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SECTION 1 

Introduction 
This report presents the Feasibility Study (FS) for Operable Unit (OU) Number 16, Site 89 at Marine Corps Base 
Camp Lejeune (MCB CamLej) in Onslow County, North Carolina. This FS is prepared under the Naval Facilities 
Engineering Command (NAVFAC) – Mid-Atlantic, Comprehensive Long-term Environmental Action – Navy (CLEAN) 
1000 Contract N62470-08-D-1000, Contract Task Order (CTO) 0081.  

MCB CamLej covers approximately 236 square miles and is a training base for the United States Marine Corps. Site 
89 is located on Camp Geiger, near the intersection of G and 8th Streets. The base motor pool operated on the site 
until 1988 and reportedly used solvents such as acetone, trichloroethene (TCE), and 2-butanone (methyl-ethyl-
ketone [MEK]) for cleaning parts and equipment. A steel 550-gallon underground storage tank (UST) was used for 
the storage of waste oil from 1983 until its removal in 1993. The Defense Reutilization and Marketing Office 
(DRMO) was operated by the Defense Logistics Agency (DLA) on the site until 2000, and the area was used as a 
storage yard for items such as scrap and surplus metal, electronic equipment, vehicles, rubber tires, and fuel 
bladders. 

MCB CamLej was placed on the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) National Priorities List (NPL) effective November 4, 1989 (54 Federal Register 41015, October 4, 1989). 
As a result, the United States Environmental Protection Agency (USEPA) Region IV, the North Carolina Department 
of Environment and Natural Resources (NCDENR), the United States Department of the Navy (DoN), and the 
United States Marine Corps entered into a Federal Facilities Agreement (FFA) for MCB CamLej in 1991. The 
primary purpose of the FFA is to ensure that environmental impacts associated with past and present activities at 
the Base are thoroughly investigated. The Installation Restoration (IR) Program is responsible for ensuring that 
appropriate CERCLA response alternatives are developed and implemented as necessary to protect public health 
and welfare and the environment. 

1.1 Report Purpose 
The purpose of this FS is to evaluate potential remedial alternatives to address the contamination identified 
during the Remedial Investigation (RI) and subsequent investigations according to the following process:  

• Identify the remedial action objectives (RAOs). 

• Identify potential treatment, resource recovery, and containment technologies that will satisfy these 
objectives. 

• Screen the technologies based on their effectiveness, implementability, and cost. 

• Assemble the technologies into treatment alternatives.  

• Analyze the alternatives against evaluation criteria. 

1.2 Report Organization 
This FS is organized as follows:  

• Section 1 is the introduction. 

• Section 2 contains site characterization information, including: site description and background, summaries of 
previous investigations, the nature and extent of contamination (including updated information collected in 
2010), a streamlined risk evaluation, and a natural attenuation (NA) evaluation. 

• Section 3 identifies applicable or relevant and appropriate requirements (ARARs) and RAOs and contains an 
initial screening of potential technologies. 
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• Section 4 develops the identified technologies into potential alternatives and evaluates those alternatives 
based on effectiveness, implementability, and cost. 

• Section 5 compares remedial action alternatives. 

• Section 6 presents reference information. 
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SECTION 2 

Site Characterization 

2.1 MCB CamLej Setting 
MCB CamLej is located in Onslow County, North Carolina. The Base covers approximately 236 square miles and is 
bisected by the New River, which flows into the Atlantic Ocean in a southeasterly direction. The Base is bordered 
by the Atlantic Ocean to the east, United States Route 17 to the west, and State Route 24 to the north. The City of 
Jacksonville, North Carolina, borders the Base to the north.  

2.2 Site Description and Physical Setting 
Site 89 is located within OU16 in the northwest portion of MCB CamLej, in the Camp Geiger area. OU16 consists of 
Site 89 and Site 93, located west of Site 89 (Figure 2-1). Site 93 is currently Remedy-in-Place (RIP) status. The final 
Record of Decision (ROD) for Site 93 was signed in 2006, and the remedial action (in situ chemical oxidation [ISCO] 
and monitored natural attenuation [MNA]) was initiated in October 2006. 

Detailed background information for Site 89 is contained in the Comprehensive Remedial Investigation, Site 89, 
Operable Unit No. 16, Former Defense Reauthorization and Marketing Office, Marine Corps Base Camp Lejeune, 
North Carolina (Comprehensive RI) (CH2M HILL, 2008a). A summary of this information is provided in the 
following sections. A conceptual site model showing the groundwater plume, previous removal actions and 
treatability studies, and risk receptors at Site 89 is presented on Figure 2-2. 

2.2.1 Site Description 
Site 89 includes the former DRMO area located southeast of the intersection of G and 8th Streets and a wooded 
area east of White Street. The site encompasses approximately 50 acres.  

For the purposes of this FS the remedial strategies were divided into two areas based on the concentration of 
contaminants of concern (COCs) in groundwater and former site use: the source area within the former DRMO 
area (Source Area) and the hydraulically downgradient area primarily east of White Street (Downgradient Area) 
(Figure 2-1). In general, the concentrations of COCs in groundwater within the Source Area are one to two orders 
of magnitude greater than in the Downgradient Area.  

The former DRMO area is surrounded by a fence with an access gate, and the ground surface is asphalt, gravel, or 
grass covered (the areas east of the former UST STC-868 and south of former Building TC952). The areas north of 
the former DRMO area are generally developed, with buildings, asphalt, and grass and occupied by the School of 
Infantry. The area surrounding the former DRMO area to the west and south is primarily wetland along Edwards 
Creek. The eastern portion of Site 89 is generally undeveloped and covered in wetland and forest.  

2.2.2 Topography and Surface Water Hydrology 
Site 89 is located within an inter-stream area and has little topographic relief. Edwards Creek is located to the 
west and south of Site 89 and eventually flows into the New River. Stormwater from Camp Geiger is conveyed via 
manmade drainage ditches into the source of Edwards Creek near the intersection of 8th and E Streets, as shown 
on Figure 2-1. Surface water at Site 89 also drains into Edwards Creek. The elevation of the DRMO Area is 
approximately 14 feet above mean sea level (msl). 

2.2.3 Site Geology  
A detailed description of Site 89 geology and hydrogeology is provided in the Comprehensive RI (CH2M HILL, 
2008a). Geologic cross section locations are provided on Figure 2-3, and cross sections generated from monitoring 
well boring logs and direct-push technology (DPT) investigations during the Comprehensive RI are provided on 
Figures 2-4 and 2-5.  
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Site 89 is underlain by undifferentiated sediments consisting primarily of fine, loose to medium dense sands with 
lesser amounts of silt and clay to approximately 20 to 25 feet below ground surface (bgs). Thin discontinuous 
lenses of silt and clay are also present in the undifferentiated formation.  

The undifferentiated sediments at MCB CamLej are typically underlain by a laterally discontinuous semi-confining 
unit, the Belgrade Formation, or Castle Hayne Confining Unit, which generally consists of mostly fine sands, silts, 
and clays, with lesser amounts of shell fragments. The Belgrade Formation appears to be laterally discontinuous at 
Site 89. 

The River Bend Formation underlies the Belgrade Formation and is composed of cemented sands, silt, shells, fossil 
fragments, and trace amounts of clay. Shells and cemented clasts are found within the silty sand from 20 to 
approximately 40 feet bgs, decreasing with depth. A layer of dense silty sand exhibiting a decrease in moisture 
content was encountered in borings at depths of approximately 40 to 45 feet bgs. Fine grained sands, silty sands, 
and clays were encountered to 70 feet bgs. Another layer of dense fine grained sand and silt layer with a decrease 
in moisture content was present at approximately 70 feet bgs. The maximum depth of investigation at Site 89 was 
90 feet bgs. 

2.2.4 Site Hydrogeology  
A detailed description of the hydrogeology at Site 89 is provided in the Comprehensive RI. Site 89 is underlain by 
the surficial aquifer (water table), coinciding with the undifferentiated sediments discussed in Section 2.2.3. The 
surficial aquifer is underlain by the Castle Hayne Confining Unit (Belgrade Formation), which is laterally 
discontinuous at Site 89, providing hydrologic connectivity between the surficial and Castle Hayne aquifer, which 
underlies the Castle Hayne Confining Unit. The Castle Hayne aquifer coincides with the River Bend Formation 
discussed in Section 2.2.3. Hydrogeologic characteristics of the surficial (water table) and Castle Hayne aquifers 
underlying Site 89 were evaluated by reviewing available information from a network of monitoring wells in the 
surficial (screened to 10 feet below msl), upper Castle Hayne aquifer (screened from 20 to 40 feet below msl), and 
middle Castle Hayne aquifer (screened greater than 40 feet below msl). Site-wide gauging was completed in 
November 2010, and groundwater elevations from that event are provided in Table 2-1. 

2.2.4.1. Surficial Aquifer 
Static water level elevations of the surficial aquifer ranged from 3.19 feet above msl (IR89-MW06) to 9.49 feet 
above msl (IR89-MW33). Groundwater flow within the surficial aquifer is influenced by Edwards Creek and 
generally flows to the south/southeast from the former DRMO Area and north toward Edwards Creek from the 
south. A potentiometric surface map, based on data collected during November 2010, is shown on Figure 2-6. The 
horizontal gradient was calculated between wells in the Source Area and wells downgradient. The hydraulic 
gradient was calculated to be 0.004 foot per foot (ft/ft) between monitoring wells IR89-MW50 and IR89-MW37 
and 0.0033 ft/ft between monitoring wells IR89-MW50 and IR89-MW30. 

The average hydraulic conductivity for the surficial aquifer measured during the completion of the Comprehensive 
RI was 5.1 feet per day (ft/day). Using the average hydraulic conductivity and effective porosity values for silts and 
sands ranging from 0.25 to 0.5, seepage velocities were calculated to range between 0.047 and 0.151 ft/day (17 to 
55 feet per year [ft/year]) (CH2M HILL, 2008a). 

2.2.4.2. Castle Hayne Aquifer 
Static water level elevations within the upper Castle Hayne aquifer ranged from 3.33 feet above msl (IR89-
MW06IW) to 8.39 feet above msl (IR89-MW33IW). In general, groundwater flow within the upper Castle Hayne 
aquifer is to the southeast toward the New River. A potentiometric surface map of the upper Castle Hayne 
aquifer, based on data collected during November 2010, is shown on Figure 2-7. The horizontal gradient within 
the upper Castle Hayne aquifer was calculated to be 0.0029 ft/ft between monitoring wells IR89-MW02IW and 
IR89-MW36IW and 0.0031 ft/ft between monitoring wells IR89-MW09IW and IR89-MW39IW.  

Static water level elevations within the middle Castle Hayne aquifer ranged from 3.46 feet above msl (IR89-
MW06DW) to 9.16 feet above msl (IR89-MW05DW). In general, groundwater flow within the middle Castle Hayne 
aquifer is to the southeast toward the New River. A potentiometric surface map of the middle Castle Hayne 
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aquifer, based on data collected during November 2010, is shown on Figure 2-8. The horizontal gradient within 
the middle Castle Hayne aquifer was calculated to be 0.004 ft/ft between monitoring wells IR89-MW03DW and 
IR89-MW39DW. 

The average hydraulic conductivity in the upper Castle Hayne aquifer was reported in the Comprehensive RI to be 
64.6 ft/day. Using the average hydraulic conductivity and effective porosity values for silts and sands ranging from 
0.25 to 0.5, seepage velocities were calculated to range from 0.52 to 1.03 ft/day (190 to 376 ft/year) (CH2M HILL, 
2008a). The extent of shells within the lithology of the upper Castle Hayne aquifer appears to provide a more 
transmissive zone for groundwater movement as compared to the silty sand lithology of the surficial aquifer. 

2.2.4.3. Vertical Gradients 
Using the November 2010 water level data, vertical hydraulic potentials were calculated between the surficial 
aquifer and upper Castle Hayne aquifer and the upper and middle Castle Hayne aquifers using adjacent wells 
screened at the three target depth intervals. The vertical hydraulic potential is calculated by dividing the 
difference in water level elevations by the distance between the center points of the two screened intervals of the 
two wells. The vertical hydraulic gradient data are summarized in Table 2-2.  

The monitoring wells south of Edwards Creek displayed upward vertical gradients ranging from 0.003 ft/ft to 0.07 
ft/ft, while the monitoring wells north of Edwards Creek generally displayed downward vertical gradients ranging 
from 0.004 ft/ft to 0.02 ft/ft. The IR89-MW03 location has an upward vertical gradient of 0.0007 ft/ft between 
surficial and upper Castle Hayne aquifer depths and a downward gradient of 0.01 ft/ft between upper and middle 
Castle Hayne aquifer depths. The vertical hydraulic gradients are generally one to two orders of magnitude larger 
between the surficial and upper Castle Hayne aquifer than between the upper and middle Castle Hayne aquifers.  

2.3 Site History 
The Base Motor Pool operated on the site until 1988, and the historical records indicate that various solvents, 
such as acetone, TCE, and MEK, were used for cleaning parts and equipment. In 1983, a steel 550-gallon UST was 
installed and used for the storage of waste oil until its removal in 1993. During removal, visible signs of 
contamination were observed and the impacted soil was removed until groundwater was encountered. Other 
structures historically located in the former UST area include Building STC-867, used for the storage of hazardous 
soil, and a wash rack with associated drain and oil/water separator.  

The DLA operated the DRMO from 1988 until 2000, during which time the site was used as a storage yard for 
scrap and surplus metal, electronic equipment, vehicles, rubber tires, and fuel bladders. These bladders, ranging 
in capacity from 600 to 20,000 gallons, were stored at the site in the early 1990s. The site has not been used since 
the DRMO relocated in 2000. The only site activity since that time has been related to environmental 
investigations. 

Site 89 appears to have two main source areas: one identified in the southern portion of the former DRMO (the 
former vehicle maintenance and storage area) and the other in the area of the former UST. The primary 
contaminants in the groundwater at Site 89 are chlorinated volatile organic compounds (VOCs). The presence of 
VOCs within the surface water would suggest that the impacted groundwater is discharging into Edwards Creek. 

2.4 Summary of Previous Investigations 
The initial investigation at Site 89 was conducted to evaluate the extent of subsurface hydrocarbon contamination 
in the area of the former UST. Over time, the investigations expanded to include chlorinated solvents and the 
current Site 89 boundaries. Previous investigations are summarized as follows. 
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Summary of Previous Investigations 

Investigation Year Actions 

RI Operable Unit No. 16 (Sites 89 
and 93) (Baker, 1998) 1996 -1997 

Conducted RI to assess the presence or absence of contamination 
in groundwater, surface water, sediments, and subsurface soils. 
Chlorinated solvents were detected in soil, groundwater in the 
surficial and upper Castle Hayne aquifers within the DRMO Area, 
and surface water and sediment in Edwards Creek. 

Long-term Monitoring (LTM) and 
Immediate Response Field Effort 
(Baker, 1999)  

1999 

Completed the April 1999 LTM sampling event and an Immediate 
Response Field Effort at Site 89 in June and July 1999. 1,1,2,2-
tetrachloroethane (PCA) was reported at a concentration of 
30,000 micrograms per liter (µg/L) in the sample from surficial 
aquifer monitoring well IR89-MW02, which prompted an 
immediate response to re-sample the well and install additional 
wells to confirm and delineate groundwater and potential soil 
impacts. Results indicated the potential for dense non-aqueous 
phase liquid (DNAPL) in the eastern and southern portions of the 
DRMO Area.  

Additional Sampling (soil, 
groundwater, surface water and 
sediment) (Baker, 2000) 

2000 

Conducted additional investigations of soil, groundwater, surface 
water, and sediment in October and December 1999. Identified 
elevated VOC impacts in the soil vadose zone indicative of a source 
of groundwater and surface water contamination. A time-critical 
removal action (TCRA) was recommended for shallow soils in the 
southern DRMO Area. 

Supplemental Investigation (SI) 
and Evaluation (CH2M HILL, Baker, 
and CDM, 2001) 

2001 

Investigated the horizontal and vertical extent of DNAPL of 
primary contaminants TCE and 1,1,2,2-PCA through soil, 
groundwater, surface water, and sediment sampling. The SI 
identified two DNAPL source zones impacting 25,000 cubic yards 
of soil in the southern portion of the DRMO Area. 

Comprehensive RI  
(CH2M HILL, 2008a) 2003-2006 

Investigated the extent of chlorinated VOCs and semivolatile 
organic compounds (SVOCs) in groundwater, surface water, and 
sediments of Edwards Creek. The RI concluded that the 
groundwater was still impacted by VOCs. The Human Health Risk 
Assessment (HHRA) concluded that the subsurface soil posed a risk 
to the potential future adult and child residents and that 
groundwater posed a risk to current industrial receptors. Soil 
exposure risks reported in the RI were driven by soil in the 
southern portion of the DRMO Area at the suspected source of 
groundwater contamination. The screening level ecological risk 
assessment (SLERA) found concentrations of polycyclic aromatic 
hydrocarbons (PAHs) and pesticides that posed a potential risk to 
the benthic invertebrate community in the wetlands. 

Results of the August 2008 SI 
(CH2M HILL, 2008b) 2008 

Collected groundwater samples from four temporary wells and 
surface water samples from three locations in Edwards Creek, 
from the eastern portion of Site 89, to further delineate VOC 
impacts. 

Baseline Ecological Risk 
Assessment (BERA) Addendum for 
the Western Wetland (CH2M HILL, 
2008c) 

2008 

Collected confirmatory soil and sediment samples to assess the 
extent of PAH and pesticide impacts that were driving the risks 
reported in the RI. Removal of the impacted soil from the western 
wetland area was recommended. 
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2.5 Previous Pilot Study and Removal Actions 
2.5.1 Time-critical Removal Action (OHM, 2000) 
Based on the results of the 1999 Immediate Response Investigation and supplemental sampling (Baker, 1999), 
shallow soil in the southern portion of the DRMO Area was identified as a source of VOC contamination in the 
surficial groundwater and Edwards Creek. A TCRA was recommended to remove gross VOC contamination from 
vadose zone soils in the southern area of the DRMO, to install a treatment system for surface water impacts, and 
to restrict access to Edwards Creek (CH2M HILL, Baker, and CDM, 2000). In 2000, 24,000 tons of shallow (0 to 5 
feet) VOC-impacted soil were excavated and treated using low temperature thermal desorption (LTTD). 
Treatment was considered complete when confirmatory samples of the treated soil indicated that concentrations 
of 1,1,2,2-PCA were below 1 milligram per kilogram (mg/kg). The treated soil was used to backfill the excavation 
area (OHM, 2000). 

Risk assessments conducted during the 1998 RI indicated that exposure to surface water and sediment in Edwards 
Creek exceeded the acceptable risk levels. In order to prevent exposure, a fence was erected around the reach of 
Edwards Creek near the site, and an aeration system was installed just downstream of the former DRMO Area to 
remove VOCs from the affected surface water.  

2.5.2 Electrical Resistance Heating Pilot Test (Shaw, 2005) 
Based on the results of SIs conducted in 2000 and 2001 (Baker, 2000; CH2M HILL, Baker, and CDM, 2001), an 
engineering evaluation/cost assessment (EE/CA) was prepared to evaluate potential removal actions to treat the 
DNAPL in surficial groundwater and soil in the southern area of the DRMO (CH2M HILL and Baker, 2002). Electrical 
resistance heating (ERH), an in situ thermal remediation technology that uses electrical resistive heating in 
conjunction with conventional soil-vapor extraction (SVE), was selected to accomplish remedial objectives. As the 
soil is heated, vapor pressure and volatility of the mobile DNAPL is increased, and the DNAPL is boiled off the 
subsurface or destroyed via hydrolysis. Steam laden with DNAPL vapor is withdrawn by SVE and treated 
aboveground.  

From 2003 to 2004, Shaw Environmental, Inc. (Shaw), conducted a pilot study using an ERH system to remove 
free-phase DNAPL. The system consisted of 43 heating electrodes installed to a depth of 26 feet bgs and 48 
heating electrodes installed to a depth of 19 feet bgs. The total treatment area was approximately 15,900 square 
feet, and the approximate quantity of soil treated was 14,700 cubic yards, based on an estimated conductive zone 
of 25 feet (Figure 2-9). 

The pilot system operated from September 2003 until May 2004. Based on weekly sampling, an estimated 48,500 
pounds of VOC contamination was removed during this time. Confirmatory sampling indicated that the free-phase 
DNAPL was eliminated.  

2.5.3 Treatability Studies (AGVIQ-CH2M HILL, 2008) 
From 2006 through 2007, treatability studies were conducted to evaluate the performance and design of four 
remedial technologies to remove chlorinated VOCs from surficial groundwater:  

• Enhanced reductive dechlorination (ERD) using emulsified vegetable oil (EVO) and sodium lactate 
• Chemical reduction via zero valent iron (ZVI) injection using pneumatic soil fracturing  
• Air sparging (AS) via a horizontal well 
• Permeable reactive barrier (PRB) using an organic mulch-based substrate 
The target areas of these studies were selected based on dissolved-phase concentrations of TCE and 1,1,2,2-PCA.   

2.5.3.1. Enhanced Reductive Dechlorination 
ERD of chlorinated VOCs is implemented by adding a suitable substrate to the subsurface to stimulate anaerobic 
biological activity. The introduction of this substrate depletes competing electron acceptors, creating strongly 
reducing conditions, and provides an electron donor source for reductive dechlorination. 
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During the week of November 27, 2006, a 50 percent Terra SystemsTM EVO and 50 percent sodium lactate blend 
was injected into the subsurface through four borings (Figure 2-9). DPT injections were conducted from 10 to 25 
feet bgs at an average rate of 12.8 gallons per minute (gpm). Performance monitoring included a groundwater 
baseline sampling event and 1-, 3-, and 6-month sampling events, which included three new monitoring wells and 
two existing monitoring wells. All groundwater samples were analyzed for VOCs, total organic carbon (TOC), 
natural attenuation indicator parameters (NAIPs), and microorganisms. 

During the baseline sampling event, 1,1,2,2-PCA concentrations ranged from 2.2 µg/L to 20 µg/L. One month after 
ERD substrate injections, 1,1,2,2-PCA concentrations had decreased to below detection limits, and this compound 
was not detected in subsequent sampling events. During the baseline sampling event, TCE concentrations ranged 
from 110 µg/L to 360 µg/L. Over the course of the monitoring period, TCE concentrations in wells IR89-MW44, 
IR89-MW54, and IR89-MW55 decreased an average of 97.5 percent. Increases in detected concentrations of TCE 
degradation, or “daughter” products cis-1,2-dichloroethene (DCE) and vinyl chloride (VC), throughout the 
performance monitoring period suggested that reductive dechlorination was occurring.  

The results of a tracer study conducted during the ERD treatment indicated that the radius of influence (ROI) was 
approximately 35 feet, although a more conservative 25 feet was recommended for future full-scale design. Pre-
treatment microbial data indicated that dehalogenating bacteria were present and that bioaugmentation would 
not be required in a full-scale treatment system. 

2.5.3.2. Chemical Reduction 
In situ chemical reduction requires the injection of reducing agents, such as ZVI, to promote abiotic destruction of 
chlorinated VOCs. The FeroxTM process, which uses a high-pressure injection of iron particles within individual soil 
borings, was implemented during the treatability study. In this process, the formation of daughter products (cis-
1,2-DCE and VC) is avoided and TCE is transformed directly into ethane. 

During the week of November 28, 2006, 11,600 pounds of ZVI were injected into the subsurface though six 
injection borings located south of Building STC867 (Figure 2-9). The injection borings at the chemical reduction 
treatability study site were advanced using hollow stem augers (HSAs) and temporarily supported using a 
polyvinyl chloride (PVC) sleeve. Pneumatic fracturing was conducted in each boring to distribute the ZVI a greater 
distance as it was being injected. Pneumatic fracturing involves injecting high-pressure air into the formation to 
break up dense soils with low hydraulic conductivity and allow a greater ROI for the injectant. Pneumatic pressure 
was applied from 12.5 feet bgs to 25 feet bgs. Groundwater monitoring included a baseline sampling event and 1-, 
3-, and 6-month sampling events, which included three new monitoring wells and two existing monitoring wells. 
All groundwater samples were analyzed for VOCs.  

Analysis of pressure versus time curves suggests that the formation did not fracture and, therefore, all ZVI was 
assumed to be within a limited distance of the injection boring rather than spread across the site as expected. 
1,1,2,2-PCA and TCE concentrations were reduced in IR89-MW02 by approximately 39 percent and 31 percent, 
respectively, during the monitoring period. Overall, the cis-1,2-DCE concentration remained steady and the VC 
concentrations increased in samples collected from IR89-MW02. In samples collected from IR89-MW50, the TCE 
concentration decreased by approximately 57 percent. These results suggest that the FeroxTM process and 
pneumatic fracturing were not effective technologies in reducing all contaminants to their respective end 
products. 

2.5.3.3. Air Sparging 
AS is an in situ technology that injects air into the aquifer to induce the stripping of VOCs from groundwater and 
to stimulate aerobic biological degradation.  

During the week of November 13, 2006, a 600-foot horizontal directionally drilled (HDD) sparge well was 
constructed with a 240-foot-long screen positioned approximately 40 feet bgs in the vicinity of Building TC864 
(Figure 2-9).  

The AS system was turned on December 8, 2006, and operated 89 percent of the time for the next 6 months. In 
March 2007, after 3 months of operating, pneumatic fracturing was completed in four borings along the sparge 
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well in an attempt to improve performance in the dense materials of the surficial aquifer. Groundwater and soil 
vapor monitoring included a baseline sampling event and 6 monthly sampling events. Five new groundwater 
monitoring wells were sampled along with three existing groundwater monitoring wells and three new soil vapor 
monitoring wells for VOCs. 

Over the course of the treatability study, TCE concentrations were reduced in IR89-MW43, IR89-MW48A, and 
IR89-MW49A by 77 percent, 93 percent, and 99 percent, respectively. TCE concentrations in monitoring wells 
IR89-MW43B, IR89-MW48B, and IR89-MW49B decreased over the course of the treatability study by 89 percent, 
92 percent, and 99.9 percent, respectively. Analysis of VOCs suggests that site contaminants were effectively 
being removed by AS activities. 

Soil vapor samples showed progressive increases in tetrachloroethene (PCE), TCE, and cis-1,2-DCE, which are 
expected as VOCs volatilize during AS. Despite increased concentrations, indoor inhalation risks at Site 89 were 
acceptable during the entirety of sparging activities. The air sparge study concluded that the ROI at Site 89 is 
approximately 60 feet for an HDD sparge well and that pneumatic fracturing would not increase the ROI.  

2.5.3.4. Permeable Reactive Barrier 
PRBs are installed perpendicular to the flow path of a contaminated groundwater plume, producing treatment 
zones that allow the passage of water while treating contaminants. The PRB was composed of compost or mulch, 
which provides a long-lasting slow release source of electron donors. Regular injections of a source of electron 
donors (typically emulsified oil or other biostimulant) may be required when the mulch has been exhausted. 

On December 18, 2006, a 210-foot-long, 2-foot-wide, 25-foot-deep PRB (wall) was installed in the southeast 
corner of Site 89 near Edwards Creek (Figure 2-9). The PRB was approximately 40 percent mulch (reactive 
medium) and 60 percent sand (aggregate). Approximately 200 cubic yards of mulch and 480 cubic yards of sand 
were placed in the wall. The PRB was covered with a polypropylene woven monofilament fabric geotextile and 3 
feet of soil to prevent infiltration. Groundwater monitoring included a baseline sampling event and 1-, 3-, and 
6-month sampling events that included seven new monitoring wells and four existing monitoring wells. All 
groundwater samples were analyzed for VOCs, TOC, and dissolved organic carbon.  

Within the three in-wall wells, TCE concentrations ranged from 720 μg/L to 21,000 μg/L during the initial sampling 
event. TCE concentrations in the in-wall monitoring wells decreased rapidly following the PRB installation and 
continued to decrease throughout the monitoring period. Analysis of the field parameters and daughter products 
suggests that conditions favorable for reductive dechlorination were present; however, evaluation of the 
effectiveness is limited due to the slow rate of groundwater flow and relatively short monitoring period. Because 
of the low velocity of groundwater flow and the monitoring timeframe, the results were not considered complete, 
as groundwater did not have enough time to flow from the upgradient wells to the wall and then from the wall to 
the downgradient wells. Groundwater that was initially in the wall after installation or was immediately 
upgradient was treated and then migrated a limited distance during the treatability study.  

Data collected in 2008 and 2010 from upgradient, in-wall, and downgradient wells show that COC concentrations 
detected in in-well and downgradient samples were significantly lower than upgradient samples, indicating that 
the PRB was effective in treating impacted groundwater flowing through it.  Results are provided in Section 2.6. 

2.5.3.5. Conclusion 
The purpose of the treatability study was to evaluate each option in terms of reducing chlorinated VOCs within 
the surficial aquifer while taking into account cost and implementability considerations. A summary of the studies 
is provided as follows. AS and ERD injections were the most effective options during the 6-month study. While 
both treatments have similar costs per volume treated, ERD is more difficult to implement on a larger scale, as the 
number of injections and the volume of substrate increases. Additionally, the effectiveness of ERD in areas with 
higher contaminant concentrations is unknown and there is a potential for rebounding. The study concluded that 
although full-scale implementation of AS requires higher initial costs, reduction of contaminant mass would be 
expected to proceed quickly. 
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Summary of Treatability Study Results 

 ERD Ferox (chemical 
reduction) 

AS via Horizontal Well PRB 

TCE Percent Reduction 94-99 percent 31-39 percent  Average 91 percent 
(shallow) 

Average 96 percent 
(deeper) 

97 percent in 
wall 

Estimated ROI 35 feet Not Effective 60 feet Not applicable 

Cost per cubic yard 

Cost per gallon of 
groundwater 

$9.71 

$0.13 

$7,133 

$95.44 

$5.25 

$0.07 

Not applicable 

$0.05 

 

2.5.4 Non-time-critical Removal Action (AGVIQ-CH2M HILL, 2010) 
In 2007, an EE/CA (AGVIQ-CH2M HILL, 2007) was conducted to assess the treatment options for a non-time-
critical removal action (NTCRA) of the DNAPL identified in previous investigations and fully delineated in the 
southern DRMO Area during the 2008 Comprehensive RI (CH2M HILL, 2008a). Based on effectiveness, 
implementability, and cost, the MCB CamLej Partnering Team chose soil mixing with ZVI as the remedial 
technology. From May to August 2008, soil mixing was implemented in the southern DRMO Area over 
approximately 32,400 square feet of soil to a depth of 25 feet. A total of 924 tons of ZVI, 1,423 tons of bentonite, 
and 1,372,000 gallons of water were mixed into 30,000 cubic yards of soil within the three treatment areas 
(Figure 2-9). Upon completion of soil mixing, the treatment areas were backfilled and then covered with an 8-
ounce-per-yard woven geotextile fabric for stability, which was in turn covered with an overburden and sand 
blend.  

Quality control tests were completed through soil sampling to confirm that adequate mixing was achieved across 
the treatment area. Groundwater monitoring included a baseline sampling event and 1-, 3-, 6-, 9-, and 12-month 
sampling events that included nine new monitoring wells installed in the source treatment area. It was estimated 
that, before treatment, this area contained 31 tons of contaminant mass with 23.9 tons in the form of DNAPL, 5.2 
tons adsorbed to soil, and 1.9 tons dissolved in groundwater. After 1 year of monitoring, median contaminant 
concentrations in soil were reduced by 99.9 percent, with mean contaminant concentrations in soil reduced by 
92.3 percent. Surface water monitoring included a baseline sampling event, monthly sampling events during the 
mixing (June through August 2008), and quarterly sampling events for the following year. During the monitoring 
events, contaminant concentrations fluctuated, suggesting that the soil mixing activities may not have had an 
immediate impact on Edwards Creek. Based on pretreatment hydrology, the treated groundwater was not 
expected to reach Edwards Creek for 1.8 years following treatment.  

2.5.4.1. Aquifer Testing 
Aquifer testing was conducted in the southern portion of the former DRMO area before and after soil mixing in 
April of 2008 and February of 2009 as part of the soil mixing NTCRA (CH2M HILL, 2010). In April, 2008, slug tests 
were performed in seven surficial aquifer monitoring wells. The hydraulic conductivity values ranged from 1.31 
ft/day to 11.50 ft/day, with an average of 4.2 ft/day. 

In February 2009, slug tests were performed in six surficial aquifer monitoring wells installed within the soil mixing 
area. Hydraulic conductivity values ranged from 0.0011 ft/day to 0.096 ft/day, with an average of 0.023 ft/day. 
Based on these results, soil mixing reduced hydraulic conductivity by 99.5 percent in the southern DRMO Area, 
which significantly reduced contaminant mobility and potentially reduces the rate at which impacted 
groundwater discharges into Edwards Creek. 
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2.5.5 Non-time-critical Removal Action – Western Wetland (CH2M HILL, 2010) 
During February and March 2010, excavation activities were conducted to remove the soil and sediment, with 
PAH and pesticide concentrations exceeding ecological risk screening levels as identified in the BERA Addendum. 
The final dimensions of the northern removal area were approximately 31.5 feet from east to west and 33 feet 
from north to south. The final dimensions of the southern removal area were approximately 34.5 feet from east 
to west and 36.5 feet from north to south (Figure 2-9). These excavations extended to a depth of 1 foot bgs.  

Confirmatory samples verified that the performance standards had been achieved, and any remaining ecological 
risk is considered minimal. After this confirmation, each area was restored by backfilling and revegetation. 

2.6 Post–Removal Action Investigations 
Since the most comprehensive groundwater sampling event took place during the Comprehensive RI in 2005, and 
several removal actions and treatability studies were conducted at Site 89 since 2005, updated site-wide 
groundwater results were needed for the FS. 

2.6.1 2008 Base-wide Vapor Intrusion Assessment 
In June 2008, subslab soil gas and indoor air samples were collected in buildings TC860 and TC864, located 
immediately northwest of the former DRMO area, to assess potential vapor intrusion pathways (Figure 2-2). 
Several VOCs were detected at concentrations below Base-specific soil gas screening criteria and indoor air 
criteria at TC860. TCE was reported at concentrations exceeding Base-specific soil gas screening criteria in samples 
collected at building TC864.  

The vapor intrusion assessment concluded that there were no expected current risks to human health from vapor 
intrusion of VOCs. The report recommended including vapor intrusion evaluation during surficial groundwater 
remediation based on previous soil vapor data collected during the air sparge treatability study (CH2M HILL, 
2009). 

2.6.2 2008 Comprehensive Groundwater Sampling 
In September 2008, 88 monitoring wells were gauged and groundwater samples were collected for VOC and NAIP 
analysis using low-flow sampling techniques. Surface water samples were collected from eight locations within 
Edwards Creek and analyzed for VOCs. The analytical results for this sampling event are included in Appendix A.  

2.6.3 2009 Fate and Transport Study 
In 2009, eight monitoring wells were installed in the southwest portion of the former DRMO Area, between Phase 
I of the soil mixing NTCRA area and Edwards Creek, to monitor the migration of treated groundwater. Four 
existing and eight newly installed monitoring wells were sampled quarterly with passive diffusion bags (PDBs). 
Four surface water samples were collected upstream, at the soil mixing area, and downstream of the aeration 
pond during each groundwater sampling event. All samples were analyzed for selected VOCs (1,1,2,2-PCA, 1,1,2-
trichloroethane [TCA], cis-1,2-DCE, PCE, trans-1,2-DCE, TCE, and VC). Analytical data for groundwater and surface 
water are presented in Table 2-3 and Table 2-4, respectively. Raw analytical results are provided in Appendix A. 

Over the course of the four sampling events, 1,1,2,2-PCA and TCE concentrations were reduced in monitoring 
wells downgradient of the soil mixing area by as much as 99 percent. In the monitoring wells closest to Edwards 
Creek, 1,1,2,2-PCA concentrations were reduced by as much as 85 percent. In general, COCs decreased in all 
groundwater samples collected throughout the four sampling quarters. Concentrations also decreased as they 
approached the creek. The presence of daughter products such as VC, along with decreased detection of COCs, 
suggested that reductive dechlorination was occurring within the soil mixing area and that treated groundwater 
was migrating to Edwards Creek. Groundwater trends for the wells located between the soil mixing area and 
Edwards Creek are shown on Figure 2-10.  

The presence of VC and cis-1,2-DCE in surface water samples from all four sampling events suggests that although 
detection of COCs in the upgradient wells is decreasing, the water discharging into Edwards Creek is still impacted 
by VOCs.  
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2.6.4 2010 Groundwater Sampling Event 
In order to assess current groundwater conditions for preparation of the FS and incorporate potential changes to 
groundwater concentrations as a result of the soil-mixing NTCRA, an additional comprehensive groundwater 
sampling was initiated. Groundwater sampling using PDBs was conducted in 95 monitoring wells with water levels 
being collected in November 2010. In December 2010, the PDBs were collected and analyzed for select VOCs, and 
groundwater quality parameters were collected. Surface water samples were collected from seven locations in 
Edwards Creek and analyzed for VOCs. An additional surface water sample (IR89-SW53) was collected 
downstream in Edwards Creek in April 2011 to assess VOC concentrations in surface water migrating from Site 89.  

Analytical data for groundwater and surface water samples collected in 2010 and 2011 are presented in Tables 2-
5 through 2-8. The results of the 2010 groundwater sampling event are discussed in more detail in Section 2.7. 
Raw analytical results are provided in Appendix A. 

2.7 Nature and Extent of Contamination 
The nature and extent of contamination present at Site 89 is discussed as follows for all media, as identified by the 
previous investigations and by the groundwater sampling events conducted in July and December 2010.  

2.7.1 Surface Water 
Edwards Creek, which flows through Site 89, has historically been impacted by VOCs. The creek is fed through 
discharging groundwater as well as surface water flowing off the DRMO area and the upgradient Camp Geiger 
area. The most recent sampling events occurred in December 2010, with the sampling of IR89-SW100 through 
IR89-SW106, and in April 2011, with the sampling of IR89-SW53 (Figure 2-11). The following constituents 
exceeded North Carolina Surface Water Quality Standards (NCSWQS): 

VOCs Detection 
Rate 

Exceedance 
Rate 

Maximum 
Concentration 

(µg/L) 

Location of 
Maximum 

Concentration 
NCSWQS (µg/L) 

1,1,2,2-PCA 5/8 5/8 83 IR89-SW102 4 

TCE 7/8 1/8 5 IR89-SW102 30 

VC 7/8 7/8 83 IR89-SW102 2.4 

  

The highest concentrations of VOCs were observed in the sample collected at IR89-SW102, located immediately 
downgradient of the former DRMO area and upstream of the aeration system. Concentrations reported in 
samples collected downstream of the aeration system are approximately 50 percent lower, suggesting that the 
aeration system is successful in decreasing the levels of VOCs in the surface water. However, downstream 
samples continue to exhibit elevated concentrations of VOCs that exceed the NCSWQS. While concentrations 
were lower in IR89-SW53 than the concentrations reported in the sample from IR89-SW105, VC was reported in 
exceedance of the NCSWQS. These results suggest that impacted surface water in Edwards Creek extends further 
downstream than has historically been monitored.  

2.7.2 Groundwater 
2.7.2.1. Historical Groundwater Nature and Extent 
The most comprehensive site-wide groundwater characterization at Site 89 took place during the Comprehensive 
RI sampling events from 2003 through 2005. Based on this investigation, it was found that: 

• TCE was the most prevalent VOC compound detected, with a plume that extends approximately 875 feet in 
the north-south direction and 1,125 feet in the east-west direction. Based on delineation during the 
Comprehensive RI, the highest TCE concentrations reported within the surficial aquifer were recorded from 
monitoring wells IR89-MW20 (440,000 μg/L), IR89-MW18 (320,000 μg/L), and IR89-MW26 (250,000 μg/L). In 
general, the western extent of the TCE plume was confined by Edwards Creek; the southern edge of the TCE 
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plume extended just south of Edwards Creek; the northern extent of the TCE plume was bounded by 8th Street 
and an unnamed creek that discharges into Brinson Creek; and the eastern edge of the TCE plume extended 
into the wooded area between White Street and the Highway 17 Bypass. 

• Two SVOCs, bis (2-ethylhexyl) phthalate and dibenz (a,h) anthracene, exceeded North Carolina Groundwater 
Quality Standards (NCGWQS). Based upon the random distribution of the detections of SVOC constituents 
during the April 2004 sampling event, it was determined that there was no source area of the reported SVOCs 
at Site 89.  

• Total iron and manganese concentrations exceeded the NCGWQS during the April 2004 sampling event; 
however, the detected concentrations were consistent with Base background concentrations. 

