 8, 1990, 
p. 8733 (NCP 
Preamble) 

To Be Considered The Groundwater Protection Strategy 
provides a common reference for 
preserving clean groundwater and 
protecting the public health against the 
effects of past contamination. 
Guidelines for consistency in 
groundwater protection programs focus 
on the highest beneficial use of a 
groundwater aquifer and define three 
classes of groundwater.  These 
documents defined Class I, II and III 
groundwaters. 

Under federal standards, groundwater 
within the Site is considered a potential 
drinking water source except within the 
compliance boundary of any waste 
management area established under the 
soil or sediment alternatives; therefore, 
groundwater must achieve federal 
drinking water and risk-based standards 
or more stringent State groundwater 
standards outside of the compliance 
boundary.  Groundwater use restrictions 
outside of the compliance boundary will 
be maintained until these standards are 
achieved.  Inside of the compliance 
boundary groundwater use restrictions 
will be in effect for as long as the waste 
management area remains in place.  
Groundwater monitoring using these 
standards will be used to make sure 
groundwater exceeding these standards 
does not migrate beyond the 
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compliance boundary.  Exceedances of 
these standards within the compliance 
boundary is a basis for establishing 
prohibitions on the use of groundwater 
within the compliance boundary.  An 
additional buffer zone beyond the 
compliance boundary to prevent 
groundwater wells from being installed 
that would draw contaminated 
groundwater beyond the compliance 
boundary may also be established, if 
required. 

State     

Standards for Identification 
and Listing of Hazardous 
Waste 

Rules and 
Regulations for 
Hazardous Waste 
Management, 
Rhode Island 
General Laws 
(RIGL)  23-19 et 
seq,, Code of 
Rhode Island 
Rules (CRIR) 12-
030-003 Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 
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State (Continued)     

Standards for Generators of 
Hazardous Waste 

Rules and 
Regulations for 
Hazardous Waste 
Management, 
RIGL 23-19 et 
seq,, CRIR 12-
030-003 Rule 5.0 

Applicable Establishes manifesting, pre-transport, 
and recordkeeping requirements for 
hazardous waste. 

These regulations would apply to well 
installation and monitoring well sampling 
IDW, if hazardous. 

Injection Control Regulations Underground 
Injection Control 
Program Rules 
and Regulations; 
RIGL Ch. 46-12, 
46-13.1; DEM 
Underground 
Injection Control 
Program Rules 
and Regulations 
(May 1984) 

Applicable Establishes a State Underground 
Injection Control Program consistent 
with federal requirements to preserve 
the quality of the groundwater of the 
state. 

These regulations apply underground 
injection of electron donor substrate.  

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.1.08 
(a) (8) 

Relevant and 
Appropriate 

Contains requirements for construction 
of monitoring wells to monitor a solid 
waste landfill. 

The substantive requirements of this 
section of the regulations will be met for 
construction of new monitoring wells 
and maintenance of all monitoring wells.
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Rhode Island Solid Waste 
Regulations – Long-term 
Monitoring 

DEM OWM-
SW0401, 2.1.08 
(c) 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site, including 
monitoring for soil contamination left in 
place.  Groundwater monitoring for 
alternatives for all media will be 
addressed through a monitoring 
program under the selected 
groundwater alternative. 

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.3.11 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site, including 
monitoring for soil contamination left in 
place.  Groundwater monitoring for 
alternatives for all media will be 
addressed through a monitoring 
program under the selected 
groundwater alternative. 
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Rules and Regulations for 
Groundwater Quality 

RIGL Ch. 46-12, 
Section 46-12-2; 
Ch. 46-13.1, Ch. 
23-18.9, Sec. 23-
18-9.1; DEM 
Rules and 
Regulations for 
Groundwater 
Quality (March 
2005), 
Appendix 1 

Applicable 
 

Identifies the standards and 
specification that must be followed for 
the installation or abandonment of 
monitoring wells. 

Wells installed for monitoring and in-situ 
treatment will be installed and 
abandoned according to these 
standards. 
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Federal     
Safe Drinking Water 
Act; National primary 
drinking water 
regulations  

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 
Subparts B and 
G 

Relevant 
and 
Appropriate 

Establishes MCLs for common 
organic and inorganic contaminants 
applicable to public drinking water 
supplies.  Used as relevant and 
appropriate standards for aquifers and 
surface water bodies that are potential 
drinking water sources. 

MCLs were considered in development of 
PRGs.   Outside of the compliance boundary of 
the waste management area, PRGs would be 
met through chemical oxidation and natural 
attenuation. LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

Safe Drinking Water 
Act; National primary 
drinking water 
regulations  

42 U.S.C. §300f 
et seq.; 40 
C.F.R. 141, 
Subpart F 

Relevant 
and 
Appropriate 
for non-zero 
MCLGs only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.   Outside of the 
compliance boundary of the waste management 
area, PRGs would be met through chemical 
oxidation and natural attenuation. LUCs within 
the compliance boundary of the waste 
management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

Health Advisories (EPA 
Office of Drinking 
Water) 

 To Be 
Considered 

Health Advisories are estimates of 
risk due to consumption of 
contaminated drinking water; they 
consider non-carcinogenic effects 
only.  To be considered for 
contaminants in groundwater that may 
be used for drinking water.  The risk-
based standard for manganese is 0.3 
mg/L. 

Health Advisory was considered in development 
of PRG for manganese. Outside of the 
compliance boundary of the waste management 
area, PRG would be met through natural 
attenuation.   LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

EPA Carcinogenicity 
Slope Factor 

 To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in groundwater for 
COCs without MCLs, non-zero MCLGs, or 
Health Advisory values.  Outside of the 
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assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

compliance boundary of the waste management 
area, PRG would be met through chemical 
oxidation and natural attenuation.   LUCs within 
the compliance boundary of the waste 
management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

EPA Risk Reference 
Dose (RfDs) 

 To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to compute the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in groundwater for 
COCs without MCLs, non-zero MCLGs, or 
Health Advisory values.  Outside of the 
compliance boundary of the waste management 
area, PRG would be met through chemical 
oxidation and natural attenuation.   LUCs within 
the compliance boundary of the waste 
management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

Guidelines for 
Carcinogen Risk 
Assessment   

EPA/630/P-
03/001F 
(March 2005) 

To Be 
Considered  

Guidance for assessing cancer risk.   Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  Outside 
of the compliance boundary of the waste 
management area, PRG would be met through 
chemical oxidation and natural attenuation.   
LUCs within the compliance boundary of the 
waste management area will prevent use of 
contaminated groundwater that exceeds these 
standards. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 

EPA/630/R-
03/003F 
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children.   

Used to calculate potential carcinogenic risks to 
children caused by exposure to contaminants.  
Outside of the compliance boundary of the 
waste management area, PRG would be met 
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Early-Life Exposure to 
Carcinogens  

through chemical oxidation and natural 
attenuation.  LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 

State     
Rules and Regulations 
for the Investigation 
and Remediation of 
Hazardous Material 
Releases (Short Title: 
Remediation 
Regulations) 

Code of Rhode 
Island Rules 
(CRIR) 
12-180-001; 
DEM-DSR-01- 
93, sections 
8.01 and 8.03 

Applicable These regulations set remediation 
standards for groundwater at NPL 
sites when they are more stringent 
than federal standards. 

These standards were used to develop 
groundwater PRGs.  Outside of the compliance 
boundary of the waste management area, PRG 
would be met through chemical oxidation and 
natural attenuation.  LUCs within the compliance 
boundary of the waste management area will 
prevent use of contaminated groundwater that 
exceeds these standards. 
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Federal     

Floodplain Management 
and Protection of Wetlands  

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use. 

During the remedial design stage the 
effects of installing and maintaining 
monitoring wells on federal 
jurisdictional wetlands will be 
evaluated.   All practicable means will 
be used to minimize harm to the 
wetlands. Wetlands disturbed by well 
installation and maintenance will be 
mitigated in accordance with 
requirements.  Public comment will be 
solicited in the Proposed Plan.  

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for Specification 
of Disposal Sites for 
Dredged or Fill Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will 
only occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated. Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Alternatives may involve discharge of 
dredged material and/or excavation.  
Installation or maintenance of 
monitoring wells that include dredging 
or filling in wetlands will be 
implemented to meet these 
requirements, including mitigation of 
altered wetland/aquatic resource as 
required.    
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State     

Fresh Water Wetlands Act RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water 
Wetlands Act;  
DEM Rules 
And 
Regulations 
Governing the 
Administration 
and 
Enforcement of 
the Fresh 
Water 
Wetlands Act 
(Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland.  Also 
establishes standards for land within 
50 feet of the edge of a state-
regulated wetlands. 

Injection well installation, injection, 
and monitoring activities will be 
conducted to minimize the 
disturbance of state jurisdictional 
wetland and perimeter wetland. 
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Federal     

Underground Injection 
Control (UIC) 

40 CFR 144,146, 
and 147.2000 

Applicable These regulations address the 
discharge of wastes, chemicals or other 
substances into the subsurface. The 
federal UIC program designates 
injection wells incidental to aquifer 
remediation as Class V wells.  

These regulations apply underground 
injection of oxidizing chemical. 

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subparts B 
and G 

Relevant and 
Appropriate 

Establishes MCLs for common organic 
and inorganic contaminants applicable 
to public drinking water supplies.  Used 
as relevant and appropriate standards 
for aquifers and surface water bodies 
that are potential drinking water 
sources. 

The MCLs will be used to develop 
performance standards for monitoring 
the compliance boundary for the waste 
management area established where 
contamination is left in place under a 
cover.  Exceedances of these standards 
within the compliance boundary will be 
addressed by LUCs. 

Safe Drinking Water Act; 
National primary drinking 
water regulations  

42 U.S.C. §300f 
et seq.; 40 C.F.R. 
141, Subpart F 

Relevant and 
Appropriate for 
non-zero MCLGs 
only 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

The non-zero MCLGs will be used to 
develop performance standards for 
monitoring the compliance boundary for 
the waste management area 
established where contamination is left 
in place under a cover.  Exceedances of 
these standards within the compliance 
boundary will be addressed by LUCs. 

Health Advisories (EPA 
Office of Drinking Water) 

 To Be Considered Health Advisories are estimates of risk 
due to consumption of contaminated 
drinking water; they consider non-
carcinogenic effects only.  To be 
considered for contaminants in 
groundwater that may be used for 
drinking water.  The risk-based 
standard for manganese is 0.3 mg/L. 

The Health Advisory for manganese will 
be used to develop performance 
standards for monitoring the compliance 
boundary for the waste management 
area established where contamination is 
left in place under a cover.  
Exceedances of these standards 
(particularly for manganese) within the 
compliance boundary will be addressed 
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by LUCs. 

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

OSWER Directive 
9200.4-17P 
(April 21, 1999) 
 

To Be 
Considered 
 

EPA guidance regarding the use of 
monitored natural attenuation for the 
cleanup of contaminated soil and 
groundwater. In particular, a reasonable 
time frame for achieving cleanup 
standard though monitored attenuation 
would be comparable to that which 
could be achieved through active 
restoration. 

Chemical oxidation and MNA can attain 
federal drinking water and risk 
standards as defined by this guidance 
within a reasonable time frame outside 
of the compliance boundary for the 
waste management area. 

EPA Groundwater Protection 
Strategy (August 1984); NCP 
Preamble; Guidelines for 
Ground-Water Classification 
(November 1986) 

Federal Register 
Vol 55, No. 46, 
March 8, 1990, 
p. 8733 (NCP 
Preamble) 

To Be Considered The Groundwater Protection Strategy 
provides a common reference for 
preserving clean groundwater and 
protecting the public health against the 
effects of past contamination. 
Guidelines for consistency in 
groundwater protection programs focus 
on the highest beneficial use of a 
groundwater aquifer and define three 
classes of groundwater.  These 
documents defined Class I, II and III 
groundwaters. 

Under federal standards, groundwater 
within the Site is considered a potential 
drinking water source source except 
within the compliance boundary of any 
waste management area established 
under the soil or sediment alternatives; 
therefore, groundwater must achieve 
federal drinking water and risk-based 
standards or more stringent State 
groundwater standards outside of the 
compliance boundary.  Groundwater 
use restrictions outside of the 
compliance boundary will be maintained 
until these standards are achieved.  
Inside of the compliance boundary 
groundwater use restrictions will be in 
effect for as long as the waste 
management area remains in place.  
Groundwater monitoring using these 
standards will be used to make sure 
groundwater exceeding these standards 
does not migrate beyond the 
compliance boundary.  Exceedances of 
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these standards within the compliance 
boundary is a basis for establishing 
prohibitions on the use of groundwater 
within the compliance boundary.  An 
additional buffer zone beyond the 
compliance boundary to prevent 
groundwater wells from being installed 
that would draw contaminated 
groundwater beyond the compliance 
boundary may also be established, if 
required. 

State     

Standards for Identification 
and Listing of Hazardous 
Waste 

Rules and 
Regulations for 
Hazardous Waste 
Management, 
Rhode Island 
General Laws 
(RIGL)   
23-19 et seq,, 
Code of Rhode 
Island Rules 
(CRIR) 
12-030-003 
Rule 5.8  

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Standards for Generators of 
Hazardous Waste 

Rules and 
Regulations for 
Hazardous Waste 
Management, 
RIGL 23-19 et 
seq,, CRIR 12-
030-003 Rule 5.0 

Applicable Establishes manifesting, pre-transport, 
and recordkeeping requirements for 
hazardous waste. 

These regulations would apply to well 
installation and monitoring well sampling 
IDW, if hazardous. 
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Injection Control Regulations Underground 
Injection Control 
Program Rules 
and Regulations; 
RIGL Ch. 46-12, 
46-13.1; DEM 
Underground 
Injection Control 
Program Rules 
and Regulations 
(May 1984) 

Applicable Establishes a State Underground 
Injection Control Program consistent 
with federal requirements to preserve 
the quality of the groundwater of the 
state. 

These regulations apply underground 
injection of oxidizing chemical.  

Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.1.08 
(a) (8) 

Relevant and 
Appropriate 

Contains requirements for construction 
of monitoring wells to monitor a solid 
waste landfill. 

The substantive requirements of this 
section of the regulations will be met for 
construction of new monitoring wells 
and maintenance of all monitoring wells.

Rhode Island Solid Waste 
Regulations – Long-term 
Monitoring 

DEM OWM-
SW0401, 2.1.08 
(c) 

Relevant and 
Appropriate  

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site, including 
monitoring for soil contamination left in 
place.  Groundwater monitoring for 
alternatives for all media will be 
addressed through a monitoring 
program under the selected 
groundwater alternative. 
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Rhode Island Solid Waste 
Regulations  - Monitoring 
Wells 

DEM OWM-
SW0401, 2.3.11 

Relevant and 
Appropriate 

Contains requirements for monitoring 
wells. 

The substantive requirements of this 
section of the regulations will be met by 
maintaining monitoring wells for the 
purpose of monitoring groundwater 
conditions at the site, including 
monitoring for soil contamination left in 
place.  Groundwater monitoring for 
alternatives for all media will be 
addressed through a monitoring 
program under the selected 
groundwater alternative. 

Rules and Regulations for 
Groundwater Quality 

RIGL Ch. 46-12, 
Section 46-12-2; 
Ch. 46-13.1, Ch. 
23-18.9, Sec. 23-
18-9.1; DEM 
Rules and 
Regulations for 
Groundwater 
Quality (March 
2005), 
Appendix 1 

Applicable 
 

Identifies the standards and 
specification that must be followed for 
the installation or abandonment of 
monitoring wells. 

Wells installed for monitoring and in-situ 
treatment will be installed and 
abandoned according to these 
standards. 
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Criteria 
Alternative GW1 

No Action 

Alternative GW2 
Monitored Natural Attenuation (MNA), 

and Land Use Controls (LUCs) 

Alternative GW3 
In-Situ Enhanced Bioremediation, 

MNA, and LUCs 

Alternative GW4  
In-Situ Chemical Oxidation, MNA, 

and LUCs 

Human Health Protection 

Not protective.  No 
reduction in the 
identified 
unacceptable risk. 

Provides high level of protection, 
although chemicals of concern (COCs) 
would persist for longest longer 
timeframe than GW3 and GW4.  
Groundwater risks are limited to a 
hypothetical (unplanned) future use 
(residential); therefore, GW2 is 
consistent with current and planned 
future land use (industrial). 

Provides high level of protection.  Treats 
the areas with high concentrations of 
chlorinated solvents in timeframe in 
between that of GW2 and GW4. 

Provides highest level of protection. 
Treats the areas with high 
concentrations of chlorinated solvents 
potentially in the shortest amount of 
time. 

Environmental Protection 

No unacceptable 
ecological risks were 
identified for 
groundwater. 

No unacceptable ecological risks were 
identified for groundwater. 

No unacceptable ecological risks were 
identified for groundwater. 

No unacceptable ecological risks were 
identified for groundwater. 

Compliance with Chemical-
Specific Applicable or 
Relevant and Appropriate 
Requirements (ARARs) 

Would not comply. Complies.  Complies.  Complies. 

Compliance with Location-
Specific ARARs 

Not applicable 
Will comply with location-specific ARARs 
during and following construction. 

Will comply with location-specific ARARs 
during and following construction. 

Will comply with location-specific 
ARARs during and following 
construction. 

Compliance with Action-
Specific ARARs 

Not applicable 
Will comply with action-specific ARARs 
during construction. 

Will comply with action-specific ARARs 
during construction. 

Will comply with action-specific 
ARARs during construction. 
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Alternative GW1 

No Action 

Alternative GW2 
Monitored Natural Attenuation (MNA), 

and Land Use Controls (LUCs) 

Alternative GW3 
In-Situ Enhanced Bioremediation, 

MNA, and LUCs 

Alternative GW4  
In-Situ Chemical Oxidation, MNA, 

and LUCs 

Magnitude of Residual Risk 
Will not meet either 
RIDEM or EPA risk 
target levels. 

Will reduce concentrations of, or prevent 
contact with COCs that cause a 
cumulative cancer risk greater than 
1x10-5 and a Hazard Index (HI) greater 
than 1.0.  Risk following implementation 
will be less than the target cumulative 
cancer risk of 1x10-5 and HI of 1.0. 

Will reduce COC concentrations that 
cause a cumulative cancer risk greater 
than 1x10-5 and a HI greater than 1.0.  
Risk following implementation will be 
less than the target cumulative cancer 
risk of  1x10-5 and HI of 1.0. 

Will reduce COC concentrations that 
cause a cumulative cancer risk greater 
than 1x10-5 and a HI greater than 1.0.  
Risk following implementation will be 
less than the target cumulative cancer 
risk of  1x10-5 and HI of 1.0. 

Need for 5-Year Review Required Required Required Required 

Need for Long-Term 
Management 

Not applicable 

LUCs must be maintained and 
monitoring/inspection programs must be 
periodically performed until PRGs are 
achieved. 

LUCs must be maintained and 
monitoring/inspection programs must be 
periodically performed until PRGs are 
achieved. 

LUCs must be maintained and 
monitoring/inspection programs must 
be periodically performed until PRGs 
are achieved. 

Adequacy and Reliability of 
Controls 

Not applicable 

With LUCs and periodic maintenance the 
remedy provides a good level of 
reliability of residual management.  
Controls are adequate and reliable. 

With LUCs and periodic maintenance the 
remedy provides a good level of 
reliability of residual management.  
Controls are adequate and reliable. 

With LUCs and periodic maintenance 
the remedy provides a good level of 
reliability of residual management.  
Controls are adequate and reliable. 

Amount Destroyed or 
Treated 

Only via natural 
attenation (would not 
be verified) 

COCs would be reduced to PRGs via 
natural attenuation processes alone. 

Bioremediation will actively degrade 
organic COCs in target treatment zones 
(TTZ).  Residual COCs would be 
reduced to PRGs via natural attenuation 
processes which may be enhanced by 
the implemented modifications to the 
plume geochemistry. 

Will chemically reduce organic COC 
concentrations in the TTZ.  Residual 
COCs would be reduced to PRGs via 
natural attenuation processes.  ISCO 
may reduce microbial populations 
needed to support natural attenuation. 

Reduction in Toxicity, 
Mobility, and Volume 
through Treatment 

None None (passive remediation only) 

Toxicity, mobility, and volume would be 
reduced through a combination of active 
treatment of the highest organic COC 
concentrations and natural attenuation of 
the residual plume. 

Toxicity, mobility, and volume would 
be reduced through a combination of 
active treatment of the highest organic 
COC concentrations and natural 
attenuation of the residual plume. 

Degree to which Treatment 
Is Irreversible 

No active treatment 

Completely irreversible for chlorinated 
ethenes and ethanes.  Immobilized 
metals might be mobilized again if 
geochemical conditions change. 

Completely irreversible for chlorinated 
ethenes and ethanes.  Immobilized 
metals might be mobilized again if 
geochemical conditions change. 

Completely irreversible for chlorinated 
ethenes and ethanes.  Immobilized 
metals might be mobilized again if 
geochemical conditions change. 
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Criteria 
Alternative GW1 

No Action 

Alternative GW2 
Monitored Natural Attenuation (MNA), 

and Land Use Controls (LUCs) 

Alternative GW3 
In-Situ Enhanced Bioremediation, 

MNA, and LUCs 

Alternative GW4  
In-Situ Chemical Oxidation, MNA, 

and LUCs 

Type and Quantity of 
Residuals Remaining after 
Treatment 

No active treatment None None None 

Community Protection 
during Implementation 

No risk to the 
community. 

No risk to the community. No risk to the community. 
No risk to the community other than 
the transport of oxidizing agents. 

Worker Protection during 
Implementation 

No active treatment; 
no risk to workers 

PPE required during sampling. 
PPE required during construction, 
injection, and sampling. 

PPE required during construction, 
injection, and sampling. Greatest level 
of PPE required due to the handling of 
the oxidizing agents.  Precautions 
needed around occupied buildings and 
active storage areas. 

Environmental Impacts 
No impact from 
alternative 
implementation 

None  

Impacts from injection of electron-donor 
compound is minimal.  Potential 
transport of electron-donor compound to 
surface water should be minimized (low 
risk). 

Impacts from injection of chemical 
oxidizer is minimal. Potential transport 
of oxidizing agents to surface water 
should be minimized (moderate risk). 

Time until Remedial Action 
Objectives Achieved (from 
project start) 

Would not be 
achieved 

35 to 50 years for CVOCs plus 10-15 
years for metals 

15 to 35 years for CVOCs plus 10-15 
years for metals 

5 to 30 years for CVOCs plus 10-15 
years for metals 

Ability to Construct and 
Operate the Technology 

No construction 
activities 

Greatest implementability.  Monitoring 
well network is already in-place.  
Contractors, equipment, and materials 
are readily available.  Least amount of 
disturbance to the ongoing facility 
operations. 

Implementable.  Contractors, equipment, 
and materials are readily available.  
Operation in fractured bedrock would 
present some difficulties (achieving 
sufficient contact with COCs). 

Least implementable.  Contractors, 
equipment, and materials are 
available. Operation in fractured 
bedrock would present some 
difficulties (achieving sufficient contact 
with COCs).  Requires greatest 
coordination to avoid disrupting 
ongoing facility operations. 

Reliability of the Technology No treatment Proven and reliable 
Proven and reliable.  Some difficulty to 
be expected for distributing substrate 
into fractured bedrock. 

Proven and reliable. Some difficulty to 
be expected for distributing oxidizing 
agent into fractured bedrock. 

Ease of Undertaking 
Additional Remedial 
Actions, if Necessary 

Greatest 
implementability. 

Easily implementable. Easily implementable. 

Implementable although ISCO may 
reduce microbial populations in the 
subsurface needed for MNA or 
bioremediation. 
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Criteria 
Alternative GW1 

No Action 

Alternative GW2 
Monitored Natural Attenuation (MNA), 

and Land Use Controls (LUCs) 

Alternative GW3 
In-Situ Enhanced Bioremediation, 

MNA, and LUCs 

Alternative GW4  
In-Situ Chemical Oxidation, MNA, 

and LUCs 

Ability to Monitor 
Effectiveness of Remedy 

Not applicable 

Easiest to monitor.  Effectiveness of the 
remedy will be monitored through 
periodic sampling of existing and new 
groundwater monitoring wells. 

Effectiveness of the remedy will be 
monitored through periodic sampling of 
existing and new groundwater 
monitoring wells. Additional monitoring of 
substrate distribution/uptake and 
biological activity would be required 

Effectiveness of the remedy will be 
monitored through periodic sampling 
of existing and new groundwater 
monitoring wells.  Additional 
monitoring of oxidant distribution and 
usage would be required. 

Administrative 
Requirements with 
Regulators 

None Expected 

Need to comply with all ARAR 
standards.  LUCs would be required to 
limit future site use for industrial 
purposes. 

Coordination with federal, state, and/or 
base agencies would  be required for 
injection into the subsurface.  Need to 
comply with all ARAR standards. LUCs 
would be required to limit future site use 
for industrial purposes. 

Coordination with federal, state, and/or 
base agencies would be required for 
injection into the subsurface 
(e.g., injection of an oxidizing agent 
near active facility buildings). Need to 
comply with all ARAR standards. 
LUCs would be required to limit future 
site use for industrial purposes. 

Availability of Off-Site 
Disposal 

None required None required Available if needed. Available if needed. 

Availability of Necessary 
Equipment and Specialists 

None required 
Best availability.  Requires less use of 
specialized services than GW3 and 
GW4. 

Available Available 

Availability of Prospective 
Technologies 

None required 
Best availability.   No additional 
specialized equipment would be 
required.  

Available Available 

Capital Costs $0 $16,500 $3,764,000 $3,398,000 

Total Annual Operations 
and Maintenance (O&M) 

$0 
$274,000 (Yr 1) 

$137,000 (Yrs 2 & 3) 
$69,000 (Yrs 4-30) 

$274,000 (Yr 1) 
$137,000 (Yrs 2 & 3) 
$69,000 (Yrs 4-30) 

$274,000 (Yr 1) 
$137,000 (Yrs 2 & 3) 
$69,000 (Yrs 4-30) 

Reinjection $0 $0 $1,536,000 (Yr 2) $1,610,000 (Yr 1) 
30-Year Total Present Worth 
Project Costs 

$0 $1,880,000 $7,104,000 $6,839,000 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs). 

None To Be 
Considered 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

Reference Dose (RfD) None To Be 
Considered 

Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

Guidelines for 
Carcinogen Risk 
Assessment      

EPA/630/P-
03/001F   
(March 2005) 

To Be 
Considered 

Guidance for assessing cancer risk. There are no actions for this alternative.  
Therefore, this TBC is not met. 

Supplemental 
Guidance for 
Assessing 
Susceptibility from 
Early-Life Exposure to 
Carcinogens     

EPA/630/R-
03/003F  
(March 2005) 

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

There are no actions for this alternative.  
Therefore, this TBC is not met. 

Clean Water Act,  
National 
Recommended Water 
Quality Criteria 
(NRWQC)  

33 United 
States Code 
(USC)1251 et 
seq. 

Relevant 
and 
Appropriate 

Guidelines establish NRWQC for the 
protection of human health and/or the 
aquatic organisms. 

There are no actions for this alternative.  
Therefore, this ARAR is not met. 

Probable Effects 
Concentration 
Quotients (PEC-Qs) 

MacDonald, et 
al., 2000 and 
Ingersoll et al., 
2000. 

To Be 
Considered 

Provide guidance values for 
identifying potential risk to ecological 
receptors exposed to contaminated 
sediments.  

There are no actions for this alternative.  
Therefore, this ARAR is not met. 

State     
 

There are no state chemical-specific ARARs 
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR 
Federal 

 
 

There are no federal location-specific ARARs. 
 
 

State 
 
 

There are no state location-specific ARARs 
 
 
 
 
 
 
 
 
 
 
 



 TABLE 6-3  
 

ACTION-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVE SD1 – NO ACTION 

SITE 8 – NUSC DISPOSAL AREA FEASIBILTY STUDY 
NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 

 

W5212801F (081020/P)  CTO WE19  

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal 
 
 

There are no federal action-specific ARARs. 
 
 

State 
 
 

There are no state action-specific ARARs. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Federal     
Probable Effects 
Concentration 
Quotients (PEC-Qs) 

MacDonald, et 
al., 2000 and 
Ingersoll et al., 
2000. 

To Be 
Considered 

Provides guidance values for 
identifying potential risk to ecological 
receptors exposed to contaminated 
sediments.  

Primary basis for evaluating risk to aquatic 
ecological receptors.  This guidance can be 
used to develop PRGs.  

Development and 
Evaluation of 
Consensus-Based 
Sediment Quality 
Guidelines for 
Freshwater 
Ecosystems.  Probable 
Effects Concentrations 
(PECs) (MacDonald et 
al., 2000) 

 To Be 
Considered 

The PEC value is the concentration 
above which the adverse effects on 
sediment-dwelling organisms are 
likely to occur. 

Limited sediment removal and ENR will prevent 
exposure to COCs at concentrations greater 
than PRGs calculated through the use of PECs. 

State     
 
 

There are no state chemical-specific ARARs 
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR
Federal     

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will only 
occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated.  Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Sediment remediation or other 
remedial actions that include 
dredging or filling in wetlands will 
be implemented to meet these 
requirements, including mitigation 
of altered wetland/aquatic 
resource as required.   The Navy 
has determined that this 
alternative is not the Least 
Environmentally Damaging 
Practicable Alternative to protect 
wetland resources because it 
does not provide the best balance 
of addressing contaminated 
sediment within and adjacent to 
wetlands and waterways with 
minimizing both temporary and 
permanent alteration of wetlands 
and aquatic habitats on site.   

Fish and Wildlife 
Coordination Act  

16 U.S.C. §661 
et seq. 

Applicable Requires Federal agencies involved in 
actions that will result in the control of 
structural modification of any stream 
or body of water for any purpose to 
take action to protect fish and wildlife 
resources that may be affected by the 
action. The Navy must coordinate with 
appropriate federal and state resource 
agencies to ascertain the means and 
measures necessary to mitigate, 

Measures to mitigate or 
compensate adverse project 
related impacts to fish and wildlife 
resources will be taken, if 
determined necessary.  The 
appropriate federal and state 
resource agencies will be 
consulted, in particular regarding 
remedial measures for 
contaminated sediment that will 
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR
prevent, and compensate for project 
related losses of fish and wildlife 
resources and to enhance the 
resources.  

impact streams, wetlands, and 
downstream water bodies. 

Floodplain Management 
and Protection of Wetlands  

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use. 

During the Remedial Design 
stage, the effects of sediment 
remedial actions on federal 
jurisdictional wetlands will be 
evaluated.  All practicable means 
will be used to minimize harm to 
the wetlands. Wetlands disturbed 
by sediment remediation will be 
mitigated in accordance with 
requirements.  The flood storage 
capacity of the pond will be 
maintained by combining 
sediment cap construction with 
some sediment dredging.  The 
overall remedy will not adversely 
impact the downstream floodplain 
area as contaminated sediment 
would be contained behind the 
dam.  Public comment will be 
solicited in the Proposed Plan.  

Endangered Species Act  16 U.S.C. 1531 
et seq.; 50 
C.F.R. parts 200 
and 402 

 Relevant and 
Appropriate 

Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.   The 
federally-listed loggerhead turtle and 
Kemps-Ridley turtle occur in the water 
of Narragansett Bay. 

Appropriate federal agencies will 
be consulted to ensure that 
remedial measure taken under 
this alternative will prevent site 
contamination from migrating 
downstream to the Bay.  
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Requirement Citation Status Synopsis of Requirement 
Action to Be Taken to Attain 

ARAR

State     

Rhode Island Endangered 
Species Act  

RIGL 20-37- 
1 et seq. 

Relevant and 
Appropriate 

Regulates activities affecting State-
listed endangered or threatened 
species or their habitat.   The State-
listed loggerhead turtle and Kemps-
Ridley turtle occur in the water of 
Narragansett Bay. 

Appropriate State agencies will 
be consulted to ensure that 
remedial measure taken under 
this alternative will prevent site 
contamination from migrating 
downstream to the Bay.  

Inspection of Dams and 
Reservoirs; Rules and 
Regulations for Dam 
Safety 

RIGL 46-19   Applicable Sets standards for inspecting and 
maintaining dams in the State. 

LUCs and O&M of the NUSC 
Pond dam is required as part of 
the remedial action to prevent 
contaminated sediment that is 
being managed in place under 
this alternative from migrating 
downstream of the dam.  

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water Wetlands 
Act;  DEM Rules 
And Regulations 
Governing the 
Administration 
and 
Enforcement of 
the Fresh Water 
Wetlands Act 
(Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland.  Also 
establishes standards for land within 
50 feet of the edge of a state-
regulated wetland. 

Sediment removal and ENR 
cover installation activities will be 
conducted to minimize the 
disturbance of state jurisdictional 
wetland and perimeter wetland. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR
Federal     
Contaminated Sediment 
Remediation Guidance for 
Hazardous Waste Sites  
 

EPA-540-R-05-012 
OSWER 9355.0-
85 (December 
2005) 

To Be Considered Guidance for making remedy decisions 
for contaminated sediment sites.  
Some of the relevant sections of the 
guidance address Remedial 
Investigations (Ch. 2), FS 
Considerations (including LUCs) 
(Ch. 3), MNR (Ch. 4), Capping (Ch. 5), 
Dredging and Excavation (Ch. 6), and 
Long-Term Monitoring (Ch. 8). 

ENR and selective sediment removal, 
along with dewatering and off-site 
disposal under this alternative meets 
guidance standards for addressing 
contaminated sediments in the 
wetlands/waterway (as long as habitat 
restoration requirements can be met). 
 

Toxic Substances Control 
Act (TSCA); PCB 
Remediation Waste, 

40 C.F.R. 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and 
disposal options for PCB remediation 
waste based on the risks posed by the 
in-situ concentrations at which the 
PCBs are found.  Written approval for 
the proposed risk-based cleanup must 
be obtained from the Director, Office of 
Site Remediation and Restoration, 
U.S. Environmental Protection Agency 
(USEPA) Region 1. 

All sediment exceeding identified PCB 
cleanup levels will either be removed, 
dewatered (if required) and disposed of 
off-site or will be subject to enhanced 
natural recovery that meets TSCA 
protectiveness standards. The 
excavation, transportation, dewatering, 
and management of PCB contaminated 
media will be performed in a manner to 
comply with TSCA, including air and 
surface water monitoring during remedial 
activities.  If this alternative is chosen by 
the Navy, the ROD will contain a finding 
by the Director, Office of Site 
Remediation and Restoration, USEPA 
Region 1, that the remedy's sediment 
PCB cleanup levels, along with the 
excavation, dewatering, and management 
of the contaminated media will not pose 
an unreasonable risk to human health or 
the environment. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR
CWA National 
Recommended Water 
Quality Criteria (NRWQC) 

40 CFR 122.44) Relevant and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed 
for carcinogenic and non-carcinogenic 
compounds.  These standards may be 
used to develop cleanup standards for 
sediments. 

Water quality standards will be used to 
develop monitoring standards both during 
the active dredging/excavation and cover 
placement and for long-term monitoring. 

Clean Water Act - National 
Pollutant Discharge 
Elimination System 
(NPDES) 

40 CFR Parts 122 
and 125 

Applicable Establishes the specifications for 
discharging pollutants from any point 
source into the waters of the U.S. 
Includes stormwater standards for 
activities disturbing more than one 
acre. 

Any water discharged to surface water 
bodies during remedial activities, such as 
sediment dewatering will comply with this 
regulation.  Best management practices 
will be used to meet stormwater 
standards during the remedial action. 

Clean Water Act; General 
Pretreatment Regulations 
for Existing and New 
Sources of Pollution  

33 U.S.C. § 1251 
et seq. 40 CFR. 
Part 403   

Applicable Standards for direct discharge of waste 
water into a Publicly Owned Treatment 
Works (POTW).  

These standards will apply if water from 
the remedial action such as from 
dewatering is discharged to a POTW.  

Management of 
Undesirable Plants on 
Federal Lands 

7 U.S.C. 2814 Relevant and 
Appropriate 

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 

Measures will be taken to control the 
establishment of Phragmites, purple 
loosestrife or other invasive plants within 
all remediated areas.  An invasive 
species control plan will be developed as 
part of the long-term O&M for this site.  
The responsibility of control will be 
transitioned to NAVSTA after (1) the 
remedy is in place, and (2) NAVSTA 
develops a base-wide program for 
controlling undesirable plants. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR
State     
Clean Air Act -Emissions 
Detrimental to Persons or 
Property  

RIGL 23-23 et 
seq.; CRIR 12-31-
07  

Applicable Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life, or cause damage 
to property, or which reasonably 
interferes with the enjoyment of life and 
property.  

Monitoring of air emissions during 
excavation/dredging and cover 
installation will be used to assess 
compliance with these standards if 
threshold levels are reached. 

Clean Air Act –Air Toxics  RIGL 23-23 et 
seq.; CRIR 12-31-
22  

Applicable Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations.  

Monitoring of air emissions during 
excavation/dredging and cover 
installation will be used to assess 
compliance with these standards if 
threshold levels are reached. 

Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

RIGL 42-16 et 
seq.; CRIR 
12-190-003 
 

Applicable Contains discharge limitations, 
monitoring requirements and best 
management practices. Substantive 
requirements under NPDES are written 
such that state and federal national 
recommended water quality criteria 
(NRWQC) are met. Permits are 
required for off-site discharges, RI 
Standards apply to POTWs. Includes 
storm water requirements for 
construction projects that disturb over 
one acre. 

Discharge of any water from remedial 
activities during sediment 
excavation/dredging into surface waters 
or POTW will meet applicable standards. 
 Stormwater standards for construction 
projects over one acre will also be met.  

Water Pollution Control - 
Water Quality  

RIGL 42-16 et 
seq.; CRIR 12-
190-001 

Applicable Establishes water use classification 
and water quality criteria for waters of 
the state. 

Water quality standards will be used to 
develop monitoring standards during the 
active remedial activities, such as 
dredging or cover placement. 

Pretreatment Regulations RIGL 46-12, 
4217.1, 42-45 

Applicable Rhode Island standards for discharge 
to POTWs. 

These standards will apply if water from 
the remedial action such as from 
dewatering is discharged to a POTW. 



  
TABLE 6-6 

 
ACTION-SPECIFIC ARARs AND TBCs 

SEDIMENT ALTERNATIVE SD2 – SELECTIVE SEDIMENT REMOVAL, ENR, LUCS, AND MONITORING 
SITE 8 – NUSC DISPOSAL AREA FEASIBILTY STUDY 

NAVSTA NEWPORT, NEWPORT, RHODE ISLAND 
PAGE 4 OF 4 

 

W5212801F (081020/P)  CTO WE19 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR
Hazardous Waste 
Determination 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003, Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Hazardous Waste 
Management Standards for 
Generators 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003, Rule 5.0 

Applicable Sets standards for handling, design, 
operation, and monitoring of hazardous 
waste.  The standards of 40 CFR Part 
264 are incorporated by reference. 

Wastes generated would be tested to 
determine if they constitute hazardous 
waste.  Any hazardous waste identified 
will be handled and disposed according to 
these standards. 

Rules and Regulations for 
Dredging and Management 
of Dredge Materials  

DEM-OWR-DR-
0203 

Applicable Addresses dredging activities and 
disposal of dredge spoils. 

Any dredging/excavation of sediment and 
backfilling with cover material that is 
required implementing the alternative 
must comply with the requirements of the 
regulations. 
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Federal     
Probable Effects 
Concentration 
Quotients (PEC-Qs) 

MacDonald, et 
al., 2000 and 
Ingersoll et al., 
2000. 

To Be 
Considered 

Provides guidance values for 
identifying potential risk to ecological 
receptors exposed to contaminated 
sediments.  

Primary basis for evaluating risk to aquatic 
ecological receptors.  This guidance can be 
used to develop PRGs.  

Development and 
Evaluation of 
Consensus-Based 
Sediment Quality 
Guidelines for 
Freshwater 
Ecosystems.  Probable 
Effects Concentrations 
(PECs) (MacDonald et 
al., 2000) 

 To Be 
Considered 

The PEC value is the concentration 
above which the adverse effects on 
sediment-dwelling organisms are 
likely to occur. 

Sediment and cover will prevent exposure to 
COCs at concentrations greater than PRGs 
calculated through the use of PECs. 

State     
 
 

There are no state chemical-specific ARARs 
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Federal     

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will only 
occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated. Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Sediment remediation or other remedial 
actions that include dredging or filling in 
wetlands will be implemented to meet 
these requirements, including mitigation 
of altered wetland/aquatic resource as 
required.  Raising the Pond bottom with 
the cap may have significant impacts by 
converting aquatic habitats to 
upland/wetland and altering in-water 
aquatic habitats requiring replacement 
wetlands/aquatic habitats to be created 
elsewhere.  The Navy has determined 
that this alternative  is not the Least 
Environmentally Damaging Practicable 
Alternative to protect wetland resources 
because it does not provide the best 
balance of addressing contaminated 
sediment within and adjacent to 
wetlands and waterways with 
minimizing both temporary and 
permanent alteration of wetlands and 
aquatic habitats on site.   

Fish and Wildlife 
Coordination Act  

16 U.S.C. §661 
et seq. 

Applicable Requires Federal agencies involved in 
actions that will result in the control of 
structural modification of any stream 
or body of water for any purpose to 
take action to protect fish and wildlife 
resources that may be affected by the 
action. The Navy must coordinate with 
appropriate federal and state resource 
agencies to ascertain the means and 

Measures to mitigate or compensate 
adverse project related impacts to fish 
and wildlife resources will be taken, if 
determined necessary.  The 
appropriate federal and state resource 
agencies will be consulted, in particular 
regarding remedial measures for 
contaminated sediment that will impact 
streams, wetlands, and downstream 
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measures necessary to mitigate, 
prevent, and compensate for project 
related losses of fish and wildlife 
resources and to enhance the 
resources.  

water bodies. 

Floodplain Management 
and Protection of Wetlands  

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use.  

During the remedial design stage the 
effects of sediment remedial actions on 
federal jurisdictional wetlands will be 
evaluated.   All practicable means will 
be used to minimize harm to the 
wetlands. Wetlands disturbed by 
sediment remediation will be mitigated 
in accordance with requirements. The 
flood storage capacity of the pond 
would be maintained by combining 
sediment cap construction with some 
sediment dredging.  The overall remedy 
will not adversely impact the 
downstream floodplain area as 
contaminated sediment would be 
contained behind the dam.  Public 
comment will be solicited in the 
Proposed Plan.  
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Federal (Continued)     

Endangered Species Act  16 U.S.C. 1531 
et seq.; 50 
C.F.R. parts 200 
and 402 

 Relevant and 
Appropriate 

Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.   The 
federally-listed loggerhead turtle and 
Kemps-Ridley turtle occur in the water 
of Narragansett Bay. 

Appropriate federal agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  

State     

Inspection of Dams and 
Reservoirs; Rules and 
Regulations for Dam 
Safety 

RIGL 46-19   Applicable Sets standards for inspecting and 
maintaining dams in the State. 

O&M of the NUSC Pond dam, along 
with LUCs, is required as part of the 
remedial action to prevent 
contaminated sediment that is being 
managed in place under this alternative 
from migrating downstream of the dam.  

Rhode Island Endangered 
Species Act  

RIGL 20-37- 
1 et seq. 

Relevant and 
Appropriate 

Regulates activities affecting State-
listed endangered or threatened 
species or their habitat.   The State-
listed loggerhead turtle and Kemps-
Ridley turtle occur in the water of 
Narragansett Bay. 

Appropriate State agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water Wetlands 
Act;  DEM Rules 
And Regulations 
Governing the 
Administration 
and 
Enforcement of 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland. Also 

Sediment removal and cover placement 
activities will be conducted to minimize 
the disturbance of state jurisdictional 
wetland and perimeter wetland. 
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the Fresh Water 
Wetlands Act 
(Dec 2010), 
Rules 4.00 and 
5.00 

establishes standards for land within 
50 feet of the edge of a state-
regulated wetland. 
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Federal     
Contaminated Sediment 
Remediation Guidance for 
Hazardous Waste Sites  
 

EPA-540-R-05-
012 OSWER 
9355.0-85 
(December 2005) 

To Be Considered Guidance for making remedy decisions 
for contaminated sediment sites.  
Some of the relevant sections of the 
guidance address Remedial 
Investigations (Ch. 2), FS 
Considerations (including LUCs) 
(Ch. 3), Capping (Ch. 5), Dredging and 
Excavation (Ch. 6), and Long-Term 
Monitoring (Ch. 8). 

Limited removal and capping under this 
alternative meets guidance standards for 
addressing contaminated sediments in 
the wetlands/waterway (as long as habitat 
restoration requirements can be met).   

Toxic Substances Control 
Act (TSCA); PCB 
Remediation Waste, 

40 C.F.R. 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and 
disposal options for PCB remediation 
waste based on the risks posed by the 
in-situ concentrations at which the 
PCBs are found.  Written approval for 
the proposed risk-based cleanup must 
be obtained from the Director, Office of 
Site Remediation and Restoration, 
U.S. Environmental Protection Agency 
(USEPA) Region 1. 

All sediment exceeding identified PCB 
cleanup levels will either be removed, 
dewatered (if required) and disposed of 
off-site or will be placed under a cover 
system that meets TSCA protectiveness 
standards. The excavation, 
transportation, dewatering, and 
management of PCB contaminated media 
will be performed in a manner to comply 
with TSCA, including air and surface 
water monitoring during remedial 
activities.  If this alternative is chosen by 
the Navy, the ROD will contain a finding 
by the Director, Office of Site 
Remediation and Restoration, USEPA 
Region 1, that the remedy's sediment 
PCB cleanup levels, along with the 
excavation, dewatering, and management 
of the contaminated media will not pose 
an unreasonable risk to human health or 
the environment. 
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CWA National 
Recommended Water 
Quality Criteria (NRWQC) 

40 CFR 122.44) Relevant and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed 
for carcinogenic and non-carcinogenic 
compounds.  These standard may be 
used to develop cleanup standards for 
sediments. 

Water quality standards will be used to 
develop monitoring standards both during 
the active dredging/excavation and cover 
placement and for long-term monitoring. 

Clean Water Act - National 
Pollutant Discharge 
Elimination System 
(NPDES) 

40 CFR Parts 122 
and 125 

Applicable Establishes the specifications for 
discharging pollutants from any point 
source into the waters of the U.S. 
Includes stormwater standards for 
activities disturbing more than one 
acre. 

Any water discharged to surface water 
bodies during remedial activities such as 
sediment dewatering will comply with this 
regulation.  Best management practices 
will be used to meet stormwater 
standards during the remedial action. 

Clean Water Act; General 
Pretreatment Regulations 
for Existing and New 
Sources of Pollution  

33 U.S.C. § 1251 
et seq. 40 CFR. 
Part 403   

Applicable Standards for direct discharge of waste 
water into a Publicly Owned Treatment 
Works (POTW).  

These standards will apply if water from 
the remedial action such as from 
dewatering is discharged to a POTW.  

Management of 
Undesirable Plants on 
Federal Lands 

7 U.S.C. 2814 Relevant and 
Appropriate 

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 

Measures will be taken to control the 
establishment of Phragmites, purple 
loosestrife or other invasive plants within 
all remediated areas.  An invasive 
species control plan will be developed as 
part of the long-term O&M for this site. 
The responsibility of control will be 
transitioned to NAVSTA after (1) the 
remedy is in place, and (2) NAVSTA 
develops a base-wide program for 
controlling undesirable plants. 
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State     
Clean Air Act -Emissions 
Detrimental to Persons or 
Property  

RIGL 23-23 et 
seq.; CRIR 12-31-
07  

Applicable Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage to 
property or which reasonably interferes 
with the enjoyment of life and property. 

Monitoring of air emissions during 
excavation/dredging and cap installation 
will be used to assess compliance with 
these standards if threshold levels are 
reached. 

Clean Air Act – Air Toxics  RIGL 23-23 et 
seq.; CRIR 12-31-
22  

Applicable Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations.  

Monitoring of air emissions during 
excavation/dredging and cap installation 
will be used to assess compliance with 
these standards if threshold levels are 
reached. 

Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

RIGL 42-16 et 
seq.; CRIR 
12-190-003 
 

Applicable Contains discharge limitations, 
monitoring requirements and best 
management practices. Substantive 
requirements under NPDES are written 
such that state and federal national 
recommended water quality criteria 
(NRWQC) are met. Permits are 
required for off-site discharges, RI 
Standards apply to POTWs. Includes 
storm water requirements for 
construction projects that disturb over 
one acre. 

Discharge of any water from remedial 
activities during sediment 
excavation/dredging into surface waters 
or POTW will meet applicable standards. 
 Stormwater standards for construction 
projects over one acre will also be met.  

Water Pollution Control - 
Water Quality  

RIGL 42-16 et 
seq.; CRIR 12-
190-001 

Applicable Establishes water use classification 
and water quality criteria for waters of 
the state. 

Water quality standards will be used to 
develop monitoring standards during the 
active remedial activities, such as 
dredging or cap placement. 

Pretreatment Regulations RIGL 46-12, 
4217.1, 42-45 

Applicable Rhode Island standards for discharge 
to POTWs. 

These standards will apply if water from 
the remedial action such as from 
dewatering is discharged to a POTW. 
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Hazardous Waste 
Determination 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003, Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Hazardous Waste 
Management Standards for 
Generators 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003, Rule 5.0 

Applicable Sets standards for handling, design, 
operation, and monitoring of hazardous 
waste.  The standards of 40 CFR Part 
264 are incorporated by reference. 

Wastes generated would be tested to 
determine if they constitute hazardous 
waste.  Any hazardous waste identified 
will be handled and disposed according to 
these standards. 

State of Rhode Island 
Rules and Regulations for 
Dredging and Management 
of Dredge Materials 

Rules and 
regulations for 
Dredging and 
Management of 
Dredge Materials  
DEM-OWR-DR-
02-03 

Applicable Addresses dredging activities and 
disposal of dredge spoils. 

Any dredging that is required for the 
remedy must comply with the 
requirements of the regulations. 
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Federal     
Probable Effects 
Concentration 
Quotients (PEC-Qs) 

MacDonald, et 
al., 2000 and 
Ingersoll et al., 
2000. 

To Be 
Considered 

Provides guidance values for 
identifying potential risk to ecological 
receptors exposed to contaminated 
sediments.  

Primary basis for evaluating risk to aquatic 
ecological receptors.  This guidance can be 
used to develop PRGs.  

Development and 
Evaluation of 
Consensus-Based 
Sediment Quality 
Guidelines for 
Freshwater 
Ecosystems.  Probable 
Effects Concentrations 
(PECs) (MacDonald et 
al., 2000) 

 To Be 
Considered 

The PEC value is the concentration 
above which the adverse effects on 
sediment-dwelling organisms are 
likely to occur. 

Sediment removal will prevent exposure to 
COCs at concentrations greater than PRGs 
calculated through the use of PECs. 

State     
 
 

There are no state chemical-specific ARARs 
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ARAR
Federal     

Clean Water Act, Section 
404; Section 404(b)(1) 
Guidelines for 
Specification of Disposal 
Sites for Dredged or Fill 
Material  

33 U.S.C. § 
1344; 40 C.F.R. 
Part 230, 231 
and 33 C.F.R. 
Parts 320-323 

Applicable Under this requirement, no activity 
that adversely affects a wetland shall 
be permitted if a practicable 
alternative with lesser effects is 
available. If activity takes place, 
impacts must be minimized to the 
maximum extent. Controls discharges 
of dredged or fill material to protect 
aquatic ecosystems. Filling or 
discharge of dredged material will only 
occur where there is no other 
practicable alternative and any 
adverse impacts to aquatic 
ecosystems will be mitigated.  Under 
these standards the Navy must solicit 
public comment through the Proposed 
Plan on its finding that one of the 
alternatives is the Least 
Environmentally Damaging 
Practicable Alternative. 

Sediment remediation or other 
remedial actions that include 
dredging in wetlands/waterways will 
be implemented to meet these 
requirements, including mitigation of 
altered wetland/aquatic resource as 
required.  The Navy has determined 
that this alternative is the Least 
Environmentally Damaging 
Practicable Alternative to protect 
wetland resources because it 
provides the best balance of 
addressing contaminated sediment 
within and adjacent to wetlands and 
waterways with minimizing both 
temporary and permanent alteration 
of wetlands and aquatic habitats on 
site.   

Fish and Wildlife 
Coordination Act  

16 U.S.C. §661 
et seq. 

Applicable Requires Federal agencies involved in 
actions that will result in the control of 
structural modification of any stream 
or body of water for any purpose to 
take action to protect fish and wildlife 
resources that may be affected by the 
action. The Navy must coordinate with 
appropriate federal and state resource 
agencies to ascertain the means and 
measures necessary to mitigate, 

Measures to mitigate or compensate 
adverse project related impacts to 
fish and wildlife resources will be 
taken, if determined necessary.  The 
appropriate federal and state 
resource agencies will be consulted, 
in particular regarding remedial 
measures for contaminated 
sediment that will impact streams, 
wetlands, and downstream water 
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ARAR
prevent, and compensate for project 
related losses of fish and wildlife 
resources and to enhance the 
resources.  

bodies. 

Floodplain Management 
and Protection of Wetlands  

44 C.F.R. 9 Relevant and 
Appropriate 

Implements Executive Order 11990 
(Protection of Wetlands)).  Prohibits 
activities that adversely affect a 
federally-regulated wetland unless 
there is no practicable alternative and 
the proposed action includes all 
practicable measures to minimize 
harm to wetlands that may result from 
such use.  

During the remedial design stage 
the effects of sediment remedial 
actions on federal jurisdictional 
wetlands will be evaluated.   All 
practicable means will be used to 
minimize harm to the wetlands. 
Wetlands disturbed by sediment 
remediation, will be mitigated in 
accordance with requirements.  The 
remedy will not adversely impact the 
downstream floodplain area as 
contaminated sediment would be 
removed from the site.  Public 
comment will be solicited in the 
Proposed Plan. 

Endangered Species Act  16 U.S.C. 1531 
et seq.; 50 
C.F.R. parts 200 
and 402 

 Relevant and 
Appropriate 

Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.   The 
federally-listed loggerhead turtle and 
Kemps-Ridley turtle occur in the water 
of Narragansett Bay. 

Appropriate federal agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
migrating downstream to the Bay.  

State     

Rhode Island Endangered 
Species Act  

RIGL 20-37- 
1 et seq. 

Relevant and 
Appropriate 

Regulates activities affecting State-
listed endangered or threatened 
species or their habitat.   The State-
listed loggerhead turtle and Kemps-

Appropriate State agencies will be 
consulted to ensure that remedial 
measure taken under this alternative 
will prevent site contamination from 
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ARAR
Ridley turtle occur in the water of 
Narragansett Bay. 

migrating downstream to the Bay.  

Fresh Water Wetlands Act  RIGL 2-1, 
Sections 2-1-18 
through 2-1-
20.2; Fresh 
Water Wetlands 
Act;  DEM Rules 
And Regulations 
Governing the 
Administration 
and 
Enforcement of 
the Fresh Water 
Wetlands Act 
(Dec 2010), 
Rules 4.00 and 
5.00 

Applicable Rules and regulations governing the 
administration and enforcement of the 
Fresh Water Wetlands Act.  Defines 
and establishes provisions for the 
protection of swamps, marshes and 
other fresh water wetlands in the 
state.  Actions are required to prevent 
the undesirable drainage, excavation, 
filling, alteration, encroachment or any 
other form of disturbance or 
destruction of a wetland. Also 
establishes standards for land within 
50 feet of the edge of a state-
regulated wetlands. 

Sediment removal activities will be 
conducted to minimize the 
disturbance of state jurisdictional 
wetland and perimeter wetland. 
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Federal     
Contaminated Sediment 
Remediation Guidance for 
Hazardous Waste Sites  
 

EPA-540-R-05-
012 OSWER 
9355.0-85 
(December 2005) 

To Be Considered Guidance for making remedy decisions 
for contaminated sediment sites.  
Some of the relevant sections of the 
guidance address Remedial 
Investigations (Ch. 2), FS 
Considerations (Ch. 3), and Dredging 
and Excavation (Ch. 6). 

Removal of all contaminated sediment, 
along with dewatering and off-site 
disposal under this alternative meets 
guidance standards for addressing 
contaminated sediments in the 
wetlands/waterway (as long as habitat 
restoration requirements can be met).   

Toxic Substances Control 
Act (TSCA); PCB 
Remediation Waste, 

40 C.F.R. 
761.61(c) 

Applicable This section of the TSCA regulations 
provides risk-based cleanup and 
disposal options for PCB remediation 
waste based on the risks posed by the 
in-situ concentrations at which the 
PCBs are found.  Written approval for 
the proposed risk-based cleanup must 
be obtained from the Director, Office of 
Site Remediation and Restoration, 
U.S. Environmental Protection Agency 
(USEPA) Region 1. 

All sediment exceeding identified PCB 
cleanup levels will be removed, 
dewatered (if required) and disposed of 
off-site. The excavation, transportation, 
dewatering, and management of PCB 
contaminated media will be performed in 
a manner to comply with TSCA, including 
air and surface water monitoring during 
remedial activities.  If this alternative is 
chosen by the Navy, the ROD will contain 
a finding by the Director, Office of Site 
Remediation and Restoration, USEPA 
Region 1, that the remedy's sediment 
PCB cleanup levels, along with the 
excavation, dewatering, and management 
of the contaminated media will not pose 
an unreasonable risk to human health or 
the environment. 

CWA National 
Recommended Water 
Quality Criteria (NRWQC) 

40 CFR 122.44) Relevant and 
Appropriate 

Federal NRWQC are health-based and 
ecologically based criteria developed 
for carcinogenic and non-carcinogenic 
compounds.  These standard may be 
used to develop cleanup standards for 
sediments 

Water quality standards used to develop 
monitoring standards both during the 
active dredging. 
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Clean Water Act - National 
Pollutant Discharge 
Elimination System 
(NPDES) 

40 CFR Parts 122 
and 125 

Applicable Establishes the specifications for 
discharging pollutants from any point 
source into the waters of the U.S. 
Includes stormwater standards for 
activities disturbing more than one 
acre. 

Any water discharged to surface water 
bodies during remedial activities such as 
sediment dewatering will comply with this 
regulation.  Best management practices 
will be used to meet stormwater 
standards during the remedial action. 

Clean Water Act; General 
Pretreatment Regulations 
for Existing and New 
Sources of Pollution  

33 U.S.C. § 1251 
et seq. 40 CFR. 
Part 403   

Applicable Standards for direct discharge of waste 
water into a Publicly Owned Treatment 
Works (POTW).  

These standards will apply if water from 
the remedial action such as from 
dewatering is discharged to a POTW.  

Management of 
Undesirable Plants on 
Federal Lands 

7 U.S.C. 2814 Relevant and 
Appropriate 

Requires federal agencies to establish 
integrated management systems to 
control or contain undesirable plant 
species on federal lands under the 
agency’s jurisdiction. 

Measures will be taken to control the 
establishment of Phragmites, purple 
loosestrife or other invasive plants within 
all remediated areas.  An invasive 
species control plan will be developed as 
part of the long-term O&M for this site.  
The responsibility of control will be 
transitioned to NAVSTA after (1) the 
remedy is in place, and (2) NAVSTA 
develops a base-wide program for 
controlling undesirable plants. 

State     
Clean Air Act -Emissions 
Detrimental to Persons or 
Property  

RIGL 23-23 et 
seq.; CRIR 12-31-
07  

Applicable Prohibits emissions of contaminants 
which may be injurious to humans, 
plant or animal life or cause damage to 
property or which reasonably interferes 
with the enjoyment of life and property. 

Monitoring of air emissions during 
excavation/dredging and dewatering will 
be used to assess compliance with these 
standards if threshold levels are reached. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR
Clean Air Act –Air Toxics  RIGL 23-23 et 

seq.; CRIR 12-31-
22  

Applicable Prohibits the emission of specified 
contaminants at rates which would 
result in ground level concentrations 
greater than acceptable ambient levels 
or acceptable ambient levels as set in 
the regulations.  

Monitoring of air emissions during 
excavation/dredging and dewatering will 
be used to assess compliance with these 
standards if threshold levels are reached. 

Water Pollution Control - 
Pollution Discharge 
Elimination Systems 

RIGL 42-16 et 
seq.; CRIR 
12-190-003 
 

Applicable Contains discharge limitations, 
monitoring requirements and best 
management practices. Substantive 
requirements under NPDES are written 
such that state and federal national 
recommended water quality criteria 
(NRWQC) are met. Permits are 
required for off-site discharges, RI 
Standards apply to POTWs. Includes 
storm water requirements for 
construction projects that disturb over 
one acre. 

Discharge of any water from remedial 
activities during sediment 
excavation/dredging into surface waters 
or POTW will meet applicable standards. 
 Stormwater standards for construction 
projects over one acre will also be met.  

Water Pollution Control - 
Water Quality  

RIGL 42-16 et 
seq.; CRIR 12-
190-001 

Applicable Establishes water use classification 
and water quality criteria for waters of 
the state. 

Water quality standards will be used to 
develop monitoring standards during the 
sediment excavation/dredging and 
dewatering. 

State (Continued)     
Pretreatment Regulations RIGL 46-12, 

4217.1, 42-45 
Applicable Rhode Island standards for discharge 

to POTWs. 
These standards will apply if water from 
the remedial action such as from 
dewatering is discharged to a POTW. 

Hazardous Waste 
Determination 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003, Rule 5.8 

Applicable Defines the listed and characteristic 
hazardous wastes.   

These regulations would apply when 
determining whether or not a solid waste 
is hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR
Hazardous Waste 
Management Standards for 
Generators 

RIGL 23-19.1 et 
seq.; CRIR 12-
030-003, Rule 5.0 

Applicable Sets standards for handling, design, 
operation, and monitoring of hazardous 
waste.  The standards of 40 CFR Part 
264 are incorporated by reference. 

Wastes generated would be tested to 
determine if they constitute hazardous 
waste.  Any hazardous waste identified 
will be handled and disposed according to 
these standards. 

Rules and Regulations for 
Dredging and Management 
of Dredge Materials  

DEM-OWR-DR-
0203 

Applicable Addresses dredging activities and 
disposal of dredge spoils. 

Any dredging/excavation of sediment and 
dewatering will comply with the 
requirements of the regulations. 
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Criteria 
Alternative SD1 

No Action 

Alternative SD2
Selective Sediment Removal 

and Offsite Disposal,  
Enhanced Natural Recovery 

of Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 
Selective Sediment Removal 
and Offsite Disposal,  Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 
Sediment Removal and Off-

Site Disposal 

Human Health Protection 
Not protective.  Lead in 
stream sediment would 
remain. 

Protective.  Removal of stream 
sediment. 

Protective.  Removal of stream 
sediment. 

Protective.  Removal of 
stream sediment. 

Environmental Protection 

Not protective.  No 
reduction in the 
identified unacceptable 
risks. 

Protective.  Removes some 
contaminated sediment and 
provides a 6-inch barrier to 
prevent exposure to remaining 
pond sediment. 

Protective.  Removes some 
contaminated sediment and 
provides a 12-inch barrier to 
prevent exposure to remaining 
pond sediment. 

Most protective.  Removes 
the contaminated sediment 
causing risk to ecological 
receptors. 

Compliance with Chemical-
Specific Applicable or 
Relevant and Appropriate 
Requirements (ARARs) 

Does not comply. 
Will comply with chemical-
specific ARARs upon 
implementation. 

Will comply with chemical-
specific ARARs upon 
implementation. 

Will comply with chemical-
specific ARARs upon 
implementation. 

Compliance with Location-
Specific ARARs 

Not applicable 
Will comply with location-
specific ARARs during and 
following construction. 

Will comply with location-
specific ARARs during and 
following construction. 

Will comply with location-
specific ARARs during and 
following construction. 

Compliance with Action-
Specific ARARs 

Not applicable 
Will comply with action-
specific ARARs during  
and following construction. 

Will comply with action-
specific ARARs during and 
following construction. 

Will comply with action-
specific ARARs during  
construction.  Believed to be 
the Least Damaging 
Practicable Alternative due to 
the long-term benefits of 
complete COC removal. 

Magnitude of Residual Risk 
Current unacceptable 
risks would remain. 

Will remove or prevent contact 
with chemicals of concern 
(COCs) that cause 
unacceptable risk.   

Will remove or prevent contact 
with COCs that cause 
unacceptable risk.   

Will remove COCs that 
cause unacceptable risk.  
Lowest residual risk unless 
newly exposed anaerobic 
sediments also have excess 
toxicity to aquatic organisms, 

Need for 5-Year Review Required Required Required Not Required 
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Criteria 
Alternative SD1 

No Action 

Alternative SD2
Selective Sediment Removal 

and Offsite Disposal,  
Enhanced Natural Recovery 

of Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 
Selective Sediment Removal 
and Offsite Disposal,  Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 
Sediment Removal and Off-

Site Disposal 

Need for Long-Term 
Management 

Not applicable 

Land Use Controls (LUCs) 
must be maintained and 
monitoring/inspection 
programs must be periodically 
performed.  Dam must be 
maintained. 

LUCs must be maintained and 
monitoring/inspection 
programs must be periodically 
performed. Dam must be 
maintained. 

None 

Adequacy and Reliability of 
Controls 

Not applicable 

With LUCs and periodic 
maintenance the remedy 
provides a good level of 
reliability of residual 
management.  Controls are 
adequate and reliable. 

With LUCs and periodic 
maintenance the remedy 
provides a good level of 
reliability of residual 
management.  Controls are 
adequate and reliable. 

Best reliability.  Removes 
contamination so that long-
term controls are not needed.

Amount Destroyed or Treated 
Only via natural 
attenuation (would not 
be verified) 

Lowest volume treated 
through sediment dewatering.  

Some volume treated through 
sediment dewatering.   

Greatest volume treated 
through sediment 
dewatering.   

Reduction in Toxicity, Mobility, 
and Volume through 
Treatment 

None 
Lowest volume treated 
through sediment dewatering.  

Some volume treated through 
sediment dewatering.   

Greatest volume treated 
through sediment 
dewatering.   

Degree to which Treatment Is 
Irreversible 

No active treatment 
No active treatment other than 
dewatering (irreversible). 

No active treatment other than 
dewatering (irreversible). 

No active treatment other 
than dewatering 
(irreversible). 

Type and Quantity of 
Residuals Remaining after 
Treatment 

No active treatment 

Discharge from sediment 
dewatering would be treated to 
acceptable levels for surface 
water. 

Discharge from sediment 
dewatering would be treated to 
acceptable levels for surface 
water. 

Discharge from sediment 
dewatering would be treated 
to acceptable levels for 
surface water. 
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Criteria 
Alternative SD1 

No Action 

Alternative SD2
Selective Sediment Removal 

and Offsite Disposal,  
Enhanced Natural Recovery 

of Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 
Selective Sediment Removal 
and Offsite Disposal,  Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 
Sediment Removal and Off-

Site Disposal 

Community Protection during 
Implementation 

No new risks to the 
community. 

An increase in truck traffic 
through the duration of the 
project would be managed 
through a traffic control plan.  
Dust and air emissions from 
excavation activities would be 
controlled during construction. 

An increase in truck traffic 
through the duration of the 
project would be managed 
through a traffic control plan.  
Dust and air emissions from 
excavation activities would be 
controlled during construction. 

Greatest potential risk to the 
due to greatest volume of 
contaminated sediment to be 
handled and transported.  An 
increase in truck traffic 
through the duration of the 
project would be managed 
through a traffic control plan.  
Dust and air emissions from 
excavation activities would 
be controlled during 
construction. 

Worker Protection during 
Implementation 

Not applicable. 

Most protective of workers due 
to least amount of contact with 
contaminated sediment.  PPE 
required against dermal 
contact, dust inhalation, and 
air emissions during 
excavation and construction. 

PPE required against dermal 
contact, dust inhalation, and 
air emissions during 
excavation and construction. 

Least protective of workers 
due to the greatest amount of 
sediment handling (including 
dredging, dewatering, and 
transport).  PPE required 
against dermal contact, dust 
inhalation, and air emissions 
during excavation and 
construction. 

Environmental Impacts 
No new impacts.  
Existing ecological risks  
would remain. 

Minimal impacts from 
temporary re-suspension of 
sediment during alternative 
implementation.   Least impact 
to existing pond and wetland 
ecosystem (some restoration 
required). 

Minimal impacts from re-
suspension of sediment during 
alternative implementation.  
Substantial impact to existing 
pond and wetland ecosystem 
(restoration required). 

Moderate impacts from re-
suspension of sediment 
during alternative 
implementation.    
Substantial impact to existing 
pond and wetland ecosystem 
(restoration required). 

Time until Remedial Action 
Objectives Achieved (from 
project start) 

Would not be achieved. Estimated 1 year. Estimated 1 year. Estimated 1 year. 
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Criteria 
Alternative SD1 

No Action 

Alternative SD2
Selective Sediment Removal 

and Offsite Disposal,  
Enhanced Natural Recovery 

of Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 
Selective Sediment Removal 
and Offsite Disposal,  Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 
Sediment Removal and Off-

Site Disposal 

Ability to Construct and 
Operate the Technology 

No construction 
activities 

Most implementable.  
Contractors, equipment, and 
materials are available. 
However, site activities are 
complicated as a result of site 
topography and providing 
continual access to the 
storage area.  The Navy would 
need to maintain the NUWC 
Pond dam. 

Implementable with difficulty.  
Contractors, equipment, and 
materials are available. 
However, site activities  are 
complicated as a result of site 
topography and providing 
continual access to the 
storage area.  The Navy would 
need to maintain the NUWC 
Pond dam. 

Implementable with difficulty.  
Contractors, equipment, and 
materials area readily 
available. Dredging and 
dewatering is complicated as 
a result of site topography, 
providing continual access to 
the storage area, and the 
need for large staging and 
dewatering areas. 

Reliability of the Technology No action specified 
Good reliability although 6-
inch cap may be more 
susceptible to disturbance. 

Least reliability.  Requires the 
most long-term maintenance. 

Best reliability.   Requires no 
long-term maintenance once 
site restoration is completed. 

Ease of Undertaking 
Additional Remedial Actions, if 
Necessary 

Easily implementable 

Additional sediment remedial 
actions can be implemented 
(the sediment cover design is 
easily repaired if needed). 

Most difficult due to the need 
to maintain the cover design. 

Easily implementable 

Ability to Monitor 
Effectiveness of Remedy 

Not applicable 

Effectiveness of the remedy is 
simply monitored through 
sediment sampling within 
NUWC Pond. 

Effectiveness of the remedy is 
simply monitored through 
sediment sampling within 
NUWC Pond. 

