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FINAL 
ENGINEERING EVALUATION/COST ANALYSIS (EE/CA) 

SITE 95 MAGNOLIA ROAD 
MARINE CORPS BASE 

CAMP LEJEUNE, NORTH CAROLINA 
 

EXECUTIVE SUMMARY 
 

This report presents an engineering evaluation and cost analysis (EE/CA) for a Non-
Time-Critical Removal Action (NTCRA) for arsenic contaminated surface and 
subsurface soil at Site 95 Magnolia Road at Marine Corps Base (MCB) Camp Lejeune, 
Onslow County, North Carolina.  Site 95 consists of three locations (Lyman Road, 
Magnolia Road and Jaybird Road) where livestock dipping vats applied an arsenic-based 
pesticide.   
 
A Site Investigation (SI) was conducted from 2006 to 2007.  Arsenic concentrations in 
both the surface and subsurface soil samples from several locations at Site 95 Magnolia 
Road exceeded the acceptable human health risk (HHR) range of 10-4 to 10-6.  As a result 
of the sampling, arsenic was named a contaminant of concern (COC) for the Magnolia 
Road location.  No soil contamination above the acceptable HHR was found at the 
remaining two  Site 95 locations – Lyman Road and Jaybird Road.  Also, groundwater 
was investigated at the three Site 95 locations (Magnolia Road, Lyman Road, or Jaybird 
Road) and determined to pose no unacceptable risk to human health or the environment. 
  
The goals of this EE/CA are to identify the objectives of the removal action and to 
analyze the effectiveness, implementability, and cost of various alternatives that may 
satisfy these objectives for the identified source area at Site 95 Magnolia Road.  Two 
action alternatives were evaluated to remove the arsenic-impacted soil: 1) excavation and 
2) phytoremediation.  Each technology was evaluated based on effectiveness, i.e., overall 
protection of human health and the environment, compliance with applicable or relevant 
and appropriate requirements (ARARs), long-term effectiveness and permanence, 
reduction of toxicity, mobility, or volume through treatment, and short-term 
effectiveness; implementability, i.e., technical feasibility, administrative feasibility, 
availability of services and materials, and state and community acceptance; and cost, i.e., 
direct and indirect capital costs and operations and maintenance costs. 
 
The 30-day public comment period for the Site 95 Magnolia Road EE/CA provides an 
opportunity for the community to provide input regarding the Preferred Alternative for 
Site 95 Magnolia Road.   
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During the comment period, interested parties may submit written comments to the 
following Partnering Team members: 
 
Mr. David Cleland 
NAVFAC Mid-Atlantic 
Code: OPQE  
USMC NC IPT, EV Business Line  
6506 Hampton Blvd  
Norfolk, VA 23508 
david.t.cleland@navy.mil 
 
 

Mr. Robert Lowder 
EMD/EQB 
Marine Corps Base 
PSC Box 20004 
Camp Lejeune, NC 28542-0004 
robert.a.lowder@usmc.mil 
 

Ms. Gena Townsend 
USEPA Region 4 
Sam Nunn Atlanta Federal Center 
61 Forsyth Street, SW 
Atlanta, Georgia 30303 
Townsend.Gena@epa.gov 
 

Mr. Randy McElveen 
NC Dept. of Environment and Natural Resources 
401 Oberlin Road, Ste. 150 
1646 Mail Service Center 
Raleigh, NC 27699-1646 
Randy.McElveen@ncdenr.gov 
 

 
The Administrative Record, Community Relations Plan, and final technical reports 
concerning Site 95 Magnolia Road can be accessed by the public at home through the 
Internet at the link provided below, or at the following location where the Internet is 
available:   
 

Onslow County Public Library 
58 Doris Avenue East 

Jacksonville, North Carolina 28540 
(910) 455-7350 

 
Administrative Record website address: 
 
https://portal.navfac.navy.mil/portal/page/portal/navfac/navfac_ww_pp/navfac_hq_pp/navfa
c_env_pp/env_restoration_installations/lant/midlant/lejeune/records 
 

mailto:robert.a.lowder@usmc.mil
mailto:Townsend.Gena@epa.gov
mailto:Randy.McElveen@ncdenr.gov
https://portal.navfac.navy.mil/portal/page/portal/navfac/navfac_ww_pp/navfac_hq_pp/navfac_env_pp/env_restoration_installations/lant/midlant/lejeune/records
https://portal.navfac.navy.mil/portal/page/portal/navfac/navfac_ww_pp/navfac_hq_pp/navfac_env_pp/env_restoration_installations/lant/midlant/lejeune/records


1.0 INTRODUCTION 
 
This report presents an engineering evaluation/cost analysis (EE/CA) for a Non-Time- 
Critical Removal Action (NTCRA) for Site 95 Magnolia Road at Marine Corps Base 
(MCB) Camp Lejeune, North Carolina.  Site 95 consists of three areas (Lyman Road, 
Magnolia Road and Jaybird Road) where livestock dipping vats were located.  The 
Magnolia Road site is located approximately 1,500 feet from the western bank of the 
New River, off of an unpaved road that branches south of Magnolia Road. 
 
Investigations at Site 95 Magnolia Road indicated the presence of arsenic contamination 
within surface and subsurface soil at the site.  Arsenic concentrations in both the surface 
and subsurface soil samples collected from several locations exceeded the acceptable 
human health risk (HHR) range of 10-4 to 10-6.  As a result of the sampling, arsenic was 
named a contaminant of concern (COC) for the Magnolia Road location.  No soil 
contamination above the acceptable HHR was found at the remaining two Site 95 
locations – Lyman Road and Jaybird Road.  Groundwater at the three Site 95 locations 
was determined to have no unacceptable risk to human health and the environment. 
 
The removal actions presented and evaluated are designed to address the arsenic 
contamination in the soil at Site 95 Magnolia Road.  The actions are intended to remove 
or treat arsenic contaminated material from the site in the most practical and cost efficient 
manner. 
 
1.1 REGULATORY BACKGROUND 
 
This document is issued by the United States Department of the Navy (DoN), lead 
agency responsible for removal actions at Site 95, with the assistance of the United States 
Environmental Protection Agency (USEPA) Region 4 and the North Carolina 
Department of Environment and Natural Resources (NCDENR), under Section 104 of the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) and the Superfund Amendments and Reauthorization Act of 1986 (SARA). 
A removal action is being considered for Site 95 Magnolia Road where a source area has 
been identified.  This removal action is not time-critical.  NTCRAs are defined in 40 
Code of Federal Regulations (CFR) Section 300.415(b)(4) as actions pertaining to a less 
imminent threat to human health and the environment and have planning periods of six 
months or more.  
 
According to 40 CFR Section 300.415, the lead agency is required to conduct an EE/CA 
when a NTCRA is planned for a site.  The goals of an EE/CA are to identify the 
objectives of the removal action and to analyze the effectiveness, implementability, and 
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cost of various alternatives that may satisfy these objectives.  An EE/CA documents the 
removal action alternatives and selection process.  NTCRAs also allow for the expedited 
cleanup of sites where the extent of the contamination is well defined. 
 
1.2 PURPOSE OF THE EE/CA 
 
According to the USEPA Guidance on Conducting Non-Time Critical Removal Actions 
Under CERCLA (USEPA, 1993), “an EE/CA is a flexible document tailored to the scope, 
goals, and objectives of the NTCRA.  It should contain only those data necessary to 
support the selection of a response alternative, and rely upon existing documentation 
whenever possible.”  The goals of an EE/CA are to: 
 

 Satisfy environmental review requirements for removal action; 
 Satisfy administrative record requirements for improved documentation of 

removal action selection; and 
 Provide a framework for evaluating and selecting alternative technologies. 

 
The guidance further notes the following: 
 

 A separate risk assessment is not necessary; 
 Data collection to characterize the nature and extent of contamination should be 

limited to those needed to support the specific objectives of the NTCRA; and 
 Only a few viable alternatives relevant to the EE/CA objectives should be 

identified and analyzed. 
 
An EE/CA must be completed for all NTCRA, under CERCLA, as required by Section 
300.415(b)(4)(i) of the National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP). 
 
1.3  ORGANIZATION OF THE EE/CA 
 
The following information is presented in this EE/CA: 
 

 Section 2  Site Characterization; 
 Section 3  Identification of Removal Action Objectives; 
 Section 4  Identification and Analysis of Removal Action Alternatives;  
 Section 5  Comparative Analysis of Removal Action Alternatives; and 
 Section 6  Recommended Removal Action Alternative. 
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2.0  SITE CHARACTERIZATION 
 
2.1 FACILITY AND SITE DESCRIPTION 
 
Site 95 is comprised of three separate locations (Lyman Road, Jaybird Road, and 
Magnolia Road), where cattle and goat dipping vats, required by the federal government 
to combat cattle tick fever, were used to apply arsenic-based pesticides to livestock from 
1902 to 1950 (Townson, 2007).  Of the three locations, the Magnolia Road site is the 
only location where arsenic exceeded background and regulatory levels (CH2M Hill, 
2007).  Refer to Figures 1 and 2 for the General Location Map and the Site Location 
Map, respectively.  Descriptions of the three locations are provided below, followed by 
characterization details for Site 95 Magnolia Road where a NTCRA is proposed.  
 
2.1.1   Site Location (Magnolia Road) 
 
Site 95 Magnolia Road is located approximately 1,500 feet from the western bank of the 
New River.  It is located to the west of an unpaved road that branches south of Magnolia 
Road in a previously heavily wooded area that was cleared for sampling purposes.  The 
dipping vat at this location is constructed of concrete and is about 25 feet long, four feet 
deep, and four feet wide.  Refer to Figure 3 for the Site 95 Magnolia Road location. 
 