2.7.2.2. Current Groundwater Nature and Extent 
In 2010, groundwater samples were collected from 12 wells during the 2009 Fate and Transport Study sampling 
event and from 95 additional wells in December during the 2010 comprehensive sampling event. All wells were 
sampled for VOCs using PDBs. In November 2011, two temporary wells were installed in the surficial aquifer 
adjacent to Edwards Creek and sampled for VOCs.  The following is a summary of exceedances by aquifer. 

2.7.2.3. Surficial Aquifer 
 Sixty-three permanent groundwater monitoring wells and two temporary groundwater monitoring wells were 
sampled in the surficial aquifer. Laboratory analytical data for these samples are presented in Table 2-5. 
Groundwater isoconcentration maps for 1,1,2,2-PCA, TCE, cis-1,2-DCE, and VC are presented on Figures 2-12 
through 2-15. The following constituents exceeded NCGWQS: 

VOCs 
Detection 

Rate 
Exceedance 

Rate 

Maximum 
Concentration 

(µg/L) 

Location of 
Maximum 

Concentration 
NCGWQS 

(µg/L) 

1,1,2,2-PCA 15/63 15/63 9,300 J IR89-MW40 0.2 

1,1,2-TCA 13/63 6/63 310 J IR89-MW53 5 

cis-1,2-DCE 49/63 27/63 33,000 IR89-MW75a 70 

PCE 14/63 14/63 600 J IR89-MW53 0.7 

trans-1,2-DCE 36/63 12/63 6,000 IR89-MW56 100 

TCE 35/63 23/63 69,000 IR89-MW53 3 

VC 45/63 45/63 14,000 IR89-MW29 0.03 

J - Analyte present. Value may or may not be accurate or precise 
The Maximum Contaminant Level (MCL)-Groundwater value is reported in place of the NCGWQS where the MCL 
value is more conservative. 
 aIR89-MW75 was sampled in July 2010; all other maximum concentrations wells were sampled during  December 

2.7.2.4. Upper Castle Hayne Aquifer 
Laboratory data for the upper Castle Hayne aquifer from the December 2010 groundwater sampling event are 
presented in Table 2-6. Groundwater isoconcentration maps for TCE, cis-1,2-DCE, and VC are shown on Figures 2-
16 through 2-18, respectively. The following constituents exceeded the NCGWQS: 

VOCs 
Detection 

Rate 
Exceedance 

Rate 

Maximum 
Concentration 

(µg/L) 

Location of 
Maximum 

Concentration 
NCGWQS 

(µg/L) 

1,1,2,2-PCA 3/27 3/27 6.2 IR89-MW31IW 0.2 

1,1,2-TCA 1/27 1/27 48 IR89-MW31IW 5 

cis-1,2-DCE 16/27 8/27 34,000 IR89-MW31IW 70 

PCE 4/27 4/27 70 IR89-MW17IW 0.7 

trans-1,2-DCE 11/27 3/27 7,000 IR89-MW31IW 100 
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VOCs 
Detection 

Rate 
Exceedance 

Rate 

Maximum 
Concentration 

(µg/L) 

Location of 
Maximum 

Concentration 
NCGWQS 

(µg/L) 

TCE 15/27 7/27 4,900 IR89-MW17IW 3 

VC 12/27 12/27 1,100 IR89-MW29IW 0.03 
The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more conservative. 

2.7.2.5. Middle Castle Hayne Aquifer 
There were no exceedances of the NCGWQS in the groundwater samples collected from the middle Castle Hayne 
aquifer. Three COCs were detected in the sample collected from IR89-MW03DW at concentrations below 
NCGWQS, including cis-1,2-DCE (0.79 J µg/L), trans-1,2-DCE (0.41 J µg/L), and TCE (0.66 J µg/L). 

2.7.2.6. Groundwater Summary 
Groundwater in the surficial and upper Castle Hayne aquifers has been impacted by two groups of chlorinated 
VOCs and their daughter products: ethanes (1,1,2,2-PCA, 1,1,2-TCA, and 1,2-DCA) and ethenes (TCE, cis- and 
trans-1,2-DCE, and VC). In the surficial aquifer, detected concentrations were highest in samples collected from 
monitoring wells in the former DRMO area where the source is located. The lateral distribution of any 
groundwater standard exceedance within the surficial aquifer is shown on Figure 2-19. The Source Area, based on 
COC concentrations and historical site use, is also depicted on Figure 2-19.  

Two monitoring wells screened in the surficial aquifer were selected to assess historical trends of TCE, cis-1,2-DCE, 
and VC; one hydraulically downgradient of the Source Area (IR89-MW04) and one in the Source Area (IR89-
MW53) (Figure 2-20). In the downgradient monitoring well, concentrations of TCE and cis-1,2-DCE exhibited 
decreasing trends indicating NA is occurring in the downgradient plume. The Source Area monitoring well (IR89-
MW53) results exhibited increasing concentrations of all COCs indicating that NA is not the predominant process 
currently occurring. 

The predominant chlorinated VOCs in the upper Castle Hayne aquifer are chlorinated ethenes. As in the surficial 
aquifer, the greatest concentrations were detected in samples from the northern and southern historical 
treatment areas, with concentrations decreasing in downgradient monitoring wells to the east and southeast. 
Generally, chlorinated VOCs were more prevalent and detected at higher concentrations in samples collected 
from the surficial aquifer wells than from the upper Castle Hayne aquifer samples. The lateral distribution of any 
groundwater standard exceedance is shown on Figure 2-19. 

Two monitoring wells screened in the upper Castle Hayne aquifer were selected to assess historical TCE, cis-1,2-
DCE, and VC trends; one downgradient of the Source Area (IR89-MW04IW) and one within the Source Area (IR89-
MW31IW) (Figure 2-20). TCE and cis-1,2-DCE exhibited decreasing trends in both the Downgradient and Source 
Area upper Castle Hayne wells. VC exhibited a decreasing trend in the Source Area and stable concentrations in 
the Downgradient Area, ranging from 6 to 16 µg/L throughout the monitoring period. The concentrations of cis-
1,2-DCE are likely elevated in the Source Area as a result of NA occurring and IR89-MW31IW being located within 
the ERH pilot study area and immediately adjacent to Phase III of the soil-mixing NTCRA area. Decreasing trends in 
the Source Area indicate that NA is occurring and treated groundwater is migrating from the upgradient area. 
Decreasing trends in the Downgradient Area indicate that NA is also occurring in this portion of the aquifer. 

Based on these results, it appears that the chlorinated VOC plume has been delineated. However, due to the 
distribution of middle Castle Hayne aquifer monitoring wells in the Source Area, the vertical extent of VOCs can be 
refined to better estimate and optimize treatment volumes.  

Dissolved concentrations of COCs in groundwater at approximately one to 5 percent of a compound’s solubility 
could suggest the presence of DNAPL in the subsurface. The maximum concentration of TCE (69 milligrams per liter 
[mg/L] at IR89-MW53) in the surficial aquifer was detected at approximately 5 percent of the compounds’ solubility 
(1,280 mg/L in water). Concentrations detected in nearby wells screened within the surficial and upper Castle Hayne 
aquifers were one to two orders of magnitude lower, DNAPL has not been identified in the eastern portion of the 
DRMO during previous investigations, and DNAPL was not observed during sampling of IR89-MW53. Extensive 
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removal actions have been completed in the southern portion, where DNAPL was identified in previous 
investigations and lines of evidence suggest that DNAPL is not present. 

2.8 Risk Assessments 
2.8.1 Human Health Risk Assessment 
The HHRA was completed as part of the Comprehensive RI (CH2M HILL, 2008a) to evaluate the projected impact 
of COCs on human health resulting from exposure to soil, sediment, surface water, and groundwater at Site 89. 
Currently, the only activities occurring at the site are related to environmental investigation, so the only potential 
human receptors included in risk estimations are future receptors. Exposure scenarios evaluated included: 
exposure to surface soil for future maintenance and industrial workers, recreational users, and residents; 
exposure to subsurface soil for future construction workers and residents; exposure to surface water and 
sediment for future recreational users; and exposure to groundwater for future industrial and construction 
workers and residents.  

The HHRA concluded the following: 

• There is no unacceptable risk to future receptors from exposure to surface soil. 

• There is no unacceptable risk to future receptors from exposure to surface water.  

• Although a potential risk to future residential receptors was identified from exposure to subsurface soil in the 
2008 Comprehensive RI, since that time, the soil-mixing NTCRA has been implemented to treat the high VOC 
concentrations and DNAPL from the southern portion of the DRMO area. Confirmatory sampling results 
suggest that this removal action was successful in the treatment of subsurface soils and that risk from 
exposure to subsurface soil is considered within acceptable limits. 

• There is a potential risk to future receptors driven by the presence of VOCs in the groundwater. 

Although risk to human receptors from vapor intrusion is considered to be within acceptable limits under current 
site use, soil gas, indoor air, and subslab monitoring is recommended to ensure surficial groundwater remediation 
is not creating vapor intrusion risks in the Source Area.  

2.8.2 Ecological Risk Assessment 
A SLERA was completed as part of the Comprehensive RI (CH2M HILL, 2008a) to evaluate risks to the 
environment. The results of the SLERA indicated that the only ecological risk at Site 89 was to the benthic 
invertebrate community exposed directly to wetland surface soil and sediment containing elevated levels of PAHs 
and pesticides in the western wetland adjacent to Edwards Creek. The SLERA indicated that other communities 
living within the wetland could be at risk, as the wetland serves as a spawning ground for amphibians, which are 
most sensitive during their juvenile life stages in the aquatic environment.  

Confirmatory soil and sediment samples were collected in response to the SLERA to assess the extent of the PAH 
and pesticide impact; results are summarized in the BERA Addendum (CH2M HILL, 2008c). The BERA Addendum 
identified areas that contributed to unacceptable ecological risk and recommended removal of the impacted soil 
from the western wetland area to a depth of 1 foot bgs. 

In 2010, as part of the Western Wetland NTCRA (CH2M HILL, 2010), soil and sediment with PAHs and pesticide 
concentrations above ecological risk screening levels were removed. Confirmatory sampling results verified that 
the performance standards had been achieved and that any remaining ecological risk is within acceptable levels. 

2.9 Natural Attenuation Evaluation 
NA is a combination of physical (dilution, volatilization, and adsorption), biological (aerobic and anaerobic 
biodegradation), and chemical (abiotic transformation) processes that naturally reduce the toxicity, mobility, 
volume, mass, or concentration of constituents. Detailed hydraulic properties of each aquifer zone are provided in 
Section 2.2.4. Generally, surficial groundwater at Site 89 flows to the south and southeast from the former DRMO 
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area and discharges into Edwards Creek, where groundwater contaminants are diluted in the surface water. 
Upper and middle Castle Hayne groundwater flows to the southeast toward the New River.  

Biodegradation is likely the most important destructive attenuation mechanism at Site 89. In general, 
biodegradation occurs when sufficient amounts of electron acceptors, electron donors, and nutrients are 
available in groundwater. Microorganisms preferentially use electron acceptors, which provide the most energy. 
Dissolved oxygen (DO) is consumed first as the prime electron acceptor. Nitrate is the next preferred electron 
acceptor, followed by manganese (IV), ferric iron [Fe (III)], sulfate, and carbon dioxide (CO2). As each electron 
acceptor is used and depleted, the oxidation reduction potential (ORP) of the groundwater system decreases. 

Biodegradation of chlorinated VOCs typically occurs via reductive dechlorination, in which microorganisms use the 
contaminant as an electron acceptor through an electron transfer process. Reductive dechlorination occurs in a 
series of reactions in which the parent compound (TCE or 1,1,2,2-PCA) is reduced to daughter compounds, each 
reaction forming a daughter compound with sequentially fewer chlorine atoms. The reaction optimally proceeds 
under sulfate-reducing and methanogenic conditions; however, reductive dechlorination of TCE may also occur 
under denitrifying and iron-reducing conditions (USEPA, 1998). The reduced daughter products of TCE (especially 
VC) can also be aerobically oxidized to CO2, and 1,1,2-TCA can be degraded to VC via dichloroelimination. 
Chlorinated VOCs may also be transformed under abiotic mechanisms. For example, 1,1,2,2-PCA can be abiotically 
transformed to TCE.  

2.9.1 Indicator Parameters  
NAIPs are used to provide qualitative and semi-quantitative evidence of conditions favorable for biodegradation 
and reductive dechlorination. Among these parameters are a loss of other electron acceptors (DO, nitrate, and 
sulfate), the production of metabolic byproducts (nitrite, ferrous iron [Fe (II)], sulfide, and methane), an increase 
in alkalinity, sufficient organic carbon source(s), a neutral pH, and a reduced groundwater environment (USEPA, 
1998). A decrease in parent compound concentrations and/or mass, the detection of daughter products (DCE, VC, 
ethane, and ethene), and an increase in chloride would provide semi-quantitative evidence that reductive 
dechlorination is occurring. During the September 2008 groundwater sampling event, samples were collected and 
submitted for laboratory analysis of the following NAIPs: alkalinity, chloride, sulfate, sulfide, TOC, nitrate, nitrite, 
Fe (II), methane, ethane, and ethene. During the December 2010 groundwater sampling event, field 
measurements were collected for temperature, DO, pH, and ORP.  

In order to assess NA properties at Site 89 and the suitability of MNA as a remedial option, the site was divided 
into two areas: the DRMO Area and the Downgradient Area. Due to differing NA conditions across the site, the 
monitoring wells in the DRMO area were divided into a “Source Area” and an “outside Source Area.” The 
Downgradient Area was divided into “plume” (samples that contained VOC concentrations exceeding NCGWQS), 
and “non-plume” areas, consistent with the USEPA document Performance Monitoring of MNA Remedies for 
VOCs in Ground Water (USEPA, 2004). NAIPs trends could then be compared separately across different areas and 
conditions present across the site.  

The USEPA Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water (USEPA, 
1998) was used to assess NA characteristics in each aquifer. The protocol uses a simplified scoring system that 
assigns a positive value to each NAIP result that is favorable and a negative value to unfavorable results. All points 
are summed to yield a total score. The scores for each well are averaged by plume location and aquifer to provide 
a general indication of evidence for biodegradation. Scores are not included for monitoring wells in the surficial 
and upper Castle Hayne aquifers located outside of the plume extents because they would not be addressed by 
the remedial alternatives presented in this FS. A score of 0 to 5 indicates inadequate evidence for anaerobic 
degradation, 6 to 14 indicates limited evidence for anaerobic degradation, 15 to 20 indicates adequate evidence 
for anaerobic degradation, and greater than 20 indicates strong evidence for anaerobic degradation (USEPA, 
1998). Since this scoring process is based on conditions favorable for reductive dechlorination, it does not 
incorporate the benefit of zones of more oxidizing conditions for DCE and VC degradation. Additionally, scores 
may be biased low if any NAIP data are unavailable or not used. At Site 89, methane concentrations reported 
during the 2008 groundwater sampling event were “B” qualified, indicating concentrations in blank samples 
exceeded the highest detected concentration in groundwater samples. As a result, methane was not included in 
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the total score. However, the relative concentration of methane reported in groundwater samples is discussed 
qualitatively in each following section.  

NAIP results and total scores for each well in the DRMO and Downgradient Areas are provided in Tables 2-8 and 
2-9, respectively, and Figures 2-21 and 2-22. A more detailed discussion of NA processes in each area is provided 
as follows.  

2.9.2 DRMO Area 
Since 2005, the DRMO area has been the site of several treatability studies and a large soil-mixing NTCRA, which 
included mixing ZVI into the shallow soils and surficial aquifer. These actions may have artificially increased 
concentrations of daughter products and affected the natural geochemical properties of the aquifer. 

2.9.2.1. Surficial Aquifer 
NAIPs in the surficial aquifer of the former DRMO area were evaluated based on their location in reference to the 
Source Area. Parameters from 38 wells in the Source Area and 15 wells outside of the Source Area were 
considered. In several cases NAIPs were not measured; this is reflected in the total number of samples for each 
parameter. A summary of NAIPs measured in the surficial aquifer is provided as follows: 

DRMO Area Surficial Aquifer NAIP Summary  

Parameter 
Favorable 

Criteria for NA 

Within Source Area Outside Source Area 

Measured Range 

Frequency 
Meeting 
Criteria Measured Range 

Frequency 
Meeting 
Criteria 

Temperature (°C) >20 16.07 - 22.56 17/38 17.27 - 22.9 8/14 

DO (mg/L) a <0.5 0.0 - 4.28 15/38 0.01 - 1.91 2/15 

pH (SU) a 5 – 9 5.05 - 10.07 33/38 5.19 - 9.06 14/15 

ORP (mV) a <50 (-576.5) - 130.4 32/38 (-608.7) - 185.4 11/15 

Fe (II) (mg/L) >1 0 - 8.4 17/21 0 - 5 6/11 

Sulfide (mg/L) >1 ND - 0.4 J 0/23 ND 0/11 

Nitrite (mg/L) presence ND 0/23 ND 0/11 

Methane (mg/L) >0.5 4 B – 1,700 BD 23/23 0.2JB - 190 BD 8/11 

Chloride (mg/L) 
>2X 

Background (7 
mg/L) 

7.3 JD - 410 D 18/23 5.6 JD - 37 D 3/11 

Alkalinty (mg/L) 
>2X 

Background 
(30 mg/L) 

ND - 679 D 21/23 ND - 266 8/11 

Sulfate (mg/L) <20 ND - 200 D 9/23 ND - 1,200 4/11 
Nitrate (mg/L) <1 ND - 0.59 D 23/23 ND - 3.9 D 8/11 

TOC (mg/L) >20 ND - 28.1 1/23 ND - 13.6 0/11 
Ethene (mg/L) >0.01 ND - 150 E 16/18 ND - 0.3 J 2/11 
Ethane (mg/L) >0.01 ND - 110 21/23 ND - 2 3/11 

a These parameters were collected in December 2010; the remaining parameters were collected in September 2008 
B - Value may be attributable to blank contamination 
J - Analyte present, value may or may not be accurate or precise 
ND - Not Detected mV - millivolts 
°C - degrees Celsius D - sample run at secondary dilution 
SU - standard unit 

The average score within the Source Area was 15.1, indicating adequate evidence for anaerobic degradation. The 
average score outside the Source Area was 11.5, indicating limited evidence for anaerobic degradation. As shown 
on Figure 2-21, the wells with the highest scores are located within the historical FeroxTM and ERD injection areas 
and directly downgradient of the PRB. Positive indicators include relatively neutral pH and ORP, which suggest 
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that this aquifer is under reducing conditions and favorable for microbial activity. The detection of Fe (II) greater 
than 1.0 mg/L indicates that iron reduction is a dominant reaction.  

Concentrations of sulfate greater than 20 mg/L suggest that sulfate may competitively inhibit reductive 
dechlorination. Alkalinity levels greater than two times the background across the aquifer suggest that biological 
activity is occurring. Levels of chloride greater than two times the background concentrations are also supportive of 
reductive dechlorination activity. DO readings between 0.5 and 5 suggest that the reductive pathway could be 
partially suppressed in some areas. However, reductive dechlorination can still proceed under low DO levels. 
Measured methane may not be an accurate indicator of methanogenesis because of blank contamination during 
sampling. However, concentrations above 1 mg/L in treatment areas wells are strongly suggestive of 
methanogenesis. The lack of a carbon source may limit the rates of reductive dechlorination. The widespread 
presence of the reductive dechlorination daughter products, including cis-1,2-DCE and VC, may not be a strong 
indicator that reductive dechlorination is occurring. Daughter products have been created during the extensive 
treatment studies that have occurred in this area and may not be a result of naturally occurring biological 
degradation.  

2.9.2.2. Upper Castle Hayne Aquifer 
In the DRMO area, parameters from 7 upper Castle Hayne aquifer wells within the Source Area and 12 wells 
outside of the Source Area were considered. A summary of NAIPs measured in the upper Castle Hayne aquifer is 
provided as follows: 

DRMO Area Upper Castle Hayne Aquifer Zone NAIP Summary  

Parameter 
Favorable Criteria 

for NA 

Within Source Area Outside Source Area 

Measured 
Range 

Frequency 
Meeting Criteria Measured Range 

Frequency 
Meeting 
Criteria 

Temperature (°C) >20 18.47 - 21.08 5/10 17.28 - 22.45 4/8 

DO (mg/L) a <0.5 0.02 - 7.25 3/10 0.30 - 2.88 3/8 

pH (SU) a 5 – 9 6.71 - 7.68 10/10 6.72 - 7.21 8/8 

ORP (mV) a <50 (-164.0) - 20.7 10/10 (-158.0) - 24 8/8 

Fe (II) (mg/L) >1 0 - 3.6 5/9 0 - 7.0 3/7 

Sulfide (mg/L) >1 ND 0/9 ND 0/7 

Nitrite (mg/L) presence ND 0/9 ND 0/7 

Methane (mg/L) >0.5 4B - 54 B 9/9 0.3 JB - 100 BD 5/7 

Chloride (mg/L) >2X Background 
(13 mg/L) ND - 170 D 1/9 8.7 JD - 19 JD 0/7 

Alkalinty (mg/L) >2X Background 
(175 mg/L) 197 - 260 0/9 181 - 254 0/7 

Sulfate (mg/L) <20 ND - 310 D 6/9 ND - 1,400 D 4/7 

Nitrate (mg/L) <1 ND - 1.1 D 8/9 ND - 0.31 D 6/7 

TOC (mg/L) >20 ND - 2.73 J 0/9 ND - 4.91 J 0/7 

Ethene (mg/L) >0.01 ND - 9 7/9 ND 0/7 

Ethane (mg/L) >0.01 ND - 5 6/9 ND - 0.06 J 2/7 
a These parameters were collected in December 2010; the remaining parameters were collected in September 2008 
B - Value may be attributable to blank contamination 
J - Analyte present, value may or may not be accurate or precise 
ND - Not Detected 

 D - sample run at secondary dilution 
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The average score inside and outside of the Source Area were 13.1 and 8.7, respectively, indicating limited 
evidence of biological degradation in both areas. As shown on Figure 2-21, the wells with the highest scores are 
located within the historic ERH treatment area and directly downgradient of the PRB. The pH and ORP levels 
suggest that, in general, the aquifer exhibits neutral and reducing conditions. Although DO in several wells 
indicated anaerobic conditions, the majority of the DRMO Area had levels of DO between 0.5 and 5, suggesting 
that the reductive pathway could be limited. Alkalinity and chloride levels consistent with background 
concentrations do not provide additional evidence for reductive dechlorination. Furthermore, the low TOC 
concentrations may limit degradation rates.  

Although average scores in the upper Castle Hayne aquifer exhibit limited evidence for NA, geochemical data did 
provide evidence of denitrification, iron reduction, and sulfate reduction. Elevated sulfate levels may compete 
with reductive dechlorination. Since methane was detected in blanks, its presence in groundwater is 
questionable. However, the concentrations above 2 mg/L in treatment area wells are strongly suggestive of 
methanogenesis.  

The widespread presence of the reductive dechlorination daughter products, including cis-1,2-DCE and VC, may or 
may not be a strong indicator that natural biological reductive dechlorination is occurring because of the 
extensive chemical treatments applied in the area, which may have artificially increased daughter products. The 
high concentrations of ethene and ethane in treatment areas wells are strong evidence of full reductive 
dechlorination. However, some of these products were artificially created during the treatment studies that have 
occurred in this area.  

2.9.3 Downgradient Area 
2.9.3.1. Surficial Aquifer 
Monitoring wells IR89-MW04, IR89-MW36, IR89-MW37, and IR89-MW39 are located within the plume. 
Monitoring wells IR89-MW06, IR89-MW07, IR89-MW08SH, IR89-MW35, IR89-MW38, and IR89-MW46 are 
considered non-plume wells that are side-gradient and/or downgradient of the plume. NAIP data for both areas 
are presented for comparison purposes. A summary of NAIPs measured in the surficial aquifer is provided as 
follows:  

Downgradient Area Surficial Aquifer NAIP Summary Table 

Parameter 
Favorable Criteria 

for NA 

Plume Area Non-Plume Area 

Measured 
Range 

Frequency 
Meeting Criteria 

Measured 
Range 

Frequency 
Meeting Criteria 

Temperature (°C) >20 10.2 - 16.92 0/4 16.71 - 18.44 0/6 

DO (mg/L) a <0.5 0.78 - 4.14 0/4 0.44 - 4.53 2/6 

pH (SU) a 5 – 9 6.17 - 7.25 4/4 6.54 - 7.67 6/6 

ORP (mV) a <50 (-123.4) - 52.8 3/4 -138.3 - 39.8 6/6 

Fe (II) (mg/L) >1 0.2 - 3.6 3/4 0 - 1.4 2/6 

Sulfide (mg/L) >1 ND 0/4 ND 0/6 

Nitrite (mg/L) presence ND 0/4 ND 0/6 

Methane (mg/L) >0.5 6B - 380B 4/4 0.2JB - 14B 4/6 

Chloride (mg/L) >2X Background  
(7 mg/L) 7 - 24 1/4 4.9JD - 37D 2/6 

Alkalinty (mg/L) >2X Background 
(30 mg/L) 160 - 210 3/4 27.5 - 172 2/6 

Sulfate (mg/L) <20 6.5 - 16 4/4 7.6JD - 19JD 6/6 

Nitrate (mg/L) <1 ND 4/4 0.31D 6/6 
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Downgradient Area Surficial Aquifer NAIP Summary Table 

Parameter 
Favorable Criteria 

for NA 

Plume Area Non-Plume Area 

Measured 
Range 

Frequency 
Meeting Criteria 

Measured 
Range 

Frequency 
Meeting Criteria 

TOC (mg/L) >20 4.17 J - 5.19 0/4 1.71 J - 2.57 J 0/6 

Ethene (mg/L) >0.01 0.4 J - 2 3/4 0.4 J 1/6 

Ethane (mg/L) >0.01 0.2 J - 0.3 J 2/4 ND 0/6 
a These parameters were collected in December 2010; the remaining parameters were collected in September 2008 
B - Value may be attributable to blank contamination 
J - Analyte present, value may or may not be accurate or precise 
ND - Not Detected 

 D - sample run at secondary dilution 

The average NA score for wells within the plume area was 14.3, indicating limited to adequate evidence for 
anaerobic degradation. As noted previously, scores are presented only for those wells located within the plume, 
since that is the area which would be addressed by the remedial alternatives presented in this FS. Positive 
indicators include neutral pH and low ORP, both of which suggest that this aquifer is under reducing conditions 
and favorable for microbial activity. The detection of Fe (II) greater than 1.0 mg/L indicates that iron reduction is a 
dominant reduction reaction. Low levels of sulfate suggest that sulfate reduction should not compete with 
reductive pathways. Alkalinity at levels greater than two times background concentrations is a result of 
interaction between CO2 and aquifer minerals and is indicative of biological activity. While the presence of low 
levels of nitrite provides evidence of denitrification, the lack of nitrate indicates that this is not a significant 
process in groundwater. Methane was reported at higher concentrations (greater than one order of magnitude) in 
samples collected from the plume area. However, methane was also reported in blank samples at elevated 
concentrations, so it was not included in the scoring process. DO readings between 0.5 and 5 mg/L suggest that 
the reductive pathway could be limited. The low TOC concentrations may also be a limiting factor on degradation. 

The widespread presence of the reductive dechlorination daughter products of original contaminants (PCA and 
TCE), including cis-1,2-DCE and VC in this Downgradient Area, indicates that reductive dechlorination of the 
parent compounds is occurring. Furthermore, the presence of ethene and ethane provides strong evidence of full 
reductive dechlorination.  

2.9.3.2. Upper Castle Hayne Aquifer 
Four upper Castle Hayne aquifer monitoring wells are located within the plume and five are located outside of the 
plume in the Downgradient Area. A summary of NAIPs measured in the upper Castle Hayne aquifer is provided as 
follows:  

Downgradient Area Upper Castle Hayne Aquifer NAIP Summary Table 

Parameters 
Favorable 

Criteria for NA 

Plume Area Non-Plume Area 

Measured Range 
Frequency 

Meeting Criteria 
Measured 

Range 
Frequency 

Meeting Criteria 

Temperature (°C) >20 16.78 - 17.62 0/4 16.25 - 17.5 0/5 

DO (mg/L) a <0.5 0.36 - 4.16 2/4 0.34 - 4.08 2/5 

pH (SU) a 5 - 9 6.66 - 7.17 4/4 6.94 - 9.76 4/5 

ORP (mV) a <50 (-167.9) - 
(-90.1) 4/4 (-154.1) - (-84.9) 5/5 

Fe (II) (mg/L) >1 0.2 - 1.0 0/4 0.2 - 1.8 1/5 

Sulfide (mg/L) >1 ND 0/4 ND 0/5 
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Downgradient Area Upper Castle Hayne Aquifer NAIP Summary Table 

Parameters 
Favorable 

Criteria for NA 

Plume Area Non-Plume Area 

Measured Range 
Frequency 

Meeting Criteria 
Measured 

Range 
Frequency 

Meeting Criteria 

Nitrite (mg/L) presence ND 0/4 ND 0/5 

Methane (mg/L) >0.5 4B - 8B 4/4 2B - 33B 5/5 

Chloride (mg/L) >2X Background  
(13 mg/L) 10D - 36D 1/4 13D - 15D 0/5 

Alkalinty (mg/L) >2X Background 
(175 mg/L) 155 - 237 0/4 127 - 252 0/5 

Sulfate (mg/L) <20 4.2JD - 16JD 4/4 3.6 JD - 12JD 5/5 

Nitrate (mg/L) <1 ND 4/4 ND 5/5 

TOC (mg/L) >20 1.44 J - 2.19 J 0/4 2.83 J 0/5 

Ethene (mg/L) >0.01 0.3 J 1/4 ND 0/5 

Ethane (mg/L) >0.01 ND 0/4 ND 0/5 
a These parameters were collected in December 2010; the remaining parameters were collected in September 2008 
B - Value may be attributable to blank contamination 
J - Analyte present, value may or may not be accurate or precise 
ND - Not Detected 

 D - sample run at secondary dilution 

The average score for plume wells was 10.25, indicating limited evidence for anaerobic degradation. ORP levels 
less than -80 mV indicate that downgradient groundwater is more reduced than within the DRMO area and 
suggest that reductive pathways are possible. DO readings between 0.5 and 5 suggest that the reductive pathway 
could be limited. As in the surficial aquifer, denitrification does not appear to be a significant process. Other 
geochemical data indicate that iron reduction and sulfate reduction are proceeding. Alkalinity and chloride levels 
similar to background concentrations do not indicate that there are areas with elevated biological activity. Within 
the upper Castle Hayne aquifer, pH levels are favorable for microbial activity. However, low TOC concentrations 
may limit degradation. 

The widespread presence of reductive dechlorination daughter products cis-1,2-DCE and VC in this Downgradient 
Area is evidence that reductive dechlorination is occurring. The lack of ethane and ethene indicates that reductive 
dechlorination may be stalling at VC, although the lack of ethene may be due to further degradation via oxidation 
or fermentation. Alternatively, VC may be oxidized to CO2 even under low DO conditions.  

2.9.4 Natural Attenuation Summary 
Conditions in the surficial aquifer, primarily within the plume areas are generally favorable for NA processes and 
exhibit evidence that NA is occurring with the widespread presence of daughter products including ethene and 
ethane.  

Conditions in the upper Castle Hayne aquifer appear to be limited for NA processes. However, geochemical 
parameters such as low ORP and neutral pH indicate that conditions can be favorable for NA.  
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TABLE 2-1
Groundwater Elevations -November 2010
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Well Identification
Date

(mm/dd/yyyy)
Depth to Water

(feet BTOC)
TOC Elevation 

(ft msl)
Well Depth 

(ft)
Water Elevation 

(ft msl)

IR89-MW01 11/15/2010 4.21 11.82 14 7.61
IR89-MW02 11/15/2010 5.59 13.27 13 7.68
IR89-MW02IW 11/15/2010 3.89 11.52 40 7.63
IR89-MW03 11/15/2010 6.15 14.32 12 8.17
IR89-MW03DW 11/15/2010 4.54 12.41 70 7.87
IR89-MW03IW 11/15/2010 4.23 12.42 42 8.19
IR89-MW04 11/16/2010 3.81 10.85 17 7.04
IR89-MW04DW 11/16/2010 3.64 9.85 73 6.21
IR89-MW04IW 11/16/2010 3.75 10.10 40 6.35
IR89-MW05 11/15/2010 4.63 11.29 14 6.66
IR89-MW05DW 11/15/2010 2.64 11.80 70 9.16
IR89-MW05IW 11/15/2010 3.12 11.35 40 8.23
IR89-MW06 11/17/2010 8.00 11.19 18 3.19
IR89-MW06DW 11/17/2010 6.92 10.38 73 3.46
IR89-MW06IW 11/17/2010 7.32 10.65 40 3.33
IR89-MW07 11/17/2010 12.04 18.66 17 6.62
IR89-MW07DW 11/17/2010 13.57 17.93 82 4.36
IR89-MW07IW 11/17/2010 12.76 18.24 43 5.48
IR89-MW08 11/15/2010 5.28 -- 14 --
IR89-MW08DW 11/17/2010 8.60 12.32 90 3.72
IR89-MW08IW 11/17/2010 9.27 10.15 37 0.88
IR89-MW08SH 11/17/2010 8.46 8.86 14 0.40
IR89-MW09 11/15/2010 3.55 10.16 17 6.61
IR89-MW09IW 11/15/2010 2.60 10.12 51 7.52
IR89-MW10 11/15/2010 5.65 13.33 15 7.68
IR89-MW11 11/16/2010 11.60 19.04 23 7.44
IR89-MW11IW 11/16/2010 10.66 18.45 47 7.79
IR89-MW12 11/15/2010 4.15 11.63 14 7.48
IR89-MW13 11/15/2010 1.15 10.89 14 9.74
IR89-MW14 11/15/2010 1.70 7.85 18 6.15
IR89-MW14IW 11/15/2010 1.22 9.18 42 7.96
IR89-MW15 11/15/2010 1.75 8.17 17 6.42
IR89-MW15IW 11/15/2010 1.78 9.21 41 7.43
IR89-MW16IW 11/16/2010 3.65 8.43 36 4.78
IR89-MW17IW 11/16/2010 6.44 11.82 34 5.38
IR89-MW21 11/16/2010 6.75 13.24 -- 6.49
IR89-MW24IW 11/16/2010 5.92 -- 25 --
IR89-MW29 11/16/2010 2.10 9.24 15 7.14
IR89-MW29IW 11/16/2010 3.10 -- 25 --
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TABLE 2-1
Groundwater Elevations -November 2010
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Well Identification
Date

(mm/dd/yyyy)
Depth to Water

(feet BTOC)
TOC Elevation 

(ft msl)
Well Depth 

(ft)
Water Elevation 

(ft msl)

IR89-MW30 11/16/2010 2.99 8.68 15 5.69
IR89-MW31 11/16/2010 6.25 12.81 15 6.56
IR89-MW31IW 11/16/2010 6.45 -- 25 --
IR89-MW32 11/15/2010 7.27 13.91 13 6.64
IR89-MW32DW 11/15/2010 6.81 15.14 71 8.33
IR89-MW32IW 11/15/2010 6.72 14.92 40 8.20
IR89-MW35 11/17/2010 9.71 17.99 19 8.28
IR89-MW35DW 11/17/2010 12.63 18.02 78 5.39
IR89-MW35IW 11/17/2010 11.82 18.11 43 6.29
IR89-MW36 11/17/2010 5.59 10.92 16 5.33
IR89-MW36DW 11/17/2010 6.80 11.61 78 4.81
IR89-MW36IW 11/17/2010 6.12 11.04 47 4.92
IR89-MW37 11/16/2010 1.83 7.51 15 5.68
IR89-MW37DW 11/16/2010 0.84 7.15 67.73 6.31
IR89-MW37IW 11/16/2010 0.91 7.03 38 6.12
IR89-MW38 11/16/2010 11.21 15.55 18 4.34
IR89-MW38DW 11/16/2010 10.89 16.58 78 5.69
IR89-MW38IW 11/16/2010 11.10 16.59 48 5.49
IR89-MW39 11/16/2010 7.72 11.11 16 3.39
IR89-MW39DW 11/16/2010 6.62 10.98 79 4.36
IR89-MW39IW 11/16/2010 6.95 11.20 43 4.25
IR89-MW40 11/15/2010 1.07 10.72 19 9.65
IR89-MW41 11/15/2010 2.38 10.16 22 7.78
IR89-MW41IW 11/15/2010 2.50 10.47 41 7.97
IR89-MW43 11/15/2010 6.36 13.87 22 7.51
IR89-MW43B 11/15/2010 6.48 -- 29 --
IR89-MW44 11/15/2010 6.41 12.86 23 6.45
IR89-MW45 11/15/2010 6.21 12.28 25 6.07
IR89-MW46 11/15/2010 10.40 15.91 25 5.51
IR89-MW47IW 11/15/2010 5.62 13.46 39 7.84
IR89-MW48A 11/15/2010 6.38 14.63 26 8.25
IR89-MW48B 11/15/2010 6.25 14.83 29 8.58
IR89-MW49A 11/15/2010 7.13 15.65 26 8.52
IR89-MW49B 11/15/2010 7.18 15.75 28 8.57
IR89-MW50 11/15/2010 3.68 11.36 26 7.68
IR89-MW51 11/15/2010 4.50 11.78 26 7.28
IR89-MW52 11/15/2010 4.29 11.88 25 7.59
IR89-MW53 11/15/2010 3.17 10.30 26 7.13
IR89-MW54 11/15/2010 4.52 11.38 26 6.86
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TABLE 2-1
Groundwater Elevations -November 2010
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Well Identification
Date

(mm/dd/yyyy)
Depth to Water

(feet BTOC)
TOC Elevation 

(ft msl)
Well Depth 

(ft)
Water Elevation 

(ft msl)

IR89-MW55 11/15/2010 4.01 10.93 26 6.92
IR89-MW56 11/15/2010 3.59 -- 22 --
IR89-MW57 11/16/2010 5.38 11.75 33 6.37
IR89-MW58 11/16/2010 4.34 10.83 28 6.49
IR89-MW59 11/16/2010 NM 10.33 20 --
IR89-MW62 11/15/2010 6.81 13.25 27 6.44
IR89-MW63 11/16/2010 9.58 17.83 25 8.25
IR89-MW64 11/16/2010 9.80 16.78 -- 6.98
IR89-MW66 11/16/2010 8.20 15.85 25 7.65
IR89-MW67 11/16/2010 7.85 15.73 24 7.88
IR89-MW69 11/16/2010 3.48 -- 25 --
IR89-MW70 11/16/2010 7.12 -- 25 --
IR89-MW71 11/16/2010 9.34 -- 23 --
IR89-MW72 11/16/2010 10.67 -- 20 --
IR89-MW73 11/16/2010 5.15 -- 20 --
IR89-MW74 11/16/2010 5.62 -- 15 --
IR89-MW75 11/16/2010 9.94 -- 20 --
IR89-MW76 11/16/2010 2.67 -- 15 --
IR89-MW77 11/16/2010 5.30 -- 15 --
IR89-MW78 11/16/2010 2.12 -- 15 --
IR89-MW79 11/16/2010 10.38 -- 20 --
UST-STC868-MW04

Notes:
BTOC - below top of casing
ft msl - feet mean sea level
 " -- " - data unavailable
NM - not measured

Well not gauged
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TABLE 2-2
Summary of Groundwater Vertical Gradients - November 2010
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Well Pair 
Identification

Gradient                    
(ft/ft) Direction Area / Location

IR89-MW03
IR89-MW03IW
IR89-MW03IW
IR89-MW03DW

IR89-MW04
IR89-MW04IW
IR89-MW04IW
IR89-MW04DW

IR89-MW09
IR89-MW09IW

IR89-MW14
IR89-MW14IW

IR89-MW15
IR89-MW15IW

IR89-MW36
IR89-MW36IW
IR89-MW36IW
IR89-MW36DW

IR89-MW37
IR89-MW37IW
IR89-MW37IW
IR89-MW37DW

IR89-MW38
IR89-MW38IW
IR89-MW38IW
IR89-MW38DW

IR89-MW39
IR89-MW39IW
IR89-MW39IW
IR89-MW39DW

0.00314 Up Downgradient area, south of Edwards Creek

0.00667 Up Downgradient area, south of Edwards Creek

0.03018

0.07388 Up Southern DRMO area, south of Edwards Creek

0.01188

0.01798

0.36400 Down Southern DRMO area, north of Edwards Creek

0.04298 Up Southern DRMO area, south of Edwards Creek

Down Downgradient area, north of Edwards Creek

Up Downgradient area, south of Edwards Creek

0.03539 Up Downgradient area, south of Edwards Creek

0.00069 Up DRMO area, northeast

0.00367

0.02654

Up Downgradient area, north of Edwards Creek

0.01123 Down DRMO area, northeast

Down Downgradient area, north of Edwards Creek

0.00456 Down Downgradient area, north of Edwards Creek

0.00619 Up Downgradient area, north of Edwards Creek

Down Downgradient area, north of Edwards Creek
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TABLE 2-3
Exceedances in Groundwater from 2009 Fate and Transport Study
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane 0.2 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.84 U 0.78 U 0.5 U 0.5 U
1,1,2-Trichloroethane 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.84 U 0.78 U 0.5 U 0.5 U
1,2-Dichloroethane 0.4 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 0.82 J 0.74 J 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 UJ NA NA
2-Butanone 4,000 9.7 R 19 J NA NA 12 J 100 J NA NA 10 R 10 R 14 J 24 J NA NA NA NA 53 110 J NA NA
2-Hexanone -- 2.5 U 2.5 UJ NA NA 2.5 U 2.5 U NA NA 10 U 10 U 2.5 UJ 2.5 U NA NA NA NA 5.6 3.9 UJ NA NA
Acetone 6,000 9.9 R 20 NA NA 13 R 120 NA NA 10 R 10 R 23 J 25 NA NA NA NA 26 J 58 NA NA
Benzene 1 2 4.8 NA NA 1.9 2.5 NA NA 4.4 4.3 6.8 J 7.3 NA NA NA NA 43 39 NA NA
Chloroethane 3,000 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 2 U 2.3 2.2 J 2.2 NA NA NA NA 5 1.9 J NA NA
cis-1,2-Dichloroethene 70 0.42 J 0.65 0.49 J 0.5 U 1.3 1.3 1.2 0.7 100 110 16 J 18 11 11 5.8 5.8 6.9 7.2 3.6 2.8
Ethylbenzene 600 0.19 J 0.5 U NA NA 0.59 0.92 NA NA 0.63 J 0.54 J 0.94 J 0.93 NA NA NA NA 1.6 2.9 NA NA
Isopropylbenzene 70 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.12 J 0.11 J NA NA NA NA 0.84 U 0.78 U NA NA
m- and p-Xylene 500 1 U 1 U NA NA 0.21 J 1 U NA NA 4 U 4 U 1 UJ 1 U NA NA NA NA 0.52 J 1.6 U NA NA
o-Xylene 500 0.1 J 0.5 U NA NA 0.21 J 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.96 1.7 NA NA
Tetrachloroethene 0.7 0.5 U 0.5 U 0.081 J 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.84 UJ 0.78 U 0.5 U 0.5 UJ
Toluene 600 0.81 U 1.5 NA NA 2.5 3.4 NA NA 2 U 2 U 2.4 J 2.4 NA NA NA NA 5.2 6 NA NA
trans-1,2-Dichloroethene 100 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.81 J 0.84 J 0.14 J 0.14 J 0.5 U 0.5 U 0.094 J 0.1 J 4.9 3.6 2.5 2.5
Trichloroethene 3 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.37 J 0.35 J 0.5 U 0.5 U
Vinyl chloride 0.03 0.5 U 0.5 U 0.5 U 0.5 U 0.21 J 0.17 J 0.5 U 0.5 U 130 120 5.9 J 5.9 1.8 1.7 0.71 0.77 12 3.3 3.5 3.9
Xylene, total 500 0.1 J 0.5 NA NA 0.45 J 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 1.5 2.9 NA NA

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene 400 0.5 U 0.12 J NA NA 0.16 J 0.25 J NA NA 2 U 0.45 J 0.52 J 0.5 NA NA NA NA 0.75 J 2.4 NA NA
Naphthalene 6 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.18 J 0.35 J NA NA NA NA 0.84 U 0.78 UJ NA NA

Notes:

Bold box indicates exceedance of NCGWQS or the more conservative MCL

* - The MCL-Groundwater value is reported in place of the NCGWQS where the 
MCL value is more conservative.