Following short surface water 
monitoring period (estimated 
5-years) remedy monitoring 
would not be required. 
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Criteria 
Alternative SD1 

No Action 

Alternative SD2
Selective Sediment Removal 

and Offsite Disposal,  
Enhanced Natural Recovery 

of Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 
Selective Sediment Removal 
and Offsite Disposal,  Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 
Sediment Removal and Off-

Site Disposal 

Administrative Requirements 
with Regulators 

None 

Coordination with federal, 
state, and/or base agencies 
may be required for 
transportation, off-site 
treatment and disposal. Need 
to comply with all ARAR 
standards.  Disposal facility 
should have a permit.  LUCs 
would be required to limit 
future site use to industrial 
purposes and prevent 
disturbance of cover. 

Coordination with federal, 
state, and/or base agencies 
may be required for 
transportation, off-site 
treatment and disposal. Need 
to comply with all ARAR 
standards.  Disposal facility 
should have a permit.  LUCs 
would be required to limit 
future site use to industrial 
purposes and prevent 
disturbance of cover. 

Coordination with federal, 
state, and/or base agencies 
may be required for 
transportation, off-site 
treatment and disposal. Need 
to comply with all ARAR 
standards.  Disposal facility 
should have a permit. No 
LUCs required.  

Availability of Off-Site 
Disposal 

None required Available Available Available 

Availability of Necessary 
Equipment and Specialists 

None required Available Available Available 

Availability of Prospective 
Technologies 

None required Available Available Available 
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Criteria 
Alternative SD1 

No Action 

Alternative SD2
Selective Sediment Removal 

and Offsite Disposal,  
Enhanced Natural Recovery 

of Pond Sediment, LUCs, 
and Monitoring 

Alternative SD3 
Selective Sediment Removal 
and Offsite Disposal,  Pond 
Sediment Cover, LUCs, and 

Monitoring 

Alternative SD4 
Sediment Removal and Off-

Site Disposal 

Capital Costs $0 $1,376,000 $2,098,000 $2,197,000 
Total Annual Operations and 
Maintenance (O&M) 

$0 $18,700 $22,000 $15,500 

Net Present Worth $0 $1,908,000 (30-year) $2,703,000 (30-year) $2,293,000 (5-year) 
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Notes:
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J = Estimated Result
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Note: Limits of sediment contamination in Deerfield Creek 
are estimated. Actual Limits are restricted to the stream 
channel where the stream does not flow on bedrock.
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Note: Limits of sediment contamination in Deerfield Creek 
are estimated. Actual Limits are restricted to the stream 
channel where the stream does not flow on bedrock.
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Note: Limits of sediment contamination in Deerfield Creek 
are estimated. Actual Limits are restricted to the stream 
channel where the stream does not flow on bedrock.
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APPENDIX A 
 

CONTAMINANT DISTRIBUTION MAPS 



A.1 SURFACE SOIL 
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D A - S B 1 2 0   [ 0 3 / 0 8 ]
[ 0  -  2 ]   0 . 0 1   U J

D A - S B 1 2 1   [ 0 1 / 0 8 ]
[ 0  -  1 ]   2 . 4   J

D A - S B 1 2 2   [ 0 1 / 0 8 ]
[ 0  -  1 ]   1 . 6   J

D A - S B 1 2 3   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 4 3   J

D A - S B 1 2 4   [ 0 1 / 0 8 ]
[ 0  -  1 ]   1 . 5   J

D A - S B 1 2 5   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 4 3   J

D A - S B 1 2 6   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 7 3   J

D A - S B 1 2 7   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 3   J

D A - S B 1 2 8   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 0 1   U J

D A - S B 1 2 9   [ 0 1 / 0 8 ]
[ 0  -  1 ]   1 . 1   J

D A - S B 1 3 0   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 4 4   J

D A - S B 1 3 1   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 5 6   J

D A - S B 1 3 2   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 8 1   J

D A - S B 1 3 3   [ 0 1 / 0 8 ]
[ 0  -  1 ]   3 . 2
D A - S B 1 3 3   [ 0 2 / 0 8 ]
[ 1  -  2 ]   0 . 0 1   U J

D A - S B 1 3 4   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 4 6   J

D A - S B 1 3 5   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 2   U J

D A - S B 1 3 6   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 2 4   U J

D A - S B 1 3 8   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 2 4   U J

D A - S B 1 3 9   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 1 9   U J

D A - S B 1 4 0   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 0 2   U

D A - S B 1 4 1   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 2 8   U J

D A - S B 1 4 2   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 2 6   J

D A - S B 1 4 3   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 0 2   U J

D A - S B 1 4 4   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 0 2   U J

D A - S B 1 4 5   [ 0 1 / 0 8 ]
[ 0  -  1 ]   2 . 4

D A - S B 1 4 6   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 8 2   J

D A - S B 1 4 7   [ 0 1 / 0 8 ]
[ 0  -  1 ]   0 . 0 2   U J

D A - S B 1 4 8   [ 0 1 / 0 8 ]
[ 0  -  1 ]   1 . 2   J

D A - S B 1 4 9   [ 0 1 / 0 8 ]
[ 0  -  1 ]   1 . 2   J
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Notes:
Residential PRG = 150 mg/kg
Industrial PRG = 500 mg/kg
J = Estimated Result
U = Non-Detected
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Notes:
Residential PRG = 1.5 mg/kg
Industrial PRG = 1.5 mg/kg
J = Estimated Result
U = Non-Detected
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Notes:
Residential PRG = 390 mg/kg
J = Estimated Result
U = Non-Detected
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Notes:
Residential PRG = 6,000 mg/kg
J = Estimated Result
U = Non-Detected
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1,1-Biphenyl 800 ---
Acenaphthene 43000 ---
Anthracene 35000 ---
Benzo(a)anthracene 150 2100
Benzo(a)pyrene 157 210
Benzo(b)fluoranthene 150 2100
Benzo(g,h,i)perylene 800 ---
Benzo(k)fluoranthene 900 21000
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Organic COC
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Notes:
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J = Estimated Result
U = Non-Detected
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Notes:
Residential PRG = 800 µg/kg
Industrial PRG = 800 µg/kg
J = Estimated Result
U = Non-Detected
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!(!(!(!( D A - S B 1 1 7   [ 0 3 / 0 8 ]

[ 8  -  1 0 ]   2 0   J

D A - S B 1 3 0   [ 0 2 / 0 8 ]
[ 1 0  -  1 1 . 5 ]   2 6 . 2

D A - S B 1 3 8   [ 0 2 / 0 8 ]
[ 4  -  6 ]   3 0 . 3

D A - T P - 0 1   [ 0 8 / 0 3 ]
[ 3  -  4 ]   1 9   J
[ 6  -  7 ]   1 5   J

D A - T P - 0 2   [ 0 8 / 0 3 ]
[ 2  -  3 ]   2 7   J
[ 5  -  6 ]   2 2   J

D A - T P - 0 5   [ 0 8 / 0 3 ]
[ 6  -  7 ]   2 6   J
[ 9  -  1 0 ]   1 4   J

D A - T P - 0 6   [ 0 8 / 0 3 ]
[ 3  -  4 ]   1 6   J
[ 9  -  1 0 ]   2 0   J

D A - T P - 0 8   [ 0 8 / 0 3 ]
[ 3  -  4 ]   2 4
[ 7  -  8 ]   2 4

D A - T P 1 0 3   [ 0 2 / 0 8 ]
[ 5  -  6 ]   2 2 . 5

D A - T P - 1 3   [ 0 8 / 0 3 ]
[ 2  -  3 ]   4 0
[ 4  -  5 ]   2 3

D A - T P - 1 4   [ 0 8 / 0 3 ]
[ 5  -  6 ]   2 4   J
[ 9  -  1 0 ]   1 2   J

B 1 7 9 - S B 3   [ 0 7 / 1 0 ]
[ 7  -  9 ]   1 9 . 1   J
B 1 7 9 - S B 3   [ 1 1 / 1 0 ]
[ 4  -  6 ]   4 . 7

B 1 8 5 A 1 - S B 1   [ 0 7 / 1 0 ]
[ 1  -  3 ]   2 4 . 6
[ 7  -  8 ]   2 . 8

B 1 8 5 A 1 - S B 2   [ 0 7 / 1 0 ]
[ 1  -  3 ]   1 8 . 2
[ 3  -  5 ]   1 1 . 5
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[ 1  -  3 ]   2 7 . 3
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[ 4  -  6 ]   2 1 . 3

D A - M W 1 0 9 B   [ 0 3 / 0 8 ]
[ 2  -  4 ]   2 8 . 6   J

D A - M W 1 1 1 B   [ 0 4 / 0 8 ]
[ 4  -  6 ]   2 1 . 7

D A - M W 1 1 3 B   [ 0 4 / 0 8 ]
[ 6  -  8 ]   2 2 . 8

D A - M W 1 1 6 B   [ 0 4 / 0 8 ]
[ 3  -  5 ]   2 7 . 5

D A - M W 1 1 8 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   2 0 . 1   J

D A - M W 1 2 0 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   2 1 . 7

D A - S B - 0 3   [ 0 8 / 0 3 ]
[ 3  -  4 ]   3 5
[ 6  -  7 ]   3 0

D A - S B - 0 4   [ 0 8 / 0 3 ]
[ 2 . 5  -  3 . 5 ]   1 3   J
[ 9  -  1 0 ]   2 4   J

D A - S B - 0 5   [ 0 8 / 0 3 ]
[ 2  -  3 ]   3 3
[ 3  -  4 ]   1 7

D A - S B 1 0 5   [ 0 2 / 0 8 ]
[ 4  -  6 ]   2 0 . 2

D A - S B 1 0 6   [ 0 2 / 0 8 ]
[ 6  -  8 ]   2 6 . 3

D A - S B 1 1 3   [ 0 3 / 0 8 ]
[ 4  -  6 ]   2 2 0   J
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D A - S B 1 1 7   [ 0 3 / 0 8 ]
[ 8  -  1 0 ]   0 . 0 1   U J

D A - S B 1 1 8   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 0 1   U J

D A - S B 1 1 9   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J

D A - S B 1 2 0   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 0 2   U J

D A - S B 1 2 1   [ 0 2 / 0 8 ]
[ 4  -  6 ]   0 . 2 3   J

D A - S B 1 2 2   [ 0 2 / 0 8 ]
[ 4  -  7 ]   0 . 1 7   J

D A - S B 1 2 3   [ 0 2 / 0 8 ]
[ 5  -  8 ]   0 . 0 2   U J

D A - S B 1 2 4   [ 0 2 / 0 8 ]
[ 6  -  8 ]   0 . 0 2   U J

D A - S B 1 2 5   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   0 . 0 1   U J

D A - S B 1 2 6   [ 0 2 / 0 8 ]
[ 1 0  -  1 3 ]   0 . 0 2   U J

D A - S B 1 2 7   [ 0 2 / 0 8 ]
[ 2  -  4 ]   0 . 1 9   J

D A - S B 1 2 8   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   0 . 2 9   J

D A - S B 1 2 9   [ 0 2 / 0 8 ]
[ 4  -  6 ]   0 . 5 7   J

D A - S B 1 3 0   [ 0 2 / 0 8 ]
[ 1 0  -  1 1 . 5 ]   0 . 0 2   U J

D A - S B 1 3 1   [ 0 2 / 0 8 ]
[ 4  -  6 ]   0 . 0 1   U J

D A - S B 1 3 2   [ 0 2 / 0 8 ]
[ 4  -  6 ]   8 . 8

D A - S B 1 3 3   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   0 . 0 1   U J

D A - S B 1 3 4   [ 0 2 / 0 8 ]
[ 4  -  5 ]   0 . 0 1   U J

D A - S B 1 3 5   [ 0 2 / 0 8 ]
[ 1 2  -  1 4 ]   0 . 0 2   U J

D A - S B 1 3 6   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   0 . 0 1   U J

D A - S B 1 3 7   [ 0 2 / 0 8 ]
[ 4  -  6 ]   0 . 0 2   U J

D A - S B 1 3 8   [ 0 2 / 0 8 ]
[ 4  -  6 ]   0 . 0 1   U J

D A - S B 1 3 9   [ 0 2 / 0 8 ]
[ 1 0  -  1 2 ]   0 . 0 2   U J

D A - S B 1 5 0   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J

D A - S B 1 5 1   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 0 1   U J

D A - S B 1 5 2   [ 0 2 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J

D A - S B 1 5 3   [ 0 2 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J

D A - T P - 0 1   [ 0 8 / 0 3 ]
[ 3  -  4 ]   2 . 8   J
[ 6  -  7 ]   1 . 3   J

D A - T P - 0 2   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 2 8   J
[ 5  -  6 ]   0 . 1 7   U

D A - T P - 0 5   [ 0 8 / 0 3 ]
[ 6  -  7 ]   0 . 0 1 7   J
[ 9  -  1 0 ]   0 . 2 1   J

D A - T P - 0 6   [ 0 8 / 0 3 ]
[ 3  -  4 ]   0 . 0 1 9   U
[ 9  -  1 0 ]   0 . 1 3   U

D A - T P - 0 7   [ 0 8 / 0 3 ]
[ 3  -  4 ]   0 . 7 9   J
[ 9  -  1 0 ]   1 . 6   J

D A - T P - 0 8   [ 0 8 / 0 3 ]
[ 3  -  4 ]   0 . 0 1 8   U J
[ 7  -  8 ]   0 . 0 1 9   U J

D A - T P 1 0 3   [ 0 2 / 0 8 ]
[ 5  -  6 ]   2 . 4

D A - T P - 1 1   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 1 3   U
[ 3  -  4 ]   0 . 2 4   U

D A - T P - 1 2   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 0 1 8   U

D A - T P - 1 3   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 0 1 8   U J
[ 4  -  5 ]   0 . 0 1 8   U J

D A - T P - 1 4   [ 0 8 / 0 3 ]
[ 5  -  6 ]   5 . 4
[ 9  -  1 0 ]   3 . 5   J

D A - T P - 1 5   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 2   J
[ 5  -  6 ]   0 . 6 6   J

D A - T P - 1 5 A   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 6 1   J
[ 5  -  6 ]   0 . 3 6   J
[ 9  -  1 0 ]   0 . 5 8   J

B 1 7 9 - S B 1   [ 0 7 / 1 0 ]
[ 5  -  7 ]   0 . 0 4 8   U

B 1 7 9 - S B 2   [ 0 7 / 1 0 ]
[ 7  -  9 ]   0 . 0 6 9   U J
B 1 7 9 - S B 2   [ 1 1 / 1 0 ]
[ 2  -  4 ]   0 . 2 6   U J

B 1 7 9 - S B 3   [ 0 7 / 1 0 ]
[ 7  -  9 ]   0 . 1   U J
B 1 7 9 - S B 3   [ 1 1 / 1 0 ]
[ 4  -  6 ]   0 . 2 3   U J

B 1 8 5 A 1 - S B 1   [ 0 7 / 1 0 ]
[ 1  -  3 ]   0 . 1 8   U
[ 7  -  8 ]   0 . 0 9 6   U J

B 1 8 5 A 1 - S B 2   [ 0 7 / 1 0 ]
[ 1  -  3 ]   0 . 2   U
[ 3  -  5 ]   0 . 0 7 8   U J

B 1 8 5 A 1 - S B 3   [ 0 7 / 1 0 ]
[ 1  -  3 ]   0 . 0 7 7   U J
[ 3  -  5 ]   0 . 0 6 1   U J

B 1 8 5 A 1 - S B 4   [ 0 7 / 1 0 ]
[ 1  -  3 ]   0 . 0 7 2   U J
[ 5  -  7 ]   0 . 0 9 2   U J

B 1 8 5 A 3 - S B 1   [ 0 7 / 1 0 ]
[ 1  -  3 ]   0 . 0 4 1   U J
[ 3  -  5 ]   0 . 0 3 5   U J

D A - M W 0 4 B   [ 0 8 / 0 3 ]
[ 8  -  1 0 ]   0 . 0 1 9
[ 1 4  -  1 6 ]   0 . 0 1 8   U

D A - M W 1 0 0 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   0 . 0 1   U

D A - M W 1 0 1 B   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 0 1   U

D A - M W 1 0 3 B   [ 0 4 / 0 8 ]
[ 8  -  1 0 ]   0 . 0 1 5   U

D A - M W 1 0 4 B   [ 0 4 / 0 8 ]
[ 4  -  6 ]   0 . 1 6   U J

D A - M W 1 0 5 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   0 . 2 6   U J

D A - M W 1 0 6 B   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 0 1   U

D A - M W 1 0 7 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   0 . 0 1   U

D A - M W 1 0 8 B   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 1 8   U J

D A - M W 1 0 9 B   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 0 5   U J

D A - M W 1 1 0 B   [ 0 4 / 0 8 ]
[ 1 0  -  1 2 ]   5 . 6

D A - M W 1 1 1 B   [ 0 4 / 0 8 ]
[ 4  -  6 ]   0 . 0 4   U J

D A - M W 1 1 2 B   [ 0 4 / 0 8 ]
[ 6  -  8 ]   0 . 3 2   U J

D A - M W 1 1 3 B   [ 0 4 / 0 8 ]
[ 6  -  8 ]   0 . 0 1 4   U

D A - M W 1 1 4 B   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 0 2   U

D A - M W 1 1 6 B   [ 0 4 / 0 8 ]
[ 3  -  5 ]   0 . 0 1 4   U

D A - M W 1 1 8 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   0 . 0 1   U

D A - M W 1 1 9 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   0 . 0 8   U J

D A - M W 1 2 0 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   0 . 0 1 6   U

D A - S B - 0 1   [ 0 8 / 0 3 ]
[ 5 . 5  -  7 . 5 ]   0 . 0 1 8   U
[ 8  -  9 ]   0 . 0 2   U

D A - S B - 0 2   [ 0 8 / 0 3 ]
[ 3  -  4 ]   0 . 0 1 8   U J
[ 5 . 5  -  6 . 5 ]   0 . 0 1 8   U J

D A - S B - 0 3   [ 0 8 / 0 3 ]
[ 3  -  4 ]   0 . 0 9 8   U
[ 6  -  7 ]   0 . 0 9 4   U

D A - S B - 0 4   [ 0 8 / 0 3 ]
[ 2 . 5  -  3 . 5 ]   0 . 0 1 8   U J
[ 9  -  1 0 ]   0 . 0 2   U J

D A - S B - 0 5   [ 0 8 / 0 3 ]
[ 2  -  3 ]   0 . 0 1 8   U
[ 3  -  4 ]   0 . 0 1 9   U

D A - S B - 0 6   [ 0 8 / 0 3 ]
[ 2 . 5  -  3 . 5 ]   0 . 0 1 8   U J

D A - S B - 0 8   [ 0 8 / 0 3 ]
[ 6  -  7 ]   0 . 0 1 8   U

D A - S B 1 0 0   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 1 8   J

D A - S B 1 0 1   [ 0 3 / 0 8 ]
[ 6  -  8 ]   0 . 0 2   U J

D A - S B 1 0 2   [ 0 3 / 0 8 ]
[ 3  -  5 ]   0 . 0 2   U J

D A - S B 1 0 4   [ 0 2 / 0 8 ]
[ 6  -  8 ]   0 . 0 1   U J

D A - S B 1 0 5   [ 0 2 / 0 8 ]
[ 4  -  6 ]   0 . 3 3   J

D A - S B 1 0 6   [ 0 2 / 0 8 ]
[ 6  -  8 ]   1 . 7   J

D A - S B 1 0 8   [ 0 2 / 0 8 ]
[ 2  -  4 ]   0 . 6 6   J

D A - S B 1 0 9   [ 0 2 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J

D A - S B 1 1 0   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   0 . 0 1   U J

D A - S B 1 1 1   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 4 1   J

D A - S B 1 1 2   [ 0 3 / 0 8 ]
[ 6  -  8 ]   0 . 0 1   U J

D A - S B 1 1 3   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 0 2   U J

D A - S B 1 1 4   [ 0 3 / 0 8 ]
[ 4  -  6 ]   0 . 2 8   J

D A - S B 1 1 5   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J

D A - S B 1 1 6   [ 0 3 / 0 8 ]
[ 2  -  4 ]   0 . 0 1   U J
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B 1 7 9 - S B 1   [ 0 7 / 1 0 ]
[ 5  -  7 ]   1 0 . 9

B 1 7 9 - S B 2   [ 0 7 / 1 0 ]
[ 7  -  9 ]   1 6 . 1
B 1 7 9 - S B 2   [ 1 1 / 1 0 ]
[ 2  -  4 ]   1 6 . 2

B 1 7 9 - S B 3   [ 0 7 / 1 0 ]
[ 7  -  9 ]   1 8 . 1
B 1 7 9 - S B 3   [ 1 1 / 1 0 ]
[ 4  -  6 ]   7 . 9

B 1 8 5 A 1 - S B 1   [ 0 7 / 1 0 ]
[ 1  -  3 ]   1 4 . 4
[ 7  -  8 ]   2 3 . 5

B 1 8 5 A 1 - S B 2   [ 0 7 / 1 0 ]
[ 1  -  3 ]   1 3 . 5
[ 3  -  5 ]   1 8

B 1 8 5 A 1 - S B 3   [ 0 7 / 1 0 ]
[ 1  -  3 ]   1 3 . 6
[ 3  -  5 ]   1 2 . 7

B 1 8 5 A 1 - S B 4   [ 0 7 / 1 0 ]
[ 1  -  3 ]   1 6 . 5
[ 5  -  7 ]   1 8 . 4

B 1 8 5 A 3 - S B 1   [ 0 7 / 1 0 ]
[ 1  -  3 ]   1 1 . 6
[ 3  -  5 ]   1 2 . 4

D A - M W 0 4 B   [ 0 8 / 0 3 ]
[ 8  -  1 0 ]   9 . 7   J
[ 1 4  -  1 6 ]   1 1   J

D A - M W 1 0 0 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   2 1 . 5   J

D A - M W 1 0 1 B   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 9 . 5   J

D A - M W 1 0 3 B   [ 0 4 / 0 8 ]
[ 8  -  1 0 ]   1 6 . 3

D A - M W 1 0 4 B   [ 0 4 / 0 8 ]
[ 4  -  6 ]   1 6 . 2

D A - M W 1 0 5 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   1 3

D A - M W 1 0 6 B   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 4   J

D A - M W 1 0 7 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   1 6 . 1   J

D A - M W 1 0 8 B   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 6 . 8   J

D A - M W 1 0 9 B   [ 0 3 / 0 8 ]
[ 2  -  4 ]   2 2 . 1   J

D A - M W 1 1 0 B   [ 0 4 / 0 8 ]
[ 1 0  -  1 2 ]   5 0 . 7

D A - M W 1 1 1 B   [ 0 4 / 0 8 ]
[ 4  -  6 ]   1 5 . 8

D A - M W 1 1 2 B   [ 0 4 / 0 8 ]
[ 6  -  8 ]   1 7 . 7

D A - M W 1 1 3 B   [ 0 4 / 0 8 ]
[ 6  -  8 ]   1 8 . 7

D A - M W 1 1 4 B   [ 0 3 / 0 8 ]
[ 2  -  4 ]   3 2

D A - M W 1 1 6 B   [ 0 4 / 0 8 ]
[ 3  -  5 ]   1 6 . 3

D A - M W 1 1 8 B   [ 0 3 / 0 8 ]
[ 6  -  8 ]   1 7 . 2   J

D A - M W 1 1 9 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   1 3 . 3

D A - M W 1 2 0 B   [ 0 4 / 0 8 ]
[ 2  -  4 ]   2 3 . 2

D A - S B - 0 1   [ 0 8 / 0 3 ]
[ 5 . 5  -  7 . 5 ]   1 3   J
[ 8  -  9 ]   1 1   J

D A - S B - 0 2   [ 0 8 / 0 3 ]
[ 3  -  4 ]   6 . 8
[ 5  -  6 ]   9 . 4

D A - S B - 0 3   [ 0 8 / 0 3 ]
[ 3  -  4 ]   1 2   J
[ 6  -  7 ]   1 3   J

D A - S B - 0 4   [ 0 8 / 0 3 ]
[ 2 . 5  -  3 . 5 ]   9 . 5
[ 9  -  1 0 ]   7 . 5

D A - S B - 0 5   [ 0 8 / 0 3 ]
[ 2  -  3 ]   1 5   J
[ 3  -  4 ]   1 1   J

D A - S B - 0 6   [ 0 8 / 0 3 ]
[ 2 . 5  -  3 . 5 ]   7 . 7

D A - S B - 0 8   [ 0 8 / 0 3 ]
[ 6  -  7 ]   2 2   J

D A - S B 1 0 0   [ 0 3 / 0 8 ]
[ 2  -  4 ]   1 3 . 2

D A - S B 1 0 1   [ 0 3 / 0 8 ]
[ 6  -  8 ]   2 2

D A - S B 1 0 2   [ 0 3 / 0 8 ]
[ 3  -  5 ]   2 0 . 9

D A - S B 1 0 4   [ 0 2 / 0 8 ]
[ 6  -  8 ]   2 1 . 2

D A - S B 1 0 5   [ 0 2 / 0 8 ]
[ 4  -  6 ]   1 5 . 5

D A - S B 1 0 6   [ 0 2 / 0 8 ]
[ 6  -  8 ]   9 8 . 2

D A - S B 1 0 8   [ 0 2 / 0 8 ]
[ 2  -  4 ]   4 . 9

D A - S B 1 0 9   [ 0 2 / 0 8 ]
[ 2  -  4 ]   1 7 . 4

D A - S B 1 1 0   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   1 6

D A - S B 1 1 1   [ 0 3 / 0 8 ]
[ 2  -  4 ]   1 0 3

D A - S B 1 1 2   [ 0 3 / 0 8 ]
[ 6  -  8 ]   1 5 . 3

D A - S B 1 1 3   [ 0 3 / 0 8 ]
[ 4  -  6 ]   2 0 . 3

D A - S B 1 1 4   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 4 . 4

D A - S B 1 1 5   [ 0 3 / 0 8 ]
[ 2  -  4 ]   2 3 . 1

D A - S B 1 1 6   [ 0 3 / 0 8 ]
[ 2  -  4 ]   1 6 . 5

D A - S B 1 1 7   [ 0 3 / 0 8 ]
[ 8  -  1 0 ]   1 4 . 1

D A - S B 1 1 8   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 3 . 9

D A - S B 1 1 9   [ 0 3 / 0 8 ]
[ 2  -  4 ]   1 6 . 3

D A - S B 1 2 0   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 8 . 2

D A - S B 1 2 1   [ 0 2 / 0 8 ]
[ 4  -  6 ]   2 1 . 1   J

D A - S B 1 2 2   [ 0 2 / 0 8 ]
[ 4  -  7 ]   1 4 . 7   J

D A - S B 1 2 3   [ 0 2 / 0 8 ]
[ 5  -  8 ]   1 9 . 4   J

D A - S B 1 2 4   [ 0 2 / 0 8 ]
[ 6  -  8 ]   1 9 . 5

D A - S B 1 2 5   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   2 0 . 9

D A - S B 1 2 6   [ 0 2 / 0 8 ]
[ 1 0  -  1 3 ]   2 1 . 6   J

D A - S B 1 2 7   [ 0 2 / 0 8 ]
[ 2  -  4 ]   1 1 . 5

D A - S B 1 2 8   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   2 3 . 3   J

D A - S B 1 2 9   [ 0 2 / 0 8 ]
[ 4  -  6 ]   1 5 . 7   J

D A - S B 1 3 0   [ 0 2 / 0 8 ]
[ 1 0  -  1 1 . 5 ]   1 7 . 2   J

D A - S B 1 3 1   [ 0 2 / 0 8 ]
[ 4  -  6 ]   1 6 . 9   J

D A - S B 1 3 2   [ 0 2 / 0 8 ]
[ 4  -  6 ]   2 5 . 2   J

D A - S B 1 3 3   [ 0 2 / 0 8 ]
[ 8  -  1 0 ]   1 8 . 6

D A - S B 1 3 4   [ 0 2 / 0 8 ]
[ 4  -  5 ]   3 2   J

D A - S B 1 3 5   [ 0 2 / 0 8 ]
[ 1 2  -  1 4 ]   2 7 . 4   J D A - S B 1 3 6   [ 0 2 / 0 8 ]

[ 8  -  1 0 ]   2 6   J

D A - S B 1 3 7   [ 0 2 / 0 8 ]
[ 4  -  6 ]   1 8 . 8   J

D A - S B 1 3 8   [ 0 2 / 0 8 ]
[ 4  -  6 ]   1 6 . 4   J

D A - S B 1 3 9   [ 0 2 / 0 8 ]
[ 1 0  -  1 2 ]   3 3 . 6   J

D A - S B 1 5 0   [ 0 3 / 0 8 ]
[ 2  -  4 ]   1 5 . 7

D A - S B 1 5 1   [ 0 3 / 0 8 ]
[ 4  -  6 ]   1 6

D A - S B 1 5 2   [ 0 2 / 0 8 ]
[ 2  -  4 ]   1 3 . 5

D A - S B 1 5 3   [ 0 2 / 0 8 ]
[ 2  -  4 ]   1 4 . 2

D A - T P - 0 1   [ 0 8 / 0 3 ]
[ 3  -  4 ]   1 1   J
[ 6  -  7 ]   9 . 8

D A - T P - 0 2   [ 0 8 / 0 3 ]
[ 2  -  3 ]   1 1   J
[ 5  -  6 ]   1 2   J

D A - T P - 0 5   [ 0 8 / 0 3 ]
[ 6  -  7 ]   8 . 6   J
[ 9  -  1 0 ]   1 4   J

D A - T P - 0 6   [ 0 8 / 0 3 ]
[ 3  -  4 ]   9 . 1   J
[ 9  -  1 0 ]   1 0   J

D A - T P - 0 7   [ 0 8 / 0 3 ]
[ 3  -  4 ]   7 . 4
[ 9  -  1 0 ]   1 0

D A - T P - 0 8   [ 0 8 / 0 3 ]
[ 3  -  4 ]   1 0   J
[ 7  -  8 ]   1 0   J

D A - T P 1 0 3   [ 0 2 / 0 8 ]
[ 5  -  6 ]   2 5 . 3   J

D A - T P - 1 1   [ 0 8 / 0 3 ]
[ 2  -  3 ]   1 4   J
[ 3  -  4 ]   1 6   J

D A - T P - 1 2   [ 0 8 / 0 3 ]
[ 2  -  3 ]   1 3   J

D A - T P - 1 3   [ 0 8 / 0 3 ]
[ 2  -  3 ]   9 . 4   J
[ 4  -  5 ]   8 . 8   J

D A - T P - 1 4   [ 0 8 / 0 3 ]
[ 5  -  6 ]   2 0   J
[ 9  -  1 0 ]   1 4   J

D A - T P - 1 5   [ 0 8 / 0 3 ]
[ 2  -  3 ]   9 . 6   J
[ 5  -  6 ]   1 0   J

D A - T P - 1 5 A   [ 0 8 / 0 3 ]
[ 2  -  3 ]   3 . 7
[ 5  -  6 ]   2 . 6
[ 9  -  1 0 ]   8 . 6   J
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!( > 25 mg/kg

Site 8 Boundary

NAVAL STATION NEWPORT
MIDDLETOWN, RHODE ISLAND

CHROMIUM IN SUBSURFACE SOIL

SITE 8 - NUSC DISPOSAL AREA
FEASIBILITY STUDY
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Legend
Lead (mg/kg)
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!( 150 - 500

!( > 500

Site 8 Boundary

NAVAL STATION NEWPORT
MIDDLETOWN, RHODE ISLAND

LEAD IN SUBSURFACE SOIL

SITE 08 - NUSC DISPOSAL AREA
FEASIBILITY STUDY
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Notes:
Residential PRG = 150 mg/kg
Industrial PRG = 500 mg/kg
J = Estimated Result
U = Non-Detected
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NAVAL STATION NEWPORT
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Notes:
Residential PRG = 1.5 mg/kg
Industrial PRG = 1.5 mg/kg
J = Estimated Result
U = Non-Detected
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Notes:
Residential PRG = 390 mg/kg
J = Estimated Result
U = Non-Detected
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D A - M W 1 1 3 B

[ 0 5 / 0 8 ]   1   U J

D A - M W 1 1 4 B

[ 0 5 / 0 8  |  2 9 - 3 4 ]   1   U J

[ 0 5 / 0 8  |  3 4 - 3 9 ]   1   U J

[ 0 5 / 0 8  |  5 2 - 6 1 ]   1   U J

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 5 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   1   U

[ 0 5 / 0 8  |  2 6 - 3 1 ]   1   U

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 6 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 6 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 6 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 7 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 7 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 7 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 8 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 8 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 8 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 9 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 2

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 0 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 2 2

[ 0 6 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 3

[ 0 6 / 0 8 ]   1   U

D A - M W 1 2 4 B

[ 0 8 / 0 8  |  1 0 - 2 0 ]   1   U

[ 0 8 / 0 8  |  3 5 - 4 5 ]   1   U

D A - M W 1 2 5 B

[ 0 7 / 0 8  |  2 6 - 3 6 ]   1   U

[ 0 8 / 0 8  |  3 6 - 4 6 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 6 B

[ 0 7 / 0 8  |  2 2 - 2 7 ]   1   U

[ 0 7 / 0 8  |  4 2 - 4 6 ]   1   U

[ 0 7 / 0 8  |  5 0 - 5 5 ]   1   U

D A - M W 1 2 7 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 8 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 9 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 3 0 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 3 A

[ 0 8 / 0 8 ]   1   U

D A - M W 1 3 B

[ 0 6 / 1 0 ]   0 . 5   U

B 1 8 5 A 3 - S B 1

[ 0 7 / 1 0 ]   0 . 5   U

D A - D W 0 1

[ 0 1 / 0 8 ]   1   U

[ 0 8 / 0 8 ]   1   U

D A - D W 0 2

[ 0 1 / 0 8 ]   1   U

[ 0 8 / 0 8 ]   1   U

D A - D W 0 3

[ 0 1 / 0 8 ]   1   U
D A - D W 0 4

[ 0 1 / 0 8 ]   1   U
D A - D W 0 5

[ 0 1 / 0 8 ]   1   U

D A - D W 0 6

[ 0 1 / 0 8 ]   1   U
D A - D W 0 7

[ 0 1 / 0 8 ]   1   U

D A - D W 0 8

[ 0 1 / 0 8 ]   1   U

D A - D W 0 9

[ 0 1 / 0 8 ]   1   U

D A - D W 1 0

[ 0 1 / 0 8 ]   1   U

D A - D W 1 1

[ 0 8 / 0 8 ]   1   U

D A - D W 1 2

[ 0 8 / 0 8 ]   1   U

D A - D W 1 3

[ 0 8 / 0 8 ]   1   U

D A - D W 1 4

[ 0 8 / 0 8 ]   1   U

D A - D W 1 5

[ 0 6 / 1 0 ]   0 . 5   U R

D A - D W 1 6

[ 0 6 / 1 0 ]   0 . 5   U R

D A - M W 0 1 B

[ 0 9 / 0 3 ]   0 . 2 8   U

D A - M W 0 2 B

[ 0 9 / 0 3 ]   0 . 2 8   U

[ 0 5 / 0 8 ]   1   U

D A - M W 0 3 B

[ 0 9 / 0 3 ]   7   U

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 4 B

[ 0 9 / 0 3 ]   0 . 2 8   U

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 6 A

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 0 6 B

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 7 A

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 7 6   J

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 7 B

[ 0 5 / 0 8 ]   1   J

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 3 3   J

D A - M W 0 8 A

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 0 8 B

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 9 B

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 1 0 0 B

[ 0 5 / 0 8 ]   5 8

D A - M W 1 0 1 B

[ 0 5 / 0 8 ]   1   U

[ 0 7 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 0 2 B

[ 0 5 / 0 8 ]   1   U

[ 0 8 / 0 8 ]   1   U

D A - M W 1 0 3 B

[ 0 5 / 0 8 ]   1   U

[ 0 7 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 0 3 S

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 4 B

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 0 5 B

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U D A - M W 1 0 6 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 6 S

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 7 B

[ 0 6 / 0 8 ]   1   U

D A - M W 1 0 8 B

[ 0 6 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U J

D A - M W 1 0 9 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   1   U

[ 0 5 / 0 8  |  3 0 - 3 5 ]   1   U

[ 0 5 / 0 8  |  3 6 - 4 1 ]   1   U

[ 0 6 / 0 8 ]   1   U

D A - M W 1 1

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 1 1 0 B

[ 0 5 / 0 8 ]   1   U J

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 1 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 2 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 2 S

[ 0 5 / 0 8 ]   1   U J
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ETHYLBENZENE IN GROUNDWATER

REMEDIAL INVESTIGATION

NUSC NEWPORT

MIDDLETOWN, RHODE ISLAND

DRAWN BY

FIGURE NUMBER

SCALE

REV DATE

K. MOORE AS NOTED

FIGURE A-16 0 6/17/11

Note:
PRG = 700 ug/L
J = estimated result
U = non-detect
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D A - M W 0 7 A

[ 0 5 / 0 8 ]   5 . 8   J

D A - M W 0 7 B

[ 0 5 / 0 8 ]   3 4 . 4

D A - M W 1 1 3 B

[ 0 5 / 0 8 ]   0 . 6   J

D A - M W 1 1 4 B

[ 0 5 / 0 8  |  2 9 - 3 4 ]   1   U J

[ 0 5 / 0 8  |  3 4 - 3 9 ]   1   U J

[ 0 5 / 0 8  |  5 2 - 6 1 ]   1   U J

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 5 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   1   U

[ 0 5 / 0 8 ]   1   U

[ 0 5 / 0 8  |  2 6 - 3 1 ]   0 . 5   J

D A - M W 1 1 6 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 6 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 6 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 7 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 7 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 7 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 8 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 8 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 8 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 9 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 2

[ 0 6 / 1 0 ]   4 . 5

[ 0 3 / 1 1 ]   4 . 6

D A - M W 1 2 0 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 2 2

[ 0 6 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5 8   J

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 3

[ 0 6 / 0 8 ]   2

D A - M W 1 2 4 B

[ 0 8 / 0 8  |  1 0 - 2 0 ]   1   U

[ 0 8 / 0 8  |  3 5 - 4 5 ]   1   U

D A - M W 1 2 5 B

[ 0 7 / 0 8  |  2 6 - 3 6 ]   1 2

[ 0 8 / 0 8  |  3 6 - 4 6 ]   8

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 6 B

[ 0 7 / 0 8  |  2 2 - 2 7 ]   1   U

[ 0 7 / 0 8  |  4 2 - 4 6 ]   1   U

[ 0 7 / 0 8  |  5 0 - 5 5 ]   1   U

D A - M W 1 2 7 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 8 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 9 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 3 0 B

[ 0 8 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 3 A

[ 0 8 / 0 8 ]   1   U J

D A - M W 1 3 B

[ 0 6 / 1 0 ]   1 . 1

B 1 8 5 A 3 - S B 1

[ 0 7 / 1 0 ]   0 . 5   U

D A - D W 0 1

[ 0 1 / 0 8 ]   1   U

[ 0 8 / 0 8 ]   0 . 6   J

D A - D W 0 2

[ 0 1 / 0 8 ]   1   U

[ 0 8 / 0 8 ]   1   U D A - D W 0 3

[ 0 1 / 0 8 ]   1   U

D A - D W 0 4

[ 0 1 / 0 8 ]   1   U

D A - D W 0 5

[ 0 1 / 0 8 ]   0 . 5   J

D A - D W 0 6

[ 0 1 / 0 8 ]   0 . 9   J

D A - D W 0 7

[ 0 1 / 0 8 ]   1   U

D A - D W 0 8

[ 0 1 / 0 8 ]   1   U

D A - D W 0 9

[ 0 1 / 0 8 ]   1   U

D A - D W 1 0

[ 0 1 / 0 8 ]   2

D A - D W 1 1

[ 0 8 / 0 8 ]   1   U

D A - D W 1 2

[ 0 8 / 0 8 ]   1   U

D A - D W 1 3

[ 0 8 / 0 8 ]   1   U J

D A - D W 1 4

[ 0 8 / 0 8 ]   1   U J

D A - D W 1 5

[ 0 6 / 1 0 ]   0 . 5   U R

D A - D W 1 6

[ 0 6 / 1 0 ]   0 . 5   U R

D A - M W 0 1 B

[ 0 9 / 0 3 ]   1 . 9

D A - M W 0 2 B

[ 0 9 / 0 3 ]   0 . 4 3   U

[ 0 5 / 0 8 ]   1   U

D A - M W 0 3 B

[ 0 9 / 0 3 ]   1 1   U

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 6 7   J

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 4 B

[ 0 9 / 0 3 ]   8 . 4

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   1 . 2

D A - M W 0 6 A

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 0 6 B

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 7 A

[ 0 5 / 0 8 ]   2

[ 0 6 / 1 0 ]   0 . 5 3   J

[ 0 3 / 1 1 ]   1 2

D A - M W 0 7 B

[ 0 5 / 0 8 ]   2   J

[ 0 6 / 1 0 ]   8 . 3

[ 0 3 / 1 1 ]   1 . 1

D A - M W 0 8 A

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 0 8 B

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 9 B

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 1 0 0 B

[ 0 5 / 0 8 ]   5 0   U
D A - M W 1 0 1 B

[ 0 5 / 0 8 ]   1   U

[ 0 7 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 0 2 B

[ 0 5 / 0 8 ]   1   U

[ 0 8 / 0 8 ]   1   U J

D A - M W 1 0 3 B

[ 0 5 / 0 8 ]   1   U

[ 0 7 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 0 3 S

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 4 B

[ 0 5 / 0 8 ]   0 . 5   J

[ 0 6 / 1 0 ]   2 . 7

[ 0 3 / 1 1 ]   3 . 7

D A - M W 1 0 5 B

[ 0 5 / 0 8 ]   3

[ 0 6 / 1 0 ]   2 . 6

D A - M W 1 0 6 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 6 S

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 7 B

[ 0 6 / 0 8 ]   1   U

D A - M W 1 0 8 B

[ 0 6 / 0 8 ]   7

[ 0 3 / 1 1 ]   8 . 8   J

D A - M W 1 0 9 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   2   J

[ 0 5 / 0 8  |  3 6 - 4 1 ]   4   J

[ 0 5 / 0 8  |  3 0 - 3 5 ]   5   J

[ 0 6 / 0 8 ]   3

D A - M W 1 1

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 1 1 0 B

[ 0 5 / 0 8 ]   7   J

[ 0 3 / 1 1 ]   0 . 4 5   J

D A - M W 1 1 1 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 2 B

[ 0 5 / 0 8 ]   1   U J

D A - M W 1 1 2 S

[ 0 5 / 0 8 ]   0 . 5   J
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Site 8 Boundary

TETRACHLOROETHENE IN GROUNDWATER

REMEDIAL INVESTIGATION

NUSC NEWPORT

MIDDLETOWN, RHODE ISLAND

DRAWN BY

FIGURE NUMBER

SCALE

REV DATE

K. MOORE AS NOTED

FIGURE A-17 0 6/17/11

Note:
PRG = 5 ug/L
J = estimated result
U = non-detect
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D A - M W 1 1 3 B

[ 0 5 / 0 8 ]   1   U J

D A - M W 1 1 4 B

[ 0 5 / 0 8  |  2 9 - 3 4 ]   1   U J

[ 0 5 / 0 8  |  3 4 - 3 9 ]   1   U J

[ 0 5 / 0 8  |  5 2 - 6 1 ]   1   U J

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 5 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   1   U

[ 0 5 / 0 8  |  2 6 - 3 1 ]   1   U

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 6 B

[ 0 5 / 0 8 ]   1   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 1 6 B - D 1

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 6 B - D 2

[ 0 8 / 1 0 ]   0 . 5   U

D A - M W 1 1 7 B

[ 0 5 / 0 8 ]   7 3 0

[ 0 3 / 1 1 ]   1 6

D A - M W 1 1 7 B - D 1

[ 0 8 / 1 0 ]   1 4 0

D A - M W 1 1 7 B - D 2

[ 0 8 / 1 0 ]   1 3 0

D A - M W 1 1 8 B

[ 0 5 / 0 8 ]   1 8

[ 0 3 / 1 1 ]   6 2

D A - M W 1 1 8 B - D 1

[ 0 8 / 1 0 ]   2 0 0

D A - M W 1 1 8 B - D 2

[ 0 8 / 1 0 ]   1 6 0

D A - M W 1 1 9 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 2

[ 0 6 / 1 0 ]   1 . 1

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 0 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 2 2

[ 0 6 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5 7   J

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 3

[ 0 6 / 0 8 ]   0 . 9   J

D A - M W 1 2 4 B

[ 0 8 / 0 8  |  1 0 - 2 0 ]   2

[ 0 8 / 0 8  |  3 5 - 4 5 ]   1 6

D A - M W 1 2 5 B

[ 0 7 / 0 8  |  2 6 - 3 6 ]   4

[ 0 8 / 0 8  |  3 6 - 4 6 ]   2

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 1 2 6 B

[ 0 7 / 0 8  |  2 2 - 2 7 ]   1   U

[ 0 7 / 0 8  |  4 2 - 4 6 ]   1   U

[ 0 7 / 0 8  |  5 0 - 5 5 ]   1   U

D A - M W 1 2 7 B

[ 0 8 / 1 0 ]   4 . 8

[ 0 3 / 1 1 ]   1 2

D A - M W 1 2 8 B

[ 0 8 / 1 0 ]   1 2 0 0

[ 0 3 / 1 1 ]   6 8 0

D A - M W 1 2 9 B

[ 0 8 / 1 0 ]   4 . 4

[ 0 3 / 1 1 ]   2 . 3

D A - M W 1 3 0 B

[ 0 8 / 1 0 ]   0 . 7 1   J

[ 0 3 / 1 1 ]   0 . 7 8   J

D A - M W 1 3 A

[ 0 8 / 0 8 ]   1   U

D A - M W 1 3 B

[ 0 6 / 1 0 ]   0 . 3 7   J

B 1 8 5 A 3 - S B 1

[ 0 7 / 1 0 ]   0 . 5   U

D A - D W 0 1

[ 0 1 / 0 8 ]   1 6 0

[ 0 8 / 0 8 ]   3 5 0

D A - D W 0 2

[ 0 1 / 0 8 ]   2 2 0

[ 0 8 / 0 8 ]   2 2 0

D A - D W 0 3

[ 0 1 / 0 8 ]   9 9

D A - D W 0 4

[ 0 1 / 0 8 ]   2 0 0
D A - D W 0 5

[ 0 1 / 0 8 ]   3 0 0

D A - D W 0 6

[ 0 1 / 0 8 ]   1 6 0

D A - D W 0 7

[ 0 1 / 0 8 ]   1 3

D A - D W 0 8

[ 0 1 / 0 8 ]   1   U

D A - D W 0 9

[ 0 1 / 0 8 ]   1   U

D A - D W 1 0

[ 0 1 / 0 8 ]   3

D A - D W 1 1

[ 0 8 / 0 8 ]   1 4 0

D A - D W 1 2

[ 0 8 / 0 8 ]   1 9 0

D A - D W 1 3

[ 0 8 / 0 8 ]   1 4 0

D A - D W 1 4

[ 0 8 / 0 8 ]   1 7   J

D A - D W 1 5

[ 0 6 / 1 0 ]   9 . 8   J

D A - D W 1 6

[ 0 6 / 1 0 ]   1 1   J

D A - M W 0 1 B

[ 0 9 / 0 3 ]   1 . 3

D A - M W 0 2 B

[ 0 9 / 0 3 ]   0 . 4 2   J

[ 0 5 / 0 8 ]   1   U

D A - M W 0 3 B

[ 0 9 / 0 3 ]   1 5 0 0

[ 0 5 / 0 8 ]   1 9 0

[ 0 6 / 1 0 ]   1 0 0   J

[ 0 3 / 1 1 ]   3 4 0

D A - M W 0 4 B

[ 0 9 / 0 3 ]   3 . 6

[ 0 5 / 0 8 ]   1   U

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 8 8   J

D A - M W 0 6 A

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 0 6 B

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 7 A

[ 0 5 / 0 8 ]   0 . 9   J

[ 0 6 / 1 0 ]   1   J

[ 0 3 / 1 1 ]   4 . 1

D A - M W 0 7 B

[ 0 5 / 0 8 ]   4   J

[ 0 6 / 1 0 ]   3 . 9

[ 0 3 / 1 1 ]   1 . 9

D A - M W 0 8 A

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 0 8 B

[ 0 6 / 1 0 ]   0 . 5   U

[ 0 3 / 1 1 ]   0 . 5   U

D A - M W 0 9 B

[ 0 5 / 0 8 ]   0 . 5   J

[ 0 6 / 1 0 ]   1 . 2

D A - M W 1 0 0 B

[ 0 5 / 0 8 ]   5 0   U

D A - M W 1 0 1 B

[ 0 5 / 0 8 ]   4

[ 0 7 / 0 8 ]   5

[ 0 6 / 1 0 ]   3 . 5

[ 0 3 / 1 1 ]   3 . 8

D A - M W 1 0 2 B

[ 0 5 / 0 8 ]   5

[ 0 8 / 0 8 ]   1 1

D A - M W 1 0 3 B

[ 0 5 / 0 8 ]   6

[ 0 7 / 1 0 ]   1 5

[ 0 3 / 1 1 ]   1 3

D A - M W 1 0 3 S

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 4 B

[ 0 5 / 0 8 ]   7

[ 0 6 / 1 0 ]   6 . 3

[ 0 3 / 1 1 ]   6 . 1

D A - M W 1 0 5 B

[ 0 5 / 0 8 ]   2

[ 0 6 / 1 0 ]   2 . 4

D A - M W 1 0 6 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 6 S

[ 0 5 / 0 8 ]   1   U

D A - M W 1 0 7 B

[ 0 6 / 0 8 ]   1   U

D A - M W 1 0 8 B

[ 0 6 / 0 8 ]   2

[ 0 3 / 1 1 ]   5 . 8   J

D A - M W 1 0 9 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   1

[ 0 5 / 0 8  |  3 6 - 4 1 ]   1

[ 0 5 / 0 8  |  3 0 - 3 5 ]   2

[ 0 6 / 0 8 ]   1

D A - M W 1 1

[ 0 6 / 1 0 ]   0 . 5   U

D A - M W 1 1 0 B

[ 0 5 / 0 8 ]   3   J

[ 0 3 / 1 1 ]   0 . 5 8   J

D A - M W 1 1 1 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 2 B

[ 0 5 / 0 8 ]   1   U

D A - M W 1 1 2 S

[ 0 5 / 0 8 ]   1   U J
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Note:
PRG = 5 ug/L
J = estimated result
U = non-detect
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D A - M W 1 1 3 B

[ 0 5 / 0 8 ]   2   U J

D A - M W 1 1 4 B

[ 0 5 / 0 8  |  2 9 - 3 4 ]   2   U J

[ 0 5 / 0 8  |  3 4 - 3 9 ]   2   U J

[ 0 5 / 0 8  |  5 2 - 6 1 ]   2   U J

[ 0 5 / 0 8 ]   2   U

D A - M W 1 1 5 B

[ 0 5 / 0 8  |  1 9 - 2 4 ]   2   U

[ 0 5 / 0 8  |  2 6 - 3 1 ]   2   U

[ 0 5 / 0 8 ]   2   U

D A - M W 1 1 6 B

[ 0 5 / 0 8 ]   2   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 1 6 B - D 1

[ 0 8 / 1 0 ]   1   U

D A - M W 1 1 6 B - D 2

[ 0 8 / 1 0 ]   1   U

D A - M W 1 1 7 B

[ 0 5 / 0 8 ]   2   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 1 7 B - D 1

[ 0 8 / 1 0 ]   1   U

D A - M W 1 1 7 B - D 2

[ 0 8 / 1 0 ]   1   U

D A - M W 1 1 8 B

[ 0 5 / 0 8 ]   2   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 1 8 B - D 1

[ 0 8 / 1 0 ]   1   U

D A - M W 1 1 8 B - D 2

[ 0 8 / 1 0 ]   1   U

D A - M W 1 1 9 B

[ 0 5 / 0 8 ]   2   J

D A - M W 1 2

[ 0 6 / 1 0 ]   1   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 2 0 B

[ 0 5 / 0 8 ]   2   U

D A - M W 1 2 2

[ 0 6 / 0 8 ]   2   U

[ 0 6 / 1 0 ]   1   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 2 3

[ 0 6 / 0 8 ]   2   U

D A - M W 1 2 4 B

[ 0 8 / 0 8  |  1 0 - 2 0 ]   1   J

[ 0 8 / 0 8  |  3 5 - 4 5 ]   1 9

D A - M W 1 2 5 B

[ 0 7 / 0 8  |  2 6 - 3 6 ]   0 . 3   J

[ 0 8 / 0 8  |  3 6 - 4 6 ]   2   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 2 6 B

[ 0 7 / 0 8  |  2 2 - 2 7 ]   2   U

[ 0 7 / 0 8  |  4 2 - 4 6 ]   2   U

[ 0 7 / 0 8  |  5 0 - 5 5 ]   2   U

D A - M W 1 2 7 B

[ 0 8 / 1 0 ]   0 . 6 9   J

[ 0 3 / 1 1 ]   1   U

D A - M W 1 2 8 B

[ 0 8 / 1 0 ]   0 . 3 1   J

[ 0 3 / 1 1 ]   1   U

D A - M W 1 2 9 B

[ 0 8 / 1 0 ]   1   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 3 0 B

[ 0 8 / 1 0 ]   1   U

[ 0 3 / 1 1 ]   1   U

D A - M W 1 3 A

[ 0 8 / 0 8 ]   2   U

D A - M W 1 3 B

[ 0 6 / 1 0 ]   1   U

B 1 8 5 A 3 - S B 1

[ 0 7 / 1 0 ]   1   U

D A - D W 0 1

[ 0 1 / 0 8 ]   2   U

[ 0 8 / 0 8 ]   2   U

D A - D W 0 2

[ 0 1 / 0 8 ]   2   U

[ 0 8 / 0 8 ]   2   U

D A - D W 0 3

[ 0 1 / 0 8 ]   2   U
D A - D W 0 4

[ 0 1 / 0 8 ]   2   U

D A - D W 0 5

[ 0 1 / 0 8 ]   2   U
D A - D W 0 6

[ 0 1 / 0 8 ]   2   U

D A - D W 0 7

[ 0 1 / 0 8 ]   2   U

D A - D W 0 8

[ 0 1 / 0 8 ]   2

D A - D W 0 9

[ 0 1 / 0 8 ]   2   U

D A - D W 1 0

[ 0 1 / 0 8 ]   2   U

D A - D W 1 1

[ 0 8 / 0 8 ]   2   U

D A - D W 1 2

[ 0 8 / 0 8 ]   2   U

D A - D W 1 3

[ 0 8 / 0 8 ]   2   U

D A - D W 1 4

[ 0 8 / 0 8 ]   2   U

D A - D W 1 5

[ 0 6 / 1 0 ]   1   U R

D A - D W 1 6

[ 0 6 / 1 0 ]   1   U R

D A - M W 0 1 B
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Note:
PRG = 2 ug/L
J = estimated result
U = non-detect
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Note:
PRG = 10 ug/L
J = estimated result
U = non-detect
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FIGURE A-21 0 6/17/11

Note:
PRG = 100 ug/L
J = estimated result
U = non-detect
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J = estimated result
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J = estimated result
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J = estimated result
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PRGs
Pond Samples = 150 ug/kg
Stream Samples = 451 ug/kg
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QUANTITY CALCULATIONS 



B.1 SOIL AND SEDIMENT 



TETRA TECH, INC. CALCULATION SHEET PAGE 1 OF  6      

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW, DS JWL/JR DATE:

Date: 7/5/11, 5/4/12 Date:  7/7/11, 4/6/12 JR 5/4/12

PURPOSE 

REFERENCES

VOLUME CALCULATION

Soil Contamination

Area of Surface Soil PAH Contamination (residential) = 201,683 sf
Depth of Surface Soil PAH Contamination (residential) = 2 ft
Volume of PAH contaminated surface soil (residential) = 403,366 cf
Volume of PAH contaminated surface soil (residential) = 14,939 cy

Area of Surface Soil PAH Contamination (industrial) = 137,387 sf
Depth of Surface Soil PAH Contamination (industrial) = 2 ft
Volume of PAH contaminated surface soil (industrial) = 274,775 cf
Volume of PAH contaminated surface soil (industrial) = 10,177 cy

Area of Surface Soil Arsenic Contamination (residential/industrial) = 107,467 sf
Depth of Surface Soil Arsenic Contamination (residential/industrial) = 2 ft
Volume of arsenic contaminated surface soil (residential/industrial) = 214,934 cf
Volume of arsenic contaminated surface soil (residential/industrial) = 7,961 cy

Area of Subsurface Soil PAH Contamination (residential) = 88,592 sf
Depth of Subsurface Soil PAH Contamination (residential) = 10 ft
Volume of PAH contaminated subsurface soil (residential) = 885,918 cf
Volume of PAH contaminated subsurface soil (residential) = 32,812 cy

Area of Subsurface Soil PAH Contamination (industrial) = 53,347 sf
Depth of Subsurface Soil PAH Contamination (industrial) = 10 ft
Volume of PAH contaminated subsurface soil (industrial) = 533,467 cf
Volume of PAH contaminated subsurface soil (industrial) = 19,758 cy

Area of Subsurface Soil Arsenic Contamination (residential/industrial) = 44,172 sf
Depth of Subsurface Soil Arsenic Contamination (residential/industrial) = 10 ft
Volume of arsenic contaminated subsurface soil (residential/industrial) = 441,719 cf
Volume of arsenic contaminated subsurface soil (residential/industrial) = 16,360 cy

Total Area of Surface Soil Exceeding Residential PRGs = 242,547 sf
Depth = 2 ft

Total Volume of Surface Soil Exceeding Residential PRGs = 17,966 cy

Total Area of Subsurface Soil Exceeding Residential PRGs = 111,963 sf
Depth = 8 ft

Total Volume of Subsurface Soil Exceeding Residential PRGs = 33,174 cy

CHECKED BY: APPROVED BY:
 

NAVSTA NEWPORT, NEWPORT, RI 112G02124

Appendix B.1a Soil and Sediment Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

The purpose of this calculation is to identify quantities associated with the limits of contaminated soil and sediment within the limits of Site 
8 for the purposed of developing a cost estimate.

The calculations presented below are based on the limits of contamination identified in the figures presented in Section 2, 4, 5, and 6 of 
this FS.

This portion of the calculation identifies the total volume of surface soil contamination, subsurface soil contamination, groundwater 
contamination, and sediment contamination. 
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW, DS JWL/JR DATE:

Date: 7/5/11, 5/4/12 Date:  7/7/11, 4/6/12 JR 5/4/12

CHECKED BY: APPROVED BY:
 

NAVSTA NEWPORT, NEWPORT, RI 112G02124

Appendix B.1a Soil and Sediment Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

Total Area of Surface Soil Exceeding Industrial PRGs = 192,757 sf
Depth = 2 ft

Total Volume of Surface Soil Exceeding Industrial PRGs = 14,278 cy

Total Area of Subsurface Soil Exceeding Industrial PRGs = 86,201 sf
Depth = 8 ft

Total Volume of Subsurface Soil Exceeding Industrial PRGs = 25,541 cy

Sediment Contamination

Area of Sediment Contamination NUWC Pond = 90,923 sf
Depth of Sediment Contamination NUWC Pond = 2 ft

Volume of Sediment Contamination NUWC Pond = 181,846 cf
Volume of Sediment Contamination NUWC Pond = 6,735 cy

Percent Solid in NUWC Pond Sediments = 60 percent
Total Volume of Solids = 4,041 cy

Area of Sediment Contamination Deerfield Creek = 2,750 sf
Depth of Sediment Contamination Deerfield Creek = 0.5 ft

Volume of Sediment Contamination Deerfield Creek = 1,375 cf
Volume of Sediment Contamination Deerfield Creek = 51 cy
Percent Solid in NUWC Deerfield Creek Sediments = 100 percent

Total Volume of Solids = 51 cy

SOIL REMEDIAL ACTION ALTERNATIVE CALCULATIONS

Quantities for Alternative SO1

Quantities for Alternative SO2

Area of Pavement (no excavation, no soil cover) = 82,070 sf

Area to be excavated = See Appendix B1b

There are no quantities associated with Alternative SO1 because there is no action associated with this alternative.

The quantities associated with Alternative SO2 include pavement area, excavation volume, soil cover area, soil cover material, wetland 
restoration/creation area, and vegetation.  The following provide these quantities.
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW, DS JWL/JR DATE:

Date: 7/5/11, 5/4/12 Date:  7/7/11, 4/6/12 JR 5/4/12

CHECKED BY: APPROVED BY:
 

NAVSTA NEWPORT, NEWPORT, RI 112G02124

Appendix B.1a Soil and Sediment Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

Number of Verification Samples = 84 samples
 (1 sample/25LF excavation + 1 sample per anomaly)

Number of Wells to Abandon = 25 wells
Average length of  well to be abandoned = 20 ft

Total length of well abandonment = 500 lf

Number of Groundwater Sampling Locations = 10 wells
Number of Newly Installed Wells = 5 wells

Average well length = 20 ft
Length of Newly installed wells = 100 ft

Quantities for Alternative SO3

Area of Pavement (no excavation, no soil cover) = 82,070 sf

Area to be excavated = See Appendix B1b

Number of Verification Samples = 12 samples

Number of Wells to Abandon = 25 wells
Average length of  well to be abandoned = 20 wells

Total length of well abandonment = 500 lf

Number of Groundwater Sampling Locations = 15 wells
Number of Newly Installed Wells = 10 wells

Average well length = 20 ft
Length of Newly installed wells = 200 ft

Quantities for Alternative SO4

Area to be excavated = See Appendix B1b

Alternative support quantities associated with Alternative SO2 include number of verification samples, number of long-term monitoring 
wells, area of LUC implementation and area of soil cover and paved area maintenance.

The quantities associated with Alternative SO3 include hot spot excavation, ancillary excavation, anomaly area excavation, soil cover 
area, soil cover material, wetland restoration/creation area, and vegetation.  The following provide these quantities.

Alternative support quantities associated with Alternative SO3 include number of verification samples, number of long-term monitoring 
wells, area of LUC implementation and area of soil cover and paved area maintenance.

The quantities associated with Alternative SO4 include pavement area, excavation volume, consolidation volume, soil cover area, soil 
cover material, wetland restoration/creation area, and vegetation.  The following provide these quantities.
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW, DS JWL/JR DATE:

Date: 7/5/11, 5/4/12 Date:  7/7/11, 4/6/12 JR 5/4/12

CHECKED BY: APPROVED BY:
 

NAVSTA NEWPORT, NEWPORT, RI 112G02124

Appendix B.1a Soil and Sediment Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

Number of Verification Samples = 104 samples
 (1 sample/50LF excavation + 1 sample/1000sf + 1 sample per anomaly)

Number of Wells to Abandon = 25 wells
Average length of  well to be abandoned = 20 wells

Total length of well abandonment = 500 lf

Number of Groundwater Sampling Locations = 15 wells
Number of Newly Installed Wells = 10 wells

Average well length = 20 ft
Length of Newly installed wells = 200 ft

SEDIMENT REMEDIAL ACTION ALTERNATIVE CALCULATIONS

Quantities for Alternative SD1

Quantities for Alternative SD2

Area of Deerfield Creek Sediment Removal = 2,750 sf
Depth of Deerfield Creek Sediment Removal = 0.5 ft
Percent Solids of Deerfield Creek Sediment = 100 percent

Volume of Deerfield Creek Solid Sediment = 1,375 cf
Volume of Deerfield Creek Solid Sediment = 51 cy

Area of NUWC Pond Sediment Removal = 22,731 sf
Depth of NUWC Pond Sediment Removal = 2.0 ft
Percent Solids of NUWC Pond Sediment = 60 percent

Volume of NUWC Pond Solid Sediment = 27,277 cf
Volume of NUWC Pond Solid Sediment = 1,010 cy

Total Volume of Sediment Removed = 1,061 cy

Length of Deerfield Creek bank to be Sampled = 275 lf
frequency of samples = 100 lf

Number of Deerfield Creek Verification Samples = 3 samples

Area of NUWC Pond to be Sampled = 22,731 sf
frequency of samples = 1,000 sf

Number of NUWC Pond Verification Samples = 23 samples

Total Number of Verification Samples = 26 samples

There are no quantities associated with Alternative SD1 because there is no action associated with this alternative.

The quantities associated with Alternative SD2 include sediment excavation volume and sediment cover material.  The following provide 
these quantities.

Alternative support quantities associated with Alternative SO4 include number of verification samples, number of long-term monitoring 
wells, area of LUC implementation and area of soil cover and paved area maintenance.
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW, DS JWL/JR DATE:

Date: 7/5/11, 5/4/12 Date:  7/7/11, 4/6/12 JR 5/4/12

CHECKED BY: APPROVED BY:
 

NAVSTA NEWPORT, NEWPORT, RI 112G02124

Appendix B.1a Soil and Sediment Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

Area of NUWC Pond to be Covered = 90,923 sf
Cover thickness for Alternative SD2 = 0.5 ft

Volume of fine-grained soil material needed for cover = 45,462 cf
Volume of fine-grained soil material needed for cover = 1,684 cy

Number of Long-Term Monitoring Locations = 4 each year
Number of Annual Sediment Samples = 4 each year

Number of Annual Surface Water Samples = 4 each year
Number of Fish Tissue Samples = 1 round every 5 years.

Quantities for Alternative SD3

Area of Deerfield Creek Sediment Removal = 2,750 sf
Depth of Deerfield Creek Sediment Removal = 0.5 ft
Percent Solids of Deerfield Creek Sediment = 100 percent

Volume of Deerfield Creek Solid Sediment = 1,375 cf
Volume of Deerfield Creek Solid Sediment = 51 cy

Area of NUWC Pond Sediment Removal = 45,462 sf
Depth of NUWC Pond Sediment Removal = 2.0 ft
Percent Solids of NUWC Pond Sediment = 60 percent

Volume of NUWC Pond Solid Sediment = 54,554 cf
Volume of NUWC Pond Solid Sediment = 2,021 cy

Total Volume of Sediment Removed = 2,071 cy

Length of Deerfield Creek bank to be Sampled = 275 lf
frequency of samples = 100 lf

Number of Deerfield Creek Verification Samples = 3 samples

Area of NUWC Pond to be Sampled = 45,462 sf
frequency of samples = 1,000 sf

Number of NUWC Pond Verification Samples = 46 samples

Total Number of Verification Samples = 49 samples

Area of NUWC Pond to be Covered = 90,923 sf
Area of Geotextile needed (plus 10% for overlap) = 11,113 sy

Cover thickness for Alternative SD3 = 1 ft
Total Volume of material needed for cover = 90,923 cf
Total Volume of material needed for cover = 3,368 cy

Volume of Fine-Grained Sands = 1,684 cy
Volume of Coarse-Grained Sands and Gravels = 1,684 cy

Number of Long-Term Monitoring Locations = 4 each year
Number of Annual Sediment Samples = 4 each year

Number of Annual Surface Water Samples = 4 each year
Number of Fish Tissue Samples = 1 round every 5 years.