2.1.2   Site Location (Jaybird Road) 
 
Site 95 Jaybird Road is located north of Jaybird Road approximately 1.6 miles from the 
eastern bank of the New River and 600 feet south of Frenchs Creek, a tributary of the 
New River.  It is located off of an unpaved road north of Jaybird Road in a previously 
heavily wooded area that was cleared for sampling purposes.  The dipping vat at this 
location is made of brick and is roughly 12 feet long, four to five feet deep and three feet 
wide (CH2M Hill, 2007).  Refer to Figure 2 for the Site 95 Jaybird Road location. 
 
2.1.3   Site Location (Lyman Road) 
 
Site 95 Lyman Road is located on the northwest side of an unpaved road that branches to 
the north of Lyman Road approximately 2,600 feet west of State Route 172 in a 
previously heavily wooded area that was cleared for sampling purposes.  The dipping vat 
at this location is made of concrete and is roughly 25 feet long, seven feet deep and three 
to four feet wide (CH2M Hill, 2007).  Refer to Figure 2 for the Site 95 Lyman Road 
location. 
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2.1.4   Site History 
 
Site 95 Magnolia Road was one of the many locations throughout North Carolina, as well 
as other southern and midwestern states that used livestock dipping vats in an attempt to 
eradicate ticks that caused illness in cattle and other livestock.  These vats were widely 
used from 1906 to 1961 and were approximately 25 to 30 feet long, four to five feet deep, 
and two to four feet wide (Townson, 2007).  Each vat could hold about 1,500 to 2,000 
gallons of dipping solution, which up until 1950 usually contained 0.14 to 0.22 percent 
arsenic by weight.  Constructed at the end of each vat was a drip pad, approximately 12 
feet by 15 feet.  Water was needed to make the arsenical dipping solution; therefore, the 
cattle dip vats were usually in close proximity to a well or surface water.   
 
2.1.5   Topography 
 
The site is located in the Coastal Plain Physiographic Province within North Carolina 
(NC).  The Coastal Plain Province typically consists of topographically flat lying ground 
with very minor relief typically in the form of surficial drainage channels.  Topographic 
elevations vary between zero to 30 feet.   
 
Site 95 Magnolia Road is dominated by forests consisting of large trees and low growing 
shrubs.  Several remnant foundations of pre-existing structures including the former 
dipping vat can be observed at various locations in and below the ground surface.  The 
only existing infrastructure remaining is unimproved roads - Old Town Point Road to the 
south, Magnolia Road to the north, and an unnamed connector road to the east of the site 
(Figure 3). 
 
The site is flat lying with a topographic relief of +/- two feet.  Surficial drainage channels 
exist along Old Town Point Road and flow to the east toward the New River. The 
drainage channels are conveyed under the unnamed connector road via a corrugated steel 
drainage pipe. 
 
2.1.6   Geology 
 
The geology at Site 95 Magnolia Road is consistent with the facility and regional geology 
published literature.  As part of the Site Investigation (SI), three soil borings were 
advanced to 15 feet below the ground surface (bgs), and 17 borings were advanced to 
four feet bgs.  Surficial soil (0.0 to 1.0 foot bgs) is predominately composed of brown to 
gray silty sand or very fine to fine sand.  The subsurface soil (1 foot to 15 feet bgs) is 
composed of tan to gray fine sands, which have varying amounts of silts and clays.  
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Typically tan to gray clay lenses, ranging from 0.1 to one foot thick, are noted throughout 
the area at depths ranging from four to 15 feet bgs (CH2M Hill, 2007).  
 
The soil of interest identified within this report is isolated to the arsenic contaminated 
soil.  The surficial soil is classified in accordance with the Unified Soil Classification 
System (USCS) as silty sand (sm).  Clay was encountered around 1.5 feet to greater than 
four feet and is classified as clayey sand (sc) to clay (cl). 
 
2.1.7   Hydrology 
 
Groundwater elevations at Site 95 Magnolia Road range from 12.67 to 12.94 feet above 
mean sea level (msl) during the groundwater survey conducted as part of the SI.  Data 
collected indicate the direction of groundwater flow is northeasterly across the site 
towards the New River.  The average hydraulic gradient is 0.0072 feet/feet (CH2M Hill, 
2007). 
 
2.1.8   Surrounding Land Use and Populations 
 
The site is located within a wooded area west of the New River.  A building is located 
about 8,000 feet south of the site.  No structures outside of the dipping vat exist in the 
immediate site area.   
 
The closest water supply well is located approximately 15,000 feet (2.8 miles) to the east, 
within the Hadnot Point Industrial Area.   
 
2.1.9   Sensitive Ecosystems and Historical Site 
 
Camp Lejeune National Environmental Policy Act (NEPA) Departments (Threatened and 
Endangered Species, Archaeology, Forestry, and Land and Wildlife) were contacted on 
November 25, 2008 to determine if any environmental impacts would occur related to the 
remediation of Site 95 Magnolia Road.  All parties contacted indicated there were no 
environmental impacts related to the remediation of the site.  The site does not contain 
any jurisdictional wetlands. 
 
The site is a documented historic site and is registered as Archaeology Site 31ON387 at 
the North Carolina Division of Archives and History (NCDAH).  State and federal law 
required the consent of the NCDAH to make permanent modifications to the site.  A 
letter from MCB Camp Lejeune requesting approval by the NCDAH to alter the site 
through arsenic remediation was sent on April 26, 2007.  A letter approving the site 
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alterations was received by Camp Lejeune Base on May 23, 2007.  The letters are 
provided in Appendix A. 
 
2.1.10  Meteorology 
 
MCB Camp Lejeune is located within southeastern North Carolina, near the Atlantic 
Ocean.  Mild winters and hot humid summers characterize the climate.  Winters are 
usually short and mild with occasional, short duration cold periods.  Average annual 
precipitation is approximately 50 inches.  Ambient air temperatures generally range from 
33 to 53 degrees Fahrenheit (°F) in winter months and from 71°F to 88°F in the summer 
months.  Winds are generally north-northwesterly in winter and south-southwesterly in 
the summer (Water and Air, 1983).   
 
2.2 PREVIOUS INVESTIGATIONS 
 
Site 95 Magnolia Road was discovered during an archaeological review of the MCB 
Camp Lejeune.  The dipping vat location was forwarded to the base Environmental 
Management Department who authorized Baker Environmental, Inc. (Baker) to sample 
the locations for pesticides and metals.  The initial sampling was completed and 
published in a letter report in 2004 (Baker, 2004). 
 
CH2M Hill conducted a SI of Site 95 and published a Site Investigation Report in 2007.  
The conclusions of that report indicate arsenic concentrations did exceed regulatory 
limits.  The report also delineated the surface and subsurface arsenic contaminated soils 
at Site 95 Magnolia Road, (CH2M Hill, 2007).  Refer to Figures 4 and 5 for CH2M Hill’s 
Site 95 Magnolia Road Surface Soil Arsenic Results and the Site 95 Magnolia Road 
Subsurface Soil Arsenic Results, respectively.  These figures include the Baker sampling 
results and are updated with current state screening levels.  
 
Rhēa Engineers and Consultants, Inc (Rhēa) collected waste characterization soil and 
concrete samples that were analyzed under the USEPA Toxicity Characteristic Leaching 
Procedure (TCLP) method to determine if they would be classified as hazardous.  The 
soil sampling occurred in November 2008, and the concrete sampling occurred in July 
2009.  Both the soil and concrete were identified as non-hazardous.  TCLP testing results 
are presented in Appendix B. 
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2.2.1    Initial Site Assessment 
 
Initial assessment of the dipping vat at Magnolia Road was performed by Baker and is 
documented in the report Suspected Dipping Vat Sampling and Suspected Asbestos 
Shingle/Transit Board Sampling (Baker, 2004).  Baker collected two soil samples inside 
the vat, which were later analyzed for pesticides and Resource Conservation and 
Recovery Act (RCRA) metals.  According to the report, detected arsenic concentrations 
exceeded the Region 9 Residential Preliminary Remediation Goals (PRGs) [USEPA 
2004], and the North Carolina Soil-to-Groundwater standard applicable at the time.  The 
report indicated the following pesticides were detected at concentrations exceeding 
regulatory driven criteria in soil samples collected from the dipping vat at Site 95 
Magnolia Road:  
 

 4,4’- Dichlorodiphenyldichloroethane (DDD);  
 4,4’- Dichlorodiphenyltrichloroethane (DDT); and  
 4,4’- Dichlorodiphenyldichloroethylene (DDE).   

 
Further review of the data by CH2M Hill revealed the regulatory driven criteria were 
incorrectly reported, and the pesticides were not detected at concentrations exceeding the 
regulatory criteria (CH2M Hill, 2007). 
 
2.2.2 Site Investigation 
 
The SI at Site 95 Magnolia Road was completed by CH2M Hill from 2006 to 2007.  The 
objective of the SI was to further characterize and delineate potential contamination and 
sources at Site 95 Magnolia Road in an effort to evaluate whether additional 
investigations and/or remediation activities were necessary.   
 
Investigative activities conducted during the SI included the following: 
 

 Surface and subsurface soil sampling;  
 Installation of three monitoring wells; 
 Groundwater sampling of the site monitoring wells; and 
 Survey of monitoring well and soil boring locations. 