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

R - Unreliable Result
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

NCGWQS - North Carolina Groundwater Quality Standards

µg/l - Micrograms per liter

NCGWQS (January, 
2010)*

IR89-MW64 IR89-MW65 IR89-MW68 IR89-MW71
IR89-GW68D-09D IR89-GW68-10A IR89-GW68D-10A IR89-GW68-10B IR89-GW68D-10B IR89-GW68-10C IR89-GW68D-10C IR89-GW71-09D IR89-GW71-10A IR89-GW71-10B

07/14/10 10/13/09 01/20/10 04/14/10 07/14/10
IR89-GW64-09D IR89-GW64-10A IR89-GW64-10B IR89-GW64-10C IR89-GW65-09D IR89-GW65-10A IR89-GW65-10B IR89-GW65-10C IR89-GW68-09D IR89-GW71-10C

10/13/09 01/20/10 04/14/10 07/14/10 10/13/09 01/20/10 04/14/10 07/14/10 10/13/09 10/13/09 01/20/10 01/20/10 04/14/10 04/14/10 07/14/10
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TABLE 2-3
Exceedances in Groundwater from 2009 Fate and Transport Study
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
1,2-Dichloroethane 0.4
2-Butanone 4,000
2-Hexanone --
Acetone 6,000
Benzene 1
Chloroethane 3,000
cis-1,2-Dichloroethene 70
Ethylbenzene 600
Isopropylbenzene 70
m- and p-Xylene 500
o-Xylene 500
Tetrachloroethene 0.7
Toluene 600
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03
Xylene, total 500

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene 400
Naphthalene 6

Notes:

Bold box indicates exceedance of NCGWQS or the more conservative MCL

* - The MCL-Groundwater value is reported in place of the NCGWQS where the 
MCL value is more conservative.

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

R - Unreliable Result
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

NCGWQS - North Carolina Groundwater Quality Standards

µg/l - Micrograms per liter

NCGWQS (January, 
2010)*

630 U 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 U 330 J 310 U 63 U 210 U 320 J 630 U 13 U 0.5 UJ 13 U 7.8 U 1 U 1.3 U
630 U 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 310 U 63 U 210 U 360 U 630 U 13 U 0.77 13 U 7.8 U 1 U 1.3 U
630 U 280 U NA NA 0.5 U 0.5 UJ NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA

3,100 U 1,400 R NA NA 4.1 R 2.5 R NA NA 1,800 U 1,600 R NA NA 1,800 U 3,100 R NA NA 63 U 39 R NA NA
3,100 U 1,400 U NA NA 2.5 U 2.5 UJ NA NA 1,800 U 1,600 U NA NA 1,800 U 3,100 U NA NA 63 U 39 UJ NA NA
3,100 R 1,900 U NA NA 12 R 14 NA NA 1,800 R 2,200 U NA NA 4,800 R 4,300 U NA NA 83 R 54 U NA NA

630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 UJ NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA

28,000 11,000 8,100 8,400 29 8.7 1.5 0.5 U 23,000 13,000 9,800 10,000 72,000 39,000 35,000 33,000 560 380 34 54
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA

1,300 U 560 U NA NA 1 U 1 U NA NA 710 U 630 U NA NA 710 U 1,300 U NA NA 25 U 16 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 UJ 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 UJ 360 UJ 310 U 63 U 210 U 360 UJ 630 U 13 U 0.5 U 13 UJ 7.8 U 1 U 1.3 U
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U 51 32 J 0.28 J 0.5 U 0.5 U 0.5 U 360 U 310 U 59 J 67 J 680 180 J 230 150 13 U 1.6 J 1 U 1.3 U
630 U 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 310 U 63 U 210 U 370 630 U 2.1 J 0.54 13 U 7.8 U 1 U 1.3 U

2,200 780 830 790 19 18 28 21 5,500 3,600 3,500 3,300 4,100 3,100 2,600 4,300 62 59 58 39
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA

630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.25 J NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA

IR89-MW72
IR89-GW72-10A IR89-GW72-10B IR89-GW72-10C

IR89-MW73 IR89-MW74 IR89-MW75 IR89-MW76
IR89-GW73-10A IR89-GW73-10B IR89-GW73-10C IR89-GW74-09D IR89-GW74-10A IR89-GW74-10BIR89-GW72-09D IR89-GW73-09D IR89-GW76-10CIR89-GW74-10C IR89-GW75-09D IR89-GW75-10A IR89-GW75-10B IR89-GW75-10C IR89-GW76-09D IR89-GW76-10A IR89-GW76-10B

10/13/09 07/14/10 10/13/09 01/20/10 04/14/10 07/14/10 10/13/0901/20/10 04/14/10 07/14/10 10/13/09 01/20/10 04/14/10 07/14/1001/20/10 04/14/10 07/14/10 10/13/09 01/20/10 04/14/10
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TABLE 2-3
Exceedances in Groundwater from 2009 Fate and Transport Study
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
1,2-Dichloroethane 0.4
2-Butanone 4,000
2-Hexanone --
Acetone 6,000
Benzene 1
Chloroethane 3,000
cis-1,2-Dichloroethene 70
Ethylbenzene 600
Isopropylbenzene 70
m- and p-Xylene 500
o-Xylene 500
Tetrachloroethene 0.7
Toluene 600
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03
Xylene, total 500

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene 400
Naphthalene 6

Notes:

Bold box indicates exceedance of NCGWQS or the more conservative MCL

* - The MCL-Groundwater value is reported in place of the NCGWQS where the 
MCL value is more conservative.

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

R - Unreliable Result
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

NCGWQS - North Carolina Groundwater Quality Standards

µg/l - Micrograms per liter

NCGWQS (January, 
2010)*

120 150 42 U 42 U 25 U 25 U 17 U 18 U 1 U 0.5 U 0.5 U 0.5 U 310 U 310 U 13 U 210 U
83 U 18 J 42 U 42 U 25 U 25 U 17 U 18 U 1 U 0.5 U 0.5 U 0.5 U 310 U 310 U 13 U 210 U
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA

420 U 420 U 210 R 210 R NA NA NA NA 5 U 2.5 R NA NA 1,600 U 1,600 R NA NA
420 U 420 U 210 U 210 U NA NA NA NA 5 U 2.5 UJ NA NA 1,600 U 1,600 U NA NA
420 R 420 R 290 U 290 U NA NA NA NA 17 R 12 NA NA 1,600 R 2,200 U NA NA

83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA

4,200 4,300 1,800 1,800 1,300 1,400 500 700 56 20 7.5 2.9 16,000 13,000 12,000 11,000
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

170 U 170 U 83 U 83 U NA NA NA NA 2 U 1 U NA NA 630 U 630 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 UJ 83 UJ 42 U 42 U 3.1 J 25 U 17 U 18 U 1 UJ 0.5 U 0.5 U 0.5 U 310 UJ 310 U 13 U 210 U
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

540 650 13 J 10 J 25 U 25 U 2.4 J 3.1 J 1 U 0.5 U 0.5 U 0.5 U 310 U 66 J 110 83 J
83 U 83 U 42 U 42 U 25 U 25 U 17 U 18 U 1 U 0.5 U 0.5 U 0.5 U 310 U 310 U 13 U 210 U

1,900 1,700 1,500 1,600 1,100 1,100 870 1,000 7.9 4.6 3.3 4.6 4,400 3,400 3,000 5,000
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA

IR89-MW79IR89-MW77 IR89-MW78
IR89-GW77-09D IR89-GW77D-09D IR89-GW77-10A IR89-GW79-10CIR89-GW78-10A IR89-GW78-10B IR89-GW78-10C IR89-GW79-09D IR89-GW79-10A IR89-GW79-10BIR89-GW77D-10A IR89-GW77-10B IR89-GW77D-10B IR89-GW77-10C IR89-GW77D-10C IR89-GW78-09D

10/13/09 10/13/09 01/20/10 01/20/10 04/14/10 07/14/10 10/13/09 01/20/10 04/14/10 07/14/1004/14/10 07/14/10 07/14/10 10/13/09 01/20/10 04/14/10



TABLE 2-4

Exceedances in Surface Water from 2009 Fate and Transport Study

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Station ID

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (µg/l)

1,1,2,2-Tetrachloroethane 4 0.47 J 0.91 1.4 0.5 U 98 94 73 64 18 16 5.7 5.8

1,1,2-Trichloroethane -- 0.5 U 0.5 U 0.5 U 0.5 U 1.6 1.7 0.76 J 0.79 J 0.37 J 0.33 J 0.19 J 0.18 J

1,1-Dichloroethene -- 0.5 U 0.5 U NA NA 0.33 J 1.6 U 1.6 U 1.6 U NA NA NA NA

Acetone -- 7.1 J 7.4 U NA NA 12 J 8.2 J 11 U 11 U NA NA NA NA

cis-1,2-Dichloroethene -- 0.25 J 0.27 J 0.5 U 0.24 J 78 81 28 24 17 16 9.8 9.3

Tetrachloroethene 3.3 0.5 U 0.5 U 0.5 U 0.5 U 1 U 1.6 UJ 1.6 U 1.6 U 0.063 J 0.077 J 0.5 U 0.5 U

trans-1,2-Dichloroethene -- 0.5 U 0.5 U 0.5 U 0.5 U 62 67 21 18 13 13 7.4 7.1

Trichloroethene 30 0.21 J 0.26 J 0.5 U 0.76 4.3 4.5 3.6 3 0.26 J 0.31 J 0.58 0.55

Vinyl chloride 2.4 0.17 J 0.16 J 0.24 J 0.5 U 49 51 17 15 9.1 7.7 3.7 3.4

Notes:

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

NCSWQS - North Carolina 2B Surface Water Standards

Bold box indicates exceedance of applicable  NCSWQS

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

µg/l - Micrograms per liter

NCSWQS Human 

Health & Water 

Supply

IR89-SW100 IR89-SW101

IR89-SW100-09D IR89-SW100-10A IR89-SW100-10B IR89-SW100-10C IR89-SW101-09D IR89-SW101D-09D IR89-SW101-10A IR89-SW101D-10A IR89-SW101-10B IR89-SW101D-10B

10/13/09 01/20/10 04/14/10 08/11/10 10/13/09 10/13/09 01/20/10

IR89-SW101D-10C

01/20/10 04/14/10 04/14/10 08/11/10 08/11/10

IR89-SW101-10C
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TABLE 2-4

Exceedances in Surface Water from 2009 Fate and Transport Study

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Station ID

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (µg/l)

1,1,2,2-Tetrachloroethane 4

1,1,2-Trichloroethane --

1,1-Dichloroethene --

Acetone --

cis-1,2-Dichloroethene --

Tetrachloroethene 3.3

trans-1,2-Dichloroethene --

Trichloroethene 30

Vinyl chloride 2.4

Notes:

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

NCSWQS - North Carolina 2B Surface Water Standards

Bold box indicates exceedance of applicable  NCSWQS

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

µg/l - Micrograms per liter

NCSWQS Human 

Health & Water 

Supply

25 68 69 26 19 51 8.5 2.5

0.42 J 0.85 J 1.5 0.77 0.27 J 0.54 J 0.16 J 0.5 U

0.12 J 1.6 U NA NA 0.5 U 0.3 J NA NA

4.1 J 11 U NA NA 4.6 J 8.6 U NA NA

26 28 82 40 11 48 9 1.7

0.5 U 1.6 U 0.3 J 0.11 J 0.5 U 0.84 U 0.5 U 0.5 U

21 16 51 25 5.7 14 2.3 0.58

1.4 2.7 3.3 2.4 0.57 3.4 0.5 U 0.16 J

19 17 46 14 4 19 3.2 0.5 U

IR89-SW102 IR89-SW103

IR89-SW103-09D

08/11/1004/14/10 08/11/10 10/13/09 01/20/10 04/14/10

IR89-SW103-10A IR89-SW103-10B IR89-SW103-10CIR89-SW102-10B IR89-SW102-10CIR89-SW102-09D IR89-SW102-10A

01/20/1010/13/09
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TABLE 2-5
Detected Concentrations of COCs - Surficial Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2 22 4.6 4.4 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 120 0.5 U 1.8 J NS
1,1,2-Trichloroethane 5 0.36 J 2.3 2.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 4.3 0.5 U 0.5 U NS
cis-1,2-Dichloroethene 70 4 92 96 0.92 J 410 16 0.5 U 0.5 U 150 0.5 U 3,100 NS
Tetrachloroethene 0.7 2 J 0.5 UJ 0.5 UJ 0.5 U 2.2 J 0.5 U 0.5 U 0.5 U 5.5 0.5 UJ 0.5 U NS
trans-1,2-Dichloroethene 100 0.72 J 28 30 0.5 U 79 J 7.3 0.5 U 0.5 U 76 0.5 U 150 J NS
Trichloroethene 3 7.8 3.7 3.2 1.8 360 2.2 0.5 U 0.5 U 93 0.5 U 5.5 J NS
Vinyl chloride 0.03 1 U 130 140 1 U 34 J 2.5 1 U 1 U 42 1 U 1,800 NS

Wet Chemistry (mg/L)
Total organic carbon (TOC) -- NS NS NS NS NS NS NS NS NS NS NS 5.7

Notes:

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be inaccurate

1/18/1112/13/10 12/13/10 12/13/10 12/14/10 12/13/10 12/14/10
IR89-GW09-11AIR89-GW05-10D IR89-GW06-10D IR89-GW07-10D IR89-GW08-10D IR89-GW08SH-10D IR89-GW09-10DIR89-GW01-10D IR89-GW02-10D IR89-GW02D-10D IR89-GW03-10D IR89-GW04-10D

12/14/10 12/13/10 12/13/10 12/14/10 12/14/10

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS
IR89-GW01 IR89-GW03 IR89-GW04 IR89-GW05 IR89-GW06 IR89-GW07 IR89-GW08 IR89-GW08SH

Bold box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

The MCL-Groundwater value is reported in place of the NCGWQS where 
the MCL value is more conservative.

IR89-GW02 IR89-GW09
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TABLE 2-5
Detected Concentrations of COCs - Surficial Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be inaccurate

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

Bold box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

The MCL-Groundwater value is reported in place of the NCGWQS where 
the MCL value is more conservative.

46 43 0.5 U 0.5 U 9.5 0.5 U 0.5 U 0.5 U 0.5 U 0.8 J 5 U NS 2,400
0.7 J 0.81 J 0.5 U 0.5 U 1.1 0.5 U 0.5 U 0.5 U 0.5 U 1 J 5 U NS 130
44 45 1,900 15 200 1.7 1.4 2.1 23 2,200 18,000 NS 12,000
2.4 J 2.4 J 0.5 U 0.5 U 0.86 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 5 U NS 190
5.5 5.5 190 0.5 U 33 0.5 U 0.5 U 0.5 U 14 140 900 NS 4,500
75 74 2.3 0.56 J 68 0.5 U 0.5 U 0.5 U 12 22 J 75 NS 15,000

1 U 1 U 13,000 3.1 3.9 0.3 J 0.46 J 1 J 630 14,000 11,000 NS 180

NS NS NS NS NS NS NS NS NS NS NS 12 NS

1/18/11 12/15/1012/14/10 12/15/10 12/15/10 12/15/10 12/15/10 12/14/1012/14/10 12/14/10 12/15/10 12/14/10 12/14/10
IR89-GW30-11A IR89-GW31-10DIR89-GW14-10D IR89-GW14D-10D IR89-GW15-10D IR89-GW21-10D IR89-GW29-10D IR89-GW30-10DIR89-GW10-10D IR89-GW10D-10D IR89-GW11-10D IR89-GW12-10D IR89-GW13-10D

IR89-GW13 IR89-GW15 IR89-GW21 IR89-GW29IR89-GW11 IR89-GW12 IR89-GW31IR89-GW10 IR89-GW14 IR89-GW30
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TABLE 2-5
Detected Concentrations of COCs - Surficial Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be inaccurate

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

Bold box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

The MCL-Groundwater value is reported in place of the NCGWQS where 
the MCL value is more conservative.

0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 9,200 9,300 J 0.5 U 1.6 J 0.5 U
0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 120 J 110 J 0.5 U 0.5 UJ 0.5 U

0.68 J 0.5 U 0.5 U 860 860 0.5 U 200 7,800 7,800 J 0.5 U 150 J 5
0.5 UJ 0.5 UJ 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 150 J 140 J 0.5 U 26 J 0.5 U
0.5 U 0.5 U 0.5 U 14 J 13 0.5 U 0.99 J 2,500 2,500 J 0.5 U 14 J 0.5 U
4.3 0.5 U 0.5 U 3.8 J 3.8 0.5 U 0.28 J 15,000 15,000 J 0.5 U 500 1.9

1 U 1 U 1 U 34 J 36 1 U 44 3.7 J 10 UJ 1 U 15 J 0.93 J

NS NS NS NS NS NS NS NS NS NS NS NS

12/13/10
IR89-GW40D-10D IR89-GW41-10D IR89-GW43-10D IR89-GW44-10DIR89-GW36-10D IR89-GW37-10D IR89-GW37D-10D IR89-GW38-10D IR89-GW39-10D IR89-GW40-10DIR89-GW32-10D IR89-GW35-10D

12/13/10 12/13/10 12/14/10 12/14/10 12/14/10 12/14/10 12/14/10 12/14/10 12/13/10 12/13/10 12/14/10

IR89-GW43 IR89-GW44IR89-GW38 IR89-GW39IR89-GW32 IR89-GW35 IR89-GW36 IR89-GW41IR89-GW40IR89-GW37
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TABLE 2-5
Detected Concentrations of COCs - Surficial Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be inaccurate

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

Bold box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

The MCL-Groundwater value is reported in place of the NCGWQS where 
the MCL value is more conservative.

0.5 U NS 0.5 UJ 0.5 U 0.5 UJ 0.5 U 0.5 U 2,800 J 2,300 J 1,300 J 0.5 U 0.5 U
0.5 U NS 0.5 UJ 0.5 U 0.5 UJ 0.5 U 0.5 U 72 310 J 200 J 0.5 U 0.5 U

530 NS 0.5 UJ 120 180 160 1.5 12,000 J 5,900 J 4,300 J 0.5 U 0.5 U
3.9 J NS 0.5 UJ 3 0.5 UJ 0.5 U 0.5 U 56 J 600 J 350 J 0.5 U 0.5 U
87 J NS 0.5 UJ 9.6 12 J 24 0.34 J 3,400 J 2,800 J 1,800 J 0.5 U 0.5 U

170 J NS 0.5 UJ 260 300 35 0.82 J 6,500 J 69,000 45,000 0.5 U 0.5 U
42 J NS 1 UJ 0.9 J 2 J 6 1.2 J 2,100 J 140 J 84 J 0.55 J 0.29 J

NS 1.8 NS NS NS NS NS NS NS NS NS NS

IR89-GW53D-10D IR89-GW54-10D IR89-GW55-10DIR89-GW46-10D IR89-GW52-10D IR89-GW53-10DIR89-GW48A-10D IR89-GW49A-10D IR89-GW50-10D IR89-GW51-10DIR89-GW45-10D IR89-GW45-11A
12/14/10 1/18/11 12/13/10 12/13/10 12/13/10 12/13/10 12/13/10 12/14/1012/14/10 12/14/10 12/14/10 12/14/10

IR89-GW46 IR89-GW53IR89-GW48A IR89-GW49A IR89-GW50 IR89-GW51 IR89-GW52 IR89-GW54 IR89-GW55IR89-GW45
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TABLE 2-5
Detected Concentrations of COCs - Surficial Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be inaccurate

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

Bold box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

The MCL-Groundwater value is reported in place of the NCGWQS where 
the MCL value is more conservative.

IR89-GW63-10D
12/14/10 1/18/11 12/15/10

7,000 NS 1.5 J NS 0.5 U NS 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
110 J NS 0.5 U NS 0.5 U NS 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

11,000 NS 2,100 NS 0.75 J NS 3.2 0.5 U 0.7 59 61 1.8 5.8
100 J NS 0.5 U NS 0.5 U NS 0.5 U 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ

6,000 NS 450 NS 0.5 U NS 0.5 U 0.5 U 0.5 U 3.5 3.8 0.5 U 0.1 J
13,000 NS 2.2 J NS 0.5 U NS 0.5 U 0.5 U 0.5 U 0.76 J 0.82 J 0.42 J 0.5 U

37 J NS 8,300 NS 55 NS 1 U 0.5 U 0.5 U 740 J 1,100 J 0.35 J 0.77

NS 2.9 NS 11 NS 9.6 NS NS NS NS NS NS NS

IR89-GW56-10D IR89-GW56-11A IR89-GW58-10D IR89-GW58-11A IR89-GW64-10C IR89-GW65-10C IR89-GW67-10DIR89-GW66-10D IR89-GW66D-10D
12/15/1007/14/10 07/14/1012/14/10 1/18/11 12/14/10 1/18/11 12/15/10 12/15/10

IR89-GW68-10C
07/14/10

IR89-GW56 IR89-GW58 IR89-GW62 IR89-GW63 IR89-GW66 IR89-GW68
IR89-GW62-10D IR89-GW62-11A

IR89-GW64 IR89-GW65 IR89-GW67
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TABLE 2-5
Detected Concentrations of COCs - Surficial Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be inaccurate

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

Bold box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

The MCL-Groundwater value is reported in place of the NCGWQS where 
the MCL value is more conservative.

0.5 U NS 0.5 U 0.5 U 160 U 0.5 U 210 U 0.5 UJ 1.3 U 18 U 0.5 U 210 U 3,000 J 1 U 1 U
0.5 U NS 0.5 U 0.5 U 160 U 0.5 U 210 U 0.77 1.3 U 18 U 0.5 U 210 U 35 J 1 U 1 U
0.3 J NS 6.4 2.8 8400 0.5 U 10000 33000 54 700 2.9 11000 5,800 J 1 U 1 U
0.5 U NS 0.5 U 0.5 UJ 160 U 0.5 UJ 210 U 0.5 U 1.3 U 18 U 0.5 U 210 U 41 J 1 U 1 U
0.5 U NS 0.3 J 2.5 32 J 0.5 U 67 J 150 1.3 U 3.1 J 0.5 U 83 J 1,900 J 1 U 1 U
0.5 U NS 0.29 J 0.5 U 160 U 0.5 U 210 U 0.54 1.3 U 18 U 0.5 U 210 U 3,500 J 1 U 1 U

1 U NS 3.2 3.9 790 21 3300 4300 39 1000 4.6 5000 2,900 J 1 U 1 U

NS 330 NS NS NS NS NS NS NS NS NS NS NS NS NS

IR89-TW304-11D IR89-TW305-11D
11/17/11 11/17/11

IR89-TW304 IR89-TW305
IR89-GW78-10C

07/14/10
IR89-GW79-10C

07/14/10
IR89-GW75-10C

07/14/10
IR89-GW76-10C

07/14/10
IR89-GW77-10C

07/14/10
IR89-GW71-10C

07/14/10
IR89-GW73-10C

07/14/10
IR89-GW74-10C

07/14/10
IR89-GW72-10C

07/14/10
IR89-GW70-10DIR89-GW69-10D IR89-STC868-MW04-10D

12/13/1012/15/1012/14/10 1/18/11
IR89-GW69-11A

IR89-GW70 IR89-GW71 IR89-GW72IR89-GW69 IR89-GW73 IR89-GW74 IR89-GW75 IR89-GW76 IR89-GW77 IR89-GW78 IR89-GW79 IR89-STC868-MW04
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TABLE 2-6
Detected Concentrations of COCs - Upper Castle Hayne Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1,1,2-Trichloroethane 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
cis-1,2-Dichloroethene 70 87 140 280 J 270 0.5 U 5.9 J 0.62 J 0.5 U 0.5 U 0.31 J 0.3 J
Tetrachloroethene 0.7 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U
trans-1,2-Dichloroethene 100 0.37 J 26 72 J 72 J 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Trichloroethene 3 2.4 2.8 150 J 160 J 0.5 U 2.2 J 0.48 J 0.5 U 0.5 U 0.5 U 0.5 U
Vinyl chloride 0.03 67 35 16 J 16 J 1 U 1 UJ 1 U 1 U 1 U 1 U 1 U

Wet Chemistry (mg/L)
Total organic carbon (TOC) -- NS NS NS NS NS NS NS NS NS NS NS

Notes:

The MCL-Groundwater value is reported in place of the NCGWQS where the 
MCL value is more conservative.

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be inaccurate

Bold Box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

IR89-GW04IW IR89-GW11IW

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS
IR89-GW02IW IR89-GW03IW IR89-GW05IW

12/14/1012/13/10

IR89-GW06IW IR89-GW07IW IR89-GW08IW IR89-GW09IW

12/14/10
IR89-GW02IW-10D IR89-GW09IW-10D IR89-GW11IW-10DIR89-GW07IW-10DIR89-GW03IW-10D IR89-GW04IW-10D

12/14/10 12/13/10
IR89-GW11IWD-10D

12/15/10 12/15/1012/13/10 12/13/10 12/13/10 12/14/10
IR89-GW04IWD-10D IR89-GW05IW-10D IR89-GW06IW-10D IR89-GW08IW-10D
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TABLE 2-6
Detected Concentrations of COCs - Upper Castle Hayne Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

The MCL-Groundwater value is reported in place of the NCGWQS where the 
MCL value is more conservative.

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be inaccurate

Bold Box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

0.5 U 0.5 U 0.5 U 0.7 J 0.5 U 0.62 J 6.2 0.5 U 0.5 U 0.5 UJ 0.5 UJ
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 48 0.5 U 0.5 U 0.5 UJ 0.5 UJ
0.5 U 0.5 U 0.38 J 1,800 0.5 U 6,300 34,000 0.5 U 4.6 92 J 94 J
0.5 U 0.5 U 0.5 U 70 0.5 U 0.5 U 19 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ
0.5 U 0.5 U 0.5 U 150 0.5 U 270 7,000 0.5 U 0.5 U 1.3 J 1.3 J
0.5 U 0.5 U 0.5 U 4,900 0.91 J 1.3 J 1,500 0.5 U 0.76 J 16 J 17 J

1 U 1 U 0.32 J 48 1 U 1,100 990 1 U 1 U 0.95 J 0.8 J

NS NS NS NS NS NS NS NS NS NS NS

IR89-GW36IWIR89-GW16IW IR89-GW17IW IR89-GW24IW IR89-GW29IW IR89-GW31IW IR89-GW32IW IR89-GW35IWIR89-GW14IW IR89-GW15IW
IR89-GW36IW-10D

12/13/10
IR89-GW36IWD-10D

12/13/10
IR89-GW31IW-10D

12/15/10
IR89-GW24IW-10D IR89-GW29IW-10D

12/15/10
IR89-GW35IW-10D

12/13/10
IR89-GW14IW-10D IR89-GW15IW-10D

12/15/10
IR89-GW32IW-10D

12/15/10 12/13/1012/14/10
IR89-GW16IW-10D IR89-GW17IW-10D

12/14/10 12/15/10
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TABLE 2-6
Detected Concentrations of COCs - Upper Castle Hayne Aquifer
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 0.2
1,1,2-Trichloroethane 5
cis-1,2-Dichloroethene 70
Tetrachloroethene 0.7
trans-1,2-Dichloroethene 100
Trichloroethene 3
Vinyl chloride 0.03

Wet Chemistry (mg/L)
Total organic carbon (TOC) --

Notes:

The MCL-Groundwater value is reported in place of the NCGWQS where the 
MCL value is more conservative.

mg/L - Milligrams per liter

NS - Not sampled

U - The material was analyzed for, but not detected

µg/L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be inaccurate

Bold Box indicates exceedance of North Carolina Groundwater Standards 
(NCGWQS) 

J - Analyte present.  Value may or may not be accurate or precise

NCGWQS

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U NS
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U NS
0.5 U 0.5 U 0.5 U 0.5 U 56 50 J 40 190 NS
0.5 U 0.5 U 0.5 U 0.5 U 8.6 J 0.72 J 0.5 U 0.5 U NS
0.5 U 0.5 U 0.5 U 0.5 U 6.1 3.7 J 3 30 NS
0.5 U 0.5 U 0.5 U 0.5 U 170 130 J 42 0.98 J NS

1 U 1 U 1 U 1 U 1.8 J 0.45 J 0.32 J 110 NS

NS NS NS NS NS NS NS NS 3.1

IR89-GW57 IR89-GW57IR89-GW38IW IR89-GW39IW IR89-GW41IW IR89-GW43B IR89-GW48B IR89-GW49BIR89-GW37IW
IR89-GW43B-10D

12/13/10
IR89-GW39IW-10D IR89-GW41IW-10D IR89-GW48B-10D

12/13/10
IR89-GW37IW-10D

12/14/10
IR89-GW38IW-10D

12/14/10
IR89-GW57-10D

12/14/10
IR89-GW49B-10D IR89-GW57-11A

12/13/10 1/18/1112/13/1012/14/10
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TABLE 2-7
Detected Concentrations of VOCs - Surface Water
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/L)
1,1,2,2-Tetrachloroethane 4 15 0.5 U 0.5 U 83 82 38 42 41 0.5 U
1,1,2-Trichloroethane -- 0.5 U 0.5 U 0.5 U 1.3 1.4 0.48 J 0.59 J 0.52 J 0.5 U
cis-1,2-Dichloroethene -- 11 0.46 J 1.3 110 110 27 34 36 0.25 J
trans-1,2-Dichloroethene -- 3.7 0.5 U 0.5 U 73 74 11 13 14 0.5 U
Trichloroethene 30 0.71 J 0.34 J 0.5 U 4.6 5 0.91 J 1.2 1.3 0.51 J
Vinyl chloride 2.4 2 0.29 J 0.41 J 82 83 12 14 16 1 U

Notes:

NS - Not sampled

µg/L- Micrograms per liter

IR89-SW104 IR89-SW105IR89-SW100 IR89-SW101
IR89-SW102D-10D IR89-SW103-10DNCSWQS Human 

Health & Water Supply

IR89-SW53

NCSWQS - North Carolina 2B Surface Water Standards

Bold Box indicates exceeds applicable NCSWQS 

IR89-SW103

12/14/10 12/14/10

IR89-SW106IR89-SW102

12/14/10

U - The material was analyzed for, but not detected

J - Analyte present.  Value may or may not be accurate or precise

12/14/10 12/14/10 12/14/104/18/11
IR89-SW53-11B IR89-SW104-10D IR89-SW105-10D IR89-SW106-10DIR89-SW100-10D IR89-SW101-10D IR89-SW102-10D

12/14/1012/14/10
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TABLE 2-8
Summary of NAIPs in the DRMO Area
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Well ID Temperature DO
(mg/L)

pH          (SU) ORP
(mV)

Ferrous Iron 
(mg/L)

Nitrate (mg/L) Nitrite (mg/L) Alkalinity 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Sulfide 
(mg/L)

 TOC (mg/L) Methane 
(mg/L)

Ethane 
(mg/L)

Ethene 
(mg/L)

EPA Scores

IR89-MW01 18.42 3.84 5.82 130.4 1.4 0.25 U 0.25 U 10 U 7.3 JD 41 D 1 U 11.8 92 BD 0.3 J 0.2 J 10
IR89-MW02 19 0.35 7.20 -231.1 NM 0.25 U 0.25 U 103 69 D 26 D 0.4 J 18 110 BD 30 93 16
IR89-MW03 16.07 3.84 5.82 130.4 1.0 0.25 U 0.25 U 163 7.5 JD 32 D 1 U 3.64 J 13 B 2 U 2 U 7
IR89-MW08 17.55 1.21 5.05 107.7 0.2 0.25 U 0.25 U 10 U 31 D 52 D 1 U 4.46 J 73 BD 2 2 10
IR89-MW09 19.28 0.25 6.86 -104.7 3.0 0.25 U 0.25 U 255 24 D 25 U 1 U 5.02 83 BD 9 63 21
IR89-MW11 19.9 0.93 7.25 -154.1 2.5 0.32 D 0.25 U 105 130 D 59 D 1 U 7.49 50 BD 110 150 E 16
IR89-MW21 18.04 3.52 7.65 70.3 2.0 0.25 U 0.25 U 304 410 D 57 D 1 U 15.1 230 BD 83 110 R 14
IR89-MW29 18.66 0.62 6.49 -60.7 2.4 0.25 U 0.25 U 217 350 D 23 JD 1 U 12 420 BD 49 620 R 15
IR89-MW30 18.06 0.41 6.88 -116.4 2.0 0.25 U 0.25 U 233 230 D 11 JD 1 U 7.02 440 BD 23 400 R 21
IR89-MW31 19.18 2.33 6.33 -34.5 2.6 0.25 U 0.25 U 154 130 D 200 D 1 U 3.9 J 6 B 0.3 J 1 J 15
IR89-MW40 22.17 1.49 6.52 12.1 0.0 0.25 U 0.25 U 308 63 D 6.8 JD 1 U 1.35 J 4 B 2 U 2 U 13
IR89-MW44 22.13 0.66 7.20 -84.8 3.4 0.25 U 0.25 U 360 13 D 5.4 JD  1 U 2.13 J 1700 BD 10 8 16
IR89-MW45 21.54 1.40 7.11 -119.3 3.0 0.59 D 0.25 U 241 16 D 100 D 1 U 1.27 J 42 BD 0.1 J 3 16
IR89-MW50 22.56 3.27 6.91 61.7 1.2 0.25 U 0.25 U 266 21 D 150 D 1 U 5.96 30 B 0.5 J 5 14
IR89-MW51 21.09 0.50 6.45 -126.6 NM 0.25 U 0.25 U 260 41 D 40 D 1 U 3.68 J 220 BD 43 140 R 13
IR89-MW52 22.31 0.74 6.69 -37.1 2.2 0.25 U 0.25 U 387 52 D 22 JD 1 U 1.04 J 49 BD 9 29 15
IR89-MW53 21.51 4.28 7.14 50.6 0.1 0.25 U 0.25 U 292 35 D 8.7 JD 1 U 5 U 47 B 0.2 J 1 J 13
IR89-MW54 20.33 0.64 7.13 -176.6 5.4 0.25 U 0.25 U 322 12 D 9.9 JD 1 U 1.42 J 1300 BD 4 0.7 J 15
IR89-MW55 21.08 1.04 7.03 -151.7 5.4 0.3 D 0.25 U 301 13 D 110 D 1 U 1.8 J 1300 BD 6 0.2 J 13
IR89-MW56 20.58 0.39 7.15 -161.8 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW58 20.26 0.50 7.14 -167.9 5.0 0.25 U 0.25 U 202 24 D 25 U 1 U 2.62 J 63 BD 3 2 18
IR89-MW59 21.84 0.92 6.13 -108.0 8.4 0.25 U 0.25 U 679 D 26 D 9.3 JD 1 U 15.3 1700 BD 6 5 18
IR89-MW60 22.46 0.00 6.35 -119.0 2.2 0.29 D 0.25 U 385 92 D 25 U 1 U 28.1 500 BD 96 350 R 21
IR89-MW62 20.14 0.98 6.71 -43.8 4.2 0.25 U 0.25 U 658 D 31 D 9.9 JD 1 U 12.3 1100 BD 3 3 17
IR89-MW65* 18.33 0.02 10.07 -461.5 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW67* 20.35 0.64 9.81 -326.0 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW68* 19.75 0.06 9.70 -576.5 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW69* 20.54 0.45 9.64 -364.7 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW70* 20.11 0.66 10.01 -271.0 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW72* 18.84 0.53 7.50 1.7 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW73* 17.4 0.05 6.81 -16.8 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW74* 18.57 0.05 7.36 -33.2 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW75* 18.59 0.16 6.85 -322.0 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW76* 17.72 0.03 7.25 -31.4 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW77* 17.52 0.02 6.66 -52.6 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW78* 18.04 0.08 7.33 -42.4 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW79* 18.75 0.09 7.02 -25.8 NM NM NM NM NM NM NM NM NM NM NM --
IR89-STC868-MW04 18.81 0.68 6.75 -137.3 NM NM NM NM NM NM NM NM NM NM NM --

Surficial Aquifer Wells
Wells within suspected source area
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TABLE 2-8
Summary of NAIPs in the DRMO Area
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Well ID Temperature DO
(mg/L)

pH          (SU) ORP
(mV)

Ferrous Iron 
(mg/L)

Nitrate (mg/L) Nitrite (mg/L) Alkalinity 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Sulfide 
(mg/L)

 TOC (mg/L) Methane 
(mg/L)

Ethane 
(mg/L)

Ethene 
(mg/L)

EPA Scores

  

IR89-MW05 18.74 1.38 6.13 -46.5 0.7 0.25 U 0.25 U 171 14 JD 12 JD 1 U 13.6 190 BD 1 J 0.3 J 13
IR89-MW10 21.57 0.80 6.19 102.6 0.0 3.9 D 0.25 U 10 U 13 D 64 D 1 U 1.69 J 0.3 JB 0.1 J 2 U 5
IR89-MW12 17.59 1.06 6.02 60.7 0.1 0.95 D 0.25 U 44.6 5.6 JD 64 D 1 U 1.76 J 1 B 2 U 2 U 9
IR89-MW13 22.48 1.91 5.19 185.4 0.0 3.5 D 0.25 U 10 U 37 D 77 D 1 U 2.37 J 0.7 JB 2 U 2 U 7
IR89-MW14 17.27 1.39 7.03 -101.6 0.8 0.25 U 0.25 U 237 16 D 25 U 1 U 4.09 J 33 BD 2 U 2 U 14
IR89-MW15 17.5 0.64 7.05 -89.3 1.7 0.25 U 0.25 U 245 10 D 25 U 1 U 4.16 J 60 BD 2 0.3 J 16
IR89-MW32 20.76 0.77 6.06 55.1 2.3 1.2 D 0.25 U 96.9 10 D 78 D 1 U 6.01 66 BD 2 U 2 U 9
IR89-MW41 19.76 1.24 7.04 -106.9 2.0 0.25 U 0.25 U 218 8.3 JD 12 JD 1 U 2.29 J 9 B 2 U 2 U 12
IR89-MW43 22.15 0.88 6.29 -27.2 1.4 0.25 U 0.25 U 69.4 8 JD 190 D 1 U 5 U 0.3 JB 2 U 2 U 13
IR89-MW48A 22.13 0.84 6.49 -111.0 5.0 0.25 U 0.25 U 266 9.9 JD 620 D 1 U 1.46 J 0.8 JB 2 U 2 U 14
IR89-MW49A 22.9 0.58 6.60 -76.2 2.1 0.25 U 0.25 U 176 33 JD 1200 D 1 U 2.26 J 0.2 JB 2 U 2 U 14
IR89-MW63* 20.97 0.80 8.82 -292.3 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW64* NM 0.08 9.06 -608.7 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW66* 20.57 0.66 6.92 -121.8 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW71* 18.81 0.01 8.26 -316.5 NM NM NM NM NM NM NM NM NM NM NM --

IR89-MW02IW 21.08 0.39 6.94 -136.7 0.0 1.1 D 0.25 U 197 10 U 24 JD 1U 1.48 J 10 B 0.1 J 0.9 J 12
IR89-MW03IW 20.3 0.80 7.04 -99.8 0.8 0.25 U 0.25 U 238 15 D 190 D 1 U 1.3 J 4 B 0.2 J 0.4 J 10
IR89-MW09IW 19.7 0.20 7.32 -102.8 0.6 0.25 U 0.25 U 220 11 D 25 U 1 U 2.12 J 45 B 2 U 2 U 9
IR89-MW11IW 19.08 0.60 7.16 -122.9 1.0 0.25 U 0.25 U 224 10 D 25 U 1 U 2.72 J 34 BD 0.4 J 0.1 J 11
IR89-MW16IW 19.45 0.31 7.22 -164.0 2.2 0.25 U 0.25 U 222 8.1 JD 25 U 1 U 2.33 J 44 B 2 U 2 U 16
IR89-MW17IW 20.21 1.03 7.09 -38.2 1.8 0.25 U 0.25 U 216 13 D 25 U 1 U 2.18 J 23 0.1 J 0.7 J 15
IR89-MW24IW 18.47 7.25 7.68 20.7 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW29IW 19.41 1.04 7.60 -155.9 2.8 0.25 U 0.25 U 222 11 D 25 U 1 U 2.73 J 54 B 5 2 16
IR89-MW31IW 21.04 2.52 6.71 -72.0 3.6 0.25 U 0.25 U 260 170 D 310 D 1 U 5 U 5 B 4 9 14
IR89-MW57 20.19 5.11 7.49 -40.3 1.4 0.25 U 0.25 U 210 9.5 JD 3.7 JD 1 U 2.37 J 36 B 2 U 0.1 J 15

IR89-MW05IW 18.81 0.30 7.06 -158.0 NM NM NM NM NM NM NM NM NM NM NM --
IR89-MW14IW 17.49 0.69 7.17 -110.1 1.3 0.25 U 0.25 U 250 14 D 25 U 1 U 4.4 J 77 BD 0.06 J 2 U 11
IR89-MW15IW 17.28 0.58 7.21 -78.7 0.8 0.25 U 0.25 U 253 11 D 25 U 1 U 3.24 J 100 BD 2 U 2 U 5
IR89-MW32IW 20.31 1.15 7.15 -51.7 0.8 0.25 U 0.25 U 223 10 JD 25 U 1 U 2.29 J 36 B 2 U 2 U 5
IR89-MW41IW 19.4 1.66 7.04 -85.1 0.0 0.31 D 0.25 U 225 8.7 JD 25 U 1 U 2.15 J 50 B 2 U 2 U 5
IR89-MW43B 22.23 2.88 7.00 24.0 7.0 0.25 U 0.25 U 229 13 D 220 D 1 U 5 U 0.5 JB 2 U 2 U 10
IR89-MW48B 22.29 0.42 6.72 -85.6 1.0 0.25 U 0.25 U 254 10 D 510 D 1 U 1.73 J 0.9 JB 0.03 J 2 U 12
IR89-MW49B 22.45 0.38 6.72 -82.5 2.2 0.25 U 0.25 U 181 19 JD 1400 D 1 U 4.91 J 0.3 JB 2 U 2 U 13

IR89-MW03DW 20.21 0.35 7.20 -231.1 0.6 0.25 U 0.25 U 278 82 D 8.7 JD 1 U 1.47 J 5 B 2 U 2 U 11

IR89-MW05DW 18.86 1.36 7.39 -134.5 0.8 0.25 U 0.25 U 260 59 D 5.4 JD 1 U 5 U 10 B 2 U 2 U 6
IR89-MW32DW 19.26 1.42 7.06 -23.6 0.8 0.25 U 0.25 U 264 30 D 25 U 1 U 2.91 J 5 B 2 U 2 U 5

Notes:
µg/L - Micrograms per liter B - Analyte not detected above the level reported in blanks
mg/L - Mlligrams per liter J - Analyte present, value may or may not be accurate or precise -- Not enough data to calculate EPA score
mV - Millivolts U - The material was analyzed for, but not detected D -  sample run at secondary dilution
DO - Dissolved oxygen NA - Not analyzed
ORP - Oxidation reduction potential *Data from 2009 Fate and Transport Study
TOC - Total organic carbon
DO, Temp, and PH measurements were taken in 2010 while all other parameters were analyaed for during 2008 sampling events.