The quantities associated with Alternative SD3 include sediment excavation volume and sediment cover material.  The following provide 
these quantities.
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Appendix B.1a Soil and Sediment Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

Quantities for Alternative SD4

Sediment Removal

Area of Deerfield Creek Sediment Removal = 2,750 sf
Depth of Deerfield Creek Sediment Removal = 0.5 ft
Percent Solids of Deerfield Creek Sediment = 100 percent

Volume of Deerfield Creek Solid Sediment = 1,375 cf
Volume of Deerfield Creek Solid Sediment = 51 cy

Area of NUWC Pond Sediment Removal = 90,923 sf
Depth of NUWC Pond Sediment Removal = 2 ft
Percent Solids of NUWC Pond Sediment = 60 percent

Volume of NUWC Pond Solid Sediment = 109,108 cf
Volume of NUWC Pond Solid Sediment = 4,041 cy

Total volume of Off-site Disposal = 4,092 cy

Verification Sampling

Length of Deerfield Creek bank to be Sampled = 275 lf
frequency of samples = 100 lf

Number of Deerfield Creek Verification Samples = 3 samples

Area of NUWC Pond to be Sampled = 90,923 sf
frequency of samples = 1,000 sf

Number of NUWC Pond Verification Samples = 91 samples

Total Number of Verification Samples = 94 samples

Water Treatment

Volume of Solids removed from NUWC Pond = 4,041 cy
Percent solids in Hydraulic Dredge = 20 percent

Volume (solids and liquids removed during dredge) = 20,205 cy
Volume (solids and liquids removed during dredge) = 545,538 cf
Volume (solids and liquids removed during dredge) = 4,080,624 gallons

Volume of Solids = 816,125 gallons
Volume of Water Needing Filtration = 3,264,499 gallons

Monitoring

Number of Long-Term Monitoring Locations = 4 each year
Number of Annual Surface Water Samples = 4 each year

Number of Fish Tissue Samples = 1 round year 1 and year 5

The quantities associated with Alternative SD4 include sediment excavation volume and sediment cover material.  The following provide 
these quantities.
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APPENDIX B.1b ‐ NEWPORT ‐ NUSC FS ‐ SOIL REMEDIATION AREAS AND VOLUMES 

1)  Selective Excavation Areas for disposal:  SS149, SB106, TP15/TP15A,  SB127, SB110, TP8  (leachability concerns)
Assume a 10‐ft excavation radius around each sample location
Removal area at each location =  ∏ r2 = 3.14 x 100 SF =  314 SF

Location
Sample COC 
Depth

Excavation 
Depth (ft)

Volume of 
Soil (ft3) Vol (cy)

 

SS149 0 ‐2 3 942 35
SB106 6‐8 9 2826 105
TP15/TP15A 5‐6 /2‐10 11 3454 128
SB127 2‐4 5 1570 58
SB110 8‐10 11 3454 128
TP8 7‐8 9 2826 105

Total  15072 558

2)  Excavation for disposal (Alt SO2 & SO3) or consolidation (Alt SO4) ‐ isolated areas to west and south of large main remedial area
Assume a 10‐ft excavation radius around each sample location (SB142, SB145, SB146, SB153, B179)
 and excavation to the 2‐ft depth only.  Area at each location = 3.14 x 100 SF =  314 SF

Total Area = 1570 SF
Volume of soil at each location = 314 SF x 2 ft = 628 CF = 23 CY
Total Volume = 5 x 628 CF =  3140 CF
Total Volume  (CY) =  116

3)  Alt SO2 ‐ Excavation to 2‐ft depth w/ Off‐site disposal (metals) and treatment (organics), + Selective Excavation (leachability), Anomaly Removal, etc ‐ Industrial PRGs

South Meadow ‐ Exposed area south of Unnamed stream and east of Deerfield Creek  = 2.03 acres = 88,427 SF
North Meadow ‐ Exposed area north of Unnamed stream and east of Deerfield Pond  = 1.16 acres = 50,530 SF
Area northeast of dam =  0.24 acres = 10,454 SF

Total Area = (88,427 + 50,530 +10,454) SF = 149411 SF
  ‐ overlapping areas at TP8, TP15/15A, SB106, SB110, SB127 and SS149  (6 x 314 SF each) =  1884 SF

Area = 147527 SF

Volumes for Excavation (plus 15 CY of soil assumed removed with anomalies)

(147527 x 2ft) + Volume (Item 1) + Volume (Item 2)
= 295054 15072 3140
= 313266 CF
= 11602 + 15 CY

Total Vol = 11617 CY  Metals  (Off‐site Disposal) =  7914 CY As surface soil (7759)+Pb leachable soil (35+105)+Anomaly soil
PAH (LLTD & Reuse as fill) =  3703 CY LTTD Treatable soil = Total Vol ‐ Metals Soil Vol

Metals  (Off‐site Disposal) =  11752.3 tons
PAH (LLTD & Reuse as fill) =  5500 tons



Page 2 of 2

4)  Alt SO3 ‐ Capping w/ 2‐ft soil  cap + Selective Excavation w/ off‐site disposal (leachability concern areas), Anomaly Removal, etc ‐ Industrial PRGs

Open Areas to be Capped = 149, 411 SF (same total area as SO2) Soil required for 2‐ft cap = 149,411*2/27 = 11,067 CY

Areas to excavate and backfill = Item 1 + Item 2 = (5 x 314) + (5 x 314)  3140 SF
Volume Item 1 = 558 CY Off‐Site disposal
Volume Item 2 = 116 CY Off‐Site disposal or Consolidation under S. Meadow cap
Anomaly Volume =  15 CY Off‐Site disposal

690 CY

5)  Alt SO4 ‐ Excavation in Selective, Isolated and North Meadow Areas to maximum contamination depth (Residential PRGs), w/ Consolidation under cap in south Meadow (Industrial PRGs)
soil volumes from Item 1 (areas with leachability concerns) will be disposed off‐site as discussed in the text

Open Areas to be Capped (South Meadow) = 88, 427 SF  Soil required for 2‐ft cap = 88,427*2/27 = 6,550 CY
Areas/volumes to excavate and backfill, w/ off‐site disposal  = Item 1 = 15072 SF/ 558 CY + 15 CY excavated with anomalies = 573 CY
Areas/volumes to excavate and backfill, w/ consolidation in South Meadow = Item 2 + North Meadow + Area NE of Dam = 5,595 CY

Surface (0‐1ft) Area Subsurface Area (2‐ ft) Proposed SS Volume (CF) SB Volume (CF)
Exc Depth COC depth Excavation Depth (ft)

Item 2 1570 SF 2 314 SF 2‐4 ft 5 MW120B (SS is clean) 3140 1570

Area NE of Dam 10,454 SF 2 314 SF 2‐4 ft 5 MW119 20908 1570

North Meadow 57,538 SF 2 314 4‐6 ft 7 SB138 115076 2198
314 3‐5 6 MW116B 1884
314 6‐8 9 MW118B  2826
314 2‐5 6 TP13 1884

Total Area  = 69,562 1884 N. Meadow Volume for Excavation and Consolidation  139124 11932

Total = 151056 CF
Total = 5595 CY



B.2 GROUNDWATER 
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PURPOSE 

VOLUME & MASS CALCULATION

Groundwater Contamination

Total Area of Groundwater Contamination = 160,939 sf
Average Thickness of Contaminated Groundwater = 20 ft

Porosity of Rock = 0.02
Volume of contaminated groundwater = 64,376 cf
Volume of contaminated groundwater = 481,529 gal

Plume Area
Chlorinated Ethenes at North Meadow = 38557 sf
Chlorinated Ethenes at South Meadow & Bldg 185 Complex = 46994 sf
Chlorinated Ethanes = 94570 sf
1,4-dioxane = 35570 sf

COC Area (sf)

Ave. 
Thickness 

(ft)
Vol.of GW 

(gal)

Ave. 
Conc.* 
(µg/L)

Mass of 
COC (lb)

1,1-DCA 94570 20 282,953     92.7 0.22
94570 20 282,953     7.6 0.02

100 20 299             7.4 0.00002
1,4-Dioxane 35570 20 106,425     0.7 0.0007
1,1,1-TCA 94570 20 282,953     11.8 0.03
CT 100 20 299             5.2 1.3E-05

38,557 20 115,363     0.25 0.0002
46,994 20 140,606     0.89 0.001
38,557 20 115,363     77.3 0.07
46,994 20 140,606     7.3 0.009
38,557 20 115,363     0.5 0.0005
46,994 20 140,606     1.3 0.002

* Geometric Mean was used to represent the average concentration.

North Meadow
South Meadow & Bldg 185 area
North Meadow
South Meadow & Bldg 185 area
North Meadow

TCE

VC

Location
Bldg 179, 185 & South Meadow
Bldg 179, 185 & South Meadow

Bldg 179, 185 & South Meadow
Bldg 179, 185 & South Meadow
MW03B at North Meadow

MW128B at North Meadow1,1-DCE

South Meadow & Bldg 185 area

PCE

The purpose of this calculation is to identify quantities associated with the limits of contaminated groundwater at 
Site 8 for the purpose of developing a cost estimate.

The calculations presented below are based on the limits of contamination identified in the figures presented in 
Sections 2 and 5 of this FS.

This portion of the calculation identifies the total volume of groundwater contamination and mass of each 
contaminant. 
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GROUNDWATER REMEDIAL ACTION ALTERNATIVE CALCULATIONS

Quantities for Alternative GW1 - No Action

Quantities for Alternative GW2 - MNA + LUCs

Time needed for groundwater sampling:
49 existing monitoring wells

Assume 4 wells/day
sampling time needed 12 days

Labor per event = 12 days x 3 people x 10 hrs/day
 + 20 hrs prep/mob (2 people, 1 day @10hrs/day)

= 380 hrs per sampling event

Sampling Frequency
Year 0: Quarterly
Year 1 - 2: Semi-Annually
Years 3 - 30: Annually

Time for Fresh Groundwater to Fully Replenish Site Aquifer

North Meadow
K = 7.8 ft/day (Appendix D.1)
i = 0.014 ft/ft (Appendix D.1)

n = 0.02 (Appendix D.1)
v = 5.46 ft/day
L = 2000 ft (Appendix D.1)
L' = 6000 ft assuming 3 pore volumes required
T = 1099 day

= 3 years

South Meadow and Building 179 Area
K = 0.464 ft/day (Appendix D.2)
i = 0.022 ft/ft (Appendix D.2)

n = 0.02 (Appendix D.2)
v = 0.51 ft/day
L = 1000 ft (Appendix D.2)
L' = 3000 ft assuming 3 pore volumes required
T = 5878 day

= 16 years

Replacement of the abandoned wells has already been accounted for in soil alternatives SO2 and SO3. It is 
assumed that 49 wells (both existing and newly constructed replacement) would be available for monitoring.

There are no quantities associated with Alternative GW1 because there is no action associated with this 
alternative.
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Quantities for Alternative GW3 - EISB + MNA + LUCs

Assuming:
Well spacing = 10 ft  (both parallel and perpendicular to groundwater flow direction)

Here SW = SR = 10 ft

X = SR x # of wells parallel to groundwater flow

Y = SW x # of wells perpendicular to groundwater flow

# of injection points = X/SR x Y/SW

Estimate the number of injection points and mass of emulsified oil product needed for each target treatment 
zone (TTZ). 

Row Width (Y)

Groundwater
Flow

Row
Spacing 
(SR) 

Well Spacing 
(SW)

Source
Length

(X)

Row Width (Y)

Groundwater
Flow

Row
Spacing 
(SR) 

Well Spacing 
(SW)

Source
Length

(X)
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Y X

A 300 40 120

B 100 40 40
C 40 40 16
D 40 40 16
E 40 40 16
F 90 60 54
G 40 40 16
 - total 278

A 35 45 120 9,600
B 35 45 40 3,200
C 40 50 16 1,440
D 35 45 16 1,280
E 40 50 16 1,440
F 40 50 54 4,860
G 40 50 16 1,440

total 23,260

A 46,800     5,614       14,363     8,749       
B 15,600     1,871       4,788       2,917       
C 6,240       748          1,915       1,167       
D 6,240       748          1,915       1,167       
E 6,240       748          1,915       1,167       
F 19,849     2,381       8,122       5,741       
G 6,240       748          1,915       1,167       
total 107,209   12,859     34,933     22,074     

Dilution 
water, gal

Vol. of Oil, 
gal

 -

Area Treatment for Hot Spot at MW-103B 
Area Treatment for Hot Spot at MW-100B 
Area Treatment for Hot Spot at MW-101B 

Well Depth 
1, ft

# injection 
points

Total 
length, ft

Well Depth 
2, ft

Dimension, ft

Area Treatment for Hot Spot at MW-118B, MW-128B, MW-
117B and MW-03B 
Area Treatment for Hot Spot at MW-04B, MW-105B, and MW-
104B 

# injection 
points

Estimate the feet of drilling for each TTZ, assuming two wells will be drilled at each location.

TTZ ID

The amount of emulsified oil product was calculated using the Emulsified Oil Design Tool (version 7/1/2008) 
developed by Robert C. Borden (http://www4.ncsu.edu/~rcborden/Design_Tool.html).

Based on the Emulsified Oil Design Tool spreadsheet results, the amount of emulsified oil and dilution water 
needed for each TTZ were estimated, assuming the oil density is approximately 1g/ml.

TTZ ID
Mass of 
Oil, lb

Total Inj. 
Vol , gal

TTZ ID

Barrier Downgradient of MW-129B and MW-9B
Area Treatment for Hot Spots at MW-7A and MW-7B 

Location
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Well installation time

Assume 2 rigs on site
Rotosonic at 10 wells per day
Total # of wells = 556
Time to install wells = 56 days

Time to pump emulsified oil and water

Total volume = 34,933 gal

Assume a typical injection rate of 2 gpm

34,933 gal/2 gpm  = 17467 min
 = 291 hours
 = 37 days (if one well at a time @ 8 hrs/day)

Assume multiple pumping equipment (4 wells at a time)

291 hours/4 = 73 hours    = 10 days @ 8 hrs/day

Using 2x factor for labor of uncertainty in pumping rate, down time, etc.

Labor two people: 40 days @ 8 hrs/day

Post Injection Monitoring

TTZ ID Sample #
A 2
B 2
C 2
D 2
E 2
F 2
G 2
Total 14

Assume 2 sampling events for post injection performance evaluation in the first year at 6 month and 9 month

Sampling labor - 50 hours per event
Sampling ODCs - $500 per event
Sample analysis (VOCs) - $1000 per event
Report - 40 hours per event

Second Injection @ Year 5

Performance/MNA sampling

Same as the sampling program in Alt GW-2 380 hrs per sampling event

Time for Fresh Groundwater to Fully Replenish Site Aquifer

Same as calculation in Alternative GW-2.

Assume the same amount of injection would be applied after 5 years to replenish the emulsified oil in the TTZs.

Assume groundwater samples are collected from each TTZ for post injection performance monitoring as follows:
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North Meadow

T = 3 years

South Meadow and Building 179 Area

T = 16 years

Quantities for Alternative GW4 - ISCO + MNA + LUCs

Assuming:
Well spacing = 10 ft (both parallel and perpendicular to groundwater flow direction)

Here SW = SR = 10 ft

X = SR x # of wells parallel to groundwater flow

Y = SW x # of wells perpendicular to groundwater flow

# of injection points = X/SR x Y/SW

Y X

A 300 40 120

B 100 40 40
C 40 40 16
D 40 40 16
E 40 40 16
F 40 40 16
 - total 224

Dimension, ft

Area Treatment for Hot Spots at MW-7A and MW-7B 

Area Treatment for Hot Spot at MW-100B 

Area Treatment for Hot Spot at MW-118B, MW-128B, MW-
117B and MW-03B 
Area Treatment for Hot Spot at MW-04B, MW-105B, and MW-
104B 
Area Treatment for Hot Spot at MW-103B 

Estimate the number of injection points and the amount of Fenton's Reagent needed for each target treatment 
zone (TTZ). 

TTZ ID Location
# injection 

points

Area Treatment for Hot Spot at MW-101B 

Row Width (Y)

Groundwater
Flow

Row
Spacing 
(SR) 

Well Spacing 
(SW)

Source
Length

(X)

Row Width (Y)

Groundwater
Flow

Row
Spacing 
(SR) 

Well Spacing 
(SW)

Source
Length

(X)
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A 35 45 120 9,600
B 35 45 40 3,200
C 40 50 16 1,440
D 35 45 16 1,280
E 40 50 16 1,440
F 40 50 16 1,440

total 18,400

A 120 180,000
B 40 60,000
C 16 24,000
D 16 24,000
E 16 24,000
F 16 24,000
 - total 336,000

Well installation time

Assume 2 rigs on site
Rotosonic at 10 wells per day
Total # of wells = 448
Time to install wells = 45 days

Time to pump Fenton's Reagent solution

Total volume = 336,000 gal

Assume a typical injection rate of 2 gpm

336,000 gal/2 gpm  = 168000 min
 = 2,800 hours
 = 350 days (if one well at a time @ 8 hrs/day)

Assume multiple pumping equipment (8 wells at a time)

2,800 hours/8 = 350 hours    = 44 days @ 8 hrs/day

Using 2x factor for labor of uncertainty in pumping rate, down time, etc.

Labor two people: 176 mandays @ 8hrs/day

Injection 
Vol, gal

 -

TTZ ID
# injection 

points

Estimate the feet of drilling for each TTZ, assuming two wells will be drilled at each location.

TTZ ID
Well Depth 
1, ft

Well Depth 
2, ft

# injection 
points

Total 
length, ft

The volume of reagent solution was estimated based on an application rate for another project. A preliminary 
quote for an overburden project at NWS Charleston was used to estimate the volume of reagent for the 
purposes of estimating the cost of the alternative. In addition, during a pilot study in bedrock at former NAS 
South Weymouth, some injection wells received 500 to 2,300 gallons of reagent. The amount of Fenton’s 
reagent used in this conceptual design is equivalent to approximately 6 grams of oxidant per kilogram of media 
at the site, which is more than what is needed theoretically for degradation of CVOCs and 1,4-dioxane in 
groundwater of the TTZs. This dosage with optimized delivery rate from a pilot study should be able to account 
for uncertainties associated with delivery efficiency, the short life of radicals, and potential reactions with other 
constituents in aquifer solids and groundwater. Note that the median value of catalyzed hydrogen peroxide 
(Fenton’s reagent) used in ISCO designs is 1.2 grams oxidant per kilogram of media based on an ISCO case 
study database (Siegrist et al., In Situ Chemical Oxidation for Groundwater Remediation , Springer, 2011).

Assume 1,500 gal 12.5% Fenton's Reagent solution would be injected per well via two wells at two 10-foot 
intervals at each location, the total volume of Fenton's Reagent solution required is calculated as follows:
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ISCO Bench Testinig

 - Assuming 5 samples
 - Sampling Labor - 40 hours
 - ODCs for sampling - $500
 - Analysis cost - $200/sample

Post Injection Monitoring

TTZ ID Sample #
A 2
B 2
C 2
D 2
E 2
F 2
Total 12

Assume 5 sampling events for post injection performance evaluation in the first year as follows:

 - 2 weeks after injection

 - 4 weeks after injection

 - 8 weeks after injection

 - 12 weeks after injection

 - 24 weeks after injection

Sampling labor - 50 hours per event
Sampling ODCs - $500 per event
Sample analysis - $1000 per event
Report - 40 hours per event

Second Injection @ Year 1

Performance/MNA sampling

Same as the sampling program in Alt GW-2 380 hrs per sampling event

Assume 50% of the first injection amount would be applied after 6 months - 1 year in the TTZs.

Assume groundwater samples are collected from each TTZ for post injection performance monitoring as follows:



TETRA TECH NUS, INC. CALCULATION SHEET PAGE 9 OF  9      

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW  DATE:

Date: 11/3/11 Date:  JR 7/2/12

NAVSTA NEWPORT, NEWPORT, RI 112G02124

Appendix B.2 Groundwater Quantity Calculations - SITE 8 (NUSC Disposal Area FS)

Document Figures
DRAWING NUMBER:

CHECKED BY: APPROVED BY:
 

Time for Fresh Groundwater to Fully Replenish Site Aquifer

Same as calculation in Alternative GW-2.

North Meadow
T = 3 years

South Meadow and Building 179 Area
T = 16 years



Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 22.5 ft 6.75 m

b Depth to top of injection zone 25 ft 7.50 m

c Depth to bottom of injection zone 45 ft 13.50 m

d Hydraulic Gradient 0.297 ft/ft 0.297 m/m

e Hydraulic Conductivity 7.83 ft/day 2.76E-03 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 116.28 ft/day 4.10E-02 cm/s

42440.6 ft/yr 12935.88 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW118B, MW128B, MW117B, and MW03B Area Trea

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil

li.wang
Text Box
TTZ ID: A



Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 165 8 8a Tetrachloroethene (PCE), C2Cl4 165.8 8  

b Trichloroethene (TCE), C2HCl3 328 131.4 6 1.50E-05b Trichloroethene (TCE), C2HCl3 328 131.4 6 1.50E 05

c cis 1 2 dichloroethene (c DCE) C H Cl 5 96 9 4 1 92E 07c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 5 96.9 4 1.92E-07

d Vinyl Chloride (VC), C2H3Cl 1 62.5 2 2.75E-08d Vinyl Chloride (VC), C2H3Cl 1 62.5 2 2.75E 08

e Carbon tetrachloride CCl 1 153 8 8 6 76E 08e Carbon tetrachloride, CCl4 1 153.8 8 6.76E-08

f Chloroform, CHCl3 1 119.4 6 2.64E-08f Chloroform, CHCl3 1 119.4 6 2.64E 08

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 1 133.4 6 4.95E-08h 1,1,1 Trichloroethane (TCA), CH3CCl3 1 133.4 6 4.95E 08

i 1 1 Dichloroethane (DCA) CH CHCl 1 99 0 4 2 63E 08i 1,1-Dichloroethane (DCA), CH2CHCl2 1 99.0 4 2.63E-08

j Chloroethane, C2H5Cl 2 64.9 2 7.09E-08j Chloroethane, C2H5Cl 2 64.9 2 7.09E 08

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 1 54E 05 e equiv/Lp e- equiv demand from contaminant concentrations 1.54E-05 e- equiv/L

li.wang
Text Box
TTZ ID: A



Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 1.4 32.0 4 1.75E-04a Background Dissolved Oxygen (mg/L) 1.4 32.0 4 1.75E 04

b Background Nitrate (mg/L as N) 0 28 14 0 5 1 00E 04b Background Nitrate (mg/L as N) 0.28 14.0 5 1.00E-04

c Background Sulfate (mg/L) 22.25 96.1 8 1.85E-03c Background Sulfate (mg/L) 22.25 96.1 8 1.85E 03

d Estimated methane produced (mg/L) 0 0013 16 0 8 6 50E 07d Estimated methane produced (mg/L) 0.0013 16.0 8 6.50E-07

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 6.23i pH (not used in calculation) 6.23

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 2 13E 03 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 2.13E-03 e- equiv/L (e- equiv/L)
2.14E-03

li.wang
Text Box
TTZ ID: A



Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

Information on the cost and chemical properties of substrate is entered on this page The cost per pound of oil is used toInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used to 
determine the substrate costdetermine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

a TBDBrand and Product IDa
b

TBD
C56H100O6

Brand and Product ID
Chemical Formula (e g C H O (approx formula for soybean oil))b C56H100O6Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil))

c 868 g/moleMolecular Weight g

d 77%

g

Percent by weight Cd 77%

e 12%

Percent by weight C

Percent by weight He 12%

f 11%Percent by weight O

Percent by weight H

f 11%
315 / l

Percent by weight O
El t l d lg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included)h 60% percent

i 217 75 e-/Kg

% vegetable oil (lactate, emulsifiers, and yeast extract not included)

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 00 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.00 $/lbCost per pound of product including shipping

k 3.33 $/lbCost per pound of oilp p
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Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 25 ft 7.62 m
b Bottom of Screened Interval 45 ft 13.72 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1350 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,250 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Hollow Stem Auger

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 8.4 gpm/well

d Injection rate to be used in Design 3 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Area Treatment - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 300 ft 90.00 m
b Length (parallel to groundwater flow) 40 ft 12.00 m

c

d Treatment Zone Thickness 20 ft 6.00 m
e Percentage of injection zone that transmits water 80%
f Effective Treatment Zone Thickness 16 ft 4.80 m

2 Design Life

a Reinjection Interval 5 years
b Total Project Life (Max of 30 years) 30 years

3 Contact Efficiency

Design criteria for installation of area treatments is entered on this page. This criteria is later used to 
determine material quantities and estimate costs for a variety of design alternatives.  

Life cycle costs are calculated based on the reinjection frequency and other ongoing costs (monitoring, 
etc.)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil distribution 
can be enhanced by injecting more water and/or more oil. Shown below is a function illustrating the 
relationship between Volume Scaling Factor, Mass Scaling Factor, and volume contact efficiency.  Users 
must specify the Volume and Mass Scaling Factors to be used in the design.  Additional information on 
the factors influencing contact efficiency is presented in Chapter 2 of the design manual.

Row Spacing  (Specify ratio of well spacing to row spacing) 
Note: The contact efficiency is dependent upon which ratio 
is selected. 2 to 1

1 to 1

a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor (0.1 to 1.0)
Mass Scaling Factor (0.1 to 1.0)

the factors influencing contact efficiency is presented in Chapter 2 of the design manual.
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Area Treatment Using a Series of Barriers - Capital Cost Analysisea eat e t Us g a Se es o a e s Cap ta Cost a ys s

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages to calculate p g j p g p p y p g
life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.y j g j

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1.50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2.5 0.75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 8 10 13 15 18 20 23 25c Well Spacing (ft) 5 8 10 13 15 18 20 23 25
d Number of Wells per Row 60 40 30 24 20 18 15 14 12d Number of Wells per Row 60 40 30 24 20 18 15 14 12
e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
f Number of Rows 8 6 4 4 3 3 2 2 2
g Number of Wells 480 240 120 96 60 54 30 28 24g

2 Fixed Costs
$ $ $ $ $ $ $ $ $a Planning, Engineering, and Permitting $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500
T t l Fi d C t $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500c Total Fixed Costs $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

3 Well Installation3 Well Installation
a Well Installation Costs $1 080 000 $540 000 $270 000 $216 000 $135 000 $121 500 $67 500 $63 000 $54 000a Well Installation Costs $1,080,000 $540,000 $270,000 $216,000 $135,000 $121,500 $67,500 $63,000 $54,000

4 Injection Information4
a Hours of injection per day 9

Injection Information
a Hours of injection per day 9
b Maximum number of wells to inject at one time 10b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%c Percentage of total wells to inject at one time 50%
d Actual number of wells injected at one time 10 10 10 10 10 10 10 10 10d Actual number of wells injected at one time 10 10 10 10 10 10 10 10 10
e Required total water supply rate (gpm) 30 30 30 30 30 30 30 30 30e Required total water supply rate (gpm) 30 30 30 30 30 30 30 30 30

5 Injection5 Injection
a Injection Volume per well (gal/well) 30 60 120 150 239 266 479 513 598j p (g )
b Total Injection Volume (gallons) 14,363 14,363 14,363 14,363 14,363 14,363 14,363 14,363 14,363j (g )
c 1 1 1 1 1 1 1 1 1Injection Time per set of wells (days)
d 48 24 12 10 6 6 3 3 3

L b C t f I j ti $136 800 $68 400 $34 200 $28 500 $17 100 $17 100 $8 550 $8 550 $8 550
Total days of injection required (days)

e Labor Cost for Injection $136,800 $68,400 $34,200 $28,500 $17,100 $17,100 $8,550 $8,550 $8,550

5 Substrate5 Substrate
a Mass of Oil Injected per well (lbs/well) 98 195 390 488 780 867 1 560 1 671 1 950a Mass of Oil Injected per well (lbs/well) 98 195 390 488 780 867 1,560 1,671 1,950
b Total Mass of Oil Injected (lbs) 46 800 46 800 46 800 46 800 46 800 46 800 46 800 46 800 46 800b Total Mass of Oil Injected (lbs) 46,800 46,800 46,800 46,800 46,800 46,800 46,800 46,800 46,800
c Substrate Costs $156 000 $156 000 $156 000 $156 000 $156 000 $156 000 $156 000 $156 000 $156 000c Substrate Costs $156,000 $156,000 $156,000 $156,000 $156,000 $156,000 $156,000 $156,000 $156,000

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $1,381,300 $772,900 $468,700 $409,000 $316,600 $303,100 $240,550 $236,050 $227,050a Total Installation and Injection Costs $1,381,300 $772,900 $468,700 $409,000 $316,600 $303,100 $240,550 $236,050 $227,050
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Area Treatment Using a Series of Barriers - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Treatment Design Criteria
a Reinjection Interval 5 years
b Timeframe in which all groundwater in targeted area

should theoretically flush through active treatment zones.

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Wells per Row 30 wells/row
c Row Spacing 10 ft 3.05 m
d Number of Rows 4 rows
e Total Number of Wells 120 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 46,800 lbs 21,228 kg
b Total Injection Volume 14,363 gallons 54,368 L
c Total Injection Volume per well 120 gal/well 453 L/well
d Estimated Injection Rate 3.0 gpm/well
e Number of wells injected simultaneously 10 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (planning and installation) $8,500
b Well Installation Costs $270,000
c Injection Costs $34,200
d Substrate Costs $156,000
e Total Installation and Injection Costs $468 700

This sheet shows a summary of the selected design that can be saved or printed before looking at alternative 
designs.

years30

MW118B, MW128B, MW117B, and MW03B Area 
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

e Total Installation and Injection Costs $468,700

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $8,500
b Well Rehabilitation and/or Installation Costs $0
c Labor Cost for Injection $34,200
d Substrate Costs $156,000
e Total Installation and Injection Costs $198,700

7 Total Life Cycle Costs
a Annual Interest Rate 3%
b Monitoring and Reporting $0

c $1,236,139
d Project Life NPV $1,236,139

8 Design Parameters
a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor
Mass Scaling Factor

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)
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Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 15.2 ft 4.56 m

b Depth to top of injection zone 25 ft 7.50 m

c Depth to bottom of injection zone 45 ft 13.50 m

d Hydraulic Gradient 0.063 ft/ft 0.063 m/m

e Hydraulic Conductivity 0.434 ft/day 1.53E-04 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 1.37 ft/day 4.82E-04 cm/s

499.0 ft/yr 152.09 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW04B, MW105B, and MW104B Area Treatment

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil
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Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 2 165 8 8 1 18E 07a Tetrachloroethene (PCE), C2Cl4 2 165.8 8 1.18E-07

b Trichloroethene (TCE), C2HCl3 3 131.4 6 1.59E-07b Trichloroethene (TCE), C2HCl3 3 131.4 6 1.59E 07

c cis 1 2 dichloroethene (c DCE) C H Cl 5 96 9 4 2 00E 07c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 5 96.9 4 2.00E-07

d Vinyl Chloride (VC), C2H3Cl 1 62.5 2 2.75E-08d Vinyl Chloride (VC), C2H3Cl 1 62.5 2 2.75E 08

e Carbon tetrachloride CCl 153 8 8e Carbon tetrachloride, CCl4 153.8 8  

f Chloroform, CHCl3 119.4 6  f Chloroform, CHCl3 119.4 6  

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 4 133.4 6 1.57E-07h 1,1,1 Trichloroethane (TCA), CH3CCl3 4 133.4 6 1.57E 07

i 1 1 Dichloroethane (DCA) CH CHCl 125 99 0 4 5 05E 06i 1,1-Dichloroethane (DCA), CH2CHCl2 125 99.0 4 5.05E-06

j Chloroethane, C2H5Cl 2 64.9 2 7.09E-08j Chloroethane, C2H5Cl 2 64.9 2 7.09E 08

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 5 78E 06 e equiv/Lp e- equiv demand from contaminant concentrations 5.78E-06 e- equiv/L
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Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 0.385 32.0 4 4.81E-05a Background Dissolved Oxygen (mg/L) 0.385 32.0 4 4.81E 05

b Background Nitrate (mg/L as N) 0 025 14 0 5 8 93E 06b Background Nitrate (mg/L as N) 0.025 14.0 5 8.93E-06

c Background Sulfate (mg/L) 21.5 96.1 8 1.79E-03c Background Sulfate (mg/L) 21.5 96.1 8 1.79E 03

d Estimated methane produced (mg/L) 0 019 16 0 8 9 50E 06d Estimated methane produced (mg/L) 0.019 16.0 8 9.50E-06

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 7i pH (not used in calculation) 7

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 1 86E 03 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 1.86E-03 e- equiv/L (e- equiv/L)
1.86E-03
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Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

Information on the cost and chemical properties of substrate is entered on this page The cost per pound of oil is used toInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used to 
determine the substrate costdetermine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

a TBDBrand and Product IDa
b

TBD
C56H100O6

Brand and Product ID
Chemical Formula (e g C H O (approx formula for soybean oil))b C56H100O6Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil))

c 868 g/moleMolecular Weight g

d 77%

g

Percent by weight Cd 77%

e 12%

Percent by weight C

Percent by weight He 12%

f 11%Percent by weight O

Percent by weight H

f 11%
315 / l

Percent by weight O
El t l d lg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included)h 60% percent

i 217 75 e-/Kg

% vegetable oil (lactate, emulsifiers, and yeast extract not included)

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 00 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.00 $/lbCost per pound of product including shipping

k 3.33 $/lbCost per pound of oilp p
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Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 25 ft 7.62 m
b Bottom of Screened Interval 45 ft 13.72 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1350 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,250 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Hollow Stem Auger

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 0.4 gpm/well

d Injection rate to be used in Design 3 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Area Treatment - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 100 ft 30.00 m
b Length (parallel to groundwater flow) 40 ft 12.00 m

c

d Treatment Zone Thickness 20 ft 6.00 m
e Percentage of injection zone that transmits water 80%
f Effective Treatment Zone Thickness 16 ft 4.80 m

2 Design Life

a Reinjection Interval 5 years
b Total Project Life (Max of 30 years) 30 years

3 Contact Efficiency

Design criteria for installation of area treatments is entered on this page. This criteria is later used to 
determine material quantities and estimate costs for a variety of design alternatives.  

Life cycle costs are calculated based on the reinjection frequency and other ongoing costs (monitoring, 
etc.)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil distribution 
can be enhanced by injecting more water and/or more oil. Shown below is a function illustrating the 
relationship between Volume Scaling Factor, Mass Scaling Factor, and volume contact efficiency.  Users 
must specify the Volume and Mass Scaling Factors to be used in the design.  Additional information on 
the factors influencing contact efficiency is presented in Chapter 2 of the design manual.

Row Spacing  (Specify ratio of well spacing to row spacing) 
Note: The contact efficiency is dependent upon which ratio 
is selected. 2 to 1

1 to 1

a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor (0.1 to 1.0)
Mass Scaling Factor (0.1 to 1.0)

the factors influencing contact efficiency is presented in Chapter 2 of the design manual.
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Area Treatment Using a Series of Barriers - Capital Cost Analysisea eat e t Us g a Se es o a e s Cap ta Cost a ys s

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages to calculate p g j p g p p y p g
life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.y j g j

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1.50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2.5 0.75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 8 10 13 15 18 20 23 25c Well Spacing (ft) 5 8 10 13 15 18 20 23 25
d Number of Wells per Row 20 14 10 8 7 6 5 5 4d Number of Wells per Row 20 14 10 8 7 6 5 5 4
e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
f Number of Rows 8 6 4 4 3 3 2 2 2
g Number of Wells 160 84 40 32 21 18 10 10 8g

2 Fixed Costs
$ $ $ $ $ $ $ $ $a Planning, Engineering, and Permitting $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500
T t l Fi d C t $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500c Total Fixed Costs $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

3 Well Installation3 Well Installation
a Well Installation Costs $360 000 $189 000 $90 000 $72 000 $47 250 $40 500 $22 500 $22 500 $18 000a Well Installation Costs $360,000 $189,000 $90,000 $72,000 $47,250 $40,500 $22,500 $22,500 $18,000

4 Injection Information4
a Hours of injection per day 9

Injection Information
a Hours of injection per day 9
b Maximum number of wells to inject at one time 10b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%c Percentage of total wells to inject at one time 50%
d Actual number of wells injected at one time 10 10 10 10 10 9 5 5 4d Actual number of wells injected at one time 10 10 10 10 10 9 5 5 4
e Required total water supply rate (gpm) 30 30 30 30 30 27 15 15 12e Required total water supply rate (gpm) 30 30 30 30 30 27 15 15 12

5 Injection5 Injection
a Injection Volume per well (gal/well) 30 57 120 150 228 266 479 479 598j p (g )
b Total Injection Volume (gallons) 4,788 4,788 4,788 4,788 4,788 4,788 4,788 4,788 4,788j (g )
c 1 1 1 1 1 1 1 1 1Injection Time per set of wells (days)
d 16 9 4 4 3 2 2 2 2

L b C t f I j ti $45 600 $25 650 $11 400 $11 400 $8 550 $5 700 $5 700 $5 700 $5 700
Total days of injection required (days)

e Labor Cost for Injection $45,600 $25,650 $11,400 $11,400 $8,550 $5,700 $5,700 $5,700 $5,700

5 Substrate5 Substrate
a Mass of Oil Injected per well (lbs/well) 98 186 390 488 743 867 1 560 1 560 1 950a Mass of Oil Injected per well (lbs/well) 98 186 390 488 743 867 1,560 1,560 1,950
b Total Mass of Oil Injected (lbs) 15 600 15 600 15 600 15 600 15 600 15 600 15 600 15 600 15 600b Total Mass of Oil Injected (lbs) 15,600 15,600 15,600 15,600 15,600 15,600 15,600 15,600 15,600
c Substrate Costs $52 000 $52 000 $52 000 $52 000 $52 000 $52 000 $52 000 $52 000 $52 000c Substrate Costs $52,000 $52,000 $52,000 $52,000 $52,000 $52,000 $52,000 $52,000 $52,000

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $466,100 $275,150 $161,900 $143,900 $116,300 $106,700 $88,700 $88,700 $84,200a Total Installation and Injection Costs $466,100 $275,150 $161,900 $143,900 $116,300 $106,700 $88,700 $88,700 $84,200
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Area Treatment Using a Series of Barriers - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Treatment Design Criteria
a Reinjection Interval 5 years
b Timeframe in which all groundwater in targeted area

should theoretically flush through active treatment zones.

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Wells per Row 10 wells/row
c Row Spacing 10 ft 3.05 m
d Number of Rows 4 rows
e Total Number of Wells 40 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 15,600 lbs 7,076 kg
b Total Injection Volume 4,788 gallons 18,123 L
c Total Injection Volume per well 120 gal/well 453 L/well
d Estimated Injection Rate 3.0 gpm/well
e Number of wells injected simultaneously 10 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (planning and installation) $8,500
b Well Installation Costs $90,000
c Injection Costs $11,400
d Substrate Costs $52,000
e Total Installation and Injection Costs $161 900

This sheet shows a summary of the selected design that can be saved or printed before looking at alternative 
designs.

years30

MW04B, MW105B, and MW104B Area Treatment
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

e Total Installation and Injection Costs $161,900

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $8,500
b Well Rehabilitation and/or Installation Costs $0
c Labor Cost for Injection $11,400
d Substrate Costs $52,000
e Total Installation and Injection Costs $71,900

7 Total Life Cycle Costs
a Annual Interest Rate 3%
b Monitoring and Reporting $0

c $439,600
d Project Life NPV $439,600

8 Design Parameters
a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor
Mass Scaling Factor

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)
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Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 17 ft 5.10 m

b Depth to top of injection zone 30 ft 9.00 m

c Depth to bottom of injection zone 50 ft 15.00 m

d Hydraulic Gradient 0.05 ft/ft 0.05 m/m

e Hydraulic Conductivity 0.434 ft/day 1.53E-04 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 1.09 ft/day 3.83E-04 cm/s

396.0 ft/yr 120.71 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW103B Area Treatment

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil
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Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 165 8 8a Tetrachloroethene (PCE), C2Cl4 165.8 8  

b Trichloroethene (TCE), C2HCl3 13 131.4 6 5.94E-07b Trichloroethene (TCE), C2HCl3 13 131.4 6 5.94E 07

c cis 1 2 dichloroethene (c DCE) C H Cl 18 96 9 4 7 43E 07c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 18 96.9 4 7.43E-07

d Vinyl Chloride (VC), C2H3Cl 2 62.5 2 7.68E-08d Vinyl Chloride (VC), C2H3Cl 2 62.5 2 7.68E 08

e Carbon tetrachloride CCl 153 8 8e Carbon tetrachloride, CCl4 153.8 8  

f Chloroform, CHCl3 119.4 6  f Chloroform, CHCl3 119.4 6  

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 8 133.4 6 3.42E-07h 1,1,1 Trichloroethane (TCA), CH3CCl3 8 133.4 6 3.42E 07

i 1 1 Dichloroethane (DCA) CH CHCl 180 99 0 4 7 27E 06i 1,1-Dichloroethane (DCA), CH2CHCl2 180 99.0 4 7.27E-06

j Chloroethane, C2H5Cl 64.9 2  j Chloroethane, C2H5Cl 64.9 2  

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 9 03E 06 e equiv/Lp e- equiv demand from contaminant concentrations 9.03E-06 e- equiv/L
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Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 0.22 32.0 4 2.75E-05a Background Dissolved Oxygen (mg/L) 0.22 32.0 4 2.75E 05

b Background Nitrate (mg/L as N) 14 0 5b Background Nitrate (mg/L as N) 14.0 5  

c Background Sulfate (mg/L) 8.4 96.1 8 6.99E-04c Background Sulfate (mg/L) 8.4 96.1 8 6.99E 04

d Estimated methane produced (mg/L) 0 12 16 0 8 6 00E 05d Estimated methane produced (mg/L) 0.12 16.0 8 6.00E-05

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 6.99i pH (not used in calculation) 6.99

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 7 87E 04 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 7.87E-04 e- equiv/L (e- equiv/L)
7.96E-04
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Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

Information on the cost and chemical properties of substrate is entered on this page The cost per pound of oil is used toInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used to 
determine the substrate costdetermine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

a TBDBrand and Product IDa
b

TBD
C56H100O6

Brand and Product ID
Chemical Formula (e g C H O (approx formula for soybean oil))b C56H100O6Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil))

c 868 g/moleMolecular Weight g

d 77%

g

Percent by weight Cd 77%

e 12%

Percent by weight C

Percent by weight He 12%

f 11%Percent by weight O

Percent by weight H

f 11%
315 / l

Percent by weight O
El t l d lg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included)h 60% percent

i 217 75 e-/Kg

% vegetable oil (lactate, emulsifiers, and yeast extract not included)

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 00 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.00 $/lbCost per pound of product including shipping

k 3.33 $/lbCost per pound of oilp p
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Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 30 ft 9.14 m
b Bottom of Screened Interval 50 ft 15.24 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1500 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,400 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Hollow Stem Auger

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 0.4 gpm/well

d Injection rate to be used in Design 3 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Area Treatment - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 40 ft 12.00 m
b Length (parallel to groundwater flow) 40 ft 12.00 m

c

d Treatment Zone Thickness 20 ft 6.00 m
e Percentage of injection zone that transmits water 80%
f Effective Treatment Zone Thickness 16 ft 4.80 m

2 Design Life

a Reinjection Interval 5 years
b Total Project Life (Max of 30 years) 30 years

3 Contact Efficiency

Design criteria for installation of area treatments is entered on this page. This criteria is later used to 
determine material quantities and estimate costs for a variety of design alternatives.  

Life cycle costs are calculated based on the reinjection frequency and other ongoing costs (monitoring, 
etc.)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil distribution 
can be enhanced by injecting more water and/or more oil. Shown below is a function illustrating the 
relationship between Volume Scaling Factor, Mass Scaling Factor, and volume contact efficiency.  Users 
must specify the Volume and Mass Scaling Factors to be used in the design.  Additional information on 
the factors influencing contact efficiency is presented in Chapter 2 of the design manual.

Row Spacing  (Specify ratio of well spacing to row spacing) 
Note: The contact efficiency is dependent upon which ratio 
is selected. 2 to 1

1 to 1

a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor (0.1 to 1.0)
Mass Scaling Factor (0.1 to 1.0)

the factors influencing contact efficiency is presented in Chapter 2 of the design manual.
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Area Treatment Using a Series of Barriers - Capital Cost Analysisea eat e t Us g a Se es o a e s Cap ta Cost a ys s

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages to calculate p g j p g p p y p g
life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.y j g j

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1.50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2.5 0.75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 8 10 13 15 18 20 23 25c Well Spacing (ft) 5 8 10 13 15 18 20 23 25
d Number of Wells per Row 8 6 4 4 3 3 2 2 2d Number of Wells per Row 8 6 4 4 3 3 2 2 2
e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
f Number of Rows 8 6 4 4 3 3 2 2 2
g Number of Wells 64 36 16 16 9 9 4 4 4g

2 Fixed Costs
$ $ $ $ $ $ $ $ $a Planning, Engineering, and Permitting $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500
T t l Fi d C t $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500c Total Fixed Costs $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

3 Well Installation3 Well Installation
a Well Installation Costs $153 600 $86 400 $38 400 $38 400 $21 600 $21 600 $9 600 $9 600 $9 600a Well Installation Costs $153,600 $86,400 $38,400 $38,400 $21,600 $21,600 $9,600 $9,600 $9,600

4 Injection Information4
a Hours of injection per day 9

Injection Information
a Hours of injection per day 9
b Maximum number of wells to inject at one time 10b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%c Percentage of total wells to inject at one time 50%
d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2
e Required total water supply rate (gpm) 30 30 24 24 15 15 6 6 6e Required total water supply rate (gpm) 30 30 24 24 15 15 6 6 6

5 Injection5 Injection
a Injection Volume per well (gal/well) 30 53 120 120 213 213 479 479 479j p (g )
b Total Injection Volume (gallons) 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915j (g )
c 1 1 1 1 1 1 1 1 1Injection Time per set of wells (days)
d 7 4 2 2 2 2 2 2 2

L b C t f I j ti $19 950 $11 400 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700
Total days of injection required (days)

e Labor Cost for Injection $19,950 $11,400 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700

5 Substrate5 Substrate
a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1 560 1 560 1 560a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1,560 1,560 1,560
b Total Mass of Oil Injected (lbs) 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240b Total Mass of Oil Injected (lbs) 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240
c Substrate Costs $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800c Substrate Costs $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $202,850 $127,100 $73,400 $73,400 $56,600 $56,600 $44,600 $44,600 $44,600a Total Installation and Injection Costs $202,850 $127,100 $73,400 $73,400 $56,600 $56,600 $44,600 $44,600 $44,600
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Area Treatment Using a Series of Barriers - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Treatment Design Criteria
a Reinjection Interval 5 years
b Timeframe in which all groundwater in targeted area

should theoretically flush through active treatment zones.

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Wells per Row 4 wells/row
c Row Spacing 10 ft 3.05 m
d Number of Rows 4 rows
e Total Number of Wells 16 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 6,240 lbs 2,830 kg
b Total Injection Volume 1,915 gallons 7,249 L
c Total Injection Volume per well 120 gal/well 453 L/well
d Estimated Injection Rate 3.0 gpm/well
e Number of wells injected simultaneously 8 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (planning and installation) $8,500
b Well Installation Costs $38,400
c Injection Costs $5,700
d Substrate Costs $20,800
e Total Installation and Injection Costs $73 400

This sheet shows a summary of the selected design that can be saved or printed before looking at alternative 
designs.

years30

MW103B Area Treatment
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

e Total Installation and Injection Costs $73,400

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $8,500
b Well Rehabilitation and/or Installation Costs $0
c Labor Cost for Injection $5,700
d Substrate Costs $20,800
e Total Installation and Injection Costs $35,000

7 Total Life Cycle Costs
a Annual Interest Rate 3%
b Monitoring and Reporting $0

c $208,581
d Project Life NPV $208,581

8 Design Parameters
a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor
Mass Scaling Factor

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)

li.wang
Text Box
Not Used

li.wang
Text Box
TTZ ID: C



Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 9.3 ft 2.79 m

b Depth to top of injection zone 25 ft 7.50 m

c Depth to bottom of injection zone 45 ft 13.50 m

d Hydraulic Gradient 0.05 ft/ft 0.05 m/m

e Hydraulic Conductivity 0.434 ft/day 1.53E-04 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 1.09 ft/day 3.83E-04 cm/s

396.0 ft/yr 120.71 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW100B Area Treatment

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil
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Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 165 8 8a Tetrachloroethene (PCE), C2Cl4 165.8 8  

b Trichloroethene (TCE), C2HCl3 131.4 6  b Trichloroethene (TCE), C2HCl3 131.4 6  

c cis 1 2 dichloroethene (c DCE) C H Cl 96 9 4c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 96.9 4  

d Vinyl Chloride (VC), C2H3Cl 62.5 2  d Vinyl Chloride (VC), C2H3Cl 62.5 2  

e Carbon tetrachloride CCl 153 8 8e Carbon tetrachloride, CCl4 153.8 8  

f Chloroform, CHCl3 119.4 6  f Chloroform, CHCl3 119.4 6  

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 133.4 6  h 1,1,1 Trichloroethane (TCA), CH3CCl3 133.4 6  

i 1 1 Dichloroethane (DCA) CH CHCl 310 99 0 4 1 25E 05i 1,1-Dichloroethane (DCA), CH2CHCl2 310 99.0 4 1.25E-05

j Chloroethane, C2H5Cl 130 64.9 2 4.01E-06j Chloroethane, C2H5Cl 130 64.9 2 4.01E 06

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 1 65E 05 e equiv/Lp e- equiv demand from contaminant concentrations 1.65E-05 e- equiv/L
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Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 0.3 32.0 4 3.75E-05a Background Dissolved Oxygen (mg/L) 0.3 32.0 4 3.75E 05

b Background Nitrate (mg/L as N) 14 0 5b Background Nitrate (mg/L as N) 14.0 5  

c Background Sulfate (mg/L) 13 96.1 8 1.08E-03c Background Sulfate (mg/L) 13 96.1 8 1.08E 03

d Estimated methane produced (mg/L) 0 25 16 0 8 1 25E 04d Estimated methane produced (mg/L) 0.25 16.0 8 1.25E-04

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 7.24i pH (not used in calculation) 7.24

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 1 24E 03 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 1.24E-03 e- equiv/L (e- equiv/L)
1.26E-03
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Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

Information on the cost and chemical properties of substrate is entered on this page The cost per pound of oil is used toInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used to 
determine the substrate costdetermine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

a TBDBrand and Product IDa
b

TBD
C56H100O6

Brand and Product ID
Chemical Formula (e g C H O (approx formula for soybean oil))b C56H100O6Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil))

c 868 g/moleMolecular Weight g

d 77%

g

Percent by weight Cd 77%

e 12%

Percent by weight C

Percent by weight He 12%

f 11%Percent by weight O

Percent by weight H

f 11%
315 / l

Percent by weight O
El t l d lg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included)h 60% percent

i 217 75 e-/Kg

% vegetable oil (lactate, emulsifiers, and yeast extract not included)

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 00 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.00 $/lbCost per pound of product including shipping

k 3.33 $/lbCost per pound of oilp p
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Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 25 ft 7.62 m
b Bottom of Screened Interval 45 ft 13.72 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1350 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,250 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Hollow Stem Auger

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 0.3 gpm/well

d Injection rate to be used in Design 3 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Area Treatment - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 40 ft 12.00 m
b Length (parallel to groundwater flow) 40 ft 12.00 m

c

d Treatment Zone Thickness 20 ft 6.00 m
e Percentage of injection zone that transmits water 80%
f Effective Treatment Zone Thickness 16 ft 4.80 m

2 Design Life

a Reinjection Interval 5 years
b Total Project Life (Max of 30 years) 30 years

3 Contact Efficiency

Design criteria for installation of area treatments is entered on this page. This criteria is later used to 
determine material quantities and estimate costs for a variety of design alternatives.  

Life cycle costs are calculated based on the reinjection frequency and other ongoing costs (monitoring, 
etc.)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil distribution 
can be enhanced by injecting more water and/or more oil. Shown below is a function illustrating the 
relationship between Volume Scaling Factor, Mass Scaling Factor, and volume contact efficiency.  Users 
must specify the Volume and Mass Scaling Factors to be used in the design.  Additional information on 
the factors influencing contact efficiency is presented in Chapter 2 of the design manual.

Row Spacing  (Specify ratio of well spacing to row spacing) 
Note: The contact efficiency is dependent upon which ratio 
is selected. 2 to 1

1 to 1

a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor (0.1 to 1.0)
Mass Scaling Factor (0.1 to 1.0)

the factors influencing contact efficiency is presented in Chapter 2 of the design manual.
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Area Treatment Using a Series of Barriers - Capital Cost Analysisea eat e t Us g a Se es o a e s Cap ta Cost a ys s

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages to calculate p g j p g p p y p g
life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.y j g j

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1.50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2.5 0.75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 8 10 13 15 18 20 23 25c Well Spacing (ft) 5 8 10 13 15 18 20 23 25
d Number of Wells per Row 8 6 4 4 3 3 2 2 2d Number of Wells per Row 8 6 4 4 3 3 2 2 2
e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
f Number of Rows 8 6 4 4 3 3 2 2 2
g Number of Wells 64 36 16 16 9 9 4 4 4g

2 Fixed Costs
$ $ $ $ $ $ $ $ $a Planning, Engineering, and Permitting $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500
T t l Fi d C t $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500c Total Fixed Costs $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

3 Well Installation3 Well Installation
a Well Installation Costs $144 000 $81 000 $36 000 $36 000 $20 250 $20 250 $9 000 $9 000 $9 000a Well Installation Costs $144,000 $81,000 $36,000 $36,000 $20,250 $20,250 $9,000 $9,000 $9,000

4 Injection Information4
a Hours of injection per day 9

Injection Information
a Hours of injection per day 9
b Maximum number of wells to inject at one time 10b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%c Percentage of total wells to inject at one time 50%
d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2
e Required total water supply rate (gpm) 30 30 24 24 15 15 6 6 6e Required total water supply rate (gpm) 30 30 24 24 15 15 6 6 6

5 Injection5 Injection
a Injection Volume per well (gal/well) 30 53 120 120 213 213 479 479 479j p (g )
b Total Injection Volume (gallons) 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915j (g )
c 1 1 1 1 1 1 1 1 1Injection Time per set of wells (days)
d 7 4 2 2 2 2 2 2 2

L b C t f I j ti $19 950 $11 400 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700
Total days of injection required (days)

e Labor Cost for Injection $19,950 $11,400 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700

5 Substrate5 Substrate
a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1 560 1 560 1 560a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1,560 1,560 1,560
b Total Mass of Oil Injected (lbs) 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240b Total Mass of Oil Injected (lbs) 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240
c Substrate Costs $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800c Substrate Costs $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $193,250 $121,700 $71,000 $71,000 $55,250 $55,250 $44,000 $44,000 $44,000a Total Installation and Injection Costs $193,250 $121,700 $71,000 $71,000 $55,250 $55,250 $44,000 $44,000 $44,000
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Area Treatment Using a Series of Barriers - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Treatment Design Criteria
a Reinjection Interval 5 years
b Timeframe in which all groundwater in targeted area

should theoretically flush through active treatment zones.

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Wells per Row 4 wells/row
c Row Spacing 10 ft 3.05 m
d Number of Rows 4 rows
e Total Number of Wells 16 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 6,240 lbs 2,830 kg
b Total Injection Volume 1,915 gallons 7,249 L
c Total Injection Volume per well 120 gal/well 453 L/well
d Estimated Injection Rate 3.0 gpm/well
e Number of wells injected simultaneously 8 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (planning and installation) $8,500
b Well Installation Costs $36,000
c Injection Costs $5,700
d Substrate Costs $20,800
e Total Installation and Injection Costs $71 000

This sheet shows a summary of the selected design that can be saved or printed before looking at alternative 
designs.

years30

MW100B Area Treatment
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

e Total Installation and Injection Costs $71,000

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $8,500
b Well Rehabilitation and/or Installation Costs $0
c Labor Cost for Injection $5,700
d Substrate Costs $20,800
e Total Installation and Injection Costs $35,000

7 Total Life Cycle Costs
a Annual Interest Rate 3%
b Monitoring and Reporting $0

c $206,181
d Project Life NPV $206,181

8 Design Parameters
a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor
Mass Scaling Factor

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)

li.wang
Text Box
Not Used

li.wang
Text Box
TTZ ID: D



Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 12.5 ft 3.75 m

b Depth to top of injection zone 30 ft 9.00 m

c Depth to bottom of injection zone 50 ft 15.00 m

d Hydraulic Gradient 0.05 ft/ft 0.05 m/m

e Hydraulic Conductivity 0.434 ft/day 1.53E-04 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 1.09 ft/day 3.83E-04 cm/s

396.0 ft/yr 120.71 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW101B Area Treatment

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil
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Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 165 8 8a Tetrachloroethene (PCE), C2Cl4 165.8 8  

b Trichloroethene (TCE), C2HCl3 4 131.4 6 1.74E-07b Trichloroethene (TCE), C2HCl3 4 131.4 6 1.74E 07

c cis 1 2 dichloroethene (c DCE) C H Cl 0 96 9 4 1 69E 08c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 0 96.9 4 1.69E-08

d Vinyl Chloride (VC), C2H3Cl 2 62.5 2 4.80E-08d Vinyl Chloride (VC), C2H3Cl 2 62.5 2 4.80E 08

e Carbon tetrachloride CCl 153 8 8e Carbon tetrachloride, CCl4 153.8 8  

f Chloroform, CHCl3 119.4 6  f Chloroform, CHCl3 119.4 6  

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 76 133.4 6 3.42E-06h 1,1,1 Trichloroethane (TCA), CH3CCl3 76 133.4 6 3.42E 06

i 1 1 Dichloroethane (DCA) CH CHCl 540 99 0 4 2 18E 05i 1,1-Dichloroethane (DCA), CH2CHCl2 540 99.0 4 2.18E-05

j Chloroethane, C2H5Cl 110 64.9 2 3.39E-06j Chloroethane, C2H5Cl 110 64.9 2 3.39E 06

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 2 89E 05 e equiv/Lp e- equiv demand from contaminant concentrations 2.89E-05 e- equiv/L
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Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 0.68 32.0 4 8.50E-05a Background Dissolved Oxygen (mg/L) 0.68 32.0 4 8.50E 05

b Background Nitrate (mg/L as N) 14 0 5b Background Nitrate (mg/L as N) 14.0 5  

c Background Sulfate (mg/L) 13 96.1 8 1.08E-03c Background Sulfate (mg/L) 13 96.1 8 1.08E 03

d Estimated methane produced (mg/L) 0 25 16 0 8 1 25E 04d Estimated methane produced (mg/L) 0.25 16.0 8 1.25E-04

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 7.48i pH (not used in calculation) 7.48

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 1 29E 03 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 1.29E-03 e- equiv/L (e- equiv/L)
1.32E-03
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Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

Information on the cost and chemical properties of substrate is entered on this page The cost per pound of oil is used toInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used to 
determine the substrate costdetermine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

a TBDBrand and Product IDa
b Chemical Formula (e g C H O (approx formula for soybean oil))

TBD
C56H100O6

Brand and Product ID
b Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil)) C56H100O6

c 868 g/moleMolecular Weight g

d 77%

g

Percent by weight Cd 77%

e 12%

Percent by weight C

Percent by weight He 12%

f 11%Percent by weight O

Percent by weight H

f 11%
315 / l

Percent by weight O
El t l d lg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included)h 60% percent

i 217 75 e-/Kg

% vegetable oil (lactate, emulsifiers, and yeast extract not included)

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 00 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.00 $/lbCost per pound of product including shipping

k 3.33 $/lbCost per pound of oilp p
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Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 30 ft 9.14 m
b Bottom of Screened Interval 50 ft 15.24 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1500 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,400 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Hollow Stem Auger

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 0.4 gpm/well

d Injection rate to be used in Design 3 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Area Treatment - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 40 ft 12.00 m
b Length (parallel to groundwater flow) 40 ft 12.00 m

c

d Treatment Zone Thickness 20 ft 6.00 m
e Percentage of injection zone that transmits water 80%
f Effective Treatment Zone Thickness 16 ft 4.80 m

2 Design Life

a Reinjection Interval 5 years
b Total Project Life (Max of 30 years) 30 years

3 Contact Efficiency

Design criteria for installation of area treatments is entered on this page. This criteria is later used to 
determine material quantities and estimate costs for a variety of design alternatives.  

Life cycle costs are calculated based on the reinjection frequency and other ongoing costs (monitoring, 
etc.)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil distribution 
can be enhanced by injecting more water and/or more oil. Shown below is a function illustrating the 
relationship between Volume Scaling Factor, Mass Scaling Factor, and volume contact efficiency.  Users 
must specify the Volume and Mass Scaling Factors to be used in the design.  Additional information on 
the factors influencing contact efficiency is presented in Chapter 2 of the design manual.

Row Spacing  (Specify ratio of well spacing to row spacing) 
Note: The contact efficiency is dependent upon which ratio 
is selected. 2 to 1

1 to 1

a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor (0.1 to 1.0)
Mass Scaling Factor (0.1 to 1.0)

the factors influencing contact efficiency is presented in Chapter 2 of the design manual.
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Area Treatment Using a Series of Barriers - Capital Cost Analysisea eat e t Us g a Se es o a e s Cap ta Cost a ys s

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages to calculate p g j p g p p y p g
life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.y j g j

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1.50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2.5 0.75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 8 10 13 15 18 20 23 25c Well Spacing (ft) 5 8 10 13 15 18 20 23 25
d Number of Wells per Row 8 6 4 4 3 3 2 2 2d Number of Wells per Row 8 6 4 4 3 3 2 2 2
e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
f Number of Rows 8 6 4 4 3 3 2 2 2
g Number of Wells 64 36 16 16 9 9 4 4 4g

2 Fixed Costs
$ $ $ $ $ $ $ $ $a Planning, Engineering, and Permitting $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500
T t l Fi d C t $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500c Total Fixed Costs $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

3 Well Installation3 Well Installation
a Well Installation Costs $153 600 $86 400 $38 400 $38 400 $21 600 $21 600 $9 600 $9 600 $9 600a Well Installation Costs $153,600 $86,400 $38,400 $38,400 $21,600 $21,600 $9,600 $9,600 $9,600

4 Injection Information4
a Hours of injection per day 9

Injection Information
a Hours of injection per day 9
b Maximum number of wells to inject at one time 10b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%c Percentage of total wells to inject at one time 50%
d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2
e Required total water supply rate (gpm) 30 30 24 24 15 15 6 6 6e Required total water supply rate (gpm) 30 30 24 24 15 15 6 6 6

5 Injection5 Injection
a Injection Volume per well (gal/well) 30 53 120 120 213 213 479 479 479j p (g )
b Total Injection Volume (gallons) 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915j (g )
c 1 1 1 1 1 1 1 1 1Injection Time per set of wells (days)
d 7 4 2 2 2 2 2 2 2

L b C t f I j ti $19 950 $11 400 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700
Total days of injection required (days)

e Labor Cost for Injection $19,950 $11,400 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700

5 Substrate5 Substrate
a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1 560 1 560 1 560a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1,560 1,560 1,560
b Total Mass of Oil Injected (lbs) 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240b Total Mass of Oil Injected (lbs) 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240
c Substrate Costs $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800 $20 800c Substrate Costs $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800 $20,800

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $202,850 $127,100 $73,400 $73,400 $56,600 $56,600 $44,600 $44,600 $44,600a Total Installation and Injection Costs $202,850 $127,100 $73,400 $73,400 $56,600 $56,600 $44,600 $44,600 $44,600
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Area Treatment Using a Series of Barriers - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Treatment Design Criteria
a Reinjection Interval 5 years
b Timeframe in which all groundwater in targeted area

should theoretically flush through active treatment zones.

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Wells per Row 4 wells/row
c Row Spacing 10 ft 3.05 m
d Number of Rows 4 rows
e Total Number of Wells 16 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 6,240 lbs 2,830 kg
b Total Injection Volume 1,915 gallons 7,249 L
c Total Injection Volume per well 120 gal/well 453 L/well
d Estimated Injection Rate 3.0 gpm/well
e Number of wells injected simultaneously 8 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (planning and installation) $8,500
b Well Installation Costs $38,400
c Injection Costs $5,700
d Substrate Costs $20,800
e Total Installation and Injection Costs $73 400

This sheet shows a summary of the selected design that can be saved or printed before looking at alternative 
designs.

years30

MW101B Area Treatment
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

e Total Installation and Injection Costs $73,400

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $8,500
b Well Rehabilitation and/or Installation Costs $0
c Labor Cost for Injection $5,700
d Substrate Costs $20,800
e Total Installation and Injection Costs $35,000

7 Total Life Cycle Costs
a Annual Interest Rate 3%
b Monitoring and Reporting $0

c $208,581
d Project Life NPV $208,581

8 Design Parameters
a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor
Mass Scaling Factor

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)
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Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 12 ft 3.60 m

b Depth to top of injection zone 30 ft 9.00 m

c Depth to bottom of injection zone 50 ft 15.00 m

d Hydraulic Gradient 0.05 ft/ft 0.05 m/m

e Hydraulic Conductivity 0.434 ft/day 1.53E-04 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 1.09 ft/day 3.83E-04 cm/s

396.0 ft/yr 120.71 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW9B Downgradient Barrier

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil
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Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 165 8 8a Tetrachloroethene (PCE), C2Cl4 165.8 8  

b Trichloroethene (TCE), C2HCl3 1 131.4 6 5.48E-08b Trichloroethene (TCE), C2HCl3 1 131.4 6 5.48E 08

c cis 1 2 dichloroethene (c DCE) C H Cl 96 9 4c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 96.9 4  

d Vinyl Chloride (VC), C2H3Cl 0 62.5 2 1.18E-08d Vinyl Chloride (VC), C2H3Cl 0 62.5 2 1.18E 08

e Carbon tetrachloride CCl 153 8 8e Carbon tetrachloride, CCl4 153.8 8  

f Chloroform, CHCl3 119.4 6  f Chloroform, CHCl3 119.4 6  

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 41 133.4 6 1.84E-06h 1,1,1 Trichloroethane (TCA), CH3CCl3 41 133.4 6 1.84E 06

i 1 1 Dichloroethane (DCA) CH CHCl 82 99 0 4 3 31E 06i 1,1-Dichloroethane (DCA), CH2CHCl2 82 99.0 4 3.31E-06

j Chloroethane, C2H5Cl 24 64.9 2 7.40E-07j Chloroethane, C2H5Cl 24 64.9 2 7.40E 07

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 5 96E 06 e equiv/Lp e- equiv demand from contaminant concentrations 5.96E-06 e- equiv/L
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Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 0.75 32.0 4 9.38E-05a Background Dissolved Oxygen (mg/L) 0.75 32.0 4 9.38E 05

b Background Nitrate (mg/L as N) 0 018 14 0 5 6 43E 06b Background Nitrate (mg/L as N) 0.018 14.0 5 6.43E-06

c Background Sulfate (mg/L) 1.1 96.1 8 9.16E-05c Background Sulfate (mg/L) 1.1 96.1 8 9.16E 05

d Estimated methane produced (mg/L) 6 16 0 8 3 00E 03d Estimated methane produced (mg/L) 6 16.0 8 3.00E-03

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 7.26i pH (not used in calculation) 7.26

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 3 19E 03 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 3.19E-03 e- equiv/L (e- equiv/L)
3.20E-03
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Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

Information on the cost and chemical properties of substrate is entered on this page The cost per pound of oil is used toInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used to 
determine the substrate costdetermine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

a TBDBrand and Product IDa
b

TBD
C56H100O6

Brand and Product ID
Chemical Formula (e g C H O (approx formula for soybean oil))b C56H100O6Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil))

c 868 g/moleMolecular Weight g

d 77%

g

Percent by weight Cd 77%

e 12%

Percent by weight C

Percent by weight He 12%

f 11%Percent by weight O

Percent by weight H

f 11%
315 / l

Percent by weight O
El t l d lg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included)h 60% percent

i 217 75 e-/Kg

% vegetable oil (lactate, emulsifiers, and yeast extract not included)

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 00 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.00 $/lbCost per pound of product including shipping

k 3.33 $/lbCost per pound of oilp p
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Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 30 ft 9.14 m
b Bottom of Screened Interval 50 ft 15.24 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1500 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,400 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Hollow Stem Auger

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 0.4 gpm/well

d Injection rate to be used in Design 3 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Single Permeable Reactive Barrier - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 90 ft 27.00 m
b Treatment Zone Thickness 20 ft 6.00 m
c Percentage of injection zone that transmits most flow 80%
d Effective Treatment Zone Thickness 16 ft 4.80 m
e Seepage Velocity 1.09 ft/day 3.8E-04 cm/s
f Groundwater Flux through Treatment Zone 85,313 gal/yr 322,911 L/yr

2 Treatment Zone Contact Time

a Minimum Allowable Contact time 55 days

3 Targeted Carbon Released

Design criteria for installation of a single permeable reactive barrier is entered on this page. 
This criteria is later used to determine material quantities and estimate costs for a variety of 
design alternatives.  

A minimum contact time of 2 to 4 months is typically required for effective treatment of 
chlorinated solvents in emulsified oil barriers.  Longer contact times may be needed for difficult 
to degrade contaminants, with higher contaminant concentrations, and/or high concentrations 
of competing electron acceptors.  Shorter contact times may be acceptable for easily treated 
contaminants (e.g. nitrate or perchlorate) or when only partial treatment is required.

Emulsified oil barriers release dissolved organic carbon (DOC) over the life of the barrier.  This 
DOC released is in excess of that required for contaminant biodegradation and consumption of 
competing electron acceptors. Field monitoring data indicates that DOC released from barriers 
declines from hundreds mg/L shortly after emulsion injection to tens of mg/L near the end of the 
operating life Long term average DOC concentrations are typically in the range of 40 100

a Average Amount of DOC Released 75 mg/L
b DOC Released per year 53 lb 24 kg

4 Design Life

a Total Project Life (Max of 30 years) 30 years
b 0.5
c Maximum Time between Reinjections 5.0 years

5 Contact Efficiency

a 0.8
b 0.6
c Estimated Contact Efficiency for Injection 74% to 87%

operating life.  Long-term average DOC concentrations are typically in the range of 40 - 100 
mg/L.

The design tool estimates reinjection frequency based on amount of substrate injected, the 
annual substrate consumption rate, and fraction of initial substrate consumed when when 
treatment performance declines.  However, users may specify a maximum time between 
reinjections.  The design tool will then use the smaller of these two values.  Life cycle costs are 
calculated based on the reinjection frequency and other ongoing costs (monitoring, etc.)

Mass Scaling Factor (0.1 to 1.5)

Subtrate Scaling Factor (typically 0.3 to 0.6)

Volume Scaling Factor (0.1 to 1.5)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil 
distribution can be enhanced by injecting more water and/or more oil. Shown below is a function 
illustrating the relationship between Volume Scaling Factor, Mass Scaling Factor, and flow 
contact efficiency.  Users must specify the Volume and Mass Scaling Factors to be used in the 
design.  Additional information on the factors influencing contact efficiency is presented in 
Chapter 2 of the design manual.
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Single Permeable Reactive Barrier - Capital Cost AnalysisSingle Permeable Reactive Barrier  Capital Cost Analysis

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier. Results of this analysis are used in later pagesThe page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages 
to calculate life cycle costs. Users must enter a minimum injection point spacing and injection point increment.to calculate life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1 50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2 5 0 75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 7 5 10 12 5 15 17 5 20 22 5 25c Well Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
d Number of Wells per Row 18 12 9 8 6 6 5 4 4d Number of Wells per Row 18 12 9 8 6 6 5 4 4
e Number of Rows 12 8 6 5 4 4 3 3 3e Number of Rows 12 8 6 5 4 4 3 3 3
f Contact Time per Row (days) 4 5833333 6 875 9 1666667 11 13 75 13 75 18 333333 18 333333 18 333333f Contact Time per Row (days) 4.5833333 6.875 9.1666667 11 13.75 13.75 18.333333 18.333333 18.333333
g Total Number of Wells 216 96 54 40 24 24 15 12 12g Total Number of Wells 216 96 54 40 24 24 15 12 12

2 Fixed Costs2 Fixed Costs
a Planning Engineering and Permitting $15 000 $15 000 $15 000 $15 000 $15 000 $15 000 $15 000 $15 000 $15 000a Planning, Engineering, and Permitting $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000 $15,000
b Fi d C t f I t ll ti d I j ti $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

T t l Fi d C t $23 500 $23 500 $23 500 $23 500 $23 500 $23 500 $23 500 $23 500 $23 500c Total Fixed Costs $23,500 $23,500 $23,500 $23,500 $23,500 $23,500 $23,500 $23,500 $23,500

3 W ll I t ll ti3 Well Installation
W ll I t ll ti C t $518 400 $230 400 $129 600 $96 000 $57 600 $57 600 $36 000 $28 800 $28 800a Well Installation Costs $518,400 $230,400 $129,600 $96,000 $57,600 $57,600 $36,000 $28,800 $28,800

4 I j ti I f ti4 Injection Information
H f i j i d 9a Hours of injection per day 9

b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%g j
d Actual number of wells injected at one time 10 10 10 10 10 10 8 6 6j
e Required total water supply rate (gpm) 30 30 30 30 30 30 24 18 18q pp y (gp )

5 Injection Costsj
a Injection Volume per well (gal/well) 38 85 150 235 338 461 602 761 940j p (g )
b Total Injection Volume (gallons) 8,122       8,122       8,122       9,400       8,122       11,055     9,024       9,137       11,280     j (g ) , , , , , , , , ,
c Injection Time per set of wells (days) 1 1 1 1 1 1 1 1 1j p ( y )
d Total days of injection required (days) 22 10 6 4 3 3 2 2 2d o a days o jec o equ ed (days) 0 6 3 3
e Labor Cost for Injection $62,700 $28,500 $17,100 $11,400 $8,550 $8,550 $5,700 $5,700 $5,700e abo Cost o ject o $6 , 00 $ 8,500 $ , 00 $ , 00 $8,550 $8,550 $5, 00 $5, 00 $5, 00

6 Substrate6 Substrate
a Mass of Oil Injected per well (lbs/well) 92            207          368          574          827          1,126       1,470       1,861       2,297       a Mass of Oil Injected per well (lbs/well) 92            207          368          574          827          1,126       1,470       1,861       2,297       
b Total Mass of Oil Injected (lbs) 19,849 19,849 19,849 22,973 19,849 27,016 22,054 22,330 27,567b Total Mass of Oil Injected (lbs) 19,849 19,849 19,849 22,973 19,849 27,016 22,054 22,330 27,567
c Oil Demand (lbs/yr) 80 80 80 80 80 80 80 80 80c Oil Demand (lbs/yr) 80 80 80 80 80 80 80 80 80
d Effective Life of Single Injection (yrs) 248.7 248.7 248.7 287.8 248.7 338.5 276.3 279.8 345.4d Effective Life of Single Injection (yrs) 248.7 248.7 248.7 287.8 248.7 338.5 276.3 279.8 345.4
e Reinjection Interval (yrs) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0e Reinjection Interval (yrs) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
f Substrate Costs $66,162 $66,162 $66,162 $76,576 $66,162 $90,054 $73,513 $74,432 $91,892f Substrate Costs $66,162 $66,162 $66,162 $76,576 $66,162 $90,054 $73,513 $74,432 $91,892

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $670,762 $348,562 $236,362 $207,476 $155,812 $179,704 $138,713 $132,432 $149,892a Total Installation and Injection Costs $670,762 $348,562 $236,362 $207,476 $155,812 $179,704 $138,713 $132,432 $149,892
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Single Permeable Reactive Barrier - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Design Information
a Reinjection Interval 5 years
b Total Project Life 30 years
c Minimum Allowable Contact time 55 days

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Rows 6 rows
c Total Number of Wells 54 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 19,849 lbs 9,003 kg
b Total Injection Volume 8,122 gallons 30,744 L
c Total Injection Volume per well 150 gal/well 569 L/well
d Estimated Injection Rate 3.0 gpm/well
e Number of wells injected simultaneously 10 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (engineering and installation) $23,500
b Well Installation Costs $129,600
c Labor Cost for Injection $17,100
d Substrate Costs $66,162
e Total Installation and Injection Costs $236,362

This sheet shows a summary of the selected design that can be saved or printed before looking at 
alternative designs.