 
Surface and Subsurface Soils 
 
The SI included soil investigations consisting of gridded soil sampling using Direct Push 
Technology (DPT).  In October 2006, 31 borings were advanced at the vat location and at 
20 feet centers near the vat, with slightly wider spacing in the surrounding areas. 

NAVFAC/1409/390/Reports/R1/Final EECA 7



Continuous core soil samples were collected within disposable acetate sleeves using a 
macro-core soil sampler for Volatile Organic Compound (VOC) screening and visual 
description. 
 
Surface Soil Samples  
 
Surface soil samples were collected at each boring location at depths from zero to one 
foot bgs and sent for laboratory analysis.  Seventeen subsurface soil samples were 
collected above the groundwater level at depths from three to four feet bgs and sent for 
laboratory analysis.  The soil samples were analyzed for VOCs, Semivolatile Organic 
Compounds (SVOC)s, Polychlorinated Biphenyls (PCB)s, Target Analyte List (TAL) 
metals, and pesticides. 
 
VOCs were not detected in surface soil exceeding method detection limits (MDLs) in 
samples collected from Site 95-Magnolia Road.   
 
Eight SVOCs were detected at concentrations exceeding MDLs in surface soil, including 
di-n-butylphtalate, bis(2-ethylhexyl)phthalate, benzaldehyde, benzo(a)pyrene, 
benzo(b)fluoranthene, chrysene, fluoranthene, and pyrene.  None of the SVOCs were 
detected at concentrations exceeding the screening criteria.   
 
Two pesticides, aldrin and endrin, were detected in surface soil exceeding MDLs; 
however, neither pesticide was detected at concentrations in exceedance of screening 
criteria.  PCBs were not detected at concentrations exceeding MDLs in surface soil 
samples collected at Site 95-Magnolia Road. 
 
Fourteen metals including aluminum, antimony, barium, beryllium, calcium, chromium, 
cobalt, copper, lead, magnesium, nickel, potassium, silver, and vanadium were detected 
at concentrations exceeding MDLs, but less than the screening criteria for the surface soil 
samples.  Arsenic concentrations detected in the surface soil samples exceeded the 
Residential PRGs and the North Carolina Soil Screening Level (SSL) [NCDENR 2005] 
in nine locations.  The maximum concentration was 188 milligrams per kilogram (mg/kg) 
in the surface soil sample collected from IR95B-IS115, as shown on Figure 4.  Arsenic 
concentrations exceeded the acceptable HHR (10-4) in three locations.  Soil samples 
collected from within the vat during Baker’s investigation also indicated arsenic 
concentrations in exceedance of the acceptable HHR. 
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Subsurface Soil Samples 
 
Three VOCs, acetone, 2-butanone, and methylene, were detected in subsurface soil 
samples at concentrations exceeding MDLs, but not exceeding screening criteria.  Two 
SVOCs, bis(2-ethylehxyl)phthalate and di-n-butylphthalate, were detected in subsurface 
soil samples at concentrations exceeding MDLs; however, the concentrations did not 
exceed the screening criteria.  Pesticides and PCBs were not detected in subsurface soil 
samples exceeding MDLs. 
 
Eighteen metals including, aluminum, antimony, barium, beryllium, cadmium, calcium, 
chromium, cobalt, copper, lead, magnesium, manganese, nickel, potassium, silver, 
sodium, vanadium, and zinc, were detected in subsurface soil samples exceeding MDLs, 
but at levels below the screening criteria.  Arsenic concentrations detected in subsurface 
soil samples exceeded the Residential PRG in 13 locations and exceeded the SSL in five 
locations.  The maximum concentration of 436 mg/kg was collected from sample location 
IR95B-IS115 (see Figure 5).  Arsenic concentrations in subsurface soil exceeded the 
acceptable HHR in two locations.  Iron was detected at concentrations exceeding the SSL 
at 15 locations, but remains below the Base background concentration.  The mercury SSL 
was exceeded in sample IR95B-IS109; however, the detected mercury concentration was 
below the Base background concentration. 
 
Overall, analytical data indicated exceedances of regulatory criteria for arsenic in soil.  
Based on the results of the SI, arsenic concentrations in surface soil and subsurface soil at 
Site 95 Magnolia Road were identified with the potential to 1) pose unacceptable risks to 
human health and the environment and 2) contaminate the groundwater.  Arsenic 
concentrations exceeded the acceptable USEPA Residential PRG of 39 mg/kg for HHR 
(10 -4) and the North Carolina SSL of 30 mg/kg for groundwater protection (NCDENR, 
2008), which were applicable at the time of the SI in 2007.  However, state criteria has 
changed since 2007; please see Section 2.4 for a discussion concerning the current 2009 
criteria.  A removal action was recommended.  As a result of the analytical testing 
completed during the SI, a volume of 370 cubic yards of soil was estimated for 
excavation or treatment and removal.   
 
Groundwater 
 
Three monitoring wells were installed at Site 95 Magnolia Road (see Figure 4).  The 
monitoring well locations were selected at the entrance to the dipping vat (IR95B-
MW02), the exit of the dipping vat (IR95B-MW01), and at a down-gradient location 
(IR95B-MW03). 
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These shallow (i.e., 15 feet bgs) monitoring wells were installed in July 2006.  They were 
constructed using two-inch ID, Schedule 40, PVC well riser and screen materials.  Ten 
feet of 0.010-inch slot well screen was used in each well.  After the well installations 
were completed and the wells developed, groundwater samples were collected as part of 
the SI field activities. 
 
Groundwater samples were collected from the three monitoring wells using a peristaltic 
pump and low flow sampling techniques on August 1, 2006.  The samples were analyzed 
for VOCs, SVOCs, PCBs, TAL metals, and pesticides.   
 
VOCs and SVOCs were not detected at concentrations exceeding MDLs in the 
groundwater samples collected from the Site 95 Magnolia Road monitoring wells.  One 
pesticide, Delta-benzene hexachloride (BHC), was detected in monitoring well IR95B-
MW01 in exceedance of the MDL; however, it did not exceed the North Carolina 
Groundwater Quality Standards (NCGWQS). 
 
Seven metals, aluminum, antimony, cadmium, manganese, potassium, silver and sodium 
were detected in groundwater samples exceeding MDLs, but less than NCGWQS.  Iron 
was detected in exceedance of the NCGWQS in groundwater collected from IR95B-
MW01; however, this concentration was an order of magnitude less than the Base 
background level.  Overall, no unacceptable risks in the groundwater at Site 95 Magnolia 
Road were identified. 
 
2.3 SOURCE, NATURE, AND EXTENT OF CONTAMINATION 
 
Based on the chemical and physical data gathered during the SI at Site 95 Magnolia 
Road, a source area is located around the dipping vat structure where arsenic has been 
detected in both surface and subsurface soil.  The source area identified for removal 
under this NTCRA is shown on Figures 4 and 5.  Based on the information provided in 
the SI, the estimated source area is approximately 2,900 square feet to a depth of 3.5 feet.  
The volume of soil within the source area is estimated to be 10,150 cubic feet, or 376 
cubic yards.  During the SI, groundwater samples collected indicated the groundwater 
had not been impacted by the arsenic.   
 
2.4 STREAMLINED RISK EVALUATION 
 
According to the USEPA Guidance on Conducting Non-Time-Critical Removal Actions 
Under CERCLA, (1993), “…for the EE/CA, the streamlined risk evaluation should focus 
on the specific problem that the removal action is intended to address.  If the action is 
intended to address a particular source of contamination, the risk evaluation should 
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address the risks related only to that source of contamination.”  Because this EE/CA 
addresses only the removal or treatment of arsenic, the risk evaluation is limited to 
arsenic only. 
 
In October 2009, the NCDENR revised the SSL Table to reflect the USEPA Region 4 
decision to use the updated USEPA Residential Regional Screening Level (RSL) Tables 
rather than the outdated Region 9 Tables.  The NCDENR, Division of Waste 
Management, Federal Remediation Branch Target Screening Values (Soil to 
Groundwater) [NCTSV] Table is currently a NCDENR internal document compiled from 
RSL data and state specific calculations for groundwater criteria.  The updated NCTSV 
Table lists the soil to groundwater protection criteria for arsenic at 5.44 mg/kg. 
 
The arsenic concentrations in surface and subsurface soil exceeded the acceptable HHR 
range (10 -4 to 10 -6) and the NCTSV for groundwater protection (NCDENR, October 
2009); therefore, arsenic was identified as a COC for Site 95 Magnolia Road.  No COC 
was identified for groundwater.   
 
3.0 IDENTIFICATION OF REMOVAL ACTION OBJECTIVES 
 
Conditions at Site 95 Magnolia Road warrant the evaluation of Removal Action 
Objectives (RAOs) for the protection of human health and the environment.  The RAOs 
for Site 95 Magnolia Road include: 
 

 Remove surface and subsurface arsenic-contaminated soil 
above the NCTSV of 5.44 mg/kg, based on the average value 
of 15 confirmatory samples, to reduce the potential for 
contaminant mass flux from the source area to groundwater; 
and 

 Reduce exposure and risk to human receptors by meeting the 
acceptable HHR range of 10-4 to 10-6. 

 
3.1 STATUTORY LIMITS OF REMOVAL ACTIONS 
 
Non time-critical removal actions funded by EPA have a $2 million and a 12-month 
statutory limit pursuant to Section 104(c)(1) CERCLA.  This removal action will not be 
USEPA funded-financed.  The Navy/Marine Corps Installation Restoration (IR) Manual 
does not limit the cost or duration of the removal action.  However, cost effectiveness is a 
recommended criterion for evaluation of the removal action alternatives. 
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3.2 DETERMINATION OF REMOVAL ACTION SCOPE 
 
The selected removal action is intended to be a final corrective action implemented at 
Site 95 Magnolia Road to achieve the identified RAOs.  The removal action is intended 
to eliminate the amount of contaminant mass present at Site 95 Magnolia Road. 
 