Middle Castle Hayne Aquifer
Wells within suspected source area

Upper Castle Hayne Aquifer Wells
Wells within suspected source area

NM - Not measured

R - Unreliable Result

Wells outside suspected source area

Wells outside suspected source area

Wells outside suspected source area

E - Estimated value (Inorganics)



TABLE 2-9

Summary of NAIPs In the Downgradient Area

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Well ID Temperature
DO

(mg/L)

pH                       

(SU)

ORP

(mV)

Ferrous Iron 

(mg/L)

Nitrate                 

(mg/L)

Nitrite             

(mg/L)

Alkalinity 

(mg/L)

Chloride 

(mg/L)

Sulfate                   

(mg/L)

Sulfide                       

(mg/L)

 TOC                   

(mg/L)

Methane 

(mg/L)

Ethane                 

(mg/L)

Ethene                   

(mg/L)
EPA Scores

IR89-MW04 15.63 1.68 6.69 -46.9 3.6 0.25 U 0.25 U 210 13 D 16 JD 1 U 5 U 6 B 0.2 J 0.4 J 16

IR89-MW36 16.92 0.78 6.17 52.8 1.2 0.25 U 0.25 U 10 U 7 J 6.5 JD 1 U 4.17 J 24 B 2 U 2 U 10

IR89-MW37 10.2 4.14 7.25 -80.9 0.2 0.25 U 0.25 U 203 12 D 15 JD 1 U 5 U 11 B 2 U 0.4 J 13

IR89-MW39 16.53 2.67 6.75 -123.4 1.1 0.25 U 0.25 U 160 24 D 25 U 1 U 5.19 380 BD 0.3 J 2 18

IR89-MW06 17.58 0.47 7.67 14.2 1.4 0.25 U 0.25 U 10 U 6.7 JD 8.4 JD 1 U 1.71 J 0.2 JB 2 U 2 U 13

IR89-MW07 16.71 4.53 7.52 11.2 0.0 0.25 U 0.25 U 10 U 4.9 JD 12 JD 1 U 5 U 0.2 JB 2 U 2 U 7

IR89-MW08SH(SW) 16.84 4.49 6.69 39.8 0.2 0.25 U 0.25 U 27.5 6.9 JD 7.6 JD 1 U 2.57 J 1 B 2 U 2 U 7

IR89-MW35 17.52 2.44 6.54 33.9 0.0 0.25 U 0.25 U 10 U 5.7 JD 8.5 JD 1 U 5 U 1 B 2 U 0.4 J 8

IR89-MW38 17.44 0.44 6.59 -138.3 1.0 0.31 D 0.25 U 63.4 21 D 19 JD 1 U 1.71 J 14 B 2 U 2 U 13

IR89-MW46 18.44 3.89 7.27 -133.6 1.4 0.25 U 0.25 U 172 37 D 18 JD 1 U 5 U 1 B 2 U 2 U 13

IR89-MW04IW 17.4 4.16 6.66 -90.1 0.4 0.25 U 0.25 U 237 10 D 16 JD 1 U 1.44 J 7 B 2 U 2 U 9

IR89-MW36IW 16.78 0.62 6.78 -112.3 1.0 0.25 U 0.25 U 155 12 D 6.8 JD 1 U 5 U 4 B 2 U 0.3 J 13

IR89-MW37IW 17.62 0.48 7.17 -136.5 1.0 0.25 U 0.25 U 207 13D 25 U 1 U 2.19 J 8 B 2 U 2 U 9

IR89-MW39IW 16.82 0.36 7.11 -167.9 0.2 0.25 U 0.25 U 219 36 D 4.2 JD 1 U 1.72 J 7 B 2 U 2 U 10

IR89-MW06IW 16.76 4.08 9.76 -152.5 0.2  0.25 U 0.25 U 151 13 D 5 JD 1 U 5 U 20 B 2 U 2 U 6

IR89-MW07IW 16.25 0.85 7.17 -84.9 0.4 0.25 U 0.25 U 172 13 D 4.3 JD 1 U 5 U 2 B 2 U 2 U 7

IR89-MW08IW 17.39 0.73 6.94 -124.2 0.4 0.25 U 0.25 U 127 15 D 3.6 JD 1 U 5 U 33 B 2 U 2 U 6

IR89-MW35IW 16.92 0.48 6.95 -106.0 0.2 0.25 U 0.25 U 230 13 D 12 JD 1 U 5 U 5 B 2 U 2 U 11

IR89-MW38IW 17.5 0.34 6.95 -154.1 1.8 0.25 U 0.25 U 252 15 D 25 U 1 U 2.83 J 18 BD 2 U  2 U 12

IR89-MW04DW 18.19 0.49 7.19 -159.5 0.1 0.25 U 0.25 U 309 150 D 14 JD 1 U 1.44 J 4 B 2 U 2 U 9

IR89-MW36DW 17.21 1.48 7.04 -125.5 0.1 0.34 D 0.25 U 327 180 D 11 JD 1 U 1.13 J 4 B 2 U 2 U 6

IR89-MW37DW 17.86 0.84 7.34 -96.4 0.6 0.25 U 0.25 U 285 110 D 7.9 JD 1 U 1.49 J 14 B 2 U 2 U 5

IR89-MW39DW 16.97 0.74 7.03 -153.4 1.4 0.25 U 0.25 U 331 220 D 16 JD 1 U 1.42 J 15 B 2 U 2 U 10

IR89-MW06DW 16.96 0.69 7.37 -124.3 0.0 0.25 U 0.25 U 237 57 D 6.5 JD 1 U 1.21 J 1 B 2 U 2 U 6

IR89-MW07DW 17.14 0.32 7.61 -76.9 0.2 0.25 U 0.25 U 219 71 D 8.3 JD 1 U 5 U 2 B 2 U 2 U 8

IR89-MW08DW 16.99 0.74 7.08 -52.5 0.0 0.25 U 0.25 U 326 94 D 25 U 0.4 J 1.8 J 9 B 2 U 2 U 5

IR89-MW35DW 17.03 0.40 7.13 -159.9 0.8 0.25 U 0.25 U 278 98 D 5.9 JD 1 U  5 U 10 0.1 J 2 U 12

IR89-MW38DW 17.63 0.96 7.06 -137.5 0.6 0.25 U 0.25 U 259 35 D 25 U 1 U 2.44 J 57 B 2 U 2 U 7

Notes:

µg/L - Micrograms per liter NA - Not analyzed B - Analyte not detected above the level reported in blanks

mg/L - Mlligrams per liter J - Analyte present, value may or may not be accurate or precise

mV - Millivolts U - The material was analyzed for, but not detected

DO - Dissolved oxygen D -  Sample run at secondary dilution TOC - Total organic carbon

*Data from 2009 Fate and Transport Study

DO, Temp, and PH measurements were taken in 2010 while all other parameters were analyaed for during 2008 sampling events.

Surficial Aquifer Wells

Wells within plume

Upper Castle Hayne Aquifer Wells

Wells within plume

Wells outside of plume

Wells within plume

Middle Castle Hayne Aquifer Wells

Wells outside of plume

Wells outside of plume

ORP - Oxidation reduction potential

R - Unreliable Result

E - Estimated value (Inorganics)

Page 1 of 1



")
!<

!<!<
!<
!<!<

!<!<!<

!<!<!<

!<
!<

!<

!<
!<!<

!<

!<!<

!<!<

!<

!<!<

!<

!<

!<!<
!<!<

!<

!<
!<

!<

!<!<
!<

!<!<

!<
!<!<

!<!<!<

!<!<!<

!<!<!<

!<
!<!<

!<!<!<

!<

!<!<

!<

!<

!<

!<

!<!<
!<!<

!<

!<

!<

!<

!<

!<
!<

!<

!<
!<

!<

!<

!<

!<

!<

!<

!<

!<
!<

!<
!<

!<

!<
!<!<

!<

!<!<
!<

!<

!<

!<

!<!<

!<

!<

!<

!<

!<

!<

Edwards Creek

TC860

G770

TC773

TC774

TC952

TC762

TC761

TC942

TC864

TC771

TC846

TC861

TC1062
TC1060

TC753

SG866

TC846

TC752

TC754

TC848

TC760

TC1061

AS1065

TC1063

AS1079

AS1069

AS1042

AS1075

AS1057

AS1073

AS1059

AS1071

AS1081

AS1063

AS1077

AS1061

AS1055
AS1067

AS1044

AS1048

AS1040

AS1053

AS1049
AS1046

AS1051

TC875

AS1083AS1050AS1038AS1047

STC768

STC769

STC859

STC1071

AS1052

TC865

STC872

STC953

STC867

251 (UST-STC868)

E
 S

TR
E

E
T

US 17 Bypass

W
H

IT
E 

S
TR

EE
T

F 
S

TR
E

E
T

G
 S

TR
E

E
T

JONES STREET

EIGHTH STREET

B
AX

TE
R

 S
TR

E
E

T

F 
S

TR
E

E
T

US 17 Bypass

Figure 2-1
Site Map

Site 89 Feasibility Study
MCB CamLej

North Carolina
´

0 250 500
Feet

1 inch = 250 feet

 V:\USNAVFACENGCOM\CAMPLEJEUNE\MAPFILES\SITE_89\FS\FIGURE2-1_SITE_MAP.MXD  CELEFTHE 12/20/2011 3:43:53 PM

Legend

")  Former UST Locations

!< Temporary Well

!< Monitoring Well Locations

Site 89 Boundary

Former Defense Reutilization and Marketing Office Area

Soil Mixing Treatment Areas

New River

Atlantic Ocean

Site 93

OU16

Site 89

S TATE HWY 1

72

STATE HWY 24

S
TA

TE H
W

Y 50

STATE HWY 53

STATE H
W

Y 210



N

Water Table

Aquifer uife

Surficial Aquiferuife

Surficial Aquifer 

Castle Hayne Aquifer

Castle Hayne Aquifer

Water Table

r

Upper Castle Hayne Aquifer

Upper Castle Hayne Aquifer

Infiltra
tion 

Biodegradation 

Discontinuous Confining Unit

Discontinuous Confining Unit 

a

Water Table

Eighth Street

EDWARDS CREEK

Water Table

TC762

TC760

TC761

E Street

TC771

TC773

TC864

TC875

W
hite Street

Highway 17 Bypass

Potential
Vapor

Intrusion E

TC8

Potential Vapor Intrusion

�

�

�
� �

�

� �

�

	

	

Potential Risk to Future Resident:
Dermal Contact or Ingestion of Groundwater 
by Child or Adult Resident

Potential Risk to Future Industrial Worker: 
Dermal Contact or Ingestion of Groundwater  

Railroad Spur

ES071111073246MKE  CSMCJS89_Conceptual_Site_Model_Site-89_ver15.ai   1/9/11   pfwe/jls

Figure 2-2
 Conceptual Site Model

Site 89 Feasibility Study
MCB CamLej 

North Carolina

Legend

VOC Extents
Exceeds NCGWQS Standards
1,1,2,2-PCA > 2000 μg/L
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� Low Temperature Thermal Desorption (TCRA)

� ERH (Electrical Resistive Heating)
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� Mulch Wall Treatability Study

� Horizontal Sparge Well Treatability Study
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Note:  NCGWQS exceedances depicted are primarily driven by vinyl chloride concentrations (vinyl chloride NCGWQS = 0.03 μg/L).
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Figure 2-4
A-A’ Cross-Section

Site 89 Feasibility Study
MCB CamLej

North Carolina

NOTE:
The depth and thickness of the subsurface strata indicated on this section (profile) were generalized 
from and interpolated between test locations. Information on actual subsurface conditions apply only 
to the specific locations indicated. Subsurface conditions may differ from conditions occurring at the 
indicated locations.
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Figure 2-5
B-B’ Cross-Section

Site 89 Feasibility Study
MCB CamLej

North Carolina

NOTE:
The depth and thickness of the subsurface strata indicated on this section (profile) were generalized 
from and interpolated between test locations. Information on actual subsurface conditions apply only 
to the specific locations indicated. Subsurface conditions may differ from conditions occurring at the 
indicated locations.
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Figure 2-6
Potentiometric Surface Map - Surficial Aquifer

Site 89 Feasibility Study
MCB CamLej

North Carolina

Notes:
- Water level elevations are reported in feet above mean sea level.
- Potentiometric surface contours have been interpolated between
  monitoring well locations. Actual conditions may differ from those
  shown on this figure.
- Water levels were measured on November 15-17, 2010
- Only monitoring wells used to generate potentiometric surface are
  shown on figure.
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Figure 2-7
Potentiometric Surface Map - Upper Castle Hayne Aquifer

Site 89 Feasibility Study
MCB CamLej

North Carolina

Notes:
- Water level elevations are reported in feet above mean sea level.
- Potentiometric surface contours have been interpolated between
  monitoring well locations. Actual conditions may differ from those
  shown on this figure.
- Water levels were measured on November 15-17, 2010
- Only monitoring wells used to generate potentiometric surface are
  shown on figure.
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Figure 2-8
Potentiometric Surface Map - Middle Castle Hayne Aquifer

Site 89 Feasibility Study
MCB CamLej

North Carolina

Notes:
- Water level elevations are reported in feet above mean sea level.
- Potentiometric surface contours have been interpolated between
  monitoring well locations. Actual conditions may differ from those
  shown on this figure.
- Water levels were measured on November 15-17, 2010
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Note:
TCE was reported in only one sample exceeding the
NCGWQS (370 µg/L in October 2009 from IR89-GW75-09D).
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Figure 2-11
2010/2011 Surface Water Detections

Site 89 Feasibility Study
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Chemical Name

Volatile Organic Compounds (µg/L)

1,1,2,2-Tetrachloroethane 38

1,1,2-Trichloroethane 0.48 J

cis-1,2-Dichloroethene 27

trans-1,2-Dichloroethene 11

Trichloroethene 0.91 J

Vinyl chloride 12

IR89-SW103-10D

12/14/10

Chemical Name

Volatile Organic Compounds (µg/L)

1,1,2,2-Tetrachloroethane 41

1,1,2-Trichloroethane 0.52 J

cis-1,2-Dichloroethene 36

trans-1,2-Dichloroethene 14

Trichloroethene 1.3

Vinyl chloride 16

IR89-SW105-10D

12/14/10

Chemical Name

Volatile Organic Compounds (µg/L)

cis-1,2-Dichloroethene 0.25 J

Trichloroethene 0.51 J

IR89-SW106-10D

12/14/10

Notes:
- Only detected concentrations shown on tables.
NCSWQS - North Carolina Surface Water Quality Standard
J- Analyte setected, value may or may not be accurate or precise.
- Shaded values exceed NCSWQS
NC - No applicable criteria

Volatile Organic Compounds (µg/L)

1,1,2,2-Tetrachloroethane 4

1,1,2-Trichloroethane NC

cis-1,2-Dichloroethene NC

trans-1,2-Dichloroethene NC

Trichloroethene 30

Vinyl chloride 2.4

Chemical Name NCSWQS

Chemical Name

Volatile Organic Compounds (µg/L)

cis-1,2-Dichloroethene 0.46 J

Trichloroethene 0.34 J

Vinyl chloride 0.29 J

IR89-SW100-10D

12/14/10

Chemical Name

Volatile Organic Compounds (µg/L)

cis-1,2-Dichloroethene 1.3

Vinyl chloride 0.41 J

IR89-SW101-10D

12/14/10

Chemical Name

Volatile Organic Compounds (µg/L)

1,1,2,2-Tetrachloroethane 83

1,1,2-Trichloroethane 1.4

cis-1,2-Dichloroethene 110

trans-1,2-Dichloroethene 74

Trichloroethene 5

Vinyl chloride 83

IR89-SW102-10D

12/14/10

Chemical Name

Volatile Organic Compounds (µg/L)

1,1,2,2-Tetrachloroethane 42

1,1,2-Trichloroethane 0.59 J

cis-1,2-Dichloroethene 34

trans-1,2-Dichloroethene 13

Trichloroethene 1.2

Vinyl chloride 14

IR89-SW104-10D

12/14/10

Chemical Name

Volatile Organic Compounds (µg/L)

1,1,2,2-Tetrachloroethane 15

cis-1,2-Dichloroethene 11

trans-1,2-Dichloroethene 3.7

Trichloroethene 0.71 J

Vinyl chloride 2

4/18/11

IR89-SW53-10D
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Figure 2-12
1,1,2,2-PCA Distribution, Surficial Aquifer – 2010

Site 89 Feasibility Study
MCB CamLej

North Carolina

´
Legend

!< Temporary Well

!< Surficial Monitoring Well Locations

Water Bodies

PCA Concentration
>0.2 µg/L

>20 µg/L

>200 µg/L

>2000 µg/L

Site 89 Boundary

Former Defense Reutilization and Marketing Office Area

0 250 500
Feet

1 inch = 250 feet

 V:\USNAVFACENGCOM\CAMPLEJEUNE\MAPFILES\SITE_89\FS\FIGURE2-12_SURFICIAL_1122-PCA_DISTRIBUTION_2010_MAP.MXD  MARTESE 12/16/2011 4:09:37 PM

Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
- All samples collected December 2010
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
1,1,2,2-PCA - 1,1,2,2-tetrachloroethane

Location
1,1,2,2-PCA 

(µg/L)

NCGWQS 0.2

IR89-MW01 22

IR89-MW02 4.6

IR89-MW08 120

IR89-MW09 1.8 J

IR89-MW10 46

IR89-MW13 9.5

IR89-MW29 0.8 J

IR89-MW31 2,400

IR89-MW40 9,300 J

IR89-MW43 1.6 J

IR89-MW52 2,800 J

IR89-MW53 2,300 J

IR89-MW56 7,000

IR89-MW58 1.5 J

UST-STC868-MW04 3,000 J
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Figure 2-13
TCE Distribution, Surficial Aquifer – 2010

Site 89 Feasibility Study
MCB CamLej
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Location TCE (µg/L)

NCGWQS 3

IR89-MW01 7.8

IR89-MW02 3.7

IR89-MW03 1.8

IR89-MW04 360

IR89-MW05 2.2

IR89-MW08 93

IR89-MW09 5.5 J

IR89-MW10 75

IR89-MW11 2.3

IR89-MW12 0.56 J

IR89-MW13 68

IR89-MW21 12

IR89-MW29 22 J

IR89-MW30 75

IR89-MW31 15,000

IR89-MW32 4.3

IR89-MW37 3.8

IR89-MW39 0.28 J

IR89-MW40 15,000

IR89-MW43 500

IR89-MW44 1.9

IR89-MW45 170 J

IR89-MW48A 260

IR89-MW49A 300

IR89-MW50 35

IR89-MW51 0.82 J

IR89-MW52 6,500 J

IR89-MW53 69,000

IR89-MW56 13,000

IR89-MW58 2.2 J

IR89-MW66 0.82 J

IR89-MW67 0.42 J

IR89-MW70 0.29 J

IR89-MW75* 0.54

UST-STC868-MW04 3,500 J

Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
- Shading indicates exceedance of NCGWQS
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
TCE - trichloroethene
* - sample collected July 2010, all other samples collected December 2010
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Figure 2-14
Cis-1,2-DCE Plume in the Surficial Aquifer

Site 89 Feasibility Study
MCB CamLej

North Carolina
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Location
 cis-1,2-DCE 

(µg/L)

NCGWQS 70

IR89-MW01 4

IR89-MW02 96

IR89-MW03 0.92 J

IR89-MW04 410

IR89-MW05 16

IR89-MW08 150

IR89-MW09 3,100

IR89-MW10 45

IR89-MW11 1,900

IR89-MW12 15

IR89-MW13 200

IR89-MW14 1.7

IR89-MW15 2.1

IR89-MW21 23

IR89-MW29 2,200

IR89-MW30 18,000

IR89-MW31 12,000

IR89-MW32 0.68 J

IR89-MW37 860

IR89-MW39 200

IR89-MW40 7,800

IR89-MW43 150 J

IR89-MW44 5

IR89-MW45 530

IR89-MW48A 120

IR89-MW49A 180

IR89-MW50 160

IR89-MW51 1.5

IR89-MW52 12,000 J

IR89-MW53 5,900 J

IR89-MW56 11,000

IR89-MW58 2,100

IR89-MW62 0.75 J

IR89-MW63 3.2

IR89-MW65* 0.7

IR89-MW66 61

IR89-MW67 1.8

IR89-MW68* 5.8

IR89-MW69 0.3 J

IR89-MW70 6.4

IR89-MW71* 2.8

IR89-MW72* 8,400

IR89-MW74* 10,000

IR89-MW75* 33,000

IR89-MW76* 54

IR89-MW77* 700

IR89-MW78* 2.9

IR89-MW79* 11,000

UST-STC868-MW04 5,800 J

Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
 - Shading indicates exceedance of NCGWQS
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
cis-1,2-DCE - cis-1,2-dichloroethene
* - sample collected July 2010, all other samples collected December 2010
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Figure 2-15
VC Distribution, Surficial Aquifer – 2010

Site 89 Feasibility Study
MCB CamLej

North Carolina
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Location VC (µg/L)

NCGWQS 0.03

IR89-MW02 140

IR89-MW04 34 J

IR89-MW05 2.5

IR89-MW08 42

IR89-MW09 1800

IR89-MW11 13000

IR89-MW12 3.1

IR89-MW13 3.9

IR89-MW14 0.46 J

IR89-MW15 1 J

IR89-MW21 630

IR89-MW29 14000

IR89-MW30 11000

IR89-MW31 180

IR89-MW37 36

IR89-MW39 44

IR89-MW40 3.7 J

IR89-MW43 15 J

IR89-MW44 0.93 J

IR89-MW45 42 J

IR89-MW48A 0.9 J

IR89-MW49A 2 J

IR89-MW50 6

IR89-MW51 1.2 J

IR89-MW52 2100 J

IR89-MW53 140 J

IR89-MW54 0.55 J

IR89-MW55 0.29 J

IR89-MW56 37 J

IR89-MW58 8300

IR89-MW62 55

IR89-MW66 1100 J

IR89-MW67 0.35 J

IR89-MW68* 0.77

IR89-MW70 3.2

IR89-MW71* 3.9

IR89-MW72* 790

IR89-MW73* 21

IR89-MW74* 3,300

IR89-MW75* 4,300

IR89-MW76* 39

IR89-MW77* 1,000

IR89-MW78* 4.6

IR89-MW79* 5,000

UST-STC868-MW04 2,900 J

Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
- Shading indicates exceedance of NCGWQS
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
VC - vinyl chloride
* - sample collected July 2010, all other samples collected December 2010
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Figure 2-16
TCE Distribution, Upper Castle Hayne Aquifer – 2010

Site 89 Feasibility Study
MCB CamLej

North Carolina
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Location TCE (µg/L)

NCGWQS 3

IR89-MW02IW 2.4

IR89-MW03IW 2.8

IR89-MW04IW 160 J

IR89-MW06IW 2.2 J

IR89-MW07IW 0.48 J

IR89-MW17IW 4,900

IR89-MW24IW 0.91 J

IR89-MW29IW 1.3 J

IR89-MW31IW 1,500

IR89-MW35IW 0.76 J

IR89-MW36IW 17 J

IR89-MW43B 170

IR89-MW48B 130 J

IR89-MW49B 42

IR89-MW57 0.98 J

Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
- All samples collected December 2010
- Shading indicates exceedance of NCGWQS
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
TCE - trichloroethene
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Figure 2-17
cis-1,2-DCE Distribution, Upper Castle Hayne Aquifer – 2010
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Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
- All samples collected December 2010
- Shading indicates exceedance of NCGWQS
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
cis-1,2-DCE - cis-1,2-dichloroethene

Location  cis-1,2-DCE 
(µg/L)

NCGWQS 70
IR89-MW02IW 87
IR89-MW03IW 140
IR89-MW04IW 280 J
IR89-MW06IW 5.9 J
IR89-MW07IW 0.62 J
IR89-MW11IW 0.31 J
IR89-MW16IW 0.38 J
IR89-MW17IW 1,800
IR89-MW29IW 6,300
IR89-MW31IW 34,000
IR89-MW35IW 4.6
IR89-MW36IW 94 J
IR89-MW43B 56
IR89-MW48B 50 J
IR89-MW49B 40
IR89-MW57 190
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Figure 2-18
VC Distribution, Upper Castle Hayne Aquifer – 2010
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Location VC (µg/L)
NCGWQS 0.03
IR89-MW02IW 67
IR89-MW03IW 35
IR89-MW04IW 16 J
IR89-MW16IW 0.32 J
IR89-MW17IW 48
IR89-MW29IW 1100
IR89-MW31IW 990
IR89-MW36IW 0.95 J
IR89-MW43B 1.8 J
IR89-MW48B 0.45 J
IR89-MW49B 0.32 J
IR89-MW57 110

Note:
- All concentrations are reported in micrograms per liter (µg/L)
- Contours have been interpolated between well locations. Actual
 conditions may differ from those shown on this figure
- Only detected concentrations shown on table.
- All samples collected December 2010
- Shading indicates exceedance of NCGWQS
NCGWQS - North Carolina Groundwater Quality Standard
J - Analyte detected, value may or may not be accurate or precise
VC - vinyl chloride
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Total VOC Exceedance Extents
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Notes:
- Contours have been interpolated between well locations.
  Actual conditions may differ from those shown on this figure.
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Figure  2-20
Historical Groundwater Analytical Data Trends 
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Figure 2-21
Natural Attenuation Indicator Parameter Conditions in the Surficial Aquifer
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Note:
EPA scores were calculated using the USEPA
Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Ground

Water (USEPA, 1998)
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Figure 2-22
Natural Attenuation Indicator Parameter Conditions in the Upper Castle Hayne Aquifer

Site 89 Feasibility Study
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Note:
EPA scores were calculated using the USEPA
Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Ground
Water (USEPA, 1998)
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SECTION 3 

Identification and Screening of Technologies 
This section describes the initial steps to develop alternatives for the remediation of groundwater at Site 89, 
including the presentation of ARARs, the development of RAOs, the identification of the remediation target area, 
the identification of general response actions (GRAs), and the initial identification and screening of potential 
technologies.  

3.1 Applicable and Relevant or Appropriate Regulations 
Certain regulatory requirements and standards are also referred to as ARARs. There are three types of ARARs: 
chemical-specific, action-specific, and location-specific. These are described as follows. CERCLA Section 121(d) 
specifies, in part, that remedial actions for cleanup of hazardous substances must comply with requirements and 
standards under Federal or more stringent State environmental laws and regulations that are applicable or 
relevant and appropriate (thus, ARARs) to the hazardous substances or particular circumstances at a site or obtain 
a waiver; see also 40 Code of Federal Regulations (CFR) 300.430(f)(1)(ii)(B). ARARs include only Federal and State 
environmental or facility siting laws and regulations and do not include occupational safety or worker protection 
requirements. In addition, per 40 CFR 300.405(g)(3), other advisories, criteria, or guidance may be considered in 
determining remedies (commonly referred to as the To-Be-Considered guidance category). Under CERCLA 
121(e)(1), permits are not required for response actions conducted entirely onsite. In addition, response actions 
must comply with the ”substantive,“ as opposed to ”administrative,” requirements of any of the identified ARARs. 

3.1.1 Chemical-specific ARARs 
Chemical-specific ARARs provide health- or risk-based concentration limits or discharge limitations in various 
environmental media (such as surface water, groundwater, soil, and air) for specific hazardous substances, 
pollutants, or contaminants and are listed in Table 3-1. Remediation levels for most of the COCs in groundwater 
will be based upon relevant and appropriate drinking water standards, including NCGWQS standards or Federal 
MCLs. 

3.1.2 Action-specific ARARs 
Action-specific ARARs are usually technology-based or activity-based requirements that define acceptable 
treatment and disposal procedures for hazardous substances. The action-specific ARARs for the groundwater and 
surface water at Site 89 are summarized in Table 3-2.  

3.1.3 Location-specific ARARs 
Location-specific ARARs restrict remedial activities and media concentrations based on characteristics of 
surrounding environments. Location-specific ARARs may include restrictions on remedial actions within wetlands 
or floodplains, near locations of archeological and natural resources, near historic landmarks, near locations of 
known endangered species, or on protected waterways. An evaluation of location-specific ARARs for Site 89 is 
summarized in Table 3-3.  

3.2 Remedial Action Objectives 
RAOs consist of medium-specific goals for protecting human health and the environment. The RAOs for the 
remediation of groundwater at Site 89 are based upon the potential presence of future residential receptors, the 
potential that groundwater at Site 89 may be used for potable purposes in the future, and the potential for 
contaminated groundwater to migrate into surface water.  

The RAOs for Site 89 are the following: 

1. Restore groundwater quality at Site 89 to meet NCDENR and federal primary drinking water standards based 
on the classification of the aquifer as a potential source of drinking water [Class GA or Class GSA] under 15A 
North Carolina Administrative Code (NCAC) 02L.0201 
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2. Minimize degradation of Edwards Creek from COC‐impacted groundwater discharging into surface water 

3. Control exposure to COCs in groundwater and vapor intrusion from COCs in groundwater 

Cleanup goals for Site 89 are provided as follows: 

VOCs 
Groundwater  Surface Water 

NCGWQS (µg/L)  NCSWQS (µg/L) 

1,1,2,2‐PCA  0.2  4 

1,1,2‐TCA  5  NC 

cis‐1,2‐DCE  70  NC 

PCE  0.7  3.3 

trans‐1,2‐DCE  100  NC 

TCE  3  30 

VC  0.03  2.4 

3.3 Target Locations and Remedial Approaches 
The overall objective of this FS is to evaluate remediation technologies in accordance with the National 
Contingency Plan (NCP) criteria. 1,1,2,2‐PCA, 1,1,2‐TCA, PCE, TCE, cis‐1,2‐DCE, trans‐1,2‐DCE, and VC were the 
COCs identified in the HHRA.  

For the purpose of this FS different treatment approaches have been developed for two areas based on the 
concentration of COCs in groundwater and former site use: the Source Area located within the former DRMO and 
the hydraulically downgradient area outside of the source area (Downgradient Area).  

3.3.1 Source Area 
Concentrations of COCs in groundwater within the Source Area are significantly higher than the regulatory 
standards, and the time to achieve attenuation of COCs below regulatory standards without treatment exceeds a 
reasonable timeframe. To reduce the mass and expedite the attenuation of COCs in groundwater, active 
treatment was proposed for this area. A 95 percent reduction in COC concentrations within the treatment area 
will be used as a remedial goal to evaluate the performance of the selected remedial alternative and provide a 
metric for when the active treatment portion of the remedial alternative can be discontinued. MNA will continue 
after the completion of the active portion of the remedial alternative until RAOs are achieved. This approach is 
considered acceptable because current and reasonably anticipated future site use will be restricted to industrial 
use with land use controls (LUCs) prohibiting the use of groundwater and access to impacted surface water.   

Concentrations of 1,1,2,2‐PCA, TCE, and VC from the Source Area were greater than 100 times the NCGWQS. 
Based on these concentrations a 180,000‐square‐foot area was identified for active treatment. The target interval 
for remediation is approximately 25 to 70 feet bgs.  

3.3.2 Downgradient Area 
Groundwater in the Downgradient Area contains COCs at concentrations above the NCGWQS but several orders 
of magnitude lower than the COCs concentrations within the Source Area. Historical concentrations of TCE have 
been decreasing over time indicating that the current VC concentrations are likely the result of NA processes.  
Based on the lower concentrations of COCs and evidence of ongoing NA, passive remedial alternatives including 
MNA will be considered for this area. This approach is considered acceptable because current and reasonably 
anticipated future site use will be restricted to industrial use with LUCs prohibiting the use of groundwater and 
access to impacted surface water.  The groundwater plume is more than 100 feet from the housing indicating that 
vapor intrusion is not an issue. Groundwater flows towards Edwards Creek away from the housing area. 
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3.3.3 Surface Water 
Samples collected from Edwards Creek indicated that impacted groundwater is discharging into the creek from 
the former DRMO area. An aeration pond is actively treating surface water immediately downstream of the 
former DRMO area; however, all downstream samples exceeded the NCSWQS for 1,1,2,2-PCA and VC. The 
location of the farthest downstream sample indicated that impacted groundwater with concentrations of COCs in 
exceedance of NCSWQS may be leaving the Site 89 boundary and could be discharging into the New River. 

3.3.3.1. General Response Actions 
GRAs describe general remedial activities that may satisfy RAOs, either independently or in combination. GRAs to be 
considered for satisfying RAOs for the remediation of groundwater at Site 89 include no action, institutional controls, 
monitoring, containment, removal, treatment, and disposal. Table 3-4 summarizes the extent to which each GRA 
would achieve RAOs. 

3.4 Identification and Screening of Technology Types and 
Process Options 

Table 3-5 identifies potentially applicable technologies and process options for addressing the impacted 
groundwater in the Source Area, the groundwater in the Downgradient Area, and the surface water in Edwards 
Creek. Certain technologies and/or process options are not appropriate at Site 89 because of economics, 
impracticality, site conditions, or COC characteristics and were excluded from further consideration.  



TABLE 3-1

Chemical-Specific ARARs

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Media Requirement Prerequisite Citation 

Groundwaters in the state naturally containing 250 mg/L or less of chloride are classified as GA 

(Existing or potential source of drinking water supply for humans) under 15A NCAC 02L .0201(1)

Groundwaters located within the boundaries or under the 

extraterritorial jurisdiction of the State of North Carolina - 

Applicable

15A NCAC 02L .0302(1)

Groundwaters in the state naturally containing greater than 250 mg/L of chloride are classified as 

GSA under 15A NCAC 02L .0201(2)

15A NCAC 02L .0302(2)

Shall not exceed the groundwater quality standards[1] for contaminants specified in Paragraphs (g) 

or (h) for the site related contaminants of concern.

·        1,1,2,2 - PCA (0.2 µg/L)

·        1,1,2, -  TCA (5 µg/L)

·        cis-1,2-DCE   (70 µg/L)

·        PCE (0.7 µg/L)

·        Trans -1,2-DCE  (100 µg/L)

·        TCE  (3 µg/L)

·        Vinyl Chloride  (0.03 µg/L)

40 CFR 141.61(a)

15A NCAC 18C .1517

Toxic substances: shall not exceed the numerical quality standards (maximum permissible levels) to 

protect human health from carcinogens through consumption of fish (and shellfish)

·        1,1,2,2 - PCA  (4 µg/L)

·         TCE  (30 µg/L)

·         Vinyl Chloride  (2.4 µg/L)

Notes:

Restoration of 

contaminated 

groundwater

Protection of adjacent 

surface water body

[1] Groundwater quality standards established on the basis of a National secondary drinking water standards are not utilized as remediation goals since these are based on taste, odor and other considerations unrelated to human health.

Tidal Salt Waters classified as Class SC with chemical 

concentrations exceeding 15A NCAC 02B Standards - Relevant 

and Appropriate

15A NCAC 02B .0208(a)(2)(b)                                                                                                         

Federal and North Carolina Chemical-Specific ARARs

Shall not exceed the Safe Drinking Water Act National Revised Primary Drinking Water Regulations: 

maximum contaminant levels (MCLs) for organic contaminants specified in 40 CFR 141.61(a). 