MW9B Downgradient Barrier
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

j ,

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $13,500
b Well Rehabilitation and/or Installation Costs $25,920
c Labor Cost for Injection $17,100
d Substrate Costs $66,162
e Total Installation and Injection Costs $122,682

7 Total Life Cycle Costs
a Annual Interest Rate 4%
b Monitoring and Reporting $129,690

c $628,034
d Project Life NPV $757,724

8 Design Parameters
a 0.5
b 0.8
c 0.6
d Estimated Contact Efficiency for Injection 74% to 87%

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)

Volume Scaling Factor
Mass Scaling Factor

Substrate Scaling Factor
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Site Data - Aquifer Description

1 Site Information

a Name

b Description (e.g., project number)

c Location

2 Hydraulic Characteristics

a Depth to water table 7 ft 2.10 m

b Depth to top of injection zone 30 ft 9.00 m

c Depth to bottom of injection zone 50 ft 15.00 m

d Hydraulic Gradient 0.015 ft/ft 0.015 m/m

e Hydraulic Conductivity 0.434 ft/day 1.53E-04 cm/s

f Estimated Total Porosity 0.02

g Estimated Effective Porosity 0.02

h Seepage Velocity 0.33 ft/day 1.15E-04 cm/s

118.8 ft/yr 36.21 m/yr

3 Aquifer Material Characteristics
a Description of Aquifer Material Lithology

b Bulk Density 162.5 lbs/ft3 2.6 g/cm3

c

Maximum Oil Retention by aquifer material (see Appendix 1 
in design manual). This value has a critical impact on cost 
and treatment performance. 0 003 lbs oil/lbs soil 0 003 kg oil/kg soil

fractured bedrock

Information on the physical characteristics of the aquifer are entered on this page.  This information will later be 
used to calculate injection volumes and costs for barrier and area treatments.

MW7A/7B Area Treatment

GW2 Enhanced In-Situ Bioremediation

Newport Site 8

c p 0.003 lbs oil/lbs soil 0.003 kg oil/kg soil
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Site Data - Contaminant ConcentrationsSite Data - Contaminant Concentrations

Information on the concentration of common contaminants are entered on this page.  This information is used to calculate Information on the concentration of common contaminants are entered on this page.  This information is used to calculate 
the number of electron equivalents (e- equiv) required to biodegrade these contaminants Several of the more commonthe number of electron equivalents (e- equiv) required to biodegrade these contaminants.  Several of the more common 
contaminants are listed below along with their molecular weight (MW) and e equiv/mole Blank cells in rows m n and ocontaminants are listed below along with their molecular weight (MW) and e- equiv/mole.  Blank cells in rows m, n, and o 
allow the user to enter information on additional contaminants.  For these additional contaminants, the user must enter the ,
contaminant concentration, MW and e- equiv/mole.contaminant concentration, MW and e- equiv/mole.

MW e equiv/ e equiv demandMW e- equiv/ e- equiv demand
µg/L (g/mole) mole (e- equiv/L)µg/L (g/mole) mole (e  equiv/L)

a Tetrachloroethene (PCE) C Cl 12 165 8 8 5 79E 07a Tetrachloroethene (PCE), C2Cl4 12 165.8 8 5.79E-07

b Trichloroethene (TCE), C2HCl3 4 131.4 6 1.87E-07b Trichloroethene (TCE), C2HCl3 4 131.4 6 1.87E 07

c cis 1 2 dichloroethene (c DCE) C H Cl 5 96 9 4 1 98E 07c cis-1,2-dichloroethene (c-DCE), C2H2Cl2 5 96.9 4 1.98E-07

d Vinyl Chloride (VC), C2H3Cl 1 62.5 2 3.36E-08d Vinyl Chloride (VC), C2H3Cl 1 62.5 2 3.36E 08

e Carbon tetrachloride CCl 153 8 8e Carbon tetrachloride, CCl4 153.8 8  

f Chloroform, CHCl3 119.4 6  f Chloroform, CHCl3 119.4 6  

g sym tetrachloroethane C H Cl 167 8 8g sym- tetrachloroethane, C2H2Cl4 167.8 8  

h 1,1,1-Trichloroethane (TCA), CH3CCl3 450 133.4 6 2.02E-05h 1,1,1 Trichloroethane (TCA), CH3CCl3 450 133.4 6 2.02E 05

i 1 1 Dichloroethane (DCA) CH CHCl 590 99 0 4 2 38E 05i 1,1-Dichloroethane (DCA), CH2CHCl2 590 99.0 4 2.38E-05

j Chloroethane, C2H5Cl 6 64.9 2 1.88E-07j Chloroethane, C2H5Cl 6 64.9 2 1.88E 07

k Perchlorate ClO - 99 4 8k Perchlorate, ClO4
- 99.4 8  

l Hexavalent Chromium, Cr[VI] 52.0 3  l Hexavalent Chromium, Cr[VI] 52.0 3  

mm  

n  n  

oo  

p e equiv demand from contaminant concentrations 4 53E 05 e equiv/Lp e- equiv demand from contaminant concentrations 4.53E-05 e- equiv/L
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Site Data - Biogeochemical CharacterizationSite Data - Biogeochemical Characterization

Information on the concentration of background electron acceptors is entered on this page.  This information is used to Information on the concentration of background electron acceptors is entered on this page.  This information is used to 
calculate the number of electron equivalents (e- equiv) required to deplete these materials The total e- equivalent is thencalculate the number of electron equivalents (e- equiv) required to deplete these materials.  The total e- equivalent is then 
calculated from the contaminant demand and the background electron acceptor demand This value is later used tocalculated from the contaminant demand and the background electron acceptor demand.  This value is later used to 
calculate the annual substrate demand.

mg/L or MW e- equiv/ e- equiv demandmg/L or MW e  equiv/ e  equiv demand
mg/Kg (g/mole) mole (e- equiv/L)mg/Kg (g/mole) mole (e- equiv/L)

a Background Dissolved Oxygen (mg/L) 0.365 32.0 4 4.56E-05a Background Dissolved Oxygen (mg/L) 0.365 32.0 4 4.56E 05

b Background Nitrate (mg/L as N) 0 0097 14 0 5 3 46E 06b Background Nitrate (mg/L as N) 0.0097 14.0 5 3.46E-06

c Background Sulfate (mg/L) 7.875 96.1 8 6.56E-04c Background Sulfate (mg/L) 7.875 96.1 8 6.56E 04

d Estimated methane produced (mg/L) 0 19 16 0 8 9 50E 05d Estimated methane produced (mg/L) 0.19 16.0 8 9.50E-05

e Soil Manganese Content (mg/Kg) (not used in calculation)e Soil Manganese Content (mg/Kg) (not used in calculation)

f Estimated Mn2+ produced (mg/L) 54 9 2f Estimated Mn2+ produced (mg/L) 54.9 2  

g Soil Iron Content (mg/Kg) (not used in calculation)g Soil Iron Content (mg/Kg) (not used in calculation)

h Estimated Fe2+ produced (mg/L) 55 8 1h Estimated Fe2+ produced (mg/L) 55.8 1  

i pH (not used in calculation) 6.93i pH (not used in calculation) 6.93

j Alkalinity (mg/L) (not used in calculation) Totalj Alkalinity (mg/L) (not used in calculation) Total

e- equiv demande  equiv demand

k e equiv demand from biogeochemical characterizeation 8 00E 04 e equiv/L (e equiv/L)k e- equiv demand from biogeochemical characterizeation 8.00E-04 e- equiv/L (e- equiv/L)
8.45E-04
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Site Data - Substrates and ReagentsSite Data  Substrates and Reagents

I f ti th t d h i l ti f b t t i t d thi Th t d f il i dInformation on the cost and chemical properties of substrate is entered on this page.  The cost per pound of oil is used 
t d t i th b t t tto determine the substrate cost.

1 Substrate Used in Design1 Substrate Used in Design

TBDB d d P d t IDa TBDBrand and Product ID
b C56H100O6Chemical Formula (e.g., C56H100O6 (approx. formula for soybean oil))b

c 868 g/mole

C56 00O6C e ca o u a (e g , C56 100O6 (app o o u a o soybea o ))

Molecular Weightc 868 g/mole

d 77%

Molecular Weight

P t b i ht Cd 77%Percent by weight C

e 12%Percent by weight He 12%

f 11%

Percent by weight H

Percent by weight Of 11%
g 315 e /mole

Percent by weight O
Electrons released per moleg 315 e-/moleElectrons released per mole

h 60% percent% vegetable oil (lactate, emulsifiers, and yeast extract not included) % p

i 217 75 e-/Kg

% g ( , , y )

Electron equivalents per Kg raw producti 217.75 e-/Kg

j 2 10 $/lbCost per pound of product including shipping

Electron equivalents per Kg raw product

j 2.10 $/lbCost per pound of product including shipping

k 3.50 $/lbCost per pound of oilk 3.50 $/lbCost per pound of oil

li.wang
Text Box
TTZ ID: G



Installation and Injection Costs for:
Well Installation by Conventional Drilling followed by Emulsion Injection

1 Well Information

a Top of Screened Interval 30 ft 9.14 m
b Bottom of Screened Interval 50 ft 15.24 m

c 2 inch 0.17 ft 0.051 m

d 2.5 inch 0.21 ft 0.064 m

2 Well Installation Costs for Conventional Drilling

a Drilling Equipment to be used

b Cost for well installation (and abandonment if required) 30 $/ft 98.4 $/m

c Drilling well installation costs 1500 $/well

d Wells installed per day 3 wells/day

e Additional material and IDW costs per well 250 $/well

f Subcontractor mobilization 0 $

g Number of supervising personnel on-site each day 2 person(s)

h Average labor rate of personnel 85 $/hr

i Supervision Hours billed per person per day 9 hr/person/day

j Additional costs (consumables, H&S, and equipment rental) 200 $/day

k Total cost per well 2,400 $/well

3 Injection Information

a Injection pressure 10 psi

b 5

This approach assumes that one or more wells will be injected at the same time.  Costs are included to cover: a) fixed costs associated 
with initial site mobilization and equipment setup; b) costs that are proportionate to the time required for injection.

Well loss coefficient (typically 5 to 20) Due to clogging around well screens

Information on the labor and materials required for conventional well installation and emulsion injection is entered on this page. This 
approach assumes that temporary or permanent wells are installed first using conventional drilling equipment. Well installation is assumed 
to be by a subcontract driller with supervision by the prime contractor.  Once the wells are installed, multiple wells are manifolded together 
for emulsion injection.  Results of this analysis are summarized as: a) total fixed cost; b) cost per boring; and c) cost per gallon of fluid 
injected.

Effective Diameter of Sand Pack (1 to 3.75 inches)

Rosonic

Well Screen Diameter (Typical range is 1 to 2 inches)

b 5
c Theoretical estimate of injection rate per well 0.3 gpm/well

d Injection rate to be used in Design 5 gpm/well

4 Fixed Costs

a Mobilization 2500 $

b Water Supply 0 $

c Piping and other equipment for emulsion preparation and injection 1500 $

d Time required for equipment setup and removal 45 hr

e Labor rate for equipment setup and removal 100 $/hr

f Labor cost for setup and removal 4500 $

g Total fixed cost 8,500 $

5 Injection Costs

a Number of personnel on-site each day of injection 2 person(s)

b Average labor rate of personnel 85 $/hr

c Hours billed per person per day 9 hr/person/day
d Per Diem (e.g., meals, travel) 40 $/person/day

e Vehicle rental 0 $/day

f Lodging 70 $/person/day

g Injection equipment costs (pumps, tanks, hoses, etc.) 1000 $/day

h Additional costs (consumables, H&S, and equipment rental) 100 $/day

i $/day

j $/day

k $/day

l Injection costs per day 2,850 $/day

Well loss coefficient (typically 5 to 20)  Due to clogging around well screens
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Area Treatment - Design Information

1 Treatment Zone Dimensions
a Width (perpendicular to groundwater flow) 40 ft 12.00 m
b Length (parallel to groundwater flow) 40 ft 12.00 m

c

d Treatment Zone Thickness 20 ft 6.00 m
e Percentage of injection zone that transmits water 80%
f Effective Treatment Zone Thickness 16 ft 4.80 m

2 Design Life

a Reinjection Interval 5 years
b Total Project Life (Max of 30 years) 30 years

3 Contact Efficiency

Design criteria for installation of area treatments is entered on this page. This criteria is later used to 
determine material quantities and estimate costs for a variety of design alternatives.  

Life cycle costs are calculated based on the reinjection frequency and other ongoing costs (monitoring, 
etc.)

For good treatment, emulsified oil should be uniformly distributed between injection wells.  Oil distribution 
can be enhanced by injecting more water and/or more oil. Shown below is a function illustrating the 
relationship between Volume Scaling Factor, Mass Scaling Factor, and volume contact efficiency.  Users 
must specify the Volume and Mass Scaling Factors to be used in the design.  Additional information on 
the factors influencing contact efficiency is presented in Chapter 2 of the design manual.

Row Spacing  (Specify ratio of well spacing to row spacing) 
Note: The contact efficiency is dependent upon which ratio 
is selected. 2 to 1

1 to 1

a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor (0.1 to 1.0)
Mass Scaling Factor (0.1 to 1.0)

the factors influencing contact efficiency is presented in Chapter 2 of the design manual.
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Area Treatment Using a Series of Barriers - Capital Cost Analysisea eat e t Us g a Se es o a e s Cap ta Cost a ys s

The page shows the effect of injection well spacing on capital costs to install the a permeable reactive barrier.  Results of this analysis are used in later pages to calculate p g j p g p p y p g
life cycle costs.  Users must enter a minimum injection point spacing and injection point increment.y j g j

1 Well Layout1 Well Layout
a Minimum Well Spacing (ft) 5 1.50 ma Minimum Well Spacing (ft) 5 1.50 m
b Incremental Increase in Well Spacing (ft) 2.5 0.75 mb Incremental Increase in Well Spacing (ft) 2.5 0.75 m
c Well Spacing (ft) 5 8 10 13 15 18 20 23 25c Well Spacing (ft) 5 8 10 13 15 18 20 23 25
d Number of Wells per Row 8 6 4 4 3 3 2 2 2d Number of Wells per Row 8 6 4 4 3 3 2 2 2
e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25e Row Spacing (ft) 5 7.5 10 12.5 15 17.5 20 22.5 25
f Number of Rows 8 6 4 4 3 3 2 2 2
g Number of Wells 64 36 16 16 9 9 4 4 4g

2 Fixed Costs
$ $ $ $ $ $ $ $ $a Planning, Engineering, and Permitting $0 $0 $0 $0 $0 $0 $0 $0 $0

$ $ $ $ $ $ $ $ $b Fixed Costs from Installation and Injection $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500
T t l Fi d C t $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500 $8 500c Total Fixed Costs $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500 $8,500

3 Well Installation3 Well Installation
a Well Installation Costs $153 600 $86 400 $38 400 $38 400 $21 600 $21 600 $9 600 $9 600 $9 600a Well Installation Costs $153,600 $86,400 $38,400 $38,400 $21,600 $21,600 $9,600 $9,600 $9,600

4 Injection Information4
a Hours of injection per day 9

Injection Information
a Hours of injection per day 9
b Maximum number of wells to inject at one time 10b Maximum number of wells to inject at one time 10
c Percentage of total wells to inject at one time 50%c Percentage of total wells to inject at one time 50%
d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2d Actual number of wells injected at one time 10 10 8 8 5 5 2 2 2
e Required total water supply rate (gpm) 50 50 40 40 25 25 10 10 10e Required total water supply rate (gpm) 50 50 40 40 25 25 10 10 10

5 Injection5 Injection
a Injection Volume per well (gal/well) 30 53 120 120 213 213 479 479 479j p (g )
b Total Injection Volume (gallons) 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915 1,915j (g )
c 1 1 1 1 1 1 1 1 1Injection Time per set of wells (days)
d 7 4 2 2 2 2 2 2 2

L b C t f I j ti $19 950 $11 400 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700 $5 700
Total days of injection required (days)

e Labor Cost for Injection $19,950 $11,400 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700 $5,700

5 Substrate5 Substrate
a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1 560 1 560 1 560a Mass of Oil Injected per well (lbs/well) 98 173 390 390 693 693 1,560 1,560 1,560
b Total Mass of Oil Injected (lbs) 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240 6 240b Total Mass of Oil Injected (lbs) 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240 6,240
c Substrate Costs $21 840 $21 840 $21 840 $21 840 $21 840 $21 840 $21 840 $21 840 $21 840c Substrate Costs $21,840 $21,840 $21,840 $21,840 $21,840 $21,840 $21,840 $21,840 $21,840

6 Total Installation and Injection Costs6 Total Installation and Injection Costs
a Total Installation and Injection Costs $203,890 $128,140 $74,440 $74,440 $57,640 $57,640 $45,640 $45,640 $45,640a Total Installation and Injection Costs $203,890 $128,140 $74,440 $74,440 $57,640 $57,640 $45,640 $45,640 $45,640
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Area Treatment Using a Series of Barriers - Selected Design

1 Site Information
a Name
b Description (e.g., project number)
c Location
d Maximum Oil Retention 0.003 lbs oil/lbs soil

2 Treatment Design Criteria
a Reinjection Interval 5 years
b Timeframe in which all groundwater in targeted area

should theoretically flush through active treatment zones.

3 Well Layout
a Well Spacing 10 ft 3.05 m
b Number of Wells per Row 4 wells/row
c Row Spacing 10 ft 3.05 m
d Number of Rows 4 rows
e Total Number of Wells 16 wells

4 Logistics for Each Injection Event
a Total Mass of Oil Injected 6,240 lbs 2,830 kg
b Total Injection Volume 1,915 gallons 7,249 L
c Total Injection Volume per well 120 gal/well 453 L/well
d Estimated Injection Rate 5.0 gpm/well
e Number of wells injected simultaneously 8 wells

5 Costs for Initial Installation and Injection
a Fixed Costs (planning and installation) $8,500
b Well Installation Costs $38,400
c Injection Costs $5,700
d Substrate Costs $21,840
e Total Installation and Injection Costs $74 440

This sheet shows a summary of the selected design that can be saved or printed before looking at alternative 
designs.

years30

MW7A/7B Area Treatment
GW2 Enhanced In-Situ Bioremediation
Newport Site 8

e Total Installation and Injection Costs $74,440

6 Costs for Future Injection Events
a Fixed Costs (engineering and installation) $8,500
b Well Rehabilitation and/or Installation Costs $0
c Labor Cost for Injection $5,700
d Substrate Costs $21,840
e Total Installation and Injection Costs $36,040

7 Total Life Cycle Costs
a Annual Interest Rate 3%
b Monitoring and Reporting $0

c $213,637
d Project Life NPV $213,637

8 Design Parameters
a 0.5
b 0.5
c Estimated Contact Efficiency for Injection 40% to 54%

Volume Scaling Factor
Mass Scaling Factor

Total Injection Costs (fixed, well installation, labor for 
injection, and substrate)
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APPENDIX C 
 

COST ESTIMATES 



C.1 COST ESTIMATES (SOIL ALTERNATIVES)



5/7/2012 1:37 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative
Alternative SO1: No Further Action
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $25,000 5-year review for all of site 8 (includes soil, sediment, and groundwater)

Subtotal $25,000

Contingency @ 10% $2,500

TOTAL $27,500

Page 1 of 1



5/7/2012 1:37 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative
Alternative SO1: No Further Action
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $0 $0 1.000 $0
1 $0 0.980 $0
2 $0 0.961 $0
3 $0 0.942 $0
4 $0 0.924 $0
5 $27,500 $27,500 0.906 $24,908
6 $0 0.888 $0
7 $0 0.871 $0
8 $0 0.853 $0
9 $0 0.837 $0
10 $27,500 $27,500 0.820 $22,560
11 $0 0.804 $0
12 $0 0.788 $0
13 $0 0.773 $0
14 $0 0.758 $0
15 $27,500 $27,500 0.743 $20,433
16 $0 0.728 $0
17 $0 0.714 $0
18 $0 0.700 $0
19 $0 0.686 $0
20 $27,500 $27,500 0.673 $18,507
21 $0 0.660 $0
22 $0 0.647 $0
23 $0 0.634 $0
24 $0 0.622 $0
25 $27,500 $27,500 0.610 $16,762
26 $0 0.598 $0
27 $0 0.586 $0
28 $0 0.574 $0
29 $0 0.563 $0
30 $27,500 $27,500 0.552 $15,182

TOTAL PRESENT WORTH $118,351
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5/7/2012 1:38 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO2: Excavation, Ex-Situ Treatment, Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.2 Prepare Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.4 Prepare LUCs 250 hr $39.00 $0 $0 $9,750 $0 $9,750
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 11 ea $188.00 $566.00 $0 $0 $2,068 $6,226 $8,294
2.3 Drill Rig Mobilization/Demobilization 2 ea $2,000.00 $4,000 $0 $0 $0 $4,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 4.5 mo $365.00 $0 $0 $0 $1,643 $1,643
3.2 Field Office Equipment, Utilities, & Support 4.5 mo $380.00 $0 $1,710 $0 $0 $1,710
3.3 Storage Trailer 4.5 mo $94.00 $0 $0 $0 $423 $423
3.4 Survey Support 7 day $1,150.00 $8,050 $0 $0 $0 $8,050
3.5 Site Superintendent 90 day $220.00 $480.00 $0 $19,800 $43,200 $0 $63,000
3.6 Site Health & Safety and QA/QC 90 day $220.00 $360.00 $0 $19,800 $32,400 $0 $52,200
3.7 Underground Utility Clearance 1 ls $10,525.00 $10,525 $0 $0 $0 $10,525

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $813.00 $0 $0 $0 $2,439 $2,439
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $731.00 $0 $0 $0 $2,193 $2,193
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 SITE PREPARATION
5.1 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
5.2 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
5.3 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
5.4 Clear & Chip Trees 5 day $358.00 $710.60 $0 $0 $1,790 $3,553 $5,343
5.5 Grub Stumps and Chip 5 day $170.70 $0 $0 $0 $854 $854
5.6 Off-Site Disposal of Chipped Trees 250 ton $45.00 $11,250 $0 $0 $0 $11,250
6 EXCAVATION, DISPOSAL, AND GRADING

6.1 Excavator, 2.5 cy 30 day $382.40 $1,652.00 $0 $0 $11,472 $49,560 $61,032
6.2 Dozer, 300 hp 30 day $382.40 $1,718.00 $0 $0 $11,472 $51,540 $63,012
6.3 Skid-Steer 30 day $358.00 $281.20 $0 $0 $10,740 $8,436 $19,176
6.4 Sheetpile, 100' by 10' 1,000 sf $17.65 $2.87 $3.51 $0 $17,650 $2,870 $3,510 $24,030
6.5 Site Labor, (3 laborers) 90 day $280.80 $0 $0 $25,272 $0 $25,272
6.6 Verification Samples (PAHs, metals) 84 ea $250.00 $20.00 $50.00 $20.00 $21,000 $1,680 $4,200 $1,680 $28,560
6.7 T & D of Excavated Soil, non-hazardous 11,752 ton $85.00 $998,920 $0 $0 $0 $998,920
6.8 Waste Disposal Characterization / Analytical 12 ea $850.00 $30.00 $50.00 $30.00 $10,200 $360 $600 $360 $11,520

7 ON-SITE TREATMENT
7.1 LTTD Equipment Mobilization 1 ls $20,000.00 $20,000 $0 $0 $0 $20,000
7.2 LTTD Treatment (includes process soil sampling) 5,500 ton $90.00 $495,000 $0 $0 $0 $495,000
7.3 Screening Plant 12 day $382.40 $614.20 $0 $0 $4,589 $7,370 $11,959
7.4 Dump Truck, 2 each, 16 cy 48 day $382.40 $584.60 $0 $0 $18,355 $28,061 $46,416
7.5 Front End Loader, 2 cy 24 day $382.40 $415.20 $0 $0 $9,178 $9,965 $19,142
7.6 Liner (Storage  Area) 20,000 sf $1.07 $21,400 $0 $0 $0 $21,400
7.7 Geotextile (Storage Area) 2,222 sy $2.39 $5,311 $0 $0 $0 $5,311
7.8 Gravel - 6" (Storage Area) 2,222 sy $6.10 $0.48 $0.75 $0 $13,556 $1,067 $1,667 $16,289

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:38 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO2: Excavation, Ex-Situ Treatment, Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

8 SITE RESTORATION
8.1 Backfill, common fill 5,147 cy $18.83 $0 $96,918 $0 $0 $96,918
8.2 Backfill, vegetative soil 2,767 cy $27.33 $0 $75,622 $0 $0 $75,622
8.3 Geotextile, 10 oz 16,986 sy $1.85 $0.22 $0 $31,424 $3,737 $0 $35,161
8.4 Riprap, D50= 12" (24" thick) 2,265 cy $31.50 $10.00 $11.05 $0 $71,348 $22,650 $25,028 $119,026
8.5 Revegetation, seed 150 msf $96.50 $14,475 $0 $0 $0 $14,475
8.6 Dozer, 300 hp 20 day $382.40 $1,718.00 $0 $0 $7,648 $34,360 $42,008
8.7 Compactor, 125 hp 20 day $382.40 $640.20 $0 $0 $7,648 $12,804 $20,452
8.8 Skid-Steer 20 day $358.00 $281.20 $0 $0 $7,160 $5,624 $12,784
8.9 Site Labor (3 laborers) (cover & riprap) 60 day $280.80 $0 $0 $16,848 $0 $16,848

9 MONITORING WELL REMOVAL AND REPLACEMENT
9.1 Monitoring Well Removal, 25 wells 500 lf $20.00 $10,000 $0 $0 $0 $10,000
9.2 Install Wells 100 lf $65.00 $6,500 $0 $0 $0 $6,500
9.3 Well Covers 5 ea $500.00 $2,500 $0 $0 $0 $2,500
9.4 Well Development (4 hours per well) 20 ea $42.00 $840 $0 $0 $0 $840
9.5 Collect/Transport/Dispose IDW 4 drum $195.00 $780 $0 $0 $0 $780

10 POST CONSTRUCTION COST
10.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
10.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $1,643,706 $359,627 $321,226 $285,502 $2,610,061

Overhead on Labor Cost @ 30% $96,368 $96,368
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $164,371 $35,963 $32,123 $28,550 $261,006

Tax on Materials and Equipment Cost @ 7.0% $25,174 $19,985 $45,159

Total Direct Cost $1,808,077 $420,764 $449,717 $334,037 $3,012,595

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $499,672
Profit on Total Direct Cost @ 10% $301,259

Subtotal $3,813,526

Health & Safety Monitoring @ 2% $76,271

Total Field Cost $3,889,797

Engineering on Total Field Cost @ 5% $194,490
Contingency on Total Field Cost @ 20% $777,959

TOTAL CAPITAL COST $4,862,246
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5/7/2012 1:38 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Annual Cost

Item Cost Item Cost
Item Years 1 - 30 every 5 years Notes

Annual Site Inspection & 
Report

$3,170 Labor and supplies once a year to inspect Land Use Controls with Report

Five-Year Review $25,000

Subtotal $3,170 $25,000

Contingency @ 10% $317 $2,500

TOTAL $3,487 $27,500

Note: Groundwater monitoring included in Groundwater Monitoring Alternatives.

Alternative SO2: Excavation, Ex-Situ Treatment, Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
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5/7/2012 1:38 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $4,862,246 $4,862,246 1.000 $4,862,246
1 $3,487 $3,487 0.980 $3,419
2 $3,487 $3,487 0.961 $3,352
3 $3,487 $3,487 0.942 $3,286
4 $3,487 $3,487 0.924 $3,221
5 $30,987 $30,987 0.906 $28,066
6 $3,487 $3,487 0.888 $3,096
7 $3,487 $3,487 0.871 $3,036
8 $3,487 $3,487 0.853 $2,976
9 $3,487 $3,487 0.837 $2,918
10 $30,987 $30,987 0.820 $25,420
11 $3,487 $3,487 0.804 $2,804
12 $3,487 $3,487 0.788 $2,749
13 $3,487 $3,487 0.773 $2,696
14 $3,487 $3,487 0.758 $2,643
15 $30,987 $30,987 0.743 $23,024
16 $3,487 $3,487 0.728 $2,540
17 $3,487 $3,487 0.714 $2,490
18 $3,487 $3,487 0.700 $2,441
19 $3,487 $3,487 0.686 $2,394
20 $30,987 $30,987 0.673 $20,853
21 $3,487 $3,487 0.660 $2,301
22 $3,487 $3,487 0.647 $2,256
23 $3,487 $3,487 0.634 $2,211
24 $3,487 $3,487 0.622 $2,168
25 $30,987 $30,987 0.610 $18,888
26 $3,487 $3,487 0.598 $2,084
27 $3,487 $3,487 0.586 $2,043
28 $3,487 $3,487 0.574 $2,003
29 $3,487 $3,487 0.563 $1,964
30 $30,987 $30,987 0.552 $17,107

TOTAL PRESENT WORTH $5,058,693

Alternative SO2: Excavation, Ex-Situ Treatment, Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO3: Soil Cover, Selective Excavation and Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.2 Prepare Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.4 Prepare LUCs 250 hr $39.00 $0 $0 $9,750 $0 $9,750
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 11 ea $188.00 $566.00 $0 $0 $2,068 $6,226 $8,294
2.3 Drill Rig Mobilization/Demobilization 2 ea $2,000.00 $4,000 $0 $0 $0 $4,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 3.5 mo $365.00 $0 $0 $0 $1,278 $1,278
3.2 Field Office Equipment, Utilities, & Support 3.5 mo $380.00 $0 $1,330 $0 $0 $1,330
3.3 Storage Trailer 3.5 mo $94.00 $0 $0 $0 $329 $329
3.4 Survey Support 7 day $1,150.00 $8,050 $0 $0 $0 $8,050
3.5 Site Superintendent 70 day $220.00 $480.00 $0 $15,400 $33,600 $0 $49,000
3.6 Site Health & Safety and QA/QC 70 day $220.00 $360.00 $0 $15,400 $25,200 $0 $40,600
3.7 Underground Utility Clearance 1 ls $10,525.00 $10,525 $0 $0 $0 $10,525

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $813.00 $0 $0 $0 $2,439 $2,439
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $731.00 $0 $0 $0 $2,193 $2,193
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 SITE PREPARATION
5.1 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
5.2 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
5.3 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
5.4 Clear & Chip Trees 5 day $358.00 $710.60 $0 $0 $1,790 $3,553 $5,343
5.5 Grub Stumps and Chip 5 day $170.70 $0 $0 $0 $854 $854
5.6 Off-Site Disposal of Chipped Trees 250 ton $45.00 $11,250 $0 $0 $0 $11,250
6 EXCAVATION, DISPOSAL, AND BACKFILL

6.1 Excavator, 2.5 cy 3 day $382.40 $1,652.00 $0 $0 $1,147 $4,956 $6,103
6.2 Skid-Steer 3 day $358.00 $281.20 $0 $0 $1,074 $844 $1,918
6.3 Site Labor, (3 laborers) 9 day $280.80 $0 $0 $2,527 $0 $2,527
6.4 Verification Samples, PCBs, PAHs, metals 12 ea $360.00 $20.00 $50.00 $20.00 $4,320 $240 $600 $240 $5,400
6.5 T & D of Excavated Soil, non-hazardous 869 ton $85.00 $73,865 $0 $0 $0 $73,865
6.6 Waste Disposal Characterization / Analytical 5 ea $850.00 $30.00 $50.00 $30.00 $4,250 $150 $250 $150 $4,800
6.7 Backfill, common fill 525 cy $18.83 $0 $9,886 $0 $0 $9,886
6.8 Backfill, vegetative soil 60 cy $27.33 $0 $1,640 $0 $0 $1,640
6.9 Dozer, 300 hp 2 day $382.40 $1,718.00 $0 $0 $765 $3,436 $4,201

6.10 Compactor, 120 hp 2 day $382.40 $640.20 $0 $0 $765 $1,280 $2,045
6.11 Revegetation, seed 3.5 msf $96.50 $338 $0 $0 $0 $338

7 SITE COVER
7.1 Common Fill 8,298 cy $18.83 $0 $156,251 $0 $0 $156,251
7.2 Vegetative Soil 2,769 cy $27.33 $0 $75,677 $0 $0 $75,677
7.3 Geotextile, 10 oz 20,524 sy $1.85 $0.22 $0 $37,969 $4,515 $0 $42,485
7.4 Riprap, D50= 12" (24" thick) 2,488 cy $31.50 $10.00 $11.05 $0 $78,372 $24,880 $27,492 $130,744
7.5 Revegetation, seed 150 msf $96.50 $14,475 $0 $0 $0 $14,475
7.6 Dozer, 300 hp 24 day $382.40 $1,718.00 $0 $0 $9,178 $41,232 $50,410
7.7 Compactor, 120 hp 24 day $382.40 $640.20 $0 $0 $9,178 $15,365 $24,542
7.8 Skid-Steer 24 day $358.00 $281.20 $0 $0 $8,592 $6,749 $15,341
7.9 Site Labor (3 laborers) (cover & riprap) 72 day $280.80 $0 $0 $20,218 $0 $20,218

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO3: Soil Cover, Selective Excavation and Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

8 MONITORING WELL REMOVAL AND REPLACEMENT
8.1 Monitoring Well Removal, 25 wells 500 lf $20.00 $10,000 $0 $0 $0 $10,000
8.2 Install Wells 200 lf $65.00 $13,000 $0 $0 $0 $13,000
8.3 Well Covers 10 ea $500.00 $5,000 $0 $0 $0 $5,000
8.4 Well Development (4 hours per well) 40 ea $42.00 $1,680 $0 $0 $0 $1,680
8.5 Collect/Transport/Dispose IDW 8 drum $195.00 $1,560 $0 $0 $0 $1,560

9 POST CONSTRUCTION COST
9.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
9.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $165,268 $402,075 $222,609 $146,822 $936,774

Overhead on Labor Cost @ 30% $66,783 $66,783
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $16,527 $40,208 $22,261 $14,682 $93,677

Tax on Materials and Equipment Cost @ 7.0% $28,145 $10,278 $38,423

Total Direct Cost $181,795 $470,428 $311,653 $171,782 $1,135,657

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $261,507
Profit on Total Direct Cost @ 10% $113,566

Subtotal $1,510,729

Health & Safety Monitoring @ 2% $30,215

Total Field Cost $1,540,944

Engineering on Total Field Cost @ 5% $77,047
Contingency on Total Field Cost @ 20% $308,189

TOTAL CAPITAL COST $1,926,180
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Annual Cost

Item Cost Item Cost
Item Years 1 - 30 every 5 years Notes

Annual Site Inspection & 
Report

$3,170 Labor and supplies once a year to inspect Land Use Controls with Report

Five-Year Review $25,000

Subtotal $3,170 $25,000

Contingency @ 10% $317 $2,500

TOTAL $3,487 $27,500

Note: Groundwater monitoring included in Groundwater Monitoring Alternatives

Alternative SO3: Soil Cover, Selective Excavation and Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $1,926,180 $1,926,180 1.000 $1,926,180
1 $3,487 $3,487 0.980 $3,419
2 $3,487 $3,487 0.961 $3,352
3 $3,487 $3,487 0.942 $3,286
4 $3,487 $3,487 0.924 $3,221
5 $30,987 $30,987 0.906 $28,066
6 $3,487 $3,487 0.888 $3,096
7 $3,487 $3,487 0.871 $3,036
8 $3,487 $3,487 0.853 $2,976
9 $3,487 $3,487 0.837 $2,918
10 $30,987 $30,987 0.820 $25,420
11 $3,487 $3,487 0.804 $2,804
12 $3,487 $3,487 0.788 $2,749
13 $3,487 $3,487 0.773 $2,696
14 $3,487 $3,487 0.758 $2,643
15 $30,987 $30,987 0.743 $23,024
16 $3,487 $3,487 0.728 $2,540
17 $3,487 $3,487 0.714 $2,490
18 $3,487 $3,487 0.700 $2,441
19 $3,487 $3,487 0.686 $2,394
20 $30,987 $30,987 0.673 $20,853
21 $3,487 $3,487 0.660 $2,301
22 $3,487 $3,487 0.647 $2,256
23 $3,487 $3,487 0.634 $2,211
24 $3,487 $3,487 0.622 $2,168
25 $30,987 $30,987 0.610 $18,888
26 $3,487 $3,487 0.598 $2,084
27 $3,487 $3,487 0.586 $2,043
28 $3,487 $3,487 0.574 $2,003
29 $3,487 $3,487 0.563 $1,964
30 $30,987 $30,987 0.552 $17,107

TOTAL PRESENT WORTH $2,122,627

Alternative SO3: Soil Cover, Selective Excavation and Removal of Anomalies, Off-Site Disposal, LUCs, and 
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO4: Excavation (North Meadow), Consolidation (South Meadow), Soil Cover, Removal of Anomalies, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.2 Prepare Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.4 Prepare LUCs 250 hr $39.00 $0 $0 $9,750 $0 $9,750
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 12 ea $188.00 $566.00 $0 $0 $2,256 $6,792 $9,048
2.3 Drill Rig Mobilization/Demobilization 2 ea $2,000.00 $4,000 $0 $0 $0 $4,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 4.0 mo $365.00 $0 $0 $0 $1,460 $1,460
3.2 Field Office Equipment, Utilities, & Support 4.0 mo $380.00 $0 $1,520 $0 $0 $1,520
3.3 Storage Trailer 4.0 mo $94.00 $0 $0 $0 $376 $376
3.4 Survey Support 7 day $1,150.00 $8,050 $0 $0 $0 $8,050
3.5 Site Superintendent 80 day $220.00 $480.00 $0 $17,600 $38,400 $0 $56,000
3.6 Site Health & Safety and QA/QC 80 day $220.00 $360.00 $0 $17,600 $28,800 $0 $46,400
3.7 Underground Utility Clearance 1 ls $10,525.00 $10,525 $0 $0 $0 $10,525

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $813.00 $0 $0 $0 $2,439 $2,439
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $731.00 $0 $0 $0 $2,193 $2,193
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 SITE PREPARATION
5.1 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
5.2 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
5.3 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
5.4 Clear & Chip Trees 5 day $358.00 $710.60 $0 $0 $1,790 $3,553 $5,343
5.5 Grub Stumps and Chip 5 day $170.70 $0 $0 $0 $854 $854
5.6 Off-Site Disposal of Chipped Trees 250 ton $45.00 $11,250 $0 $0 $0 $11,250
6 EXCAVATION, DISPOSAL, AND GRADING

6.1 Excavator, 2.5 cy 3 day $382.40 $1,652.00 $0 $0 $1,147 $4,956 $6,103
6.2 Skid-Steer 3 day $358.00 $281.20 $0 $0 $1,074 $844 $1,918
6.3 Site Labor, (3 laborers) 9 day $280.80 $0 $0 $2,527 $0 $2,527
6.4 Verification Samples, PCBs, PAHs, metals 104 ea $360.00 $20.00 $50.00 $20.00 $37,440 $2,080 $5,200 $2,080 $46,800
6.5 T & D of Excavated Soil, non-hazardous 696 ton $85.00 $59,160 $0 $0 $0 $59,160
6.6 Waste Disposal Characterization / Analytical 4 ea $850.00 $30.00 $50.00 $30.00 $3,400 $120 $200 $120 $3,840
6.7 Backfill, common fill 510 cy $18.83 $0 $9,603 $0 $0 $9,603
6.8 Backfill, vegetative soil 63 cy $27.33 $0 $1,722 $0 $0 $1,722
6.9 Dozer, 300 hp 2 day $382.40 $1,718.00 $0 $0 $765 $3,436 $4,201

6.10 Compactor, 120 hp 2 day $382.40 $640.20 $0 $0 $765 $1,280 $2,045
6.11 Revegetation, seed 3 msf $96.50 $290 $0 $0 $0 $290

7 EXCAVATE, PLACE UNDER COVER, SEED
7.1 Excavator, 2.5 cy 11 day $382.40 $1,652.00 $0 $0 $4,206 $18,172 $22,378
7.2 Dump Truck, 2 each, 16 cy 21 day $382.40 $584.60 $0 $0 $8,030 $12,277 $20,307
7.3 Compactor, 125 hp 11 day $382.40 $640.20 $0 $0 $4,206 $7,042 $11,249
7.4 Dozer, 300 hp 11 day $382.40 $1,718.00 $0 $0 $4,206 $18,898 $23,104
7.5 Backfill, common fill 4,307 cy $18.83 $0 $81,101 $0 $0 $81,101
7.6 Backfill, vegetative soil 1,288 cy $27.33 $0 $35,201 $0 $0 $35,201
7.7 Dozer, 300 hp 11 day $382.40 $1,718.00 $0 $0 $4,206 $18,898 $23,104
7.8 Compactor, 120 hp 11 day $382.40 $640.20 $0 $0 $4,206 $7,042 $11,249
7.9 Site Labor, (3 laborers) 32 day $280.80 $0 $0 $8,986 $0 $8,986

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO4: Excavation (North Meadow), Consolidation (South Meadow), Soil Cover, Removal of Anomalies, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

7.10 Revegetation, seed 70 msf $96.50 $6,755 $0 $0 $0 $6,755
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SO4: Excavation (North Meadow), Consolidation (South Meadow), Soil Cover, Removal of Anomalies, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

8 SITE COVER
8.1 Backfill, common fill 4,913 cy $18.83 $0 $92,512 $0 $0 $92,512
8.2 Backfill, vegetative soil 1,638 cy $27.33 $0 $44,767 $0 $0 $44,767
8.3 Geotextile, 10 oz 16,986 sy $1.85 $0.22 $0 $31,424 $3,737 $0 $35,161
8.4 Riprap, D50= 12" (24" thick) 2,265 cy $31.50 $10.00 $11.05 $0 $71,348 $22,650 $25,028 $119,026
8.5 Revegetation, seed 89 msf $96.50 $8,589 $0 $0 $0 $8,589
8.6 Dozer, 300 hp 25 day $382.40 $1,718.00 $0 $0 $9,560 $42,950 $52,510
8.7 Compactor, 125 hp 25 day $382.40 $640.20 $0 $0 $9,560 $16,005 $25,565
8.8 Skid-Steer 25 day $358.00 $281.20 $0 $0 $8,950 $7,030 $15,980
8.9 Site Labor (3 laborers) (cover & riprap) 75 day $280.80 $0 $0 $21,060 $0 $21,060

9 MONITORING WELL REMOVAL AND REPLACEMENT
9.1 Monitoring Well Removal, 25 wells 500 lf $20.00 $10,000 $0 $0 $0 $10,000
9.2 Install Wells 100 lf $65.00 $6,500 $0 $0 $0 $6,500
9.3 Well Covers 5 ea $500.00 $2,500 $0 $0 $0 $2,500
9.4 Well Development (4 hours per well) 20 ea $42.00 $840 $0 $0 $0 $840
9.5 Collect/Transport/Dispose IDW 4 drum $195.00 $780 $0 $0 $0 $780

10 POST CONSTRUCTION COST
10.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
10.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $173,033 $416,357 $272,752 $231,932 $1,094,074

Overhead on Labor Cost @ 30% $81,826 $81,826
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $17,303 $41,636 $27,275 $23,193 $109,407

Tax on Materials and Equipment Cost @ 7.0% $29,145 $16,235 $45,380

Total Direct Cost $190,336 $487,138 $381,853 $271,360 $1,330,687

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $314,135
Profit on Total Direct Cost @ 10% $133,069

Subtotal $1,777,891

Health & Safety Monitoring @ 2% $35,558

Total Field Cost $1,813,449

Engineering on Total Field Cost @ 5% $90,672
Contingency on Total Field Cost @ 20% $362,690

TOTAL CAPITAL COST $2,266,811
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5/7/2012 1:39 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Annual Cost

Item Cost Item Cost
Item Years 1 - 30 every 5 years Notes

Annual Site Inspection & 
Report

$3,170 Labor and supplies once a year to inspect Land Use Controls with Report

Five-Year Review $25,000

Subtotal $3,170 $25,000

Contingency @ 10% $317 $2,500

TOTAL $3,487 $27,500

Note: Groundwater monitoring included in Groundwater Monitoring Alternatives

Alternative SO4: Excavation (North Meadow), Consolidation (South Meadow), Soil Cover, Removal of Anomalies, LUCs, and 
Monitoring
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5/7/2012 1:40 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $2,266,811 $2,266,811 1.000 $2,266,811
1 $3,487 $3,487 0.980 $3,419
2 $3,487 $3,487 0.961 $3,352
3 $3,487 $3,487 0.942 $3,286
4 $3,487 $3,487 0.924 $3,221
5 $30,987 $30,987 0.906 $28,066
6 $3,487 $3,487 0.888 $3,096
7 $3,487 $3,487 0.871 $3,036
8 $3,487 $3,487 0.853 $2,976
9 $3,487 $3,487 0.837 $2,918

10 $30,987 $30,987 0.820 $25,420
11 $3,487 $3,487 0.804 $2,804
12 $3,487 $3,487 0.788 $2,749
13 $3,487 $3,487 0.773 $2,696
14 $3,487 $3,487 0.758 $2,643
15 $30,987 $30,987 0.743 $23,024
16 $3,487 $3,487 0.728 $2,540
17 $3,487 $3,487 0.714 $2,490
18 $3,487 $3,487 0.700 $2,441
19 $3,487 $3,487 0.686 $2,394
20 $30,987 $30,987 0.673 $20,853
21 $3,487 $3,487 0.660 $2,301
22 $3,487 $3,487 0.647 $2,256
23 $3,487 $3,487 0.634 $2,211
24 $3,487 $3,487 0.622 $2,168
25 $30,987 $30,987 0.610 $18,888
26 $3,487 $3,487 0.598 $2,084
27 $3,487 $3,487 0.586 $2,043
28 $3,487 $3,487 0.574 $2,003
29 $3,487 $3,487 0.563 $1,964
30 $30,987 $30,987 0.552 $17,107

TOTAL PRESENT WORTH $2,463,258

Alternative SO4: Excavation (North Meadow), Consolidation (South Meadow), Soil Cover, Removal of Anomalies, 
LUCs, and Monitoring
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C.2 COST ESTIMATES (GROUNDWATER ALTERNATIVES)



5/7/2012 1:40 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW1: No Action
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $0 5-year review costs are presented under Alternative SO1

Subtotal $0

Contingency @ 10% $0

TOTAL $0
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5/7/2012 1:40 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW1: No Action
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 (a) (a) 0.893 $0
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 (a) (a) 0.797 $0
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 (a) (a) 0.711 $0
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 (a) (a) 0.635 $0
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 (a) (a) 0.566 $0
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 (a) (a) 0.506 $0

TOTAL PRESENT WORTH $0
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5/7/2012 1:40 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW2: Monitored Natural Attenuation and Land Use Controls
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1  PROJECT PLANNING & DOCUMENTS
1.1 Prepare Monitoring Plan 250 hr $39.00 $0 $0 $9,750 $0 $9,750

. Subtotal $0 $0 $9,750 $0 $9,750

Overhead on Labor Cost @ 30% $2,925 $2,925
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $0 $0 $975 $0 $975

Tax on Materials and Equipment Cost @ 6% $0 $0 $0

Total Direct Cost $0 $0 $3,900 $0 $13,650

Indirects on Total Direct Cost @ 0% $0
Profit on Total Direct Cost @ 10% $1,365

Subtotal $15,015

Health & Safety Monitoring @ 0% $0

Total Field Cost $15,015

Contingency on Total Field Costs @ 10% $1,502
Engineering on Total Field Cost @ 0% $0

TOTAL CAPITAL COST $16,517
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5/7/2012 1:41 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW2: Monitored Natural Attenuation and Land Use Controls
Annual Cost

Item Cost Item Cost Item Cost
Item year 1 years 2 & 3 years 4 - 30 Notes

Sampling $136,000 $68,000 $34,000 Labor and supplies to collect samples from wells using a crew of two.

Analysis/Water $98,784 $49,392 $24,696 Analyze groundwater samples from 49 wells for monitored natural attenuation, 
four times a year for year 1, twice a year for years 2 & 3, once a year for years 
4 through 30.

Sampling Report $14,000 $7,000 $3,500 Document sampling events and results yearly

Subtotal $248,784 $124,392 $62,196

Contingency @ 10% $24,878 $12,439 $6,220

TOTAL $273,662 $136,831 $68,416

Note: Land Use Controls and Five Years Reviews included in Soil Alternatives.
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5/7/2012 1:41 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW2: Monitored Natural Attenuation and Land Use Controls
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $16,517 $16,517 1.000 $16,517
1 $273,662 $273,662 0.980 $268,296
2 $136,831 $136,831 0.961 $131,518
3 $136,831 $136,831 0.942 $128,939
4 $68,416 $68,416 0.924 $63,205
5 $68,416 $68,416 0.906 $61,966
6 $68,416 $68,416 0.888 $60,751
7 $68,416 $68,416 0.871 $59,560
8 $68,416 $68,416 0.853 $58,392
9 $68,416 $68,416 0.837 $57,247
10 $68,416 $68,416 0.820 $56,125
11 $68,416 $68,416 0.804 $55,024
12 $68,416 $68,416 0.788 $53,945
13 $68,416 $68,416 0.773 $52,887
14 $68,416 $68,416 0.758 $51,850
15 $68,416 $68,416 0.743 $50,834
16 $68,416 $68,416 0.728 $49,837
17 $68,416 $68,416 0.714 $48,860
18 $68,416 $68,416 0.700 $47,902
19 $68,416 $68,416 0.686 $46,963
20 $68,416 $68,416 0.673 $46,042
21 $68,416 $68,416 0.660 $45,139
22 $68,416 $68,416 0.647 $44,254
23 $68,416 $68,416 0.634 $43,386
24 $68,416 $68,416 0.622 $42,535
25 $68,416 $68,416 0.610 $41,701
26 $68,416 $68,416 0.598 $40,884
27 $68,416 $68,416 0.586 $40,082
28 $68,416 $68,416 0.574 $39,296
29 $68,416 $68,416 0.563 $38,526
30 $68,416 $68,416 0.552 $37,770

TOTAL PRESENT WORTH $1,880,234

Page 1 of 1



5/7/2012 1:41 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Groundwater Alternative
Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 ISEB Design 1 ls $4,000.00 $4,000 $0 $0 $0 $4,000
1.2 Design Documents 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.3 Prepare Documents & Plans including Permits 350 hr $39.00 $0 $0 $13,650 $0 $13,650
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 2 ea $188.00 $566.00 $0 $0 $376 $1,132 $1,508
2.3 Drill Rig Mobilization/Demobilization 2 ea $2,000.00 $4,000 $0 $0 $0 $4,000

3 SITE SUPPORT
3.1 Office Trailer 4.0 mo $365.00 $0 $0 $0 $1,460 $1,460
3.2 Field Office Equipment, Utilities, & Support 4.0 mo $380.00 $0 $1,520 $0 $0 $1,520
3.3 Storage Trailer 4.0 mo $94.00 $0 $0 $0 $376 $376
3.4 Survey Support 5 day $1,150.00 $5,750 $0 $0 $0 $5,750
3.5 Site Superintendent 80 day $220.00 $480.00 $0 $17,600 $38,400 $0 $56,000
3.6 Site Health & Safety and QA/QC (1/2 time) 40 day $220.00 $360.00 $0 $8,800 $14,400 $0 $23,200
3.7 Site Labor, (2 laborers) 160 day $280.80 $0 $0 $44,928 $0 $44,928

4 DECONTAMINATION
4.1 Decontamination Services 4 mo $1,220.00 $2,245.00 $1,550.00 $0 $4,880 $8,980 $6,200 $20,060
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 4,000 gal $0.20 $0 $800 $0 $0 $800
4.4 Decon Water Storage Tank, 6,000 gallon 4 mo $813.00 $0 $0 $0 $3,252 $3,252
4.5 Clean Water Storage Tank, 4,000 gallon 4 mo $731.00 $0 $0 $0 $2,924 $2,924
4.6 Disposal of Decon Waste (liquid & solid) 4 mo $985.00 $3,940 $0 $0 $0 $3,940

5 PILOT STUDY
5.1 Pilot Scale Work Plan 1 ls $15,000.00 $0 $0 $15,000 $0 $15,000
5.2 Injection Well Installation 1,440 lf $40.00 $57,600 $0 $0 $0 $57,600
5.3 Injection Well Heads 32 ea $150.00 $4,800 $0 $0 $0 $4,800
5.4 Injection Labor/Equipment 5 day $4,000.00 $20,000 $0 $0 $0 $20,000
5.5 Emulsified Oil 6,240 lb $3.51 $0 $21,902 $0 $0 $21,902
5.6 Injection Water 1,167 gal $0.20 $0 $233 $0 $0 $233
5.7 Water Tank Truck 5 day $430.00 $0 $0 $0 $2,150 $2,150
5.8 Skid-Steer 5 day $358.00 $281.20 $0 $0 $1,790 $1,406 $3,196
5.9 IDW Disposal 16 drum $200.00 $3,200 $0 $0 $0 $3,200

5.10 Pavement Coring & Repair 0 ea $90.00 $0 $0 $0 $0 $0
6 FULL TREATMENT

6.1 Injection Well Installation 21,820 lf $40.00 $872,800 $0 $0 $0 $872,800
6.2 Injection Well Heads 524 ea $150.00 $78,600 $0 $0 $0 $78,600
6.3 Injection Labor/Equipment 51 day $4,000.00 $204,000 $0 $0 $0 $204,000
6.4 Emulsified Oil 100,969 lb $3.51 $0 $354,401 $0 $0 $354,401
6.5 Injection Water 20,907 gal $0.20 $0 $4,181 $0 $0 $4,181
6.6 Water Tank Truck 51 day $430.00 $0 $0 $0 $21,930 $21,930
6.7 Skid-Steer 51 day $358.00 $281.20 $0 $0 $18,258 $14,341 $32,599
6.8 IDW Disposal 262 drum $200.00 $52,400 $0 $0 $0 $52,400
6.9 Pavement Coring & Repair 20 ea $90.00 $1,800 $0 $0 $0 $1,800

6.10 Revegetation, seed 16.5 msf $96.50 $1,592 $0 $0 $0 $1,592
6.11 Post-Injection Sampling Labor, 2 events 100 hr $39.00 $0 $0 $3,900 $0 $3,900
6.12 Post-Injection Sampling ODCs 28 ea $500.00 $0 $14,000 $0 $0 $14,000
6.13 Post-Injection Analysis 28 ea $1,000.00 $28,000 $0 $0 $0 $28,000
6.14 Post-Injection Report 80 hr $39.00 $0 $0 $3,120 $0 $3,120

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:41 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Groundwater Alternative
Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

7 POST CONSTRUCTION COST
7.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
7.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $1,342,482 $433,818 $187,252 $59,396 $2,022,949

Overhead on Labor Cost @ 30% $56,176 $56,176
G & A on Cost @ 10% $134,248 $43,382 $18,725 $5,940 $202,295

Tax on Materials and Equipment Cost @ 7% $30,367 $4,158 $34,525

Total Direct Cost $1,476,730 $507,568 $262,153 $69,494 $2,315,944

Indirects on Total Direct Cost @ 20% $463,189
Profit on Total Direct Cost @ 10% $231,594

Total Field Cost $3,010,728

Engineering on Total Field Costs @ 10% $301,073
Contingency on Total Field Costs @ 15% $451,609

TOTAL CAPITAL COST $3,763,410
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5/7/2012 1:41 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Groundwater Alternative
Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, and LUCs
Capital Cost (Year 2)

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Design Documents 100 hr $39.00 $0 $0 $3,900 $0 $3,900
1.2 Prepare Documents & Plans including Permits 150 hr $39.00 $0 $0 $5,850 $0 $5,850
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 2 ea $183.00 $518.00 $0 $0 $366 $1,036 $1,402

3 SITE SUPPORT
3.1 Office Trailer 4.0 mo $365.00 $0 $0 $0 $1,460 $1,460
3.2 Field Office Equipment, Utilities, & Support 4.0 mo $380.00 $0 $1,520 $0 $0 $1,520
3.3 Storage Trailer 4.0 mo $94.00 $0 $0 $0 $376 $376
3.4 Site Superintendent 80 day $220.00 $480.00 $0 $17,600 $38,400 $0 $56,000
3.5 Site Labor, (2 laborers) 160 day $280.80 $0 $0 $44,928 $0 $44,928

4 DECONTAMINATION
4.1 Decontamination Services 6 mo $1,220.00 $2,245.00 $1,550.00 $0 $7,320 $13,470 $9,300 $30,090
4.2 Equipment Decon Pad 0 ls $4,500.00 $3,000.00 $725.00 $0 $0 $0 $0 $0
4.3 Decon Water 6,000 gal $0.20 $0 $1,200 $0 $0 $1,200
4.4 Decon Water Storage Tank, 6,000 gallon 6 mo $813.00 $0 $0 $0 $4,878 $4,878
4.5 Clean Water Storage Tank, 4,000 gallon 6 mo $731.00 $0 $0 $0 $4,386 $4,386
4.6 Disposal of Decon Waste (liquid & solid) 6 mo $985.00 $5,910 $0 $0 $0 $5,910

5 SECOND TREATMENT
5.1 Injection Labor/Equipment 56 day $4,000.00 $224,000 $0 $0 $0 $224,000
5.2 Emulsified Oil 107,209 lb $3.51 $0 $376,304 $0 $0 $376,304
5.3 Injection Water 22,074 gal $0.20 $0 $4,415 $0 $0 $4,415
5.4 Water Tank Truck 56 day $430.00 $0 $0 $0 $24,080 $24,080
5.5 Skid-Steer 56 day $358.00 $281.20 $0 $0 $20,048 $15,747 $35,795
5.6 IDW Disposal 278 drum $200.00 $55,600 $0 $0 $0 $55,600
5.7 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850

Subtotal $285,510 $409,358 $132,812 $64,763 $892,444

Overhead on Labor Cost @ 30% $39,844 $39,844
G & A on Cost @ 10% $28,551 $40,936 $13,281 $6,476 $89,244

Tax on Materials and Equipment Cost @ 7% $28,655 $4,533 $33,189

Total Direct Cost $314,061 $478,949 $185,937 $75,773 $1,054,720

Indirects on Total Direct Cost @ 20% $210,944
Profit on Total Direct Cost @ 10% $105,472

Total Field Cost $1,371,136

Engineering on Total Field Costs @ 2% $27,423
Contingency on Total Field Costs @ 10% $137,114

TOTAL CAPITAL COST $1,535,672

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:41 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, and LUCs
Sampling Cost

Item Cost Item Cost Item Cost
Item Year 1 Years 2 & 3 Years 4 - 30 Notes

Groundwater Sampling $136,000 $68,000 $34,000 Labor and supplies for groundwater samples using a crew of three

Groundwater Sampling for 
Natural Attenuation

$98,784 $49,392 $24,696 Analyze groundwater samples for natural attenuation 4 times in year 1, twice a 
years 2 and 3, & once a year in years 4 through 30.

 Sampling Report $14,000 $7,000 $3,500

Subtotal $248,784 $124,392 $62,196

Contingency @ 10% $24,878 $12,439 $6,220

TOTAL $273,662 $136,831 $68,416

Note: Land Use Controls and Five Years Reviews included in Soil Alternatives.
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5/7/2012 1:42 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, and LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $3,763,410 $3,763,410 1.000 $3,763,410
1 $273,662 $273,662 0.980 $268,296
2 $1,535,672 $136,831 $1,672,504 0.961 $1,607,558
3 $136,831 $136,831 0.942 $128,939
4 $68,416 $68,416 0.924 $63,205
5 $68,416 $68,416 0.906 $61,966
6 $68,416 $68,416 0.888 $60,751
7 $68,416 $68,416 0.871 $59,560
8 $68,416 $68,416 0.853 $58,392
9 $68,416 $68,416 0.837 $57,247
10 $68,416 $68,416 0.820 $56,125
11 $68,416 $68,416 0.804 $55,024
12 $68,416 $68,416 0.788 $53,945
13 $68,416 $68,416 0.773 $52,887
14 $68,416 $68,416 0.758 $51,850
15 $68,416 $68,416 0.743 $50,834
16 $68,416 $68,416 0.728 $49,837
17 $68,416 $68,416 0.714 $48,860
18 $68,416 $68,416 0.700 $47,902
19 $68,416 $68,416 0.686 $46,963
20 $68,416 $68,416 0.673 $46,042
21 $68,416 $68,416 0.660 $45,139
22 $68,416 $68,416 0.647 $44,254
23 $68,416 $68,416 0.634 $43,386
24 $68,416 $68,416 0.622 $42,535
25 $68,416 $68,416 0.610 $41,701
26 $68,416 $68,416 0.598 $40,884
27 $68,416 $68,416 0.586 $40,082
28 $68,416 $68,416 0.574 $39,296
29 $68,416 $68,416 0.563 $38,526
30 $68,416 $68,416 0.552 $37,770

TOTAL PRESENT WORTH $7,103,168
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5/7/2012 1:42 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Groundwater Alternative
Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 ISCO Design 1 ls $4,000.00 $4,000 $0 $0 $0 $4,000
1.2 Design Documents 160 hr $39.00 $0 $0 $6,240 $0 $6,240
1.3 Prepare Documents & Plans including Permits 450 hr $39.00 $0 $0 $17,550 $0 $17,550
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 2 ea $188.00 $566.00 $0 $0 $376 $1,132 $1,508
2.3 Drill Rig Mobilization/Demobilization 2 ea $2,000.00 $4,000 $0 $0 $0 $4,000
2.4 ISCO System Mobilization/Demobilization 1 ea $15,000.00 $15,000 $0 $0 $0 $15,000

3 SITE SUPPORT
3.1 Office Trailer 3.0 mo $365.00 $0 $0 $0 $1,095 $1,095
3.2 Field Office Equipment, Utilities, & Support 3.0 mo $380.00 $0 $1,140 $0 $0 $1,140
3.3 Storage Trailer 3.0 mo $94.00 $0 $0 $0 $282 $282
3.4 Survey Support 5 day $1,150.00 $5,750 $0 $0 $0 $5,750
3.5 Site Superintendent 68 day $220.00 $480.00 $0 $14,960 $32,640 $0 $47,600
3.6 Site Health & Safety and QA/QC (1/2 time) 34 day $220.00 $360.00 $0 $7,480 $12,240 $0 $19,720
3.7 Site Labor, (2 laborers) 136 day $280.80 $0 $0 $38,189 $0 $38,189

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $813.00 $0 $0 $0 $2,439 $2,439
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $731.00 $0 $0 $0 $2,193 $2,193
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 BENCH TEST
5.1 Bench Test Sampling 40 hr $39.00 $0 $0 $1,560 $0 $1,560
5.2 Bench Test Sampling ODC 1 ls $500.00 $0 $500 $0 $0 $500
5.3 Bench Test Analysis 5 ea $200.00 $1,000 $0 $0 $0 $1,000

6 PILOT STUDY
6.1 Pilot Scale Work Plan 1 ls $15,000.00 $0 $0 $15,000 $0 $15,000
6.2 Injection Well Installation 1,440 lf $40.00 $57,600 $0 $0 $0 $57,600
6.3 Injection Well Heads 32 ea $150.00 $4,800 $0 $0 $0 $4,800
6.4 Injection Labor/Equipment 3 day $4,000.00 $12,000 $0 $0 $0 $12,000
6.5 ISCO Reagent 24,000 gal $1.50 $0 $36,000 $0 $0 $36,000
6.6 Water Tank Truck 3 day $430.00 $0 $0 $0 $1,290 $1,290
6.7 Skid-Steer 3 day $358.00 $281.20 $0 $0 $1,074 $844 $1,918
6.8 IDW Disposal 16 drum $200.00 $3,200 $0 $0 $0 $3,200
6.9 Pavement Coring & Repair 0 ea $90.00 $0 $0 $0 $0 $0

7 FULL TREATMENT
7.1 Injection Well Installation 16,960 lf $40.00 $678,400 $0 $0 $0 $678,400
7.2 Injection Well Heads 416 ea $150.00 $62,400 $0 $0 $0 $62,400
7.3 Injection Labor/Equipment 42 day $4,000.00 $168,000 $0 $0 $0 $168,000
7.4 ISCO Reagent 312,000 gal $1.50 $0 $468,000 $0 $0 $468,000
7.5 Water Tank Truck 42 day $430.00 $0 $0 $0 $18,060 $18,060
7.6 Skid-Steer 42 day $358.00 $281.20 $0 $0 $15,036 $11,810 $26,846
7.7 IDW Disposal 208 drum $200.00 $41,600 $0 $0 $0 $41,600
7.8 Pavement Coring & Repair 20 ea $90.00 $1,800 $0 $0 $0 $1,800

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:42 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Groundwater Alternative
Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

7.9 Revegetation, seed 16.5 msf $96.50 $1,592 $0 $0 $0 $1,592
7.10 Post-Injection Sampling Labor, 5 events 250 hr $39.00 $0 $0 $9,750 $0 $9,750
7.11 Post-Injection Sampling ODCs 5 ea $500.00 $0 $2,500 $0 $0 $2,500
7.12 Post-Injection Analysis 60 ea $1,000.00 $60,000 $0 $0 $0 $60,000
7.13 Post-Injection Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

8 POST CONSTRUCTION COST
8.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
8.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $1,124,097 $540,340 $180,840 $48,020 $1,893,297

Overhead on Labor Cost @ 30% $54,252 $54,252
G & A on Cost @ 10% $112,410 $54,034 $18,084 $4,802 $189,330

Tax on Materials and Equipment Cost @ 7% $37,824 $3,361 $41,185

Total Direct Cost $1,236,507 $632,198 $253,176 $56,183 $2,178,064

Indirects on Total Direct Cost @ 20% $435,613
Profit on Total Direct Cost @ 10% $217,806

Total Field Cost $2,831,483

Engineering on Total Field Costs @ 10% $283,148
Contingency on Total Field Costs @ 10% $283,148

TOTAL CAPITAL COST $3,397,780
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5/7/2012 1:42 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Groundwater Alternative
Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs
Capital Cost for Year 1

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 ISCO Design 0 ls $4,000.00 $0 $0 $0 $0 $0
1.2 Design Documents 0 hr $39.00 $0 $0 $0 $0 $0
1.3 Prepare Documents & Plans including Permits 100 hr $39.00 $0 $0 $3,900 $0 $3,900
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 2 ea $188.00 $566.00 $0 $0 $376 $1,132 $1,508
2.3 Drill Rig Mobilization/Demobilization 2 ea $2,000.00 $4,000 $0 $0 $0 $4,000
2.4 ISCO System Mobilization/Demobilization 1 ea $15,000.00 $15,000 $0 $0 $0 $15,000

3 SITE SUPPORT
3.1 Office Trailer 3.0 mo $365.00 $0 $0 $0 $1,095 $1,095
3.2 Field Office Equipment, Utilities, & Support 3.0 mo $380.00 $0 $1,140 $0 $0 $1,140
3.3 Storage Trailer 3.0 mo $94.00 $0 $0 $0 $282 $282
3.4 Survey Support 5 day $1,150.00 $5,750 $0 $0 $0 $5,750
3.5 Site Superintendent 68 day $220.00 $480.00 $0 $14,960 $32,640 $0 $47,600
3.6 Site Health & Safety and QA/QC (1/2 time) 34 day $220.00 $360.00 $0 $7,480 $12,240 $0 $19,720
3.7 Site Labor, (2 laborers) 136 day $280.80 $0 $0 $38,189 $0 $38,189

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $813.00 $0 $0 $0 $2,439 $2,439
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $731.00 $0 $0 $0 $2,193 $2,193
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 FULL TREATMENT IN YEAR 1
5.1 Injection Labor/Equipment 45 day $4,000.00 $180,000 $0 $0 $0 $180,000
5.2 ISCO Reagent 168,000 gal $1.50 $0 $252,000 $0 $0 $252,000
5.3 Water Tank Truck 45 day $430.00 $0 $0 $0 $19,350 $19,350
5.4 Skid-Steer 45 day $358.00 $281.20 $0 $0 $16,110 $12,654 $28,764
5.5 IDW Disposal 224 drum $200.00 $44,800 $0 $0 $0 $44,800
5.6 Post-Injection Sampling Labor, 5 events 250 hr $39.00 $0 $0 $9,750 $0 $9,750
5.7 Post-Injection Sampling ODCs 5 ea $500.00 $0 $2,500 $0 $0 $2,500
5.8 Post-Injection Analysis 60 ea $1,000.00 $60,000 $0 $0 $0 $60,000
5.9 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850

Subtotal $312,505 $287,840 $128,790 $48,020 $777,155

Overhead on Labor Cost @ 30% $38,637 $38,637
G & A on Cost @ 10% $31,251 $28,784 $12,879 $4,802 $77,715

Tax on Materials and Equipment Cost @ 7% $20,149 $3,361 $23,510

Total Direct Cost $343,756 $336,773 $180,306 $56,183 $917,017

Indirects on Total Direct Cost @ 20% $183,403
Profit on Total Direct Cost @ 10% $91,702

Total Field Cost $1,192,123

Engineering on Total Field Costs @ 15% $178,818
Contingency on Total Field Costs @ 20% $238,425

TOTAL CAPITAL COST $1,609,366

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:42 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs
Sampling Cost

Item Cost Item Cost Item Cost
Item Year 1 Years 2 & 3 Years 4 - 30 Notes

Groundwater Sampling $136,000 $68,000 $34,000 Labor and supplies for groundwater samples using a crew of three

Groundwater Sampling for 
Natural Attenuation

$98,784 $49,392 $24,696 Analyze groundwater samples for natural attenuation 4 times in year 1, twice a 
years 2 and 3, & once a year in years 4 through 30.