Upon conclusion of the removal action, a Closeout Report will be completed detailing the 
removal activities.  The report will include descriptions of completed removal action 
objectives, daily safety logs, waste manifests, confirmatory sampling results, and any 
modifications made to the removal action based on field situations.  This report will 
document the completion of the removal action and the compliance with the Applicable 
or Relevant and Appropriate Requirements (ARARs) leading to site closure.  
 
3.3 DETERMINATION OF REMOVAL ACTION SCHEDULE 
 
Implementation of alternative activities is anticipated to require three to six months based 
on the recommended remedies.  The time frame of the alternatives evaluated ranges from 
several weeks to upwards of five years.  Treatment operations may last for a few weeks 
to several years depending on the alternative selected. 
 
Each alternative will have different implementation timeframes. Factors that may affect 
the removal action schedule primarily relate to site conditions, requirements of the 
removal technologies, availability of vendors and supplies, Camp Lejeune mission 
requirements, and inclement weather. 
 
4.0 IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION 

ALTERNATIVES 
 
Response actions that may be used to satisfy the RAOs include removal and off-site 
disposal or in-situ treatment.  In accordance with the USEPA Guidance On Conducting 
Non-Time-Critical Removal Actions Under CERCLA (USEPA, 1993), treatment 
technologies are preferred.   
 
4.1 IDENTIFICATION OF REMOVAL ACTION ALTERNATIVES 
 
In order to streamline the evaluation, the Camp Lejeune Partnering Team will evaluate 
the following alternatives: 
 

 No Action Alternative; 
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 Excavation and Off-Site Disposal of Arsenic-Contaminated Soil and Concrete 
Vat, with Well Abandonment; and 

 In-Situ Phytoremediation of Arsenic-Contaminated Soil, Excavation and Off-Site 
Disposal of Concrete Vat, and Well Abandonment. 

 
4.1.1 Alternative 1 - No Action 
 
The No Action alternative implies no treatment or excavation will be done at the site.  
The site will be left as it currently exists, leaving the soil and concrete structure in place. 
Because contaminants will remain at Site 95 Magnolia Road under this alternative, the 
NCP [40 CFR 300.430(f)(4)] requires the lead agency to review the effects of this 
alternative at least once every five years. 
 
4.1.2 Alternative 2 - Excavation and Off-Site Disposal of Arsenic-Contaminated 

Soil and Concrete Vat, with Well Abandonment 
 
The first action alternative considered is the excavation of the arsenic-contaminated soil 
source area and concrete vat using conventional earth moving equipment and disposal in 
a non-hazardous Subtitle D landfill (see Figure 6).  To determine the feasibility of this 
disposal plan, a composite sample of the arsenic-contaminated soil was collected and 
analyzed using the TCLP method.  The results of the TCLP analysis determine the final 
designation of the excavated soil as hazardous or non-hazardous depending on the 
concentration of the COC.  Based on the results of the December 2008 composite sample 
analysis, the total arsenic concentration was reported as 40 mg/kg and the arsenic TCLP 
concentration was 0.114 milligrams per liter (mg/L), which is below the TCLP hazardous 
waste level of 5 mg/L.  Therefore, the soil is considered non-hazardous.  In addition, a 
TCLP sample was taken from the concrete vat structure and the results (0.04 mg/L) also 
indicate the status as non-hazardous.  The concrete vat will be disposed at the Camp 
Lejeune MCB Recycling Center.  Refer to Appendix B for the TCLP laboratory results. 
 
Prior to excavation activities, erosion and sediment controls will be installed to prevent 
contaminated sediments from leaving the site.  An erosion control and sedimentation plan 
(E&S Plan) will be developed for the site.  Due to the small area of disturbance, the site 
will not need a formal E&S Plan approval (disturbance is less than one acre).  The 
excavated area will be backfilled and restored to grade, fertilized, seeded and mulched to 
restore vegetation. 
 
The proposed transportation route of the non-hazardous waste haulers will be along Old 
Town Point Road.  This unimproved road will be posted with a work zone speed limit of 
15 miles per hour.  This posting with enforcement is required to protect troops during 
hauling activities while they perform field exercises nearby. 
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As part of this alternative, the nine existing monitoring wells at Site 95 Magnolia Road, 
Lyman Road and Jaybird Road will be abandoned.  The well abandonment will be 
conducted in accordance with North Carolina regulations. 
 
4.1.3 Alternative 3 - In-Situ Phytoremediation of Arsenic-Contaminated Soil, 

Excavation and Off-Site Disposal of Concrete Vat, and Well Abandonment 
 
Phytoremediation is a removal technique which uses plants to remove contaminants from 
sites.  Phytoremediation can employ several removal phytotechnologies including the 
following that would be applicable to Site 95 Magnolia Road: 
 

 Phytoextraction – Ability of plants to take up contaminants 
into the plant and deposit the contaminants within the biomass.  
This process removes the contaminants from the ground and 
stores them in the biomass which can be harvested and 
disposed at selected intervals. 

 
 Phytostabilization – Ability of plants to sequester 

contamination through the discharge of phytochemicals on the 
rhizosphere and on the roots through the transport of proteins 
during the cellular process.  This process effectively traps 
portions of the contamination within the cell structure of the 
plant roots.  The biomass, likewise, can be harvested and 
disposed at the conclusion of the removal action. 

 
Design of a phytoremediation project is determined by several factors including the type, 
depth, and concentration of the contaminant; the total area, soil type, and the 
hydrogeology of the site; and the growth pattern, soil preferences, and climatic tolerance 
of the plants.  While many of the site parameters, such as details of the contamination 
profile, the site area, and hydrogeology are already known, it is prudent for this 
alternative to initially conduct small scale tests to optimize this alternative before 
selection of a final a plant species (or more than one) for the Site 95 Magnolia Road 
phytoremediation.  The initial evaluation assumes shallow arsenic soil contamination will 
be removed through phytoextraction using arsenic hyperaccumulating Chinese Brake 
ferns; and subsurface arsenic soil contamination will be removed by phytostabilization 
via the hybrid poplar tree (Carolina or Tulip Poplars) [see Figure 7].  Throughout the 
removal process, the biomass will be harvested, analyzed, and properly disposed at an 
appropriate landfill. 
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Clearing of major vegetation within and directly adjacent to the removal zone will be 
required.  An eight feet high fence will be constructed to surround the removal zone to 
keep herbivores separated from the arsenic-rich biomass.  Total arsenic testing of the 
surface and subsurface soil and TCLP testing of the biomass will be conducted 
throughout the removal process. 
 
In addition to the phytoremediation treatment, the concrete vat will be disposed at the 
Camp Lejeune Base Recycling Center. 
 
Also, as part of this alternative, the nine existing monitoring wells at Site 95 Magnolia 
Road, Lyman Road and Jaybird Road will be abandoned.  The well abandonment will be 
conducted in accordance with North Carolina regulations. 
 
4.2 ANALYSIS OF REMOVAL ACTION ALTERNATIVES 
 
This section presents the detailed analysis of the Removal Action Alternatives 
developed in Section 4.1.  The evaluation criteria used for the detailed analysis is 
presented in Section 4.3.  An individual and comparative detailed analysis can be found 
in Sections 4.4 and 5.0, respectively.  
 
The detailed analysis of alternatives was conducted in accordance with the USEPA 
Guidance On Conducting Non-Time-Critical Removal Actions Under CERCLA (USEPA, 
1993).  The following seven criteria were used for the detailed analysis: 
 

 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; and 
 Cost. 

 
4.3 OVERVIEW OF EVALUATION CRITERIA 
 
The following paragraphs describe the evaluation criteria used in the detailed analysis. 
 
Overall Protection of Human Health and the Environment 
 
The primary criterion a removal action must meet is the overall protection of human 
health and the environment.  If a remedy is adequate in eliminating, reducing or 
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controlling current and potential site risks, it is considered protective. Each exposure 
pathway at the site must be evaluated when evaluating a remedy.  If a hazardous 
substance remains on site without engineering or institutional controls, there is a constant 
human health and environmental exposure risk.  Engineering or industrial controls must 
be employed in a manner that ensures the adequate protection of both human health and 
environmental health over time.  Additionally, a removal action cannot incur 
unacceptable short-term risks or cross-media impacts that can affect human health and 
the environment.  Both CERCLA and the NCP require the selected remedy must meet the 
so-called “threshold criteria” of overall protection of human health and the environment 
and compliance with identified ARARs. 
 