Groundwaters classified as GA or GSA which are an existing or 

potential source of drinking water - Relevant and Appropriate

Class GA or GSA groundwaters with contaminant(s) 

concentrations exceeding standards listed in 15A NCAC 02L 

.0202 - Applicable

15A NCAC 02L .0202(a) and (b)

Classification of 

contaminated 

groundwater
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TABLE 3-2

Potential Action-Specific ARARs

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Action Requirement Prerequisite Citation 

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.

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-53) of 

more than 1 acre of land - Applicable

15A NCAC 4B.0108

Shall conduct activity so that the post-construction velocity of the ten year storm run-off in the 

receiving watercourse to the discharge point does not exceed the parameters provided in this 

Rule.

15A NCAC 4B.0109

Shall install and maintain all temporary and permanent erosion and sedimentation control 

measures.

15A NCAC 4B.0113

Erosion and sedimentation control measures, structures, and devices with High Quality Water 

(HQW) zones shall be planned, designed and constructed to provide protection from the runoff of 

the 25 year storm.

Land-disturbing activity (as defined in N.C.G.S. Ch. 113A-52) of 

more than 1 acre of land in High Quality Water (HQW) zones — 

applicable

15A NCAC 4B.0124(b)

Provisions for ground cover sufficient to restrain erosion must be provided for any portion of the 

land-disturbing activity with 15 working days or 60 calendar days following completion of the 

construction or development, which period is shorter.

15A NCAC 4B.0124(e)

Implement good construction management techniques, best management practices for sediment 

and erosion controls, and storm water management measures in accordance with 15A NCAC 02H 

.1008 to ensure storm water discharges are in compliance.

Development activity (otherwise requiring a stormwater permit) 

within one mile of and draining to waters classified as High Quality 

Waters (HQW) — relevant and appropriate

15A NCAC 02H .1006, NC General 

Permit CNCG 0100000

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

Federal Action-Specific ARARs

15A NCAC 4B.0106

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-53) of 

more than 1 acre of land - Applicable

15A NCAC 4B.0105 
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TABLE 3-2

Potential Action-Specific ARARs

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Action Requirement Prerequisite Citation 

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

Federal Action-Specific ARARs

Shall be located, designed, constructed, operated and abandoned with materials and by methods 

which are compatible with the chemical and physical properties of the contaminants involved, 

specific site conditions, and specific subsurface conditions.

15A NCAC 02C .0108(c)

Must comply with general requirements for  construction of a well as provided in 15A NCAC 02C 

.0108(c)(1) through (12)

15A NCAC 02C .0108(c)

Shall be constructed in such a manner as to preclude the vertical migration of contaminants with 

and along borehole channel.

15A NCAC 02C .0108(f)

Implementation of 

groundwater 

monitoring system

Shall be constructed in a manner that will not result in contamination of adjacent groundwaters of a 

higher quality.

Installation of monitoring system to evaluate effects of any actions 

taken to restore groundwater quality, as well as the efficacy of 

treatment - Applicable

15A NCAC 02L .0110 (b)

Every well shall be maintained by the owner in a condition whereby it will conserve and protect 

groundwater resources, and whereby it will not be a source or channel of contamination or 

pollution to the water supply or any aquifer.

Installation of wells (including temporary wells) other than for water 

supply - Applicable

15A NCAC 02C .0112(a)

Broken, punctured, or otherwise defective or unserviceable casing, screens, fixtures, seals, or any 

part of the well head shall be repaired or replaced, or the well shall be abandoned pursuant to 15A 

NCAC 02C .0113

15A NCAC 02C .0112(d)

All materials used in the maintenance, replacement, or repair of any well shall meet the 

requirements for new installation.

15A NCAC 02C .0112(c)

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)

Construction of  

injection  well(s) for in-

situ  treatment of 

groundwater

Construction, use or operation may be allowed provided the injected material does not contain any 

waste or any substance of a composition and concentration such that, if it were discharged to the 

land or waters of the state, would create a threat to human health or would otherwise render those 

waters unsuitable for their intended usage.

Installation of Class 5 underground injection well (Type I – In-situ 

Groundwater Remediation Well and Type P - Air Injection Well ) - 

Applicable

15A NCAC 02C .0209(e)(3)

Shall not be located in an area generally subject to flooding. Areas which are generally subject to 

flooding include those with concave slope, alluvial or colluvial soils, gullies, depressions, and 

drainage ways.

Installation of Class 5 underground injection well (Type I – In-situ 

Groundwater Remediation Well and Type P - Air Injection Well) - 

Applicable

15A NCAC 02C .0213(a)(1)

Shall not be located at a point where the injectant would degrade the existing quality of the 

groundwater in the water-bearing unit into which the injectant is being released.

Installation of Class 5 underground injection well (Type I – In-situ 

Groundwater Remediation Well) where the concentration of any 

component of the injectant exceeds the  groundwater quality 

standards specified in 15A NCAC 2L .0202 - Applicable

15A NCAC 02C .0213(a)(2)(A)(i)

Shall not be located at a point where the injectant would result in a contravention of any of the 

aforementioned groundwater quality standards in the water-bearing unit into which the injectant is 

being released.

Installation of Class 5 underground injection well (Type I – In-situ 

Groundwater Remediation Well) where the concentration of any 

component of the injectant is less than the  groundwater quality 

standards specified in 15A NCAC 2L .0202 - Applicable

15A NCAC 02C .0213(a)(2)(B)

Underground Injection Well Installation, Operation, and Abandonment 

Monitoring Well Installation, Operation, and Abandonment 
15A NCAC 02C .0108(a)Construction of  

groundwater 

monitoring well(s)

Installation of wells (including temporary) other than for water supply 

- Applicable

Maintenance of  

groundwater 

monitoring well(s)

No well shall be located, constructed, operated, or repaired in any manner that may adversely 

impact the quality of groundwater.

Location of  injection  

well(s) for in-situ 

treatment of 

groundwater
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TABLE 3-2

Potential Action-Specific ARARs

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Action Requirement Prerequisite Citation 

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

Federal Action-Specific ARARs

Shall follow the procedures, methods, specified materials, and requirements specified in the 

subparagraphs (A) through (G) of this Rule for Drilling, Casing, Screens and Testing. 

Installation of Class 5 underground injection well (Type I – In-situ 

Groundwater Remediation Well and Type P - Air Injection Well) - 

Applicable

15A NCAC 02C .0213(c)(1) through (4)

Shall follow the procedures, methods, specified materials, and requirements specified in the 

paragraphs (1) through (8) of this Rule for Grouting and Sand-and-Gravel Packing.

15A NCAC 02C .0213(d)

Operating an injection  

well(s) for in-situ 

treatment of 

groundwater

Pressure at the well head shall be limited to a maximum which will ensure the pressure in the 

injection zone does not initiate new fractures or propagate existing fractures in the injection zone, 

initiate fractures in the confining zone, or cause the migration of injected or formation fluids outside 

the injection zone or area.

15A NCAC 02C .0213(e)

Abandonment of  

injection  well(s) for in-

situ  treatment of 

groundwater

Shall be abandoned in accordance with the requirements of subparagraphs (1) and (2) of 15A 

NCAC 02C .0214(a).

Installation of Class 5 underground injection well (Type I – In-situ 

Groundwater Remediation Well or  Type P Air Injection Well), 

including exploratory or test wells - Applicable

15A NCAC 02C .0214(a)

Shall not emit any of the toxic air pollutants listed in the table of the Rule in such quantities that 

may cause or contribute beyond the premises (adjacent property boundary) to any significant 

ambient air concentration that may adversely affect human health. 

Emissions of toxic air pollutants (e.g., VOCs) from facility into the 

ambient air - Applicable

15A NCAC 02D .1104

Shall install and operate reasonable available control technology to limit emissions of VOCs. Air emissions of VOCs from facilities where there is no other 

applicable emissions control rule - Relevant and Appropriate

15A NCAC 02D .0951(c)

One of the applicable test methods in Appendix M in 40 CFR part 51 or Appendix A in 40 CFR Part 

60 shall be used to determine compliance with VOC emission standards.

VOC emission source not covered by 15A NCAC 02D.2613(b) 

through (e) - Relevant and Appropriate

15A NCAC 02D .2613(g)

Control emissions by meeting limitations and work practice standards reflecting application of the 

maximum achievable control technology. 

Periodic inspection of equipment and monitoring are required for the life of the remediation.

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 under 40 CFR Part 261; or 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.

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)

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)

Containers for the storage of solid waste shall be maintained in such a manner as to prevent the 

creation of a nuisance or insanitary conditions.

Containers that are broken or that otherwise fail to meet this Rule shall be replaced with 

acceptable containers.

Construction of  

injection  well(s) for in-

situ  treatment of 

groundwater

Control of Diffuse VOC Emissions from Groundwater Treatment

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

Air emissions of organic Hazardous Air Pollutants (e.g.,VOCs) from 

site remediation - Relevant and Appropriate

40 CFR 63 Subpart GGGGG, NESHAPS 

for Site Remediation

Emissions of VOCs 

from groundwater 

treatment (e.g., 

sparging system)

15A NCAC 13B .0104(e)

Storage of solid 

waste

Characterization of 

solid waste (e.g., well 

soil cuttings)
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TABLE 3-2

Potential Action-Specific ARARs

Feasibility Study

Operable Unit No. 16 (Site 89)

MCB CamLej, North Carolina

Action Requirement Prerequisite Citation 

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

Federal Action-Specific ARARs

Must obtain a detailed chemical and physical analysis on a representative sample of the waste(s), 

which at a minimum contains all the information that must be known to treat, store, or dispose of 

the waste in accordance with pertinent sections of 40 CFR 264 and 268. 

Generation of RCRA-hazardous waste for storage, treatment or 

disposal - Applicable

40 CFR 264.13(a)(1) 

Must determine the underlying hazardous constituents [as defined in 40 CFR 268.2(i)] in the 

waste.

Generation of RCRA characteristic  hazardous waste (and is not 

D001 non-wastewaters treated by CMBST, RORGS, or POLYM of 

Section 268.42 Table 1) for storage, treatment or disposal - 

Applicable

40 CFR 268.9(a)

Must determine if the waste is restricted from land disposal under 40 CFR 268 et seq.  by testing in 

accordance with prescribed methods or use of generator knowledge of waste.

40 CFR 268.7(a)(1)

Must determine each EPA Hazardous Waste Number (Waste Code) to determine the applicable 

treatment standards under 40 CFR 268.40 et. seq .

40 CFR 268.9(a)

A generator may accumulate hazardous waste at the facility provided that: 40 CFR 262.34(a)

·  waste is placed in containers that comply with 40 CFR 265.171-173; and 40 CFR 262.34(a)(1)(i)

·  the date upon which accumulation begins is clearly marked and visible for inspection on 

each container

40 CFR 262.34(a)(2)

·  container is marked with the words “hazardous waste”; or 40 CFR 264.34(a)(3)

·  container may be marked with other words that identify the contents. Accumulation of 55 gal. or less of RCRA hazardous waste at or 

near any point of generation - Applicable

40 CFR 262.34(c)(1)

Transportation of 

hazardous waste on-

site

The generator manifesting requirements of 40 CFR 262.20-262.32(b) do not apply. Generator or 

transporter must comply with the requirements set forth in 40 CFR 263.30 and 263.31 in the event 

of a discharge of hazardous waste on a private or public right-of-way.

Transportation of hazardous wastes on a public or private right-of-

way within or along the border of contiguous property under the 

control of the same person, even if such contiguous property is 

divided by a public or private right-of-way - Applicable

40 CFR 262.20(f)

Prepare and certify by professional land surveyor a survey plat which identifies contaminated 

areas which shall be entitled “NOTICE OF CONTAMINATED SITE”.

Notice shall include a legal description of the site that would be sufficient as a description in an 

instrument of conveyance and meet the requirements of NCGS 47-30 for maps and plans.

The Survey plat shall identify:

• the location and dimensions of any disposal areas and areas of potential environmental concern 

with respect to permanently surveyed benchmarks;

• the type location, and quantity of contamination known to exist on the site; and

•any use restriction on the current or future use of the site. 

The deed or other instrument of transfer shall contain in the description section, in no smaller type 

than used in the body of the deed or instrument, a statement that the property is a contaminated 

site and reference by book and page to the recordation of the Notice.

Contaminated site subject to current or future use restrictions as 

provided in G.S. 143B-279.9(a) that is to sold, leased, conveyed or 

transferred - To-Be-Considered

NCGS 143B-279.10(e)

Discharge of dredge-

and-fill 

No discharge of dredged or fill material will be allowed unless appropriate and practicable steps 

are taken that minimize potential adverse impacts of the discharge on the aquatic ecosystem.

Discharges of dredged or fill material to surface waters, including 

wetlands.  - Applicable

40 CFR 230.10(d); 33 CFR 320.4(a), (b), 

(d), (p), (r) 

Institutional Controls for Contamination Left in Place
Contaminated site subject to current or future use restrictions 

included in a remedial action plan as provided in G.S. 143B-

279.9(a) - To-Be-Considered

NCGS 143B-279.10(a)(1)-(3)

Notice of 

Contaminated Site

NCGS 143B-279.10(a)

Discharge of dredge-and-fill 

Accumulation of RCRA hazardous waste on site as defined in 40 

CFR 260.10 - Applicable

Temporary storage of 

hazardous waste in 

containers  

Characterization of 

hazardous waste 

Transportation of Wastes
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Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Location Requirement Prerequisite Citation 
Concentrations or combination of substances, which are toxic 
or harmful to human, animal, or plant life may not be present in 
amounts, which individually or cumulatively, can cause 
adverse impacts on existing wetland uses.
Standards provided in 15A NCAC 02B.0231(b)(1), (2), (3), (5), 
and (6) shall be used to ensure the maintenance or 
enhancement of the existing uses of wetlands identified in 15A 
NCAC 02B.0231(a)

Presence of floodplain designated as 
such on a map  

Shall consider alternatives to avoid, to the extent possible, 
adverse effects on and incompatible development in the 
floodplain.

Federal actions that involve potential impacts on, or 
take place within, floodplains—To Be Considered

Executive Order 11988  –  Floodplain 
Management  Section 2(a)(2)

Actions that jeopardize the existence of a listed species or 
results in the destruction or adverse modification of critical 
habitat must be avoided or reasonable and prudent mitigation 
measures taken.

Action that is likely to jeopardize fish, wildlife, or 
plant species or destroy or adversely modify critical 
habitat—Applicable

16 USC 1531 et seq ., Sect. 7(a)(2)

Except as provided in the rule, no person may take the 
specified reptiles.

Action that is likely to jeopardize or adversely modify 
critical habitat for American alligator, green turtle, 
and/or loggerhead turtle — Applicable

50 CFR 17.42(a) and (b)

Migratory bird area Protects almost all species of native birds in the United States 
from unregulated taking.

Presence of migratory birds — Applicable Migratory Bird Treaty Act , 16 USC 703

Coastal zone or area that will affect the 
coastal zone

Federal activities must be consistent with, to the area that will 
affect maximum extent practicable, State coastal zone 
management programs. Federal agencies must supply the 
State with a consistency determination.

Wetland, flood plain, estuary, beach, dune, barrier 
island, coral reef, and fish and wildlife and their 
habitat, within the coastal zone — Applicable

15 CFR 930.33(a)(1), (a)(2), (b); .35(a), (b); 
.36(a) 

Federal and North Carolina Location-Specific ARARs

Presence of federally endangered or 
threatened species, as designated in 
50 CFR 17.11 and 17.12 -or- critical 
habitat of such species listed in 50 
CFR 17.95

TABLE 3-3
Location-Specific ARARs

Presence of wetlands Activities within, wetlands as defined by G.S. 143-
212(6)  – Applicable

15A NCAC 02B.0231(b)(4)
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Feasibility Study

MCB CamLej, North Carolina

General Response Action Remedial Goals Met

No Action None.  Serves as a baseline to compare other response actions.

Institutional Controls Prevents human exposure to groundwater by placing restrictions on 
aquifer use and activities that may result in exposure.

Monitoring Relies on natural attenuation to reduce contaminant concentrations 
without performing any other measures.

Containment Minimizes or prevents the migration of contaminants in the groundwater to 
receptors.

Removal Removes contaminants from the saturated zone by physical extraction of 
groundwater and/or removal of impacted saturated soil.

Treatment Reduces the mobility, toxicity, or volume of contaminated groundwater.

Disposal Minimizes the likelihood of exposure to contaminants by extracting them 
from groundwater and placing them in a controlled environment.

TABLE 3-4
General Response Actions

Operable Unit No. 16 (Site 89)
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General Response 
Actions

Remedial Technology 
Types Process Options Descriptions Comments

Retain for 
Further 

Evaluation
No Action None None No further actions to address contaminated groundwater. Baseline for CERCLA process. Yes

Land Use Controls Land Use Controls issued for property within potentially contaminated areas to restrict property use 
and well installation.

Prevents human exposure. Yes

Fences Security fences installed around potentially contaminated areas to limit access. Potential approach to prevent access to Edwards Creek as part of land use controls. Yes

Cisterns or Tanks Drinking water is dispensed to users from a central point. Not applicable, no drinking water wells affected No

Bottled Water Drinking water is obtained from a commercial vendor. Not applicable, no drinking water wells affected No

Deeper or Upgradient Wells Wells are installed deep or upgradient if these areas are isolated from contamination. Not applicable, no drinking water wells affected No
Relocation of Intake Intake is relocated to an uncontaminated area. Not applicable, no drinking water wells affected No

Municipal Water Supply Additional water sources are established. Not applicable, no drinking water wells affected No

Monitoring Monitoring Monitoring Short- and/or long-term monitoring is implemented to record site conditions and contamination and 
groundwater levels.

Potential approach for use with natural attenuation.  Will be a component of any 
remedial alternative.

Yes

Native Soil Uncontaminated native soil placed over contaminated areas. Does not address groundwater contamination. No

Clay Cap Compacted clay placed over contaminated area. Clay should be covered by at least a foot of silty 
sand or sandy soil to maintain the integrity of the clay cap.

Does not address groundwater contamination. No

Asphalt or Concrete Cap Paving grade asphalt or concrete placed over prepared contaminated area. Fill settlement must be 
evaluated in considering a concrete cap design.

Does not address groundwater contamination. Primary source zones are in 
groundwater.

No

Multilayered Cap Cap may be composed of natural soils, soil admixtures, clay, synthetic membranes, spray-on 
asphalts, asphalt concrete, or Portland cement concrete and placed over contaminated areas. If 
properly designed, will meet RCRA requirements.

Does not address groundwater contamination.  Primary source zones are in 
groundwater.

No

Chemical Sealant or 
Stabilizers

Water-dispersible emulsions and/or resins placed over contaminated areas to form a crust that 
reduces water and wind or dust erosion. Most are nontoxic to plants and animals. 

Does not address groundwater contamination.  Primary source zones are in 
groundwater.

No

Soil-Bentonite Slurry Wall Trench downgradient of contaminated area excavated and filled with a bentonite slurry. Trench 
backfilled with a soil-bentonite mix. 

Containment of the plume will not achieve RAOs. No

Cement-Bentonite Slurry Wall Trench downgradient of contaminated area excavated and filled with a cement bentonite water 
slurry. Cement sets and forms the wall. 

Containment of the plume will not achieve RAOs. No

Permeable Reactive Barrier 
(PRB)

Trench downgradient of contaminated area filled with permeable materials, such as ZVI or 
mulch/compost with a sand/gravel “binder” material.  Groundwater is treated as it moves through the 
barrier by natural gradient.

Potential approach for passive treatment east of White Street. Yes

Grout Curtains Grout is pressure-injected along contamination boundaries in a regular overlapping pattern of drilled 
holes. 

Containment of the plume will not achieve RAOs. No

Sheet Piling/”Funnel and 
Gate”

Steel sheet piling driven at downgradient periphery of the plume, with “gate” containing groundwater 
purge wells or permeable barrier. 

Containment of the plume will not achieve RAOs. No

Block Displacement Controlled injection of slurry in notched injection holes produces a horizontal barrier beneath 
contamination. Experimental process option.

Not appropriate for groundwater contamination. No

Grout Injection Grout pressure injected at depth through closely spaced drilled holes. Not appropriate for groundwater contamination. No

Liners Liners placed to restrict vertical flow can be constructed of the same materials considered for cap 
construction.

Not appropriate for groundwater contamination. No

Conventional Pump/Treat 
(vertical wells)

Conventional groundwater extraction involves pumping in vertical wells. Other extraction devices 
include vacuum enhanced recovery, jet-pumping systems, etc. Extracted groundwater may be 
discharged to a sanitary sewer, or treated as required and then discharged, or treated and re-
injected.

Ineffective for treatment of dissolved plumes within lower permeability materials. 
Requires operation of long term groundwater pump and treatment system.

No

Vacuum Enhanced Recovery Application of strong vacuum to recovery wells can be used to enhance the capture zone and yield 
of groundwater recovery wells. 

Commonly used for remediation of  low transmissivity, perched water bearing zones.  
Ineffective for treatment of   saturated zones which are not readily dewatered.  Offers 
no advantage over conventional pump and treat and Site 89, groundwater 
production would be significant. Requires operation of long term groundwater pump 
and treatment system. 

No

Horizontal Wells Directionally drilled horizontal wells to increase groundwater capture. Not effective for groundwater capture in low permeability formations such as the 
Surficial Aquifer at Site 89.  

No

Excavation Groundwater dewatering and excavation of impacted soils. Expected to be prohibitively expensive. No

One-pass Trenching Groundwater collection technique to increase production rate from low permeability areas. May be used with PRB (see previous).  Not effective for groundwater 
extraction/removal.  

No

Drains Underground gravel-filled trenches generally equipped with tile or perforated pipe are installed to 
collect contaminated groundwater and leachate.

Not effective for groundwater capture in low permeability formations such as Site 89.  No

Removal

No

Horizontal Barriers

Synthetic membrane placed over prepared soil or geotextile surface that is over a contaminated 
area. The membrane is seamed by a variety of methods. The membrane must be compatible with 
the wastes present.

CappingContainment

Groundwater Extraction

Vertical Barriers

Synthetic Membranes Does not address groundwater contamination.

TABLE 3-5

Institutional Controls Access and Use 
Restrictions

Alternative Drinking Water 
Source

Initial Screening of Remedial Technologies and Process Options
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina
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General Response 
Actions

Remedial Technology 
Types Process Options Descriptions Comments

Retain for 
Further 

Evaluation

TABLE 3-5
Initial Screening of Remedial Technologies and Process Options
Feasibility Study
Operable Unit No. 16 (Site 89)
MCB CamLej, North Carolina

Aerobic Cometabolic 
Bioremediation 

Injection of substrate containing inducers and electron acceptors (oxygen) to enhance aerobic 
biodegradation. Inducers serve as carbon sources that activate aerobic enzyme systems known to 
degrade chlorinated VOCs (fortuitous cometabolism).

Aerobic cometabolic bioremediation is a potential option for treatment of PCA, 
although case studies are limited.  Retained with air sparge alternative.

Yes

Anaerobic Bioremediation 
(Enhanced Bioremediation) 

Subsurface delivery of electron donors within the target zone to stimulate anaerobic biodegradation 
of chlorinated compounds by reductive dechlorination.

Applicable for PCA and TCE groundwater treatment, although generally not applied 
to  DNAPL source zones, especially in low permeability formations. 

Yes

Phytoremediation Use of plants and their associated rhizospheric microorganisms to remove, degrade, or contain 
chemical contaminants in groundwater.

Constructed wetlands are not reccomended in current wetland areas. No

Conventional hydraulic fracturing is considered prohibitively expensive and time 
consuming for implementation over large areas.  Localized hydraulic fracturing using 
a geoprobe and high pressure pumps is possible, although results tend to be erratic.  
Geoprobe induced “fracturing” has not been tested at the Base.  Not recommended.

No

Pneumatic fracturing was not seen to be effective during the 2006 treatability 
studies.

No

Soil Mixing Impacted soil column is homogenized using large diameter augers or other  mechanical devices 
such as the Lang Tool.  Chemical oxidation reagents, reduction reagents, or biological substrates 
are typically mixed with the soil.  Effective for treatment of low permeability/heterogeneous 
materials.

Soil mixing, combined with zero valent iron, was pilot tested at Site 89. This pilot 
study had significant issues with erosion control around Edwards Creek and would 
be cost prohibitive at the depths that need ot be treated.

No

Air Sparging Air is injected into saturated matrices to remove contaminants through volatilization. Air sparging of chlorinated solvents is used to promote mass removal, primarily via 
mass transfer (“stripping”).  Effectiveness decreases in low permeability or 
heterogeneous materials because of low air channel density and/or “bypassing” of 
dense soils.  Silty sands can be effectively sparged; dense clays will resist 
treatment.  The technology is simple, robust, and inexpensive.  Air sparging proved 
an effective method in the pilot study.

Yes

Electrical Resistive Heating 
(ERH)

A thermal remediation technology which involves installation of electrodes in hexagonal or three 
point arrays and application of high voltage electrical power to cause boiling of volatile compounds 
in groundwater.  Volatilized compounds are removed by SVE, treated, and discharged under permit.

ERH was pilot tested at Site 89 in 2003. Will not be retained due to cost and the 
greater success of other treatment options.

No

Thermal Conduction Heating 
(TCH)

Also referred to as In Situ Thermal Desorption (ISTD), TCH is a thermal technology comparable to 
ERH.  TCH involves heating the soil in-situ by conduction/convection, using heaters installed at 
relatively close spacing.  Although it can be more expensive, TCH is capable of producing much 
higher temperatures than ERH and is generally considered a more “aggressive” thermal technology 
than ERH.

  Cost prohibitive for non-source areas. No

The third commonly applied thermal technology, steam injection entails the introduction of hot air 
and team to boil off contaminants. Contaminants mobilized from the subsurface are subsequently 
collected in dual-phase (liquid and vapor) extraction wells located near the steam injection point.  
Equally effective in both saturated and unsaturated zones, and can be used in heterogeneous site 
conditions with careful design.  However, the efficiency of steam injection for subsurface heating is 
reduced in zones of low permeability.

System infrastructure typically consists of a steam generation plant, injection/extraction well field, 
and a groundwater and condensable vapor treatment plant.  The well field (generally constructed of 
stainless steel, which increases costs significantly) is designed to both inject steam and to extract 
groundwater and vapors from the contaminated subsurface.  The treatment plant is used to treat or 
reclaim contaminated water, vapor, or free-phase NAPL liberated from the well field before 
discharge.

Surfactant, Cosolvent 
Flushing (“SEAR”)

Introduction of a surfactant solution which enhances solvent solubility, mobility, transport, and 
recovery, particularly in DNAPL impacted zones in sandy formations.  Generally involved closely 
spaced injection/recovery wells and discrete injection/recovery events, as opposed to continuous 
pump and treat.  The “SEAR” (surfactant enhanced aquifer remediation)  technology was previously 
tested in the Surficial Aquifer by Baker at Site 88.

Surfactant flooding was not effective at Site 88, and is generally not recommended 
for application in low permeability, heterogeneous soils, where dense materials are 
bypassed by the injected solution.

No

In-Situ Chemical Oxidation Injection of oxidizing agents (fenton’s reagent, permanganate, ozone) to promote abiotic in-situ 
destruction of chlorinated organic compounds.

Persulfate has been shown to be effective for treatment of ethane compounds, such 
as PCA. 

Yes

In-Situ Chemical

Reduction

Hot Water or Steam Flushing, 
Stripping

Steam is forced into ther aquifer through injection wells to vaporize volatile and semivolatile 
contaminants. Vaporized components rise to the unsaturated zone, where they are removed by 
vacuum extraction and treated.

Cost prohibitive for small plumes such as Site 89. No

Treatment

Injection of reducing agents (zero-valent iron) to promote abiotic in-situ destruction of chlorinated 
organic compounds.

ZVI injections were not effective during 2006 treatability studies. No

In-situ Biological Treatment

Pneumatic and Hydraulic  
Fracturing

Creation of apertures in the soil to enhance bulk permeability, using pressurized gas or liquid slurry. 

Steam Injection Steam injection is limited by similar  constraints as air sparging, and because the 
cost of implementation is much higher, it’s application must be carefully evaluated.  
Steam injection  may leave low permeability zones untreated, although some degree 
of thermal conduction and convection between steam channels would be expected 
to occur.  Dense clay zones would be bypassed and resist adequate heating.  In 
heterogeneous soils with dense clay zones, steam injection is most effective when 
combined with another thermal technology, such as ERH (the combined process is 
also known as dynamic underground stripping, or DUS); however, the cost of 
applying this technology at Site 89 could exceed ERH or TCH alone by several 
$MM, with questionable benefit.  Steam injection alone is not expected to be as 
effective as either ERH or TCH at Site 89, and cost would be similar, if not higher.

No

In-situ Physical, Chemical 
Treatment
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Chemical Reduction Reducing agents (zero-valent iron) are used to destroy organic contaminants in an ex-situ reactor. Requires pump and treat for groundwater capture and recovery.  Pump and treat is 
not effective in heterogeneous, low permeability materials.

No

Air Stripping Volatile organics are partitioned from groundwater by increasing the surface area of the 
contaminated water exposed to air. Aeration methods include packed towers, diffused aeration, tray 
aeration, and spray aeration. Emissions from the air stripping system need to be monitored and may 
need to be treated to conform with federal (Clean Air Act) and local air emission monitoring 
requirements. 

Requires pump and treat for groundwater capture and recovery.  Pump and treat is 
not effective in heterogeneous, low permeability materials.

No

Filtration Solid particles are isolated by running a fluid stream through a porous medium. The driving force is 
either gravity or a pressure differential across the filtration medium.

Not applicable for site contaminants. No

Ion Exchange Ions from the aqueous phase are removed by exchange with innocuous ions on the exchange 
medium.

Not applicable for site contaminants. No

Liquid-Phase Carbon 
Adsorption

Groundwater is pumped through a series of canisters or columns containing activated carbon to 
which dissolved organic contaminants adsorb. Periodic replacement or regeneration of saturated 
carbon is required. Wastes produced from the saturated carbon need to be properly managed. 

Requires pump and treat for groundwater capture and recovery.  Pump and treat is 
not effective in heterogeneous, low permeability materials.

No

Precipitation Dissolved contaminants are transformed into an insoluble solid, facilitating the contaminants' 
subsequent removal from the liquid phase by sedimentation or filtration. Usually includes pH 
adjustment, addition of a chemical precipitant, and flocculation.

Not applicable for site contaminants. No

Thermal desorption is a physical separation process, and is not designed to destroy organics. 
Wastes are heated to volatilize water and organic contaminants. A carrier gas or vacuum system 
transports volatilized water and organics to the gas treatment system. The bed temperatures and 
residence times designed into these systems will volatilize selected contaminants but will typically 
not oxidize them, especially low temperature thermal desorption (LTTD)

Two common thermal desorption units are the rotary dryer and thermal screw. Rotary dryers are 
horizontal cylinders that can be indirect- or direct-fired. The dryer is normally inclined and rotated. 
For the thermal screw units, screw conveyors or hollow augers are used to transport the medium 
through an enclosed trough. Hot oil or steam circulates through the auger to indirectly heat the 
medium. All thermal desorption systems require treatment of the off-gas to remove particulates and 
contaminants. Particulates are removed by conventional particulate removal equipment, such as 
wet scrubbers or fabric filters. Contaminants are removed through condensation followed by carbon 
adsorption, or they are destroyed in a secondary combustion chamber or a catalytic oxidizer.

Land Application Land Application Liquid wastes that are primarily organic are incorporated into the upper soil horizon so they can be 
degraded, transformed, or immobilized.

Requires pump and treat for groundwater capture and recovery. No

POTW Wastewater is discharged to Base WW plant for treatment. Must comply with Base effluent 
standards.

Requires pump and treat for groundwater capture and recovery.  No

Surface Waters Wastewater is discharged to surface receiving streams. Must comply with NPDES permit standards 
and sampling requirements.

Requires pump and treat for groundwater capture and recovery. No

Reinjection Treated groundwater is reinjected into on-site wells. Federal and state regulations are very 
restrictive.

Requires pump and treat for groundwater capture and recovery. No

Deep Well Injection Wastewater is injected into Class I wells. Federal and state regulations are very restrictive. Requires pump and treat for groundwater capture and recovery. No

Evaporation Ponds Surface impoundments are used to contain treated or untreated wastewater or groundwater until it 
evaporates.

Requires pump and treat for groundwater capture and recovery. No

Disposal Wastewater Discharge

Ex-situ Thermal Treatment On-Site Thermal Desorption On-site thermal desorption was previously used during the TCRA to treat shallow 
impacted soils (0-5 feet bgs).  The primary drawback to using this technology to treat 
relatively deep source impacts at Site 89 is cost, since the price of aboveground 
treatment ($140 - $180/CY) must be added to sheetpile installation, dewatering, and 
deep excavation (25 feet bgs) expenditures.

Treatment (cont’d) Ex-situ Physical, Chemical 
Treatment

No
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SECTION 4 

Development and Screening of Alternatives 
In this section, the technologies identified for further analysis are developed into remedial alternatives. The 
development rationale is discussed as follows, and a description and evaluation of the alternatives are provided. 
Alternatives are presented to address Site 89 COCs in both groundwater and surface water: 

Downgradient Area Alternatives 
1. No Action 
2. MNA 
3. PRB and MNA 

Source Area Alternatives 
1. No Action 
2. ERD 
3. ISCO 
4. AS via Horizontal Well 

Surface Water Alternatives 
1. No Action 
2. PRB 
3. Aerators 

Section 121(b) of CERCLA identifies the following statutory preferences when developing and evaluating remedial 
alternatives: 

• Remedial actions involving treatment that permanently and significantly reduce the toxicity, mobility, and 
volume of the COCs are preferred. 

• Offsite transport and disposal of COCs without treatment is considered the least favorable remedial action 
when practical treatment technologies are available.  

• Remedial actions that use permanent solutions, alternative treatment technologies, or resource recovery 
technologies are to be assessed. 

4.1 Development of Alternatives: Downgradient Area 
Based on initial screening of technologies, in accordance with RAOs specified in Section 3.2, the following 
remedial alternatives were selected for further evaluation and analysis and are summarized in Table 3-5. 

Due to the COC concentrations present at Site 89, LUCs prohibiting the installation of water supply wells and 
preventing the unauthorized use of or exposure to contaminated groundwater will be considered a part of all the 
alternatives. The DoN and MCB CamLej will implement the following measures as part of the LUCs: (1) file a 
Notice of Inactive Hazardous Substance or Waste Disposal and (2) incorporate the LUCs into the Base Master Plan. 

4.1.1 Downgradient Area Alternative 1—No Action 
4.1.1.1. Description 
The No Action alternative is required under CERCLA to be evaluated as a baseline for comparing other 
alternatives. The No Action alternative does not include any institutional controls, groundwater monitoring, or 
active remedial activities to minimize risk to public health or the environment. Furthermore, this alternative does 
nothing to reduce or monitor the contaminant plume in groundwater.  
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4.1.2 Downgradient Area Alternative 2 – MNA 
4.1.2.1. Description 
This alternative is the periodic monitoring of groundwater to track changes in COC concentrations and NAIPs. 
LUCs would be employed for areas with groundwater COC concentrations greater than NCGWQS. MNA will be 
considered part of all alternatives with the exception of the No Action alternative. 

As discussed in Section 2.9, NA is expected to proceed at Site 89, although the process may take considerable time 
to reach risk cleanup goals. The NA evaluation concluded that conditions within the plume areas at Site 89 are 
limited to adequate for NA; however, the evaluation is biased low (conservative). Geochemical parameters 
including low DO and ORP, neutral pH, and the presence of Fe (II) indicate aquifer conditions are generally 
favorable for NA.  

In order to estimate a time frame to achieve remedial goals in the Downgradient Area, a concentration versus 
time trend analysis was performed on data collected from monitoring well IR89-MW04 following the procedure 
described in Calculation and Use of First-Order Rate Constants for Monitored Natural Attenuation (Newell, et al., 
2002). The data set was selected because it is relatively unaffected by treatability studies and removal actions, 
and a larger data set was available than other Downgradient Area wells. The trend analysis indicated that it would 
take approximately 87 years to attenuate below the NCGWQS for TCE (Appendix B). Ninety years was selected for 
cost estimating purposes. 

Assumptions used in developing the cost estimate (Appendix B) for this alternative include the following: 

• Monitoring would include the sampling of 50 monitoring wells and 8 surface water locations on an annual 
basis for 90 years. Proposed analyses include Target Compound List (TCL) VOCs. Field parameters, such as 
water level, pH, specific conductance, temperature, ORP, DO, and Fe (II), would be measured during sample 
collection. 

• Annual monitoring reports would be submitted to the Base, Navy, USEPA, and NCDENR to document site 
conditions. 

4.1.3 Downgradient Area Alternative 3 – PRB and MNA 
To reduce the time required to reach MNA goals, a PRB would be combined with MNA to treat COC 
concentrations in the groundwater downgradient of the former DRMO Area. 

4.1.3.1. Description 
PRBs are installed perpendicular to the flow path of a contaminated groundwater plume, producing a treatment 
zone that allows the passage of water while treating contaminants. By utilizing a reactive medium within the 
barrier, contaminant treatment can occur through physical, chemical, or biological processes. The basic objective 
of any reactive medium is to either destroy or immobilize the contaminant or to condition the groundwater 
system to promote the destruction or immobilization of the contaminant (ITRC, 2005). Compost and mulch are 
commonly used as a medium in PRBs since they provide a long-lasting slow release source of electron donors that 
is much more cost-effective than ZVI PRBs. A mulch wall was part of the 2006 treatability study conducted at the 
site and performed well. Bioavailable organic constituents in the mulch act as a carbon source for bacteria. As the 
aerobic bacteria consume available DO, anaerobic conditions are created and the ORP of the aquifer decreases. 
Once anaerobic conditions are created, fermentation of the organic constituents generates hydrogen and acetate, 
which can then be used to promote biological reductive dechlorination (AFCEE, 2004). The effects of the reactive 
medium in the subsurface are not limited to the confines of the PRB itself; rather, volatile fatty acids (VFAs) 
diffuse from the sides and bottom of the PRB, creating a zone of low ORP conducive to reductive dechlorination. 
The expected life-span of a PRB using mulch as a reactive medium is approximately 5 years. Subsequent injections 
of a biostimulant (lactate or vegetable oil) may be required to replenish the electron donors in the mulch wall. 

The purpose of the groundwater PRB at this site would be to treat impacted groundwater flowing from the Source 
Area between the active treatment zone and downgradient portion of the site. It would provide organic content 
to the upgradient portion and flow downgradient to improve water quality. 
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The use of a PRB at Site 89 would require the installation of an approximately 525-foot long wall parallel to White 
Street and composed of 40 percent mulch and 60 percent sand (Figure 4-1). The installation of a PRB was shown 
to be effective at Site 89 in the 2006 PRB treatability study discussed in Section 2.5.3. Analytical data collected 
from three monitoring wells located in the northern portion of the PRB, where soil-mixing NTCRA would not have 
influenced the results, were reviewed to assess the PRB effectiveness. Samples collected from the upgradient 
well, IR89-MW56, exhibited an increasing trend for all COCs from concentrations in the 100 µg/L range to 
concentrations in the 10,000 µg/L range. Samples collected from the in-wall and downgradient monitoring wells 
IR89-MW59 and IR89-MW62, respectively, exhibited a reduction in concentrations of all COCs, ranging from 96 
percent for cis-1,2-DCE to 99.9 percent for TCE and 1,1,2,2-PCA within the first year after the PRB was installed, 
remaining stable in the subsequent years.  

Similar to the PRB installed during the treatability study, the wall would be 2 feet wide and placed 40 feet deep 
using a continuous trenching machine. The active treatment depth in the Source Area is estimated to be 20 to 70 
feet bgs; however, continuous trenching can extend to a maximum depth of 40 feet bgs and some deeper 
impacted groundwater may bypass the PRB. However, geochemical parameters were adequate for MNA in this 
aquifer zone. Based on the PRB installed during the treatability study, a mulch and sand PRB has an estimated 
effective life-span of at least 5 years.  

Based on the seepage velocity (17 to 55 ft/year) and approximate distance from the active treatment area to the 
PRB (280 feet), treated groundwater from the active treatment area would take approximately 5 to 16.5 years to 
reach the PRB. It is assumed that the PRB would no longer be necessary when active treatment has met the RAO 
criteria and treated groundwater has reached the PRB; this is conservatively estimated at 15 years. In order to 
extend the life-span of the PRB, carbon substrate would be injected into the wall every 3 to 5 years for 10 years 
after the initial life-span of the mulch.  