 Sampling Report $14,000 $7,000 $3,500

Subtotal $248,784 $124,392 $62,196

Contingency @ 10% $24,878 $12,439 $6,220

TOTAL $273,662 $136,831 $68,416

Note: Land Use Controls and Five Years Reviews included in Soil Alternatives.
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5/7/2012 1:42 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Groundwater Alternative
Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $3,397,780 $3,397,780 1.000 $3,397,780
1 $1,609,366 $273,662 $1,883,028 0.980 $1,846,106
2 $136,831 $136,831 0.961 $131,518
3 $136,831 $136,831 0.942 $128,939
4 $68,416 $68,416 0.924 $63,205
5 $68,416 $68,416 0.906 $61,966
6 $68,416 $68,416 0.888 $60,751
7 $68,416 $68,416 0.871 $59,560
8 $68,416 $68,416 0.853 $58,392
9 $68,416 $68,416 0.837 $57,247
10 $68,416 $68,416 0.820 $56,125
11 $68,416 $68,416 0.804 $55,024
12 $68,416 $68,416 0.788 $53,945
13 $68,416 $68,416 0.773 $52,887
14 $68,416 $68,416 0.758 $51,850
15 $68,416 $68,416 0.743 $50,834
16 $68,416 $68,416 0.728 $49,837
17 $68,416 $68,416 0.714 $48,860
18 $68,416 $68,416 0.700 $47,902
19 $68,416 $68,416 0.686 $46,963
20 $68,416 $68,416 0.673 $46,042
21 $68,416 $68,416 0.660 $45,139
22 $68,416 $68,416 0.647 $44,254
23 $68,416 $68,416 0.634 $43,386
24 $68,416 $68,416 0.622 $42,535
25 $68,416 $68,416 0.610 $41,701
26 $68,416 $68,416 0.598 $40,884
27 $68,416 $68,416 0.586 $40,082
28 $68,416 $68,416 0.574 $39,296
29 $68,416 $68,416 0.563 $38,526
30 $68,416 $68,416 0.552 $37,770

TOTAL PRESENT WORTH $6,839,307
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C.3 COST ESTIMATES (SEDIMENT ALTERNATIVES) 



5/7/2012 1:43 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Sediment Alternative
Alternative SD1: No Action
Annual Cost

Item Cost
Item every 5 years Notes

Five-Year Review $0 5-year review costs are presented under Alternative SO1.

Subtotal $0

Contingency @ 10% $0

TOTAL $0
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5/7/2012 1:43 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Sediment Alternative
Alternative SD1: No Action
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $0 $0 1.000 $0
1 $0 0.978 $0
2 $0 0.956 $0
3 $0 0.934 $0
4 $0 0.913 $0
5 (a) (a) 0.893 $0
6 $0 0.872 $0
7 $0 0.853 $0
8 $0 0.834 $0
9 $0 0.815 $0
10 (a) (a) 0.797 $0
11 $0 0.779 $0
12 $0 0.761 $0
13 $0 0.744 $0
14 $0 0.727 $0
15 (a) (a) 0.711 $0
16 $0 0.695 $0
17 $0 0.679 $0
18 $0 0.664 $0
19 $0 0.649 $0
20 (a) (a) 0.635 $0
21 $0 0.620 $0
22 $0 0.606 $0
23 $0 0.593 $0
24 $0 0.579 $0
25 (a) (a) 0.566 $0
26 $0 0.554 $0
27 $0 0.541 $0
28 $0 0.529 $0
29 $0 0.517 $0
30 $0 $0 0.506 $0

TOTAL PRESENT WORTH $0
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5/7/2012 1:43 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SD2: Selective Sediment Removal and Disposal Off-Site, Enhanced Natural Recovery (ENR) of Pond Sediments, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.2 Prepare Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 10 ea $188.00 $566.00 $0 $0 $1,880 $5,660 $7,540
2.3 Hydraulic Dredging Mobilization/Demobilization 1 ea $5,200.00 $5,200 $0 $0 $0 $5,200
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 2.0 mo $365.00 $0 $0 $0 $730 $730
3.2 Field Office Equipment, Utilities, & Support 2.0 mo $380.00 $0 $760 $0 $0 $760
3.3 Storage Trailer 2.0 mo $94.00 $0 $0 $0 $188 $188
3.4 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300
3.5 Site Superintendent 30 day $220.00 $480.00 $0 $6,600 $14,400 $0 $21,000
3.6 Site Health & Safety and QA/QC 35 day $220.00 $360.00 $0 $7,700 $12,600 $0 $20,300
3.7 Underground Utility Clearance 1 ls $10,525.00 $10,525 $0 $0 $0 $10,525
3.8 Temporary Access Road 275 sy $8.30 $6.10 $1.98 $0 $2,283 $1,678 $545 $4,505

4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $813.00 $0 $0 $0 $813 $813
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $731.00 $0 $0 $0 $731 $731
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 SITE PREPARATION
5.1 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
5.2 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
5.3 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
5.4 Clear & Chip Trees 5 day $358.00 $710.60 $0 $0 $1,790 $3,553 $5,343
5.5 Off-Site Disposal of Chipped Trees 150 ton $45.00 $6,750 $0 $0 $0 $6,750
6 STREAM SEDIMENT REMOVAL AND DISPOSAL

6.1 Excavator, 2.5 cy 2 day $382.40 $1,652.00 $0 $0 $765 $3,304 $4,069
6.2 Skid-Steer 2 day $358.00 $281.20 $0 $0 $716 $562 $1,278
6.3 Site Labor, (3 laborers) 6 day $280.80 $0 $0 $1,685 $0 $1,685
6.4 Verification Samples, PCBs, PAHs, metals 3 ea $360.00 $20.00 $50.00 $20.00 $1,080 $60 $150 $60 $1,350
6.5 Absorbent Polymer for Trucks 3 load $130.00 $0 $390 $0 $0 $390
6.6 T & D of Excavated Treated Soil, non-hazardous 61 ton $85.00 $5,185 $0 $0 $0 $5,185
6.7 Waste Disposal Characterization / Analytical 2 ea $850.00 $30.00 $50.00 $30.00 $1,700 $60 $100 $60 $1,920

7 POND SEDIMENT REMOVAL AND DISPOSAL
7.1 Bathymetric Survey (pre-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
7.2 Pad & Channel Liner 12,200 sf $0.29 $0.59 $0 $3,538 $7,198 $0 $10,736
7.3 Hydraulic Dredging (incl. dewatering) 929 cy $45.50 $42,270 $0 $0 $0 $42,270
7.4 Bathymetric Survey (post-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
7.5 Verification Samples, PCBs, PAHs, metals 21 ea $360.00 $20.00 $50.00 $20.00 $7,560 $420 $1,050 $420 $9,450
7.6 Geotube, 60' by 100' 2 ea $5,200.00 $0 $10,400 $0 $0 $10,400
7.7 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
7.8 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
7.9 Site Labor (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424

7.10 Absorbent Polymer for Trucks 54 load $130.00 $0 $7,020 $0 $0 $7,020
7.11 T & D of Excavated Treated Sediment non-hazardous 1,115 ton $85.00 $94,758 $0 $0 $0 $94,758
7.12 Waste Disposal Characterization / Analytical 4 ea $850.00 $30.00 $50.00 $30.00 $3,400 $120 $200 $120 $3,840

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:43 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SD2: Selective Sediment Removal and Disposal Off-Site, Enhanced Natural Recovery (ENR) of Pond Sediments, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

8 POND COVER
8.1 Bathymetric Survey (pre-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
8.2 Backfill, Sand 1,548 cy $27.33 $0 $42,307 $0 $0 $42,307
8.3 Hydraulic Dredging (to place cover) 2.0 ac $60,000.00 $120,000 $0 $0 $0 $120,000
8.4 Front End Loader, 5.5 cy 10 day $382.40 $960.00 $0 $0 $3,824 $9,600 $13,424
8.5 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
8.6 Site Labor (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
8.7 Bathymetric Survey (post-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
8.8 Revegetation, seed 32.5 msf $96.50 $3,136 $0 $0 $0 $3,136
8.9 Wetlands Reseeding 325 csf $37.47 $12,178 $0 $0 $0 $12,178

9 POST CONSTRUCTION COST
9.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
9.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $337,027 $88,577 $130,090 $73,597 $629,291

Overhead on Labor Cost @ 30% $39,027 $39,027
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $33,703 $8,858 $13,009 $7,360 $62,929

Tax on Materials and Equipment Cost @ 7.0% $6,200 $5,152 $11,352

Total Direct Cost $370,729 $103,635 $182,126 $86,108 $742,599

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $182,420
Profit on Total Direct Cost @ 10% $74,260

Subtotal $999,279

Health & Safety Monitoring @ 2% $19,986

Total Field Cost $1,019,264

Engineering on Total Field Cost @ 10% $101,926
Contingency on Total Field Cost @ 25% $254,816

TOTAL CAPITAL COST $1,376,007
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5/7/2012 1:44 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Annual Cost
Item Cost Item Cost

Item Years 1 - 30 every 10 years Notes

Surface Water & Sediment 
Sampling

$6,550 Labor and supplies to collect samples from 8 locations using a crew of two, 
annually.

Surface Water & Sediment 
Analysis

$4,032 Analyze water & sediment samples for PCBs, PAHs, & metals

 Sampling Report $3,500

Annual Dam Inspection & 
Report

$2,950 Labor and supplies once a year to inspect Land Use Controls with Report

Dam Repair $50,000 Repair dam years 10, 20, 30

Subtotal $17,032 $50,000

Contingency @ 10% $1,703 $5,000

TOTAL $18,735 $55,000

Note: Land Use Controls and Five Years Reviews included in Soil Alternatives.

Alternative SD2: Selective Sediment Removal and Disposal Off-Site, Enhanced Natural Recovery (ENR) of Pond Sediments, 
LUCs, and Monitoring
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5/7/2012 1:44 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $1,376,007 $1,376,007 1.000 $1,376,007
1 $18,735 $18,735 0.980 $18,368
2 $18,735 $18,735 0.961 $18,008
3 $18,735 $18,735 0.942 $17,655
4 $18,735 $18,735 0.924 $17,308
5 $18,735 $18,735 0.906 $16,969
6 $18,735 $18,735 0.888 $16,636
7 $18,735 $18,735 0.871 $16,310
8 $18,735 $18,735 0.853 $15,990
9 $18,735 $18,735 0.837 $15,677
10 $73,735 $73,735 0.820 $60,489
11 $18,735 $18,735 0.804 $15,068
12 $18,735 $18,735 0.788 $14,773
13 $18,735 $18,735 0.773 $14,483
14 $18,735 $18,735 0.758 $14,199
15 $18,735 $18,735 0.743 $13,921
16 $18,735 $18,735 0.728 $13,648
17 $18,735 $18,735 0.714 $13,380
18 $18,735 $18,735 0.700 $13,118
19 $18,735 $18,735 0.686 $12,860
20 $73,735 $73,735 0.673 $49,622
21 $18,735 $18,735 0.660 $12,361
22 $18,735 $18,735 0.647 $12,119
23 $18,735 $18,735 0.634 $11,881
24 $18,735 $18,735 0.622 $11,648
25 $18,735 $18,735 0.610 $11,420
26 $18,735 $18,735 0.598 $11,196
27 $18,735 $18,735 0.586 $10,976
28 $18,735 $18,735 0.574 $10,761
29 $18,735 $18,735 0.563 $10,550
30 $73,735 $73,735 0.552 $40,707

TOTAL PRESENT WORTH $1,908,106

Alternative SD2: Selective Sediment Removal and Disposal Off-Site, Enhanced Natural Recovery (ENR) of Pond 
Sediments, LUCs, and Monitoring
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5/7/2012 1:44 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SD3: Selective Sediment Removal and Disposal Off-Site, Sediment Cover for Pond Sediments, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.2 Prepare Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 10 ea $188.00 $566.00 $0 $0 $1,880 $5,660 $7,540
2.3 Hydraulic Dredging Mobilization/Demobilization 1 ea $5,200.00 $5,200 $0 $0 $0 $5,200
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 2.5 mo $365.00 $0 $0 $0 $913 $913
3.2 Field Office Equipment, Utilities, & Support 2.5 mo $380.00 $0 $950 $0 $0 $950
3.3 Storage Trailer 2.5 mo $94.00 $0 $0 $0 $235 $235
3.4 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300
3.5 Site Superintendent 45 day $220.00 $480.00 $0 $9,900 $21,600 $0 $31,500
3.6 Site Health & Safety and QA/QC 45 day $220.00 $360.00 $0 $9,900 $16,200 $0 $26,100
3.7 Underground Utility Clearance 1 ls $10,525.00 $10,525 $0 $0 $0 $10,525
3.8 Temporary Access Road 275 sy $8.30 $6.10 $1.98 $0 $2,283 $1,678 $545 $4,505

4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $813.00 $0 $0 $0 $813 $813
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $731.00 $0 $0 $0 $731 $731
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 SITE PREPARATION
5.1 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
5.2 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
5.3 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
5.4 Clear & Chip Trees 5 day $358.00 $710.60 $0 $0 $1,790 $3,553 $5,343
5.5 Off-Site Disposal of Chipped Trees 150 ton $45.00 $6,750 $0 $0 $0 $6,750
6 STREAM SEDIMENT REMOVAL AND DISPOSAL

6.1 Excavator, 2.5 cy 2 day $382.40 $1,652.00 $0 $0 $765 $3,304 $4,069
6.2 Skid-Steer 2 day $358.00 $281.20 $0 $0 $716 $562 $1,278
6.3 Site Labor, (3 laborers) 6 day $280.80 $0 $0 $1,685 $0 $1,685
6.4 Verification Samples, PCBs, PAHs, metals 3 ea $360.00 $20.00 $50.00 $20.00 $1,080 $60 $150 $60 $1,350
6.5 Absorbent Polymer for Trucks 3 load $130.00 $0 $390 $0 $0 $390
6.6 T & D of Excavated Treated Soil, non-hazardous 61 ton $85.00 $5,185 $0 $0 $0 $5,185
6.7 Waste Disposal Characterization / Analytical 1 ea $850.00 $30.00 $50.00 $30.00 $850 $30 $50 $30 $960

7 POND SEDIMENT REMOVAL AND DISPOSAL
7.1 Bathymetric Survey (pre-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
7.2 Pad & Channel Liner 24,400 sf $0.29 $0.59 $0 $7,076 $14,396 $0 $21,472
7.3 Hydraulic Dredging (incl. dewatering) 1,858 cy $45.50 $84,539 $0 $0 $0 $84,539
7.4 Bathymetric Survey (post-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
7.5 Verification Samples, PCBs, PAHs, metals 42 ea $360.00 $20.00 $50.00 $20.00 $15,120 $840 $2,100 $840 $18,900
7.6 Geotube, 60' by 100' 4 ea $5,200.00 $0 $20,800 $0 $0 $20,800
7.7 Excavator, 2.5 cy 15 day $382.40 $1,652.00 $0 $0 $5,736 $24,780 $30,516
7.8 Skid-Steer 15 day $358.00 $281.20 $0 $0 $5,370 $4,218 $9,588
7.9 Site Labor (3 laborers) 45 day $280.80 $0 $0 $12,636 $0 $12,636

7.10 Absorbent Polymer for Trucks 104 load $130.00 $0 $13,520 $0 $0 $13,520
7.11 T & D of Excavated Treated Sediment non-hazardous 2,230 ton $85.00 $189,516 $0 $0 $0 $189,516
7.12 Waste Disposal Characterization / Analytical 4 ea $850.00 $30.00 $50.00 $30.00 $3,400 $120 $200 $120 $3,840

Site 8 - Naval Undersea System Center Disposal Area
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5/7/2012 1:44 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SD3: Selective Sediment Removal and Disposal Off-Site, Sediment Cover for Pond Sediments, LUCs, and Monitoring
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

8 POND COVER
8.1 Bathymetric Survey (pre-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
8.2 Backfill, Sand 1,548 cy $27.33 $0 $42,307 $0 $0 $42,307
8.3 Backfill, Gravel 1,548 cy $48.33 $0 $74,815 $0 $0 $74,815
8.4 Geotextile 10,218 sy $1.85 $0.22 $0 $18,903 $2,248 $0 $21,151
8.5 Hydraulic Dredging (to place cover) 2.0 ac $60,000.00 $120,000 $0 $0 $0 $120,000
8.6 Front End Loader, 5.5 cy 20 day $382.40 $960.00 $0 $0 $7,648 $19,200 $26,848
8.7 Skid-Steer 20 day $358.00 $281.20 $0 $0 $7,160 $5,624 $12,784
8.8 Site Labor (3 laborers) 60 day $280.80 $0 $0 $16,848 $0 $16,848
8.9 Bathymetric Survey (post-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000

8.10 Revegetation, seed 32.5 msf $96.50 $3,136 $0 $0 $0 $3,136
8.11 Wetlands Reseeding 325 csf $37.47 $12,178 $0 $0 $0 $12,178

9 POST CONSTRUCTION COST
9.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
9.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $480,764 $208,813 $175,078 $96,294 $960,950

Overhead on Labor Cost @ 30% $52,523 $52,523
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $48,076 $20,881 $17,508 $9,629 $96,095

Tax on Materials and Equipment Cost @ 7.0% $14,617 $6,741 $21,358

Total Direct Cost $528,840 $244,312 $245,109 $112,664 $1,130,926

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $279,501
Profit on Total Direct Cost @ 10% $113,093

Subtotal $1,523,520

Health & Safety Monitoring @ 2% $30,470

Total Field Cost $1,553,990

Engineering on Total Field Cost @ 10% $155,399
Contingency on Total Field Cost @ 25% $388,498

TOTAL CAPITAL COST $2,097,887
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5/7/2012 1:44 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Annual Cost
Item Cost Item Cost

Item Years 1 - 30 every 10 years Notes

Annual Site Inspection & 
Report

$2,950 Labor and supplies once a year to inspect Land Use Controls with Report

Surface Water & Sediment 
Sampling

$6,550 Labor and supplies to collect samples from 8 locations using a crew of two, 
annually.

Surface Water & Sediment 
Analysis

$4,032 Analyze water & sediment samples for PCBs, PAHs, & metals

 Sampling Report $3,500

Annual Dam Inspection & 
Report

$2,950 Labor and supplies once a year to inspect Land Use Controls with Report

Dam Repair $50,000 Repair dam years 10, 20, 30

Subtotal $19,982 $50,000

Contingency @ 10% $1,998 $5,000

TOTAL $21,980 $55,000

Note: Land Use Controls and Five Years Reviews included in Soil Alternatives.

Alternative SD3: Selective Sediment Removal and Disposal Off-Site, Sediment Cover for Pond Sediments, LUCs, and 
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5/7/2012 1:44 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.0% Worth
0 $2,097,887 $2,097,887 1.000 $2,097,887
1 $21,980 $21,980 0.980 $21,549
2 $21,980 $21,980 0.961 $21,127
3 $21,980 $21,980 0.942 $20,712
4 $21,980 $21,980 0.924 $20,306
5 $21,980 $21,980 0.906 $19,908
6 $21,980 $21,980 0.888 $19,518
7 $21,980 $21,980 0.871 $19,135
8 $21,980 $21,980 0.853 $18,760
9 $21,980 $21,980 0.837 $18,392
10 $76,980 $76,980 0.820 $63,151
11 $21,980 $21,980 0.804 $17,678
12 $21,980 $21,980 0.788 $17,331
13 $21,980 $21,980 0.773 $16,991
14 $21,980 $21,980 0.758 $16,658
15 $21,980 $21,980 0.743 $16,332
16 $21,980 $21,980 0.728 $16,011
17 $21,980 $21,980 0.714 $15,697
18 $21,980 $21,980 0.700 $15,390
19 $21,980 $21,980 0.686 $15,088
20 $76,980 $76,980 0.673 $51,805
21 $21,980 $21,980 0.660 $14,502
22 $21,980 $21,980 0.647 $14,218
23 $21,980 $21,980 0.634 $13,939
24 $21,980 $21,980 0.622 $13,666
25 $21,980 $21,980 0.610 $13,398
26 $21,980 $21,980 0.598 $13,135
27 $21,980 $21,980 0.586 $12,877
28 $21,980 $21,980 0.574 $12,625
29 $21,980 $21,980 0.563 $12,377
30 $76,980 $76,980 0.552 $42,499

TOTAL PRESENT WORTH $2,702,662

Alternative SD3: Selective Sediment Removal and Disposal Off-Site, Sediment Cover for Pond Sediments, LUCs, and 
Monitoring
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5/7/2012 1:45 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SD4: Sediment Removal Stream and Off-Site Disposal
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 200 hr $39.00 $0 $0 $7,800 $0 $7,800
1.2 Prepare Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare LUCs 250 hr $39.00 $0 $0 $9,750 $0 $9,750
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 10 ea $188.00 $566.00 $0 $0 $1,880 $5,660 $7,540
2.3 Hydraulic Dredging Mobilization/Demobilization 1 ea $5,200.00 $5,200 $0 $0 $0 $5,200
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 2.5 mo $365.00 $0 $0 $0 $913 $913
3.2 Field Office Equipment, Utilities, & Support 2.5 mo $380.00 $0 $950 $0 $0 $950
3.3 Storage Trailer 2.5 mo $94.00 $0 $0 $0 $235 $235
3.4 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300
3.5 Site Superintendent 50 day $220.00 $480.00 $0 $11,000 $24,000 $0 $35,000
3.6 Site Health & Safety and QA/QC 50 day $220.00 $360.00 $0 $11,000 $18,000 $0 $29,000
3.7 Underground Utility Clearance 1 ls $10,525.00 $10,525 $0 $0 $0 $10,525
3.8 Temporary Access Road 275 sy $8.30 $6.10 $1.98 $0 $2,283 $1,678 $545 $4,505

4 DECONTAMINATION
4.1 Decontamination Services 2 mo $1,220.00 $2,245.00 $1,550.00 $0 $2,440 $4,490 $3,100 $10,030
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 2,000 gal $0.20 $0 $400 $0 $0 $400
4.4 Decon Water Storage Tank, 6,000 gallon 2 mo $813.00 $0 $0 $0 $1,626 $1,626
4.5 Clean Water Storage Tank, 4,000 gallon 2 mo $731.00 $0 $0 $0 $1,462 $1,462
4.6 Disposal of Decon Waste (liquid & solid) 2 mo $985.00 $1,970 $0 $0 $0 $1,970

5 SITE PREPARATION
5.1 Excavator, 2.5 cy 10 day $382.40 $1,652.00 $0 $0 $3,824 $16,520 $20,344
5.2 Skid-Steer 10 day $358.00 $281.20 $0 $0 $3,580 $2,812 $6,392
5.3 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
5.4 Clear & Chip Trees 5 day $358.00 $710.60 $0 $0 $1,790 $3,553 $5,343
5.5 Off-Site Disposal of Chipped Trees 150 ton $45.00 $6,750 $0 $0 $0 $6,750
6 STREAM SEDIMENT REMOVAL AND DISPOSAL

6.1 Excavator, 2.5 cy 2 day $382.40 $1,652.00 $0 $0 $765 $3,304 $4,069
6.2 Skid-Steer 2 day $358.00 $281.20 $0 $0 $716 $562 $1,278
6.3 Site Labor, (3 laborers) 6 day $280.80 $0 $0 $1,685 $0 $1,685
6.4 Verification Samples, PCBs, PAHs, metals 3 ea $360.00 $20.00 $50.00 $20.00 $1,080 $60 $150 $60 $1,350
6.5 Absorbent Polymer for Trucks 3 load $130.00 $0 $390 $0 $0 $390
6.6 T & D of Excavated Treated Soil, non-hazardous 61 ton $85.00 $5,185 $0 $0 $0 $5,185
6.7 Waste Disposal Characterization / Analytical 2 ea $850.00 $30.00 $50.00 $30.00 $1,700 $60 $100 $60 $1,920

7 POND SEDIMENT REMOVAL AND DISPOSAL
7.1 Bathymetric Survey (pre-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
7.2 Pad & Channel Liner 36,500 sf $0.29 $0.59 $0 $10,585 $21,535 $0 $32,120
7.3 Hydraulic Dredging (incl. dewatering) 4,041 cy $45.50 $183,866 $0 $0 $0 $183,866
7.4 Bathymetric Survey (post-cover) 1 ea $5,000.00 $5,000 $0 $0 $0 $5,000
7.5 Verification Samples, PCBs, PAHs, metals 91 ea $360.00 $20.00 $50.00 $20.00 $32,760 $1,820 $4,550 $1,820 $40,950
7.6 Geotube, 60' by 100' 6 ea $5,200.00 $0 $31,200 $0 $0 $31,200
7.7 Excavator, 2.5 cy 25 day $382.40 $1,652.00 $0 $0 $9,560 $41,300 $50,860
7.8 Skid-Steer 25 day $358.00 $281.20 $0 $0 $8,950 $7,030 $15,980
7.9 Site Labor (3 laborers) 75 day $280.80 $0 $0 $21,060 $0 $21,060

7.10 Absorbent Polymer for Trucks 269 load $130.00 $0 $35,022 $0 $0 $35,022
7.11 T & D of Excavated Treated Sediment non-hazardous 4,849 ton $85.00 $412,182 $0 $0 $0 $412,182
7.12 Waste Disposal Characterization / Analytical 4 ea $850.00 $30.00 $50.00 $30.00 $3,400 $120 $200 $120 $3,840

Site 8 - Naval Undersea System Center Disposal Area

Page 1 of 2



5/7/2012 1:45 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI

Soil Alternative
Alternative SD4: Sediment Removal Stream and Off-Site Disposal
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Site 8 - Naval Undersea System Center Disposal Area

8 POST CONSTRUCTION COST
8.1 T & D of Liner, non-hazardous 3 ton $85.00 $255 $0 $0 $0 $255
8.2 Revegetation, seed 32.5 msf $96.50 $3,136 $0 $0 $0 $3,136
8.3 Wetlands Reseeding 325 csf $37.47 $12,178 $0 $0 $0 $12,178

9 POST CONSTRUCTION COST
9.1 Contractor Completion Report 150 hr $39.00 $0 $0 $5,850 $0 $5,850
9.2 Remedial Action Closeout Report 200 hr $39.00 $0 $0 $7,800 $0 $7,800

Subtotal $692,487 $112,830 $182,836 $94,906 $1,083,059

Overhead on Labor Cost @ 30% $54,851 $54,851
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $69,249 $11,283 $18,284 $9,491 $108,306

Tax on Materials and Equipment Cost @ 7.0% $7,898 $6,643 $14,542

Total Direct Cost $761,735 $132,011 $255,971 $111,040 $1,260,757

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost) $208,604
Profit on Total Direct Cost @ 10% $126,076

Subtotal $1,595,436

Health & Safety Monitoring @ 2% $31,909

Total Field Cost $1,627,345

Engineering on Total Field Cost @ 10% $162,734
Contingency on Total Field Cost @ 25% $406,836

TOTAL CAPITAL COST $2,196,915
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5/7/2012 1:45 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Annual Cost

Item Cost Item Cost
Item Years 1, 2, 3, 4 Year 5 Notes

Sediment Sampling $6,550 $6,550 Labor and supplies to collect samples from 8 locations using a crew of two, 
annually for five years.

Sediment Analysis $4,032 $4,032 Analyze sediment samples for PCBs, PAHs, & metals (for five years)

 Sampling Report $3,500 $3,500

Completion Report $23,000

Subtotal $14,082 $37,082

Contingency @ 10% $1,408 $3,708

TOTAL $15,490 $40,790

Note: Land Use Controls and Five Years Reviews included in Soil Alternatives.

Alternative SD4: Sediment Removal Stream and Off-Site Disposal
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5/7/2012 1:45 PMNAVAL STATION (NAVSTA) NEWPORT
NEWPORT, RI
Site 8 - Naval Undersea System Center Disposal Area
Soil Alternative

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $2,196,915 $2,196,915 1.000 $2,196,915
1 $15,490 $15,490 0.980 $15,186
2 $15,490 $15,490 0.961 $14,889
3 $15,490 $15,490 0.942 $14,597
4 $15,490 $15,490 0.924 $14,311
5 $40,790 $40,790 0.906 $36,945

TOTAL PRESENT WORTH $2,292,843

Alternative SD4: Sediment Removal Stream and Off-Site Disposal
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APPENDIX D 
 

NATURAL ATTENUATION MODELING FOR CVOCS IN GROUNDWATER  



D.1 NORTH MEADOW 
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Appendix D.1 
 

NAVSTA Newport 
North Meadow  

Natural Attenuation Modeling 
BIOCHLOR 2.2 

 
 
Problem:   1)  To determine the amount of time needed for the chlorinated ethene plume 

(trichloroethylene (TCE) and vinyl chloride (VC)) to reach their remediation 
goals (PRGs) via natural attenuation (NA). 

 
 2)  To determine the amount of time needed for the chlorinated ethene plume 

(TCE, and VC) to reach PRGs after initial reduction of concentrations achieved 
using ISCO treatment. 

 
 3)  To determine the amount of time needed for the chlorinated ethene plume 

(TCE, and VC) to reach PRGs after injection of emulsions to enhance 
bioremediation. 

 
Model Selection:  BIOCHLOR Natural Attenuation Decision Support System, Version 2.2, 
developed by the USEPA Center for Subsurface Modeling Support, was used as a screening 
model to simulate remediation by natural attenuation of select dissolved solvents in groundwater.  
The software, is based on the Domenico analytical solute transport model, has the ability to 
simulate 1-D advection, 3-D dispersion, linear adsorption, and biotransformation via reductive 
dechlorination. 
 
Input Data: 
 

Data Type Parameter Value Source 
Hydrogeology Hydraulic 

Conductivity (K) 
 
7.8 ft/day 

Geometric Mean of slug test 
results from the RI Report1 
(TtNUS, 2010) 

 
Hydraulic 
Gradient (i) 
 

 
0.014 ft/ft 

September 2008 gauging round 
(MW-03B to MW-119B) RI 
Report (TtNUS, 2010) 

Effective porosity 0.02 RI report (TtNUS, 2010) 

Dispersion 

Longitudinal 
Dispersivity (alpha 
x) 

 
19.8 ft 

Plume length of 600- ft and 
Xu/Eckstein, 1995 relationship 

Transverse 
Dispersivity 
(alpha y) 

1.98 Gelhar, 1992 relationship of 
alpha y/ alpha x = 0.1 

                                                 
1 Hydraulic conductivity was tested in the North Meadow in three wells: MW-114, MW-115 and MW-116.  
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Data Type Parameter Value Source 
Vertical 
Dispersivity 

1.98E-98 Conservative estimate 

Adsorption 

Chemical 
Retardation 
Factors (R) 

TCE: 24.22 
cDCE: 9.89 
VC: 5.69 
 

Calculated using below values 
in Biochlor 
 

Bulk density: 
 
Foc: 
 
Koc: 
 
 
 
Effective porosity 
 

2.6 Kg/L 
 
0.0019 
 
TCE: 94 L/kg 
cDCE: 36 L/kg 
VC: 19 L/kg 
 
Bedrock: 0.02 

Literature value 
 
Literature value 
 
Literature value 
Literature value 
Literature value 
 
RI report (TtNUS, 2010) 

Biotransformation – 1st 
order decay coefficient 

Half-life (years) 
 
 
λ  (1/yr) 

TCE: 2 
cDCE: 1 
VC: 4 
 
TCE: 0.347 
cDCE: 0.693 
VC: 0.173 
 

Inferred from multiple literature 
values 
 
Calculated in Biochlor using 
half-life values shown above 

General 

Modeled Area 
Length 

2000 feet Distance to ocean; longer than 
current plume length of 600 
feet. 

Modeled Area 
Width 

300 feet Width of plume above 1 ug/L 
(250 feet), plus an additional 
50 feet 

Simulation Time Between 36 to 
44 years 

Parameter varied to obtain 
solution 

Source Data 

Source thickness 24 feet 
 

Saturated thickness (average of 
MW-114B,-117B and -118B) 

Attenuation Rate 
Constant (kpoint)  

 
0.252 

Conc. Vs. time regression at 
source well MW-03B (Fig 1) 

Target Concentration Preliminary 
Remedial Goals  
(mg/L) 
 

TCE: 0.005 
cDCE: none 
VC: 0.002 

 
Draft FS report 
  

 
Procedure: 
 
Model 1: Natural Attenuation.  This model was used to predict the time it would take for the  

concentration of site contaminants to reach PRGs by natural attenuation process only.  
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Run 1: Used the maximum concentration measured in the 2010 and 2011 data for the  

starting concentration in each Concentration Zone.  Figure 2 shows contours of 
zones used.  The following are the starting concentrations for this run: 

 
 Concentration 

Zone 1 
Concentration 

Zone 2 
Concentration 

Zone 3 
Zone width 145’ 210’ 250’ 
TCE (mg/l) 1.2 0.012 0.003 
Cis-1,2-DCE (mg/l) 0.026 0.0076 0.002 
VC (mg/l) 0.0021 0.002 0.002 

 
 

Run 2: Used the geometric mean to determine the starting concentration in each  
Concentration Zone (Figure 2).  The geometric mean was calculated using the 
data from the last two sampling rounds, for each well located within the zone.  
The following are the starting concentrations for this zone: 

 
 Concentration 

Zone 1 
Concentration 

Zone 2 
Concentration 

Zone 3 
Zone width 145’ 210’ 250’ 
TCE (mg/l) 0.173 0.011 0.003 
Cis-1,2-DCE (mg/l) 0.004 0.002 0.002 
VC (mg/l) 0.001 0.002 0.002 

 
 
Model 2: ISCO Injections followed by Natural Attenuation.  This model was used to predict  

the time it would take for the concentration of site contaminants to reach PRGs, 
following a reduction of concentrations within the plume by ISCO injections at select 
wells. 

 
Run 1:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  

maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  An inner plume, representing 
untreated groundwater, was left in the model, with an assumed concentration of 
100 ug/l for TCE, 10 ug/l for cis-1,2-DCE and 0.02 ug/l for VC (Figure 3).  The 
following are the starting concentrations for this run: 

 
 Concentration 

Zone 1 
Concentration 

Zone 2 
Concentration 

Zone 3 
Zone width 60’ 100’ 180’ 
TCE (mg/l) 0.1 0.012 0.0034 
Cis-1,2-DCE (mg/l) 0.01 0.00026 0.000032 
VC (mg/l) 0.00002 0.00001 0.00001 
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Run 2:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  
maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  An inner plume, representing 
untreated groundwater, was left in the model, with an assumed concentration of 
75 ug/l for TCE, 10 ug/l for cis-1,2-DCE and 0.02 ug/l for VC.  The same plume 
configuration as Figure 3 was used, but varied the concentrations in each zone, as 
follows: 

 
 Concentration 

Zone 1 
Concentration 

Zone 2 
Concentration 

Zone 3 
Zone width 60’ 100’ 180’ 
TCE (mg/l) 0.075 0.012 0.0034 
Cis-1,2-DCE (mg/l) 0.01 0.00026 0.000032 
VC (mg/l) 0.00002 0.00001 0.00001 

 
 

Run 3:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  
maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  An inner plume, representing 
untreated groundwater, was left in the model, with an assumed concentration of 
50 ug/l for TCE, 10 ug/l for cis-1,2-DCE and 0.02 ug/l for VC.  The same plume 
configuration as Figure 3 was used, but varied the concentrations in each zone, as 
follows: 
 

 Concentration 
Zone 1 

Concentration 
Zone 2 

Concentration 
Zone 3 

Zone width 60’ 100’ 180’ 
TCE (mg/l) 0.05 0.012 0.0034 
Cis-1,2-DCE (mg/l) 0.01 0.00026 0.000032 
VC (mg/l) 0.00002 0.00001 0.00001 

 
 

Run 4:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  
maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  No ‘inner plume’ of untreated 
groundwater was modeled.  Initial concentrations for this run are: 
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 Concentration 
Zone 1 

Concentration 
Zone 2 

Zone width 100’ 180’ 
TCE (mg/l) 0.012 0.0034 
Cis-1,2-DCE (mg/l) 0.00026 0.000032 
VC (mg/l) 0.00001 0.00001 

 
Model 3: Bio-treatment enhanced natural attenuation.  This model was used to predict  

the time it would take for the concentration of site contaminants to reach PRGs, using 
bio-treatment to enhance the natural attenuation process.  It was assumed that the 
bio-treatment would increase the degradation rate constant (lamda, λ) to 5-times2 its 
normal rate.  That increase in λ was modeled across the plume. 

 
Run 1: Used the maximum concentration measured in the 2010 and 2011 data for the  

starting concentration in each Concentration Zone.  See above Table for all input 
parameters, except for lamda.  Lamda was increased to 5-times what is shown on 
the table.   
 

Run 2: Used the same input as Run 1 except Kpoint was increased to 0.83 in order to 
simulate the increased source degradation following bio-treatment.  

 
Initial concentrations for Run 1 and 2 are the same as Model 1/ Run 1: 

 
 Concentration 

Zone 1 
Concentration 

Zone 2 
Concentration 

Zone 3 
Zone width 145’ 210’ 250’ 
TCE (mg/l) 1.2 0.012 0.003 
Cis-1,2-DCE (mg/l) 0.026 0.0076 0.002 
VC (mg/l) 0.0021 0.002 0.002 

 
 

Run 3: Used the geometric mean to determine the starting concentration in each  
Concentration Zone.  The geometric mean was calculated using the data from the 
last two sampling rounds, for each well located within the zone.  See above Table 
for all input parameters, except for lamda.  Lamda was increased to 5-times what 
is shown on the table.  Initial concentrations for this run are the same as Model 1/ 
Run 2: 
 

Run 4:  Used the same input parameters as Run 3 except Kpoint was increased to 0.84 in 
order to simulate increased source degradation following bio-treatment.  

                                                 
2 This is an estimated value based on professional judgment.  A site-specific or literature-based value is not available 
at this time. 
3 This is an estimated value based on professional judgment.  A site-specific or literature-based value is not available 
at this time. 
4 This is an estimated value based on professional judgment.  A site-specific or literature-based value is not available 
at this time. 
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Initial concentrations for Run 3 and 4 are the same as Model 1/ Run 2: 

 
 

 Concentration 
Zone 1 

Concentration 
Zone 2 

Concentration 
Zone 3 

Zone width 145’ 210’ 250’ 
TCE (mg/l) 0.173 0.011 0.003 
Cis-1,2-DCE (mg/l) 0.004 0.002 0.002 
VC (mg/l) 0.001 0.002 0.002 

 
 
Results: 
 
The time for the PRGs to be reached using natural attenuation only ranged from 36 to 44 years 
depending upon the starting concentrations.   
 
The time for PRGs to be reached using ISCO ranged from 6 to 30 years, depending upon the 
starting (Post –ISCO) concentrations. 
 
The time for PRGs to be reached using enhanced biodegradation was between 26 and 35 years.   
 
 

Model Number  Run 
Number 

TCE VC 

Time to reach PRG  
(Years) 

Time to reach PRG  
(Years) 

Model 1(NA) Run 1 44 37 
Run 2 36 0* 

Model 2 (ISCO then NA) 

Run 1 30 0* 
Run 2 26 0* 
Run 3 19 0* 
Run 4 6 0* 

Model 3 (BIO then NA) 
Run 1 38 43 
Run 2 30 33 
Run 3 28 35 

 Run 4 18 26 
*starting concentration is below PRG 

 
 
References: 
 
Gelhar, L.W., Welty, C., and Rehfeldt, K.R., 1992, A Critical Review of Data on Field-Scale 
Dispersion in Aquifers, Water Resources Research, 28(7):1955-1974. 
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Xu, Moujin and Eckstein, Y., 1995, Use of Weighted Least-Squares Method in Evaluation of the 
Relationship Between Dispersivity and Scale, Journal of Ground Water, Vol. 33, No. 6, pp. 905-
908. 
 
USEPA. March 2002. BIOCHLOR Natural Attenuation Decision Support System, Version 2.2. 
 
Analysis of Organic Carbon (foc) in Fractured Bedrock.  Rawson, J.R.Y. and Eschner, T.R.  
2007 U.S. EPA / NGWA Fracatured Rock Conference. Abstract. pp.555-563. 

Handbook of Environmental Degradation Rates. Howard, P.H., Boethling, R.S.,, Jarvis, W.F., 
Meylan, W.M., Michalenko, E.M. Lewis Publishers, Inc. 1991.  ISBN 0-87371-358-3 

Case Studies in Enhanced Reductive Dechlorination. Payne, F.C., Gillotti, N., Lenzo, F.C., and 
Reid, J.J.  ARCADIS G&M. 

Applied Hydrogeology, 4th Edition.  Fetter, C.W. Prentice-Hall, Inc.  2001.  ISBN 0-13-088239-
9. 









BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 Run 1 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    37 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 145 210 250
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE 1.2 0.012 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .026 0.008 0.002 0.252

PCE 265 (L/kg) 66.46 (-) VC .002 0.002 0.002 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 0.347 2.00 0.74 Distance from Source (ft)
DCE           VC 0.693 1.00 0.64 Date  Data Collected
VC           ETH 0.173 4.00 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Natural Attenuation - North MeadowRun 1Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.003
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.004
0 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.005

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.004
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.00398.500

MASS 2.1E-1 3.7E-1 6.6E-1 1.2E+0 2.1E+0 3.9E+0 6.9E+0 1.2E+1 2.2E+1 4.0E+1 7.2E+1
RATE Displayed Compound
(mg/day) Time: 44 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.2 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed 0.1 (Kg)

% Biotransformed = +29.4%
 % Change in Mass Rate = -34922.5 %

If "Can't Calc.", 
make model area 
longer
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0.0050

n
tr
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n
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  34922.5 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Distance from Source (ft.)

Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - North MeadowRun 1Results - TCE



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.00198.500

MASS 3.3E-3 1.0E-2 3.2E-2 9.3E-2 2.5E-1 6.1E-1 1.5E+0 3.4E+0 7.6E+0 1.7E+1 3.5E+1
RATE Displayed Compound
(mg/day) Time: 37 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation VC

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed -0.1 (Kg)

% Biotransformed = -1795.7 %
 % Change in Mass Rate = -1037752.5 %

If "Can't Calc.", 
make model area 
longer

100

0.0010

0.0015

0.0020

0.0025

n
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n
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  1037752.5 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Distance from Source (ft.)

Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - North MeadowRun 1Results - VC



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 Run 2 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    36 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 145 210 250
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .173 0.011 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .004 0.002 0.002 0.252

PCE 265 (L/kg) 66.46 (-) VC .001 0.002 0.002 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 0.347 2.00 0.74 Distance from Source (ft)
DCE           VC 0.693 1.00 0.64 Date  Data Collected
VC           ETH 0.173 4.00 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Natural Attenuation - North MeadowRun 2Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.003 0.005
0 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.005

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.003 0.005
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.00398.500

MASS 2.3E-1 4.1E-1 7.4E-1 1.3E+0 2.4E+0 4.3E+0 7.7E+0 1.4E+1 2.5E+1 4.4E+1 7.7E+1
RATE Displayed Compound
(mg/day) Time: 36 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.2 (Kg)
  

- Plume Mass If Biotransformation/Production 0.2 (Kg)
 

  Mass Removed 0.1 (Kg)

% Biotransformed = +29.2%
 % Change in Mass Rate = -33244.5 %

If "Can't Calc.", 
make model area 
longer
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  33244.5 %

 Current Volume of Ground Water in Plume Can't Calc. MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr.
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - North MeadowRun 2Results - TCE



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 ISCO-Run 1 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    30 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 60 100 180
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .1 0.012 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .01 0.000 0.000 0.252

PCE 265 (L/kg) 66.46 (-) VC .0 0.000 0.000 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 0.347 2.00 0.74 Distance from Source (ft)
DCE           VC 0.693 1.00 0.64 Date  Data Collected
VC           ETH 0.173 4.00 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - North MeadowRun 1Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003
50 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.004
0 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.005

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.004
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.00398.500

MASS 2.2E-1 4.8E-1 8.9E-1 1.6E+0 2.9E+0 5.3E+0 9.5E+0 1.7E+1 3.0E+1 4.9E+1 7.1E+1
RATE Displayed Compound
(mg/day) Time: 30 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.2 (Kg)
  

- Plume Mass If Biotransformation/Production 0.2 (Kg)
 

  Mass Removed 0.1 (Kg)

% Biotransformed = +27.8%
 % Change in Mass Rate = -31563.0 %

If "Can't Calc.", 
make model area 
longer-100
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See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  31563.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.004 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - North MeadowRun 1Results - TCE



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 ISCO-Run 2 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    26 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 60 100 180
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .075 0.012 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .01 0.000 0.000 0.252

PCE 265 (L/kg) 66.46 (-) VC .0 0.000 0.000 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 0.347 2.00 0.74 Distance from Source (ft)
DCE           VC 0.693 1.00 0.64 Date  Data Collected
VC           ETH 0.173 4.00 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - North MeadowRun 2Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.003
50 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.004 0.004
0 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.004 0.005 0.005

-50 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.004 0.004
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.00398.500

MASS 4.8E-1 1.0E+0 1.9E+0 3.4E+0 6.2E+0 1.1E+1 2.0E+1 3.4E+1 5.5E+1 7.3E+1 7.4E+1
RATE Displayed Compound
(mg/day) Time: 26 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.2 (Kg)
 

  Mass Removed 0.1 (Kg)

% Biotransformed = +25.5%
 % Change in Mass Rate = -15316.9 %

If "Can't Calc.", 
make model area 
longer-100

0.0020

0.0030

0.0040

0.0050

0.0060

en
tr

at
io

n
 (

m
g

/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  15316.9 %

 Current Volume of Ground Water in Plume Can't Calc. MGal
 Flow Rate of Water Through Source Area 0.004 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr.
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - North MeadowRun 2Results - TCE



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 ISCO-Run 3 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    19 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 60 100 180
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .05 0.012 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .01 0.000 0.000 0.252

PCE 265 (L/kg) 66.46 (-) VC .0 0.000 0.000 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 0.347 2.00 0.74 Distance from Source (ft)
DCE           VC 0.693 1.00 0.64 Date  Data Collected
VC           ETH 0.173 4.00 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - North MeadowRun 3Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.002 0.001 0.000
50 0.000 0.000 0.001 0.001 0.002 0.003 0.004 0.004 0.003 0.001 0.000
0 0.000 0.001 0.001 0.001 0.002 0.004 0.005 0.005 0.004 0.002 0.000

-50 0.000 0.000 0.001 0.001 0.002 0.003 0.004 0.004 0.003 0.001 0.000
-100 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.002 0.001 0.00098.500

MASS 2.0E+0 4.3E+0 7.8E+0 1.4E+1 2.6E+1 4.4E+1 6.4E+1 7.0E+1 5.1E+1 2.3E+1 5.7E+0
RATE Displayed Compound
(mg/day) Time: 19 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.3 (Kg)
 

  Mass Removed 0.1 (Kg)

% Biotransformed = +18.9%
 % Change in Mass Rate = -181.3 %

If "Can't Calc.", 
make model area 
longer-100

0.0020

0.0030

0.0040

0.0050

0.0060

en
tr

at
io

n
 (

m
g

/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  181.3 %

 Current Volume of Ground Water in Plume 0.07 MGal
 Flow Rate of Water Through Source Area 0.004 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. 0.00
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - North MeadowRun 3Results - TCE



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 ISCO -Run 4 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    6 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 100 180
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .012 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .0 0.000 0.252

PCE 265 (L/kg) 66.46 (-) VC .0 0.000 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 0.347 2.00 0.74 Distance from Source (ft)
DCE           VC 0.693 1.00 0.64 Date  Data Collected
VC           ETH 0.173 4.00 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - North MeadowRun 4Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.002 0.003 0.004 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.003 0.004 0.005 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.002 0.003 0.004 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.3E+1 4.3E+1 5.4E+1 2.2E+1 1.2E+0 1.4E-2 2.2E-5 4.7E-9 1.5E-13 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 6 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.1 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +5.1%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer

100
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0.0050

0.0060

en
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n
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m
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/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.04 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. 0.00
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - North MeadowRun 4Results - TCE



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 Bio - Run 1 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    43 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 145 210 250
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE 1.2 0.012 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .026 0.008 0.002 0.252

PCE 265 (L/kg) 66.46 (-) VC .002 0.002 0.002 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 1.733 0.40 0.74 Distance from Source (ft)
DCE           VC 3.465 0.20 0.64 Date  Data Collected
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Bio-treatment - North MeadowRun 1Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.003
50 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.004
0 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.005

-50 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.004
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.00398.500

MASS 9.4E-1 1.4E+0 2.2E+0 3.4E+0 5.2E+0 8.1E+0 1.2E+1 1.9E+1 2.9E+1 4.5E+1 6.9E+1
RATE Displayed Compound
(mg/day) Time: 38 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.9 (Kg)
  

- Plume Mass If Biotransformation/Production 0.2 (Kg)
 

  Mass Removed 0.7 (Kg)

% Biotransformed = +81.0%
 % Change in Mass Rate = -7299.2 %

If "Can't Calc.", 
make model area 
longer

100
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0.0030
0.0035
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n
tr

at
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n
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  7299.2 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 1Results - TCE



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.00198.500

MASS 7.3E-4 1.2E-2 5.4E-2 1.7E-1 4.3E-1 9.8E-1 2.1E+0 4.3E+0 8.5E+0 1.6E+1 3.1E+1
RATE Displayed Compound
(mg/day) Time: 43 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation VC

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed -0.1 (Kg)

% Biotransformed = -8324.6 %
 % Change in Mass Rate = -4236102.0 %

If "Can't Calc.", 
make model area 
longer

100
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0.0015

0.0020
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n
tr

at
io

n
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g

/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  4236102.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Distance from Source (ft.)

Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 1Results - VC



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 BIO - Run 2 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    30 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 145 210 250
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.8
FractionOrganicCarbon, foc 1.9E-3 (-) TCE 1.2 0.012 0.003 0.8 View of Plume Looking Down
Partition Coefficient Koc DCE .026 0.008 0.002 0.8

PCE 265 (L/kg) 66.46 (-) VC .002 0.002 0.002 0.8 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.8
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 1.733 0.40 0.74 Distance from Source (ft)
DCE           VC 3.465 0.20 0.64 Date  Data Collected
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Bio-treatment - North MeadowRun 2Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.004
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.004

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.004
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.00398.500

MASS 5.1E-7 4.8E-6 4.6E-5 4.3E-4 4.0E-3 3.5E-2 2.7E-1 1.6E+0 7.4E+0 2.5E+1 6.2E+1
RATE Displayed Compound
(mg/day) Time: 30 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.6 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed 0.5 (Kg)

% Biotransformed = +85.7%
 % Change in Mass Rate = ###########

If "Can't Calc.", 
make model area 
longer
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See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  ###########

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 2Results - TCE



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00198.500

MASS 1.3E-10 3.1E-8 9.1E-7 1.7E-5 2.7E-4 3.5E-3 3.8E-2 3.0E-1 1.9E+0 9.4E+0 3.3E+1
RATE Displayed Compound
(mg/day) Time: 33 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation VC

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = -8728.7 %
 % Change in Mass Rate = ###########

If "Can't Calc.", 
make model area 
longer
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n
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(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  ###########

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
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Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 2Results - VC



BIOCHLOR Natural Attenuation Decision Support System NUSC North Meadow Data Input Instructions:
Version 2.2 BIO-Run 3 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    35 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 145 210 250
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.252
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .173 0.011 0.003 0.252 View of Plume Looking Down
Partition Coefficient Koc DCE .004 0.002 0.002 0.252

PCE 265 (L/kg) 66.46 (-) VC .001 0.002 0.002 0.252 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.252
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 1.733 0.40 0.74 Distance from Source (ft)
DCE           VC 3.465 0.20 0.64 Date  Data Collected
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Bio-treatment - North MeadowRun 3Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.003
50 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.004 0.005
0 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.002 0.004 0.005 0.005

-50 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.004 0.005
-100 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.003 0.00398.500

MASS 1.7E+0 2.6E+0 4.1E+0 6.2E+0 9.6E+0 1.5E+1 2.3E+1 3.5E+1 5.1E+1 7.0E+1 8.1E+1
RATE Displayed Compound
(mg/day) Time: 28 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 1.2 (Kg)
  

- Plume Mass If Biotransformation/Production 0.3 (Kg)
 

  Mass Removed 0.9 (Kg)

% Biotransformed = +77.9%
 % Change in Mass Rate = -4586.8 %

If "Can't Calc.", 
make model area 
longer
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0.0040
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n
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m
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  4586.8 %

 Current Volume of Ground Water in Plume Can't Calc. MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr.
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)

100

0.000001

-100

0.0000

0.0010

0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

16
00

18
00

20
00

ft.

C
o

n
ce

Distance from Source (ft.)

Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 3Results - TCE



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.00198.500

MASS 4.3E-3 1.9E-2 7.0E-2 2.0E-1 5.0E-1 1.1E+0 2.4E+0 4.9E+0 9.7E+0 1.8E+1 3.3E+1
RATE Displayed Compound
(mg/day) Time: 35 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation VC

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed -0.1 (Kg)

% Biotransformed = -1522.5 %
 % Change in Mass Rate = -767943.9 %

If "Can't Calc.", 
make model area 
longer
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n
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  767943.9 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 3Results - VC



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 run 1 tca only 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    18 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 2002.9 (ft/yr) Modeled Area Length* 2000 (ft) Test if

or Zone 1  Length* 2000 (ft) Biotransformation
Hydraulic Conductivity K 2.8E-03 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.014 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 19.811 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 24 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 145 210 250
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) PCE 0.8
FractionOrganicCarbon, foc 1.9E-3 (-) TCE .173 0.011 0.003 0.8 View of Plume Looking Down
Partition Coefficient Koc DCE .004 0.002 0.002 0.8

PCE 265 (L/kg) 66.46 (-) VC .001 0.002 0.002 0.8 Observed Centerline Conc. at Monitoring Wells 
TCE 94 (L/kg) 24.22 (-) ETH 0.8
DCE 36 (L/kg) 9.89 (-)  
VC 19 (L/kg) 5.69 (-) 7.  FIELD DATA FOR COMPARISON

ETH 302 (L/kg) 75.59 (-) PCE Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 24.22 TCE Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  DCE Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield VC Conc.   (mg/L)

PCE          TCE 0.000 0.79 ETH Conc. (mg/L)
TCE          DCE 1.733 0.40 0.74 Distance from Source (ft)
DCE           VC 3.465 0.20 0.64 Date  Data Collected
VC           ETH 0.866 0.80 0.45 8.  CHOOSE TYPE OF OUTPUT TO SEE:

Zone 2  λ (1/yr) half-life (yrs)  
PCE          TCE 0.000
TCE          DCE 0.000
DCE           VC 0.000
VC           ETH 0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Bio-treatment - North MeadowRun 4Input Parameters



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.002 0.001 0.000
50 0.000 0.000 0.000 0.000 0.000 0.001 0.004 0.004 0.003 0.001 0.000
0 0.000 0.000 0.000 0.000 0.000 0.002 0.004 0.004 0.003 0.001 0.000

-50 0.000 0.000 0.000 0.000 0.000 0.001 0.004 0.004 0.003 0.001 0.000
-100 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.002 0.001 0.00098.500

MASS 1.1E-3 1.0E-2 9.7E-2 8.1E-1 5.2E+0 2.2E+1 5.9E+1 6.2E+1 4.6E+1 1.8E+1 3.6E+0
RATE Displayed Compound
(mg/day) Time: 18 yr Target Level:  0.005 mg/L Displayed Model:  Biotransformation TCE

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.6 (Kg)
  

- Plume Mass If Biotransformation/Production 0.2 (Kg)
 

  Mass Removed 0.4 (Kg)

% Biotransformed = +68.5%
 % Change in Mass Rate = -324032.4 %

If "Can't Calc.", 
make model area 
longer0.0015

0.0020

0.0025
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n
tr

at
io

n
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g
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  324032.4 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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See 
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Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - North MeadowRun 4Results - TCE



Start Here PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME TCE
Transverse  DCE

Distance (ft) Distance from Source (ft)  VC
0 200 400 600 800 1000 1200 1400 1600 1800 2000 ETH

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001
50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.00198.500

MASS 2.7E-8 1.5E-6 3.9E-5 6.9E-4 9.4E-3 9.8E-2 7.4E-1 3.2E+0 1.1E+1 2.4E+1 3.5E+1
RATE Displayed Compound
(mg/day) Time: 26 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation VC

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.1 (Kg)
 

  Mass Removed -0.1 (Kg)

% Biotransformed = -1557.5 %
 % Change in Mass Rate = ###########

If "Can't Calc.", 
make model area 
longer0.0010

0.0015

0.0020

0.0025

n
tr

at
io

n
 (

m
g

/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  ###########

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.005 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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See 
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Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline
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Bio-treatment - North MeadowRun 4Results - VC



D.2 SOUTH MEADOW AND BUILDING 179 
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Appendix D.2 
 

NAVSTA Newport 
South Meadow/Bldg 179  

Natural Attenuation Modeling 
BIOCHLOR 2.2 

 
 
Problem:   1)  To determine the amount of time needed for the chlorinated ethane plume 

(1,1,1-TCA and 1,1 DCA) to reach PRG’s via natural attenuation. 
 
 2)  To determine the amount of time needed for the chlorinated ethane plume to 

reach PRG’s after initial reduction of concentrations achieved using ISCO 
treatment. 

 
 3)  To determine the amount of time needed for the chlorinated ethane plume to 

reach PRG’s after injection of emulsions to enhance bioremediation. 
 
Model Selection:  BIOCHLOR Natural Attenuation Decision Support System, Version 2.2, 
developed by the USEPA Center for Subsurface Modeling Support, was used as a screening 
model to simulate remediation by natural attenuation of select dissolved solvents in groundwater.  
The software, is based on the Domenico analytical solute transport model, has the ability to 
simulate 1-D advection, 3-D dispersion, linear adsorption, and biotransformation via reductive 
dechlorination. 
 
Input Data: 
 

Data Type Parameter Value Source 
Hydrogeology Hydraulic Conductivity 

(K) 
 
0.464 ft/day 

Geometric mean of slug test 
results.  RI report (TtNUS, 2010);  
RI Report (TRC, 1999) 

 
Hydraulic Gradient  
 

 
0.022 ft/ft 

August 2010 gauging round (MW-
07B to MW-104B); Draft Final 
SRI (TtNUS, 2011) 

Effective porosity 0.02 RI report (TtNUS, 2010)

Dispersion 

Longitudinal 
Dispersivity (alpha x) 

 
9.2 ft 

Maximum allowed by Biochlor 
when using the calculated 
attenuation rate constant 

Transverse Dispersivity
(alpha y) 

0.92
 

Gelhar, 1992 relationship of alpha 
y/ alpha x = 0.1 

Vertical Dispersivity 9.2E-98 Conservative estimate 

Adsorption 

Chemical Retardation 
Factors (R) 

1,1,1-TCA: 39.29
1,1-DCA: 12.12 
 CA: 11.37 

Calculated using below values in 
Biochlor 
 

Bulk density: 
Foc: 
Koc: 

2.6 Kg/L
0.0019 
1,1,1-TCA: 155 
L/kg

Literature value 
Literature value 
Literature value 
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Data Type Parameter Value Source 
 
 
 
 
 
Effective porosity 
 

1,1-DCA: 45 
L/kg 
CA: 42 L/kg 
 
0.02 

 
Literature value 
 
Literature value 
 
RI report (TtNUS, 2010) 

Biotransformation – 
1st order decay 
coefficient 

Half-life (years) 
 
 
λ  (1/yr) 

1,1,1-TCA: 1.53
1,1-DCA: 0.42 
CA: 0.15 
 
1,1,1-TCA: 0.453 
1,1-DCA: 1.650 
CA: 4.620 
 
 

Literature value 
 
 
 
Calculated in Biochlor using half-
life values shown above 

General 

Modeled Area Length 1000 feet 
Approximate distance from source 
to pond (longer than current 
plume, which is 740 ft) 

Modeled Area Width 250 feet Width of plume above 1 ug/L (200 
feet), plus an additional 50 feet

Simulation Time Between 0.5 
years to 49 years

Parameter varied to obtain solution 

Source Data 

Source thickness 28 feet Saturated thickness 
Source Concentrations Varied See below 

Attenuation Rate 
Constant (kpoint)  

 
0.346 
 

Conc. Vs. time regression at 
source well MW-07B (Figure 1) 

Target 
Concentration Preliminary Remedial 

Goals (mg/L) 

1,1,1-TCA: 0.2
1,1-DCA: 0.0023 
CA: None

Draft FS 
 

 
Procedure: 
 
Model 1: Natural Attenuation.  This model was used to predict the time it would take for the  

concentration of site contaminants to reach PRG’s by natural attenuation processes only.  
 

Run 1: Used the maximum concentration measured in the 2010 and 2011 data for the  
starting concentration in each Concentration Zone (Figure 2).  These 
concentrations are given below: 

 
 Concentration Zone 

1 
Concentration Zone 

2 
Concentration Zone 

3 
Zone width 125’ 175’ 200’ 
1,1,1-TCA (mg/l) 0.45 0.096 0.008 
1,1-DCA (mg/l) 1.0 0.540 0.230 
CA (mg/l) 1.3 0.110 0.005 
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Run 2: Used the geometric mean to determine the starting concentration in each  
Concentration Zone.  The geometric mean was calculated using the data from the 
last two sampling rounds, for each well located within the zone.  These 
concentrations are given below: 

 
 Concentration Zone 

1 
Concentration Zone 

2 
Concentration Zone 

3 
Zone width 125’ 175’ 200’ 
1,1,1-TCA (mg/l) 0.204 0.044 0.008 
1,1-DCA (mg/l) 0.28 0.100 0.174 
CA (mg/l) 0.057 0.011 0.003 

 
 
Model 2: ISCO Injections followed by Natural Attenuation.  This model was used to predict  

the time it would take for the concentration of site contaminants to reach PRGs, 
following a reduction of concentrations within the plume by ISCO injections at select 
wells. 

 
Run 1:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  

maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  An inner plume, representing 
untreated groundwater, was left in the model, with an assumed starting 
concentration of 100 ug/l for 1,1,1-TCA, 1,1-DCA and CA (Figure 3).  Starting 
concentrations are given below: 

 
 Concentration Zone 

1 
Concentration Zone 

2 
Concentration Zone 

3 
Zone width 45’ 130’ 195’ 
1,1,1-TCA (mg/l) 0.1 0.0045 0.00096 
1,1-DCA (mg/l) 0.1 0.01 0.0054 
CA (mg/l) 0.1 0.013 0.0011 

 
 

Run 2:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  
maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  An inner plume, representing 
untreated groundwater, was left in the model, with an assumed concentration of 
75 ug/l for 1,1,1-TCA, 1,1-DCA and CA.  Starting concentrations are given 
below: 
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 Concentration Zone 

1 
Concentration Zone 

2 
Concentration Zone 

3 
Zone width 45’ 130’ 195’ 
1,1,1-TCA (mg/l) 0.075 0.0045 0.00096 
1,1-DCA (mg/l) 0.075 0.01 0.0054 
CA (mg/l) 0.075 0.013 0.0011 

 
 

Run 3:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  
maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  An inner plume, representing 
untreated groundwater, was left in the model, with an assumed concentration of 
50 ug/l for 1,1,1-TCA, 1,1-DCA and CA. Starting concentrations are given below: 

 
 Concentration Zone 

1 
Concentration Zone 

2 
Concentration Zone 

3 
Zone width 45’ 130’ 195’ 
1,1,1-TCA (mg/l) 0.05 0.0045 0.00096 
1,1-DCA (mg/l) 0.05 0.01 0.0054 
CA (mg/l) 0.05 0.013 0.0011 

 
 

Run 4:  Assumes a 99% reduction in concentration at ISCO treated wells, using the  
maximum concentration measured in the 2010 and 2011 data for the  
starting concentration (pre-ISCO).  The plume was then re-contoured.  The 
maximum concentration after ISCO treatment was then used for the starting 
concentration in each Concentration Zone.  No ‘inner plume’ of untreated 
groundwater was modeled, and starting concentrations are given below: 

 
 Concentration Zone 

1 
Concentration Zone 

2 
Zone width 130’ 195’ 
1,1,1-TCA (mg/l) 0.0045 0.00096 
1,1-DCA (mg/l) 0.01 0.0054 
CA (mg/l) 0.013 0.0011 

 
 
Model 3: Bio-treatment enhanced natural attenuation.  This model was used to predict  

the time it would take for the concentration of site contaminants to reach PRGs, using 
bio-treatment to enhance the natural attenuation process.  It was assumed that the 
bio-treatment would increase the degradation rate constant (lamda, λ) to 5-times its 
normal rate.  That increase in λ was modeled across the plume. 
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Run 1: Used the maximum concentration measured in the 2010 and 2011 data for the  
starting concentration in each Concentration Zone.  Lamda was increased to 
5-times its normal rate (given on the Input table). 
 

Starting concentrations for Run 1 are:  
 
 

 Concentration Zone 
1 

Concentration Zone 
2 

Concentration Zone 
3 

Zone width 125’ 175’ 200’ 
1,1,1-TCA (mg/l) 0.45 0.096 0.008 
1,1-DCA (mg/l) 1.0 0.540 0.230 
CA (mg/l) 1.3 0.110 0.005 

 
 

Run 2: Used the geometric mean to determine the starting concentration in each  
Concentration Zone.  The geometric mean was calculated using the data from the 
last two sampling rounds, for each well located within the zone.  See above Table 
for all input parameters, except for lamda.  Lamda was increased to 5-times what 
is shown on the input table.  Starting concentrations for Run 2 are: 

 
 Concentration Zone 

1 
Concentration Zone 

2 
Concentration Zone 

3 
Zone width 125’ 175’ 200’ 
1,1,1-TCA (mg/l) 0.204 0.044 0.008 
1,1-DCA (mg/l) 0.28 0.100 0.174 
CA (mg/l) 0.057 0.011 0.003 

 
 
Results: 
 
The time for the PRGs to be reached using natural attenuation only ranged from 38 to 49 years 
depending upon the starting concentrations.   
 
The time for PRGs to be reached using ISCO ranged from 5 to 23 years, depending upon the 
starting (Post –ISCO) concentrations. 
 
The time for PRGs to be reached using enhanced biodegradation was between 14 and 18 years.   
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Model Number 1,1,1-Trichloroethane 1,1-Dichloroethane 

Time to reach PRG (years) Time to reach PRG (years) 

Model 1 
Run 1 2.5 49 
Run 2 < 0.5 38 

Model 2 

Run 1 0* 23 
Run 2 0* 19 
Run 3 0* 17 
Run 4 0* 5 

Model 3 
Run 1 2.5 18 
Run 2 < 0.5 14 

* starting concentration is below PRG.   
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EPA Technical Factsheet: 1,1,1-TCA 
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2007 U.S. EPA / NGWA Fracatured Rock Conference. Abstract. pp.555-563. 

Hydrochemical Facies Analysis of 1,1,1-TCA and its Degradation Products in Fractured 
Bedrock.  Cho, H.J., Fiacco, R.J., Daly, M.H., and McTigue, J.W.  Environmental Resources 
Management, Boston, MA. 

Handbook of Environmental Degradation Rates. Howard, P.H., Boethling, R.S.,, Jarvis, W.F., 
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BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 1 - MNA 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    49 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 125 175 200
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .45 0.096 0.008 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA 1.0 0.540 0.230 0.346 View of Plume Looking Down
Partition Coefficient Koc CA 1.3 0.110 0.005 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 0.453 1.53 0.74

DCA            CA 1.650 0.42 0.65 Distance from Source (ft)
    CA            Ethane 4.620 0.15 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Natural Attenuation - Bldg 179Run 1Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.189 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.189 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.189 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.3E+2 6.7E+0 4.3E-7 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 2.5 yr Target Level:  0.200 mg/L Displayed Model:  Biotransformation TCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.3 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +0.5%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer
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(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.13 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. 0.00
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - Bldg 179Run 1Results - TCA



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000
50 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.000
0 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.002 0.001 0.000

-50 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.000
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.00098.500

MASS 5.7E-5 3.3E-4 2.4E-3 2.0E-2 1.5E-1 7.7E-1 1.9E+0 2.9E+0 2.4E+0 9.7E-1 2.0E-1
RATE Displayed Compound
(mg/day) Time: 49 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 1.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 1.0 (Kg)

% Biotransformed = +97.8%
 % Change in Mass Rate = -353581.4 %

If "Can't Calc.", 
make model area 
longer
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0.0015
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0.0025

en
tr
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n
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g

/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  353581.4 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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See 
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Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - Bldg 179Run 1Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 2 - MNA 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    38 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 125 175 200
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .204 0.044 0.008 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA .28 0.100 0.174 0.346 View of Plume Looking Down
Partition Coefficient Koc CA .057 0.011 0.003 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 0.453 1.53 0.74

DCA            CA 1.650 0.42 0.65 Distance from Source (ft)
    CA            Ethane 4.620 0.15 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Natural Attenuation - Bldg 179Run 2Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.1E+2 9.2E-13 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 0.5 yr Target Level:  0.200 mg/L Displayed Model:  Biotransformation TCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.3 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +0.0%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer

0 16

0.18
(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.06 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. 0.00
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat
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See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - Bldg 179Run 2Results - TCA



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.000 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.000 0.000 0.000
0 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.001 0.000 0.000 0.000

-50 0.000 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.000 0.000 0.000
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 8.0E-4 4.8E-3 3.6E-2 2.6E-1 1.2E+0 2.8E+0 2.2E+0 9.2E-1 1.6E-1 1.2E-2 3.3E-4
RATE Displayed Compound
(mg/day) Time: 38 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.3 (Kg)

% Biotransformed = +94.9%
 % Change in Mass Rate = 58.2 %

If "Can't Calc.", 
make model area 
longer
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n
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  58.2 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Distance from Source (ft.)

Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Natural Attenuation - Bldg 179Run 2Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 1 - ISCO 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    23 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 200 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 45 130 195
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .1 0.005 0.001 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA .1 0.010 0.005 0.346 View of Plume Looking Down
Partition Coefficient Koc CA .1 0.013 0.001 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 0.453 1.53 0.74

DCA            CA 1.650 0.42 0.65 Distance from Source (ft)
    CA            Ethane 4.620 0.15 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - Bldg 179Run 1Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
40 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
0 0.000 0.000 0.001 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000

-40 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
-80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 1.5E-2 1.1E-1 6.2E-1 1.5E+0 1.0E+0 1.2E-1 4.7E-3 4.1E-5 7.9E-8 8.9E-12 0.0E+0
RATE Displayed Compound
(mg/day) Time: 23 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +83.2%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer
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0.0025

en
tr
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n
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m
g

/L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - Bldg 179Run 1Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 2 - ISCO 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    19 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 200 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 45 130 195
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .075 0.005 0.001 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA .075 0.010 0.005 0.346 View of Plume Looking Down
Partition Coefficient Koc CA .075 0.013 0.001 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 0.453 1.53 0.74

DCA            CA 1.650 0.42 0.65 Distance from Source (ft)
    CA            Ethane 4.620 0.15 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - Bldg 179Run 2Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
40 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.000 0.001 0.002 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000

-40 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 4.8E-2 3.2E-1 1.3E+0 1.6E+0 3.6E-1 9.9E-3 6.5E-5 7.0E-8 4.4E-12 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 19 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +77.7%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer
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(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - Bldg 179Run 2Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 3 - ISCO 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    17 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 200 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 45 130 195
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .05 0.005 0.001 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA .05 0.010 0.005 0.346 View of Plume Looking Down
Partition Coefficient Koc CA .05 0.013 0.001 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 0.453 1.53 0.74

DCA            CA 1.650 0.42 0.65 Distance from Source (ft)
    CA            Ethane 4.620 0.15 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - Bldg 179Run 3Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
40 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.000 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-40 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 7.3E-2 4.6E-1 1.5E+0 1.0E+0 1.0E-1 1.1E-3 2.3E-6 5.6E-10 0.0E+0 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 17 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +74.6%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer
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(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - Bldg 179Run 3Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 4 - ISCO 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    5 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 200 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 130 195
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .005 0.001 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA .01 0.005 0.346 View of Plume Looking Down
Partition Coefficient Koc CA .013 0.001 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 0.453 1.53 0.74

DCA            CA 1.650 0.42 0.65 Distance from Source (ft)
    CA            Ethane 4.620 0.15 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
ISCO treatment - Bldg 179Run 4Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

80 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
40 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-40 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-80 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.3E+0 1.9E+0 5.2E-3 9.9E-9 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 5 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.0 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +28.6%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer
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See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
ISCO treatment - Bldg 179Run 4Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 1 - BIO 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    18 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 125 175 200
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .45 0.096 0.008 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA 1.0 0.540 0.230 0.346 View of Plume Looking Down
Partition Coefficient Koc CA 1.3 0.110 0.005 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 2.265 0.31 0.74

DCA            CA 8.250 0.08 0.65 Distance from Source (ft)
    CA            Ethane 23.100 0.03 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT

amy.carey
Text Box
Bio-treatment - Bldg 179Run 1Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.189 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.189 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.189 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.3E+2 4.8E+0 2.0E-7 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 2.5 yr Target Level:  0.200 mg/L Displayed Model:  Biotransformation TCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.3 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +2.0%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer0.18

0.20

L
)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.06 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. 0.00
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - Bldg 179Run 1Results - TCA



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.002 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.002 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.002 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.6E+0 1.2E+0 1.9E+0 1.4E+0 1.5E-1 3.6E-3 1.3E-5 6.9E-9 4.7E-13 8.7E-21 0.0E+0
RATE Displayed Compound
(mg/day) Time: 18 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 1.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 1.3 (Kg)

% Biotransformed = +98.9%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer
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See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - Bldg 179Run 1Results - DCA



BIOCHLOR Natural Attenuation Decision Support System NUSC B179 Data Input Instructions:
Version 2.2 Run 2 - BIO 115      1.  Enter value directly....or
Excel 2000 Run Name     2.  Calculate by filling in gray  

 TYPE OF CHLORINATED SOLVENT: Ethenes 5.  GENERAL 0.02          cells. Press Enter, then  
  Ethanes Simulation Time*    14 (yr) (To restore formulas, hit "Restore Formulas" button )

1. ADVECTION Modeled Area Width* 250 (ft) Variable*        Data used directly in model. 
Seepage Velocity* Vs 186.7 (ft/yr) Modeled Area Length* 1000 (ft) Test if

or Zone 1  Length* 1000 (ft) Biotransformation
Hydraulic Conductivity K 1.6E-04 (cm/sec) Zone 2  Length* 0 (ft) is Occurring
Hydraulic Gradient  i 0.022 (ft/ft)
Effective Porosity  n 0.02 (-) 6.  SOURCE DATA TYPE: Decaying
2.  DISPERSION Spatially-Varying
Alpha x* 9.2 (ft)
(Alpha y) / (Alpha x)* 0.1 (-)     Source Thickness in Sat. Zone* 28 (ft)
(Alpha z) / (Alpha x)* 1.E-99 (-) Y1 Y2 Y3
3.  ADSORPTION Width* (ft) 125 175 200
Retardation Factor* R ks*

or Conc. (mg/L)* C1 C2 C3 (1/yr)
Soil Bulk Density, rho 2.6 (kg/L) TCA .204 0.044 0.008 0.346
FractionOrganicCarbon, foc 1.9E-3 (-) DCA .28 0.100 0.174 0.346 View of Plume Looking Down
Partition Coefficient Koc CA .057 0.011 0.003 0.346

TCA 155 (L/kg) 39.29 (-) Observed Centerline Conc. at Monitoring Wells 
DCA 45 (L/kg) 12.12 (-)
CA 42 (L/kg) 11.37 (-)  

1.00 7.  FIELD DATA FOR COMPARISON
1.00 TCA Conc. (mg/L)

Vertical Plane Source:  Determine Source Well 
Location and Input Solvent Concentrations

L

W

or

Zone 2=
L - Zone 1

Natural Attenuation
Screening Protocol

C

Source OptionsCalc.
Alpha x

Common R (used in model)* = 12.12 DCA Conc. (mg/L)
4.  BIOTRANSFORMATION -1st Order Decay Coefficient*  CA Conc. (mg/L)
Zone 1  λ (1/yr) half-life (yrs) Yield

TCA          DCA 2.265 0.31 0.74

DCA            CA 8.250 0.08 0.65 Distance from Source (ft)
    CA            Ethane 23.100 0.03 0.47 Date  Data Collected

0.000 0.00 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Zone 2  λ (1/yr) half-life (yrs)  

TCA          DCA 0.000
DCA            CA 0.000

    CA            Ethane 0.000
0.000

λ
HELP

 Paste 
Example 

Restore 
Formulas 

RUN CENTERLINE 
Help

RUN ARRAY
RESET

SEE OUTPUT
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Text Box
Bio-treatment - Bldg 179Run 2Input Parameters



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.172 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 2.1E+2 9.3E-13 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 0.5 yr Target Level:  0.200 mg/L Displayed Model:  Biotransformation TCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.3 (Kg)
  

- Plume Mass If Biotransformation/Production 0.3 (Kg)
 

  Mass Removed 0.0 (Kg)

% Biotransformed = +0.0%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer

0 16

0.18
(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.06 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. 0.00
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Compare to Pump and Treat

(sou ce to edge)

See 
acre-ft

Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline

amy.carey
Text Box
Bio-treatment - Bldg 179Run 2Results - TCA



Start Here TCA

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME DCA
Transverse  CA

Distance (ft) Distance from Source (ft)  
0 100 200 300 400 500 600 700 800 900 1000

100 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
50 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 0.002 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-50 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-100 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00098.500

MASS 3.2E+0 1.9E+0 2.0E+0 4.1E-1 6.6E-3 1.3E-5 2.2E-9 1.8E-16 2.2E-22 0.0E+0 0.0E+0
RATE Displayed Compound
(mg/day) Time: 14 yr Target Level:  0.002 mg/L Displayed Model:  Biotransformation DCA

Plume Mass  (Order-of-Magnitude Accuracy)
  

 Plume Mass If No Degradation 0.4 (Kg)
  

- Plume Mass If Biotransformation/Production 0.0 (Kg)
 

  Mass Removed 0.4 (Kg)

% Biotransformed = +96.4%
 % Change in Mass Rate = 100.0 %

If "Can't Calc.", 
make model area 
longer

100
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)

(source to edge)

See 
Gallons

Show No 
Degradation

Show 
Biotransformation

 % Change in Mass Rate  100.0 %

 Current Volume of Ground Water in Plume 0.00 MGal
 Flow Rate of Water Through Source Area 0.000 MGD

 
Pumping Rate (gpm)

# Pore Volumes Removed Per Yr. #DIV/0!
#  Pore Volumes to Clean-Up  

Clean-Up Time (yr)
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Return to Input
Plot All Data Plot Data > Target

Mass HELP To Centerline
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D.3 MISCELLANEOUS MNA DATA 



Appendix D.3
Summary of MNA Data

Site 8, NUSC Disposal Area, NAVSTA Newport, RI

Well ID
Depth Sampled 

(ft bgs)
Aquifer 
screened Sample Date pH Sp

ec
ifi
c 
Co

nd
uc
ti
vi
ty
 

Te
m
pe

ra
tu
re
 

Tu
rb
id
it
y

D
O

O
R
P 

Fe
 2
+

mS/cm °C NTU mg/L mV µg/L
27 9/5/2003 11 U 1500 4.6 U 8.5 U 9.4 U 6.8 U NA 6.2 U 4.7 U 9 U NA 9.4 U 3.4 U 3 U NA 6.8 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.04 0.231 16.87 0.7 1.50 550.9 NA

17.81 5/22/2008 1 U 190 1 J 1 U 0.5 J 2 U 10 U 2 2 2 U 10 U 2 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.07 NA 0.1 U 1.1 0.05 U 25 1 U NA 1.3 NA 6.72 0.403 11.01 2.6 3.56 188.2 0
25 6/28/2010 0.66 J 150 J 1.19 J 0.5 U 0.505 J 1 U 2 U 1.95 2.95 1 U 2 U 1.85 0.49 U 1 U 1.6 J 0.5 U 1.6 J 2 U 2 U NA 0.05 U NA 0.05 U 0.695 0.025 U 21 1.45 NA 1.7 NA 6.21 0.265 22.41 3 2.91 203.4 NA
23 3/17/2011 0.5 U 340 0.5 U 0.5 U 0.5 U 1 U NA 4.4 1.9 1 U NA 5.2 2.1 2.5 U 1 UJ NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA   NA 6.14 0.351 10.8 5.7 2.67 216.5 0

29.0‐34.0 5/5/2008 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ 2 UJ NA 1 UJ 1 J 2 UJ NA 1 UJ 1 UJ 2 UJ NA 1 UJ NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.37 0.478 13.63 7 0.85 19.4 NA
34.0‐39.0 5/5/2008 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ 2 UJ NA 1 UJ 1 UJ 2 UJ NA 1 UJ 1 UJ 2 UJ NA 1 UJ NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.5 0.373 13.16 65 1.94 ‐35 NA
52.0‐61.0 5/5/2008 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ 2 UJ NA 1 UJ 1 UJ 2 UJ NA 1 UJ 1 UJ 2 UJ NA 1 UJ NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.14 0.35 15.41 80 2.29 26.4 NA
58.45 5/16/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 0.4 J 2 U 10 U 1 U 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.12 NA 0.1 U 0.25 0.05 U 16 1 U NA 1.1 NA 6.19 0.216 9.96 2.2 2.78 114.7 0

19.0‐24.0 5/7/2008 1 U 1 U 1 U 1 U 1 U 2 U NA 1 U 0.7 J 2 UJ NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.09 0.423 11.96 160 0.12 ‐182.5 NA
26.0‐31.0 5/7/2008 0.5 J 1 U 1 U 1 U 1 U 2 U NA 1 U 0.6 J 2 UJ NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.01 0.427 13.63 160 0.33 ‐172.2 NA
27.83 5/15/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 0.8 J 2 U 10 U 1 U 1 U 2 U 1.3 J 1 U 1.3 J 10 U 10 U NA 0.022 J NA 0.1 U 0.05 U 0.05 U 25 3.1 NA 0.38 J NA 6.76 0.418 12.41 21 0.34 ‐129.6 1830

MW116B 34.87 Bedrock 5/15/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 UJ 10 U 1 UJ 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.038 J NA 0.1 U 0.05 U 0.05 U 29 1 U NA 0.28 J NA 6.43 0.364 11.88 3.6 0.29 ‐113.3 2980
MW116B‐D1 25 Bedrock 8/6/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 5.98 0.218 17.4 4.64 1.03 ‐3.5 NA

35 8/6/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.41 0.228 15.71 0.15 0.3 ‐20.7 NA
37 3/17/2011 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 UJ 1 U 2 U 0.5 U 0.5 U 2.5 U 1 UJ 1.1 J 0.5 U 1.1 J 2 U 2 U NA 0.025 J NA 0.05 U 0.025 U 0.025 U 28 0.8 U 16 0.34 J NA 6.51 0.2476 10.5 3.3 4.12 ‐4 1500

MW117B 23 Bedrock 5/15/2008 1 U 730 2 1 U 1 J 2 U 10 U 1 U 0.4 J 2 UJ 10 U 1 UJ 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.032 J NA 0.1 U 0.05 U 0.05 U 23 1 U NA 0.41 J NA 6.58 0.337 12.07 0 0.37 ‐58.4 2410
25 8/11/2010 0.5 U 140 1.4 0.5 U 0.45 J 1 U 2 U 0.5 U 0.28 J 1 U 2 U 0.5 U 0.5 U 1 U 1.4 J 0.5 U 1.4 J 2 U 2 U NA 0.05 U NA 0.05 U 0.21 0.025 U 18 0.8 U NA 0.59 J NA 7.95 0.201 14.39 0 0.27 ‐30 NA
25 3/17/2011 0.5 U 16 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 2.5 U 1 UJ 0.7 J 0.5 U 0.7 J 2 U 2 U NA 0.027 J NA 0.05 U 0.44 0.025 U 13 0.8 U 12 0.32 J NA 5.61 0.108 12.1 1.05 7.9 230 0

MW117B‐D2 34 Bedrock 8/11/2010 0.5 U 130 0.79 J 0.5 U 0.5 U 1 U 2 U 0.5 U 0.7 J 1 U 2 U 0.5 U 0.5 U 1 U 1.5 J 0.5 U 1.5 J 2 U 2 U NA 0.05 U NA 0.05 U 0.025 U 0.025 U 29 0.8 U NA 0.57 J NA 6.07 0.248 14.02 1.74 0.25 ‐20.3 NA
MW118B 31.09 Bedrock 5/15/2008 1 U 18 0.4 J 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.063 NA 0.1 U 0.05 U 0.05 U 14 1 U NA 0.28 J NA 6.29 0.276 12.32 4.6 0.38 156.8 0

32 8/10/2010 0.5 U 200 3.2 0.36 J 1.4 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.08 0.283 15.9 29.9 1.56 44.8 NA
32 3/16/2011 0.5 U 62 0.93 J 0.5 U 0.39 J 1 U 2 U 0.5 U 0.5 U 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 1.4 J 0.5 U 1.4 J 2 U 2 U NA 0.02 J NA 0.05 U 0.025 U 0.025 U 17 0.8 U 16 0.18 J NA 6.1 0.208 10.4 2.08 0.8 162.1 280

MW118B‐D2 42 Bedrock 8/10/2010 0.5 U 160 1.8 0.5 U 0.59 J 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA 0 NA NA NA NA NA NA NA NA NA NA NA NA 6.16 0.195 14.98 0 0.37 68.7 NA
MW119B 29.9 Bedrock 5/14/2008 1 U 1 U 1 U 1 U 1 U 2 J 50 U 1 U 1 U 2 U 50 U 1 U 1 U 2 U 2300 1 U 2300 50 U 50 U NA 0.12 NA 1.1 0.05 U 0.05 U 5 3.1 NA 2.1 NA 6.78 0.734 13.81 0 0.42 ‐172.1 3270
MW120B 53.63 Bedrock 5/14/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 2 J 1 U 2 J 10 U 10 U NA 0.046 J NA 0.1 U 0.05 U 0.05 U 65 1 U NA 0.49 J NA 6.08 0.767 13.61 3.6 0.62 ‐17.6 3060

41 8/10/2010 0.5 U 4.8 0.53 J 0.5 U 0.5 U 0.69 J 2 UJ 0.5 U 0.5 U 1 U 2 UJ 0.5 U 0.5 U 1 U 16 J 0.5 U 16 J 2 UJ 2 UJ NA 0.05 U NA 0.05 U 0.02 J 0.025 U 39 0.8 U NA 0.66 J NA 6.44 0.39 13.6 5.37 0.5 ‐33.1 NA
41 3/16/2011 0.5 U 12 0.26 J 0.5 U 0.5 U 1 U 1.8 J 0.5 U 0.5 U 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 2.3 J 0.5 U 2.3 J 2 U 1.8 J NA 0.035 J NA 0.05 U 1 0.025 U 34 0.8 U 36 0.64 J NA 6.54 0.384 9.2 7.18 1.4 86 890
40 8/9/2010 0.5 U 1200 26 3.7 13 0.31 J 2 U 1 J 1.6 1 U 2 U 0.5 U 0.5 U 1 U 1.7 J 0.5 U 1.7 J 2 U 2 U NA 0.05 U NA 0.05 U 0.02 J 0.025 U 25 0.8 U NA 0.6 J NA 6.29 0.348 13.38 3.1 0.2 34.8 NA
40 3/18/2011 0.5 U 680 16 2.6 7.4 1 U 0.84 J 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 2.5 U 1 UJ 0.85 J 0.5 U 0.85 J 2 U 0.84 J NA 0.025 U NA 0.05 U 0.025 U 0.025 U 22 0.8 U 33 0.27 J NA 6.53 0.3136 10.2 0.63 2.98 158.9 0

1/31/2008 1 U 160 21 1 U 0.4 J 2 U 1 1 1 J 0.5 J 2 U
8/1/2008 0.6 J 350 7 1 U 0.7 J 2 U 2 3 0.8 J 0.3 J 3
1/31/2008 1 U 220 2 1 U 0.6 J 2 U 2 1 1 1 U 2 U
8/1/2008 1 U 220 37 0.4 J 0.5 J 2 U 1 J 2 0.4 J 0.4 J 4

DW03 NA Surface Water
1/31/2008

1 U 99 1 1 U 1 U 2 U 1 J 0.8 J 0.9 J 1 U 2 U

DW04 NA Surface Water
1/31/2008

1 U 200 4 1 U 0.6 J 2 U 2 1 1 0.4 J 2 U

DW05 NA Surface Water
1/31/2008

0.5 J 300 5 1 U 0.9 J 2 U 2 1 1 0.5 J 2 U

DW06 NA Surface Water
1/31/2008

0.9 J 160 13 1 U 0.9 J 2 U 1 2 1 U 1 U 2 U

DW07 NA Surface Water
1/31/2008

1 U 13 2 1 U 1 U 2 U 1 U 1 1 U 1 U 2 U

1/31/2008 1 U 1 U 4 1 U 1 U 2 1 U 0.7 J 1 U 1 U 2 U
1/31/2008 D 1 U 1 U 3 1 U 1 U 2 J 1 U 0.5 J 1 U 1 U 2 U
1/31/2008 A 1 U 1 U 3.5 1 U 1 U 2 J 1 U 0.6 J 1 U 1 U 2 U

DW09 NA Surface Water
1/31/2008

1 U 1 U 0.6 J 1 U 1 U 2 U 1 U 1 U 1 U 1 U 2 U

DW10 NA Surface Water
1/31/2008

2 3 2 1 U 1 U 2 U 1 U 3 1 U 1 U 2 U

DW11 NA Surface Water
8/1/2008

1 U 140 43 1 U 0.5 J 2 U 0.7 J 1 1 U 0.3 J 0.4 J

DW12 NA Surface Water
8/1/2008

1 U 190 26 1 U 0.5 J 2 U 0.8 J 2 1 U 1 U 2 U

DW13 NA Surface Water
8/1/2008

1 UJ 140 27 1 U  1 U 2 U 0.6 J 1 1 U 0.3 J 2 U

8/1/2008 1 UJ 17 J 43 J 0.4 J 1 U  2 U 1 U 0.6 J 1 U 1 U 5 J
8/1/2008 D 1 U 35 J 93 J 0.8 J 1 U 2 U 1 U 1 J 1 U 1 U 9 J
8/1/2008 A 1 UJ 26 J 68 J 0.6 J 1 U  2 U 1 U 0.8 J 1 U 1 U 7 J

DW15 NA Surface Water
6/25/2010

0.5 UR 9.8 J 7.6 J 0.5 UR 0.5 UR 1 UR 0.5 UR 0.5 UR 0.5 UR 0.5 UR 1 UR

DW16 NA Surface Water
6/25/2010

0.5 UR 11 J 0.32 J 0.5 UR 0.5 UR 1 UR 0.5 UR 0.5 UR 0.5 UR 0.5 UR 1 UR

MW‐01B 27 Bedrock 9/4/2003 2.2 1.45 2.2 0.34 0.38 U 0.27 U NA 0.25 U 0.19 U 0.36 U NA 0.38 U 0.14 U 0.12 U NA 0.27 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 5.92 0.257 17.29 1.98 0.72 419.1 NA
MW‐01C

28 9/3/2003 0.43 U 0.42 J 0.61 0.34 U 0.38 U 0.27 U NA 0.25 U 0.19 U 0.36 U NA 0.38 U 0.14 U 0.12 U NA 0.27 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.4 0.289 22.03 0.062 0.26 ‐59.6 NA
28.24 5/27/2008 1 U 1 U 0.3 J 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 260 1 U 260 10 U 10 U NA 0.055 NA 3 0.05 U 0.05 U 6.5 1 U NA 5 NA 6.35 0.406 16.02 4.5 2.15 ‐79.9 22000
30 9/4/2003 8.4 3.6 6.4 0.34 U 0.38 U 0.66 J NA 0.46 J 49 0.36 U NA 0.38 U 0.14 U 0.12 U NA 0.27 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.8 0.315 15.33 0 0.32 463.8 NA

28.12 5/23/2008 1 U 1 U 0.6 J 1 U 1 2 U 10 U 0.4 J 23 2 U 10 U 1 U 1 U 2 U 8.8 J 1 U 8.8 J 10 U 10 U NA 0.016 J NA 0.1 U 0.05 U 0.05 U 30 1 U NA 0.41 J NA 6.85 0.527 14.63 3.1 0.15 427.4 0
30 6/30/2010 0.5 U 0.5 U 0.41 J 0.5 U 0.77 J 1 U NA 0.29 J 24 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7 0.345 16.74 4.45 1.31 ‐2.4 NA
30 3/14/2011 1.2 0.88 J 1.4 0.5 U 2.4 1 U 2 U 0.5 U 41 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 11 0.5 U 11 2 U 2 U NA 0.067 NA 0.05 U 0.021 J 0.025 U 28 0.8 U 18 0.35 J NA 6.93 0.348 9.1 3.13 0.55 195.6 90

5/13/2008 50 U 50 U 50 U 50 U 50 U 100 U NA 50 U 310 130 NA 50 U 50 U 100 U NA 290 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
30.21 9/18/2008 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.24 0.497 17.45 1.4 0.3 ‐133.2 NA
14.25 5/27/2008 1 U 5 2 1 U 1 U 2 U 10 U 1 U 1 2 U 10 U 1 U 1 U 2 U 2.8 J 1 U 2.8 J 10 U 10 U NA 0.024 J NA 0.1 U 0.05 U 0.05 U 5.1 0.8 J NA 1.3 NA 6.79 0.732 16.24 25 0.67 ‐56.8 3010
16.25 8/1/2008 1 UJ 11 3 1 U 1 U 0.4 J NA 1 U 2 2 U NA 1 U 1 U 2 UJ NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.12 0.388 14.7 5 0.15 ‐41.4 NA

MW‐103S
14.89

OB‐BR 
Interface 5/26/2008

1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 150 1 U
150 10 U 10 U

NA 0.032 J NA 1.8 0.05 U 0.05 U 46 1 U NA 14
NA 7.01 1.433 14.86 >1100 0.13 ‐178.2 2330

32.9 5/23/2008 1 U 6 4 1 U 1 2 U 10 U 1 19 2 U 10 U 1 U 1 U 2 U 49 1 U 49 10 U 10 U NA 0.05 U NA 0.06 J 0.81 0.05 U 11 1 U NA 1.7 NA 6.5 0.571 11.37 5.8 0.33 ‐60.1 2450
34.9 7/1/2010 0.5 U 15 21 0.5 U 12 3.7 2 U 7.9 160 1.9 J 2 U 0.5 U 0.5 U 1 U 73 J 0.5 U 73 J 2 U 2 U NA 0.05 U NA 0.05 U 0.07 0.025 U 8.1 0.8 U NA 1.1 NA 6.97 0.452 12.38 147 0.48 ‐202.9 NA
21 3/16/2011 NA 7.24 0.4671 9.9 37.9 0.34 ‐80
35 3/18/2011 0.5 U 13 18 0.5 U 11 2.4 2 U 7.6 180 1 U 2 U 0.5 U 0.5 U 2.5 U 1 UJ 120 0.5 U 120 2 U 2 U NA 0.025 U NA 0.05 U 0.025 U 0.025 U 8.4 0.8 U 36 0.7 J NA 6.99 0.4434 10.8 170 0.22 ‐79.1 1320

17.99 5/20/2008 0.5 J 7 8 1 U 7 1 J 10 U 4 130 2 U 10 U 1 U 1 U 2 U 9.8 J 1 U 9.8 J 10 U 10 U NA 0.061 NA 0.1 U 0.3 0.037 J 19 1.4 NA 0.94 J NA 6.85 0.519 10.97 65 0.3 ‐90.1 1730
32.5 6/18/2010 2.7 6.3 8.9 0.5 U 14 1.4 J NA 7.5 230 J 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.77 0.344 14.92 52.7 0.71 ‐34.9 NA
20 3/14/2011 3.7 6.1 8.3 0.5 U 16 0.86 J 2 U 6.5 210 4.6 J 2 U 0.5 U 0.5 U 2.5 U 1 U 28 0.5 U 28 2 U 2 U NA 0.025 U NA 0.05 U 0.028 J 0.025 U 15 0.8 U 30 0.53 J NA 7.1 0.4086 8.2 47.9 0.34 ‐58.1 1680

43.07 5/20/2008 3 2 3 1 U 5 0.6 J 10 U 3 100 2 U 10 U 1 U 1 U 2 UJ 14 1 U 14 10 U 10 U NA 0.023 J NA 0.1 U 0.048 J 0.05 U 28 1 U NA 0.96 J NA 6.99 0.509 10.45 0 0.34 35.1 0
35 6/28/2010 2.6 2.4 3.8 0.5 U 7.4 0.64 J 2 U 3.3 110 1 U 2 U 0.5 U 0.5 U 1 U 110 J 0.5 U 110 J 2 U 2 U NA 0.05 U NA 0.05 U 0.099 0.025 U 28 0.7 J NA 0.76 J NA 6.6 0.337 13.9 9.37 0.61 ‐14.4 NA

MW‐106S
14.52

OB‐BR 
Interface 5/22/2008

1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 1.8 J 1 U
1.8 J 10 U 10 U

NA 0.05 U NA 0.042 J 4.9 0.05 U 34 1 U NA 0.64 J
NA 6.15 0.378 11.95 23 1.96 49 NA

MW‐106B 35.08 Bedrock 5/21/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.061 NA 0.1 U 0.05 U 0.05 U 41 1.3 NA 0.83 J NA 7.11 0.554 12.74 40 0.27 336.8 3800
MW‐107B 22.43 Bedrock 6/4/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.049 J NA 0.1 U 0.05 U 0.05 U 44 1 U NA 0.36 J NA 7.03 0.589 15.49 16 0.21 ‐113.6 3780

N/R 6/3/2008 7 2 9.5 1 U 1 U 0.4 J 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 1.35 J 1 U 1.35 J 10 U 10 U NA 0.0245 J NA 0.1 U 0.05 U 0.05 U 29 1 U NA 1.8 NA 7.21 0.658 17.84 22 PE ‐242.9 3220
16 3/17/2011 8.8 J 5.8 J 8 J 0.5 UJ 0.5 UJ 1 UJ 2 U 0.5 UJ 0.5 UJ 1 UJ 2 U 0.5 UJ 0.5 UJ 2.5 UJ 1 UJ 120 0.5 UJ 120 2 U 2 U NA 0.025 U NA 0.036 J 0.025 U 0.025 U 21 0.8 U 19 0.82 J NA 7.22 0.4287 11.6 78.1 0.3 ‐159.8 2240

19.0‐24.0 5/8/2008 2 J 1 4 1 U 1 U 2 U NA 1 U 1 U 2 UJ NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.27 0.652 14.27 35 0.43 ‐205.8 NA
30.0‐35.0 5/8/2008 5 J 2 6 1 U 1 U 0.6 J NA 1 U 1 U 2 UJ NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.96 0.337 6.96 120 0.48 ‐68.2 NA
36.0‐41.0 5/8/2008 4 J 1 4 1 U 1 U 2 U NA 1 U 1 U 2 UJ NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.06 0.342 14.17 120 0.48 ‐91.2 NA
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Appendix D.3
Summary of MNA Data

Site 8, NUSC Disposal Area, NAVSTA Newport, RI

Well ID
Depth Sampled 

(ft bgs)
Aquifer 
screened Sample Date pH Sp
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27.45 6/2/2008 3 1 3 1 U 1 U 0.4 J 10 U 1 U 1 U 2 U 10 U 1 U 1 2 U 13 1 U 13 10 U 10 U NA 0.025 J NA 0.04 J 0.05 U 0.05 U 36 1.2 NA 1.1 NA 6.81 0.644 18.32 14 0.32 ‐141.9 2370
45.07 5/19/2008 7 J 3 J 2 J 1 UJ 1 UJ 2 UJ 10 UJ 1 UJ 0.7 J 2 UJ 10 UJ 1 UJ 1 UJ 2 UJ 8.7 J 1 UJ 8.7 J 10 UJ 10 UJ NA 0.063 NA 0.1 U 0.078 0.0064 J 33 2 NA 0.59 J NA 6.84 0.516 12.12 30 0.19 ‐202 3040
47 3/14/2011 0.515 J 0.57 J 0.59 J 0.5 U 0.5 U 1 U 2 U 0.5 U 1.2 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 10.5 0.5 U 10.5 2 U 2 U NA 0.0205 J NA 0.05 J 0.025 U 0.025 U 31 0.8 U 16.5 0.47 J NA 6.9 0.3733 8.9 26.6 0.65 ‐88.3 1260

MW‐111B 40.74 Bedrock 5/16/2008 1 U 1 U 1 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 10 U 10 U 10 U NA 0.034 J NA 0.1 U 1.7 0.05 U 27 1 U NA 1.3 NA 5.98 0.312 10.5 21 1.75 11.3 750

MW‐112S
13.45

OB‐BR 
Interface 5/19/2008

0.5 J 1 UJ 1 UJ 1 UJ 1 UJ 2 UJ 10 U 1 UJ 1 UJ 2 UJ 10 U 1 UJ 1 UJ 2 UJ 72 1 UJ
72 10 U 10 U

NA 0.048 J NA 0.084 J 2.7 0.1 U 27 1.4 NA 1.1
NA 6.06 0.351 10.1 130 0.2 129.6 60

MW‐112B 44.84 Bedrock 5/16/2008 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ 2 UJ 10 U 1 UJ 1 J 2 UJ 10 U 1 UJ 1 UJ 2 UJ 4.75 J 1 UJ 4.75 J 10 U 10 U NA 0.023 J NA 0.1 U 0.05 U 0.05 U 33 1 U NA 0.59 J NA 6.92 0.468 11.76 0 0.54 ‐20.1 10
MW‐113B 27.09 Bedrock 5/16/2008 0.6 J 1 UJ 1 UJ 1 UJ 1 UJ 2 UJ 10 U 1 UJ 1 UJ 2 UJ 10 U 1 UJ 1 UJ 2 UJ 2.4 J 1 UJ 2.4 J 10 U 10 U NA 0.02 J NA 0.047 J 0.55 0.05 U 32 1 U NA 0.67 J NA 6.44 0.397 10.62 107.6 0.35 ‐15.7 600

4.15 6/4/2008 1 U 1 U 2 U 10 U 1 0.4 J 10 U 10 U 10 U 10 U 10 U NA 0.043 J NA 0.1 U 1.7 0.05 U 24 1 U NA 2.2 NA 6.29 0.486 13.2 4.9 0.77 156.8 0
5.82 6/30/2010 0.58 J 0.57 J 0.53 J 0.5 U 1 U NA 0.84 J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.18 0.329 16.09 0 0.6 ‐32.1 NA
4.1 3/17/2011 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 2.5 U 1 UJ 45 0.5 U 45 2 U 2 U NA 0.025 U NA 0.05 U 0.44 0.025 U 22 0.8 U 19 2 NA 6.23 0.316 9.6 3.2 0.62 103.6 220

MW‐123
4.34

OB‐BR 
Interface 6/4/2008

2 0.9 J 0.4 J 1 U 1 U 2 U 10 U 1 U 1 U 2 U 10 U 1 U 1 U 2 U 4.9 J 1 U
4.9 J 10 U 10 U

NA 0.049 J NA 0.1 U 0.34 0.014 J 26 1 J NA 1.9
NA 6.47 0.956 20.82 3.2 2.26 349.6 0

10.0‐20.0 8/1/2008 1 U 2 5 0.5 J 1 U 1 J NA 1 U 1 2 U NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.69 0.884 25.81 90 0.28 ‐381.8 NA
35.0‐45.0 8/4/2008 1 U 16 26 3 0.8 J 19 NA 1 U 18 1 J NA 1 U 1 U 3 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.49 0.698 15.87 100 0.88 ‐110.8 NA

45 8/11/2010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.44 0.542 MW 7.86 0.4 ‐75.1 NA
26.0‐36.0 7/31/2008 12 4 4 1 U 0.3 J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.15 0.463 17.55 30 0.32 ‐170.5 NA
36.0‐43.0 8/1/2008 8 2 3 1 U 2 U NA 0.5 J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.19 0.419 15.39 190 0.15 270 NA

31 3/15/2011 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 15 0.5 U 15 2 U 2 U NA 0.025 U NA 1 0.025 U 0.014 J 11 0.8 U 84 2.1 NA 6.59 0.6191 8.6 8.08 0.56 ‐73.3 1100
22.0‐27.0 7/30/2008 1 U 1 U 1 U 1 U 1 U 2 U NA 1 U 1 U 2 U NA 1 U 7 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.44 0.282 19.38 95 0.45 ‐179.2 NA
42.0‐46.0 7/30/2008 1 U 1 U 1 U 1 U 1 U 2 U NA 1 U 1 U 2 U NA 1 U 1 U 2 U NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.44 0.244 19.91 150 0.4 ‐199.8 NA
50.0‐55.0 7/30/2008 1 U 1 U 1 U 1 U 1 U 2 U NA 1 U 1 U 2 U NA 1 U 1 U 16 NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.44 0.229 16.42 35 6.77 ‐181.9 NA

MW‐06A 10.81 Overburden 6/23/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.37 0.153 17.73 111 0.65 ‐43 NA
30.4 6/17/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 9.27 0.429 16.25 156 9.12 144.7 NA
30.4 3/16/2011 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 2.25 J 0.5 U 2.25 J 2 U 2 U NA 0.025 U NA 0.05 U 0.025 U 0.025 U 44 0.8 U 78 0.615 J NA 9.33 0.4329 10.3 111 0.43 174.5 770
7.98 5/28/2008 2 0.9 J 1 1 U 4 2 U 10 U 260 380 85 10 U 1 U 1 U 2 U 3.2 J 1 U 3.2 J 10 U 10 U NA 0.019 J NA 2.1 0.05 U 0.05 U 9.5 1 U NA 5.8 NA 7.05 1.62 16.94 4.3 PE ‐185.2 6800
7.36 6/23/2010 0.53 J 1 J 0.5 U 0.5 U 15 0.7 J 2 U 290 440 1 U 2 U 0.5 U 0.5 U 1 U 160 J 0.66 J 160 J 2 U 2 U NA 0.05 U NA 2.4 0.025 U 0.025 U 9 1 NA 10 NA 6.06 0.443 19.56 2.68 0.88 ‐60 NA
7.5 3/15/2011 12 4.1 4.8 0.5 U 14 1 U 2 U 180 570 1300 2 U 0.5 U 0.5 U 2.5 U 1 U 360 0.5 U 360 2 U 2 U NA 0.025 U NA 2.6 0.04 J 0.0097 J 8.3 0.8 U 20 6.2 NA 6.3 0.3523 7.2 3.19 0.3 111.7 910
24.29 5/29/2008 2 J 4 J 1 U 1 U 58 J 0.8 J 10 U 1600 1000 22 J 10 U 1 U 1 U 2 U 22 1 J 22 10 U 10 U NA 0.079 NA 0.1 U 0.05 U 0.05 U 11 1 U NA 1.3 NA 7.58 0.676 13.11 120 0.11 ‐216 1060
23.7 6/22/2010 8.3 3.9 2.2 0.5 U 11 J 1 U 2 U 440 1000 1000 2 U 0.5 U 0.5 U 1 U 14 J 0.5 U 14 J 2 U 2 U NA 0.05 U NA 0.05 U 0.02 J 0.025 U 5.4 0.8 U NA 1.8 NA 7.65 0.247 17.83 139 0.31 ‐176.8 NA
23.7 3/15/2011 1.05 1.95 0.5 U 0.5 U 26.5 1.05 J 2 U 450 590 6.1 2 U 0.5 U 0.5 U 2.5 U 1 U 16.5 0.255 J 16.5 2 U 2 U 0.0375 U 0.05 U 0.025 U 0.025 U 7.45 0.62 J 240 1.5 NA 7.56 1.059 7.5 26.6 0.43 ‐17.4 250

MW‐08A 6.6 Overburden 6/29/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 0.37 J NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.2 0.37 20.63 24.2 4.68 ‐29.6 NA
12.05 6/22/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.32 0.271 15.27 66.2 0.43 ‐188 NA
12.1 3/18/2011 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 UJ 2 U 0.5 U 0.5 U 2.5 U 1 U 52 0.5 U 52 2 U 2 U NA 0.025 U NA 0.05 U 0.025 U 0.025 U 15 0.8 U 9.8 0.29 J NA 7.88 0.2769 8.1 63 0.19 ‐201.5 640

MW‐09A
N/R 5/28/2008 1 U 0.5 J 1 U 1 U 14 2 U 10 U 76 47 0.4 J 10 U 1 U 1 U 2 U 500   1 U 500   10 U 10 U NA 0.018 J NA 0.1 U 0.05 U 0.05 U 2 1 U NA 0.92 J NA 7.41 0.929 19.1 170 1.48 ‐50.3 1000
18 6/29/2010 0.5 U 1.2 0.5 U 0.5 U 18 0.37 J 2 U 41 82 J 24 3.5 J 0.5 U 0.5 U 1 U 6000 J 0.5 UJ 6000 J 3.5 J 2 U NA 0.05 U NA 4.9 0.018 J 0.025 U 1.1 0.8 U NA 2.8 NA 7.26 0.614 22.14 17.7 0.75 ‐304.2 NA

MW‐11 10.9 Overburden 6/29/2010 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 83.5 J 0.5 U 83.5 J 2 U 2 U NA 0.05 U NA 0.039 J 0.0192 J 0.025 U 20 0.8 U NA 1.1 NA 6.12 0.587 19.68 11.6 1.83 34.2 NA
5.3 6/30/2010 4.5 1.1 0.23 J 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 5.9 J 0.5 U 5.9 J 2 U 2 U NA 0.05 U NA 0.05 U 3.4 0.025 U 23 0.73 J NA 1 NA 5.46 0.227 19.72 1.62 1.18 113 NA
5.5 3/17/2011 4.6 0.5 U 0.5 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 1 U 2 U 0.5 U 0.5 U 2.5 U 1 UJ 2 J 0.5 U 2 J 2 U 2 U NA 0.034 J NA 0.05 U 2.8 0.025 U 20 0.8 U 15 0.5 J NA 5.76 0.199 8.35 3.77 3.7 235 0

MW‐13A
1.31

OB‐BR 
Interface 8/4/2008

1 UJ 0.4 J 1 U 1 U 1 U 2 U NA 1 U 1 U 2 U NA 1 U 1 U 2 UJ NA 1 U
NA NA NA

NA NA NA NA NA NA NA NA NA NA
NA 4.76 0.223 19.42 4.7 0.82 598 NA

MW‐13B 18 Bedrock 6/30/2010 1.1 0.37 J 0.51 J 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.81 0.331 13.38 65.4 0.24 ‐214.3 NA
45.22 5/30/2008 1 U 4 0.4 J 1 U 79 2 U 10 U 110 805 270 10 U 1 U 1 U 2 U 810 1 U 810 10 U 10 U NA 0.0795 J NA 0.1 U 0.0315 J 0.05 U 14 1.05 NA 0.615 J NA 6.76 0.921 13.64 160 0.34 367 70
45.2 7/31/2008 1 U 5 0.4 J 1 U 78 6 NA 88 740 240 NA 1 U 1 U 4 NA 1 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 7.11 0.501 16.15 5 0.22 274.9 NA
45 6/23/2010 0.5 U 3.5 0.37 J 0.5 U 52 J 1.6 J 2 U 96 510 94 2 U 0.5 U 0.5 U 1 U 400 J 0.5 U 400 J 2 U 2 U NA 0.05 U NA 0.05 U 0.025 U 0.025 U 14 2.2 NA 1.1 NA 7.33 0.605 19.09 48.6 1.09 69.1 NA
45 3/15/2011 0.5 U 3.8 0.41 J 0.5 U 67 1.5 J 2 U 76 540 110 J 2 U 0.5 U 0.5 U 2.5 U 1 U 250 0.5 U 250 2 U 2 U NA 0.025 U NA 0.05 U 0.025 U 0.025 U 13 0.8 U 74 0.61 J NA 7.48 0.6456 9.6 0.75 0.68 150.4 10
13.5 8/10/2010 0.5 U 4.5 0.76 J 0.5 U 6.15 1 U 2 U 140 64.5 75.5 2 U 0.5 U 0.5 U 1 U 79.5   0.5 U 79.5   2 U 2 U NA 0.05 U NA 0.17 0.325 0.025 U 11 0.8 U NA 1.9 NA 6.63 0.651 15.56 0 0.25 35.7 NA
13.5 3/15/2011 0.5 U 2.3 0.36 J 0.5 U 2.8 1 U 2 U 50 50 57 J 2 U 0.5 U 0.5 U 2.5 U 1 U 70 0.5 U 70 2 U 2 U NA 0.025 U NA 0.05 U 0.68 0.025 U 8.4 0.8 U 82 1.2 NA 6.17 0.4889 9.3 43.9 0.61 70 600
23 8/9/2010 0.5 U 0.71 J 0.5 U 0.5 U 1.3 1 U NA 10 9.2 1 U NA 0.5 U 0.5 U 1 U NA 0.5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA 6.41 0.918 18.22 20.1 2.69 78.3 NA
23 3/15/2011 0.5 U 0.78 J 0.5 U 0.5 U 1.8 1 U 2 U 17 14 1 UJ 2 U 0.5 U 0.36 J 2.5 U 1 U 3.5 J 0.5 U 3.5 J 2 U 2 U NA 0.029 J NA 0.05 U 3 0.025 U 18 1.9 210 1.2 NA 6.35 1.09 11.6 9.98 4.65 97.9 130

D = Duplicate
A = Average
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9/5/2003 11 U 1500 4.6 U 6.8 U
5/22/2008 1 U 190 1 J 2 U
6/28/2010 0.66 J 150 J 1.19 J 1 U
3/17/2011 0.5 U 340 0.5 U 1 U

PCE TCE cDCE VC

5/16/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

5/15/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

5/15/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

8/6/2010 0.5 U 0.5 U 0.5 U 1 U
PCE TCE cDCE VC

8/6/2010 0.5 U 0.5 U 0.5 U 1 U
3/17/2011 0.5 U 0.5 U 0.5 U 1 U

PCE TCE cDCE VC

5/15/2008 1 U 730 2 2 U
PCE TCE cDCE VC

8/11/2010 0.5 U 140 1.4 1 U
3/17/2011 0.5 U 16 0.5 U 1 U

PCE TCE cDCE VC

8/11/2010 0.5 U 130 0.79 J 1 U
PCE TCE cDCE VC

5/15/2008 1 U 18 0.4 J 2 U
PCE TCE cDCE VC

8/10/2010 0.5 U 200 3.2 1 U
3/16/2011 0.5 U 62 0.93 J 1 U

PCE TCE cDCE VC

8/10/2010 0.5 U 160 1.8 1 U
PCE TCE cDCE VC

5/14/2008 1 U 1 U 1 U 2 J
PCE TCE cDCE VC

5/14/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

8/10/2010 0.5 U 4.8 0.53 J 0.69 J
3/16/2011 0.5 U 12 0.26 J 1 U

PCE TCE cDCE VC

8/9/2010 0.5 U 1200 26 0.31 J
3/18/2011 0.5 U 680 16 1 U

PCE TCE cDCE VC

1/31/2008 1 U 160 21 2 U
8/1/2008 0.6 J 350 7 2 U

PCE TCE cDCE VC

1/31/2008 1 U 220 2 2 U
8/1/2008 1 U 220 37 2 U

PCE TCE cDCE VC

1/31/2008 1 U 99 1 2 U
PCE TCE cDCE VC

1/31/2008 1 U 200 4 2 U
PCE TCE cDCE VC

1/31/2008 0.5 J 300 5 2 U
PCE TCE cDCE VC

1/31/2008 0.9 J 160 13 2 U
PCE TCE cDCE VC

1/31/2008 1 U 13 2 2 U
PCE TCE cDCE VC

1/31/2008 1 U 1 U 4 2
1/31/2008 D 1 U 1 U 3 2 J
1/31/2008 A 1 U 1 U 3.5 2 J

PCE TCE cDCE VC

1/31/2008 1 U 1 U 0.6 J 2 U
PCE TCE cDCE VC

1/31/2008 2 3 2 2 U
PCE TCE cDCE VC

8/1/2008 1 U 140 43 2 U
PCE TCE cDCE VC

8/1/2008 1 U 190 26 2 U
PCE TCE cDCE VC

8/1/2008 1 UJ 140 27 2 U
PCE TCE cDCE VC

8/1/2008 1 UJ 17 J 43 J 2 U
8/1/2008 D 1 U 35 J 93 J 2 U
8/1/2008 A 1 UJ 26 J 68 J 2 U

PCE TCE cDCE VC

6/25/2010 0.5 UR 9.8 J 7.6 J 1 UR
PCE TCE cDCE VC

6/25/2010 0.5 UR 11 J 0.32 J 1 UR
PCE TCE cDCE VC



9/5/2003 6.2 U 4.7 U 9.4 U 9 U
5/22/2008 2 2 0.5 J 2 U
6/28/2010 1.95 2.95 0.51 J 1 U
3/17/2011 4.4 1.9 0.5 U 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/16/2008 1 U 0.4 J 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/15/2008 1 U 0.8 J 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/15/2008 1 U 1 U 1 U 2 UJ
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/6/2010 0.5 U 0.5 U 0.5 U 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/6/2010 0.5 U 0.5 U 0.5 U 1 U
3/17/2011 0.5 U 0.5 UJ 0.5 U 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/15/2008 1 U 0.4 J 1 J 2 UJ
CA1,1,1‐TCA 1,1‐DCA 1,1‐DCE

8/11/2010 0.5 U 0.28 J 0.45 J 1 U
3/17/2011 0.5 U 0.5 U 0.5 U 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/11/2010 0.5 U 0.7 J 0.5 U 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/15/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/10/2010 0.5 U 0.5 U 1.4 1 U
3/16/2011 0.5 U 0.5 U 0.39 J 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/10/2010 0.5 U 0.5 U 0.59 J 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/14/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/14/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/10/2010 0.5 U 0.5 U 0.5 U 1 U
3/16/2011 0.5 U 0.5 U 0.5 U 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/9/2010 1 J 1.6 13 1 U
3/18/2011 0.5 U 0.5 U 7.4 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 1 0.4 J NA
8/1/2008 2 3 0.7 J NA

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 2 1 0.6 J NA
8/1/2008 1 J 2 0.5 J NA

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 J 0.8 J 1 U NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 2 1 0.6 J NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 2 1 0.9 J NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 2 0.9 J NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 U 1 1 U NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 U 0.7 J 1 U NA
1/31/2008 D 1 U 0.5 J 1 U NA
1/31/2008 A 1 U 0.6 J 1 U NA

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 U 1 U 1 U NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

1/31/2008 1 U 3 1 U NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/1/2008 0.7 J 1 0.5 J NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/1/2008 0.8 J 2 0.5 J NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/1/2008 0.6 J 1 1 U NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/1/2008 1 U 0.6 J 1 U  NA
8/1/2008 D 1 U 1 J 1 U NA
8/1/2008 A 1 U 0.8 J 1 U  NA

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/25/2010 0.5 UR 0.5 UR 0.5 UR NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/25/2010 0.5 UR 0.5 UR 0.5 UR NA
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA



9/4/2003 2.2 1.45 2.2 0.27 U
PCE TCE cDCE VC

9/3/2003 0.43 U 0.42 J 0.61 0.27 U
5/27/2008 1 U 1 U 0.3 J 2 U

PCE TCE cDCE VC

9/4/2003 8.4 3.6 6.4 0.66 J
5/23/2008 1 U 1 U 0.6 J 2 U
6/30/2010 0.5 U 0.5 U 0.41 J 1 U
3/14/2011 1.2 0.88 J 1.4 1 U

PCE TCE cDCE VC

6/23/2010 0.5 U 0.5 U 0.5 U 1 U
PCE TCE cDCE VC

6/17/2010 0.5 U 0.5 U 0.5 U 1 U
3/16/2011 0.5 U 0.5 U 0.5 U 1 U

PCE TCE cDCE VC
5/28/2008 2 0.9 J 1 2 U
6/23/2010 0.53 J 1 J 0.5 U 0.7 J
3/15/2011 12 4.1 4.8 1 U

PCE TCE cDCE VC

5/29/2008 2 J 4 J 1 U 0.8 J
6/22/2010 8.3 3.9 2.2 1 U
3/15/2011 1.05 1.95 0.5 U 1.05 J

PCE TCE cDCE VC

6/29/2010 0.5 U 0.5 U 0.5 U 1 U
PCE TCE cDCE VC

6/22/2010 0.5 U 0.5 U 0.5 U 1 U
3/18/2011 0.5 U 0.5 U 0.5 U 1 U

PCE TCE cDCE VC

5/28/2008 1 U 0.5 J 1 U 2 U
6/29/2010 0.5 U 1.2 0.5 U 0.37 J

PCE TCE cDCE VC

6/29/2010 0.5 U 0.5 U 0.5 U 1 U
PCE TCE cDCE VC

6/30/2010 4.5 1.1 0.23 J 1 U
3/17/2011 4.6 0.5 U 0.5 U 1 U

PCE TCE cDCE VC

8/4/2008 1 UJ 0.4 J 1 U 2 U
PCE TCE cDCE VC

6/30/2010 1.1 0.37 J 0.51 J 1 U
PCE TCE cDCE VC

5/13/2008 50 U 50 U 50 U 100 U
9/18/2008 NA NA NA NA

PCE TCE cDCE VC

5/30/2008 1 U 4 0.4 J 2 U
7/31/2008 1 U 5 0.4 J 6
6/23/2010 0.5 U 3.5 0.37 J 1.6 J
3/15/2011 0.5 U 3.8 0.41 J 1.5 J

PCE TCE cDCE VC

5/27/2008 1 U 5 2 2 U
8/1/2008 1 UJ 11 3 0.4 J

PCE TCE cDCE VC

5/23/2008 1 U 6 4 2 U
7/1/2010 0.5 U 15 21 3.7
3/18/2011 0.5 U 13 18 2.4

PCE TCE cDCE VC

5/26/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

5/20/2008 0.5 J 7 8 1 J
6/18/2010 2.7 6.3 8.9 1.4 J
3/14/2011 3.7 6.1 8.3 0.86 J

PCE TCE cDCE VC

5/20/2008 3 2 3 0.6 J
6/28/2010 2.6 2.4 3.8 0.64 J

PCE TCE cDCE VC

5/21/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

5/22/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

6/4/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

6/3/2008 7 2 9.5 0.4 J
3/17/2011 8.8 J 5.8 J 8 J 1 UJ

PCE TCE cDCE VC

6/2/2008 3 1 3 0.4 J
PCE TCE cDCE VC

5/19/2008 7 J 3 J 2 J 2 UJ
3/14/2011 0.515 J 0.57 J 0.59 J 1 U

PCE TCE cDCE VC
5/16/2008 1 U 1 U 1 U 2 U

PCE TCE cDCE VC

5/19/2008 0.5 J 1 UJ 1 UJ 2 UJ
PCE TCE cDCE VC

5/16/2008 1 UJ 1 UJ 1 UJ 2 UJ
PCE TCE cDCE VC

5/16/2008 0.6 J 1 UJ 1 UJ 2 UJ
PCE TCE cDCE VC

6/4/2008 NA 1 U NA 2 U
6/30/2010 0.58 J 0.57 J 0.53 J 1 U
3/17/2011 0.5 U 0.5 U 0.5 U 1 U

PCE TCE cDCE VC

6/4/2008 2 0.9 J 0.4 J 2 U
PCE TCE cDCE VC

8/4/2008 1 U 16 26 19
8/11/2010 NA NA NA NA

PCE TCE cDCE VC

7/31/2008 12 4 4 0.3 J
3/15/2011 0.5 U 0.5 U 0.5 U 1 U

PCE TCE cDCE VC

7/30/2008 1 U 1 U 1 U 2 U
PCE TCE cDCE VC

8/10/2010 0.5 U 4.5 0.76 J 1 U
3/15/2011 0.5 U 2.3 0.36 J 1 U

PCE TCE cDCE VC

8/9/2010 0.5 U 0.71 J 0.5 U 1 U
3/15/2011 0.5 U 0.78 J 0.5 U 1 U

PCE TCE cDCE VC



9/4/2003 0.25 U 0.19 U 0.38 U 0.36 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

9/3/2003 0.25 U 0.19 U 0.38 U 0.36 U
5/27/2008 1 U 1 U 1 U 2 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

9/4/2003 0.46 J 49 0.38 U 0.36 U
5/23/2008 0.4 J 23 1 2 U
6/30/2010 0.29 J 24 0.77 J 1 U
3/14/2011 0.5 U 41 2.4 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/23/2010 0.5 U 0.5 U 0.5 UJ 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/17/2010 0.5 U 0.5 U 0.5 U 1 U
3/16/2011 0.5 U 0.5 U 0.5 U 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA
5/28/2008 260 380 4 85
6/23/2010 290 440 15 1 U
3/15/2011 180 570 14 1300

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/29/2008 1600 1000 58 J 22 J
6/22/2010 440 1000 11 J 1000
3/15/2011 450 590 26.5 6.1

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/29/2010 0.5 U 0.5 U 0.5 U 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/22/2010 0.5 U 0.5 U 0.5 U 1 U
3/18/2011 0.5 U 0.5 U 0.5 U 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/28/2008 76 47 14 0.4 J
6/29/2010 41 82 J 18 24

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/29/2010 0.5 U 0.5 U 0.5 U 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/30/2010 0.5 U 0.5 U 0.5 U 1 U
3/17/2011 0.5 U 0.5 U 0.5 U 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/4/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/30/2010 0.5 U 0.5 U 0.5 U 1 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/13/2008 50 U 310 50 U 130
9/18/2008 NA NA NA NA

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/30/2008 110 805 79 270
7/31/2008 88 740 78 240
6/23/2010 96 510 52 J 94
3/15/2011 76 540 67 110 J

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/27/2008 1 U 1 1 U 2 U
8/1/2008 1 U 2 1 U 2 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/23/2008 1 19 1 2 U
7/1/2010 7.9 160 12 1.9 J
3/18/2011 7.6 180 11 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/26/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/20/2008 4 130 7 2 U
6/18/2010 7.5 230 J 14 1 U
3/14/2011 6.5 210 16 4.6 J

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/20/2008 3 100 5 2 U
6/28/2010 3.3 110 7.4 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/21/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/22/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/4/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/3/2008 1 U 1 U 1 U 2 U
3/17/2011 0.5 UJ 0.5 UJ 0.5 UJ 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/2/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/19/2008 1 UJ 0.7 J 1 UJ 2 UJ
3/14/2011 0.5 U 1.2 0.5 U 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA
5/16/2008 1 U 1 U 1 U 2 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/19/2008 1 UJ 1 UJ 1 UJ 2 UJ
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/16/2008 1 UJ 1 J 1 UJ 2 UJ
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

5/16/2008 1 UJ 1 UJ 1 UJ 2 UJ
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/4/2008 1 0.4 J NA NA
6/30/2010 NA 0.84 J NA NA
3/17/2011 0.5 U 0.5 U 0.5 U 1 U

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

6/4/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/4/2008 1 U 18 0.8 J 1 J
8/11/2010 NA NA NA NA

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

7/31/2008 NA NA NA NA
3/15/2011 0.5 U 0.5 U 0.5 U 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

7/30/2008 1 U 1 U 1 U 2 U
1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/10/2010 140 64.5 6.15 75.5
3/15/2011 50 50 2.8 57 J

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA

8/9/2010 10 9.2 1.3 1 U
3/15/2011 17 14 1.8 1 UJ

1,1,1‐TCA 1,1‐DCA 1,1‐DCE CA
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Sustainable Remediation Evaluation for the Feasibility Study
Naval Undersea Systems Center (NUSC) Disposal Area - Site 8

Naval Station Newport
Newport, Rhode Island

April 2012

Objective

This Sustainable Remediation Evaluation (SRE) of the remediation alternatives previously described in

the main text in sections 4, 5 and 6 is provided here as an appendix to the Feasibility Study for the Naval

Undersea Systems Center (NUSC) Disposal Area -Site 8, Naval Station Newport, Newport, Rhode Island.

The purpose of the SRE is to assess the environmental impacts of the three remedial alternatives using

the metrics of greenhouse gas (GHG) and criteria pollutant emissions, energy use, water consumption,

and worker safety. The results of this SRE are intended to provide additional information for

consideration during remedy selection and design and enhance the understanding of the environmental

impacts throughout the remedy life-cycle for each of the proposed alternatives.

Sustainability Evaluation Policy Background

Department of Defense (DOD) and Department of the Navy (DON) policies require continual optimization

of remedies in every phase from remedy selection through site closeout (NAVFAC, 2010a).

In January 2007, Executive Order 13423 set targets for sustainable practices for (i) energy efficiency,

greenhouse gas emissions avoidance or reduction, and petroleum products use reduction, (ii) renewable

energy, including bioenergy, (iii) water conservation, (iv) acquisition, (v) pollution and waste prevention

and recycling, etc. In October 2009, Executive Order 13514 was issued, which reinforced these

sustainability requirements and established specific goals for federal agencies to meet by 2020.

In August 2009 DOD issued a policy for “Consideration of Green and Sustainable Remediation Practices

in the Defense Environmental Restoration Program.” The DOD policy and related Navy guidance state

that opportunities to increase sustainability should be considered throughout all phases of remediation

(i.e., site investigation, remedy selection, remedy design and construction, operation, monitoring, and site

closeout). In response to this policy, the DON issued an updated Navy Guidance for “Optimizing Remedy

Evaluation, Selection, and Design” (NAVFAC, 2010), which includes sustainability evaluations as part of

the traditional DON optimization review process for remedy selection, design, and remedial action

operation. In August 2010 the Naval Facilities Engineering Command (NAVFAC) issued a policy requiring

use of the SiteWise tool to perform sustainability reviews as part of all Feasibility Studies. In accordance

with DON policy, this sustainability evaluation is being performed to estimate the environmental footprint
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associated with each of the proposed remedial action alternatives for groundwater, soils and sediments at

NUSC 8, Naval Station Newport, RI.

Applying the DON optimization and sustainability review concepts within the remedial selection and

design phases will allow for the following benefits:

 Determining the factors within each of the remedial alternative with the greatest environmental

impacts and gathering insight into how to eliminate or mitigate these impacts;

 Evaluating remedial alternatives with optimized or reduced environmental footprints in conjunction

with other selection criteria;

 Designing and implementing a more robust remedy while balancing the impact to the

environment; and

 Ensuring efficient, cost-effective and sustainable site closeout.

Evaluation Tools

This evaluation was performed using a hybrid model of the Navy’s SiteWise V2.0 tool supplemented with

Tetra Tech’s GSRx model as appropriate for some site-specific items.

SiteWise is a life-cycle assessment tool developed jointly by the U.S. Navy, U.S. Army Corps of

Engineers (USACE), and Battelle Institute, which assesses the environmental footprint of a remedial

alternative/technology using a consistent set of metrics. The assessment is conducted using a building

block approach where the remedial alternative is first broken down into modules that represent the

remedial action phases, that may include remedial investigation (RI), remedial action construction (RAC),

remedial action operation (RA-O), long-term monitoring (LTM and land use controls (LUC). Once

broken down by remedial phase, the environmental footprint of each phase is calculated. The remedial

action phase-specific footprints are then combined to estimate the overall environmental footprint of the

remedial alternative. This building block approach reduces redundancy in the sustainability evaluation

and facilitates the comprehensive identification of specific impact drivers at each phase of the remedial

action process that contribute to the environmental footprint. The environmental impact inputs that need

to be considered and evaluated include (1) production of material required by the activity; (2)

transportation of the required materials and personnel to the site; (3) all site activities to be performed

including equipment use and material consumption; and (4) management of the waste produced by the

activity.

GSRx builds off of SiteWise and allows for a flexible, detailed analysis, particularly for materials and

equipment use. GSRx was used to account for materials not readily input into SiteWise V1.0 and where

equipment usage assumptions built into SiteWise were not consistent with site-specific remedial

alternative requirements.
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Sustainability Evaluation Framework and Limitations

The sustainability evaluation performed for the Feasibility Study for the NUSC Site 8 at Naval Station

Newport considered life-cycle metrics for global warming potential (through green house gas (GHG)

emissions), criteria air pollutant emissions (through NOX, SOX and PM10 emissions), energy consumption,

water usage, and worker safety.

The following are the alternatives that were analyzed with SiteWise and GSRx for NUSC Site 8 in

Newport, RI:

Alternatives for Groundwater

 GW2: Monitored Natural Attenuation, and LUCS

 GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation , and LUCs

 GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs

Alternatives for Soil

 SO2: Excavation, Ex-Situ Treatment, Removal of Anomalies, Off-Site Disposal, LUCs, and

Monitoring

 SO3: Cover Construction, Removal of Anomalies, Off-Site Disposal, LUCs, and Monitoring

 SO4: Excavation (North Meadow), Consolidation (South Meadow), Removal of Anomalies, Cover

Construction, LUCS and Monitoring (South Meadow)

Alternatives for Sediment

 SD2: Selective Sediment Removal, Dispose Off-Site, and Enhanced Natural Recovery of Pond

Sediment, LUCs, and Monitoring

 SD3: Selective Sediment Removal, Dispose Off-Site and Sediment Cover for Pond Sediment,

LUCs, and Monitoring

 SD4: Sediment Removal and Off-Site Disposal

Life cycle impacts were calculated for energy consumption, emissions of GHG (carbon dioxide [CO2],

methane [CH4], and nitrous oxide [N2O]) and criteria pollutants (nitrogen oxides [NOx], sulfur oxides [SOx]

and particulate matter [PM10]), water usage, and energy consumption, and worker safety.

Life cycle inventory inputs in SiteWise were divided into four categories – 1) materials production; 2)

transportation of personnel, materials and equipment; 3) equipment use and miscellaneous; and 4)

residual handling. Cost estimates from the feasibility study and design calculations were used as a basis
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for inventory quantities and related environmental impact footprint assumptions. Emission factors, energy

consumption, and water usage data were correlated to material quantities, equipment, transportation

distances, and installation time frames in order to calculate life-cycle emissions, energy consumption,

water usage, and worker safety. Default SiteWise emission, energy usage, water consumption, and

worker fatality and accident risk factors were utilized.

Although GSRx was used to minimize limitations resulting within SiteWise, addressing all of the limitations

was not possible using a hybrid SiteWise and GSRx model.. For example, several materials and

construction equipment inventories were input into GSRx and these impacts were then incorporated into

SiteWise within the “Equipment Use and Miscellaneous” sector. This sector (“Equipment Use and

Miscellaneous”) in SiteWise does not differentiate into the specific equipment usage or material

consumption items that are input in GSRx, but rather these inputs are considered miscellaneous items.

However, impact drivers for items input in GSRx can be identified and evaluated directly within the

respective GSRx evaluation and output summary sheets. In addition, worker safety results in general do

not include worker safety related to equipment usage that was input within GSRx because GSRx does

not evaluate worker safety. However, for the alternatives evaluated for NUSC 8, this limitation related to

equipment usage worker safety is considered minor compared to the amount of worker safety related to

transportation for each alternative.

The results provided by SiteWise and GSRx are calculated based on the assumptions that were used to

create costs estimates and preliminary designs in this feasibility study. The results presented in the

following sections are provided with the intention of giving more information in order to make a more

intelligent decision on which treatment to use, but the sole decision should not be made solely on the

environmental impact results.

Sustainability Evaluation Results for Groundwater Alternatives

Greenhouse Gas Emissions

The results of the greenhouse gas (GHG) emissions evaluation for the three groundwater remedial

alternatives are shown in Figure 1. In the x-axis are the three alternatives, and in the y-axis is the amount

of GHG emitted over the lifetime of the alternatives (30 years for all of them). Note that the Figure 1 y-

axis is in logarithmic scale for graphing purposes.
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In the case for Alternative GW2, the total amount of GHG emissions is 218.26 metric tons of CO2e. The

highest contributor to the GHG emissions is the laboratory analytical services (202.26 metric tons of

CO2e) that takes place during the long term monitoring stage, followed by the transportation of personnel

(16.01 metric tons of CO2e).

For Alternative GW3 (total GHG emissions are 374.36 metric tons of CO2e), the highest GHG emissions

contributor is the laboratory analytical services.

For Alternative GW4 (total GHG emissions are 8,876.66 metric tons of CO2e) the highest GHG emissions

contributor is from the production of the ISCO reagent, and in this analysis it is assumed to be hydrogen

peroxide (emissions for the production of this material are 8,558.11 metric tons of CO2e).

Figure 1: GHG Emissions for Proposed Alternatives at Site 8, NUSC Newport

Criteria Pollutant Emissions

NOX

Figure 2 presents the results of the NOX air pollutant emissions evaluation, for the three groundwater

remedial alternatives. The three remedial alternatives are on the x-axis, while the emissions of NOX can

be seen on the y-axis in metric tons.

For Alternative GW2 the highest contributor to NOX emissions (7.06x10-1 metric tons of NOX) is the

laboratory analytical services that takes place during the LTM stage.
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Total NOX emissions for GW3 are 1.02x100 metric tons. The highest contributor for Alternative GW3 is

the use of the laboratory analytical services.

For Alternative GW4 (total NOX emissions are 9.85x10-1 metric tons), the highest contributor is the

laboratory analytical services.

Figure 2 NOX Emissions for Proposed Alternatives at Site 8, NUSC Newport

SOX

Figure 3 has a representation of the SOX emissions evaluation for the three proposed groundwater

remedial alternatives. The three alternatives evaluated are on the x-axis of this figure, and on the y-axis

is the amount of SOX emitted in metric tons.

Alternative GW2 has a total of 4.67x10-1 metric tons of SOX where the laboratory analytical services is

the highest contributor to these emissions.

For Alternative GW3 (total SOX emissions are 6.08x10-1 metric tons), where the highest contributor is the

laboratory analytical services.

The total SOX emissions associated with Alternative GW4 are 1.46x101 metric tons. The highest

contributor of SOX emissions for Alternative GW4 is the production of the ISCO reagent (assumed in this

analysis to be hydrogen peroxide), whose emissions are 13.97 metric tons of SOX.
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Figure 3 SOX Emissions for Proposed Alternatives at Site 8, NUSC Newport

PM10

Figure 4 presents an evaluation of the PM10 emitted by the three proposed groundwater remedial

alternatives. The three alternatives evaluated are on the x-axis of this figure, and on the y-axis is the

amount of PM10 emitted in metric tons.

The total amount of PM10 emissions is 1.89x10-2 metric tons in Alternative GW2, where the highest

contributor is the laboratory analytical services.

The total amount of PM10 emissions from Alternative GW3 are 5.86x10-2 metric tons. The highest

contributor of PM10 for Alternative GW3 is the laboratory analytical services.

The total amount of PM10 emissions associated with Alternative GW4 is 5.34 metric tons. For Alternative

GW4 the highest PM10 contributor is the production of hydrogen peroxide, which is assumed to be the

ISCO reagent for this analysis (where the total emissions of PM10 for this production are 5.29 metric tons).
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Figure 4 PM10 Emissions for Proposed Alternatives at Site 8, NUSC Newport

Energy Consumption

Figure 5 presents the energy consumption for the three proposed remedial alternatives. The x-axis in this

graph represents the three alternatives, while the y-axis shows the amount of energy consumed in

Thousands MMBTU.

The total energy consumption during Alternative GW2 is 3,219.73 MMBTU. The activity with the highest

energy consumption is the laboratory analytical services.

For Alternative GW3 (total energy consumption of 10,773.76 MMBTU), the activity with the highest

consumption of energy is the production of vegetable oil to be used during the treatment stage.

The total amount of energy consumed during GW4 is 230,975.13 MMBTU. The activity with the highest

energy consumption is the production of hydrogen peroxide, to be used as ISCO reagent during the

treatment stage.
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Figure 5 Energy Consumption for Proposed Alternatives at Site 8, NUSC Newport

Water Usage

Figure 6 presents the water consumption for the three proposed groundwater remedial alternatives. The

x-axis of this figure shows each of the alternatives, the y-axis (logarithmic) shows the amount of water

consumed in millions of gallons of water.

Water consumption was not a part of Alternative GW2 because the only activity that takes place is the

transportation of personnel during the long term monitoring stage.

For Alternative GW3 (total water consumption is 178.83 thousand gallons of water), the highest water

consuming activity is the production of vegetable oil.