Compliance with ARARs and Other Criteria, Advisories, and Guidance 
 
In accordance with the NCP in 40 CFR 300.415(j), on-site removal actions shall, to the 
extent practicable considering the exigencies of the situation, attain ARARs under 
federal environmental or state environmental or facility sitting laws.  Applicable 
requirements, as defined in 40 C.F.R. § 300.5, means those cleanup standards of control, 
and other substantive requirements, criteria, or limitations promulgated under federal 
environmental or state environmental or facility sitting laws that specifically address a 
hazardous substance, pollutant, or contaminant, remedial action, location, or other 
circumstance at a CERCLA site.  Only those state standards identified by the state in a 
timely manner and that are more stringent than federal requirements may be applicable.  
Relevant and appropriate requirements, as defined in 40 C.F.R. § 300.5, means those 
cleanup standards of control, and other substantive requirements, criteria, or limitations 
promulgated under federal environmental or state environmental or facility sitting laws 
that, while not “applicable” to a hazardous substance, pollutant, or contaminant, 
remedial action, location, or other circumstance at a CERCLA site, address problems or 
situations sufficiently similar to those encountered at a CERCLA site and their use is 
well suited to the particular site.  Only those state standards identified by the state in a 
timely manner and that are more stringent than federal requirements may be relevant 
and appropriate.  The USEPA has created three categories of ARARs: Chemical-, 
Location- and Action-Specific.  In addition to ARARs, the lead and support agencies 
may, as appropriate, identify other advisories, criteria, or guidance to be considered for 
a particular release.  The "to-be-considered" (TBC) category consists of advisories, 
criteria, or guidance developed by USEPA, other federal agencies, or states that may be 
useful in developing CERCLA remedies.  See 40 C.F.R. § 300.400(g)(3).  
 
There are no Chemical-Specific ARARs applicable to the site; however the NCDENR 
identifies arsenic levels no greater than 5.44mg/kg, when evaluating leachability in soil 
for protection of groundwater resources, a TBC guidance.  Consequently, arsenic 
contaminated soil would be excavated to remove soil above such concentration under 
Alternative 2.  The removal action objective will be based on the average concentration 
of 15 samples.  Site 95 has been determined to be eligible for inclusion on the National 
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Registry of Historic Places.  Accordingly, Location-Specific ARARs include the National 
Historic Preservation Act of 1966 and its implementing regulations which require federal 
agencies to consult with State Historic Preservation Offices and undertake measures to 
avoid, minimize or mitigate any adverse impacts on the historic property.  The primary 
Action-Specific ARARs related to addressing the excavation of arsenic contaminated soil 
and the demolition of the concrete dip vat structure at Site 95 Magnolia Road include 
federal and state requirements related to the generation, temporary storage and disposal 
of solid waste.  In addition, NCDENR regulations related to control of storm water runoff 
and fugitive dust emissions are relevant and appropriate for land disturbing activities such 
as excavation of the contaminated soil and removal of the dip vat structure.  Also, 
NCDENR well standards, including those related to abandonment of groundwater 
monitoring wells, are applicable for the removal action.  Refer to Tables 1, 2, and 3 for 
the Site 95 Magnolia Road Chemical-, Location- and Action-Specific ARARs and TBC. 
 
Long-Term Effectiveness and Permanence 
 
Long-term effectiveness and permanence as a criterion addresses CERCLA’s concern for 
ensuring protection of human health and the environment.  Residual on-site risks must be 
accounted, even after a removal action has been completed.  Evaluating this criterion 
includes consideration of the following: 
 

 Degree of threat posed by hazardous substances remaining on site; 
 Adequacy of controls to manage the exposure to hazardous 

substances remaining at the site; 
 Reliability of those controls; and 
 Potential impacts on human health and the environment, in the 

event the remedy would fail. 
 
Reduction of Toxicity, Mobility, or Volume through Treatment      
 
Reduction of toxicity, mobility, or volume through treatment, as a criterion, addresses the 
statutory preference for treatment as a principal removal action.  This criterion ensures 
the treatment efficiency of removal action is considered and evaluated by analyzing the 
magnitude, significance, and irreversibility of a treatment-mediated reduction in toxicity, 
mobility or volume of contamination. 
 
Short-Term Effectiveness 
 
Short-term effectiveness as a criterion examines the efficacy of a removal action in the 
immediate future. Even when the long-term impacts of a removal action are verifiably 
beneficial, it must be contrasted against the immediate effects of implementing that 
alternative.  Evaluating short-term effectiveness includes considering the potential threats 
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excavation, treatment, and transportation may pose to human health of the community 
and on-site workers and the environment.  Potential cross-media impacts, ecosystem 
disruption, and the time required to achieve human health and environmental protection 
are all to be considered.   
 
Implementability        
 
Implementability as a criterion considers the technical and administrative feasibility, the 
availability of resources to execute a removal action, and state and community 
acceptance.  Technical feasibility considers the availability of a technology to implement 
the remedy.  Administrative feasibility evaluates requirements for permits, zoning 
variances, and impacts on adjoining property.  Availability of resources considers off-site 
treatment, storage, and disposal capacity; qualified personnel; and services and materials.  
State and community acceptance is gained with approval of the preferred removal 
alternative. 
 
Cost    
 
The cost of implementing a removal action is a critical criterion that must account for the 
present worth of the capital cost and annual operation and maintenance (O&M) costs.  
Cost-efficiency is a critical component when balancing the removal goals to be achieved 
and the financial means by which they are achieved.  The USEPA Guidance (USEPA, 
1988) predicts the cost estimate proposed in a preliminary removal scope will have a -30 
to +50 percent accuracy, depending on the information available and the budgetary 
assumptions made in developing the cost estimates. 
 
4.4 INDIVIDUAL ANALYSIS OF ALTERNATIVES 
 
Each alternative has been individually analyzed, in detail, as presented in the following 
subsections.  The analysis of each alternative will include a brief description and 
examination of how it ranks against the evaluation criteria described in Section 4.3. 
 
4.4.1 Alternative 1 - No Action  
 
Alternative 1 implies Site 95 Magnolia Road remains as is, without the implementation of 
any additional removal actions.  
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Overall Protection of Human Health and the Environment 
 
Without the implementation of a removal action, access to land with known 
contamination would be permitted at Site 95 Magnolia Road.  If the soil contamination 
remains on site without any protective measure, as Alternative 1 suggests, the goal of 
reducing potential human health or environmental risks is not achieved.   
 
The existing monitoring wells at each of the sites within Site 95 would remain in place.  
Without proper well abandonment, vandalism could occur, which might result in human 
contact with contamination. 
 
Compliance with ARARs and Other Criteria, Advisories, and Guidance 
 
Alternative 1 does not demonstrate an effort to reduce contaminant levels or to achieve 
the chemical-specific TBC.  Action-specific ARARs do not apply to Alternative 1, 
because soil contamination would remain in-situ at Site 95 Magnolia Road.  Five-year 
reviews would be required for Alternative 1, as is the case for any alternative that 
involves leaving contamination on site, in exceedance of the TBC. 
 
Long-Term Effectiveness and Permanence 
 
Alternative 1 does not meet the criterion of ensuring long-term effectiveness and 
permanence.  When contaminated soil is left on site, its presence creates a constant risk to 
humans that may come into contact with it.  Currently, Site 95 Magnolia Road allows 
access to land with known contamination and Alternative 1 does not protect future land 
users from the effects of arsenic soil contamination.   
 
Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Alternative 1 does not include a physical treatment remedy that reduces toxicity, mobility 
or volume of soil contamination.   
 
Short-Term Effectiveness 
 
Alternative 1 does not increase the short-term, on-site risk for workers or community 
members, and does not present an increased short-term environmental impact associated 
with its implementation.  However, it also does not protect human health or the 
environment in the short term. 
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Implementability 
 
Alternative 1 does not require the coordination or availability of resources, services, or 
technologies; however, it will not meet the threshold criteria so implementation would 
not be possible.   State and community acceptance of this alternative is unlikely. 
 
Cost 
 
The cost of implementing Alternative 1 is $0, as shown in Table 4, as Alternative 1 
requires no capital costs or annual O&M costs.  However, the alternative has low cost-
efficiency, because it does not meet the protective measures necessary for 
implementation. 
 
4.4.2 Alternative 2 - Excavation and Off-Site Disposal of Arsenic-Contaminated 

Soil and Concrete Vat, with Well Abandonment 
 
Alternative 2 involves excavation of arsenic-contaminated soil.  After soil removal, Site 
95 Magnolia Road will be cleared for unrestricted land use.  In addition, the nine existing 
monitoring wells at Site 95 Magnolia Road, Lyman Road and Jaybird Road will be 
abandoned. 
 
As excavation occurs, in-field confirmation samples will be obtained to ensure the 
excavation activities meet the removal action objectives of 15 confirmation samples 
averaging less than 5.44 mg/kg at the site.  The excavated soil will be disposed of at a 
Subtitle D Landfill based on initial TCLP analytical results.  Following site excavation, 
site restoration would occur to re-establish pre-excavation conditions.  Refer to Figure 6 
for Excavation Option Site Layout. 
 
Overall Protection of Human Health and the Environment 
 
Alternative 2 is an effective measure for protecting human health and the environment 
because it involves excavation and off-site disposal of contaminated soil.  Removal of 
arsenic contaminated soil at or above 5.44 mg/kg will eliminate the risk to human health.  
Worker safety concerns are an issue during the implementation; however, due to the 
frequency of use of this alternative at other CERCLA sites within the Camp Lejeune area, 
workers are familiar with the processes and have the knowledge to avoid or minimize 
potentially dangerous situations.   
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The existing monitoring wells at the three Site 95 locations are proposed to be abandoned 
in accordance with state protocol.  The proper abandonment will prevent potential well 
vandalism that could result in human contact with contamination. 
 
Compliance with ARARs and Other Criteria, Advisories, and Guidance 
 
Alternative 2 complies with the chemical-specific TBC by achieving arsenic soil 
concentrations that permit unrestricted land use.   The location-specific ARAR under 
NCDAH would be relevant for Alternative 2 due to the excavation aspect of this 
alternative.  Action-specific ARARs under North Carolina Administrative Code (NCAC), 
RCRA, and Department of Transportation (DOT) would also be relevant for Alternative 
2 due to the need for excavating, staging, transporting and disposing of arsenic 
contaminated soil. Site activities will be implemented in a way consistent with meeting 
ARAR requirements. 
 