Other assumptions used in developing the cost estimate (Appendix B) for this alternative include the following: 

• Installation of six new wells to monitor and evaluate the effectiveness of the PRB 

• Annual sampling of 10 monitoring wells for 20 years 

• Site-wide MNA, including sampling of 50 monitoring wells and 8 surface water locations on an annual basis for 
90 years. Proposed analyses include TCL VOCs for all sampling events and TOC for the 10 samples collected to 
monitor the PRB effectiveness. Field parameters, such as water level, pH, specific conductance, temperature, 
ORP, DO, and Fe (II), would be measured during sample collection. 

• Annual monitoring reports would be submitted to the Base, Navy, USEPA, and NCDENR to document site 
conditions. 

4.2 Development of Alternatives: Source Area 
Based on initial screening of technologies and in accordance with RAOs specified in Section 3.2, the following 
remedial alternatives were selected for further evaluation and analysis. They are summarized in Table 3-5. 

Due to the COC concentrations present at Site 89, LUCs prohibiting the installation of water supply wells and 
preventing the unauthorized use of or exposure to contaminated groundwater will be considered a part of all the 
Alternatives. The DoN and MCB CamLej will implement the following measures as part of the LUCs: (1) file a 
Notice of Inactive Hazardous Substance or Waste Disposal and (2) incorporate the LUCs into the Base Master Plan. 

4.2.1 Source Area Alternative 1—No Action 
4.2.1.1. Description 
The No Action alternative is required under CERCLA to be evaluated as a baseline for comparing other 
alternatives. The No Action alternative does not include any institutional controls, groundwater monitoring, or 
active remedial activities to minimize risk to public health or environment. Furthermore, this alternative does 
nothing to reduce or monitor the contaminant plume in groundwater.  
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4.2.2 Source Area Alternative 2 – ERD  
4.2.2.1. Description 
Biodegradation of chlorinated solvents is well documented to occur under anaerobic conditions through reductive 
dechlorination. In this process, indigenous microorganisms (such as fungi, bacteria, and other microbes) degrade 
chlorinated organic contaminants found in the subsurface. During reductive dechlorination, also known as 
dehalorespiration, a carbon atom in the chlorinated solvent accepts an electron from an electron donor 
(reduction), causing the release of a chlorine atom (dechlorination). The more chlorine atoms a compound has, 
the more oxidized its carbon is, and therefore, the more susceptible it is to reductive dechlorination. This process 
results in sequential dechlorination of a contaminant. The general reductive dechlorination process results in the 
formation of daughter products, in the following order: 

PCE → TCE → cis-1,2-DCE → VC → ethene 

The reductive dechlorination process begins with the released compound (that is, TCE). The transformation rates 
for each step vary but tend to become slower with progress along the breakdown sequence, often resulting in 
accumulation of cis-1,2-DCE and VC. Further breakdown from cis-1,2-DCE and VC to ethene varies and is based on 
site-specific conditions.  

ERD involves increasing the activity of this naturally occurring process by providing an electron donor, or food 
source. The introduced substrate (donor) serves two purposes: (1) depleting competing electron acceptors and 
creating strongly reducing conditions and (2) providing an electron donor source for reductive dechlorination. The 
effectiveness of ERD is dependent on successful injection of this food source into the subsurface, the presence of 
dechlorinating microbes at the site, and favorable hydrogeologic conditions. 

There are many possible sources for electron donors; some commonly used donors include EVO, molasses, 
lactate, and corn syrup. The addition of a substrate or other enhancements for ERD can be achieved through (1) 
direct injection into conventional wells, (2) injection of the substrate using DPT, or (3) pneumatic fracturing and 
subsequent injection. 

Because native bacteria require an acclimation period to adjust to a change in conditions, 3 to 6 months may be 
required before the effectiveness of the substrate injections can be adequately assessed. During this period, 
groundwater monitoring would be performed to assess the response of the aquifer to the injection of substrate.  

LUCs would be used to restrict usage of groundwater until NCGWQS are achieved. MNA would be used to monitor 
VOCs and NAIPs. 

For purposes of this FS, Source Area Alternative 2 would feature ERD with a suitable substrate to treat the target 
area. A 50 percent EVO and 50 percent lactate blend substrate was selected based on its effectiveness in the 
Treatability Study. During the ERD performance monitoring, TCE concentrations were reduced by 97.5 percent in 
samples collected from monitoring wells within the treatment area. Samples collected in 2008 and 2010 in the 
same treatment area wells were below or within the same order of magnitude as the final concentrations 
reported during the Treatability Study sampling.  

Assuming the recommended ROI of 25 feet, a total of 108 permanent injection wells would be required (Figure 4-
2). Permanent injection wells are more effective than DPT for deep borings with large injections intervals. 
Additionally, permanent wells allow for reinjection if monitoring indicates that the first injection was not 
successful or rebounding occurs. Fifty-nine injection wells would be screened from 20 to 45 feet bgs and 49 
injection wells would be screened from 45 to 70 feet bgs. Pneumatic fracturing was not found to be successful 
during pilot studies and would not be implemented in this alternative.  

The ERD substrate was selected to be 50 percent EVO and 50 percent sodium lactate based on the success of this 
substrate in the 2006 treatability study (Section 2.5.3). A total of 3,050 pounds of EVO and 3300 pounds of sodium 
lactate were combined with enough water to make a 4 to 1 water to substrate ratio, and 4,050 gallons of chase 
water were injected to treat a total volume of 230,790 cubic feet. Based on the treatability study, approximately 
70,000 pounds of EVO, 75,800 pounds of sodium lactate, and 153,000 gallons of water are required to treat the 
Source Area.  
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All injections would be completed by personnel wearing upgraded Level D personal protective equipment (PPE), 
including Tyvek suits, nitrile gloves, and face shields. 

One round of injections of the ERD substrate is assumed. The estimated time to complete the injection well 
installation is 41 working days and the estimated time to complete the injection event is 20 working days, 
depending on conditions encountered in the field. 

Other assumptions used in developing the cost estimate (Appendix B) for this alternative include the following:  

• Monitoring would be conducted semi-annually in 20 monitoring and injection wells in and around the 
treatment area for the first year. Water samples would be analyzed for TCL VOCs, TOC, VFA, and microbial 
analysis. Field parameters, such as water level, pH, specific conductance, temperature, ORP, DO, and Fe (II), 
would be measured during sample collection. 

• Treatment would be considered complete when a 95 percent reduction in COCs is achieved. 

• A Downgradient Area alternative would be selected in conjunction with this alternative and would include 90 
years of MNA.  

4.2.3 Source Area Alternative 3 – ISCO 
4.2.3.1. Description 
ISCO involves delivering chemical oxidants into the subsurface so that contaminants are completely oxidized into 
innocuous compounds. There are a number of chemicals that successfully degrade chlorinated solvents via 
chemical oxidation. Based on the advantages discussed as follows, sodium persulfate (Na2S2O8), which is relatively 
stable and highly soluble, would be used as the oxidant. Upon activation, the compound generates persulfate 
radicals, which are strong oxidants. Activation can be accomplished by (1) heating (to approximately 30°C to 40 

°C), (2) increasing the pH, (3) adding hydrogen peroxide, (4) photo ultraviolet (UV) activation, or (5) catalysis by 
transition metals (natural occurring iron may be sufficient). Key factors influencing the effectiveness of ISCO 
include: contact between the contaminant and the oxidant and soil oxidant demand (SOD). SOD for persulfate is 
generally lower than that of permanganate. As a result, persulfate use has increased significantly over the past 3 
to 4 years. However, because persulfate is a more aggressive oxidizer than permanganate, its persistence and 
longevity in the environment subsequent to injection is often relatively short, which places a premium on efficient 
and effective contact. SOD at Site 89 has not been quantified, and bench-scale testing would be required before 
persulfate could be used full-scale. 

The persulfate solution and the activation agent would have to be injected into the subsurface. Multiple injections 
may have to be performed to achieve adequate removal of VOCs.  

The oxidizing potential of the persulfate anion is less than that of ozone. It is higher than that of hydrogen 
peroxide and the permanganate anion, while being efficient and fast-acting. In addition, the oxidizing potential of 
the sulfate radical is not only similar to that of the hydroxyl radical (2.6 V versus 2.7 V, respectively), but the 
sulfate radical is more stable and thus enhances distribution via diffusion-based transport in dense materials. For 
the purposes of the cost estimate, base activation utilizing 25 percent sodium hydroxide (NaOH) was assumed. 
The alkalinity and buffering capacity of the formation material must be evaluated in order to select the best 
activation agent.  

In terms of reagent injection methods, mixing prior to injection of persulfate and NaOH is assumed. Other delivery 
methods are available, including separate injections of persulfate and activator and mixing down-hole during the 
injection. If selected, the final injection methodology would be evaluated as part of remedial design. 

In the absence of site-specific SOD testing (recommended prior to full-scale implementation), SOD was estimated 
to be 2.5 grams per kilogram (g/kg), based on redox conditions, prevalence of electron acceptors (such as sulfate), 
and mineral content of the aquifer. To treat the entire active treatment area, a SOD of 2.5 g/kg results in a target 
dosage of approximately 1,009,800 pounds of persulfate. For the purposes of the cost estimate, 326,300 gallons 
of 25 percent NaOH was assumed for activation of the persulfate ion to the persulfate radical based on vendor-
supplied information. 
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Assuming an ROI of 25 feet, a total of 108 permanent injection wells would be required (Figure 4-2); 59 screened 
from 20 to 45 feet bgs and 49 screened from 45 to 70 feet bgs. Permanent injection wells are more effective than 
DPT in deep borings with large injection intervals. Permanent injection wells also allow for reinjection if necessary. 
For the purposes of the cost estimate, injection well installation is estimated to take 41 days. One 20-day injection 
event for the treatment area would be proposed.  

All injections would be completed by personnel wearing upgraded Level D PPE, including Tyvek suits, nitrile 
gloves, and face shields.  

Other assumptions used in developing the cost estimate (Appendix B) for this alternative include the following: 

• Monitoring would be conducted semi-annually in 20 wells in and around the treatment area for the first year. 
Water samples would be analyzed for TCL VOCs. Field parameters, such as water level, pH, specific 
conductance, temperature, ORP, DO, and Fe (II), would be measured during sample collection.  

• Treatment would be considered complete when a 95 percent reduction in COCs is achieved. 

• A Downgradient Area alternative would be selected in conjunction with this alternative and would include 90 
years of MNA.  

4.2.4 Source Area Alternative 4—Air Sparging via Horizontal Well 
4.2.4.1. Description 
AS is an in situ technology whereby compressed air is injected into the saturated zone at a depth appropriate to 
treat the contaminants below the water table interface to induce mass transfer (stripping) of VOCs from 
groundwater and/or aerobic biological degradation. Two-phase gas flow in saturated porous media, driven by 
buoyancy, occurs as a complex and non-uniform series of finger-like channels, the path of which is strongly 
influenced by subsurface heterogeneity. Horizontal wells can be installed either parallel or perpendicular to 
groundwater flow at a depth below the contaminant plume.  

SVE is not included in this review, since the plume is in an open field (risk of fugitive vapor migration is low), and 
water table elevations preclude efficient SVE operation. Soil vapor monitoring in the vicinity of nearby buildings 
would be conducted while the AS wells are in operation.  

AS via horizontal well has been shown to be effective at Site 89 during the treatability study and other sites at 
MCB CamLej. The predominance of sands and subsurface homogeneity is a factor in achieving a large ROI. Based 
on the results of the Treatability Study, the ROI for a horizontal AS system at Site 89 is expected to be 
approximately 60 feet. Monitoring wells sampled during the Treatability Study exhibited a 77 percent to 99 
percent decrease in TCE during sparging activities. However, samples collected in 2008 and 2010 from the same 
wells contained concentrations of TCE at one order of magnitude higher than the concentrations reported at 
system shut-down in July 2007 in all but one sample. The sample collected from IR89-MW43B was within the 
same order of magnitude as the concentration reported at system shut-down. Concentrations of TCE reported in 
2008 and 2010 samples were generally within the same order of magnitude as baseline samples, with the 
exception of IR89-MW43, IR89-MW49A, and IR89-MW49B, which were one to two orders of magnitude lower 
during 2008 and 2010. This indicates that COC rebound or plume migration may be occurring in the AS study area. 

The use of HDD wells to distribute air through the treatment area would include the installation of one 1,450-foot 
well, with 750 feet of screen and 700 feet of riser, and one 1,500-foot well with 600 feet of screen and 900 feet of 
riser. A double-ended design was assumed for the cost evaluation. Typically high-density polyethylene pipe is 
used for horizontal well design; however, due to the length and depth of the proposed wells, stronger material 
such as stainless steel or fiberglass pipe is recommended to prevent collapse or breakahge during installation or 
operations. Fiberglass is assumed for this analysis because it is lighter and less material and resource intensive to 
manufacture and transport to the site. The conceptual layout of the proposed horizontal sparge system is shown 
on Figure 4-3. 

Other assumptions used in developing the cost estimate (Appendix B) for this alternative include the following: 

• Operation of the AS system would continue for 3 years. 
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• Semi-annual groundwater monitoring of 20 existing groundwater monitoring wells would be performed while 
the system is operating. Water samples would be analyzed for TCL VOCs. Field parameters such as water level, 
pH, specific conductance, temperature, ORP, DO, and Fe (II) would be measured during sample collection. 
Quarterly soil vapor monitoring of three soil vapor points would be performed while the system is operating. 
These samples would be analyzed for VOCs. 

• Treatment would be considered complete when a 95 percent reduction in COCs is achieved. 

• A Downgradient Area alternative would be selected in conjunction with this alternative and would include 90 
years of MNA.  

4.3 Development of Alternatives: Surface Water 
4.3.1 Surface Water Alternative 1 – No Action 
Based on initial screening of technologies, in accordance with RAOs specified in Section 3.2, the following 
remedial alternatives were selected for further evaluation and analysis and are summarized in Table 3-5. 

4.3.1.1. Description 
The No Action alternative is required under CERCLA to be evaluated as a baseline for other alternatives. The No 
Action alternative does not include any institutional controls, monitoring, or active remedial activities to minimize 
risk to public health or the environment. Furthermore, this alternative does nothing to reduce or monitor the 
contaminants in Edwards Creek.  

4.3.2 Surface Water Alternative 2 –PRB 
4.3.2.1. Description 
PRBs are installed perpendicular to the flow path of a contaminated groundwater plume, producing a treatment 
zones that allows the passage of water while treating contaminants, as described in Section 4.2.1. The purpose of 
this PRB would be to treat groundwater prior to discharging to the creek. 

The use of a PRB to treat surface water at Site 89 would involve the installation of an approximately 1,100-foot 
long wall consisting of 40 percent mulch and 60 percent sand situated parallel to Edwards Creek, east of White 
Street, as shown on Figure 4-4. The installation of a PRB has shown to be effective at Site 89 in the 2006 PRB 
treatability study, discussed in Section 2.5.3. Similar to the PRB installed during the treatability study, the wall 
would be 2 feet wide and placed 25 feet deep using a continuous trenching machine. The close proximity of the 
PRB to Edwards Creek was selected to treat groundwater immediately before it discharges in order to achieve 
RAOs in a timely manner. The expected life-span of the mulch and sand PRB is at least 5 years. In order to extend 
the PRB life-span, an EVO mixture would be injected into the wall every 3 to 5 years after the first 5 years. Based 
on seepage velocity (17 to 55 ft/year) and the distance groundwater would have to travel from the active 
treatment area to the PRB (600 to 800 feet), the timeframe for treated groundwater to reach Edwards Creek 
would likely be in excess of 30 years. However, the wall would treat current contamination that is present in the 
eastern area of the site and, combined with treatment of the Source Area, 30 years may not be needed for 
treatment. For this estimate, 30 years is used to calculate costs of the PRB. Injections of a carbon substrate are 
assumed to be conducted every 3 years to replenish the PRB after the initial 5 year period. 

Other assumptions used in developing the cost estimate (Appendix B) for this alternative include the following: 

• Twelve monitoring wells would be installed to evaluate the performance of the PRB. 

• Monitoring would be conducted annually in 12 wells in and around the treatment area for 30 years. Water 
samples would be analyzed for TCL VOCs and TOC. Field parameters, such as water level, pH, specific 
conductance, temperature, ORP, DO, and Fe (II), would be measured during sample collection.  

• A Downgradient Area Groundwater Alternative would be selected in conjunction with this alternative and 
would include 90 years of MNA; it would also include annual sampling of 50 monitoring wells and 8 surface 
water locations  
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4.3.3 Surface Water Alternative 3 – Aerators  
4.3.3.1. Description 
Aerators utilize air stripping technology to transfer contaminants from aqueous solutions to air. 

Installed in 2000, the aerator currently located in Edwards Creek has proven successful in reducing the creek’s 
VOC concentrations by up to 90 percent. However, VOCs reported in downstream samples exceed NCSWQS, 
possibly as a results of residual VOCs and/or impacted groundwater discharging downstream of the current 
aerator. For this alternative, five additional aerators would be placed in the creek (Figure 4-4) to effectively aerate 
the water before it flows past the site boundary. 

The cost analysis includes the cost of inspection and maintenance and power. Other assumptions used in 
developing the cost estimate (Appendix B) for this alternative include the following: 

• Power will have to be brought to the portions of the site where the aerators will be located 

• Monitoring would be conducted annually in eight locations for the first year, with water samples being 
analyzed for TCL VOCs.  

• A Downgradient Area Groundwater Alternative would be selected in conjunction with this alternative that 
would include 90 years of MNA; it would also include annual sampling of 50 monitoring wells and 8 surface 
water locations.  
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SECTION 5 

Detailed Analysis of Alternatives 
The specific statutory requirements for remedial actions that must be addressed in the ROD and supported by this 
FS include:  

• Protect human health and the environment. 

• Comply with ARARs or define criteria for invoking a waiver. 

• Be cost-effective. 

• Utilize permanent solutions and alternative treatment technologies or resource recovery technologies to the 
maximum extent practicable. 

• Satisfy the preference for treatment that reduces the toxicity, mobility, or volume as a principal element or 
explain why this is not attainable. 

In addition, CERCLA 121(b)(1)(A) emphasizes evaluating long-term effectiveness and related considerations for 
each of the alternative remedial actions. These statutory considerations include:  

• Long-term uncertainties associated with land disposal  

• Goals, objectives, and requirements of the Solid Waste Disposal Act (SWDA)  

• Persistence, toxicity, and mobility of hazardous substances and their constituents (and their propensity to 
bioaccumulate)  

• Short- and long-term potential for adverse health effects from human exposure  

• Long-term maintenance costs 

• Potential for future remedial action costs if the alternative were to fail 

• Potential threat to human health and the environment associated with excavation, transportation, and re-
disposal, or containment 

USEPA has developed nine evaluation criteria that address these statutory requirements and additional technical 
and policy considerations that are important for a CERCLA remedial action. The nine criteria serve as the basis for 
conducting the detailed analyses during the FS process and for subsequently selecting an appropriate remedial 
action. In this section, the remedial alternatives developed in Section 4 are analyzed individually against these 
nine evaluation criteria and then evaluated comparatively to identify key tradeoffs.  

Additionally, a sustainability assessment was conducted using SiteWise™, a stand-alone tool that assesses the 
environmental footprint of a remedial alternative to compare the overall life-cycle environmental impacts of each 
remedy (Battelle, 2010). The sustainability assessment does not replace any of the nine criteria; however, it 
provides an additional comparison criterion that may allow options with a smaller environmental impact to be 
selected when all other criteria are met.  

5.1 Evaluation Criteria 
The nine evaluation criteria developed by USEPA are described in the following subsections.  

5.1.1 Protection of Human Health and the Environment 
The assessment against this criterion evaluates how each alternative, as a whole, achieves and maintains 
protection of human health and describes how site risks are eliminated, reduced, or controlled through 
treatment, engineering, or institutional controls. This assessment also allows for consideration of whether the 
alternative poses unacceptable short-term or cross-media impacts.  
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5.1.2 Compliance with ARARs 
This evaluation criterion is used to determine whether an alternative would meet all of its Federal, State, and local 
ARARs, as identified in Section 3.1. The analysis should summarize which requirements are applicable or relevant 
and appropriate for each alternative and describe the extent to which the alternative meets these requirements. 
If a waiver is required because an ARAR is not met, the basis for justification should be discussed. 

5.1.3 Long-term Effectiveness and Permanence 
Long-term effectiveness and permanence are measured in terms of the risk remaining at the site after response 
objectives have been met. Alternatives providing the highest degree of long-term effectiveness and permanence 
are those that leave little or no waste at the site, do not require long-term maintenance and monitoring, and 
minimize the need for institutional controls. The evaluation of this criterion includes consideration of the 
following factors: 

• The magnitude of residual risk to human and environmental receptors posed by any untreated waste or 
treatment residues remaining at the conclusion of remedial activities 

• The type, degree, and adequacy of long-term controls required to manage untreated waste or treatment 
residues at the conclusion of remedial activities 

• The long-term reliability of engineering and/or institutional actions to provide continued protection from 
residuals 

• The potential need to replace technical components of the alternative and the potential exposure pathway 
and risks posed should the remedial action need replacement  

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
This evaluation criterion addresses the statutory preference for selecting remedial actions that employ treatment 
technologies that permanently and significantly reduce the toxicity, mobility, or volume of hazardous substances. 
This evaluation focuses on the following factors for each remedial alternative: 

• The treatment process(es) the alternative will employ and the materials it will treat 

• The amount of hazardous substances that will be destroyed or treated, including how the principal risk(s) will 
be addressed 

• The degree of expected reduction in the toxicity, mobility, or volume measured as a percentage of reduction 

• The degree to which the treatment will be irreversible 

• The type and quantity of residuals that will remain following treatment 

• Whether the alternative would satisfy the statutory preference for treatment as a principal element 

5.1.5 Short-term Effectiveness 
This evaluation criterion addresses the effects of the alternative during the construction and implementation 
phase until remedial response objectives are met. The following factors should be addressed for each alternative: 

• Short-term risks that may be posed to the community during construction and implementation of an 
alternative  

• Potential adverse impacts to workers that may occur during construction and implementation, including an 
evaluation of the effectiveness and reliability of any protective measures that would be taken 

• Potential adverse environmental impacts that may result from the construction and implementation of an 
alternative, including an evaluation of the reliability of available mitigation measures in preventing or 
reducing the potential impacts 

• Estimate of the time required to achieve remedial response objectives 
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5.1.5.1. Sustainability 
Sustainability is not one of the nine evaluation criteria. However, when comparing alternatives, opportunities for 
green and sustainable solutions should be considered to reduce the environmental footprint of remedy 
components and consider the overall net environmental benefit consistent with the Navy’s Environmental 
Strategy (DoN, 2011). As such, the sustainability evaluation, using SiteWise™ Version 1.0, will be discussed under 
the short-term effectiveness evaluation.  

The Navy, in cooperation with the United States Army Corps of Engineers and Battelle, has developed a tool to 
incorporate sustainability metrics into the selection of remedial alternatives. SiteWise™ is a stand-alone tool that 
assesses the environmental footprint of remedial actions in terms of a consistent set of sustainability metrics: 
greenhouse gas (GHG) emissions, energy use, criteria air emissions (including nitrogen oxides [NOx], sulfur oxides 
[SOx], and particulate matter less than 10 microns in diameter [PM10]), water consumption, and worker safety. 
SiteWise™ provides a comparative assessment of different remedial alternatives based on significant life-cycle 
impacts of each alternative, including material production (PVC, EVO, persulfate, and so forth), transportation of 
equipment, personnel, and materials to the site, equipment use during implementation, electricity use to run 
equipment or pumps during the operations phase of a remedy, and residuals handling (Battelle, 2010). 

SiteWise™ results can be used to compare the different alternatives but, since many of the assumptions are based 
on industry standards instead of site-specific or particular remedy equipment and materials information, they 
should not be viewed as the actual impacts of each remedy. Rather, they should be viewed as relative 
comparisons. The full results of the SiteWise™ model are provided in Appendix C. 

5.1.6 Implementability 
This criterion addresses the technical and administrative feasibility of implementing an alternative and the 
availability of various services and materials required during its implementation. The following factors are 
considered during analysis of this criterion: 

• Technical Feasibility 
− Ability to construct and operate 
− Reliability of the technology 
− Ease of undertaking additional remedial action, if needed 
− Ability to monitor effectiveness 

• Administrative Feasibility 
− Ability to obtain approvals and coordinate with other agencies 

• Availability of Services and Materials 
− Availability of adequate offsite treatment, storage capacity, and disposal services 
− Availability of necessary equipment, specialists, and provisions 
− Availability of services and materials, including the potential for obtaining competitive bids 
− Availability of prospective technologies 

5.1.7 Cost  
Preliminary cost estimates were developed for each remedial alternative. These cost estimates are used to 
compare the alternatives, not to bid the work. These estimates were made from available information, (that is, 
they have an expected accuracy of -30 percent to +50 percent for the scope of action described for each 
alternative). The estimates are divided into capital costs and operations and maintenance (O&M) costs (which 
also includes LTM costs), and are based on information from vendors, regulators, and experience from similar 
projects. The present worth of the capital cost and O&M is included. Details of these cost estimates are included 
in Appendix B. Significant uncertainties that may affect cost are discussed with each alternative. 
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5.1.8 State Acceptance 
This assessment evaluates the technical and administrative issues and concerns the State may have regarding 
each of the alternatives. NCDENR will review and comment on this FS.  

5.1.9 Community Acceptance  
This assessment evaluates the issues and concerns the public may have regarding each of the alternatives. As with 
State acceptance, community concerns will be used to evaluate each remedy in this FS. Consistent with the NCP, 
public comments will be solicited on the selected alternative presented in the Proposed Remedial Action Plan. 
Any comments will be addressed in the ROD and will be considered by USEPA in the selection of the remedy. 

5.2 Individual Analysis of Alternatives - Downgradient Area 
Groundwater 

Seven of the nine USEPA criteria were used in the detailed analysis of the three Downgradient Area groundwater 
alternatives. State and community acceptance will be evaluated for the alternatives following the Public Meeting 
and the proposed remedial action plan. The analyses are summarized in Tables 5-1 and 5-2.  

5.2.1 Downgradient Area Alternative 1 – No Action 
5.2.1.1. Protection of Human Health and the Environment 
The No Action alternative is not considered to be protective of human health or the environment. As discussed in 
Section 2.9, the findings of the HHRA indicate that site groundwater presents unacceptable risk conditions if used 
for potable purposes by residential receptors. This alternative does not provide treatment, engineering, or 
institutional controls that would mitigate exposure risks to receptors and does not allow for consideration of 
short-term or cross-media impacts (such as groundwater discharging to Edwards Creek). 

5.2.1.2. Compliance with ARARs 
This alternative does not include any remedial actions such as land disturbing, well installation, injections, or 
waste handling, so it would meet action-specific ARARs with the exception of institutional controls for COCs left in 
place. This alternative would not likely meet location-specific ARARs since COCs left in place may impact sensitive 
ecosystems. This alternative does not meet chemical-specific ARARs for groundwater since concentrations exceed 
applicable NCGWQS or MCLs.  

5.2.1.3. Long-term Effectiveness and Permanence 
This alternative does not meet the long-term effectiveness criterion because, without monitoring, the site risks 
are assumed to remain indefinitely. Furthermore, since institutional controls would not be put in place, there 
would be no mechanism for limiting the exposure of potential future residents to contaminated groundwater.  

5.2.1.4. Reduction of Toxicity, Mobility, or Volume through Treatment 
This alternative would provide no reduction in the toxicity, mobility, or volume. Natural biodegradation would 
likely occur, but at unmonitored rates and at unknown locations. Therefore, it must be assumed that no COCs 
would be actively treated under this alternative.  

5.2.1.5. Short-term Effectiveness 
There would be no remedial construction and no immediate environmental, worker, or community impacts 
associated with this remedy in the short-term.  

5.2.1.6. Implementability and Costs 
There would be no implementability concerns or costs associated with this remedy.  
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5.2.2 Downgradient Area Alternative 2 – MNA 
5.2.2.1. Protection of Human Health and the Environment 
The Downgradient Area MNA alternative is considered protective of human health and the environment because 
it includes LUCs to prevent exposure to groundwater and monitoring to assess the plume stability, potential cross-
media contamination, and NA of COCs. 

5.2.2.2. Compliance with ARARs 
This alternative would eventually achieve RAOs, as it would be bundled with alternatives for the Source Area and 
Edwards Creek. MNA alone would not achieve chemical-specific ARARs for an extended period of time and would 
not be considered an acceptable alternative without active treatment in the Source Area. 

5.2.2.3. Long-term Effectiveness and Permanence 
This alternative would eventually meet the long-term effectiveness and permanence criterion when paired with a 
Source Area alternative and assessed every 5 years for effectiveness. Predicting the timeframe to reach the 
NCGWQS is highly uncertain because of the numerous pilot studies and removal actions that have been 
completed and long-term data trends to predict NA rates at Site 89 are not available. 

5.2.2.4. Reduction of Toxicity, Mobility, or Volume through Treatment 
This alternative employs natural processes (biodegradation, adsorption, and so forth) as a treatment, so reduction 
of the toxicity, mobility, or volume of the plume is a prolonged process. Evidence suggests NA is occurring at Site 
89 and aquifer properties are favorable for NA in the Downgradient Area groundwater.  No COCs would be 
actively treated under this alternative. 

5.2.2.5. Short-term Effectiveness 
This alternative does not include any initial construction activities that would put the environment, workers, or 
the community at risk. However, based on the sustainability analysis, transportation of personnel to and from the 
site for annual monitoring, and transportation and disposal of residuals will contribute to environmental 
(primarily GHG and criteria air pollutants) and worker safety impacts throughout the life of the remedy.  

5.2.2.6. Implementability 
This alternative is technically feasible and easily implementable with available services and materials. The existing 
well network is assumed to be sufficient for MNA. This alternative could be implemented quickly. 

5.2.2.7. Costs 
The total 90-year present-worth cost for this alternative is estimated to be $841,000. Capital costs associated with 
this alternative include LUC implementation activities and annual costs are driven by LTM costs. The capital cost 
for this alternative is estimated to be $11,000; the present-worth LTM cost is estimated to be $830,000. The 
annual LTM cost is estimated to be $58,000. 

5.2.3 Downgradient Area Alternative 3 – PRB with MNA 
5.2.3.1. Protection of Human Health and the Environment 
The Downgradient Area PRB with MNA alternative is considered protective of human health and the environment 
because groundwater contamination would be reduced within the target area through the introduction of more 
electron donors, increasing the rate of reductive dechlorination. LUCs would remain in place until RAOs have been 
met, mitigating potential human health risks from exposure to impacted media. 

5.2.3.2. Compliance with ARARs 
This alternative will comply with chemical-, location-, and action-specific ARARs. Chemical-specific ARARs will be 
achieved through reduction of COCs through treatment by the PRB and NA processes and the selection of a 
Source Area alternative. Location-specific ARARs regarding construction within or potentially impacting a wetland 
will be achieved following substantive standards related to wetlands. Action-specific ARARs regarding land-
disturbing activities during PRB construction, underground injections, monitoring well installation, and waste 
handling will be complied with during each activity of this alternative.  
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5.2.3.3. Long-term Effectiveness and Permanence 
It is conservatively estimated that treated groundwater would require 15 years to reach the PRB from the Source 
Area if an active treatment is selected. If no active treatment is selected, groundwater would likely take greater 
than 30 years to flow through the PRB and be treated. Regular injection of a carbon substrate would be required 
every 3 to 5 years after the initial period for the original PRB to breakdown (at least 5 years) until RAOs have been 
met. With the exception of regular substrate injections, the PRB requires little to no active maintenance or 
repairs. As discussed above for Alternative 2, predicting the timeframe to reach the NCGWQS is highly uncertain. 

5.2.3.4. Reduction of Toxicity, Mobility, or Volume through Treatment 
This alternative would reduce the toxicity, mobility, and volume of the contaminant plume by treating 
groundwater flowing through the PRB. It has been proven effective at Site 89 in removing over 90 percent of COCs 
in the Source Area.  

5.2.3.5. Short-term Effectiveness 
The short-term effectiveness of the PRB is primarily contingent on engineering controls to protect the 
environment, workers, and the community during implementation. Implementation would require field work of a 
month or less. Heavy equipment would be required during the initial implementation, and handling carbon 
substrate and injection equipment would be required during subsequent injections. Based on the sustainability 
analysis, the majority of the overall environmental impacts for this alternative result from the transportation and 
handling of equipment, consumables (mulch and sand), and residuals during the installation of the PRB.  

5.2.3.6. Implementability 
This alternative is technically feasible and implementable with available services and materials. The number of 
one-pass trenching companies is limited, but trenching can also be completed using readily available construction 
equipment. The maximum depth of the PRB is limited to 40 feet bgs, based on the trenching capabilities. 

5.2.3.7. Costs 
The 90-year present-worth cost of the PRB and MNA is estimated to be $1,836,000. Capital costs are estimated to 
be $805,000, and the present-worth cost of monitoring and injections is $1,031,000. The annual injection cost for 
the first 10 years is estimated to be $23,600 (present-worth of $202,000) and annual LTM costs are estimated to 
be $58,000. 

5.3 Individual Analysis of Alternatives - Source Area 
Groundwater 

Seven of the nine USEPA criteria were used in the detailed analysis of the four Source Area groundwater 
alternatives. State and community acceptance will be evaluated for the alternatives following the Public Meeting 
and the proposed remedial action plan.  The analyses are summarized in Tables 5-1 and 5-2.  

5.3.1 Source Area Alternative 1 – No Action 
The Source Area No Action alternative will have the same evaluation as the Downgradient Area No Action 
alternative discussed in Section 5.2.1. 

5.3.2 Source Area Alternative 2 – ERD  
5.3.2.1. Protection of Human Health and the Environment 
The Source Area ERD alternative is considered protective of human health and the environment because 
groundwater contamination would be reduced within the target area by promoting biological degradation of 
COCs. LUCs would remain in place until RAOs have been met, mitigating potential human health risks from 
exposure to impacted media. 

5.3.2.2. Compliance with ARARs 
This alternative would comply with chemical-specific ARARs by reducing the concentrations of COCs through 
active bioremediation. Compliance of location-specific ARARs, including proximity to wetlands, and action-specific 
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ARARs, including injection well installation, subsurface injections, and waste handling ARARs, will be complied 
with throughout implementation of this alternative. 

5.3.2.3. Long-term Effectiveness and Permanence 
This alternative is expected to meet the long-term effectiveness and permanence criterion. However, with 
injection technologies, there is a possibility of rebound. Rebound occurs when contaminants are treated in readily 
accessed flow paths but residual contaminants are left behind either sorbed to the soil or trapped in less 
transmissive zones. After active treatment is complete, the residual contaminants re-enter the aquifer through 
diffusion and dissolution. Re-injection of substrate may be required based on performance monitoring results. 
Permanent risk reduction time line is determined by time required for biodegradation of VOCs. 

5.3.2.4. Reduction of Toxicity, Mobility, or Volume through Treatment 
This alternative is expected to reduce the toxicity, mobility, or volume of the COCs in groundwater through 
stimulation of the biological degradation of contaminants. With biological degradation, there is a possibility that 
degradation might stall and an accumulation of harmful daughter products such as VC may occur. Monitoring of 
biological populations and bioaugmentation (addition of suitable microbial populations into the system) may be 
required.  

5.3.2.5. Short-term Effectiveness 
The short-term effectiveness of this alternative is primarily contingent on engineering controls to protect the 
environment, workers, and the Community during well installation and ERD substrate injection activities. There 
are few to no risks to site workers if they come into contact with the ERD substrate during injections; however, 
engineering and safety controls would be in place during injections to protect site workers and the environment. 
The results of the sustainability assessment indicate that the overall environmental impacts are primarily 
associated with equipment use during the construction of the injection wells and the manufacturing and 
transportation of the EVO and lactate substrate. Field implementation is anticipated to take approximately 3 to 6 
months to complete. 

5.3.2.6. Implementability 
This alternative is technically feasible and implementable with available services and materials. One of the 
primary factors in any injection technology is distribution within the contaminated media. Based on pilot studies, 
ERD distribution was effective in the surficial aquifer zone. The soils at Site 89 are generally homogeneous sands 
and silty sands; however, thin clay lenses throughout the surficial aquifer zone may cause preferential flow paths 
and impede injectant distribution. 

5.3.2.7. Costs 
The present-worth cost of this alternative is estimated to be $1,682,000, which includes injection well installation, 
injections, and two monitoring events. There are no operating and long-term costs associated with this 
alternative. 

5.3.3 Source Area Alternative 3 – ISCO 
5.3.3.1. Protection of Human Health and the Environment 
The Source Area ISCO alternative is considered protective of human health and the environment because 
groundwater contamination would be oxidized to innocuous compounds, thereby reducing downgradient 
contamination over time. LUCs would remain in place until RAOs have been met, mitigating potential human 
health risks from exposure to impacted media. 

5.3.3.2. Compliance with ARARs 
This alternative would comply with chemical-specific ARARs by reducing the concentrations of COCs through 
chemical oxidation. Location-specific ARARs, including proximity to wetlands, and action-specific ARARs, including 
injection well installation, subsurface injections, and waste handling ARARs, will be complied with throughout 
implementation of this alternative. 
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5.3.3.3. Long-term Effectiveness and Permanence 
This alternative is expected to meet the long-term effectiveness and permanence criterion. However, with 
injection technologies, there is a possibility of rebound as discussed in Section 5.3.2. Re-injection of the oxidant 
may be required based on performance monitoring results. A permanent risk reduction timeline is considered 
immediate upon contact with contaminants in groundwater and is dependent on NA processes outside of the 
treatment area. 

5.3.3.4. Reduction of Toxicity, Mobility, or Volume through Treatment 
This alternative would permanently reduce the toxicity and volume of COCs within the Source Area through the 
permanent oxidation of chemicals into innocuous compounds. This alternative would satisfy the statutory 
preference for treatment as a principal element. 

5.3.3.5. Short-term Effectiveness 
The short-term effectiveness of this alternative is contingent on engineering controls to protect the environment, 
workers, and the Community during implementation. Na2S2O8 is a strong oxidizer and poses risks to site workers 
during injection. In addition, the persulfate requires activation using NaOH, which is a strongly alkaline chemical 
that could pose risks to site workers during injection. However, assuming appropriate PPE is worn at all times by 
workers, Na2S2O8 solution can be safely handled and injected by workers in the field. Engineering controls would 
be required to protect the environment from spills. Additional risks to worker safety include operating drill rigs to 
install the injection wells and exposure to COCs from residuals handling. The results of the sustainability 
assessment indicate that the overall environmental impacts are primarily associated with the manufacture and 
transportation of persulfate and NaOH and equipment and material use for the installation of injection wells. Field 
implementation is anticipated to take approximately 3 to 6 months to complete. 

5.3.3.6. Implementability 
This alternative is technically feasible and implementable with available services and materials. One of the 
primary factors in any injection technology is distribution within the contaminated media. The soils at Site 89 are 
generally homogeneous sands and silty sands; however, thin clay lenses throughout the surficial aquifer zone may 
cause preferential flow paths and impede substrate distribution. 

5.3.3.7. Costs 
The present-worth cost of this alternative is $4,137,000, which includes injection well installation, injections, and 
two monitoring events. There are no operating and long-term costs associated with this alternative. 

5.3.4 Source Area Alternative 4 – AS via Horizontal Well 
5.3.4.1. Protection of Human Health and the Environment 
The Source Area AS alternative is considered protective of human health and the environment because 
groundwater contamination would be reduced within the target area after several years. LUCs would remain in 
place until RAOs have been met, mitigating potential human health risks from exposure to impacted media. 

5.3.4.2. Compliance with ARARs 
This alternative would comply with chemical-specific ARARs by reducing the concentrations of COCs through air-
stripping and stimulation of aerobic degradation. Ambient air monitoring of the nearest occupied structures 
would be required to ensure that vapor concentrations do not exceed applicable regulatory standards. Location-
specific ARARs, including proximity to wetlands, and action-specific ARARs, including well installation, subsurface 
injections, potential air emissions, and waste handling ARARs, will be complied with throughout implementation 
of this alternative. 

5.3.4.3. Long-term Effectiveness and Permanence 
This alternative is considered to meet the long-term effectiveness and permanence criterion. Operation of the air 
sparge system is expected to require 3 years to reduce COC concentrations to the target levels, and NA processes 
are expected to reduce COC concentrations below NCGWQS outside of the active treatment and within the 
treatment area after the air sparge system is turned off. The AS system relies on regular maintenance of 
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equipment and could potentially involve replacement of parts to keep the system operational. Additionally, 
regular monitoring after system shutdown would be required to assess any rebounding.  