Alternative GW4 (total water consumption is 38.25 billion gallons of water), the activity with the highest

water consumption is for the production PVC.
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Figure 6 Water Consumption for Proposed Alternatives at Site 8, NUSC Newport

Accident Risk

Figure 7 presents the risk accidental fatality evaluation for the three proposed groundwater remedial

alternatives.

For all Alternatives, the activity with the highest risk of fatality is the transportation of personnel.

Figure 7 Risk of Fatality for Proposed Alternatives at Site 8, NUSC Newport
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Figure 8 shows the risk of accident injury for the groundwater remedial alternatives.

For all Alternatives, the activity with the highest risk of injury is the transportation of personnel

Figure 8 Risk of Injury for Proposed Alternatives at Site 8, NUSC Newport

Sustainability Evaluation Results for Soil Alternatives

Greenhouse Gas Emissions

Figure 9 shows a graphical representation of the GHG emissions associated with the proposed NUSC 8

soil remediation alternatives. The two alternatives analyzes are presented on the x-axis while the GHG

emissions are presented on the y-axis with the units of metric tons of CO2e.

The total amount of GHG that Alternative SO2 could emit is 844.09 metric tons of CO2e. For this

alternative, the highest contributor to the GHG emissions is the potential use of the low temperature

thermal desorption (LTTD) (343.10 metric tons of CO2e) with 30 thousand gallons of fuel oil use and

162.5 hours of operation. The second highest contributor for Alternative SO2 is associated with the

production of burrow soil that will be used for backfill (149.77 metric tons of CO2e). For Alternative SO3,

the amount of GHG that is emitted is 521.83 metric tons of CO2e. Burrow soil production for the use as
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backfill is the activity that has the highest percentage of contribution to the overall CO2e emissions

(311.86 metric tons of CO2e.). The second highest contributor to the GHG emissions during Alternative

SO3 is the production of gravel that will be used as riprap (51.8 metric tons of CO2e)..

Figure 9 : GHG Emissions for Proposed Alternatives at Site 8, NUSC Newport

Criteria Pollutant Emissions

NOX

Figure 10 shows the amount of NOX emissions emitted for the proposed NUSC8 soil remediation

alternatives. The x-axis of the graph shows the two alternatives that are being compared, and the y-axis

has the amount of NOX emitted in metric tons.

The total amount of NOX for alternative SO2 is 1.44 metric tons of NOX, where the highest contributor is

the use of the LTTD equipment emitting 0.64 metric tons NOX with30 thousand gallons of fuel oil use and

162.5 hours of operation. The second highest contributor for alternative SO2 is the use of the dozer (0.4

metric tons NOX) which operates for 307 hours. Alternative SO3 total NOX emissions are 0.38 metric

tons. The highest contributor for this alternative is the use of the dozer (0.2 metric tons NOX) which is in

operation for 153.6 hours; the second highest contributor for SO3 is the transportation of materials and

equipment (0.08 metric tons NOX).
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Figure 10 NOX Emissions for Proposed Alternatives at Site 8, NUSC Newport

SOX

Figure 11 shows the amount of SOX that is associated with the proposed alternatives to treat soil. In this

graph, the x-axis has the two proposed alternatives, while on the y-axis the amount of SOX associated

with each alternative is presented in metric tons.

The total amount of SOX emissions that are emitted by Alternative SO2 are 2.53 metric tons. The

equipment used during this alternative is responsible for the majority of the SOX emissions. The highest

contributor is the use of the LTTD equipment (which emits 2.21 metric tons SOX) and it uses 30 thousand

gallons of fuel oil and it is in operation for 162.5 hours. The second highest contributor of SOX emissions

is the use of the dozer (0.1 metric tons SOX) which is in operation for 307 hours. In the case of

Alternative SO3, the possible SOX emissions emitted to the atmosphere from the activities that take place

during its lifetime are 0.15 metric tons. The highest contributor to the total amount of SOX emissions is

the production of HDPE (0.06 metric tons of SOX) that will be used to produce the geotextile, and the

second highest contribution for this alternative is the use of equipment, in particular the dozer (0.05 metric

tons of SOX) which is operated for 153.6 hours.
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Figure 11 SOX Emissions for Proposed Alternatives at Site 8, NUSC Newport

PM10

In Figure 12 presents the amount of PM10 that each of the proposed NUSC8 remedial alternatives would

emit through their lifetime. On the x-axis of Figure 12 are the two proposed alternatives, and on the y-

axis is the amount of PM10 emitted to the atmosphere in metric tons.

The total amount of PM10 emissions resulting from the activities of Alternative SO2 is 2.67x10-1 metric

tons. The two highest contributors to these emissions are within the equipment use category. The

highest contributor for the PM10 emissions is the use of the LTTD equipment (which emits 0.17 metric

tons PM10) due to its long hours during operation (162.5 hours) and the second highest contributor, is the

use of the dozer (0.03 metric tons PM10) which operates for 307 hours. Alternative SO3 highest

contributor to PM10 emissions is also associated with the use of equipment. The total amounts of

emissions associated with the lifetime of Alternative SO3 are 4.93x10-2 metric tons of PM10. The use of

the dozer accounts for 0.017 metric tons of PM10 (the equipment is in use for 156.3 hours). The second

highest contributor to PM10 emissions during Alternative SO3 is the transportation of equipment and

materials (0.011 metric tons of PM10).
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Figure 12 PM10 Emissions for Proposed Alternatives at Site 8, NUSC Newport

Energy Consumption

Figure 13 shows a graphical representation of the breakdown on how the energy consumption is

associated with the different components of the proposed remedial alternatives. The x-axis of this graph

shows the two proposed alternatives, while the y-axis shows the energy consumption in billion BTU.

For Alternative SO2, the total energy use is 29.10 billion BTU. The highest consumption of energy (13.50

billion BTU) is associated with the production of burrow soil used as backfill during the restoration of the

site.. The second highest contributor of energy consumption is the 162.5 hours used by the LTTD

equipment for the volatilization of the pollutants (whose energy consumption is 4.5 billion BTU).

Alternative SO3 has a total energy use of 35.06 billion BTU. The highest energy consumption contributor

is the production of borrow soil (28.11 billion BTU) that will be used as backfill, the second highest

contributor is for the production of gravel (4.21 billion BTU) to be used as riprap
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Figure 13 Energy Consumption for Proposed Alternatives at Site 8, NUSC Newport

Water Usage

Figure 14 presents the estimated water consumption for Alternatives SO2 and SO3. On the x-axis

arethe two alternatives that are being proposed, while on the y-axis the water consumption is shown in

thousand gallons of water.

For Alternative SO2 the total water consumption is 34.247 thousand gallons of water. During this

alternative, the highest contributor for water consumption is the production of steel (22.63 thousand

gallons of water) that will be used to manufacture the sheet piles and well covers.. The second highest

contributor is the production of HDPE (8.31 thousand gallons of water) that will be used to manufacture

the liner and geotextile used in this alternative. For Alternative SO3, the total water consumption is 8.025

thousand gallons of water. The highest contributor is for the production of HDPE (4.61 thousand gallons

of water) used to manufacture the geotextile , and the second highest contributor is associated with the

use of decontamination water (3 thousand gallons of water) during the site activities.
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Figure 14 Water Consumption for Proposed Alternatives at Site 8, NUSC Newport

Accident Risk

In Figure 15 the estimated risk of accidental fatality can be observed for Alternative SO2 and SO3. The

highest contributor to the risk of fatality in Alternative SO2 are the activities related to residual handling,

whereas the highest contributor to fatality risk for Alternative SO3 is the transportation of personnel.

Figure 15 Risk of Fatality for Proposed Alternatives at Site 8, NUSC Newport
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Figure 16 shows the estimated risk of accidental injury for the two proposed alternatives for soil. For

Alternative SO2 the highest contributor for this risk are the activities associated with residual handling; for

Alternative SO3 the highest contributor to the risk of injuries is the transportation of equipment and

materials.

Figure 16 Risk of Injury for Proposed Alternatives at Site 8, NUSC Newport

Sustainability Evaluation Results for Sediment Alternatives

One assumption limitation for the analysis presented for alternatives SD2, SD3 and SD4 is due to the lack

of available data associated with air emissions associated with the use of the water absorbent polymer.

The impacts resulting from the manufacture and use of the water absorbent polymer were not considered

in this analysis, there is a possibility that these impacts may be significant once their emissions are

determined and they are factored into the total model evaluation.

Greenhouse Gas Emissions

Figure 17 shows the GHG emissions associated with each of the three proposed alternatives to treat

sediment. The three proposed alternatives are on the x-axis, while the GHG emissions are on the the y-

axis in metric tons of CO2e.

The total amount of GHG emissions that are associated with Alternative SD2 are 57.06 metric tons of

CO2e. The highest contributor for this alternative is the use equipment, in particular the excavator (22.50

metric tons of CO2e) which is in operation for 128 hours; the second highest contributor is for the
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production of sand (9.40 metric tons of CO2e) that will be used for backfill during the restoration stage of

the remedial action. The total GHG emissions associated with the activities pertaining to Alternative SD3

are 98.78 metric tons of CO2e. The highest contributor for the GHG emissions is the production of gravel

(30.38 metric tons of CO2e) that will be used as backfill:the second highest contributor to the GHG

emissions is the use of the excavator (22.50 metric tons of CO2e) which operates for 128 hours.

Alternative SD4 has total GHG emissions of 136.39 metric tons of CO2e. The highest GHG contributor for

this remedial alternative is the production of HDPE (56.49 metric tons of CO2e) that will be used to

manufacture the pad liner and the geotubes., and the second highest contributor are related to the

residual handling activities (36.10 metric tons of CO2e).

Figure 17: GHG Emissions for Proposed Alternatives at Site 8, NUSC Newport

Criteria Pollutant Emissions

NOX

Figure 18 shows the NOX emissions associated with the activities related with the proposed alternatives

for the treatment of sediments. The x-axis presents the three proposed remedial alternatives, the NOX

emissions are presented on the y-axis in metric tons of NOX emissions.

The total NOX emissions for Alternative SD2 are 2.34x10-1 metric tons. The activities that are responsible

for the highest NOX emissions during this alternative are the use of equipment. The highest contributor

to these emissions is the use of the excavator (0.15 metric tons NOX) which operates for 128 hours. The

second highest contributor is the use of the skid steer (0.024 metric tons NOX) which is in operation for

192 hours. Alternative SD3 has total NOX emissions of 2.70x10-1 metric tons, with the highest contributor
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being the use of the excavator (0.15 metric tons NOX) which operates for 128 hours; while the second

highest contributor is the use of the front loader (0.038 metric tons NOX) which is also in operation for 128

hours. For Alternative SD4, the total NOX emissions are 3.37x10-1 metric tons. The two highest

contributors to these emissions is the use of equipment, in particular the use of the excavator (0.15 metric

tons NOX) which is in operation for 128 hours, and the use of the front loader (0.047 metric tons NOX)

during its 160 hours of operation.

Figure 18 NOX Emissions for Proposed Alternatives at Site 8, NUSC Newport

SOX

Figure 19 shows the SOX emissions for each of the three alternatives analyzed. The x-axis of this graph

presents the three proposed alternatives, and the y-axis represents the SOX emissions measured in

metric tons.

Alternative SD2 has total SOX emissions of 5.31x10-2 metric tons. The highest contributor to these

emissions is the use of the excavator (0.04 metric tons SOX) which operates for 128 hours; the second

highest contributor is the use of the loader (3.92x10-3 metric tons SOX) which is in operation for 64 hours.

For Alternative SD3, the total SOX emissions are 5.90x10-2 metric tons. The two highest contributors to

these emissions are activities associated with the use of equipment, in particular, the use of the excavator

(0.04 metric tons SOX) and the use of the front loader (7.84x10-3 metric tons SOX), with both pieces of

equipment operating for 128 hours. Alternative SD4 total SOX emissions are 2.05x10-1 metric tons. The

highest contributor to these emissions is the production of HDPE (0.13 metric tons SOX) to manufacture
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the pad liner and the geotubes, while the second highest contributor is the use of the excavator (0.04

metric tons SOX) during 128 hours of operation.

Figure 19 SOX Emissions for Proposed Alternatives at Site 8, NUSC Newport

PM10

In Figure 20 are represented the PM10 emissions associated with the activities that take place during the

three proposed remedial alternatives for sediment treatment. The unit of measurement of the PM10

emissions is metric tons.

The total PM10 emissions from Alternative SD2 are 2.40x10-2 metric tons. The two highest contributors

can be associated with the use of equipment, and in particular, the use of the excavator (0.013 metric

tons PM10) for 128 hours and the use of the skid steer (4.55x10-3 metric tons PM10) which is in use for 192

hours. For Alternative SD3, the total PM10 emissions are 2.90x10-2 metric tons. The highest contributor

to these emissions is the use of the excavator (0.013 metric tons PM10) for 128 hours; the second highest

contributor is the use of the skid steer (6.06x10-3 metric tons PM10) which is in operation during 256 hours.

Alternative SD4 has total PM10 emissions of 5.83x10-2 metric tons. The highest contributor is the

production of HDPE (1.84x10-2 metric tons PM10) which is the material used to produce the pad liner and

the geotubes, and the second highest contributor is the use of excavator (0.01 metric tons PM10) which is

in operation 128 hours.

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

SD2 SD3 SD4

m
e

tr
ic

to
n

s

SOX Emissions

Residual Handling

Equipment Use and Misc

Transportation-Equipment

Transportation-Personnel

Consumables



22

Figure 20 PM10 Emissions for Proposed Alternatives at Site 8, NUSC Newport

Energy Consumption

Figure 21 has the graphical representation of the energy consumption of the three alternatives evaluated

in this analysis. The x-axis presents the three alternatives proposed and the y-axis presents the energy

consumed in MMBTU units..

For Alternative SD2 the total energy consumption is 1.629 billion BTU, where the highest energy

consumption is for the production of sand (866.8 MMBTU) that will be used as backfill; the second highest

contributor is the use of the excavator (380 MM BTU) which operates for 128 hours. The total

consumption of energy for Alternative SD3 is 4.259 billion BTU. The highest contributor to this

consumption of energy is the production of gravel (2.47 billion BTU) that will be used as backfill; the

second highest contributor is the production of sand (866.8 MMBTU) that will also be used as backfill.

Alternative SD4 has a total energy consumption of 2.554 billion BTU where the highest contributor is the

production of HDPE (1130 MMBTU) that will be used as the main material of the pad liner and the

geotubes, and the second highest contributor can be associated with the activities regarding residual

handling (757 MMBTU).
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Figure 21 Energy Consumption for Proposed Alternatives at Site 8, NUSC Newport

Water Usage

Figure 22 shows the amount of water that is consumed during the lifetime of each of the sediment

treatment alternatives. In the x-axis can be observed the three proposed alternatives and in the y-axis

the thousands of gallons of water can be measured.

For Alternatives SD2 and SD3, the total water consumption is 1.042 thousand gallons of water. The

highest water consumption comes from the use of decontamination water (1 thousand gallons of water),

and the activity with the second highest consumption is the production of fertilizer (42.6 gallons of water)

that is assumed to be used as part of the seeding during the site restoration stage. The total water

consumption for Alternative SD4 is 11.141 thousand gallons of water. The production of HDPE is the

activity with the highest water consumption (9.10 thousand gallons of water); this material will be used for

the manufacture of the geotubes and channel liner. The second highest activity that consumes water is

the use of decontamination water (2 thousand gallons of water) during the site preparation stage.
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Figure 22 Water Consumption for Proposed Alternatives at Site 8, NUSC Newport

Accident Risk

Figure 23 shows the risk of accidental fatality associated with the three sediment treatment alternatives.

The highest contributor to the risk of fatality in all three alternatives, SD2, SD3 and SD4 is the

transportation of personnel during the lifetime of each alternative.

Figure 23 Risk of Fatality for Proposed Alternatives at Site 8, NUSC Newport

Figure 24 shows the risk of accidental injury associated with the activities that would take place during the

proposed sediment alternatives. For Alternatives SD2 and SD3 the highest contributor of this risk is the
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transportation of personnel. The activities associated with residual handling are the main contributor to

the risk of injury in Alternative SD4.

Figure 24 Risk of Injury for Proposed Alternatives at Site 8, NUSC Newport

Recommendations

Appendix E-2 presents summary tables with the drivers for each of the impact categories for all the

alternatives evaluated.

Measures identified in the evaluation that may reduce the environmental footprint of the alternatives are

listed below for consideration.

 Consideration of the use of the mulch produced from the trees that were cleared and chipped as

material for landscaping instead of being transported off location and placed in a landfill, this

consideration may reduce the impacts from transportation and the amount of raw materials

needed for the landscaping.

 For the groundwater remediation alternatives, consideration of a design of the wells and well

heads that allows for portable injection wellheads to be used at each well location when needed.

Instead of equipping each injection well with a separate wellhead, several wellheads can be

developed attached to the well for injection using a threaded fitting or flange. where the one

wellhead is used to serve more than one well during the injection periods

 For GW4, consideration of other chemicals to be used as ISCO reagents in order to have a lower

impact during the manufacturing process of said chemical
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 The use of a bio-based polymer should be consider to function as the absorbent polymer and

used through the sediment alternatives.

 For equipment use under the various remedial alternatives, reducing engine idle time and staging

work to optimize soil and sediment handling will also reduce the overall environmental impacts.

 For the groundwater, soil and sediment remedial remedial alternatives, consider alternative ways

of transportation of personnel such as carpooling or public transportation. The impacts from

transportation of personnel could be lowered if the use of alternative fuels or fleet of vehicles is

possible. Finding transportation and materials transportation distance that are shorter than the

model assumptions will also reduce fuel use impacts.

REFERENCES

(a) NAVFAC, DON Guidance for Optimizing Remedy Evaluation, Selection, and Design, March 2010

(b) NAVFAC, DON Policy on SiteWise Optimization/GSR Tool Usage, email received from Brian

Harrison/NAVFAC HQ dated 10 AUG 2010



Table E1

Environmental Impact Results

Groundwater Alternatives

Site 8, NUSC Newport

Newport, Rhode Island

Page 1 of 2

GHG 

Emissions

Total Energy 

Used

Water 

Impacts

NOx 

Emissions

SOx 

Emissions

PM10 

Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Materials Production 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 NA NA

Transportation-Personnel 16.01 201.33 NA 5.92E-03 2.09E-04 1.20E-03 3.28E-04 2.64E-02

Transportation-Equipment 0.00 0.00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Equpiment Use and Misc 202.26 3,018.40 0.00 7.00E-01 4.67E-01 1.77E-02 0.00E+00 0.00E+00

Residual Handling 0.00 0.00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Total 218.26 3,219.73 0.00 7.06E-01 4.67E-01 1.89E-02 3.28E-04 2.64E-02

Materials Production 78.67 6,591.74 141,552.91 1.24E-01 1.24E-01 1.33E-02 NA NA

Transportation-Personnel 33.00 415.13 NA 4.30E-04 4.30E-04 2.48E-03 6.75E-04 5.44E-02

Transportation-Equipment 1.71 22.32 NA 9.51E-06 9.51E-06 4.78E-05 4.42E-06 3.56E-04

Equpiment Use and Misc 232.63 3,727.04 37,285.17 4.84E-01 4.84E-01 4.10E-02 8.98E-05 2.26E-02

Residual Handling 1.34 17.52 NA 7.46E-06 7.46E-06 3.75E-05 3.90E-06 3.14E-04

Total 347.36 10,773.76 178,838.08 6.08E-01 6.08E-01 5.68E-02 7.74E-04 7.76E-02

Materials Production 8,596.38 226,690.73 36,198.99 0.00E+00 1.40E+01 5.30E+00 NA NA

Transportation-Personnel 31.44 395.47 NA 1.16E-02 4.10E-04 2.36E-03 6.44E-04 5.18E-02

Transportation-Equipment 10.17 132.78 NA 3.20E-03 5.66E-05 2.84E-04 2.54E-05 2.04E-03

Equpiment Use and Misc 237.70 3,743.49 2,053.66 9.70E-01 5.09E-01 3.58E-02 6.57E-05 1.65E-02

Residual Handling 0.97 12.66 NA 3.05E-04 5.39E-06 2.71E-05 3.12E-06 2.51E-04

Total 8,876.66 230,975.13 38,252.65 9.85E-01 1.46E+01 5.34E+00 7.38E-04 7.06E-02

GW4

Alternative Activities
Accident Risk 

Fatality

Accident Risk 

Injury

GW2

GW3



Table E2

Environmental Impact Drivers

Groundwater Alternatives

Site 8, NUSC Newport

Newport, Rhode Island

Page 2 of 2

Remedial 

Alternatives
GHG Emissions

Total energy 

Used

Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

Accident Risk 

Fatality

Accident Risk 

Injury

Low Low Low
Moderate to 

high
Low Low Moderate Low to moderate

Laboratory 

analytical 

services

Laboratory 

analytical 

services

No direct water 

requirement

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Transportation of 

personnel

Transportation of 

personnel

Low Low High High Low Low Moderate Moderate to high

Laboratory 

analytical 

services

Production of 

vegetable oil

Production of 

vegetable oil

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Laboratory 

analytical 

services

Transportation of 

personnel

Transportation of 

personnel

High High
Low to 

moderate
High High High High High

Production of 

ISCO Reagent 

(hydrogen 

peroxide)

Production of 

ISCO Reagent 

(hydrogen 

peroxide)

Production of 

PVC

Laboratory 

analytical 

services

Production of 

ISCO Reagent 

(hydrogen 

peroxide)

Production of 

ISCO Reagent 

(hydrogen 

peroxide)

Transportation of 

personnel

Transportation of 

personnel

GW2

GW3

GW4



Table E4

Environmental Impact Results

Soil Alternatives

Site 8, NUSC Newport

Newport, Rhode Island

Page 1 of 2

GHG 

Emissions

Total Energy 

Used

Water 

Impacts

NOx 

Emissions

SOx 

Emissions

PM10 

Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Materials Production 391.092 29,736.542 32,032.456 6.85E-05 1.52E-01 1.83E-02 NA NA

Transportation-Personnel 7.546 94.914 NA 2.79E-03 9.83E-05 5.66E-04 1.54E-04 1.24E-02

Transportation-Equipment 63.014 822.440 NA 1.98E-02 3.50E-04 1.76E-03 1.56E-04 1.26E-02

Equpiment Use and Misc 417.261 5,898.942 3,000.000 1.45E+00 2.06E+00 2.19E-01 1.28E-04 3.23E-02

Residual Handling 98.468 1,312.107 NA 4.86E-02 1.05E-02 5.60E-02 2.36E-04 1.90E-02

Total 977.381 37,864.945 35,032.456 1.52E+00 2.23E+00 2.96E-01 6.75E-04 7.63E-02

Materials Production 447.543 37,749.924 5,472.846 6.84E-02 6.84E-02 9.91E-03 NA NA

Transportation-Personnel 5.469 68.789 NA 7.13E-05 7.13E-05 4.10E-04 1.12E-04 9.01E-03

Transportation-Equipment 83.971 1,095.963 NA 4.67E-04 4.67E-04 2.35E-03 2.08E-04 1.67E-02

Equpiment Use and Misc 52.478 861.221 3,000.000 7.60E-02 7.60E-02 3.51E-02 6.63E-05 1.67E-02

Residual Handling 19.303 331.553 NA 2.96E-02 2.96E-02 1.58E-01 2.42E-05 1.95E-03

Total 608.764 40,107.449 8,472.846 1.75E-01 1.75E-01 2.06E-01 4.10E-04 4.44E-02

Materials Production 448.788 38,253.927 4,506.622 2.72E-07 5.71E-02 8.26E-03 NA NA

Transportation-Personnel 6.479 81.492 NA 2.40E-03 8.44E-05 4.86E-04 1.33E-04 1.07E-02

Transportation-Equipment 85.639 1,117.734 NA 2.69E-02 4.76E-04 2.39E-03 2.12E-04 1.71E-02

Equpiment Use and Misc 87.709 1,429.260 3,000.000 6.38E-01 1.32E-01 5.68E-02 9.55E-05 2.40E-02

Residual Handling 16.080 273.636 NA 4.68E-02 2.37E-02 1.27E-01 2.11E-05 1.70E-03

Total 644.694 41,156.048 7,506.622 7.14E-01 2.13E-01 1.94E-01 4.61E-04 5.34E-02

Activities
Accident Risk 

Fatality

Accident Risk 

Injury

SO2

SO3

SO4

Alternative



Table E5

Environmental Impact Drivers

Soil Alternatives

Site 8, NUSC Newport

Newport, Rhode Island

Page 2 of 2

Remedial 

Alternatives
GHG Emissions

Total energy 

Used

Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

Accident Risk 

Fatality

Accident Risk 

Injury

High High High High High High High High

Production of 

borrow soil

Production of 

borrow soil

Production of 

steel
Equipment use Equipment use Equipment use

Residual 

handling 

operations

Equipment use

Moderate to 

high
High

Low to 

moderate

Low to 

moderate
Low

Moderate to 

high

Moderate to 

high
Moderate

Production of 

borrow soil

Production of 

borrow soil

Production of 

borrow soil

Use of 

equipment 

(dozer)

Use of 

equipment 

(dozer)

Laboratory 

analytical 

services

Transportation 

of equipment 

and materials

Transportation 

of equipment 

and materials

Moderate to 

high
High

Low to 

moderate
Moderate Low

Moderate to 

high

Moderate to 

high

Moderate to 

high

Production of 

borrow soil

Production of 

borrow soil

Production of 

HDPE

Use of 

equipment 

(dozer)

Use of 

equipment 

(dozer)

Laboratory 

analytical 

services

Transportation 

of equipment 

and materials

Equipment use

SO2

SO3

SO4



Table E5

Environmental Impact Results

Sediment Alternatives

Site 8, NUSC Newport

Newport, Rhode Island

Page 1 of 2

GHG 

Emissions

Total Energy 

Used

Water 

Impacts

NOx 

Emissions

SOx 

Emissions

PM10 

Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Materials Production 14.08 965.32 779.67 0.00E+00 1.02E-02 1.48E-03 NA NA

Transportation-Personnel 5.35 67.35 NA 1.98E-03 6.98E-05 4.02E-04 1.10E-04 8.82E-03

Transportation-Equipment 9.95 129.93 NA 3.13E-03 5.53E-05 2.78E-04 2.46E-05 1.98E-03

Equpiment Use and Misc 56.09 838.52 1,000.00 3.07E-01 1.29E-01 2.25E-02 4.44E-05 1.12E-02

Residual Handling 24.20 423.53 NA 7.81E-02 4.01E-02 2.14E-01 2.73E-05 2.20E-03

Total 109.68 2,424.65 1,779.67 3.91E-01 1.79E-01 2.38E-01 2.06E-04 2.42E-02

Materials Production 56.32 3,693.10 9.01 3.60E-02 3.60E-02 5.24E-03 NA NA

Transportation-Personnel 6.69 84.13 NA 8.72E-05 8.72E-05 5.02E-04 1.37E-04 1.10E-02

Transportation-Equipment 17.85 232.94 NA 9.92E-05 9.92E-05 4.99E-04 4.42E-05 3.56E-03

Equpiment Use and Misc 62.77 936.09 3,630.28 1.41E-01 1.41E-01 2.92E-02 6.22E-05 1.56E-02

Residual Handling 45.66 805.83 NA 7.80E-02 7.80E-02 4.16E-01 4.91E-05 3.96E-03

Total 189.29 5,752.08 3,639.29 2.55E-01 2.55E-01 4.52E-01 2.92E-04 3.42E-02

Materials Production 58.18 1,168.79 9,396.15 0.00E+00 1.30E-01 1.89E-02 NA NA

Transportation-Personnel 6.08 76.46 NA 2.25E-03 7.92E-05 4.56E-04 1.24E-04 1.00E-02

Transportation-Equipment 0.91 11.91 NA 2.87E-04 5.07E-06 2.55E-05 4.08E-06 3.28E-04

Equpiment Use and Misc 51.58 780.45 2,000.00 2.70E-01 1.07E-01 2.33E-02 5.72E-05 1.44E-02

Residual Handling 95.99 1,702.68 NA 3.24E-01 1.67E-01 8.92E-01 1.01E-04 8.10E-03

Total 212.74 3,740.28 11,396.15 5.97E-01 4.04E-01 9.35E-01 2.86E-04 3.28E-02

SD4

Alternative Activities
Accident Risk 

Fatality

Accident Risk 

Injury

SD2

SD3



Table E6

Environmental Impact Drivers

Sediment Alternatives

Site 8, NUSC Newport

Newport, Rhode Island

Page 2 of 2

Remedial 

Alternatives
GHG Emissions

Total energy 

Used

Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

Accident Risk 

Fatality

Accident Risk 

Injury

Moderate Moderate Low 
Moderate to 

high
Moderate

Low to 

moderate

Moderate to 

high

Moderate to 

high

Laboratory 

Analytical 

Services

Production of 

sand

Decontamination 

water

Laboratory 

Analytical 

Services

Laboratory 

Analytical 

Services

Residual 

handling 

operations

Transportation 

of personnel
Equipment use

High High Low to moderate High
Moderate to 

high
Moderate High High

Laboratory 

Analytical 

Services

Production of 

gravel

Decontamination 

water

Laboratory 

Analytical 

Services

Laboratory 

Analytical 

Services

Residual 

handling 

operations

Transportation 

of personnel
Equipment use

High
Moderate to 

high
High High High High High High

Residual 

handling 

operations

Residual 

handling 

operations

Production of 

HDPE

Residual 

handling 

operations

Residual 

handling 

operations

Residual 

handling 

operations

Transportation 

of personnel
Equipment use

SD2

SD3

SD4



E-2 Input Inventories



Input Inventory Alternative GW2
Site 8 Naval Undersea System Center Disposal Area, Naval station Newport

Newport, RI

Page 1 of 30

Item Quantity Units Comments

Sampling Crew 42000

12 days per visit, 4 times per year for year 1, 50 miles per day, 
2 people; 12 days per visit, 2 times per year for years 2 and 3, 
50 miles per day, 2 people; 12 days per visit, once a year, 50 
miles per day, 2 people

Item Quantity Units Comments

Laboratory Analytical Services $343,000 dollars
49 wells, 1 sample per well, 4 visit for year 1, 2 visits for year 2 
and 3, 1 visit for years 4 through 30; $200 per sample

Alternative GW2: Monitored Natural Attenuation and Land Use Controls

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory 
should not be used for costing or considered a final design.

LTM
Transportation-Personnel

Laboratory Analytical Services



Input Inventory Alternative GW3
Site 8 Naval Undersea System Center Disposal Area, Naval station Newport

Newport, RI

Page 2 of 30

Item Quantity Units Comments
Temporary Equipment Decon Pad 700.471211 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Temporary Equipment Decon Pad 441.157464 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3
Deon water 4000 gallons

Injection Well Instalation 1036.8 lb 32 wells, 45 ft long, 1440 ft, PVC, Schedule 40, 2 in diameter, 
0.72 lb/ft

Injection Well Heads 150 lb Assume 6 units, 25 lb per unit assume pvc

Injection well installation 15710.4 lb 524 wells, 41 ft long, PVC Schedule 40, 2 in diamaeter, 0.72 
lb/ft

Injection well heads 2625 lb 105 units, 25 lb per unit, assume pvc

Temporary Equipment Decon Pad 700.47121 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Temporary Equipment Decon Pad 441.15746 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 
kg/m3

Deon water 6000 gallons

Item Quantity Units Comments
Supperintendent 4000 miles 80 days, 50 miles per day, 1 person
Site Health and Safety and QA/QC 2000 miles 40 days, 50 miles per day, 1 person
Site labor for site support 8000 miles 80 days, 50 miles per day, 2 people
Pilot Study Injection labor 750 miles 5 days, 50 miles per day, 3 people
Full Treatment Injection Labor 7650 miles 51 days, 50 miles per day, 3 people
Post Injection sampling labor 300 miles 3 days, 50 miles per day, 2 people
Supperintendent 4000 miles 80 days, 50 miles per day, 1 person
Site labor for site support 8000 miles 80 days, 50 miles per day, 2 people
Second Treatment Injection Labor 8400 miles 56 days, 50 miles per day, 3 people

Item Quantity Units Comments
Mobilization/demobilization 20 ton 2 trailers

Decon Water Storage Tank 0.9 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 gal 
capacity tank

Clean Water Storage Tank 0.6 ton 4000 gallons capacity HPDE, 100  miles round trip
Mobilization/demobilization 20 ton 2 trailers

Decon Water Storage Tank 0.9 ton 6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 
500 gal capacity tank

Clean Water Storage Tank 0.6 ton 4000 gallons capacity HPDE, 100  miles round trip
Skid Steer 4 ton 1 skeed steer, 4 tons per skid steer, 100 miles round trip
Rotosonic Drill 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip
Skid Steer 4 ton 1 skeed steer, 4 tons per skid steer, 100 miles round trip
Rotosonic Drill 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip
Pump 0.078 ton 4 pumps. 39 lb per pump
Skid Steer 4 ton 1 skeed steer, 4 tons per skid steer, 100 miles round trip
Pump 0.078 ton 4 pumps, 39 lb per pump

Item Quantity Units Comments
Temporary Equipment Decon Pad 0.35 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Alternative GW3: In-Situ Enhanced Bioremediation, Monitored Natural Attenuation, and 
LUCs
RAC
Materials

Transportation-Personnel

Transportation-equipment

Transportation-materials



Input Inventory Alternative GW3
Site 8 Naval Undersea System Center Disposal Area, Naval station Newport

Newport, RI

Page 3 of 30

Temporary Equipment Decon Pad 0.22 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Injection Well Instalation 0.52 lb 32 wells, 45 ft long, 1440 ft, PVC, Schedule 40, 2 in diameter, 
0.72 lb/ft

Injection Well Heads 0.08 lb Assume 6 units, 25 lb per unit assume pvc

Injection well installation 7.86 lb 524 wells, 41 ft long, PVC Schedule 40, 2 in diamaeter, 0.72 
lb/ft

Injection well heads 1.31 lb 105 units, 25 lb per unit, assume pvc

Temporary Equipment Decon Pad 0.35 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Temporary Equipment Decon Pad 0.22 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 
kg/m3

Equipment Use
Item Quantity Units Comments
Skid Steer 12 hr 5 days, 8 hours per day, 30% efficiency
Rotosonic Drill 40.96 hr 5 wells per day, 32 wells, 88 hours per day, 80% efficiency
Skid Steer 122.4 hr 51 days, 8 hours per day, 30% efficiency
Rotosonic Drill 670.72 hr 5 wells per day, 524 wells, 88 hours per day, 80% efficiency
Pump 256 hr 4 pumps, 10 days, 8 hours per day, 80% efficiency
Skid Steer 134.4 hr 56 days, 8 hours per day, 30% efficiency
Pump 256 hr 4 pumps, 10 days, 8 hours per day, 80% efficiency

Item Quantity Units Comments
Decon Water 16.64 ton 4000 gals, 8.32 ppg, 2000 lb per ton
Decon Water 24.96 ton 6000 gals, 8.32, 2000 lb/ton

Item Quantity Units Comments
Decon Water 100 miles 4000 gals, 8.32 ppg, 2000 lb per ton
Decon Water 100 miles 6000 gals, 8.32, 2000 lb/ton

Item Quantity Units Comments
Post Injection sampling 5600 dollars 28 samples, $200 per sample

RAO
Materials
Item Quantity Units Comments
Emulsified Oil 6240 lb Assume Vegetable Oil
Injection Water 1167 gallons
Emulsified Oil 100969 lb Assume Vegetable Oil
Injection Water 20907 gallons
Emulsified Oil 107209 lb Assume Vegetable Oil
Injection Water 22074 gallons

Transportation-materials
Item Quantity Units Comments
Emulsified Oil 3.12 ton Assume Vegetable Oil
Injection Water 4.85 ton
Emulsified Oil 50.48 ton Assume Vegetable Oil
Injection Water 86.97 ton
Emulsified Oil 53.60 ton Assume Vegetable Oil
Injection Water 91.83 ton

Residual Handling

Laboratory Analitical Services

Transportation Residual Handling



Input Inventory Alternative GW3
Site 8 Naval Undersea System Center Disposal Area, Naval station Newport

Newport, RI

Page 4 of 30

Item Quantity Units Comments

IDW 2.65 ton 16 drums, 55 gallons per drum, assume density 721 kg/m3, 
200 lb per ton

IDW 43.35 ton 262 drums, 55 gallons per drum, assume density 721 kg/m3, 
200 lb per ton

IDW 46.00 ton 278 drums, 55 gallons per drum, assume density 721 kg/m3, 
200 lb per ton

Item Quantity Units Comments

IDW 100 miles 16 drums, 55 gallons per drum, assume density 721 kg/m3, 
200 lb per ton

IDW 100 miles 262 drums, 55 gallons per drum, assume density 721 kg/m3, 
200 lb per ton

IDW 100 miles 278 drums, 55 gallons per drum, assume density 721 kg/m3, 
200 lb per ton

Item Quantity Units Comments

Annual Site Inspection 1500 1 visit per year, 1 day per visit, 50 miles per day, 1 person

Sampling Crew 42000

12 days per visit, 4 times per year for year 1, 50 miles per day, 
2 people; 12 days per visit, 2 times per year for years 2 and 3, 
50 miles per day, 2 people; 12 days per visit, once a year, 50 
miles per day, 2 people

Item Quantity Units Comments

Laboratory Analytical Services 343000 dollars 49 wells, 1 sample per well, 4 visit for year 1, 2 visits for year 2 
and 3, 1 visit for years 4 through 30; $200 per sample

Laboratory Analytical Services

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory 
should not be used for costing or considered a final design.

Residual Handling

LTM
Transportation-Personnel

Residual Handling Transportation



Input Inventory Alternative GW4

Newport Site 8

Place, State

Page 5 of 30

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Decontamination water 3,000.00 gallons

Injection well instalation 1,036.80 lb
1440 lf, 32 wells, 45 ft long, PVC, Schedule 40, 2 in 

diameter, 0.72 lb.ft

Injection Well Heads 150.00 units 6 units, 25 lb per unit, assume PVC

Injection well instalation 12,211.20 lb

416 wells, 41 ft long, PVC, Schedule 40, 2 in 

diameter, 0.72 lb.ft

Injection Well Heads 2,100.00 lb 84 units, assume PVC, assume 25 lb per unit

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Decontamination water 3,000.00 gallons

Item Quantity Units Comments

Site superintendent 3,400 miles 68 days, 50 miles per day, 1 person

Health & Safety and QA/QC 1,750 miles 34 days, 50 miles per day, 1 person

Site Labor (Site Support) 6,800 miles 68 days, 50 miles per day, 2 people

 Pilot study Injection equipment 

crew
450 miles 3 days, 50 miles per day, 3 people

Full treatment equipment crew 6,300 miles 42 days, 2 trips per day, 30 miles per trip, 3 people

Full treatment year 1 crew 6,750 miles 45 days, 2 trips per day, 30 miles per trip, 3 people

Post treatment sampling 800 miles 8 days, 2 trips per day, 30 miles per trip, 2 people

Post-treatment sampling 800 miles 8 days, 2 trips per day, 30 miles per trip, 2 people

Site superintendent 3,400 miles 68 days, 50 miles per day, 1 person

Health & Safety and QA/QC 1,750 miles 34 days, 50 miles per day, 1 person

Site Labor (Site Support) 6,800 miles 68 days, 50 miles per day, 2 people

Item Quantity Units Comments

Trailers 20.00 ton 2 trailers, 10 ton per trailer, 100 miles round trip

Alternative GW4: In-Situ Chemical Oxidation, Monitored Natural Attenuation, and LUCs
RAC

Materials

Transportation-Personnel

Transportation-equipment



Input Inventory Alternative GW4

Newport Site 8

Place, State

Page 6 of 30Decon water storage tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 

150 ln per 500 gal capacity tank

clean water storage tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Trailers 20.00 ton 2 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 

150 ln per 500 gal capacity tank

clean water storage tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Rotosonic Drill 10.00 ton 1 rig, 10 tons, 100 miles round trip

gas pump 0.03 ton gas pump, 50 lb steel, 100 miles round trip

skid steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

Rotosonic Drill 10.00 ton 1 rig, 10 tons, 100 miles round trip

gas pump 0.03 ton gas pump, 50 lb steel, 100 miles round trip

skid steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

Rotosonic Drill 10.00 ton 1 rig, 10 tons, 100 miles round trip

gas pump 0.03 ton gas pump, 50 lb steel, 100 miles round trip

skid steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

Decon water storage tank 0.90 ton 6000 gallons capacity, HPDE, 100 miles round trip

clean water storage tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Trailers 20.00 ton 2 trailers, 10 ton per trailer, 100 miles round trip

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
0.35 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Injection well instalation 0.52 lb
1440 lf, 32 wells, 45 ft long, PVC, Schedule 40, 2 in 

diameter, 0.72 lb.ft

Injection Well Heads 0.08 units 6 units, 25 lb per unit, assume PVC

Injection well instalation 6.11 lb

416 wells, 41 ft long, PVC, Schedule 40, 2 in 

diameter, 0.72 lb.ft

Injection Well Heads 1.05 lb 84 units, assume PVC, assume 25 lb per unit

Temporary Equipment Decon 

Pad
0.35 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Transportation-materials

Equipment Use
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Item Quantity Units Comments

Rotosonic Drill 38.4 hours

5 wells per day, 32 wells total, 8 hours per day, 75% 

capacity per day

gas pump 18 hours
3 days, 8 hours per day, 75% capacity per day, 

assume gasoline, 2 stroke: 1 to 3

Skid steer 6 hours 3 days, 8 hours per day, 25% capacity per day

Rotosonic Drill 499.2 hours

5 wells per day, 416 wells, 8 hours per day, 75% 

capacity per day

gas pump 252 hours

42 days, 8 hours per day, 75% capacity per day 

assume gasoline, 2 stroke: 1 to 3

Skid steer 84 hours 42 days, 8 hours per day, 25% capacity per day

gas pump 270 hours

45 days, 8 hours per day, 75% capacity per day, 

assume gasoline, 2 stroke: 1 to 3

Skid steer 90 hours 45 days, 8 hours per day, 25% capacity per day

Item Quantity Units Comments

Disposal of decon waste 12.48 tons 3000 gal, 8.32 ppg, 2000 lb/ton

Disposal of decon waste 12.48 tons 3000 gal, 8.32 ppg, 2000 lb/ton

Item Quantity Units Comments

Disposal of decon waste 100 miles 3000 gal, 8.32 ppg, 2000 lb/ton

Disposal of decon waste 100 miles 3000 gal, 8.32 ppg, 2000 lb/ton

Item Quantity Units Comments

Bench Test Samples 1000 dollars 5 samples, $200 per sample

Full treatment Sampling 12000 dollars 60 samples, $200 per sample

Full treatment Sampling 12000 dollars 60 samples, $200 per sample

Item Quantity Units Comments

ISCO Reagent 222,321.58 lb
24000 gallons, assume hydrogen peroxide, assume 

density 1.110 g/cm3

ISCO Reagent 2,890,180.48 lb

312000 gallons, assume hydrogen peroxide, 

assume density 1.110 g/cm3

Revegetation seed 41.25 lb Assume fertilizer, 16.5 msf, 3lb per 1.2 msf

ISCO Reagent
1,556,251.03

lb
168000 gallons, assume hydrogen peroxide, 

assume density 1.110 g/cm3

Item Quantity Units Comments

Residual Handling Transportation

Laboratory Analytical Services

Residual Handling

RAO

Materials

Transportation-materials
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Page 8 of 30ISCO Reagent 111.16 lb

24000 gallons, assume hydrogen peroxide, assume 

density 1.110 g/cm3

ISCO Reagent 1,445.09 lb

312000 gallons, assume hydrogen peroxide, 

assume density 1.110 g/cm3

Revegetation seed 0.02 lb Assume fertilizer, 16.5 msf, 3lb per 1.2 msf

ISCO Reagent 778.13 lb

168000 gallons, assume hydrogen peroxide, 

assume density 1.110 g/cm3

Item Quantity Units Comments

IDW disposal 2.65 ton
16 drum, 55 gallons per drum, 100 miles per trip, 

assume density 721 kg/m3

IDW disposal 34.42 ton

208 drum, 55 gallons per drum, 100 miles per trip, 

assume density 721 kg/m3

IDW disposal 37.06 ton

224 drum, 55 gallons per drum, 100 miles per trip, 

assume density 721 kg/m3

Item Quantity Units Comments

IDW disposal 100.00 miles
16 drum, 55 gallons per drum, 100 miles per trip, 

assume density 721 kg/m3

IDW disposal 100.00 miles

208 drum, 55 gallons per drum, 100 miles per trip, 

assume density 721 kg/m3

IDW disposal 100.00 miles

224 drum, 55 gallons per drum, 100 miles per trip, 

assume density 721 kg/m3

Item Quantity Units Comments

Item Quantity Units Comments

Annual Site Inspection 1500
1 visit per year, 1 day per visit, 50 miles per day, 1 

person

Sampling Crew 42000

12 days per visit, 4 times per year for year 1, 50 

miles per day, 2 people; 12 days per visit, 2 times 

per year for years 2 and 3, 50 miles per day, 2 

people; 12 days per visit, once a year, 50 miles per 

day, 2 people

Item Quantity Units Comments

Item Quantity Units Comments

Residual Handling Transportation

Residual Handling

Residual Handling

LTM

Materials

Transportation-Personnel

Equipment Use
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Laboratory Analytical Services 343000 dollars

49 wells, 1 sample per well, 4 visit for year 1, 2 

visits for year 2 and 3, 1 visit for years 4 through 

30; $200 per sample

Laboratory Analytical Services

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.
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Item Quantity Units Comments

Temporary Equipment Decon Pad 700.47 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Temporary Equipment Decon Pad 441.16 lb
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 

kg/m3
Decon Water 3,000.00 gallons

Sheet pile 25,080.00 lb 600 sf, assume 3.3 ft2 per sheet, 41.8 lb of steel per ft2,  

Backfill, common fill 15,441,000.00 lb Assume soil, 5147 CY, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative fill 8,301,000.00 lb Assume soil, 2767 CY, 1.5 ton/CY, 2000 lb/ton

Geotextile 10 oz. 10,616.25 lb Assume HDPE, 16986 sy, 10 oz/sy, 16 oz/lb

Rip rap, 6,116,086.68 lb Assume gravel, 2265 cy, density 1602 kg/m3

Revegetation seed 375.00 lb

Assume fertilizer, 150 msf (thousand square feet), 3 lb of seed 

per 1.2 msf

Well installation 68.00 lb Assume PVC, Schedule 40, 2 in diameter, 100 ft, 0.68 lb/ft

well covers 100.00 lb 5 units, average weight, 20 lb, assume steel

Liner 12,500.00 lb 20,000 sf, assume HDPE, 10 oz/sf, 16 oz per pound

Geotextile 10 oz. 1,388.75 lb Assume HDPE, 2222 sy, 10 oz/sy, 16 oz/lb

Gravel 950,153.56 lb

2222 sy, 6 in depth of gravel, assume gravel, density 1522 

kg/m3

Item Quantity Units Comments

Site Superintendent 4,500.00 miles 90 days, 50 miles per day, 1 person

Site Health and Safety and QAQC 4,500.00 miles 90 days, 50 miles per day, 1 person

Site preparation personnel 1,500.00 miles 10 days, 50 miles per trip, 3 people

excavation, disposal and grading 

personnel 4,500.00 miles 30 days, 50 miles per trip, 3 people

site restoration personnel 3,000.00 miles 20 days, 50 miles per trip, 3 people

Item Quantity Units Comments

Trailers 110.00 ton 11 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank
0.90 ton

6000 gallons capacity, HPDE, 100 miles round trip, 150 lb per 

500 gal capacity tank

Clean Water Storage tank
0.60 ton

4000 gallons capacity HPDE, 100  miles round trip, 150 lb per 

500 gal capacity tank

LTTD 15.00 ton 1 piece of equipment, 15 ton per piece, 100 miles round trip

Excavator, 2.5 cy 20.00 ton 1 excavator, 20 ton per excavator, 100 miles round trip

Skid Steer 4.00 ton 1 skeed steer, 4 tons per skid steer, 100 miles round trip

wood chipper 2.85 ton

1 wood chipper, 2.85 tons per woodchipper, 100 miles round 

trip

Excavator, 2.5 cy 20.00 ton 1 excavator, 20 ton per excavator, 100 miles round trip

Dozer, 300 hp 30.00 ton 1 dozer, 30 ton per dozer, 100 miles round trip

Skid Steer 4.00 ton 1 skeed steer, 4 tons per skid steer, 100 miles round trip

Dozer, 300 hp 30.00 ton 1 dozer, 30 ton per dozer, 100 miles round trip

RAC

Materials

Transportation-Personnel

Transportation-equipment

Alternative: Off-site disposal, excavation, LTTD, remove anomalies, LUCs and 
monitoring
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Page 11 of 30Compactor, 120 hp 5.00 ton 1 compactor, 5 ton per conpactor, 100 miles round trip

skid steer 4.00 ton 1 skeed steer, 4 tons per skid steer, 100 miles round trip

Well development, rotosonic drill 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Screen Plant 15.00 ton Assume 15 ton

Front end loader, 2cy 22.00 ton 1 Loader, 22 ton per dozer, 100 miles round trip

Item Quantity Units Comments

Temporary Equipment Decon Pad 0.35 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Temporary Equipment Decon Pad 0.22 lb
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 

kg/m3

Sheet pile 12.54 lb 600 sf, assume 3.3 ft2 per sheet, 41.8 lb of steel per ft2,  

Backfill, common fill 7,720.50 lb Assume soil, 5147 CY, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative fill 4,150.50 lb Assume soil, 2767 CY, 1.5 ton/CY, 2000 lb/ton

Geotextile 10 oz. 5.31 lb Assume HDPE, 16986 sy, 10 oz/sy, 16 oz/lb

Rip rap, 3,058.04 lb Assume gravel, 2265 cy, density 1602 kg/m3

Revegetation seed 0.19 lb

Assume fertilizer, 150 msf (thousand square feet), 3 lb of seed 

per 1.2 msf

Well installation 0.03 lb Assume PVC, Schedule 40, 2 in diameter, 100 ft, 0.68 lb/ft

well covers 0.05 lb 5 units, average weight, 20 lb, assume steel

Liner 6.25 lb 20,000 sf, assume HDPE, 10 oz/sf, 16 oz per pound

Geotextile 10 oz. 0.69 lb Assume HDPE, 2222 sy, 10 oz/sy, 16 oz/lb

Gravel 475.08 lb

2222 sy, 6 in depth of gravel, assume gravel, density 1522 

kg/m3

Item Quantity Units Comments

Excavator, 2.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

wood chipper 32.00 hours 5 days, 8 hours a day, 80% efficiency

Excavator, 2.5 cy 192.00 hours 30 days, 8 hours a day, 80% efficiency

Dozer, 300 hp 192.00 hours 30 days, 8 hours a day, 80% efficiency

Skid Steer 192.00 hours 30 days, 8 hours a day, 80% efficiency

Dozer, 300 hp 128.00 hours 20 days, 8 hours a day, 80% efficiency

Compactor, 120 hp 128.00 hours 20 days, 8 hours a day, 80% efficiency

skid steer 128.00 hours 20 days, 8 hours a day, 80% efficiency

Well development, rotosonic drill 20.00 hours 4 hours per well, 5 wells,

Screen Plant 64.00 hours

12 days, 8 hours a day, 80% efficiency, Assume 2 motors, 40 hp 

each

Front end loader, 2cy 64.00 hours 24 days, 8 hours a day, 80% efficiency

LTTD 134.48 hours 40 ton of soil per hour, 5379 tons

Item Quantity Units Comments

Disposal Decon Waste 12.51 ton

assume water density 8.34 ppg, 100 mile distance per trip, 

3000 gallons

Off site disposal of chipped trees 250.00 ton 100 mile distance per trip

Diposal of excavated treated soil 11,753.00 ton assumed non hazardous, 100 mile distance per trip

IDW disposal 0.66 ton

4 drum, 55 gallon per drum, 100 mile distrance per trip, 

assume density 721 kg/m3

Equipment Use

Transportation-materials

Residual Handling
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Item Quantity Units Comments

Disposal Decon Waste 100.00 miles

assume water density 8.34 ppg, 100 mile distance per trip, 

3000 gallons

Off site disposal of chipped trees 100.00 miles 100 mile distance per trip

Diposal of excavated treated soil 100.00 miles assumed non hazardous, 100 mile distance per trip

IDW disposal 100.00 miles

4 drum, 55 gallon per drum, 100 mile distrance per trip, 

assume density 721 kg/m3

Item Quantity Units Comments

Verification Samples, on site treatment 16,800.00 dollars 84 samples, $200 per sample

Waste Disposal characterization 2,400.00 dollars 12 samples, $200 per sample

Item Quantity Units Comments

Annual site inspection 1,800.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 person, for 

30 years

Residual Handling Transportation

Laboratory Analytical Services

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.

LTM

Transportation-Personnel
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Item Quantity Units Comments

Decon Water 3,000.00 gallons

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Backfill, common 1,575,000.00 lb Assume soil, 525 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 180,000.00 lb Assume soil, 60 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 8.75 lb

Assume fertilizer, 3.5msf (thousand square feet), 3 

lb of seed per 1.2 msf

Geotextile 10 oz. 12,827.50 lb Assume HDPE, 20524 sy, 10 oz/sy, 16 oz/lb

Rip rap, 6,718,244.44 lb Assume gravel, 2488 cy, density 1602 kg/m3

Backfill, common 24,894,000.00 lb Assume soil, 8298 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 8,307,000.00 lb Assume soil, 2769 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 375.00 lb

Assume fertilizer, 150msf (thousand square feet), 3 

lb of seed per 1.2 msf

Well installation 144.00 lb

Assume PVC, Schedule 40, 2 in diameter, 200 ft, 

0.72 lb/ft

well covers 100.00 lb 5 units, average weight, 20 lb, assume steel

Item Quantity Units Comments

Site Superintendent 3,500.00 miles 70 days, 50 miles per day, 1 person

Site Health and Safety 3,500.00 miles 70 days, 50 miles per day, 1 person

Site preparation personnel 1,500.00 miles 10 days, 2 trips per day, 30 miles per trip, 3 people

excavation, disposal and grading 

personnel 450.00 miles 3 days, 2 trips per day, 30 miles per trip, 3 people

Site restoration personnel 3,600.00 miles 24 days, 2 trips per day, 30 miles per trip, 3 people

Item Quantity Units Comments

Trailers 110.00 ton 11 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank
0.90 ton

6000 gallons capacity, HPDE, 100 miles round trip, 

150 lb per 500 gal capacity tank

Clean Water Storage tank
0.60 ton

4000 gallons capacity HPDE, 100  miles round trip, 

150 lb per 500 gal capacity tank

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

Alternative: Off site disposal, removal of anomalies, cover, Lucs and monitoring

RAC

Materials

Transportation-Personnel

Transportation-equipment
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Page 14 of 30wood chipper 2.85 ton

1 wood chipper, 2.85 tons per woodchipper, 100 

miles round trip

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

dozer, 300 hp 30.00 ton 1 dozer, 30 ton per dozer, 100 miles round trip

compactor, 120 hp 5.00 ton

1 compactor, 5 ton per conpactor, 100 miles round 

trip

dozer, 300 hp 30.00 ton 1 dozer, 30 ton per dozer, 100 miles round trip

compactor, 120 hp 5.00 ton

1 compactor, 5 ton per conpactor, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

Well development, rotosonic 

drill 3.05 1 drill rig, 6100 lb, 100 miles round trip

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 ton

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Backfill, common 787.50 ton Assume soil, 525 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 90.00 ton Assume soil, 60 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 0.00 ton

Assume fertilizer, 3.5msf (thousand square feet), 3 

lb of seed per 1.2 msf

Geotextile 10 oz. 6.41 ton Assume HDPE, 20524 sy, 10 oz/sy, 16 oz/lb

Rip rap, 3,359.12 ton Assume gravel, 2488 cy, density 1602 kg/m3

Backfill, common 12,447.00 ton Assume soil, 8298 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 4,153.50 ton Assume soil, 2769 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 0.19 ton

Assume fertilizer, 150msf (thousand square feet), 3 

lb of seed per 1.2 msf

Well installation 0.07 ton

Assume PVC, Schedule 40, 2 in diameter, 200 ft, 

0.72 lb/ft

well covers 0.05 ton 5 units, average weight, 20 lb, assume steel

Item Quantity Units Comments

Excavator, 2.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

wood chipper 32.00 hours 5 days, 8 hours a day, 80% efficiency

Excavator, 2.5 cy 19.20 hours 3 days, 8 hours a day, 80% efficiency

Skid Steer 19.20 hours 3 days, 8 hours a day, 80% efficiency

dozer, 300 hp 12.80 hours 2 days, 8 hours a day, 80% efficiency

Transportation-materials

Equipment Use
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compactor, 120 hp 12.80 hours 2 days, 8 hours a day, 80% efficiency

dozer, 300 hp 153.60 hours 24 days, 8 hours a day, 80% efficiency

compactor, 120 hp 153.60 hours 24 days, 8 hours a day, 80% efficiency

Skid Steer 153.60 hours 24 days, 8 hours a day, 80% efficiency

Well development, rotosonic 

drill 40.00 hours 4 hours per well, 10 wells

Item Quantity Units Comments

Disposal Decon Waste 12.51 ton

assume water density 8.34 ppg, 100 mile distance 

per trip

Off site disposal of chipped trees 250.00 ton 100 mile distance per trip

T&D Excavated Treated Soil 869.00 ton

IDW disposal 1.32 ton

8 drum, 55 gallon per drum, 100 mile distrance per 

trip

Item Quantity Units Comments

Disposal Decon Waste 100.00 miles

assume water density 8.34 ppg, 100 mile distance 

per trip

Off site disposal of chipped trees 100.00 miles 100 mile distance per trip

T&D Excavated Treated Soil 100.00 miles

IDW disposal 100.00 miles

8 drum, 55 gallon per drum, 100 mile distrance per 

trip

Item Quantity Units Comments

Verification samples 2,400.00 dollars 12 samples, $200 per sample

Waste Disposal Characterization 1,000.00 dollars 5 samples, $200 per sample

Item Quantity Units Comments

Annual site inspection 1,800.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

Residual Handling

LTM

Transportation-Personnel

Residual Handling Transportation

Laboratory Analytical Services

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.
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Item Quantity Units Comments

Decon Water 3,000.00 gallons

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Backfill, common 1,248,000.00 lb Assume soil, 416 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 159,000.00 lb Assume soil, 53 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 7.50 lb

Assume fertilizer, 3msf (thousand square feet), 3 

lb of seed per 1.2 msf

Geotextile 10 oz. 10,616.25 lb Assume HDPE, 16,986 sy, 10 oz/sy, 16 oz/lb

Rip rap, 6,116,086.68 lb Assume gravel, 2265 cy, density 1602 kg/m3

Backfill, common 14,739,000.00 lb Assume soil, 4913 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 4,914,000.00 lb Assume soil, 1638 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 222.50 lb

Assume fertilizer, 89msf (thousand square feet), 3 

lb of seed per 1.2 msf

Well installation 72.00 lb

Assume PVC, Schedule 40, 2 in diameter, 100 ft, 

0.72 lb/ft

well covers 100.00 lb 5 units, average weight, 20 lb, assume steel

Backfill, common 11,544,000.00 lb Assume soil, 3848 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 3,405,000.00 lb Assume soil, 1135 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 155.00 lb

Assume fertilizer, 62msf (thousand square feet), 3 

lb of seed per 1.2 msf

Item Quantity Units Comments

Site Superintendent 4000 miles 80 days, 50 miles per day, 1 person

Site Health and Safety 4000 miles 80 days, 50 miles per day, 1 person

Site preparation personnel 1500 miles 10 days, 2 trips per day, 30 miles per trip, 3 people

excavation, disposal and grading 

personnel 450 miles 3 days, 2 trips per day, 30 miles per trip, 3 people

Site restoration personnel 3750 miles 25 days, 2 trips per day, 30 miles per trip, 3 people

Site Labor excavate, place under 

cover and seed 1500 miles 10 days, 50 miles per day, 3 people

Item Quantity Units Comments

Trailers 120 ton 12 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank
0.9 ton

6000 gallons capacity, HPDE, 100 miles round trip, 

150 lb per 500 gal capacity tank

Transportation-Personnel

Transportation-equipment

RAC

Materials

Alternative: Off site disposal, removal of anomalies, cover, Lucs and monitoring
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Page 17 of 30Clean Water Storage tank
0.6 ton

4000 gallons capacity HPDE, 100  miles round trip, 

150 lb per 500 gal capacity tank

Excavator, 2.5 cy 20 ton

1 excavator, 20 ton per excavator, 100 miles 

round trip

Skid Steer 4 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

wood chipper 2.85 ton

1 wood chipper, 2.85 tons per woodchipper, 100 

miles round trip

Excavator, 2.5 cy 20 ton

1 excavator, 20 ton per excavator, 100 miles 

round trip

Skid Steer 4 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

dozer, 300 hp 30 ton 1 dozer, 30 ton per dozer, 100 miles round trip

compactor, 120 hp 5 ton

1 compactor, 5 ton per conpactor, 100 miles 

round trip

dozer, 300 hp 30 ton 1 dozer, 30 ton per dozer, 100 miles round trip

compactor, 120 hp 5 ton

1 compactor, 5 ton per conpactor, 100 miles 

round trip

Skid Steer 4 ton

1 skeed steer, 4 tons per skid steer, 100 miles 

round trip

Well development, rotosonic drill 3.05 1 drill rig, 6100 lb, 100 miles round trip

Excavator, 2.5 cy 20 ton

1 excavator, 20 ton per excavator, 100 miles 

round trip

dozer, 300 hp 30 ton 1 dozer, 30 ton per dozer, 100 miles round trip

compactor, 120 hp 5 ton

1 compactor, 5 ton per conpactor, 100 miles 

round trip

dozer, 300 hp 30 ton 1 dozer, 30 ton per dozer, 100 miles round trip

compactor, 120 hp 5 ton

1 compactor, 5 ton per conpactor, 100 miles 

round trip

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 ton

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Backfill, common 624.00 ton Assume soil, 416 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 79.50 ton Assume soil, 53 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 0.00 ton

Assume fertilizer, 3msf (thousand square feet), 3 

lb of seed per 1.2 msf

Geotextile 10 oz. 5.31 ton Assume HDPE, 16,986 sy, 10 oz/sy, 16 oz/lb

Rip rap, 3,058.04 ton Assume gravel, 2265 cy, density 1602 kg/m3

Transportation-materials
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Backfill, common 7,369.50 ton Assume soil, 4913 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 2,457.00 ton Assume soil, 1638 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 0.11 ton

Assume fertilizer, 89msf (thousand square feet), 3 

lb of seed per 1.2 msf

Well installation 0.04 ton

Assume PVC, Schedule 40, 2 in diameter, 100 ft, 

0.72 lb/ft

well covers 0.05 ton 5 units, average weight, 20 lb, assume steel

Backfill, common 5,772.00 ton Assume soil, 3848 cy, 1.5 ton/cy, 2000 lb/ton

Backfill, vegetative soil 1,702.50 ton Assume soil, 1135 cy, 1.5 ton/cy. 2000 lb/ton

Revegetation seed 0.08 ton

Assume fertilizer, 62msf (thousand square feet), 3 

lb of seed per 1.2 msf

Item Quantity Units Comments

Excavator, 2.5 cy 64 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64 hours 10 days, 8 hours a day, 80% efficiency

wood chipper 32 hours 5 days, 8 hours a day, 80% efficiency

Excavator, 2.5 cy 19.2 hours 3 days, 8 hours a day, 80% efficiency

Skid Steer 19.2 3 days, 8 hours a day, 80% efficiency

dozer, 300 hp 12.8 2 days, 8 hours a day, 80% efficiency

compactor, 120 hp 12.8 2 days, 8 hours a day, 80% efficiency

dozer, 300 hp 160 25 days, 8 hours a day, 80% efficiency

compactor, 120 hp 160 25 days, 8 hours a day, 80% efficiency

Skid Steer 160 25 days, 8 hours a day, 80% efficiency

Well development, rotosonic drill 20 hours 4 hours per well, 5 wells

Excavator, 2.5 cy 64 hours 10 days, 8 hours a day, 80% efficiency

dozer, 300 hp 64 10 days, 8 hours a day, 80% efficiency

compactor, 120 hp 64 10 days, 8 hours a day, 80% efficiency

dozer, 300 hp 64 10 days, 8 hours a day, 80% efficiency

compactor, 120 hp 64 10 days, 8 hours a day, 80% efficiency

Item Quantity Units Comments

Disposal Decon Waste 12.51 ton

assume water density 8.34 ppg, 100 mile distance 

per trip

Off site disposal of chipped trees 250 ton 100 mile distance per trip

T&D Excavated Treated Soil 696 ton

IDW disposal 0.66 ton

4 drum, 55 gallon per drum, 100 mile distrance 

per trip

Item Quantity Units Comments

Disposal Decon Waste 100 miles

assume water density 8.34 ppg, 100 mile distance 

per trip

Equipment Use

Residual Handling

Residual Handling Transportation
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T&D Excavated Treated Soil 100 miles

IDW disposal 100.00 miles

4 drum, 55 gallon per drum, 100 mile distrance 

per trip

Item Quantity Units Comments

Verification samples 2400 dollars 12 samples, $200 per sample

Waste Disposal Characterization 800 dollars 4 samples, $200 per sample

Item Quantity Units Comments

Annual site inspection 1800 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.