This alternative complies with the following ARARs: 
 

 Managing fugitive dust emissions; 
 Generated non-hazardous waste removed from site; 
 Storing, transportation, and disposal of waste generated from 

removal activities;  
 Managing storm water, surface water, and sedimentation; and 
 Abandonment of monitoring wells. 
 

Long-Term Effectiveness and Permanence 
 
Alternative 2 will effectively ensure long-term effectiveness or permanence by removing 
arsenic soil contamination in accordance with the removal action objective from Site 95 
Magnolia Road.  The conditions of appropriate waste disposal facilities eliminate the 
potential exposure of human receptors to contaminated substances.  Excavation of arsenic 
contaminated soil to the removal action objective at Site 95 Magnolia Road will remove 
potential long-term risks to human health by reducing the overall magnitude of risk at the 
site.  Confirmatory sampling will monitor the effectiveness of the action. 
 
Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Treatment is not a component of Alternative 2; however, complete physical removal of 
contaminated soil will remove the source of contamination, such that toxicity, mobility, 
or volume reduction is no longer a relevant concern.  The contaminated soil will be 
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transported to a site where human receptors are prevented from accessing the arsenic 
contamination.   
 
Short-Term Effectiveness 
 
During the excavation activities required for Alternative 2, human health and the 
environment will be protected by employing the proper use of Personal Protective 
Equipment (PPE) for remediation workers, establishing erosion and sediment control 
measures and dust control.  Access to Site 95 Magnolia Road will be restricted to 
remediation workers and relevant personnel during excavation.  All workers will be 
certified by the Office of Safety and Health Administration (OSHA) to ensure they are 
knowledgeable of the health and safety risks involved and how to protect themselves and 
the environment from harmful contaminant exposure.  There is an increased risk to 
workers and the surrounding community because of soil excavation and transport during 
implementation of this alternative.  
 
Implementability 
 
Excavation activities required for Alternative 2 are fairly routine operations that involve 
readily accessible equipment and trained personnel.  Alternative 2 does not involve the 
use of active treatment technologies that may be difficult to acquire or coordinate.  
Similar excavation activities have occurred on the Base in the past and were successfully 
executed. 
 
Cost 
 
A detailed cost estimate for Alternative 2 is presented in Table 5.  The estimated net 
present worth cost for Alternative 2 is $174,647.  Alternative 2 has high cost efficiency 
because it permits unrestricted land use within the shortest time frame.  
 
4.4.3 Alternative 3 - In-Situ Phytoremediation of Arsenic-Contaminated Soil, 

Excavation and Off-Site Disposal of Concrete Vat, and Well Abandonment 
 
Alternative 3 involves the use of plants to remove the arsenic contaminated soil.  The 
Chinese Brake Fern (an arsenic hypoaccumulator) will be used to perform 
phytoextraction.  Phytoextraction is the process of transferring the arsenic from the 
ground to the surface within the plant’s biomass.  Annual harvesting will be required.  
This action will remove arsenic from the surface soil to a depth of one foot.  A second 
plant (Hybrid Poplar) will be used to remove the contaminants from the subsurface soil 
from one foot to up to four feet.  The Hybrid Popular (variety Carolina or Tulip) is a 
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phytostabilizer.  This process effectively traps the arsenic contamination within the root 
structure of the poplar trees.  Annual harvesting is not required; however, removal of the 
poplar tree root systems will be required at the conclusion of the removal action.  Refer to 
Figure 7 for Phytoremediation Site Layout.  In addition, the nine existing monitoring 
wells at Site 95 Magnolia Road, Lyman Road and Jaybird Road will be abandoned.   
   
Overall Protection of Human Health and the Environment 
 
Alternative 3 by itself will not prevent human contact with contaminated soil, but an 
erected fence to prevent herbivores from entering the site will restrict site usage by 
trespassers while the removal process is occurring.  Once the removal action objective is 
obtained, Site 95 Magnolia Road will have an unrestricted land use.  Human health and the 
environment are protected with proper implementation and maintenance during and at the 
conclusion of the removal process. 
 
The existing monitoring wells at the three Site 95 areas are proposed to be abandoned in 
accordance with state protocol.  The proper abandonment will prevent any potential well 
vandalism that could result in human contact with contamination. 
 
Compliance with ARARs and Other Criteria, Advisories, and Guidance 
 
Alternative 3 complies with the chemical-specific TBC by achieving arsenic soil 
concentrations that permit unrestricted land use when the alternative is complete.  The 
location-specific ARAR under NCDAH would be relevant for Alternative 3 due to the 
excavation aspect of this alternative.  Action-specific ARARs under NCAC, RCRA, and 
DOT would also be relevant for Alternative 3 due to the need for excavating, staging, 
transporting and disposing of arsenic contaminated biomass.  Site activities will be 
implemented in a way consistent with meeting ARAR requirements. 
 
This alternative would be required to comply with the following ARARs: 
 

 Generated hazardous waste removed from site; 
 Generated non-hazardous waste removed from site; 
 Storing, transportation, and disposal of waste generated from 

removal activates;  
 Transportation of hazardous materials; and  
 Abandonment of monitoring wells. 
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Long-Term Effectiveness and Permanence 
 
The long-term effectiveness and permanence of Alternative 3 will allow the site to 
contain an unrestricted land use by physically removing arsenic concentrations from the 
surface and subsurface soil.  Areas targeted will include those where soil exceeds the 
level of 5.44 mg/kg.  Following completion of the removal action, the land will have 
unrestricted use.  This alternative will reduce the magnitude of risk once the treatment is 
completed.  The effectiveness of the treatment option is still in its infancy and much of 
the published data represents ideal conditions within laboratory settings.  Real world 
environments may provide inconsistencies with published arsenic accumulation rates.  
Furthermore, remediation can only occur during the growing seasons.   
 
Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Alternative 3 is an active treatment process to remove arsenic contamination from the 
site.  With arsenic (V) being the likely form of site contamination because of its lack of 
mobility, it is reasonable to assume groundwater will not be contaminated during the 
duration of active treatment; therefore, the reduction of toxicity, mobility, and volume 
treated will be met through off-site disposal of the biomass.  Typically, the Chinese Brake 
fern will convert the arsenic (V) to arsenic (III) during the phytoextraction process.  It is 
possible dead leaves from the fern decay could release the arsenic (III) back into the 
ground and arsenic (III) could leach to the groundwater.  Therefore, a yearly maintenance 
program is required to remove all biomass at the conclusion of the growing season.  
 
Short-Term Effectiveness 
 
To prevent any short-term risks associated with the implementation of Alternative 3, 
construction workers will use PPE during the site clearing and planting phases.  
Alternative 3 does not require intrusive activities by heavy equipment; however, hand 
excavation will occur during the planting phase.  Upon completion of Alternative 3 
installation, this alternative will be effective in protecting human health and the 
environment mainly by the perimeter fence preventing access during the removal process. 
 
Implementability 
 
Construction activities required for Alternative 3 are fairly routine operations that involve 
readily accessible equipment and trained personnel.  It may be difficult to acquire 
materials for this alternative (e.g., specialized plants).  After initial installation, annual 
maintenance and harvesting will be required.  It is assumed the biomass related to the 
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Brake Fern will be hazardous and require disposal in a Subtitle C hazardous waste 
landfill (WSDOE, 2009).   
 
Cost 
 
A detailed cost estimate for Alternative 3 is presented in Table 6.  The estimated net 
present worth cost for Alternative 3 is $150,292.  Alternative 3 has moderate cost-
efficiency because it requires long term maintenance, hazardous waste disposal, 
temporary site restrictions, and root mass extraction after the completion of the treatment. 
  
5.0 COMPARATIVE ANALYSIS OF REMOVAL ACTION ALTERNATIVES 
 
This section presents a comparative analysis of the three alternatives presented for the 
soil remediation at Site 95 Magnolia Road.  The purpose of the comparative analysis is to 
identify the relative advantages and disadvantages of each alternative. Thus, the seven 
previously introduced criteria used for the detailed analysis will be the basis for the 
following comparative analysis. 
 
Overall Protection of Human Health and the Environment 
 
Each alternative will protect human health and the environment for the desired future 
land use with the exception of Alternative 1, the No Action alternative.  Alternative 2 is 
most protective of human health and the environment because soil exceeding the 
chemical-specific TBC cleanup goal is removed from the site within the shortest time 
frame; however, Alternative2 has the highest risk for potential worker health impacts.  
For Alternatives 2 and 3, protection of human health and the environment will be 
achieved through the removal and off-site disposal of the arsenic contamination. 
 
Compliance with ARARs and Other Criteria, Advisories, and Guidance 
 
All of the alternatives, except for No Action, meet the applicable chemical-specific TBC 
requirement for the desired future land use, location-specific ARARs, and action-specific 
ARARs.   
 
Long-Term Effectiveness and Permanence 
 
The No Action alternative will not be effective over the long-term in protecting human 
health and the environment because the contaminants will remain at the site and will not 
be contained, removed, treated, nor controlled.  Both Alternative 2 and Alternative 3 are 
effective because arsenic contamination will be removed from the site to levels meeting 
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the removal action objective.  The long-term effectiveness of Alternative 3 is uncertain 
because much of the published data represents ideal conditions within laboratory settings.  
Real world environments may provide inconsistencies with published arsenic 
accumulation rates. 
 