5.3.4.4. Short-term Effectiveness 
The short-term effectiveness of this alternative is contingent on engineering controls to protect the environment, 
workers, and the Community during well installation and operations. This alternative employs AS within the target 
area to volatilize VOCs from the groundwater; thereby reducing the toxicity, mobility, and volume of 
contaminants. AS of VOCs is primarily a mass transfer (volatilization) process, with the potential for some 
biodegradation; therefore, vapors would be produced during the process. However, there would be no point-
source vapors and the site is not developed. Air monitoring in nearby buildings will be conducted and engineering 
controls may be required to mitigate vapor intrusion. The duration of AS needed to achieve RAOs is expected to 
be approximately 3 years. The results of the sustainability assessment indicated that the operations phase is the 
driver for overall environmental impacts of this alternative. Electricity to power the compressor for 3 years 
accounted for the majority of environmental impacts, transportation of personnel to the site for O&M accounted 
for the majority of the worker safety impacts. Field implementation is anticipated to take approximately 3 months 
to complete. 

5.3.4.5. Implementability 
This alternative is technically feasible and implementable with readily available services and materials. Competent 
HDD companies and AS components are readily procurable. Horizontal AS has been successfully implemented at 
Site 89 and other sites across MCB CamLej. The predominance of sands and subsurface homogeneity at Site 89 is 
a factor in achieving a large ROI.  

5.3.4.6. Costs 
The horizontal AS system present-worth cost is estimated to be $1,360,000, with a capital cost of $920,000, and a 
present worth O&M cost of $440,000. The annual O&M cost is primarily for system O&M and groundwater 
monitoring and reporting for 3 years.  

5.4 Individual Analysis of Alternatives – Surface Water 
Seven of the nine USEPA criteria were used in the detailed analysis of the three Surface Water alternatives. State 
and community acceptance will be evaluated for the alternatives following the Public Meeting and the proposed 
remedial action plan. The analyses are summarized in Tables 5-3 and 5-4. 

5.4.1 Surface Water Alternative 1 – No Action 
The No Action alternative is discussed in detail in Section 5.2.1 for groundwater. The surface water No Action 
alternative is assumed to have the same acceptability as the groundwater No Action alternatives.  

5.4.2 Surface Water Alternative 2 – PRB 
5.4.2.1. Protection of Human Health and the Environment 
The Surface Water PRB alternative is considered protective of human health and the environment because 
groundwater contamination would be reduced, prior to discharging into Edwards Creek, through the introduction 
of more electron donors, thereby increasing the rate of reductive dechlorination. LUCs would remain in place until 
RAOs have been met, mitigating potential human health risks from exposure to impacted media. 

5.4.2.2. Compliance with ARARs 
This alternative will comply with chemical-, location-, and action-specific ARARs. Chemical-specific ARARs will be 
achieved through reduction of COCs through treatment by the PRB and the selection of groundwater treatment 
alternatives. Location-specific ARARs regarding construction within or potentially impacting a wetland will be 
achieved following substantive standards related to wetlands. Action-specific ARARs regarding land-disturbing 
activities during PRB construction, underground injections, monitoring well installation, and waste handling will 
be complied with during each activity of this alternative.  
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5.4.2.3. Long-term Effectiveness and Permanence 
As with the groundwater PRB, the length of time to reach RAOs is dependent on active treatment of the 
groundwater. If groundwater is actively treated in the source area, treated groundwater would have to travel 
approximately 500 to 600 feet to the PRB. The time to meet RAOs would likely be less than 5 years. However, 
since upgradient groundwater will remain impacted, continued maintenance of the PRB will be required for 
greater than 30 years to ensure that RAOs continue to be met. The permanent risk reduction timeline is 
determined by the time required for biodegradation of VOCs, and the NA of groundwater could reduce the time it 
takes for surface water RAOs to be achieved. Regular injection of a carbon substrate would be required every 3 to 
5 years after the initial period for the original PRB to breakdown (at least 5 years) until RAOs have been met. With 
the exception of regular substrate injections, the PRB requires little to no active maintenance or repairs. 

5.4.2.4. Reduction of Toxicity, Mobility, or Volume through Treatment 
This alternative would reduce the toxicity, mobility, and volume of the contaminant plume by treating 
groundwater flowing through the PRB prior to discharging to Edwards Creek. 

5.4.2.5. Short-term Effectiveness 
The short-term effectiveness of the PRB is primarily contingent on engineering controls to protect the 
environment, workers, and the Community during implementation. Heavy equipment would be required during 
the initial implementation, and handling carbon substrate and injection equipment would be required during 
subsequent injections. Based on the sustainability analysis, the majority of the overall environmental impacts for 
this alternative result from the transportation and handling of equipment, consumables (mulch and sand), and 
residuals during the installation of the PRB. Implementation is anticipated to take 2 to 3 months. 

5.4.2.6. Implementability 
This alternative is technically feasible and implementable with available services and materials. Annual monitoring 
of PRB performance for 30 years is assumed. 

5.4.2.7. Costs 
The present-worth cost of the surface water PRB is $1,952,000. Capital costs are estimated to be $1,277,000, and 
the present-worth cost of monitoring and injections is $675,000. 

5.4.3 Surface Water Alternative 3 – Aerators  
5.4.3.1. Protection of Human Health and the Environment 
The Surface Water Aerator alternative is considered protective of human health and the environment because 
impacted surface water would be treated through mass transfer (volatilization) of COCs from the surface water. 
LUCs will be in place through the duration of the treatment until RAOs have been achieved. 

5.4.3.2. Compliance with ARARs 
This alternative would comply with chemical-specific ARARs because it will reduce them to below the NCSWQS 
standards. It will also comply with action- and location-specific ARARs because impacts from implementation and 
operations are not likely to be significant in sensitive ecosystems. 

5.4.3.3. Long-term Effectiveness and Permanence 
This alternative is considered to meet the long-term effectiveness and permanence criterion if the aerators are 
properly maintained. This alternative features the installation of five surface water aerators and monthly 
maintenance of each. As surface water moves through the aerators, it is expected that all COCs would be reduced 
to acceptable levels. Since the source of surface water impacts is groundwater discharging into Edwards Creek, it 
is expected that surface water RAOs would be achieved when groundwater RAOs are achieved.  

5.4.3.4. Reduction of Toxicity, Mobility, or Volume 
This alternative is expected to reduce the toxicity, mobility, and volume of impacted surface water through mass 
transfer of contaminants (volatilization).  
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5.4.3.5. Short-term Effectiveness 
The short-term effectiveness of this alternative is primarily impacted by the electricity that would need to be 
provided to the aerators. Engineering and safety controls would be employed during installation and regular 
maintenance to protect worker safety. The results of the sustainability assessment indicated that the primary 
environmental impacts over the lifetime of this alternative are associated with electricity required to run the 
aerators, and the worker safety impacts were primarily related to transportation to and from the site for O&M 
and LTM. 

5.4.3.6. Implementability 
This alternative is technically feasible and implementable with available services and materials. A review of the 
alternative would be conducted at least every 5 years. 
5.4.3.7. Costs 
The present-worth cost of the aerators is $297,000. Capital costs are estimated to be $47,000, and the present-
worth cost of O&M and monitoring is $250,000. 

5.5 Comparative Analysis of Alternatives  
In the following subsections, the alternatives are comparatively analyzed using the nine USEPA criteria. The 
analyses are summarized in Tables 5-1 and 5-3 for groundwater and surface water, respectively. It is assumed that 
the No Action alternative does not comply with any criteria and will not be compared in the following sections. 

5.5.1 Overall Protection of Human Health and the Environment 
All of the alternatives screened, with the exception of the No Action alternatives, can achieve the RAOs specified 
in Section 3.2 (summarized as follows): 

1. Restore groundwater quality at Site 89 to meet NCDENR and federal primary drinking water standards based 
on the classification of the aquifer as a potential source of drinking water [Class GA or Class GSA] under 15A 
NCAC 02L.0201 

2. Minimize degradation of Edwards Creek from COC-impacted groundwater discharging into surface water 

3. Control exposure to COCs in groundwater and vapor intrusion from COCs in groundwater 

Downgradient Alternatives 2 and 3 and Source Alternatives 2 through 4 are suitable for the treatment of 
groundwater containing COCs and for the reduction of risk to human receptors. The Source Area Alternatives 
provide active treatment to reduce the concentrations of COCs in groundwater, expediting the NA process. 
Monitoring and LUCs will provide protection until RAOs are achieved. 

5.5.2 Compliance with ARARs 
All alternatives, except No Action, would be expected to meet ARARs, discussed in Section 3, at the completion of 
implementation.  

5.5.2.1. Downgradient Area Groundwater 
Although Downgradient Area Alternatives 2 and 3 are expected to comply with ARARs, Alternative 2 will be easier 
to comply with action-specific ARARs since it does not include land-disturbing activities, large volumes of residuals 
to dispose of, or the injections that Alternative 3 includes. 

5.5.2.2. Source Area Groundwater 
Source Area Alternatives 2 through 4 are all expected to have similar action-specific ARARs to comply with 
(injections, well installation, and residuals handling). 

5.5.2.3. Surface Water 
Similar to Downgradient Area Alternative 3, Surface Water Alternative 2 (PRB) will have more action-specific 
ARARs to comply with, including injections and land-disturbing activities within a wetland.  
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5.5.3 Long-term Effectiveness and Permanence 
5.5.3.1. Downgradient Area Groundwater 
Downgradient Area Alternatives 2 and 3 would be expected to be effective in the long-term. Alternative 2 would 
take the longest time to achieve RAOs because it relies on NA, whereas Alternative 3 provides enhanced 
conditions for reductive dechlorination. Alternative 3 requires more long-term maintenance in the form of regular 
injections of a carbon source to replenish the electron donor in the PRB. 

5.5.3.2. Source Area Groundwater 
All Source Area alternatives are expected to be effective in the long-term, although “rebound” is a potential issue 
with any injection scenario or AS. Active treatment is intended to treat a majority of the remaining contamination 
and allow NA to reduce groundwater contaminant concentration to levels below regulatory limits. Source Area 
Alternative 2 would take the longest of the active treatment alternatives because it relies on biological 
degradation rather than chemical or physical processes to remove contaminant mass. Since ISCO rapidly oxidizes 
COCs to innocuous compounds on contact, Source Area Alternative 3 would likely remove COCs in the shortest 
amount of time; however, distribution and rebound could limit the overall effectiveness of ISCO. Source Area 
Alternative 4 would also remove COCs within a relatively short amount of time, and air may be more effective 
than liquid injection if contact with impacted media is limited. Due to the possibility of rebound, multiple 
injections (or system restart for AS) may be required for Source Area Alternatives 2, 3, and 4; however, it is less 
labor- and material-intensive to restart the compressor than to reinject large quantities of substrate or oxidant. 
AS requires higher maintenance than the other Source Area Alternatives. Subsurface distribution is key to the 
effectiveness and treatment time-frame of Source Area Alternatives 2 and 3 (microbes, ERD substrate, or 
oxidant). 

5.5.3.3. Surface Water 
Surface Water Alternatives 2 and 3 would likely be effective in the long-term. Both Alternatives require long-term 
O&M. Alternative 2 (PRB) requires more costly material- and labor-intensive monitoring and maintenance (regular 
injections of ERD substrate) than Alternative 3 (Aerators). Active treatment of groundwater is desired to remove 
the source of surface water contamination from impacted surficial groundwater discharge.  

5.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
5.5.4.1. Downgradient Area Groundwater 
Downgradient Area Alternative 2 (MNA) would not actively provide reduction in toxicity, mobility, or volume; 
however this criterion would eventually be achieved through NA. The rate of natural biodegradation is also 
uncertain at this time. Downgradient Area Alternative 3 would reduce toxicity, mobility and volume of 
contaminants by providing passive remediation of contaminants migrating from the Source Area, but it would not 
treat the source directly. 

5.5.4.2. Source Area Groundwater 
Source Area Alternatives 2 through 4 would reduce toxicity, mobility and volume through treatment. Source Area 
Alternatives 3 and 4 would quickly reduce the toxicity and volume of COCs in groundwater through chemical 
oxidation or air stripping, while with Alternative 2, the toxicity, mobility, and volume of COCs would be reduced at 
a relatively slower rate because it is dependent on biological processes.  

5.5.4.3. Surface Water 
Surface Water Alternatives 2 and 3 would reduce the toxicity and volume of contaminants in Edwards Creek. 
Alternative 2 would remove contaminants prior to entering the creek, while Alternative 3 would remove the 
contaminants in the creek, leaving a continuous source discharging from the groundwater. 

5.5.5 Short-term Effectiveness 
5.5.5.1. Downgradient Area Groundwater 
Short-term effectiveness, in terms of risks to the environment, workers, and the Community during 
implementation, would be lowest for Downgradient Alternative 2 (MNA) compared with Downgradient Area 
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Alternative 3. Since both alternatives include MNA for 30 years, the only difference between the two alternatives 
is the PRB installation and maintenance. Alternative 3 is likely to reach RAOs within a shorter timeframe but have 
higher environmental impacts because of installation activities and maintenance of the PRB. 

5.5.5.2. Source Area Groundwater 
Short-term effectiveness, in terms of risks to workers, the community, and the environment, would be minimized 
for Source Area Alternative 2 through 4 through the use of appropriate PPE and air monitoring. Source Area 
Alternative 3 has a highest short-term risk to the worker due to the use of oxidants and strongly corrosive 
chemicals and the possibility of re-injection. In general, emissions, water consumption, and energy use are 
greatest for Source Area Alternative 4. Source Area Alternatives 3 and 4 are most likely to achieve RAOs in the 
shortest period of time because of the enhanced distribution of relatively fast-acting reagents, particularly ISCO. 
Source Area Alternative 4 will take the shortest time to install compared with Source Area Alternatives 2 and 3. 

5.5.5.3. Surface Water 
Short-term effectiveness of surface water alternatives would vary significantly among the three alternatives. Site 
preparation and installation of the PRB (Alternative 2) would involve heavy equipment and significant soil 
movement, which would pose an elevated risk to workers during implementation and increase water 
consumption. Electricity would need to be supplied to the aerators (Alternative 3), which would increase GHG, 
NOx, and SOx emissions. Alternative 2 relies on groundwater to flow through the PRB and subsurface before 
reaching Edwards Creek and may take 2 to 5 years before the COC concentrations in the water are within 
regulatory limits. Alternative 3 would begin treating surface water when the aerators were installed and 
operational. 

5.5.6 Sustainability 
SiteWiseTM Version 1.0 was used to compare the environmental footprint of remedial action alternatives in terms 
of a consistent set of sustainability metrics: GHG emissions, energy use, criteria air emissions (including NOx, SOx, 
and PM10), water consumption, and worker safety. Assumptions and results are provided in Appendix C. 

SiteWise™ results are for comparative purposes only, since many of the assumptions are based on industry 
standards instead of site-specific or particular remedy equipment and materials information. Thus, they should 
not be viewed as the actual impacts of each remedy. The results can be used to select alternatives or target 
environmental inefficiencies in various phases of the remedial action to improve the overall environmental impact 
of a selected alternative. 

A comparative analysis for the alternatives in the Downgradient Area, Source Area, and surface water is provided 
as follows. Each alternative was ranked (1, 2, 3, and so on, with 1 being the best performer) by its footprint 
compared with the other alternatives within each area (Source, Downgradient, surface water). The overall rank of 
the environmental footprints for each alternative was estimated by averaging the relative ranks and rounding to 
the nearest whole number. It is important to note that the relative ranking does not account for magnitude 
difference between alternatives in each category and overall ranking assumes each metric is weighted equally. 

5.5.6.1. Downgradient Area Groundwater 
Downgradient Area Alternative 1 (No Action) would be expected to have no environmental footprint but is not 
discussed further. Downgradient Area Alternatives 2 and 3 were analyzed to provide a better understanding of 
the relative magnitude of impacts from each part of the remedial action. The life-cycle impacts of Downgradient 
Area Alternative 2 are associated with personnel transportation to and from the site for LTM. In addition to the 
impacts associated with MNA, the life-cycle impacts of Alternative 3 would include the transportation of soil from 
the PRB installation and the transportation of injection materials to the site. The highest relative impacts 
associated with Downgradient Area Alternatives 2 and 3 were PM10 emissions and worker safety (primarily from 
driving vehicles). A summary of the relative ranking of the Downgradient Area alternatives is provided in the 
following Table. The footprint of Alternative 3 was 2 to 8 times greater than Alternative 2 in all impact categories.  
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Downgradient Area Alternative Relative Rankings 

Alternative GHG Energy 
Use 

Water 
Use NOx SOx PM10 

Accident 
Risk 

Fatality 

Accident 
Risk 

Injury 

Overall 
Rank 

Alternative 2 
MNA 1 1 1 1 1 1 1 1 1 

Alternative 3  
PRB and MNA 2 2 2 2 2 2 2 2 2 

 5.5.6.2. Source Area Groundwater 
Source Area Alternative 2 (ERD) had the lowest relative impacts in all categories for the active treatment options. 
Source Area Alternative 3 (ISCO) had the highest relative PM10 emissions and accident risk fatality and injury, 
primarily due to the manufacturing, transportation, and onsite handling of the large amount of persulfate 
required to treat the SOD of the proposed treatment area. Source Area Alternative 4 (AS) had the highest relative 
GHG, total energy, water consumption, NOx, and SOx emissions, primarily due to water demands and emissions 
from power plants supplying electricity to run the compressor and AS equipment during operation. 

Source Area Alternative 3 (ISCO) and Source Area Alternative 4 (AS) had the same overall rank. In general, the 
footprints for ISCO and AS were within one order of magnitude of each other, with the exception of SOx 
emissions, which was almost two orders of magnitude higher for AS. 

Source Area Alternative Relative Rankings 

Alternative GHG Energy 
Use 

Water 
Use NOx SOx PM10 

Accident 
Risk 

Fatality 

Accident 
Risk 

Injury 

Overall 
Rank 

Alternative 2  
ERD 1 1 1 1 1 2 1 2 1 

Alternative 3  
ISCO 2 2 2 2 2 3 3 3 2 

Alternative 4 
AS 3 3 3 3 3 1 2 1 2 

 5.5.6.3. Surface Water 
Alternative 2 had higher relative GHG emissions, criteria air pollutant emissions, water consumption, and worker 
safety impacts. Water consumption impacts were primarily a result of water requirements for the EVO injections. 
The remaining impacts were primarily a result of material and waste hauling during the PRB construction and 
subsequent injections and personnel transportation for PRB monitoring. The GHG, total energy, and NOx footprint 
of Alternative 2 was within the same order of magnitude as Alternative 3. Water consumption and accident risk 
fatality and injury were between 2.5 and 5 times greater for Alternative 2. PM10 emissions were 20 times greater 
for Alternative 2 than Alternative 3. 

Alternative 3 had higher relative SOx emissions (approximately 9 times greater than Alternative 2), primarily due 
to electricity use during operation. A summary of the relative rankings between the Surface Water alternatives is 
provided as follows. 
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Surface Water Alternative Relative Rankings 

Alternative GHG Energy 
Use 

Water 
Use NOx SOx PM10 

Accident 
Risk 

Fatality 

Accident 
Risk 

Injury 

Overall 
Rank 

Alternative 2  

Surface Water PRB 
2 2 2 2 1 2 2 2 2 

Alternative 3 
Aerators 1 1 1 1 2 1 1 1 1 

 

5.5.7 Implementability 
5.5.7.1. Downgradient Area Groundwater 
Each alternative is implementable, with materials and services readily available. Downgradient Alternative 2 
(MNA) is significantly easier to implement because no construction activities are required. The PRB would require 
significant site preparation and construction activities to implement. Additionally, it would involve significant soil 
handling (approximately 1,500 cubic yards) during initial implementation and regular injections during the life-
span of the PRB. There are also a limited number of one-pass trenching companies for the PRB. 

5.5.7.2. Source Area Groundwater 
Each alternative is implementable, with materials and services readily available. However, subsurface liquid 
injections rely heavily on the ability to distribute reagents uniformly at acceptable quantities. In addition, ISCO 
(Alternative 3) would require extra health and safety precautions for the handling of both the oxidant and the 
activator. Similarly, AS (Alternative 4) relies upon a relatively uniform distribution of air. Air injected beneath the 
cemented sand layer or any clay lenses would likely follow this layer until it reaches the point where it is 
discontinuous. Alternatives 2, 3, and 4 would involve significant construction activities during installation of 105 
injection wells (5,875 linear feet total) or 2,950 linear feet of horizontal wells. While HDD is more specialized than 
vertical drilling, the two horizontal wells can be installed from one location so set-up and breakdown costs would 
be relatively minor compared to 105 different well locations for Source Area Alternatives 2 and 3. 

5.5.7.3. Surface Water 
Both surface water alternatives are implementable, with materials and services readily available. Preparation, 
installation, and maintenance for Alternative 3 would be significantly easier than Alternative 2. Alternative 2 
would require site preparation to clear vegetation from the trencher path. Additionally, it would involve soil 
handling (approximately 2,000 cubic yards) during initial implementation and regular injections during the life-
span of the PRB. There are also a limited number of one-pass trenching companies for the PRB. 

5.5.8 Cost 
Tables 5-2 and 5-4 summarize the direct and indirect capital costs, as well as long-term O&M costs (as applicable) 
for the alternatives. The detailed cost estimates are provided in Appendix B.  

5.5.8.1. Downgradient Area Groundwater 
The estimated present-worth cost of Downgradient Area Alternative 2, $841,000, is less than half of the cost of 
Downgradient Area Alternative 3, estimated at $1,836,000. 

5.5.8.2. Source Area Groundwater 
The estimated present-worth cost of Source Area Alternative 3, $4,137,000, is more than twice the cost of Source 
Area Alternatives 2 ($1,682,000) or 4 ($1,360,000). Source Area Alternative 2 is estimated to be approximately 
$300,000 higher than Source Area  
Alternative 4.  
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5.5.8.3. Surface Water 
The estimated present-worth cost of Alternative 2, $1,952,000, is significantly higher than Alternative 3, 
estimated at $297,000. 

5.5.9 State Acceptance 
State acceptance would be likely for all alternatives, except for No Action.  

5.5.10 Community Acceptance 
Community acceptance would be unlikely for No Action. Community acceptance would be likely for the other 
alternatives. 
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Operable Unit No. 16 (Site 89)

Alternative 1 Alternative 2 Alternative 3 Alternative 1 Alternative 2 Alternative 3 Alternative 4
No Action Monitored Natural Attenuation Permeable Reactive Barrier/MNA No Action Enhanced Reductive Dechlorination In Situ Chemical Oxidation Air Sparging via Horizontal Well

Overall Protection of Human 
Health and the Environment

Will not meet RAOs. Human health risks 
associated with potential receptors and 
the potential future use of groundwater as 
a potable source.

Will eventually meet RAOs.  Prolonged 
period of time required to meet RAOs due 
to reliance on natural biodegradation. 

Will eventually meet RAOs by promoting 
degradation of VOCs in the downgradient 
area but does not provide active treatment in 
the DRMO area.  Prolonged period of time 
required to meet RAOs site-wide.

Will not meet RAOs. Human health risks 
associated with potential receptors and the 
potential future use of groundwater as a 
potable source.

Will meet RAOs by promoting biological 
degradation of VOCs in active treatment area. 
MNA or PRB/MNA is assumed for areas outside 
of the treatment area to ensure that monitoring 
RAOs are met. 

Will meet RAOs via oxidation of VOCs in 
treatment area. MNA or PRB/MNA is assumed 
for areas outside of the treatment area to ensure 
that monitoring RAOs are met. 

Will meet RAOs via mass transfer by volatilizing 
dissolved phase VOCs. MNA or PRB/MNA is 
assumed for areas outside of the treatment area 
to ensure that monitoring RAOs are met. 

Compliance with ARARs Does not comply with chemical-specific or 
location-specific ARARs.

Complies with ARARs. Complies with ARARs Does not comply with chemical-specific or 
location-specific ARARs.

Complies with ARARs Complies with ARARs. Complies with ARARs.

Long-term Effectiveness and 
Permanence

Will not reduce risk; therefore, is not 
effective in the long term. Additionally, no 
mechanism is in place to monitor (1) 
attenuation of VOCs and (2) potential 
migration of plume into deeper aquifers. 

Expected to be an effective and 
permanent remedy for treatment of 
downgradient groundwater if land use 
controls are in place and groundwater is 
monitored to ensure that the plume is not 
migrating. Permanent risk reduction is 
achieved when contaminants attenuate 
below the appropriate standards.

Expected to be an effective and permanent 
remedy for treatment of groundwater 
contaminated with chlorinated solvents.  
Permanent risk reduction time line is 
determined by time required for 
biodegradation of the VOCs. Re-injection of 
substrate may be required when the mulch 
wall has reached its end of life.

Will not reduce risk; therefore, is not effective 
in the long term. Additionally, no mechanism 
is in place to monitor (1) attenuation of VOCs 
and (2) potential migration of plume into 
deeper aquifers. 

Expected to be an effective and permanent 
remedy for treatment of groundwater 
contaminated with chlorinated solvents.  
Permanent risk reduction time line is determined 
by time required for biodegradation of the VOCs. 
Rebounding is a possibility and re-injection of 
substrate may be required based on the 
performance of the primary injection.

Expected to be an effective and permanent 
remedy for treatment of groundwater 
contaminated with VOCs to below 
NCGWQS/MCLs within proposed treatment area 
at completion of implementation. Rebounding is a 
possibility and re-injection may be required based 
on the performance of the primary injection. A 
portion of the over 1500 metric tons of GHG 
emissions may persist for decades, even after 
RAOs have been acheived. 

Expected to be an effective and permanent 
remedy for treatment of groundwater 
contaminated with chlorinated solvents to below 
NCGWQS/MCLs within proposed treatment area 
at completion of system operation. A portion of 
the over 1000 metric tons of GHG emmisions 
may persist for decades, even after RAOs have 
been acheived. 

Reduction of Toxicity, Mobility or 
Volume Through Treatment

No treatment is involved, so it does not 
meet this criterion.

Reduces toxicity, mobility, and volume 
over a prolonged period of time by 
naturally degrading contaminants. 

Reduces toxicity, mobility, or volume through 
introduction of electron donors allowing 
increased reductive dechlorination.

No treatment is involved, so it does not meet 
this criterion.

Reduces toxicity, mobility, or volume through 
promotion of biologically mediated reductive 
dechlorination.

Reduces toxicity, mobility, or volume through 
chemical oxidation of dissolved phase VOCs to 
carbon dioxide, water and chloride.

Reduces toxicity, mobility, or volume through 
mass transfer to volatilize dissolved phase 
VOCs.

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

Due to the slow natural attenuation 
process, COCs are expected to remain 
above NCGWQS for at least 40 years. 
Monitoring would be required during the 
duration of remediation. Based on the 
sustainability analysis, transportation of 
personnel and residuals is the primary 
contributor to life-cycle environmental 
impacts and worker safety risks.

Heavy equipment operations will be required 
during PRB construction and handling EVO 
and injection equipment will be required 
during subsequent injections. Engineering 
controls will be required during installation to 
protect the environment, and safety controls 
to protect workers. Potential risk to worker 
safety is increased for this alternative due to 
30 years of MNA. The sustainability 
assessment indicates the transportation and 
handling of equipment, consumables (mulch, 
sand, and substrate injectant) are the primary 
contributors to life-cycle environmental 
impacts and worker safety risks. 

No short-term impacts because nothing is 
implemented.

Requires engineering controls during any 
injection event to protect environment, and safety 
controls to protect workers. Monitoring would be 
required during the duration of remediation. The 
sustainability assessment indicates that the 
overall environmental impacts are primarily 
associated with equipment use during the 
construction of the injection wells and the 
manufacturing and transportation of the 
EVO/Lactate substrate.

Worker safety is an issue thorough the use of 
oxidants and corrosive chemicals. Requires 
engineering controls during any injection event to 
protect the environment, and safety controls to 
protect workers. Chemical oxidation is a relatively 
fast process and contaminant reduction in the 
treatment area is expected to be relatively high in 
the short term.  The sustainability assessment 
indicates that the overall environmental impacts 
are primarily associated with the manufacture 
and transportation of persulfate and NaOH, and 
equipment and material use for the installation of 
injection wells.

Short-term impacts include the potential to 
generate VOC vapors from sparging that are not 
captured. The duration of air sparging needed in 
order to achieve RAOs is expected to be 3 years 
or more. Ambient air monitoring will be required 
to ensure vapor concentrations do not exceed 
applicable regulatory standards during the 
duration of remediation. The sustainability 
assessment indicated that the operations phase 
is the driver for overall environmental impacts of 
this alternative. Electricity to power the 
compressor for 3 years accounts for the majority 
of environmental impacts, transportation of 
personnel to the site for operations and 
maintenance accounts for the majority of the 
worker safety risks

Implementability No construction or operation. Services and materials are available; and 
the technology is easily implementable.

Services and materials are available; and the 
technology is easily implementable. EVO 
injections will be required every 5 years to 
maintain the effectiveness of the mulch wall. 
The total depth of the mulch wall is limited to 
40 feet bgs due to technological limitations.

No construction or operation. Services and materials are available; and the 
technology is easily implementable. Based on the 
ERD pilot study, dsitribution was effective in the 
surficial aquifer. Generally, the soil at Site 89 is 
comprised of homogeneous sands and silty 
sands; however, thin clay lenses may cause 
preferential flow paths and impede injectant 
distribution.

Services and materials are available; and the 
technology is easily implementable.  Health and 
safety precautions would be required while 
handling both the oxidant and the activator. The 
soils at Site 89 are generally homogeneous 
sands and silty sands; however, thin clay lenses 
throughout the surficial aquifer zone may cause 
preferential flow paths and impede injectant 
distribution.

Services and materials are available; and the 
technology is easily implementable. This 
technology proved successful at Site89 during 
the treatability study.  Permanent construction 
and electricity service would be required.

Cost $0 $841,000 $1,836,000 $0 $1,682,000 $4,137,000 $1,360,000 

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

MCB CamLej, North Carolina

Feasibility Study

Evaluation Criteria
Downgradient Area Source Area
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Operable Unit No. 16 (Site 89)

North Carolina

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

Total Capital Costs $7,700 $11,000 $16,500 $563,397 $804,853 $1,207,280

Subsequent Years' Costs $580,820 $829,743 $1,244,615 $721,833 $1,031,189 $1,546,784
Total Present Worth Costsc $588,520 $840,743 $1,261,115 $1,285,230 $1,836,043 $2,754,064

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

Total Capital Costs $1,177,258 $1,681,798 $2,522,696 $2,895,671 $4,136,673 $6,205,009 $643,923 $919,890 $1,379,835

Subsequent Years' Costs $0 $0 $0 $0 $0 $0 $308,145 $440,208 $660,312
Total Present Worth Costsf $1,177,258 $1,681,798 $2,522,696 $2,895,671 $4,136,673 $6,205,009 $952,068 $1,360,098 $2,040,147

*Assumption - one Downgradient Area alternative and  one Source Area alternative will be selected.
a Includes 90 years GW monitoring
b Includes EVO injections every 3 years, 15 years of semi-annual monitoring of select wells, 90 years of annual monitoring of all wells
c Includes 7.0% discount rate for 90 year present worth analysis
d Includes 1 year semi-annual performance monitoring of selected wells
e Includes 3 years O&M and GW monitoring  
f Includes 1.4% discount rate for 3-year present worth analysis 

TABLE 5-2
Summary of Cost Analysis - Groundwater

Feasibility Study
Marine Corps Base, Camp Lejeune

General Response Action - 
Downgradient Area Alternatives*

General Response Action  - 
Source Area Alternatives*

Source Area Alternative 2
ERD - Injection Wellsd

Source Area Alternative 3
ISCO - Injection Wellsd

Source Area Alternative 4
Air Sparge - Horizontal Wellse

Downgradient Area Alternative 3
PRB - Injection Wells, Plus MNA b

Downgradient Area Alternative 2
MNAa



Operable Unit No. 16 (Site 89)

Alternative 1 Alternative 2 Alternative 3

No Action PRB Mulch Wall Aerators

Overall Protection of Human Health and the 

Environment

Will not meet RAOs. Human health risks associated with 

potential receptors and the potential future use of groundwater 

as a potable source.

Will meet RAOs by treating surficial groundwater discharging into 

the surface water. Prolonged period of time required for PRB to be 

in use.

Will meet RAOs via volitalization of VOCs in treatment area.

Compliance with ARARs Does not comply with chemical-specific or location-specific 

ARARs.

Complies with ARARs. Complies with ARARs.

Long-term Effectiveness and Permanence Will not reduce risk; therefore, is not effective in the long term. 

Additionally, no mechanism is in place to monitor attenuation of 

VOCs.

Expected to be an effective and permanent remedy for treatment of 

surface water contaminated with VOCs to below NCSWQS within 

proposed treatment area. Permanent risk reduction time line is 

determined by time required for biodegradation of the VOCs. Re-

injection of substrate will be required when the mulch wall has 

reached the end of its life. A portion of the emissions of GHGs and 

NOx may persist in the long term. It is estimated that it will take 

greater than 30 years to acheive RAOs.

Expected to be an effective and permanent remedy for treatment of 

surface water contaminated with VOCs to below NCGWQS/MCLs 

within proposed treatment area at completion of implementation. A 

portion of the emissions of GHGs and other pollutants such as NOx 

and SOx  may persist in the long term.

Reduction of Toxicity, Mobility or Volume 

Through Treatment

No treatment is involved, so it does not meet this criterion. Reduces toxicity, mobility, or volume through volitilization of 

dissolved phase VOCs.

Reduces toxicity, mobility, or volume through volitilization of 

dissolved phase VOCs.

Short-term Effectiveness No short-term impacts because nothing is implemented. Heavy equipment and large volumes of earth moving will be 

required during construction and handling EVO and injection 

equipment will be required during subsequent injections. Requires 

engineering controls during construction to protect environment, and 

safety controls to protect workers. The majority of the life-cycle 

environmental impacts for this alternative result from the 

transportation and handling of equipment, consumables (mulch and 

sand), and residuals during the installation of the PRB

Requires engineering controls during construction to protect 

environment, and safety controls to protect workers. The aerators 

would have to continue use until groundwater discharging into creek 

is below NCSWQS. The sustainability assessment indicates that 

the primary environmental impacts over the lifetime of this 

alternative are associated with electricity required to run the 

aerators and the worker safety impacts were primarily related to 

transportation to and from the site for operations and maintenance 

and LTM.

Implementability No construction or operation. Services and materials are available; and the technology is easily 

implementable. Injections of EVO will be required every 3 years 

after the first 5 years to replenish the electron donors in the PRB.

Services and materials are available; and the technology is easily 

implementable. Permanent electricity would be required. 

Cost $0 $1,952,000 $297,000 

TABLE 5-3

Summary of Surface Water Remedial Alternatives Evaluated Against the Nine Criteria

Feasibility Study

MCB CamLej, North Carolina

Evaluation Criteria
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Operable Unit No. 16 (Site 89)

North Carolina

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

Total Capital Costs $472,294 $674,706 $1,012,060 $33,075 $47,250 $70,875

Subsequent Years' Costs $894,106 $1,277,294 $1,915,941 $174,540 $249,343 $374,015

Total Present Worth Costsc $1,366,400 $1,952,000 $2,928,001 $207,615 $296,593 $444,890

a Includes  EVO injections every 3 years and annual PRB performance monitoring for 30 years
b Includes O&M for Aerators and annual surface water monitoring for 30 years
c Includes 4.2% discount rate for 30 year present value analysis

Alternative 3
Aerators b

Alternative 2
Permeable Reactive Barrier (Mulch 

Wall)a

TABLE 5-4
Summary of Cost Analysis - Surface Water Alternatives

Feasibility Study
Marine Corps Base, Camp Lejeune

General Response Action
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CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE 72 3,000 0.5 UJ 2.3 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1,1,2-TRICHLORO-1,2,2-TRIFLUO 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1,1,2-TRICHLOROETHANE 1.1 J 29 J 0.5 U 1.6 0.5 U 13 U 0.61 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1,1-DICHLOROETHANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1,1-DICHLOROETHENE 1.6 U 100 U 2.3 J 1.5 0.5 U 20 1.8 0.5 U 1.1 1 0.7 0.5 U 0.5 U 0.5 U 0.5 U
1,2-DICHLOROPROPANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
2-BUTANONE 7.8 U 500 U 2.5 U 2.5 U 2.5 U 63 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U
ACETONE 7.8 U 500 U 2.5 U 2.5 UJ 2.5 UJ 63 U 4.4 U 5.1 U 3 U 8.8 U 2.5 UJ 2.5 U 2.5 U 2.5 U 2.5 UJ
BENZENE 1.6 U 100 U 0.13 J 0.5 U 0.5 U 13 U 0.27 J 0.11 J 0.18 J 0.2 J 0.14 J 0.5 U 0.13 J 0.5 U 0.13 J
BROMODICHLOROMETHANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
BROMOFORM 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
CARBON DISULFIDE 1.6 U 380 0.5 U 0.19 J 0.5 U 13 U 0.5 U 0.15 J 0.11 J 0.5 U 0.6 0.5 U 0.5 U 0.5 U 0.5 U
CHLOROFORM 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
CIS-1,2-DICHLOROETHENE 38 5,000 53 40 0.5 U 320 460 0.23 J 330 330 40 0.5 U 0.5 U 0.79 8
CYCLOHEXANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
DIBROMOCHLOROMETHANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
DICHLORODIFLUOROMETHANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
ETHYLBENZENE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.1 J 0.11 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
ISOPROPYL BENZENE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
m- and p-Xylene 3.1 U 200 U 1 U 1 U 1 U 25 U 0.25 J 0.4 J 0.36 J 0.42 J 1 U 1 U 1 U 1 U 1 U
METHYL ACETATE 1.6 U 100 U 0.5 U 0.5 UJ 0.5 UJ 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ
METHYLCYCLOHEXANE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
METHYLENE CHLORIDE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 19 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
METHYL-TERT-BUTYL ETHER 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
O-XYLENE 1.6 U 100 U 0.18 J 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.12 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
STYRENE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
TETRACHLOROETHENE 11 100 U 0.5 U 4.2 0.5 U 13 U 4.4 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
TOLUENE 1.6 U 100 U 0.5 U 0.5 U 0.5 U 13 U 0.65 U 1.1 U 0.88 U 1 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
TRANS-1,2-DICHLOROETHENE 22 1,800 5 J 7.5 0.5 U 54 140 0.5 U 65 64 23 0.5 U 0.5 U 0.5 U 0.5 U
TRICHLOROETHENE 52 920 14 J 29 0.5 U 29 560 0.24 J 230 220 19 0.5 U 0.5 U 0.5 U 4.3
VINYL CHLORIDE 1.1 J 1,100 34 5.8 0.5 U 53 48 0.5 U 6.3 6.3 8.4 0.5 U 0.5 U 0.5 U 0.17 J
XYLENE (TOTAL) 1.6 U 100 U 0.18 J 0.5 U 0.5 U 13 U 0.26 J 0.42 J 0.38 J 0.56 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

Total Metals (UG/L) *
IRON 1,880 631,000 66.4 B 1,230 653 528 17,600 41.9 B 638 703 29,000 1,300 1,860 322 289
MANGANESE 32.4 686 12.6 5.7 B 37.3 50.5 115 E 8.4 BE 32.1 E 34 E 311 39 16.9 24.4 42.9 E

Wet Chemistry (MG/L) *
ALKALINITY 10 U 103 197 163 278 238 210 309 237 237 171 260 10 U 237 151
CHLORIDE 7.3 JD 69 D 10 U 7.5 JD 82 D 15 D 13 D 150 D 10 JD 10 D 14 JD 59 D 6.7 JD 57 D 13 D
ETHANE 0.3 J 30 0.1 J 2 U 2 U 0.2 J 0.2 J 2 U 2 U 2 U 1 J 2 U 2 U 2 U 2 U
ETHENE 0.2 J 93 0.9 J 2 U 2 U 0.4 J 0.4 J 2 U 2 U 2 U 0.3 J 2 U 2 U 2 U 2 U
METHANE 92 BD 110 BD 10 B 13 B 5 B 4 B 6 B 4 B 7 B 7 B 190 BD 10 B 0.2 JB 1 B 20 B
NITRATE AS N 0.25 U 0.25 U 1.1 D 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
NITRITE AS N 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
SULFATE AS SO4 41 D 26 D 24 JD 32 D 8.7 JD 190 D 16 JD 14 JD 16 JD 16 JD 12 JD 5.4 JD 8.4 JD 6.5 JD 5 JD
SULFIDE, TOTAL 1 U 0.4 J 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
TOTAL ORGANIC CARBON 11.8 18 1.48 J 3.64 J 1.47 J 1.3 J 5 U 1.44 J 5 U 1.44 J 13.6 5 U 1.71 J 1.21 J 5 U