LTM

Transportation-Personnel

Laboratory Analytical Services
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Item Quantity Units Comments

Decon water 1,000.00 gallons

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

backfill, sand 4,147,597.85 lb Sand, 1548 cy, assume density 1602 kg/m3

Revegetation seed 81.25 lb

Assume fertilizer, 32.5msf (thousand square feet), 3 

lb of seed per 1.2 msf

Wetlands reseeding 13.00 lb

Assume fertilizer, 325 csf (hundred square feet), 1 lb 

of seed per 2500 sf, transportation disntance 50 

miles
Geotube, HDPE 833.33 lb 10 oz/sy 2 tubes at 60'x100'

Geotextile 508.33 lb 12,200 sf, Assume HDPE sy, 6 oz/sy, 16 oz/lb

Item Quantity Units Comments

Site Superintendent 1,500.00 miles 30 days, 50 miles per day, 1 person

Site Health and Safety 1,750.00 miles 35 days, 50 miles per day, 1 person

Site preparation personnel 1,500.00 miles 10 days, 2 trips per day, 30 miles per trip, 3 people

stream sediment removal and 

disposal personnel 300.00 miles 2 days, 2 trips per day, 30 miles per trip, 3 people

pond cover personnel 1,500.00 miles 10 days, 2 trips per day, 30 miles per trip, 3 people

Site labor, pod sediment removal 

and disposal 1,500.00 miles 10 days, 50 miles per day, 3 people

Item Quantity Units Comments

Trailers 100.00 ton 10 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank
0.90 ton

6000 gallons capacity, HPDE, 100 miles round trip, 

150 lb per 500 gal capacity tank

Clean Water Storage tank
0.60 ton

4000 gallons capacity HPDE, 100  miles round trip, 

150 lb per 500 gal capacity tank

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Alternative: SD2 removal stream sediments, disposal off site, and enhanced natural 

RAC

Materials

Transportation-Personnel

Transportation-equipment
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wood chipper 2.85 ton

1 wood chipper, 2.85 tons per woodchipper, 100 

miles round trip

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Front end loader, 5.5 cy 20.00 ton

1 front end loader, 20 tond per loader, 100 miles 

round trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Dredging equipment 13.00 ton 1 dreger, 13 ton per dredger

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Dredging equipment 13.00 ton 1 dreger, 13 ton per dredger

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
0.35 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

backfill, sand 2,073.80 lb Sand, 1548 cy, assume density 1602 kg/m3

Revegetation seed 0.04 lb

Assume fertilizer, 32.5msf (thousand square feet), 3 

lb of seed per 1.2 msf

Wetlands reseeding 0.01 lb

Assume fertilizer, 325 csf (hundred square feet), 1 lb 

of seed per 2500 sf, transportation disntance 50 

miles
Geotube, HDPE 0.42 lb 10 oz/sy 2 tubes at 60'x100'

Geotextile 0.25 lb 12,200 sf, Assume HDPE sy, 6 oz/sy, 16 oz/lb

Item Quantity Units Comments

Excavator, 2.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

wood chipper 32.00 hours 5 days, 8 hours a day, 80% efficiency

Excavator, 2.5 cy 12.80 hours 2 days, 8 hours a day, 80% efficiency

Skid Steer 12.80 hours 2 days, 8 hours a day, 80% efficiency

Front end loader, 5.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

Dredging equipment 38.72 hours 9680 CY, 250 CY/hour

Dredging equipment 3.72 hours 929 CY, 250 CY/hour

Excavator, 2.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Transportation-materials

Equipment Use



Input Inventory Alternative SD2

Newport Site 8

Place, State

Page 22 of 30

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

Item Quantity Units Comments

Disposal Decon Waste 4.17 ton

assume water density 8.34 ppg, 100 mile distance 

per trip

Off site disposal of chipped trees 150.00 ton 100 mile distance per trip

Disposal of excavated soil 61.00 ton assume non-hazardous, 100 miles per trip out

T&D Excavated treated sediment 

non hazardous 1,115.00 ton

Item Quantity Units Comments

Disposal Decon Waste 100.00 miles

assume water density 8.34 ppg, 100 mile distance 

per trip

Off site disposal of chipped trees 100.00 miles 100 mile distance per trip

Disposal of excavated soil 100.00 miles assume non-hazardous, 100 miles per trip out

T&D Excavated treated sediment 

non hazardous 100.00 miles

Item Quantity Units Comments

Verification samples 600.00 dollars 3 samples, $200 per sample

Waste Disposal Characterization 400.00 dollars 2 samples, $200 per sample

Verification samples 4,200.00 dollars 21 samples, $200 per sample

Waste Disposal Characterization 800.00 dollars 4 samples, $200 per sample

Item Quantity Units Comments

Annual site inspection 1,500.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

groundwater and sediment  

sampling crew 3,000.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip,2 

person, for 30 years

Annual Dam Inspection 1,500.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

Laboratory Analytical Services

Residual Handling

LTM

Transportation-Personnel

Residual Handling Transportation

Laboratory Analytical Services
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Item Quantity Units Comments

groundwater and sediment  

sampling 48000 dollars 8 samples, 30 yeasr, $200 per sample

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.
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Item Quantity Units Comments

Decon water 1,000.00 gallons

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

backfill, sand 4,180,000.96 lb Sand, 1548 cy, assume density 1602 kg/m3

backfill, gravel 3,971,261.84 lb 1548 cy, assume density 1522 kg/m3

Geotextile 3,831.75 10,218 sy, Assume HDPE sy, 6 oz/sy, 16 oz/lb

Revegetation seed 81.25 lb

Assume fertilizer, 32.5msf (thousand square feet), 3 lb 

of seed per 1.2 msf

Wetlands reseeding 13.00 lb

Assume fertilizer, 325 csf (hundred square feet), 3 lb 

of seed per 1.2 msf, transportation disntance 50 miles

Geotube, HDPE 1,666.67 lb 10 oz/sy 2 tubes at 60'x100'

Geotextile 1,016.67 lb 24400 sf, Assume HDPE sy, 6 oz/sy, 16 oz/lb

Item Quantity Units Comments

Site superintendent 2,250.00 miles 45 days, 50 miles per day, 1 person

Site Heatlh and Safety 2,250.00 miles 46 days, 50 miles per day, 1 person

Site preparation personnel 1,500.00 miles 10 days, 2 trips per day, 30 miles per trip, 3 people

stream sediment removal 

and disposal personnel 300.00 miles 2 days, 2 trips per day, 30 miles per trip, 3 people

pond cover personnel 3,000.00 miles 20 days, 2 trips per day, 30 miles per trip, 3 people

pond sediment removal and 

dosposal personnel 2,250.00 miles 15 days, 50 miles per day, 3 people

Item Quantity Units Comments

Trailers 100.00 ton 10 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank
0.90 ton

6000 gallons capacity, HPDE, 100 miles round trip, 150 

lb per 500 gal capacity tank

Clean Water Storage tank
0.60 ton

4000 gallons capacity HPDE, 100  miles round trip, 150 

lb per 500 gal capacity tank

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Alternative: SD3 removal stream sediments, disposal off site, sediment cover for Lake 
sediments, LUCs and Monitoring

RAC

Materials

Transportation-Personnel

Transportation-equipment
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Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

wood chipper 2.85 ton

1 wood chipper, 2.85 tons per woodchipper, 100 miles 

round trip

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Front end loader, 5.5 cy 20.00 ton

1 front end loader, 20 tond per loader, 100 miles 

round trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Dredging equipment 13.00 ton 1 dreger, 13 ton per dredger

Dredging equipment 13.00 ton 1 dreger, 13 ton per dredger

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
0.35 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 ton

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

backfill, sand 2,090.00 ton Sand, 1548 cy, assume density 1602 kg/m3

backfill, gravel 1,985.63 ton 1548 cy, assume density 1522 kg/m3

Geotextile 1.92 ton 10,218 sy, Assume HDPE sy, 6 oz/sy, 16 oz/lb

Revegetation seed 0.04 ton

Assume fertilizer, 32.5msf (thousand square feet), 3 lb 

of seed per 1.2 msf

Wetlands reseeding 0.01 ton

Assume fertilizer, 325 csf (hundred square feet), 3 lb 

of seed per 1.2 msf, transportation disntance 50 miles

Geotube, HDPE 0.83 ton 10 oz/sy 2 tubes at 60'x100'

Geotextile 0.51 ton 24400 sf, Assume HDPE sy, 6 oz/sy, 16 oz/lb

Item Quantity Units Comments

Excavator, 2.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

wood chipper 32.00 hours 5 days, 8 hours a day, 80% efficiency

Excavator, 2.5 cy 12.80 hours 2 days, 8 hours a day, 80% efficiency

Skid Steer 12.80 hours 2 days, 8 hours a day, 80% efficiency

Front end loader, 5.5 cy 128.00 hours 20 days, 8 hours a day, 80% efficiency

Transportation-materials

Equipment Use
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Skid Steer 128.00 hours 20 days, 8 hours a day, 80% efficiency

Dredging equipment 38.72 hours 9680 CY, 250 CY/hour
Dredging equipment 7.43 hours 1858 CY, 250 CY/hour

Excavator, 2.5 cy 96.00 hours 15 days, 8 hours a day, 80% efficiency

Skid Steer 96.00 hours 15days, 8 hours a day, 80% efficiency

Item Quantity Units Comments

Disposal Decon Waste 4.17 gallons

assume water density 8.34 ppg, 100 mile distance per 

trip

Off site disposal of chipped 

trees 150.00 ton 100 mile distance per trip

Disposal of excavated soil 61.00 ton assume non-hazardous, 100 miles per trip out

T&D Excavated treated 

sediment non hazardous 2,230.00 ton

Item Quantity Units Comments

Disposal Decon Waste 100.00 miles

assume water density 8.34 ppg, 100 mile distance per 

trip

Off site disposal of chipped 

trees 100.00 miles 100 mile distance per trip

Disposal of excavated soil 100.00 miles assume non-hazardous, 100 miles per trip out

T&D Excavated treated 

sediment non hazardous 100.00 miles

Item Quantity Units Comments

Verification samples 600.00 dollars 3 samples, $200 per sample

Waste Disposal 

Characterization 200.00 dollars 1 samples, $200 per sample

Verification samples 4,200.00 dollars 42 samples, $200 per sample

Waste Disposal 

Characterization 800.00 dollars 4 samples, $200 per sample

Item Quantity Units Comments

Annual site inspection 1,500.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

Residual Handling

Laboratory Analytical Services

Residual Handling

LTM

Transportation-Personnel
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groundwater and sediment  

sampling crew 3,000.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip,2 

person, for 30 years

Annual Dam Inspection 1,500.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

Item Quantity Units Comments

Item Quantity Units Comments

groundwater and sediment  

sampling 48,000.00 dollars 8 samples, 30 yeasr, $200 per sample

Laboratory Analytical Services

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.
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Item Quantity Units Comments

Decon water 2,000.00 gallons

Temporary Equipment Decon 

Pad
700.47 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Pad and channel liner 22,812.50 lb Assume HDPE, 36500 sf, 10 oz/sf, 16 oz per pound

Gotube 2,500.00 lb assume HDPE, 6 units, 60x100

Revegetation seed 81.25 lb

Assume fertilizer, 32.5msf (thousand square feet), 3 lb 

of seed per 1.2 msf

Wetlands reseeding 13.00 lb

Assume fertilizer, 325 csf (hundred square feet), 3 lb 

of seed per 1.2 msf, transportation disntance 50 miles

Item Quantity Units Comments

Site Superintendent 2,500.00 miles 50 days, 50 miles per day, 1 person

Site Health and Safety 2,500.00 miles 51 days, 50 miles per day, 1 person

Site preparation personnel 1,500.00 miles 10 days, 2 trips per day, 30 miles per trip, 3 people

stream sediment removal and 

disposal personnel 300.00 miles 2 days, 2 trips per day, 30 miles per trip, 3 people

pond cover personnel 3,750.00 miles 25 days, 2 trips per day, 30 miles per trip, 3 people

Item Quantity Units Comments

Trailers 100.00 ton 10 trailers, 10 ton per trailer, 100 miles round trip

Decon water storage tank
0.90 ton

6000 gallons capacity, HPDE, 100 miles round trip, 150 

lb per 500 gal capacity tank

Clean Water Storage tank
0.60 ton

4000 gallons capacity HPDE, 100  miles round trip, 150 

lb per 500 gal capacity tank

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

wood chipper 2.85 ton

1 wood chipper, 2.85 tons per woodchipper, 100 miles 

round trip

Excavator, 2.5 cy 20.00 ton

1 excavator, 20 ton per excavator, 100 miles round 

trip

Alternative: SD4 sediment removal stream and off site disposal
RAC

Materials

Transportation-Personnel

Transportation-equipment



Input Inventory Alternative SD4

Newport Site 8

Place, State

Page 29 of 30

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Front end loader, 5.5 cy 20.00 ton

1 front end loader, 20 tond per loader, 100 miles 

round trip

Skid Steer 4.00 ton

1 skeed steer, 4 tons per skid steer, 100 miles round 

trip

Dredging equipment 13.00 ton 1 dreger, 13 ton per dredger

Item Quantity Units Comments

Temporary Equipment Decon 

Pad
0.35 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 

g/cm3

Temporary Equipment Decon 

Pad
0.22 lb

Assume wood, 4x4 in, 120 ft of timber, density for 

pine 530 kg/m3

Pad and channel liner 11.41 lb Assume HDPE, 36500 sf, 10 oz/sf, 16 oz per pound

Gotube 1.25 lb assume HDPE, 6 units, 60x100

Revegetation seed 0.04 lb

Assume fertilizer, 32.5msf (thousand square feet), 3 lb 

of seed per 1.2 msf

Wetlands reseeding 0.01 lb

Assume fertilizer, 325 csf (hundred square feet), 3 lb 

of seed per 1.2 msf, transportation disntance 50 miles

Item Quantity Units Comments

Excavator, 2.5 cy 64.00 hours 10 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 10 days, 8 hours a day, 80% efficiency

wood chipper 32.00 hours 5 days, 8 hours a day, 80% efficiency

Excavator, 2.5 cy 64.00 hours 2 days, 8 hours a day, 80% efficiency

Skid Steer 64.00 hours 3 days, 8 hours a day, 80% efficiency

Front end loader, 2.5 cy 160.00 hours 25 days, 8 hours a day, 80% efficiency

Skid Steer 160.00 hours 25 days, 8 hours a day, 80% efficiency

Hydraulic Dredging 16.16 hours 4041 cy, 250 cy per hour, 

Item Quantity Units Comments

Disposal Decon Waste 8.34 ton

assume water density 8.34 ppg, 100 mile distance per 

trip

Off site disposal of chipped trees 150.00 ton 100 mile distance per trip

Disposal of excavated soil 61.00 ton assume non-hazardous, 100 miles per trip out

Disposal of excavated soil 4,849.00 ton assume non-hazardous, 100 miles per trip out

disposal of liner 3.00 ton assume non-hazardous, 100 miles per trip out

Transportation-materials

Equipment Use

Residual Handling

Residual Handling
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Item Quantity Units Comments

Disposal Decon Waste 100.00 miles

assume water density 8.34 ppg, 100 mile distance per 

trip

Off site disposal of chipped trees 100.00 miles 100 mile distance per trip

Disposal of excavated soil 100.00 miles assume non-hazardous, 100 miles per trip out

Disposal of excavated soil 100.00 miles assume non-hazardous, 100 miles per trip out

disposal of liner 100.00 miles assume non-hazardous, 100 miles per trip out

Item Quantity Units Comments

Verification samples 600.00 dollars 3 samples, $200 per sample

Waste Disposal Characterization 400.00 dollars 2 samples, $200 per sample

Verification samples 600.00 dollars 91 samples, $200 per sample

Waste Disposal Characterization 800.00 dollars 4 samples, $200 per sample

Item Quantity Units Comments

Annual site inspection 1,800.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip, 1 

person, for 30 years

groundwater and sediment  

sampling crew 3,600.00 miles

1 visit per year, 2 trips per visit, 30 miles per trip,2 

person, for 30 years

Item Quantity Units Comments

groundwater and sediment  

sampling 48,000.00 dollars 8 samples, 30 yeasr, $200 per sample

Laboratory Analytical Services

Laboratory Analytical Services

LTM

Transportation-Personnel

Note:  Quantities and items within this inventory do not reflect final design materials and quantities.  Use of this inventory should not be 

used for costing or considered a final design.
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SiteWise™ Results Alternative GW2

Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
GW2

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 16.01 2.0E+02 NA 5.9E-03 2.1E-04 1.2E-03 3.3E-04 2.6E-02
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 202.26 3.0E+03 0.0E+00 7.0E-01 4.7E-01 1.8E-02 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 218.26 3.22E+03 0.00E+00 7.06E-01 4.67E-01 1.89E-02 3.28E-04 2.64E-02

2.2E+02 3.2E+03 0.0E+00 7.1E-01 4.7E-01 1.9E-02 3.3E-04 2.6E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 2.1E-01
Total 0.0E+00 0.0E+00 0.0E+00 $0 2.1E-01
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SiteWise™ Results Alternative GW2

Long Term Monitoring Stage
Site 8, NUSC Newport
Newport, Rhode Island
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Newport, Rhode Island
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SiteWise™ Results Alternative GW3

Site8, NUSC Newport
Newport, Rhode Islad

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
GW3

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 16.43 2.1E+02 NA 6.1E-03 2.1E-04 1.2E-03 3.4E-04 2.7E-02
Transportation-Equipment 0.56 7.4E+00 NA 1.8E-04 3.1E-06 1.6E-05 1.6E-06 1.3E-04
Equipment Use and Misc 76.96 3.5E+03 5.7E+04 3.0E-01 1.1E-01 3.7E-02 9.0E-05 2.3E-02
Residual Handling 0.40 5.2E+00 NA 1.2E-04 2.2E-06 1.1E-05 1.6E-06 1.3E-04
Sub-Total 94.35 3.71E+03 5.66E+04 3.11E-01 1.09E-01 3.78E-02 4.29E-04 4.99E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 1.15 1.5E+01 NA 3.6E-04 6.4E-06 3.2E-05 2.8E-06 2.3E-04
Equipment Use and Misc 32.09 3.8E+03 1.2E+05 0.0E+00 3.2E-02 1.3E-05 0.0E+00 0.0E+00
Residual Handling 0.95 1.2E+01 NA 3.0E-04 5.3E-06 2.6E-05 2.3E-06 1.9E-04
Sub-Total 34.18 3.84E+03 1.22E+05 6.57E-04 3.19E-02 7.10E-05 5.18E-06 4.17E-04

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 16.58 2.1E+02 NA 6.1E-03 2.2E-04 1.2E-03 3.4E-04 2.7E-02
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 202.26 3.0E+03 0.0E+00 7.0E-01 4.7E-01 1.8E-02 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 218.83 3.23E+03 0.00E+00 7.06E-01 4.67E-01 1.90E-02 3.39E-04 2.73E-02

3.5E+02 1.1E+04 1.8E+05 1.0E+00 6.1E-01 5.7E-02 7.7E-04 7.8E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 4.0E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 3.3E-03

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 2.2E-01
Total 0.0E+00 0.0E+00 0.0E+00 $0 6.2E-01
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SiteWise™ Results Alternative GW3

Remedial Action Construction Stage
Site8, NUSC Newport
Newport, Rhode Islad

Page 1 of 4
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SiteWise™ Results Alternative GW3

Remedial Action Operations Stage
Site8, NUSC Newport
Newport, Rhode Islad
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Long Term Monitoring Stage
Site8, NUSC Newport
Newport, Rhode Islad
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0% 8% 

0% 

92% 

0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling



SiteWise™ Results Alternative GW3

Remedial Action Construction Stage
Site8, NUSC Newport
Newport, Rhode Islad
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GSRx Results Alternative GW3
Site 8, NUSC Newport

Newport, RI
Page 1 of 1

CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC Injection Well Instalation PVC 32 wells, 45 ft long, 1440 ft, PVC, Schedule 40, 2 in diameter, 0.72 lb/ft 1,440.00 lft 2.34 1.18 0.00 0.01 0.00 0.00 0.00 42.87 2.48
RAC Injection well installation PVC 524 wells, 41 ft long, PVC Schedule 40, 2 in diamaeter, 0.72 lb/ft 21,484.00 lft 34.86 17.54 0.04 0.20 0.00 0.07 0.01 639.58 36.94

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Injection Well Heads PVC Assume 6 units, 25 lb per unit assume pvc 150.00 lbs 0.34 0.17 0.00 0.00 0.00 0.00 0.00 6.20 0.26
RAC Injection well heads PVC 105 units, 25 lb per unit, assume pvc 2,625.00 lbs 5.92 2.98 0.01 0.03 0.00 0.01 0.00 108.54 4.51

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAO Emulsified Oil Vegetable Oil Assume Vegetable Oil 6,240.00 lbs 0.93 0.93 0.00 0.00 0.00 0.00 0.00 32.49 2.82
RAO Emulsified Oil Vegetable Oil Assume Vegetable Oil 100,969.00 lbs 15.11 15.11 0.00 0.00 0.00 0.02 0.00 525.71 45.61
RAO Emulsified Oil Vegetable Oil Assume Vegetable Oil 107,209.00 lbs 16.05 16.04 0.00 0.00 0.00 0.02 0.00 558.20 48.43

Subtotal 78.67 55.61 0.06 0.27 0.00 0.12 0.01 1931.93 141.55
Construction Equipment MWhr gal x 1000

RAC Skid Steer Skid Steer (diesel) 5 days, 8 hours per day, 30% efficiency 12.00 hrs 0.15 0.15 0.00 0.00 0.00 0.00 0.00 0.73
RAC Rotosonic Drill Drill Rig, Sonic (diesel) 5 wells per day, 32 wells, 88 hours per day, 80% efficiency 40.96 hrs 1.25 1.23 0.00 0.00 0.01 0.00 0.00 9.51
RAC Skid Steer Skid Steer (diesel) 51 days, 8 hours per day, 30% efficiency 122.40 hrs 1.58 1.50 0.00 0.00 0.02 0.00 0.00 7.48
RAC Rotosonic Drill Drill Rig, Sonic (diesel) 5 wells per day, 524 wells, 88 hours per day, 80% efficiency 670.72 hrs 20.53 20.13 0.00 0.02 0.24 0.00 0.02 155.74
RAC Skid Steer Skid Steer (diesel) 56 days, 8 hours per day, 30% efficiency 134.40 hrs 1.73 1.64 0.00 0.00 0.02 0.00 0.00 8.21

Subtotal 25.25 24.64 0.00 0.03 0.29 0.01 0.02 181.68 0
Total 104 80 0.06 0.29 0.29 0.13 0.04 2,114 142

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -         -         -                  -                 

71.83        48.16    17.48     6.18       0.29       0.10        0.04        3,402.46         44,696.56       
32.09        32.09    0.00       -         -         0.03        0.00        3,809.17         96,856.35       

-            -        -         -         -         -         -         -                  -                 
Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)



SiteWise™ Results Alternative GW4

Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
GW4

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 14.86 1.9E+02 NA 5.5E-03 1.9E-04 1.1E-03 3.0E-04 2.4E-02
Transportation-Equipment 0.98 1.3E+01 NA 3.1E-04 5.5E-06 2.7E-05 2.6E-06 2.1E-04
Equipment Use and Misc 73.66 3.0E+03 3.8E+04 2.7E-01 1.2E-01 2.9E-02 6.6E-05 1.7E-02
Residual Handling 0.34 4.4E+00 NA 1.1E-04 1.9E-06 9.5E-06 1.6E-06 1.3E-04
Sub-Total 89.84 3.19E+03 3.82E+04 2.76E-01 1.18E-01 3.02E-02 3.74E-04 4.13E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 9.19 1.2E+02 NA 2.9E-03 5.1E-05 2.6E-04 2.3E-05 1.8E-03
Equipment Use and Misc 8,558.16 2.2E+05 1.9E+01 0.0E+00 1.4E+01 5.3E+00 0.0E+00 0.0E+00
Residual Handling 0.63 8.2E+00 NA 2.0E-04 3.5E-06 1.8E-05 1.6E-06 1.3E-04
Sub-Total 8,567.98 2.25E+05 1.86E+01 3.09E-03 1.40E+01 5.29E+00 2.43E-05 1.96E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 16.58 2.1E+02 NA 6.1E-03 2.2E-04 1.2E-03 3.4E-04 2.7E-02
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 202.26 3.0E+03 0.0E+00 7.0E-01 4.7E-01 1.8E-02 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 218.83 3.23E+03 0.00E+00 7.06E-01 4.67E-01 1.90E-02 3.39E-04 2.73E-02

8.9E+03 2.3E+05 3.8E+04 9.9E-01 1.5E+01 5.3E+00 7.4E-04 7.1E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 3.3E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 1.6E-02

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 2.2E-01
Total 0.0E+00 0.0E+00 0.0E+00 $0 5.6E-01
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$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC Injection well instalation PVC 1440 lf, 32 wells, 45 ft long, PVC, Schedule 40, 2 in diameter, 0.72 lb.ft 1,440.00 lft 2.34 1.18 0.00 0.01 0.00 0.00 0.00 42.87 2.48
RAC Injection well instalation PVC 416 wells, 41 ft long, PVC, Schedule 40, 2 in diameter, 0.72 lb.ft 17,056.00 lft 27.67 13.92 0.03 0.16 0.00 0.05 0.01 507.76 29.33

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Injection Well Heads PVC 6 units, 25 lb per unit, assume PVC 150.00 lbs 0.34 0.17 0.00 0.00 0.00 0.00 0.00 6.20 0.26
RAC Injection Well Heads PVC 84 units, assume PVC, assume 25 lb per unit 2,100.00 lbs 4.73 2.38 0.01 0.03 0.00 0.01 0.00 86.83 3.61

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAO ISCO Reagent Hydrogen Peroxide 24000 gallons, assume hydrogen peroxide, assume density 1.110 g/cm3 222,321.58 lbs 407.53 120.99 0.88 0.70 0.00 0.67 0.25 3132.21 0.00

RAO ISCO Reagent Hydrogen Peroxide 312000 gallons, assume hydrogen peroxide, assume density 1.110 g/cm3 2,890,180.48 lbs 5297.88 1572.89 11.40 9.04 0.00 8.65 3.28 40718.67 0.00
RAO Revegetation seed Fertilizer Assume fertilizer, 16.5 msf, 3lb per 1.2 msf 41.25 lbs 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.93 0.02

RAO ISCO Reagent Hydrogen Peroxide 168000 gallons, assume hydrogen peroxide, assume density 1.110 g/cm3 1,556,251.03 lbs 2852.70 846.94 6.14 4.87 0.00 4.66 1.76 21925.44 0.00
Subtotal 8596.38 2560.18 18.47 14.83 0.00 14.05 5.30 66439.25 36.20

Construction Equipment MWhr gal x 1000
RAC Rotosonic Drill Drill Rig, Sonic (diesel) 5 wells per day, 32 wells total, 8 hours per day, 75% capacity per day 38.40 hrs 1.18 1.15 0.00 0.00 0.01 0.00 0.00 8.92
RAC Skid steer Skid Steer (diesel) 3 days, 8 hours per day, 25% capacity per day 6.00 hrs 0.08 0.07 0.00 0.00 0.00 0.00 0.00 0.37
RAC Rotosonic Drill Drill Rig, Sonic (diesel) 5 wells per day, 416 wells, 8 hours per day, 75% capacity per day 499.20 hrs 15.28 14.98 0.00 0.01 0.18 0.00 0.01 115.91
RAC Skid steer Skid Steer (diesel) 42 days, 8 hours per day, 25% capacity per day 84.00 hrs 1.08 1.03 0.00 0.00 0.01 0.00 0.00 5.13
RAC Skid steer Skid Steer (diesel) 45 days, 8 hours per day, 25% capacity per day 90.00 hrs 1.16 1.10 0.00 0.00 0.01 0.00 0.00 5.50

Subtotal 18.77 18.33 0.00 0.02 0.22 0.00 0.02 135.83 0
Total 8,615 2,579 18.47 14.85 0.22 14.05 5.32 66,575 36

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -         -         -                  -                 

56.99        37.64    14.35     5.00       0.22       0.08        0.03        2,722.19         36,180.36       
8,558.16    ###### ####### 306.80   -         13.97      5.29        224,431.99     18.63              

-            -        -         -         -         -         -         -                  -                 
Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)
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Site 8, NUSC Newport
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Sustainable Remediation - Environmental Footprint Summary
SO2

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 6.86 8.6E+01 NA 2.5E-03 8.9E-05 5.1E-04 1.4E-04 1.1E-02
Transportation-Equipment 63.01 8.2E+02 NA 2.0E-02 3.5E-04 1.8E-03 1.6E-04 1.3E-02
Equipment Use and Misc 808.35 3.6E+04 3.5E+04 1.4E+00 2.2E+00 2.4E-01 1.3E-04 3.2E-02
Residual Handling 98.47 1.3E+03 NA 4.9E-02 1.1E-02 5.6E-02 2.4E-04 1.9E-02
Sub-Total 976.69 3.79E+04 3.50E+04 1.52E+00 2.23E+00 2.96E-01 6.61E-04 7.51E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.69 8.6E+00 NA 2.5E-04 8.9E-06 5.1E-05 1.4E-05 1.1E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.69 8.63E+00 0.00E+00 2.54E-04 8.94E-06 5.15E-05 1.40E-05 1.13E-03

9.8E+02 3.8E+04 3.5E+04 1.5E+00 2.2E+00 3.0E-01 6.8E-04 7.6E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 2.9E+02 0.0E+00 7.9E+03 0 6.0E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.0E-03
Total 2.9E+02 0.0E+00 7.9E+03 $0 6.1E-01

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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PM10 Emissions 
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Long Term Monitoring Stage
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Well installation PVC Assume PVC, Schedule 40, 2 in diameter, 100 ft, 0.68 lb/ft 100.00 lft 0.15 0.08 0.00 0.00 0.00 0.00 0.00 2.81 0.17
RAC

Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Sheet pile Steel 600 sf, assume 3.3 ft2 per sheet, 41.8 lb of steel per ft2,  25,080.00 lbs 31.96 30.71 0.00 0.01 0.00 0.03 0.00 529.09 22.54
RAC Backfill, common fill Soil Assume soil, 5147 CY, 1.5 ton/cy, 2000 lb/ton 15,441,000.00 lbs 161.06 161.06 0.00 0.00 0.00 0.00 0.00 4256.27 0.00
RAC Backfill, vegetative fill Soil Assume soil, 2767 CY, 1.5 ton/CY, 2000 lb/ton 8,301,000.00 lbs 86.59 86.59 0.00 0.00 0.00 0.00 0.00 2288.15 0.00
RAC Geotextile 10 oz. HDPE Assume HDPE, 16986 sy, 10 oz/sy, 16 oz/lb 10,616.25 lbs 23.69 12.52 0.03 0.09 0.00 0.05 0.01 138.93 3.82
RAC Rip rap, Gravel Assume gravel, 2265 cy, density 1602 kg/m3 6,116,086.68 lbs 47.15 47.15 0.00 0.00 0.00 0.00 0.00 1123.92 0.00
RAC Revegetation seed Fertilizer

Assume fertilizer, 150 msf (thousand square feet), 3 lb of seed per 1.2 
msf 375.00 lbs 0.47 0.47 0.00 0.00 0.00 0.00 0.00 8.48 0.17

RAC well covers Steel 5 units, average weight, 20 lb, assume steel 100.00 lbs 0.13 0.12 0.00 0.00 0.00 0.00 0.00 2.11 0.09
RAC Liner HDPE 20,000 sf, assume HDPE, 10 oz/sf, 16 oz per pound 12,500.00 lbs 27.90 14.74 0.04 0.11 0.00 0.06 0.01 163.58 4.49
RAC Geotextile 10 oz. HDPE Assume HDPE, 2222 sy, 10 oz/sy, 16 oz/lb 1,388.75 lbs 3.10 1.64 0.00 0.01 0.00 0.01 0.00 18.17 0.50
RAC Gravel Gravel 2222 sy, 6 in depth of gravel, assume gravel, density 1522 kg/m3 950,153.56 lbs 7.33 7.33 0.00 0.00 0.00 0.00 0.00 174.60 0.00

Subtotal 391.09 363.23 0.07 0.23 0.00 0.15 0.02 8715.28 32.03
Construction Equipment MWhr gal x 1000

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC Skid Steer Skid Steer (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 0.83 0.78 0.00 0.00 0.01 0.00 0.00 3.91
RAC wood chipper WOOD CHIPPER 5 days, 8 hours a day, 80% efficiency 32.00 hrs 1.39 1.39 0.00 0.00 0.01 0.00 0.00 6.11

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 30 days, 8 hours a day, 80% efficiency 192.00 hrs 18.61 18.61 0.00 0.00 0.12 0.03 0.01 84.47

RAC Dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 30 days, 8 hours a day, 80% efficiency 192.00 hrs 34.72 34.72 0.00 0.00 0.25 0.06 0.02 168.94

RAC Skid Steer
Scraper, Standard, 34 CY 
(diesel) 30 days, 8 hours a day, 80% efficiency 192.00 hrs 27.34 27.34 0.00 0.00 0.20 0.05 0.02 125.14

RAC Dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 20 days, 8 hours a day, 80% efficiency 128.00 hrs 23.14 23.14 0.00 0.00 0.17 0.04 0.01 112.63

RAC Compactor, 120 hp Compactor 120 hp 20 days, 8 hours a day, 80% efficiency 128.00 hrs 5.12 5.12 0.00 0.00 0.04 0.00 0.00 23.65
RAC skid steer Skid Steer (diesel) 20 days, 8 hours a day, 80% efficiency 128.00 hrs 1.65 1.57 0.00 0.00 0.02 0.00 0.00 7.82

RAC
Well development, 
rotosonic drill Drill Rig, Sonic (diesel) 4 hours per well, 5 wells, 20.00 hrs 0.61 0.60 0.00 0.00 0.01 0.00 0.00 4.64

RAC Screen Plant SCREEN PLANT 12 days, 8 hours a day, 80% efficiency, Assume 2 motors, 40 hp each 64.00 hrs 1.34 1.34 0.00 0.00 0.01 0.00 0.00 17.81
RAC LTTD LTTD (fuel oil) 40 ton of soil per hour, 5379 tons 134.48 hrs 283.93 281.48 0.01 0.03 0.53 1.83 0.14 1091.37

RAC Front end loader, 2cy
Loader, 100 HP, 2 CY 
(diesel) 24 days, 8 hours a day, 80% efficiency 64.00 hrs 1.06 1.06 0.00 0.00 0.01 0.00 0.00 4.69

Subtotal 405.94 403.35 0.01 0.04 1.41 2.04 0.22 1679.36 0
Total 797 767 0.08 0.27 1.41 2.19 0.24 10,395 32

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)
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Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -         -         -                  -                 

797.03      766.58  24.84     5.62       1.41       2.19        0.24        35,466.52       32,032.46       
-            -        -         -         -         -         -         -                  -                 
-            -        -         -         -         -         -         -                  -                 

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Tonnes



SiteWise™ Results Alternative SO3

Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
SO3

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 4.78 6.0E+01 NA 1.8E-03 6.2E-05 3.6E-04 9.8E-05 7.9E-03
Transportation-Equipment 83.97 1.1E+03 NA 2.6E-02 4.7E-04 2.3E-03 2.1E-04 1.7E-02
Equipment Use and Misc 500.02 3.9E+04 8.5E+03 3.9E-01 1.4E-01 4.5E-02 6.6E-05 1.7E-02
Residual Handling 19.30 3.3E+02 NA 5.8E-02 3.0E-02 1.6E-01 2.4E-05 1.9E-03
Sub-Total 608.08 4.01E+04 8.47E+03 4.71E-01 1.75E-01 2.06E-01 3.96E-04 4.32E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.69 8.6E+00 NA 2.5E-04 8.9E-06 5.1E-05 1.4E-05 1.1E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.69 8.63E+00 0.00E+00 2.54E-04 8.94E-06 5.15E-05 1.40E-05 1.13E-03

6.1E+02 4.0E+04 8.5E+03 4.7E-01 1.7E-01 2.1E-01 4.1E-04 4.4E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 8.7E+02 0.0E+00 1.2E+04 0 3.5E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.0E-03
Total 8.7E+02 0.0E+00 1.2E+04 $0 3.5E-01

R
em

ed
ia

l 
In

ve
st

ig
at

io
n

Phase

R
em

ed
ia

l 
A

ct
io

n 
C

on
st

ru
ct

io
n

R
em

ed
ia

l 
A

ct
io

n 
O

pe
ra

tio
ns

Lo
ng

te
rm

 
M

on
ito

rin
g

Remedial Alternative 
Phase

Total

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Well installation PVC Assume PVC, Schedule 40, 2 in diameter, 200 ft, 0.72 lb/ft 200.00 lft 0.32 0.16 0.00 0.00 0.00 0.00 0.00 5.95 0.34

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Backfill, common Soil Assume soil, 525 cy, 1.5 ton/cy, 2000 lb/ton 1,575,000.00 lbs 16.43 16.43 0.00 0.00 0.00 0.00 0.00 434.14 0.00
RAC Backfill, vegetative soil Soil Assume soil, 60 cy, 1.5 ton/cy. 2000 lb/ton 180,000.00 lbs 1.88 1.88 0.00 0.00 0.00 0.00 0.00 49.62 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 3.5msf (thousand square feet), 3 lb of seed per 1.2 msf 8.75 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.20 0.00
RAC Geotextile 10 oz. HDPE Assume HDPE, 20524 sy, 10 oz/sy, 16 oz/lb 12,827.50 lbs 28.63 15.13 0.04 0.11 0.00 0.06 0.01 167.87 4.61
RAC Rip rap, Gravel Assume gravel, 2488 cy, density 1602 kg/m3 6,718,244.44 lbs 51.80 51.80 0.00 0.00 0.00 0.00 0.00 1234.58 0.00
RAC Backfill, common Soil Assume soil, 8298 cy, 1.5 ton/cy, 2000 lb/ton 24,894,000.00 lbs 259.67 259.67 0.00 0.00 0.00 0.00 0.00 6861.96 0.00
RAC Backfill, vegetative soil Soil Assume soil, 2769 cy, 1.5 ton/cy. 2000 lb/ton 8,307,000.00 lbs 86.65 86.65 0.00 0.00 0.00 0.00 0.00 2289.80 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 150msf (thousand square feet), 3 lb of seed per 1.2 msf 375.00 lbs 0.47 0.47 0.00 0.00 0.00 0.00 0.00 8.48 0.17
RAC well covers Steel 5 units, average weight, 20 lb, assume steel 100.00 lbs 0.13 0.12 0.00 0.00 0.00 0.00 0.00 2.11 0.09

Subtotal 447.54 433.14 0.04 0.12 0.00 0.07 0.01 11063.87 5.47
Construction Equipment MWhr gal x 1000

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC Skid Steer Skid Steer (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 0.83 0.78 0.00 0.00 0.01 0.00 0.00 3.91
RAC wood chipper WOOD CHIPPER 5 days, 8 hours a day, 80% efficiency 32.00 hrs 1.39 1.39 0.00 0.00 0.01 0.00 0.00 6.11

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 1.86 1.86 0.00 0.00 0.01 0.00 0.00 8.45

RAC Skid Steer Skid Steer (diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 0.25 0.23 0.00 0.00 0.00 0.00 0.00 1.17

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 2 days, 8 hours a day, 80% efficiency 12.80 hrs 2.31 2.31 0.00 0.00 0.02 0.00 0.00 11.26

RAC compactor, 120 hp Compactor 120 hp 2 days, 8 hours a day, 80% efficiency 12.80 hrs 0.51 0.51 0.00 0.00 0.00 0.00 0.00 2.37

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 24 days, 8 hours a day, 80% efficiency 153.60 hrs 27.77 27.77 0.00 0.00 0.20 0.05 0.02 135.16

RAC compactor, 120 hp Compactor 120 hp 24 days, 8 hours a day, 80% efficiency 153.60 hrs 6.14 6.14 0.00 0.00 0.05 0.00 0.00 28.38
RAC Skid Steer Skid Steer (diesel) 24 days, 8 hours a day, 80% efficiency 153.60 hrs 1.98 1.88 0.00 0.00 0.02 0.00 0.00 9.39

RAC
Well development, 
rotosonic drill Drill Rig, Sonic (diesel) 4 hours per well, 10 wells 40.00 hrs 1.22 1.20 0.00 0.00 0.01 0.00 0.00 9.29

Subtotal 50.47 50.29 0.00 0.01 0.38 0.07 0.03 243.64 0
Total 498 483 0.04 0.13 0.38 0.14 0.04 11,308 5

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -          -          -                  -                  

498.02       483.43  11.92     2.67       0.38       0.14        0.04        38,581.22       5,472.85         
-            -        -         -         -         -          -          -                  -                  
-            -        -         -         -         -          -          -                  -                  

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)



SiteWise™ Results Alternative SO4

Site 8, NUSC Newport,
Newport, Rhode Island

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
SO4

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 5.79 7.3E+01 NA 2.1E-03 7.5E-05 4.3E-04 1.2E-04 9.5E-03
Transportation-Equipment 85.64 1.1E+03 NA 2.7E-02 4.8E-04 2.4E-03 2.1E-04 1.7E-02
Equipment Use and Misc 536.50 4.0E+04 7.5E+03 6.4E-01 1.9E-01 6.5E-02 9.6E-05 2.4E-02
Residual Handling 16.08 2.7E+02 NA 4.7E-02 2.4E-02 1.3E-01 2.1E-05 1.7E-03
Sub-Total 644.01 4.11E+04 7.51E+03 7.13E-01 2.13E-01 1.94E-01 4.47E-04 5.23E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.69 8.6E+00 NA 2.5E-04 8.9E-06 5.1E-05 1.4E-05 1.1E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.69 8.63E+00 0.00E+00 2.54E-04 8.94E-06 5.15E-05 1.40E-05 1.13E-03

6.4E+02 4.1E+04 7.5E+03 7.1E-01 2.1E-01 1.9E-01 4.6E-04 5.3E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 7.0E+02 0.0E+00 1.2E+04 0 4.2E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.0E-03
Total 7.0E+02 0.0E+00 1.2E+04 $0 4.3E-01

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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SiteWise™ Results Alternative SO4

Remedial Action Construction Stage
Site 8, NUSC Newport,
Newport, Rhode Island

Page 1 of 3

0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

0.04% 

0.22% 

88.62% 

11.13% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

27% 

47% 

21% 

5% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 
0.22% 

1.23% 

33.46% 

65.09% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

18% 

33% 46% 

3% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.30% 

3.77% 

89.37% 

6.56% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 0% 

3% 

96% 

1% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

1% 13% 

83% 

3% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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Long Term Monitoring Stage
Site 8, NUSC Newport,
Newport, Rhode Island
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0% 0% 

0% 

0% 
0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

100.00% 

0.00% 

0.00% 
0.00% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

100.00% 

0.00% 

0.00% 
0.00% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

100.00% 

0.00% 

0.00% 
0.00% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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Site 8, NUSC Newport,
Newport, Rhode Island
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GSRx Results Alternative SO4
Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 2

CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Well installation PVC Assume PVC, Schedule 40, 2 in diameter, 100 ft, 0.72 lb/ft 100.00 lft 0.16 0.08 0.00 0.00 0.00 0.00 0.00 2.98 0.17

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Backfill, common Soil Assume soil, 416 cy, 1.5 ton/cy, 2000 lb/ton 1,248,000.00 lbs 13.02 13.02 0.00 0.00 0.00 0.00 0.00 344.01 0.00
RAC Backfill, vegetative soil Soil Assume soil, 53 cy, 1.5 ton/cy. 2000 lb/ton 159,000.00 lbs 1.66 1.66 0.00 0.00 0.00 0.00 0.00 43.83 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 3msf (thousand square feet), 3 lb of seed per 1.2 msf 7.50 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.17 0.00
RAC Geotextile 10 oz. HDPE Assume HDPE, 16,986 sy, 10 oz/sy, 16 oz/lb 10,616.25 lbs 23.69 12.52 0.03 0.09 0.00 0.05 0.01 138.93 3.82
RAC Rip rap, Gravel Assume gravel, 2265 cy, density 1602 kg/m3 6,116,086.68 lbs 47.15 47.15 0.00 0.00 0.00 0.00 0.00 1123.92 0.00
RAC Backfill, common Soil Assume soil, 4913 cy, 1.5 ton/cy, 2000 lb/ton 14,739,000.00 lbs 153.74 153.74 0.00 0.00 0.00 0.00 0.00 4062.76 0.00
RAC Backfill, vegetative soil Soil Assume soil, 1638 cy, 1.5 ton/cy. 2000 lb/ton 4,914,000.00 lbs 51.26 51.26 0.00 0.00 0.00 0.00 0.00 1354.53 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 89msf (thousand square feet), 3 lb of seed per 1.2 msf 222.50 lbs 0.28 0.28 0.00 0.00 0.00 0.00 0.00 5.03 0.10
RAC well covers Steel 5 units, average weight, 20 lb, assume steel 100.00 lbs 0.13 0.12 0.00 0.00 0.00 0.00 0.00 2.11 0.09
RAC Backfill, common Soil Assume soil, 3848 cy, 1.5 ton/cy, 2000 lb/ton 11,544,000.00 lbs 120.41 120.41 0.00 0.00 0.00 0.00 0.00 3182.07 0.00
RAC Backfill, vegetative soil Soil Assume soil, 1135 cy, 1.5 ton/cy. 2000 lb/ton 3,405,000.00 lbs 35.52 35.52 0.00 0.00 0.00 0.00 0.00 938.58 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 62msf (thousand square feet), 3 lb of seed per 1.2 msf 155.00 lbs 0.19 0.19 0.00 0.00 0.00 0.00 0.00 3.50 0.07
Subtotal 448.79 436.79 0.03 0.10 0.00 0.06 0.01 11211.58 4.51

Construction Equipment MWhr gal x 1000

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC Skid Steer Skid Steer (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 0.83 0.78 0.00 0.00 0.01 0.00 0.00 3.91
RAC wood chipper WOOD CHIPPER 5 days, 8 hours a day, 80% efficiency 32.00 hrs 1.39 1.39 0.00 0.00 0.01 0.00 0.00 6.11

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 1.86 1.86 0.00 0.00 0.01 0.00 0.00 8.45

RAC Skid Steer Skid Steer (diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 0.25 0.23 0.00 0.00 0.00 0.00 0.00 1.17

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 2 days, 8 hours a day, 80% efficiency 12.80 hrs 2.31 2.31 0.00 0.00 0.02 0.00 0.00 11.26

RAC compactor, 120 hp Compactor 120 hp 2 days, 8 hours a day, 80% efficiency 12.80 hrs 0.51 0.51 0.00 0.00 0.00 0.00 0.00 2.37

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 25 days, 8 hours a day, 80% efficiency 160.00 hrs 28.93 28.93 0.00 0.00 0.21 0.05 0.02 140.79

RAC compactor, 120 hp Compactor 120 hp 25 days, 8 hours a day, 80% efficiency 160.00 hrs 6.40 6.40 0.00 0.00 0.05 0.00 0.00 29.56
RAC Skid Steer Skid Steer (diesel) 25 days, 8 hours a day, 80% efficiency 160.00 hrs 2.06 1.96 0.00 0.01 0.02 0.00 0.00 9.78

RAC
Well development, 
rotosonic drill Drill Rig, Sonic (diesel) 4 hours per well, 5 wells 20.00 hrs 0.61 0.60 0.00 0.00 0.01 0.00 0.00 4.64

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 11.57 11.57 0.00 0.00 0.08 0.02 0.01 56.31

RAC compactor, 120 hp Compactor 120 hp 10 days, 8 hours a day, 80% efficiency 64.00 hrs 2.56 2.56 0.00 0.00 0.02 0.00 0.00 11.83

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 11.57 11.57 0.00 0.00 0.08 0.02 0.01 56.31

RAC compactor, 120 hp Compactor 120 hp 10 days, 8 hours a day, 80% efficiency 64.00 hrs 2.56 2.56 0.00 0.00 0.02 0.00 0.00 11.83
Subtotal 85.82 85.65 0.00 0.01 0.63 0.13 0.06 410.64 0

Total 535 522 0.03 0.11 0.63 0.18 0.06 11,622 5

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)

Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions Criteria Pollutant Emission
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Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -         -         -                  -                 

534.61      522.44  9.93       2.24       0.63       0.18        0.06        39,655.03       4,506.62         
-            -        -         -         -         -         -         -                  -                 
-            -        -         -         -         -         -         -                  -                 

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

Tonnes

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

RI
RAC
RAO
LTM



SiteWise™ Results Alternative SO2

Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
SO2

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 6.86 8.6E+01 NA 2.5E-03 8.9E-05 5.1E-04 1.4E-04 1.1E-02
Transportation-Equipment 63.01 8.2E+02 NA 2.0E-02 3.5E-04 1.8E-03 1.6E-04 1.3E-02
Equipment Use and Misc 808.35 3.6E+04 3.5E+04 1.4E+00 2.2E+00 2.4E-01 1.3E-04 3.2E-02
Residual Handling 98.47 1.3E+03 NA 4.9E-02 1.1E-02 5.6E-02 2.4E-04 1.9E-02
Sub-Total 976.69 3.79E+04 3.50E+04 1.52E+00 2.23E+00 2.96E-01 6.61E-04 7.51E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.69 8.6E+00 NA 2.5E-04 8.9E-06 5.1E-05 1.4E-05 1.1E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.69 8.63E+00 0.00E+00 2.54E-04 8.94E-06 5.15E-05 1.40E-05 1.13E-03

9.8E+02 3.8E+04 3.5E+04 1.5E+00 2.2E+00 3.0E-01 6.8E-04 7.6E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 2.9E+02 0.0E+00 7.9E+03 0 6.0E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.0E-03
Total 2.9E+02 0.0E+00 7.9E+03 $0 6.1E-01

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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SiteWise™ Results Alternative SO2

Remedial Action Construction Stage
Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 3

0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.00% 

0.02% 

99.51% 

0.47% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

21% 

24% 

19% 

36% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.17% 

0.60% 

80.28% 

18.95% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

15% 17% 

43% 

25% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.17% 

1.30% 

95.33% 

3.20% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 0% 

2% 

94% 

4% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

1% 
6% 

83% 

10% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling



SiteWise™ Results Alternative SO2

Long Term Monitoring Stage
Site 8, NUSC Newport
Newport, Rhode Island
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0% 0% 

0% 

0% 
0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

100.00% 

0.00% 

0.00% 
0.00% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

100.00% 

0.00% 

0.00% 
0.00% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

100.00% 

0.00% 

0.00% 
0.00% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling



SiteWise™ Results Alternative SO2

Remedial Action Construction Stage
Site 8, NUSC Newport
Newport, Rhode Island
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GSRx Results Alternative SO2
Site 8, NUSC Newport
Newport, Rhode Island
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Well installation PVC Assume PVC, Schedule 40, 2 in diameter, 100 ft, 0.68 lb/ft 100.00 lft 0.15 0.08 0.00 0.00 0.00 0.00 0.00 2.81 0.17
RAC

Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Sheet pile Steel 600 sf, assume 3.3 ft2 per sheet, 41.8 lb of steel per ft2,  25,080.00 lbs 31.96 30.71 0.00 0.01 0.00 0.03 0.00 529.09 22.54
RAC Backfill, common fill Soil Assume soil, 5147 CY, 1.5 ton/cy, 2000 lb/ton 15,441,000.00 lbs 161.06 161.06 0.00 0.00 0.00 0.00 0.00 4256.27 0.00
RAC Backfill, vegetative fill Soil Assume soil, 2767 CY, 1.5 ton/CY, 2000 lb/ton 8,301,000.00 lbs 86.59 86.59 0.00 0.00 0.00 0.00 0.00 2288.15 0.00
RAC Geotextile 10 oz. HDPE Assume HDPE, 16986 sy, 10 oz/sy, 16 oz/lb 10,616.25 lbs 23.69 12.52 0.03 0.09 0.00 0.05 0.01 138.93 3.82
RAC Rip rap, Gravel Assume gravel, 2265 cy, density 1602 kg/m3 6,116,086.68 lbs 47.15 47.15 0.00 0.00 0.00 0.00 0.00 1123.92 0.00
RAC Revegetation seed Fertilizer

Assume fertilizer, 150 msf (thousand square feet), 3 lb of seed per 1.2 
msf 375.00 lbs 0.47 0.47 0.00 0.00 0.00 0.00 0.00 8.48 0.17

RAC well covers Steel 5 units, average weight, 20 lb, assume steel 100.00 lbs 0.13 0.12 0.00 0.00 0.00 0.00 0.00 2.11 0.09
RAC Liner HDPE 20,000 sf, assume HDPE, 10 oz/sf, 16 oz per pound 12,500.00 lbs 27.90 14.74 0.04 0.11 0.00 0.06 0.01 163.58 4.49
RAC Geotextile 10 oz. HDPE Assume HDPE, 2222 sy, 10 oz/sy, 16 oz/lb 1,388.75 lbs 3.10 1.64 0.00 0.01 0.00 0.01 0.00 18.17 0.50
RAC Gravel Gravel 2222 sy, 6 in depth of gravel, assume gravel, density 1522 kg/m3 950,153.56 lbs 7.33 7.33 0.00 0.00 0.00 0.00 0.00 174.60 0.00

Subtotal 391.09 363.23 0.07 0.23 0.00 0.15 0.02 8715.28 32.03
Construction Equipment MWhr gal x 1000

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC Skid Steer Skid Steer (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 0.83 0.78 0.00 0.00 0.01 0.00 0.00 3.91
RAC wood chipper WOOD CHIPPER 5 days, 8 hours a day, 80% efficiency 32.00 hrs 1.39 1.39 0.00 0.00 0.01 0.00 0.00 6.11

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 30 days, 8 hours a day, 80% efficiency 192.00 hrs 18.61 18.61 0.00 0.00 0.12 0.03 0.01 84.47

RAC Dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 30 days, 8 hours a day, 80% efficiency 192.00 hrs 34.72 34.72 0.00 0.00 0.25 0.06 0.02 168.94

RAC Skid Steer
Scraper, Standard, 34 CY 
(diesel) 30 days, 8 hours a day, 80% efficiency 192.00 hrs 27.34 27.34 0.00 0.00 0.20 0.05 0.02 125.14

RAC Dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 20 days, 8 hours a day, 80% efficiency 128.00 hrs 23.14 23.14 0.00 0.00 0.17 0.04 0.01 112.63

RAC Compactor, 120 hp Compactor 120 hp 20 days, 8 hours a day, 80% efficiency 128.00 hrs 5.12 5.12 0.00 0.00 0.04 0.00 0.00 23.65
RAC skid steer Skid Steer (diesel) 20 days, 8 hours a day, 80% efficiency 128.00 hrs 1.65 1.57 0.00 0.00 0.02 0.00 0.00 7.82

RAC
Well development, 
rotosonic drill Drill Rig, Sonic (diesel) 4 hours per well, 5 wells, 20.00 hrs 0.61 0.60 0.00 0.00 0.01 0.00 0.00 4.64

RAC Screen Plant SCREEN PLANT 12 days, 8 hours a day, 80% efficiency, Assume 2 motors, 40 hp each 64.00 hrs 1.34 1.34 0.00 0.00 0.01 0.00 0.00 17.81
RAC LTTD LTTD (fuel oil) 40 ton of soil per hour, 5379 tons 134.48 hrs 283.93 281.48 0.01 0.03 0.53 1.83 0.14 1091.37

RAC Front end loader, 2cy
Loader, 100 HP, 2 CY 
(diesel) 24 days, 8 hours a day, 80% efficiency 64.00 hrs 1.06 1.06 0.00 0.00 0.01 0.00 0.00 4.69

Subtotal 405.94 403.35 0.01 0.04 1.41 2.04 0.22 1679.36 0
Total 797 767 0.08 0.27 1.41 2.19 0.24 10,395 32

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)



GSRx Results Alternative SO2
Site 8, NUSC Newport
Newport, Rhode Island
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Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -         -         -                  -                 

797.03      766.58  24.84     5.62       1.41       2.19        0.24        35,466.52       32,032.46       
-            -        -         -         -         -         -         -                  -                 
-            -        -         -         -         -         -         -                  -                 

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Tonnes



SiteWise™ Results Alternative SO3

Site 8, NUSC Newport
Newport, Rhode Island

Page 1 of 1
Sustainable Remediation - Environmental Footprint Summary
SO3

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 4.78 6.0E+01 NA 1.8E-03 6.2E-05 3.6E-04 9.8E-05 7.9E-03
Transportation-Equipment 83.97 1.1E+03 NA 2.6E-02 4.7E-04 2.3E-03 2.1E-04 1.7E-02
Equipment Use and Misc 500.02 3.9E+04 8.5E+03 3.9E-01 1.4E-01 4.5E-02 6.6E-05 1.7E-02
Residual Handling 19.30 3.3E+02 NA 5.8E-02 3.0E-02 1.6E-01 2.4E-05 1.9E-03
Sub-Total 608.08 4.01E+04 8.47E+03 4.71E-01 1.75E-01 2.06E-01 3.96E-04 4.32E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.69 8.6E+00 NA 2.5E-04 8.9E-06 5.1E-05 1.4E-05 1.1E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.69 8.63E+00 0.00E+00 2.54E-04 8.94E-06 5.15E-05 1.40E-05 1.13E-03

6.1E+02 4.0E+04 8.5E+03 4.7E-01 1.7E-01 2.1E-01 4.1E-04 4.4E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 8.7E+02 0.0E+00 1.2E+04 0 3.5E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.0E-03
Total 8.7E+02 0.0E+00 1.2E+04 $0 3.5E-01
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$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.04% 
0.27% 

82.73% 

16.97% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

25% 

52% 

17% 

6% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 
0.17% 

1.14% 

21.89% 

76.80% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Well installation PVC Assume PVC, Schedule 40, 2 in diameter, 200 ft, 0.72 lb/ft 200.00 lft 0.32 0.16 0.00 0.00 0.00 0.00 0.00 5.95 0.34

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Backfill, common Soil Assume soil, 525 cy, 1.5 ton/cy, 2000 lb/ton 1,575,000.00 lbs 16.43 16.43 0.00 0.00 0.00 0.00 0.00 434.14 0.00
RAC Backfill, vegetative soil Soil Assume soil, 60 cy, 1.5 ton/cy. 2000 lb/ton 180,000.00 lbs 1.88 1.88 0.00 0.00 0.00 0.00 0.00 49.62 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 3.5msf (thousand square feet), 3 lb of seed per 1.2 msf 8.75 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.20 0.00
RAC Geotextile 10 oz. HDPE Assume HDPE, 20524 sy, 10 oz/sy, 16 oz/lb 12,827.50 lbs 28.63 15.13 0.04 0.11 0.00 0.06 0.01 167.87 4.61
RAC Rip rap, Gravel Assume gravel, 2488 cy, density 1602 kg/m3 6,718,244.44 lbs 51.80 51.80 0.00 0.00 0.00 0.00 0.00 1234.58 0.00
RAC Backfill, common Soil Assume soil, 8298 cy, 1.5 ton/cy, 2000 lb/ton 24,894,000.00 lbs 259.67 259.67 0.00 0.00 0.00 0.00 0.00 6861.96 0.00
RAC Backfill, vegetative soil Soil Assume soil, 2769 cy, 1.5 ton/cy. 2000 lb/ton 8,307,000.00 lbs 86.65 86.65 0.00 0.00 0.00 0.00 0.00 2289.80 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 150msf (thousand square feet), 3 lb of seed per 1.2 msf 375.00 lbs 0.47 0.47 0.00 0.00 0.00 0.00 0.00 8.48 0.17
RAC well covers Steel 5 units, average weight, 20 lb, assume steel 100.00 lbs 0.13 0.12 0.00 0.00 0.00 0.00 0.00 2.11 0.09

Subtotal 447.54 433.14 0.04 0.12 0.00 0.07 0.01 11063.87 5.47
Construction Equipment MWhr gal x 1000

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC Skid Steer Skid Steer (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 0.83 0.78 0.00 0.00 0.01 0.00 0.00 3.91
RAC wood chipper WOOD CHIPPER 5 days, 8 hours a day, 80% efficiency 32.00 hrs 1.39 1.39 0.00 0.00 0.01 0.00 0.00 6.11

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 1.86 1.86 0.00 0.00 0.01 0.00 0.00 8.45

RAC Skid Steer Skid Steer (diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 0.25 0.23 0.00 0.00 0.00 0.00 0.00 1.17

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 2 days, 8 hours a day, 80% efficiency 12.80 hrs 2.31 2.31 0.00 0.00 0.02 0.00 0.00 11.26

RAC compactor, 120 hp Compactor 120 hp 2 days, 8 hours a day, 80% efficiency 12.80 hrs 0.51 0.51 0.00 0.00 0.00 0.00 0.00 2.37

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 24 days, 8 hours a day, 80% efficiency 153.60 hrs 27.77 27.77 0.00 0.00 0.20 0.05 0.02 135.16

RAC compactor, 120 hp Compactor 120 hp 24 days, 8 hours a day, 80% efficiency 153.60 hrs 6.14 6.14 0.00 0.00 0.05 0.00 0.00 28.38
RAC Skid Steer Skid Steer (diesel) 24 days, 8 hours a day, 80% efficiency 153.60 hrs 1.98 1.88 0.00 0.00 0.02 0.00 0.00 9.39

RAC
Well development, 
rotosonic drill Drill Rig, Sonic (diesel) 4 hours per well, 10 wells 40.00 hrs 1.22 1.20 0.00 0.00 0.01 0.00 0.00 9.29

Subtotal 50.47 50.29 0.00 0.01 0.38 0.07 0.03 243.64 0
Total 498 483 0.04 0.13 0.38 0.14 0.04 11,308 5

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -          -          -                  -                  

498.02       483.43  11.92     2.67       0.38       0.14        0.04        38,581.22       5,472.85         
-            -        -         -         -         -          -          -                  -                  
-            -        -         -         -         -          -          -                  -                  

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions

Tonnes

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)
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Sustainable Remediation - Environmental Footprint Summary
SO4

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 5.79 7.3E+01 NA 2.1E-03 7.5E-05 4.3E-04 1.2E-04 9.5E-03
Transportation-Equipment 85.64 1.1E+03 NA 2.7E-02 4.8E-04 2.4E-03 2.1E-04 1.7E-02
Equipment Use and Misc 536.50 4.0E+04 7.5E+03 6.4E-01 1.9E-01 6.5E-02 9.6E-05 2.4E-02
Residual Handling 16.08 2.7E+02 NA 4.7E-02 2.4E-02 1.3E-01 2.1E-05 1.7E-03
Sub-Total 644.01 4.11E+04 7.51E+03 7.13E-01 2.13E-01 1.94E-01 4.47E-04 5.23E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.69 8.6E+00 NA 2.5E-04 8.9E-06 5.1E-05 1.4E-05 1.1E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.69 8.63E+00 0.00E+00 2.54E-04 8.94E-06 5.15E-05 1.40E-05 1.13E-03

6.4E+02 4.1E+04 7.5E+03 7.1E-01 2.1E-01 1.9E-01 4.6E-04 5.3E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 7.0E+02 0.0E+00 1.2E+04 0 4.2E-01

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.0E-03
Total 7.0E+02 0.0E+00 1.2E+04 $0 4.3E-01

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Well installation PVC Assume PVC, Schedule 40, 2 in diameter, 100 ft, 0.72 lb/ft 100.00 lft 0.16 0.08 0.00 0.00 0.00 0.00 0.00 2.98 0.17

RAC
Temporary Equipment 
Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 0.00 0.01 0.00 0.00 0.00 9.17 0.25

RAC
Temporary Equipment 
Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Backfill, common Soil Assume soil, 416 cy, 1.5 ton/cy, 2000 lb/ton 1,248,000.00 lbs 13.02 13.02 0.00 0.00 0.00 0.00 0.00 344.01 0.00
RAC Backfill, vegetative soil Soil Assume soil, 53 cy, 1.5 ton/cy. 2000 lb/ton 159,000.00 lbs 1.66 1.66 0.00 0.00 0.00 0.00 0.00 43.83 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 3msf (thousand square feet), 3 lb of seed per 1.2 msf 7.50 lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.17 0.00
RAC Geotextile 10 oz. HDPE Assume HDPE, 16,986 sy, 10 oz/sy, 16 oz/lb 10,616.25 lbs 23.69 12.52 0.03 0.09 0.00 0.05 0.01 138.93 3.82
RAC Rip rap, Gravel Assume gravel, 2265 cy, density 1602 kg/m3 6,116,086.68 lbs 47.15 47.15 0.00 0.00 0.00 0.00 0.00 1123.92 0.00
RAC Backfill, common Soil Assume soil, 4913 cy, 1.5 ton/cy, 2000 lb/ton 14,739,000.00 lbs 153.74 153.74 0.00 0.00 0.00 0.00 0.00 4062.76 0.00
RAC Backfill, vegetative soil Soil Assume soil, 1638 cy, 1.5 ton/cy. 2000 lb/ton 4,914,000.00 lbs 51.26 51.26 0.00 0.00 0.00 0.00 0.00 1354.53 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 89msf (thousand square feet), 3 lb of seed per 1.2 msf 222.50 lbs 0.28 0.28 0.00 0.00 0.00 0.00 0.00 5.03 0.10
RAC well covers Steel 5 units, average weight, 20 lb, assume steel 100.00 lbs 0.13 0.12 0.00 0.00 0.00 0.00 0.00 2.11 0.09
RAC Backfill, common Soil Assume soil, 3848 cy, 1.5 ton/cy, 2000 lb/ton 11,544,000.00 lbs 120.41 120.41 0.00 0.00 0.00 0.00 0.00 3182.07 0.00
RAC Backfill, vegetative soil Soil Assume soil, 1135 cy, 1.5 ton/cy. 2000 lb/ton 3,405,000.00 lbs 35.52 35.52 0.00 0.00 0.00 0.00 0.00 938.58 0.00

RAC Revegetation seed Fertilizer Assume fertilizer, 62msf (thousand square feet), 3 lb of seed per 1.2 msf 155.00 lbs 0.19 0.19 0.00 0.00 0.00 0.00 0.00 3.50 0.07
Subtotal 448.79 436.79 0.03 0.10 0.00 0.06 0.01 11211.58 4.51

Construction Equipment MWhr gal x 1000

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC Skid Steer Skid Steer (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 0.83 0.78 0.00 0.00 0.01 0.00 0.00 3.91
RAC wood chipper WOOD CHIPPER 5 days, 8 hours a day, 80% efficiency 32.00 hrs 1.39 1.39 0.00 0.00 0.01 0.00 0.00 6.11

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 1.86 1.86 0.00 0.00 0.01 0.00 0.00 8.45

RAC Skid Steer Skid Steer (diesel) 3 days, 8 hours a day, 80% efficiency 19.20 hrs 0.25 0.23 0.00 0.00 0.00 0.00 0.00 1.17

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 2 days, 8 hours a day, 80% efficiency 12.80 hrs 2.31 2.31 0.00 0.00 0.02 0.00 0.00 11.26

RAC compactor, 120 hp Compactor 120 hp 2 days, 8 hours a day, 80% efficiency 12.80 hrs 0.51 0.51 0.00 0.00 0.00 0.00 0.00 2.37

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 25 days, 8 hours a day, 80% efficiency 160.00 hrs 28.93 28.93 0.00 0.00 0.21 0.05 0.02 140.79

RAC compactor, 120 hp Compactor 120 hp 25 days, 8 hours a day, 80% efficiency 160.00 hrs 6.40 6.40 0.00 0.00 0.05 0.00 0.00 29.56
RAC Skid Steer Skid Steer (diesel) 25 days, 8 hours a day, 80% efficiency 160.00 hrs 2.06 1.96 0.00 0.01 0.02 0.00 0.00 9.78

RAC
Well development, 
rotosonic drill Drill Rig, Sonic (diesel) 4 hours per well, 5 wells 20.00 hrs 0.61 0.60 0.00 0.00 0.01 0.00 0.00 4.64

RAC Excavator, 2.5 cy
Excavator, Hydraulic, 2 CY 
(diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 6.20 6.20 0.00 0.00 0.04 0.01 0.00 28.16

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 11.57 11.57 0.00 0.00 0.08 0.02 0.01 56.31

RAC compactor, 120 hp Compactor 120 hp 10 days, 8 hours a day, 80% efficiency 64.00 hrs 2.56 2.56 0.00 0.00 0.02 0.00 0.00 11.83

RAC dozer, 300 hp
Dozer, 335 HP (D8) w/U 
Blade (diesel) 10 days, 8 hours a day, 80% efficiency 64.00 hrs 11.57 11.57 0.00 0.00 0.08 0.02 0.01 56.31

RAC compactor, 120 hp Compactor 120 hp 10 days, 8 hours a day, 80% efficiency 64.00 hrs 2.56 2.56 0.00 0.00 0.02 0.00 0.00 11.83
Subtotal 85.82 85.65 0.00 0.01 0.63 0.13 0.06 410.64 0

Total 535 522 0.03 0.11 0.63 0.18 0.06 11,622 5

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)

Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions Criteria Pollutant Emission
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Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

MMBTU gal
-            -        -         -         -         -         -         -                  -                 

534.61      522.44  9.93       2.24       0.63       0.18        0.06        39,655.03       4,506.62         
-            -        -         -         -         -         -         -                  -                 
-            -        -         -         -         -         -         -                  -                 

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

Tonnes

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

RI
RAC
RAO
LTM



APPENDIX F 
 

DEVELOPMENT OF ECOLOGICAL PRELIMINARY REMEDIAL GOALS FOR WILDLIFE 
EXPOSURE TO SURFACE SOIL  

 
 

 



Development of Ecological Preliminary Remediation Goals for  
Wildlife Exposure to Surface Soil 

 

This appendix presents the development of Preliminary Remediation Goals (PRGs) for 

cadmium and chromium in surface soil for the protection of mammals and birds.  The Remedial 

Investigation (RI) report for the Naval Undersea Systems Center Disposal Area (Operable Unit 7 

or Installation Restoration Site 08) at Naval Station (NAVSTA) Newport, Rhode Island indicated 

that cadmium, chromium, and selenium had the potential to impact mammals and birds because 

hazard quotients (HQs) based on the lowest observed adverse effects level (LOAEL) were 

greater than 1.0.  However, as presented in the Supplemental Remedial Investigation for Site 8, 

report, it was determined that selenium did not need to be carried forward to the FS so a PRG is 

not developed for selenium. 

 

The first step in developing a PRG was to develop soil earthworm bioaccumulation factors 

(BAF) for cadmium and chromium.  The earthworm tissue concentrations for these metals were 

plotted against their associated soil concentrations to determine whether the concentrations in 

the tissue samples were correlated with the concentrations in the soil samples (see Figures 1 

and 2).   As can be seen from the figures, there was very poor correlation between the metals 

concentrations in the tissue and soil samples.  However, because BAFs are needed to calculate 

a soil PRGs, the concentrations in the tissue samples were divided by the concentrations in the 

co-located soil samples to calculate a BAF (see Table 1).  The maximum, median, and average 

BAF were calculated for each metal.  Note that there is a lot of uncertainty in these BAFs 

because of the lack or correlation between the tissue and soil results.  Because of this 

uncertainty, it was decided to select the median BAF for development of the PRGs because the 

average BAF is skewed high because of a few high BAFs (see Table 1). 

 

Table 2 presents the calculation of the mammal and bird PRGs using the median BAFs 

calculated in Table 1 and the average exposure assumptions from the RI report.  The overall 

PRGs were calculated as the geometric mean between the NOAEL and LOAEL PRGs.  The 

PRGs for birds are lower at 0.77 mg/kg for cadmium and 9.12 mg/kg for chromium.   

 

There is a lot of uncertainty in both the cadmium and chromium PRGs, but especially the 

chromium values because they are less than background.  This is discussed more in the main 

portion of the Feasibility Study. 
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Figure 1
Cadmium Concentrations in Tissue vs Concentrations in Soil
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Figure 2
Chromium Concentrations in Tissue vs Concentrations in Soil



TABLE 1

CALCULATION OF EARTHWORM BIOACCMULATION FACTORS 
SITE 08, NUSC DISPOSAL AREA

NAVAL STATION NEWPORT, MIDDLETOWN, RHODE ISLAND

CHROMIUM CHROMIUM CADMIUM(1) CHROMIUM
DA-SS153-011608 DA-SB152 10.2 20.6 0.02 UJ 15 1.37
DA-MW103B-0001-

LOCDEPTHMAX DA-MW103B 28.4 51.1 1.5 J 19 18.9 2.69
DA-MW105B-0001-

LOCDEPTHMAX DA-MW105B 18.5 256 0.48 J 16 38.5 16.0
DA-MW113B-0001-

LOCDEPTHMAX DA-MW113B 4.62 J 119 0.02 UJ 18.3 6.50
DA-MW115B-0001-

LOCDEPTHMAX DA-MW115B 213 12.6 0.24 UJ 28.8 0.44
DA-SB104-0001-
LOCDEPTHMAX DA-SB104 28 41.2 0.6 J 14.6 46.7 2.82
DA-SB108-0001-
LOCDEPTHMAX DA-SB108 26.5 231 1.4 6.5 18.9 35.5
DA-SB121-0001-
LOCDEPTHMAX DA-SB121 838 92.5 2.4 J 19.6 349 4.72
DA-SB123-0001-
LOCDEPTHMAX DA-SB123 9.75 302 0.43 J 17.2 22.7 17.6
DA-SB130-0001-
LOCDEPTHMAX DA-SB130 13.6 22.3 0.44 J 15.9 30.9 1.40
DA-SB134-0001-
LOCDEPTHMAX DA-SB134 3.5 J 139 0.46 J 19.4 7.61 7.16

Maximum 349 35.5
Median 26.8 4.72
Average 67 8.75

BAF - Bioaccumulation Factor = tissue concentration/soil concentration
1 - A BAF was not calculated for samples in which the metal was not detected in the soil sample.

BAFSOIL (MG/KG)
LOCATION IDSAMPLE ID CADMIUMCADMIUM

EARTHWORM TISSUE (MG/KG)



TABLE 2

CALCULATION OF PRGS FOR MAMMALS AND BIRDS
SITE 08, NUSC DISPOSAL AREA

NAVAL STATION NEWPORT, MIDDLETOWN, RHODE ISLAND

Mammal TRVs
NOAEL LOAEL NOAEL LOAEL NOAEL PRG LOAEL PRG Geometric Mean NOAEL PRG LOAEL PRG Geometric Mean

Parameter BAF(1) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Cadmium - Median 26.8 0.77 6.90 1.47 6.35 0.32 2.89 0.97 0.37 1.60 0.77
Chromium - Median 4.72 2.40 58.17 2.66 15.63 5.70 138 28.08 3.76 22.1 9.12

1 - See Table 1 for derivation of BAFs.
PRGs are to be applied as an average concentration across a site after accounting for habitat, size of the site, and area use factors

PRG= BW*TRV*EEQ
[(BAF*If)+(Is)]*AUF

Short-tailed 
Shrew

American 
Robin

Exposure Inputs Values Values Units
Body Weight = BW 1.61E-02 8.04E-02 kg
Food Ingestion Rate = If 1.43E-03 1.19E-02 kg/day
Soil Ingestion Rate - Is 1.29E-05 7.60E-04 kg/day
Home Range = HR 9.70E-01 6.10E-01 acres

AUF  - Area Use Factor (assumed 100%)
BAF - Soil-to-earthworm bioaccumulation factor
BW - Body Weight 
Cs - Chemical concentration in soil
EEQ - Ecological Effects Quotient (equals 1.0)

If - Food Ingestion Rate
Is - Incidental Surface Soil Ingestion Rate
LOAEL - Lowest Observed Adverse Effects Level
NA - Not applicable; not a COC for receptor
NOAEL -No Observed Adverse Effects Level
PRG - Preliminary Remediation Goal
TRV - Toxicity Reference Value (i.e., NOAEL or LOAEL)

Bird TRVs Mammal PRGs Bird PRGs
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