Reduction of Toxicity, Mobility, or Volume through Treatment 
 
Only Alternative 3 will reduce toxicity, mobility, or volume of contaminants through 
treatment.  The treatment will transport the arsenic contamination to the plants which will 
be harvested and disposed at an appropriate landfill.  Though Alternative 2 is not a 
treatment process, it effectively removes the arsenic contamination from the site thus 
complying with the requirements of this section.  
 
Short-Term Effectiveness 
 
While the No Action Alternative will not cause increased risk for workers and 
community members, it also is not effective at protecting human health and the 
environment in the short-term.  For Alternatives 2 and 3 to be effective in the short-term, 
worker and environmental protection plans will need to be in place.  Because of the 
significant amount of excavation required for Alternative 2, as compared to Alternative 3, 
there is an increased risk to workers and community members.  It is estimated all of the 
alternatives can be implemented in less than one year. 
 
Implementability 
 
The No Action alternative does not require the coordination or availability of resources, 
services, or technologies; however, it will not meet the threshold criteria so 
implementation would not be possible.  All of the other alternatives have an “easy” level 
of difficulty to implement and similar work to Alternative 2 has been completed 
successfully at other CERCLA sites on Camp Lejeune.  Alternative 3 may have a 
“moderate” difficulty in obtaining specific arsenic hypoaccumulating plants required by 
this type of treatment. 

NAVFAC/1409/390/Reports/R1/Final EECA 26



 
Cost 
 
Estimated capital and O&M costs for each alternative, as discussed previously, are 
presented on Tables 4 through 6.  The estimated total net present worth cost for each 
alternative is provided below: 
 

Alternative Name Alternative Objective Alternative Costs 

No Action (Alternative 1) No Action  $0 
Excavation and Off-Site Disposal 
of Arsenic-Contaminated Soil and 
Concrete Vat, with Well 
Abandonment (Alternative 2) 

Excavation of arsenic soil 
contamination >5.44 mg/kg 
(based on the average of 15 
confirmatory samples) 

$174,647 

In-Situ Phytoremediation of 
Arsenic-Contaminated Soil, 
Excavation and Off-Site Disposal 
of Concrete Vat, and Well 
Abandonment (Alternative 3) 

Phytoremediation of 
arsenic soil contamination 
>5.44 mg/kg   
  

$150,292 

 
Alternative 1 has a low cost efficiency.  The cost to implement Alternative 1 is $0; 
however, it does not meet the protection measures necessary for implementation.  
Alternative 2 has high cost efficiency because it permits unrestricted land use within the 
shortest time frame.  Alternative 3 has moderate cost efficiency because it requires long-
term maintenance, hazardous waste disposal, temporary site restrictions, and root mass 
extraction after the completion of treatment. 
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5.1 RELATIVE RANKING OF ALTERNATIVES 
 
Below is a visual comparison of the three alternatives as discussed above: 
 

Evaluation  

Criteria 

No Action 
Alternative 

(Alternative 1) 

Excavation with 
Off-Site Disposal 
(Alternative 2) 

Phytoremediation  

Technology 

(Alternative 3) 

Overall Protection of 
Human Health & 
Environment 

○ ◙ ◙ 

Compliance with 
ARARs and Other 
Criteria, Advisories, 
and Guidance 

○ ◙ ◙ 

Long-Term 
Effectiveness & 
Permanence 

○ ◙ ● 

Reduction of Toxicity, 
Mobility, or Volume 
through Treatment 

○ ● ● 

Short-Term 
Effectiveness 

○ ● ◙ 
Implementability ○ ◙ ● 
Cost* ○ ◙ ● 
Ranking:  
 ◙ High 
 ● Moderate 
 ○ Low 

   

Rankings are provided as qualitative descriptions of the relative compliance of each 
alternative with the criteria. 
 
*Cost category based on the concept of cost efficiency, rather than total cost. 
 
Note: 
No Action (Alternative 1) – No Action 
Excavation with Off-Site Disposal (Alternative 2) – Excavation to 5.44 mg/kg Arsenic (based on 
average of 15 confirmatory samples) 
Phytoremediation (Alternative 3) – Soil Treatment to 5.44 mg/kg Arsenic 

NAVFAC/1409/390/Reports/R1/Final EECA 28



6.0 RECOMMENDED REMOVAL ACTION ALTERNATIVE 
 
As outlined above, Alternative 2 appears to be the Preferred Alternative for cleanup of 
Site 95 Magnolia Road.  For the Preferred Alternative, protection of human health and 
the environment will be achieved with the off-site disposal of the arsenic contaminated 
soil above 5.44 mg/kg (based on the average of 15 confirmatory samples).  Alternative 2 
also meets the applicable chemical-specific TBC and action-specific ARARs.  There will 
be no long-term risks associated with Alternative 2 because the arsenic contaminated soil 
will be removed from the site allowing unrestricted land use.  Reduction in toxicity, 
mobility, or volume through treatment will be achieved not by treatment but by removal 
and disposal in an approved landfill.  The short-term effectiveness may pose an increased 
danger to human health during the removal action, but with operational safety protocols 
this potential danger should be mitigated. 
 
Furthermore, implementability of this alternative is “easy” due to the many similar 
removal actions that have occurred at MCB Camp Lejeune.  The cost of Alternative 2 is 
the most efficient, because at a reasonable rate it permits the unrestricted land use at Site 
95 Magnolia Road within the shortest time frame of the two removal alternatives.  Based 
on the above, Alternative 2 satisfies the comparison criteria and provides the shortest 
time frame to site closure. 
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TABLES 



 TABLE 1 
 CHEMICAL-SPECIFIC TBC 
 Site 95 EE/CA 
 MCB Camp Lejeune, North Carolina 
  
 

Chemical Requirements Prerequisite Citation 

NC Soil Screening Levels 

Removal cleanup levels for arsenic 
contaminated soil. 

Remove soil to protect groundwater. Site with arsenic contamination in soil > 5.44 
mg/kg – TBC  

North Carolina Department of 
Environment and Natural 
Resources, Division of Waste 
Management, Federal Remediation 
Branch Target Screening Values 
(Soil to Groundwater), NCDENR 
Internal Document (October 2009) 
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TABLE 2 
 LOCATION-SPECIFIC ARAR 
 Site 95 EE/CA 
 MCB Camp Lejeune, North Carolina 
 

Location Characteristics Requirements Prerequisite Citation 

Cultural Resources – Federal National Historic Preservation Act of 1966 (NHPA) (Amended through 2006) 

Presence of historic property – 
Archaeological Site 310N0387 
(Site 95) deemed eligible for 
inclusion on National Register of 
Historic Places. 

Consider adverse effects on historic properties 
per NHPA Section 106. 

Undertaking [as defined in 36 CFR 800.16(y)] 
that has the potential to affect historic property 
on or eligible for inclusion on National Record 
of Historic Places – applicable 

NHPA Section 106 
36 CFR 800.1(a) 
36 CFR 800.3 

 Determine adverse effects per 36 CFR 
800.5(a)(1), and if found, evaluate alternatives 
or modifications to the under taking to avoid, 
minimize, or mitigate the adverse effect on the 
property.   
 
Note:  Consultation with the NC Division of 
Archives and History State Historic 
Preservation Office undertaken by MCB 
Camp Lejeune. 

 36 CFR 800.5(a) and (d) 
36 CFR 800.6 

 
 

NAVFAC 1409/390/Reports/R1/Final 
 



TABLE 3 
 ACTION-SPECIFIC ARARs 
 Site 95 EE/CA 
 MCB Camp Lejeune, North Carolina 
 

Action Requirements Prerequisite Citation 

Waste Characterization and Storage — Primary Wastes (e.g., excavated contaminated soils) 

Characterization of solid 
waste (e.g., contaminated 
soil). 

Must determine if solid waste is hazardous 
waste or if waste is excluded under 40 CFR 
261.4(b); and 

Generation of solid waste as defined in 40 
CFR 261.2 and which is not excluded under 
40 CFR 261.4(a) — applicable. 

40 CFR 262.11(a) 

 Must determine if waste is listed as a 
hazardous waste under subpart D 40 CFR Part 
261; or 

Generation of solid waste which is not 
excluded under 40 CFR 261.4(a)— 
applicable. 

40 CFR 262.11(b) 

 Must characterize waste by using prescribed 
testing methods or applying generator 
knowledge based on information regarding 
material or processes used. 

Solid waste not listed in subpart D of 40 CFR 
part 261 – applicable.  

40 CFR 262.11(c) 

 Must refer to Parts 261, 262, 264, 265, 266, 
268, and 273 of Chapter 40 for possible 
exclusions or restrictions pertaining to 
management of the specific waste. 

Generation of solid waste which is determined 
to be hazardous — applicable. 

40 CFR 262.11(d) 

Storage of solid waste 
(e.g., contaminated soil). 

All solid waste shall be stored in such a 
manner as to prevent the creation of a 
nuisance, insanitary conditions, or a potential 
public health hazard. 

Generation of solid waste which is determined 
not to be hazardous — relevant and 
appropriate. 

15A NCAC 13B .0104(f) 
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TABLE 3 (cont’d) 
 ACTION-SPECIFIC ARARs 
 Site 95 EE/CA 
 MCB Camp Lejeune, North Carolina 
 

Action Requirements Prerequisite Citation 

Waste Treatment and Disposal—Primary Wastes (excavated contaminated soils) 

Disposal of solid waste 
(e.g., contaminated soil). 

Shall be responsible for the satisfactory 
storage, collection and disposal of solid waste. 

Generation of solid waste intended for on-site 
storage and off-site disposal — relevant and 
appropriate. 

15A NCAC 13B .0106(a) 

 Shall ensure that waste is disposed at a site or 
facility which is permitted to receive the 
waste. 

Generation of solid waste intended for off-site 
disposal — applicable. 

15A NCAC 13B .0106(b) 

Transportation of Wastes 

Transportation of hazardous 
materials. 

Shall be subject to and must comply with all 
applicable provisions of the HMTA and DOT 
HMR at 49 CFR 171-180. 

Any person who, under contract with a 
department or agency of the federal 
government, transports “in commerce,” or 
causes to be transported or shipped, a 
hazardous material — applicable. 

49 CFR 171.1(c) 

Transportation of solid waste. Solid waste shall be collected, transported, and 
disposed in a manner consistent with these 
rules. 

Transportation of material that meet the 
definition of solid waste – applicable. 

15A NCAC 13B .0105(a) - (d) 

Abandonment of Monitoring Wells 

Abandonment of groundwater 
monitoring well(s). 

Shall be abandoned in accordance with the 
requirements of 15A NCAC 02C .0113(b)(1) 
and (2). 

Permanent abandonment of wells (including 
temporary wells) other than for water supply 
— applicable. 

15A NCAC 02C .0113(b) 
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TABLE 3 (cont’d) 
 ACTION-SPECIFIC ARARs 
 Site 95 EE/CA 
 MCB Camp Lejeune, North Carolina 
 

Action Requirements Prerequisite Citation 

General Management Standards — All Land-Disturbing Activities (i.e., excavation, clearing, grading, etc.) 

Managing fugitive dust emissions. Shall not cause or allow fugitive dust 
emissions to cause or contribute to substantive 
complaints, or visible emissions in excess of 
that allowed under paragraph (e) of this Rule. 

Activities within facility boundary that will 
generate fugitive dust emissions — relevant 
and appropriate 

15A NCAC 02D.0540(c) 

 Implement methods (e.g. wetting dry soils) to 
control dust emissions that could travel 
beyond the facility boundary. 

 15A NCAC 02D.0540(f) 

Managing storm water runoff from 
land disturbing activities. 

Shall take all reasonable measures to protect 
all public and private property from damage 
caused by such activities. 

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0105 

 Erosion and sedimentation control plan must 
address the following basic control objectives: 
(1) Identify areas subject to severe erosion, 
and off-site areas especially vulnerable to 
damage from erosion and sedimentation.  
(2) Limit the size of the area exposed at any 
one time. 
(3) Limit exposure to the shortest feasible 
time. 
(4) Control surface water run-off originating 
upgrade of exposed areas. 
(5) Plan and conduct land-disturbing activity 
so as to prevent off-site sedimentation 
damage. 
(6) Include measures to control velocity of 
storm water runoff to the point of discharge. 

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0106 

 Ground cover must be placed following 
construction or development, and an erosion 
and sedimentation control plan must be filed 
and approved by the agency having 
jurisdiction. 

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0107 
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TABLE 3 (cont’d) 
 ACTION-SPECIFIC ARARs 
 Site 95 EE/CA 
 MCB Camp Lejeune, North Carolina 
 

Action Requirements Prerequisite Citation 

General Management Standards — All Land-Disturbing Activities (i.e., excavation, clearing, grading, etc.) 

Managing storm water runoff from 
land disturbing activities. 

Erosion and sedimentation control measures, 
structures, and devices shall be planned, 
designed, and constructed to provide 
protection from the run-off of 10 year storm. 

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0108 

 Temporary access and haul roads, other than 
public roads, constructed or used in 
connection with any land-disturbing activity 
shall be considered a part of such activity. 

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0111 

 Install and maintain temporary and permanent 
erosion and sedimentation control measures.   

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0113 

 Provided ground cover or other protective 
measures, structures, or devices sufficient to 
restrain accelerated soil erosion and control 
off-site sedimentation. 

Land-disturbing activity (as defined in 
N.C.G.S. Ch. 113A-52) of more than 1 acre of 
land — relevant and appropriate. 

15A NCAC 4B.0116 

 
ARAR = applicable or relevant and appropriate requirement 
CFR = Code of Federal Regulations 
DOT = U.S. Department of Transportation 
>  greater than 
HMR = Hazardous Materials Regulations 
HMTA = Hazardous Materials Transportation Act 
NC = North Carolina 
NCAC = North Carolina Administrative Code 
NHPA = The National Historic Preservation Act of 1966 (Amended 2006) 
PPE = personal protective equipment 
RCRA = Resource Conservation and Recovery Act of 1976 
TBC = To be Considered 



TABLE 4
COST ESTIMATE:   NO ACTION

Site 95 EE/CA 
MCB, Camp Lejeune, North Carolina

Cost Item Unit Qty Unit Cost Total Cost Comments
DIRECT CAPITAL COSTS
Capital Costs $0
PROFESSIONAL SERVICES
Professional Services $0
ANNUAL OPERATION & MAINTENANCE COSTS
Five-Year Review $0

SUBTOTAL PROJECT COST $0
Contingency 10% $0
TOTAL PROJECT COST $0
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TABLE 5
COST ESTIMATE:  EXCAVATION  WITH OFF-SITE DISPOSAL 

Site 95 EE/CA
MCB, Camp Lejeune, North Carolina

Cost Item Unit Qty Unit Cost Total Cost Comments
DIRECT CAPITAL COSTS
Excavation and Site Restoration
Survey Subcontractor LS 1 $5,417 $5,417 Estimate
Excavation Subcontractor LS 1 $46,463 $46,463 Vendor quote
Transport and Dispose Nonhazardous Waste LS 1 $34,308 $34,308 Vendor quote
Confirmatory Analytical Testing EA 15 $77 $1,154 Vendor quote
Monitoring Well Abandonment LS 1 $6,787 $6,787 Vendor quote
Portable Scales EA 6 $323 $1,937 Vendor quote

Subtotal $96,065

PROFESSIONAL SERVICES
Site Supervision, Equipment and Expenses LS 1 $33,303 $33,303 Estimate

ANNUAL OPERATION & MAINTENANCE COSTS
Total O&M Costs $0

SUBTOTAL PROJECT COST $129,368
Contingency 35% $45,279
TOTAL PROJECT COST $174,647
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TABLE 6 
COST ESTIMATE:  PHYTOREMEDIATION

Site 95 EE/CA
MCB, Camp Lejeune, North Carolina

Cost Item Unit Qty Unit Cost Total Cost Comments
INITIAL DIRECT CAPITAL COSTS
Site Preparation
Fence w/Gate LS 1 $9,421 $9,421 Vendor quote
Site Clearing (ft) (Hot Spot) LS 1 $4,171 $4,171 Vendor quote
Site Clearing (50 ft Perimeter) LS 1 $4,171 $4,171 Vendor quote
Hybrid Poplar (poplar canadensis or liriodendron tulipifera ) EA 56 $18 $1,008 Vendor quote
Brake Fern (pteris Vittata ) EA 206 $12 $2,472 Vendor quote
Excavation and cleaning of concrete LS 1 $3,575 $3,575 Vendor quote
Concrete Removal LS 1 $1,454 $1,454 Vendor quote
Monitoring Well Abandonment LS 1 $6,787 $6,787 Vendor quote

Subtotal $33,059

INITIAL PROFESSIONAL SERVICES
Site Supervision, Equipment and Expenses LS 1 $4,341 $4,341 Estimate

Total Initial Implementation $37,400

ANNUAL OPERATION & MAINTENANCE COSTS (Per Year for 5 Years)
Annual Perimeter Maintenance EA 1 $596 $596 Vendor quote
Annual Harvesting EA 1 $2,729 $2,729 Estimate
Annual Hazardous Waste Disposal EA 1 $4,171 $4,171 Vendor quote
Annual Waste TCLP EA 1 $1,543 $1,543 Vendor quote
Total Arsenic Biomass EA 1 $84 $84 Vendor quote

Annual O&M Subtotal Cost $9,123
Effective Interest Rate of 3%
Present Worth Factor = 4.5797
Present Cost of Annual O&M for 5 years $41,918

Biomass Analytical Characterization (first year only) EA 1 $668 $668 Vendor quote (No Present Worth Factor)
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TABLE 6 
COST ESTIMATE:  PHYTOREMEDIATION

Site 95 EE/CA
MCB, Camp Lejeune, North Carolina

Cost Item Unit Qty Unit Cost Total Cost Comments

FINAL DIRECT CAPITAL COSTS
Site Demolition
Fence Removal LS 1 $9,421 $9,421 Derived from Vendor quote
TCLP Fern Biomass EA 1 $1,543 $1,543 Derived from Vendor quote
TCLP Poplar Root Biomass EA 1 $1,543 $1,543 Derived from Vendor quote
Excavation of Root Masses LS 1 $11,916 $11,916 Estimate
Final Biomass Disposal EA 2 $4,171 $8,342 Derived from Vendor quote
Confirmatory Sampling Total Arsenic EA 10 $84 $840 Derived from Vendor quote

Subtotal $33,605

FINAL PROFESSIONAL SERVICES
Site Supervision, Equipment and Expenses LS 1 $2,729 $2,729 Estimate

Final Demolition Total $36,334
Effective Interest Rate of 3%
Present Worth Factor = .8626
Present Cost of Site Demolition after 5 Years $31,341

SUBTOTAL PROJECT COST $111,328
Contingency (35%) $38,965
TOTAL PROJECT COST $150,292
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