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

IR89-MW06IW-08C

9/24/08

IR89-MW06-08C

9/24/08

IR89-MW06DW-08C

9/24/08

IR89-MW05-08C

9/25/08

IR89-MW05DW-08C

9/26/08

IR89-MW04IW-08C

9/23/08

IR89-MW04IWD-08C

9/23/08

IR89-MW04-08C

9/23/08

IR89-MW04DW-08C

9/23/08

IR89-MW03IW-08C

9/25/08

IR89-MW02IW-08C

9/27/08

IR89-MW03-08C

9/25/08

IR89-MW01-08C

9/28/08

IR89-MW02-08C

9/28/08

IR89-MW03DW-08C

9/25/08

Page 1 of 7



CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE
1,1,2-TRICHLORO-1,2,2-TRIFLUO
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROPROPANE
2-BUTANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
CARBON DISULFIDE
CHLOROFORM
CIS-1,2-DICHLOROETHENE
CYCLOHEXANE
DIBROMOCHLOROMETHANE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
ISOPROPYL BENZENE
m- and p-Xylene
METHYL ACETATE
METHYLCYCLOHEXANE
METHYLENE CHLORIDE
METHYL-TERT-BUTYL ETHER
O-XYLENE
STYRENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENE (TOTAL)

Total Metals (UG/L) *
IRON
MANGANESE

Wet Chemistry (MG/L) *
ALKALINITY
CHLORIDE
ETHANE
ETHENE
METHANE
NITRATE AS N
NITRITE AS N
SULFATE AS SO4
SULFIDE, TOTAL
TOTAL ORGANIC CARBON

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

0.5 U 0.5 U 0.5 U 140 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 92 500 U 0.5 U 1.8 U 10
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 J 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 1.3 J 500 U 0.5 U 1.8 U 1.7
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 1.2 J 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 300 J 0.5 U 1.8 U 0.32 J
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
2.5 U 2.5 U 2.5 U 16 U 2.5 U 2.5 U 2.5 U 1400 U 2.5 U 2.5 U 16 U 2500 U 2.5 U 8.9 U 2.5 U
2.5 U 2.5 U 2.5 U 16 U 2.5 U 2.5 U 2.5 U 1400 U 2.5 U 2.5 U 16 U 2500 U 2.5 U 8.9 U 2.5 U
0.5 U 0.5 U 0.5 U 1 J 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.17 J
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.22 J 0.5 U 3.1 U 5.1 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 2.6 150 0.5 U 0.5 U 0.5 U 6,400 0.5 U 0.5 U 25 24,000 0.74 48 220
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U

0.28 J 1 U 1 U 6.3 U 1 U 1 U 1 U 560 U 1 U 1 U 6.3 U 1000 U 1 U 3.6 U 1 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 UJ 0.5 UJ 0.5 UJ 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 680 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.12 J
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 4.9 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.7 500 U 0.5 U 1.3 J 0.93

0.68 U 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.54 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U
0.5 U 0.5 U 0.5 U 85 0.5 U 0.5 U 0.5 U 110 J 0.5 U 0.5 U 2.8 J 3,500 0.5 U 4.7 33
0.5 U 0.5 U 2.1 100 0.5 U 0.5 U 0.5 U 210 J 0.5 U 0.5 U 56 500 U 0.5 U 35 51
0.5 U 0.5 U 0.5 U 47 0.5 U 0.5 U 0.5 U 3,000 0.5 U 0.5 U 3.1 U 11,000 0.6 1.8 U 7.9

0.29 J 0.5 U 0.5 U 3.1 U 0.5 U 0.5 U 0.5 U 280 U 0.5 U 0.5 U 3.1 U 500 U 0.5 U 1.8 U 0.5 U

40.6 B 378 548 425 354 239 7,610 4,140 799 837 187 6,870 2,800 255 110
1.9 B 35.7 32.3 7.6 B 33.7 37.5 10.5 67 E 40.1 E 41.3 E 35 89.4 60.6 53 E 54

10 U 219 172 10 U 326 127 27.5 255 213 220 10 U 105 224 44.6 10 U
4.9 JD 71 D 13 D 31 D 94 D 15 D 6.9 JD 24 D 12 D 11 D 13 D 130 D 10 D 5.6 JD 37 D

2 U 2 U 2 U 2 2 U 2 U 2 U 9 2 U 2 U 0.1 J 110 0.4 J 2 U 2 U
2 U 2 U 2 U 2 2 U 2 U 2 U 63 0.2 J 2 U 2 U 150 E 0.1 J 2 U 2 U

0.2 JB 2 B 2 B 73 BD 9 B 33 B 1 B 83 BD 20 BD 45 B 0.3 JB 50 BD 34 BD 1 B 0.7 JB
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 3.9 D 0.32 D 0.25 U 0.95 D 3.5 D
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

12 JD 8.3 JD 4.3 JD 52 D 25 U 3.6 JD 7.6 JD 25 U 25 U 25 U 64 D 59 D 25 U 64 D 77 D
1 U 1 U 1 U 1 U 0.4 J 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
5 U 5 U 5 U 4.46 J 1.8 J 5 U 2.57 J 5.02 2.01 J 2.12 J 1.69 J 7.49 2.72 J 1.76 J 2.37 J

IR89-MW12-08C

9/23/08

IR89-MW13-08C

9/25/08

IR89-MW11-08C

9/26/08

IR89-MW11IW-08C

9/26/08

IR89-MW09IWD-08C

9/23/08

IR89-MW10-08C

9/26/08

IR89-MW09-08C

9/23/08

IR89-MW09IW-08C

9/23/08

IR89-MW08IW-08C

9/29/08

IR89-MW08SW-08C

9/29/08

IR89-MW08-08C

9/28/08

IR89-MW08DW-08C

9/29/08

IR89-MW07DW-08C

9/24/08

IR89-MW07IW-08C

9/24/08

IR89-MW07-08C

9/24/08
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CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE
1,1,2-TRICHLORO-1,2,2-TRIFLUO
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROPROPANE
2-BUTANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
CARBON DISULFIDE
CHLOROFORM
CIS-1,2-DICHLOROETHENE
CYCLOHEXANE
DIBROMOCHLOROMETHANE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
ISOPROPYL BENZENE
m- and p-Xylene
METHYL ACETATE
METHYLCYCLOHEXANE
METHYLENE CHLORIDE
METHYL-TERT-BUTYL ETHER
O-XYLENE
STYRENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENE (TOTAL)

Total Metals (UG/L) *
IRON
MANGANESE

Wet Chemistry (MG/L) *
ALKALINITY
CHLORIDE
ETHANE
ETHENE
METHANE
NITRATE AS N
NITRITE AS N
SULFATE AS SO4
SULFIDE, TOTAL
TOTAL ORGANIC CARBON

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 UJ 1000 U 360 U 210 U 280 U 500 U 15 U 37 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 26 J 340 J 110 J 210 U 280 U 500 U 23 21 210 J
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 420 U 5200 U 1800 U 1000 U 1400 U 2500 U 74 U 63 U 2500 U
2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 420 U 5200 U 1800 U 1000 U 1400 U 2500 U 74 U 63 U 2500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
1.2 0.88 0.24 J 2.1 0.36 J 0.3 J 3,200 46,000 15,000 210 U 3,800 3,000 540 610 13,000
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 UJ 1000 UJ 360 UJ 210 U 280 UJ 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.11 J 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U

1 U 0.22 J 0.22 J 0.24 J 0.32 J 1 U 170 U 2100 U 710 U 420 U 560 U 1000 U 29 U 25 U 1000 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 83 UJ 1000 UJ 360 UJ 210 U 280 UJ 500 UJ 15 UJ 13 UJ 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 51 J 1000 U 360 U 210 U 280 U 500 U 4.8 J 8.4 J 500 U
0.5 U 0.5 U 0.55 U 0.65 U 0.74 U 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 190 4,900 1,800 220 110 J 500 U 17 89 310 J
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2,800 1000 U 360 U 210 U 280 U 500 U 65 370 6,500
0.5 U 0.5 U 0.5 U 8.4 0.5 U 0.5 U 67 J 8,900 3,800 6,400 9,800 13,000 240 230 5,300
0.5 U 0.23 J 0.23 J 0.25 J 0.33 J 0.5 U 83 U 1000 U 360 U 210 U 280 U 500 U 15 U 13 U 500 U

4,210 4,480 4,250 3,400 1,360 3,200 2,020 11,300 10,800 47,300 7,560 7,720 4,810 4,820 7,100
43.7 56.2 54.8 77.6 43.6 77 68.8 236 229 724 149 152 52.9 52.7 102

237 250 250 245 253 222 216 304 306 25.1 212 217 10 U 222 233
16 D 14 D 14 D 10 D 11 D 8.1 JD 13 D 410 D 400 D 520 D 350 D 320 D 11 D 9.5 JD 230 D
2 U 2 U 0.06 J 2 2 U 2 U 0.1 J 83 63 2 46 49 5 4 23
2 U 2 U 2 U 0.3 J 2 U 2 U 0.7 J 110 R 85 460 D 610 R 620 R 2 2 400 R

33 BD 77 BD 66 BD 60 BD 100 BD 44 B 23 B 230 BD 180 BD 2,400 BD 340 BD 420 BD 54 B 51 B 440 BD
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

25 U 25 U 25 U 25 U 25 U 25 U 25 U 57 D 88 D 25 U 23 JD 22 JD 25 U 25 U 11 JD
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 0.6 J 1 U 1 U 1 U 1 U 1 U

4.09 J 4.22 J 4.4 J 4.16 J 3.24 J 2.33 J 2.18 J 15.1 13.6 20.4 12 12.1 2.73 J 2.6 J 7.02

IR89-MW30-08C

9/28/08

IR89-MW29IW-08C

9/28/08

IR89-MW29IWD-08C

9/28/08

IR89-MW29-08C

9/28/08

IR89-MW29D-08C

9/28/08

IR89-MW21D-08C

9/28/08

IR89-MW21IW-08C

9/28/08

IR89-MW17IW-08C

9/28/08

IR89-MW21-08C

9/28/08

IR89-MW15IW-08C

9/26/08

IR89-MW16IW-08C

9/28/08

IR89-MW14IWD-08C

9/26/08

IR89-MW15-08C

9/26/08

IR89-MW14-08C

9/26/08

IR89-MW14IW-08C

9/26/08

Page 3 of 7



CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE
1,1,2-TRICHLORO-1,2,2-TRIFLUO
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROPROPANE
2-BUTANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
CARBON DISULFIDE
CHLOROFORM
CIS-1,2-DICHLOROETHENE
CYCLOHEXANE
DIBROMOCHLOROMETHANE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
ISOPROPYL BENZENE
m- and p-Xylene
METHYL ACETATE
METHYLCYCLOHEXANE
METHYLENE CHLORIDE
METHYL-TERT-BUTYL ETHER
O-XYLENE
STYRENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENE (TOTAL)

Total Metals (UG/L) *
IRON
MANGANESE

Wet Chemistry (MG/L) *
ALKALINITY
CHLORIDE
ETHANE
ETHENE
METHANE
NITRATE AS N
NITRITE AS N
SULFATE AS SO4
SULFIDE, TOTAL
TOTAL ORGANIC CARBON

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

4,800 7,700 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
180 J 420 J 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
100 J 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

2500 U 6300 U 8.9 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U
2500 U 6300 U 8.9 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 UJ 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 UJ 2.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.13 J 0.36 J 0.5 U 0.5 U 0.5 U 0.5 U 0.71 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 2.9 0.5 U 0.17 J 0.5 U 0.5 U 1.2 0.5 U 0.5 U 0.42 J
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

14,000 50,000 17 0.5 U 0.13 J 1.3 0.46 J 0.14 J 0.5 U 9.9 0.5 U 0.5 U 6.3 0.15 J 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.11 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

1000 U 2500 U 3.6 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.58 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
210 J 1300 U 0.77 J 0.5 U 0.5 U 0.18 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
500 U 1300 U 47 0.5 U 0.5 U 0.5 U 0.54 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

4,900 13,000 1.5 J 0.5 U 0.5 U 0.27 J 0.5 U 0.5 U 0.5 U 0.33 J 0.5 U 0.5 U 0.14 J 0.5 U 0.5 U
18,000 27,000 33 0.5 U 0.5 U 13 0.42 J 0.5 U 0.5 U 0.67 0.5 U 0.5 U 1.9 0.5 U 0.5 U

190 J 1,300 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.12 J 0.5 U 0.22 J 0.5 U 0.5 U 0.12 J 0.5 U 0.5 U
500 U 1300 U 1.8 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

7,830 19,400 8,500 1,420 1,090 91.2 B 1,770 12,600 900 616 153 685 904 1,660 13,500
252 334 143 41.2 33.5 2.2 B 54.6 27.4 37 46 2.4 B 25.5 37.7 11.7 224

154 260 96.9 264 223 32.5 204 13.9 226 278 10 U 278 230 10 U 327
130 D 170 D 10 D 30 D 10 JD 6.8 JD 20 D 44 D 48 D 18 D 5.7 JD 98 D 13 D 7 J 180 D
0.3 J 4 2 U 2 U 2 U 2 U 0.2 J 2 U 2 U 2 U 2 U 0.1 J 2 U 2 U 2 U

1 J 9 2 U 2 U 2 U 2 U 0.8 J 2 U 2 U 2 U 0.4 J 2 U 2 U 2 U 2 U
6 B 5 B 66 BD 5 B 36 B 0.2 JB 2 B 33 B 1 B 2 B 1 B 10 B 5 B 24 B 4 B

0.25 U 0.25 U 1.2 D 0.25 U 0.25 U 0.3 D 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.34 D
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
200 D 310 D 78 D 25 U 25 U 23 JD 20 JD 190 D 25 U 32 D 8.5 JD 5.9 JD 12 JD 6.5 JD 11 JD

1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
3.9 J 5 U 6.01 2.91 J 2.29 J 1.2 J 1.62 J 7.22 1.07 J 1.06 J 5 U 5 U 5 U 4.17 J 1.13 J

IR89-MW36-08C

9/24/08

IR89-MW36DW-08C

9/29/08

IR89-MW35DW-08C

9/29/08

IR89-MW35IW-08C

9/29/08

IR89-MW34IW-08C

9/25/08

IR89-MW35-08C

9/29/08

IR89-MW34-08C

9/24/08

IR89-MW34DW-08C

9/25/08

IR89-MW33-08C

9/26/08

IR89-MW33DW-08C

9/26/08

IR89-MW32DW-08C

9/25/08

IR89-MW32IW-08C

9/25/08

IR89-MW31IW-08C

9/28/08

IR89-MW32-08C

9/25/08

IR89-MW31-08C

9/28/08
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CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE
1,1,2-TRICHLORO-1,2,2-TRIFLUO
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROPROPANE
2-BUTANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
CARBON DISULFIDE
CHLOROFORM
CIS-1,2-DICHLOROETHENE
CYCLOHEXANE
DIBROMOCHLOROMETHANE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
ISOPROPYL BENZENE
m- and p-Xylene
METHYL ACETATE
METHYLCYCLOHEXANE
METHYLENE CHLORIDE
METHYL-TERT-BUTYL ETHER
O-XYLENE
STYRENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENE (TOTAL)

Total Metals (UG/L) *
IRON
MANGANESE

Wet Chemistry (MG/L) *
ALKALINITY
CHLORIDE
ETHANE
ETHENE
METHANE
NITRATE AS N
NITRITE AS N
SULFATE AS SO4
SULFIDE, TOTAL
TOTAL ORGANIC CARBON

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 9,300 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 160 J 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
1.7 1.7 5.8 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1.3 1.3 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 1800 U 2.5 U
2.5 UJ 2.5 UJ 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 1800 U 3.9 U
0.5 U 0.5 U 0.38 J 0.5 U 0.5 U 0.13 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U

0.14 J 0.13 J 0.5 U 0.3 J 0.5 U 0.5 U 0.13 J 0.5 U 0.5 U 0.55 0.5 U 0.69 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1.3 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
230 220 590 0.5 U 0.21 J 0.5 U 0.5 U 0.5 U 0.5 U 78 76 0.5 U 0.5 U 7,000 0.28 J
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U

1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 710 U 1 U
0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 140 J 0.5 U
0.5 U 0.5 U 0.54 U 0.5 U 0.58 U 0.5 U 0.5 U 0.5 U 0.54 U 0.56 U 0.5 U 0.5 U 0.58 U 360 U 0.5 U
4.9 4.6 19 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.18 J 0.18 J 0.5 U 0.5 U 2,400 0.5 U
88 83 280 0.5 U 0.12 J 0.5 U 0.5 U 0.5 U 0.5 U 57 56 0.5 U 0.5 U 13,000 0.5 U
6.7 6.4 22 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 38 38 0.5 U 0.5 U 360 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 0.5 U

946 900 676 690 1,200 1,540 1,220 1,220 2,300 47,900 48,200 320 1,740 167 2,720
41.7 41.4 14.9 23.1 E 35.9 42.9 28.8 28.6 28.1 171 E 206 E 17.5 18.2 E 19.4 47.3 E

142 155 203 285 207 63.4 259 257 252 160 160 331 219 308 218
12 D 12 D 12 D 110 D 13 D 21 D 30 D 35 D 15 D 20 D 24 D 220 D 36 D 63 D 8.3 JD
2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 0.3 J 0.3 J 2 U 2 U 2 U 2 U

0.2 J 0.3 J 0.4 J 2 U 2 U 2 U 2 U 2 U 2 U 2 2 2 U 2 U 2 U 2 U
2 B 4 B 11 B 14 B 8 B 14 B 57 B 54 B 18 BD 380 BD 260 BD 15 B 7 B 4 B 9 B

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.31 D 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
6.6 JD 6.8 JD 15 JD 7.9 JD 25 U 19 JD 25 U 25 U 25 U 25 U 25 U 16 JD 4.2 JD 6.8 JD 12 JD

1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
5 U 5 U 5 U 1.49 J 2.19 J 1.71 J 2.26 J 2.44 J 2.83 J 5.13 5.19 1.42 J 1.72 J 1.35 J 2.29 J

IR89-MW41-08C

9/23/08

IR89-MW39IW-08C

9/24/08

IR89-MW40-08C

9/28/08

IR89-MW39D-08C

9/24/08

IR89-MW39DW-08C

9/26/08

IR89-MW38IW-08C

9/24/08

IR89-MW39-08C

9/24/08

IR89-MW38DW-08C

9/29/08

IR89-MW38DWD-08C

9/29/08

IR89-MW37IW-08C

9/24/08

IR89-MW38-08C

9/24/08

IR89-MW37-08C

9/24/08

IR89-MW37DW-08C

9/24/08

IR89-MW36IW-08C

9/24/08

IR89-MW36IWD-08C

9/24/08
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CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE
1,1,2-TRICHLORO-1,2,2-TRIFLUO
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROPROPANE
2-BUTANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
CARBON DISULFIDE
CHLOROFORM
CIS-1,2-DICHLOROETHENE
CYCLOHEXANE
DIBROMOCHLOROMETHANE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
ISOPROPYL BENZENE
m- and p-Xylene
METHYL ACETATE
METHYLCYCLOHEXANE
METHYLENE CHLORIDE
METHYL-TERT-BUTYL ETHER
O-XYLENE
STYRENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENE (TOTAL)

Total Metals (UG/L) *
IRON
MANGANESE

Wet Chemistry (MG/L) *
ALKALINITY
CHLORIDE
ETHANE
ETHENE
METHANE
NITRATE AS N
NITRITE AS N
SULFATE AS SO4
SULFIDE, TOTAL
TOTAL ORGANIC CARBON

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 1,300 4,700 2,100 2.5 U
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 93 J 340 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 20 J 5.2 J 10 21 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 48 310 U 310 U 38 J 2.9
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
2.5 U 100 U 63 U 13 U 69 U 2.5 U 2.5 U 36 U 10 U 31 U 14 U 160 U 1600 U 1600 U 780 U 13 U
2.5 U 100 U 63 U 13 U 69 U 3.3 U 2.5 U 36 U 10 U 31 U 14 U 160 U 1600 U 1600 U 780 U 13 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 0.67 J 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U

0.36 J 170 95 32 970 0.5 U 0.5 U 55 30 110 56 1,400 10,000 15,000 6,300 57
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U

1 U 42 U 25 U 5 U 28 U 1 U 1 U 14 U 4.2 U 13 U 5.6 U 63 U 630 U 630 U 310 U 5 U
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 31 R 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 29 17 2.5 U 19 0.5 U 0.5 U 2.3 J 0.57 J 6.3 U 2.8 U 31 U 310 U 310 U 400 2.5 U
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U
0.5 U 25 14 1.4 J 210 0.5 U 0.5 U 4.3 J 2.5 8.2 4.1 360 3,400 4,900 2,800 3.5
0.5 U 740 440 17 610 0.5 U 0.5 U 170 75 200 78 380 4,000 10,000 52,000 79
0.5 U 14 J 13 U 61 52 0.5 U 0.5 U 7.1 U 2.1 U 1.3 J 0.78 J 330 2,100 2,100 600 9.8
0.5 U 21 U 13 U 2.5 U 14 U 0.5 U 0.5 U 7.1 U 2.1 U 6.3 U 2.8 U 31 U 310 U 310 U 160 U 2.5 U

1,190 2,150 25,600 50,400 18,600 1,610 1,520 20,000 3,920 4,340 2,890 2,090 29,800 3,020 330 9,040
35.8 E 166 450 1,590 485 59.3 E 79 E 756 541 1,020 968 598 149 291 59.6 179

225 69.4 229 360 241 172 174 266 254 176 181 266 260 387 292 322
8.7 JD 8 JD 13 D 13 D 16 D 37 D 37 D 9.9 JD 10 D 33 JD 19 JD 21 D 41 D 52 D 35 D 12 D

2 U 2 U 2 U 10 0.1 J 2 U 2 U 2 U 0.03 J 2 U 2 U 0.5 J 43 9 0.2 J 4
2 U 2 U 2 U 8 3 2 U 2 U 2 U 2 U 2 U 2 U 5 140 R 29 1 J 0.7 J

50 B 0.3 JB 0.5 JB 1,700 BD 42 BD 1 B 0.8 JB 0.8 JB 0.9 JB 0.2 JB 0.3 JB 30 B 220 BD 49 BD 47 B 1,300 BD
0.31 D 0.25 U 0.25 U 0.25 U 0.59 D 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

25 U 190 D 220 D 5.4 JD 100 D 18 JD 17 JD 620 D 510 D 1,200 D 1,400 D 150 D 40 D 22 JD 8.7 JD 9.9 JD
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

2.15 J 5 U 5 U 2.13 J 1.27 J 5 U 5 U 1.46 J 1.73 J 2.26 J 4.91 J 5.96 3.68 J 1.04 J 5 U 1.42 J

IR89-MW54-08C

9/28/08

IR89-MW52-08C

9/27/08

IR89-MW53-08C

9/28/08

IR89-MW50-08C

9/27/08

IR89-MW51-08C

9/27/08

IR89-MW49A-08C

9/25/08

IR89-MW49B-08C

9/25/08

IR89-MW48A-08C

9/25/08

IR89-MW48B-08C

9/26/08

IR89-MW46-08C

9/23/08

IR89-MW46D-08C

9/23/08

IR89-MW44-08C

9/27/08

IR89-MW45-08C

9/27/08

IR89-MW43-08C

9/26/08

IR89-MW43B-08C

9/25/08

IR89-MW41IW-08C

9/23/08
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CTO - 215
Camp Lejeune - Site 89

Groundwater Raw Analytical Results
September 2008

Sample ID

Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
1,1,2,2-TETRACHLOROETHANE
1,1,2-TRICHLORO-1,2,2-TRIFLUO
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROPROPANE
2-BUTANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
CARBON DISULFIDE
CHLOROFORM
CIS-1,2-DICHLOROETHENE
CYCLOHEXANE
DIBROMOCHLOROMETHANE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
ISOPROPYL BENZENE
m- and p-Xylene
METHYL ACETATE
METHYLCYCLOHEXANE
METHYLENE CHLORIDE
METHYL-TERT-BUTYL ETHER
O-XYLENE
STYRENE
TETRACHLOROETHENE
TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENE (TOTAL)

Total Metals (UG/L) *
IRON
MANGANESE

Wet Chemistry (MG/L) *
ALKALINITY
CHLORIDE
ETHANE
ETHENE
METHANE
NITRATE AS N
NITRITE AS N
SULFATE AS SO4
SULFIDE, TOTAL
TOTAL ORGANIC CARBON

Notes:
B - Value may be attributable to blank 
contamination
D - Compound identified in an analysis at a 
secondary dilution factor.
E - Concentration exceeds calibration range of 
GC/MS instrument (Organic) OR value should be 
considered estimated due to matrix interference 
(Inorganic)
J - Analyte present.  Value may or may not be 
accurate or precise
NA - Not analyzed
R - Unreliable Result

U - The material was analyed for, but not detected
UG_L - Micrograms per liter
UJ - Analyte not detected, quantitation limit may be
inaccurate

* -  Total Metals and WCHEM data is NOT validated

0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.83 2.7 J 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
2.5 U 2.5 U 42 U 69 U 2500 U 7 U
2.5 U 2.5 U 42 U 69 U 2500 U 7 U
0.5 U 0.5 U 8.3 U 14 U 500 U 0.44 J
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U

0.56 0.5 U 8.3 U 14 U 500 U 0.28 J
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 65 310 440 18,000 45
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U

1 U 1 U 17 U 28 U 1000 U 2.8 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 2 8.3 U 14 U 500 U 1.4 U
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U
0.5 U 4.1 29 18 750 0.61 J
0.5 U 18 23 14 U 500 U 1.4 U
0.5 U 48 210 450 14,000 61
0.5 U 0.5 U 8.3 U 14 U 500 U 1.4 U

24,200 2,970 3,970 31,200 9,870 25,500
416 49.7 E 56.5 310 169 E 75.3

301 210 202 679 D 385 658 D
13 D 9.5 JD 24 D 26 D 92 D 31 D
6 2 U 3 6 96 3

0.2 J 0.1 J 2 5 350 R 3
1,300 BD 36 B 63 BD 1,700 BD 500 BD 1,100 BD

0.3 D 0.25 U 0.25 U 0.25 U 0.29 D 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
110 D 3.7 JD 25 U 9.3 JD 25 U 9.9 JD

1 U 1 U 1 U 1 U 1 U 1 U
1.8 J 2.37 J 2.62 J 15.3 28.1 12.3

IR89-MW62-08C

9/28/08

IR89-MW59-08C

9/28/08

IR89-MW60-08C

9/23/08

IR89-MW57-08C

9/23/08

IR89-MW58-08C

9/28/08

IR89-MW55-08C

9/28/08
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CTO-81
Camp Lejeune - Site 89

Validated Groudnwater Raw Analytical Results
2009 - 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,1-Trichloroethane 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
1,1,2,2-Tetrachloroethane 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.84 U 0.78 U 0.5 U 0.5 U
1,1,2-Trichloroethane 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.84 U 0.78 U 0.5 U 0.5 U
1,1-Dichloroethane 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
1,1-Dichloroethene 0.5 UJ 0.5 U NA NA 0.5 UJ 0.5 U NA NA 2 UJ 2 UJ 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
1,2-Dichlorobenzene 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
1,2-Dichloroethane 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 0.82 J 0.74 J 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 UJ NA NA
1,2-Dichloropropane 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
1,3-Dichlorobenzene 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
2-Butanone 9.7 R 19 J NA NA 12 J 100 J NA NA 10 R 10 R 14 J 24 J NA NA NA NA 53 110 J NA NA
2-Hexanone 2.5 U 2.5 UJ NA NA 2.5 U 2.5 U NA NA 10 U 10 U 2.5 UJ 2.5 U NA NA NA NA 5.6 3.9 UJ NA NA
4-Methyl-2-pentanone 2.5 U 2.5 UJ NA NA 2.5 U 2.5 U NA NA 10 U 10 U 2.5 UJ 2.5 U NA NA NA NA 4.2 U 3.9 UJ NA NA
Acetone 9.9 R 20 NA NA 13 R 120 NA NA 10 R 10 R 23 J 25 NA NA NA NA 26 J 58 NA NA
Benzene 2 4.8 NA NA 1.9 2.5 NA NA 4.4 4.3 6.8 J 7.3 NA NA NA NA 43 39 NA NA
Bromodichloromethane 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
Bromoform 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 UJ 0.78 U NA NA
Bromomethane 0.5 R 1.4 UJ NA NA 0.5 R 1.4 U NA NA 2 R 2 R 1.4 UJ 1.4 U NA NA NA NA 0.84 U 2.2 UJ NA NA
Carbon disulfide 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
Carbon tetrachloride 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 UJ NA NA
Chloroethane 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 2 U 2.3 2.2 J 2.2 NA NA NA NA 5 1.9 J NA NA
Chloroform 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
cis-1,2-Dichloroethene 0.42 J 0.65 0.49 J 0.5 U 1.3 1.3 1.2 0.7 100 110 16 J 18 11 11 5.8 5.8 6.9 7.2 3.6 2.8
Dibromochloromethane 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
Ethylbenzene 0.19 J 0.5 U NA NA 0.59 0.92 NA NA 0.63 J 0.54 J 0.94 J 0.93 NA NA NA NA 1.6 2.9 NA NA
Isopropylbenzene 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.12 J 0.11 J NA NA NA NA 0.84 U 0.78 U NA NA
m- and p-Xylene 1 U 1 U NA NA 0.21 J 1 U NA NA 4 U 4 U 1 UJ 1 U NA NA NA NA 0.52 J 1.6 U NA NA
Methyl acetate 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
Methylene chloride 0.22 U 0.5 U NA NA 0.16 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.41 U 0.78 U NA NA
Methyl-tert-butyl ether (MTBE) 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
o-Xylene 0.1 J 0.5 U NA NA 0.21 J 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.96 1.7 NA NA
Styrene 0.5 U 0.5 U NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 U NA NA
Tetrachloroethene 0.5 U 0.5 U 0.081 J 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.84 UJ 0.78 U 0.5 U 0.5 UJ
Toluene 0.81 U 1.5 NA NA 2.5 3.4 NA NA 2 U 2 U 2.4 J 2.4 NA NA NA NA 5.2 6 NA NA
trans-1,2-Dichloroethene 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.81 J 0.84 J 0.14 J 0.14 J 0.5 U 0.5 U 0.094 J 0.1 J 4.9 3.6 2.5 2.5
Trichloroethene 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2 U 2 U 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.37 J 0.35 J 0.5 U 0.5 U
Vinyl chloride 0.5 U 0.5 U 0.5 U 0.5 U 0.21 J 0.17 J 0.5 U 0.5 U 130 120 5.9 J 5.9 1.8 1.7 0.71 0.77 12 3.3 3.5 3.9
Xylene, total 0.1 J 0.5 NA NA 0.45 J 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 1.5 2.9 NA NA

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene 0.5 U 0.12 J NA NA 0.16 J 0.25 J NA NA 2 U 0.45 J 0.52 J 0.5 NA NA NA NA 0.75 J 2.4 NA NA
Hexachlorobutadiene 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.5 UJ 0.5 U NA NA NA NA 0.84 U 0.78 UJ NA NA
Naphthalene 0.5 U 0.5 UJ NA NA 0.5 U 0.5 U NA NA 2 U 2 U 0.18 J 0.35 J NA NA NA NA 0.84 U 0.78 UJ NA NA
\\wolfpack\proj\NavyClean\CampLejeune\Site 89 FS 2011_Working Files\Tables\FandT_Data\[CTO-81_2009-2010_GW_RDE.xls], rshaw2, 02/07/2011

Notes: W_RDE.xls]
Shading indicates detections rshaw2
NA - Not analyzed ########
J - Analyte present, value may or may not be 
accurate or precise
R - Unreliable Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be 
inaccurate
µg/l - Micrograms per liter

IR89-GW71-10B
04/14/10

IR89-GW71-10C
07/14/10

IR89-MW71
IR89-GW71-09D

10/13/09
IR89-GW71-10A

01/20/10
IR89-GW68-10C

07/14/10
IR89-GW68D-10C

07/14/10

IR89-MW68
IR89-GW68-10B

04/14/10
IR89-GW68D-10B

04/14/10
IR89-GW68-10A

01/20/10
IR89-GW68D-10A

01/20/10
IR89-GW68-09D

10/13/09
IR89-GW68D-09D

10/13/09
IR89-GW65-10B

04/14/10
IR89-GW65-10C

07/14/10

IR89-MW65
IR89-GW65-09D

10/13/09
IR89-GW65-10A

01/20/10
IR89-GW64-10B

04/14/10
IR89-GW64-10C

07/14/10

IR89-MW64
IR89-GW64-09D

10/13/09
IR89-GW64-10A

01/20/10
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CTO-81
Camp Lejeune - Site 89

Validated Groudnwater Raw Analytical Results
2009 - 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chloroethane
Chloroform
cis-1,2-Dichloroethene
Dibromochloromethane
Ethylbenzene
Isopropylbenzene
m- and p-Xylene
Methyl acetate
Methylene chloride
Methyl-tert-butyl ether (MTBE)
o-Xylene
Styrene
Tetrachloroethene
Toluene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride
Xylene, total

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene
Hexachlorobutadiene
Naphthalene
\\wolfpack\proj\NavyClean\CampLejeune\Site 89 FS 2011_Working

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
R - Unreliable Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be 
inaccurate
µg/l - Micrograms per liter

630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 U 330 J 310 U 63 U 210 U 320 J 630 U 13 U 0.5 UJ 13 U 7.8 U 1 U 1.3 U
630 U 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 310 U 63 U 210 U 360 U 630 U 13 U 0.77 13 U 7.8 U 1 U 1.3 U
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 UJ 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 UJ NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA

3,100 U 1,400 R NA NA 4.1 R 2.5 R NA NA 1,800 U 1,600 R NA NA 1,800 U 3,100 R NA NA 63 U 39 R NA NA
3,100 U 1,400 U NA NA 2.5 U 2.5 UJ NA NA 1,800 U 1,600 U NA NA 1,800 U 3,100 U NA NA 63 U 39 UJ NA NA
3,100 U 1,400 U NA NA 2.5 U 2.5 UJ NA NA 1,800 U 1,600 U NA NA 1,800 U 3,100 U NA NA 63 U 39 UJ NA NA
3,100 R 1,900 U NA NA 12 R 14 NA NA 1,800 R 2,200 U NA NA 4,800 R 4,300 U NA NA 83 R 54 U NA NA

630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 UJ 280 U NA NA 0.5 U 0.5 U NA NA 360 UJ 310 U NA NA 360 UJ 630 U NA NA 13 UJ 7.8 U NA NA
630 U 780 U NA NA 0.5 R 1.4 UJ NA NA 360 U 880 U NA NA 360 U 1,800 U NA NA 13 U 22 UJ NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 UJ NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA
630 U 280 U NA NA 0.5 U 0.5 UJ NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA

28,000 11,000 8,100 8,400 29 8.7 1.5 0.5 U 23,000 13,000 9,800 10,000 72,000 39,000 35,000 33,000 560 380 34 54
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA

1,300 U 560 U NA NA 1 U 1 U NA NA 710 U 630 U NA NA 710 U 1,300 U NA NA 25 U 16 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 UJ 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 UJ 360 UJ 310 U 63 U 210 U 360 UJ 630 U 13 U 0.5 U 13 UJ 7.8 U 1 U 1.3 U
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U 51 32 J 0.28 J 0.5 U 0.5 U 0.5 U 360 U 310 U 59 J 67 J 680 180 J 230 150 13 U 1.6 J 1 U 1.3 U
630 U 280 U 13 U 160 U 0.5 U 0.5 U 0.5 U 0.5 U 360 U 310 U 63 U 210 U 370 630 U 2.1 J 0.54 13 U 7.8 U 1 U 1.3 U

2,200 780 830 790 19 18 28 21 5,500 3,600 3,500 3,300 4,100 3,100 2,600 4,300 62 59 58 39
630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA

630 U 280 U NA NA 0.5 U 0.5 U NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 U NA NA
630 U 280 U NA NA 0.5 U 0.5 UJ NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA
630 U 280 U NA NA 0.5 U 0.25 J NA NA 360 U 310 U NA NA 360 U 630 U NA NA 13 U 7.8 UJ NA NA

IR89-GW76-10B
04/14/10

IR89-GW76-10C
07/14/10

IR89-MW76
IR89-GW76-09D

10/13/09
IR89-GW76-10A

01/20/10
IR89-GW75-10B

04/14/10
IR89-GW75-10C

07/14/10

IR89-MW75
IR89-GW75-09D

10/13/09
IR89-GW75-10A

01/20/10
IR89-GW74-10B

04/14/10
IR89-GW74-10C

07/14/10

IR89-MW74
IR89-GW74-09D

10/13/09
IR89-GW74-10A

01/20/10
IR89-GW73-10B

04/14/10
IR89-GW73-10C

07/14/10

IR89-MW73
IR89-GW73-09D

10/13/09
IR89-GW73-10A

01/20/10
IR89-GW72-10B

04/14/10
IR89-GW72-10C

07/14/10

IR89-MW72
IR89-GW72-09D

10/13/09
IR89-GW72-10A

01/20/10
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CTO-81
Camp Lejeune - Site 89

Validated Groudnwater Raw Analytical Results
2009 - 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chloroethane
Chloroform
cis-1,2-Dichloroethene
Dibromochloromethane
Ethylbenzene
Isopropylbenzene
m- and p-Xylene
Methyl acetate
Methylene chloride
Methyl-tert-butyl ether (MTBE)
o-Xylene
Styrene
Tetrachloroethene
Toluene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride
Xylene, total

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene
Hexachlorobutadiene
Naphthalene
\\wolfpack\proj\NavyClean\CampLejeune\Site 89 FS 2011_Working

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
R - Unreliable Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be 
inaccurate
µg/l - Micrograms per liter

83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
120 150 42 U 42 U 25 U 25 U 17 U 18 U 1 U 0.5 U 0.5 U 0.5 U 310 U 310 U 13 U 210 U
83 U 18 J 42 U 42 U 25 U 25 U 17 U 18 U 1 U 0.5 U 0.5 U 0.5 U 310 U 310 U 13 U 210 U
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

420 U 420 U 210 R 210 R NA NA NA NA 5 U 2.5 R NA NA 1,600 U 1,600 R NA NA
420 U 420 U 210 U 210 U NA NA NA NA 5 U 2.5 UJ NA NA 1,600 U 1,600 U NA NA
420 U 420 U 210 U 210 U NA NA NA NA 5 U 2.5 UJ NA NA 1,600 U 1,600 U NA NA
420 R 420 R 290 U 290 U NA NA NA NA 17 R 12 NA NA 1,600 R 2,200 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 UJ 83 UJ 42 U 42 U NA NA NA NA 1 UJ 0.5 U NA NA 310 UJ 310 U NA NA
83 U 83 U 120 U 120 U NA NA NA NA 1 U 1.4 UJ NA NA 310 U 880 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

4,200 4,300 1,800 1,800 1,300 1,400 500 700 56 20 7.5 2.9 16,000 13,000 12,000 11,000
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

170 U 170 U 83 U 83 U NA NA NA NA 2 U 1 U NA NA 630 U 630 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 UJ 83 UJ 42 U 42 U 3.1 J 25 U 17 U 18 U 1 UJ 0.5 U 0.5 U 0.5 U 310 UJ 310 U 13 U 210 U
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

540 650 13 J 10 J 25 U 25 U 2.4 J 3.1 J 1 U 0.5 U 0.5 U 0.5 U 310 U 66 J 110 83 J
83 U 83 U 42 U 42 U 25 U 25 U 17 U 18 U 1 U 0.5 U 0.5 U 0.5 U 310 U 310 U 13 U 210 U

1,900 1,700 1,500 1,600 1,100 1,100 870 1,000 7.9 4.6 3.3 4.6 4,400 3,400 3,000 5,000
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA

83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 U NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA
83 U 83 U 42 U 42 U NA NA NA NA 1 U 0.5 UJ NA NA 310 U 310 U NA NA

IR89-GW79-10B
04/14/10

IR89-GW79-10C
07/14/10

IR89-MW79
IR89-GW79-09D

10/13/09
IR89-GW79-10A

01/20/10
IR89-GW78-10B

04/14/10
IR89-GW78-10C

07/14/10

IR89-MW78
IR89-GW78-09D

10/13/09
IR89-GW78-10A

01/20/10
IR89-GW77-10C

07/14/10
IR89-GW77D-10C

07/14/10

IR89-MW77
IR89-GW77-10B

04/14/10
IR89-GW77D-10B

04/14/10
IR89-GW77-10A

01/20/10
IR89-GW77D-10A

01/20/10
IR89-GW77-09D

10/13/09
IR89-GW77D-09D

10/13/09
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane 0.5 U 22 4.6 4.4 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1,1,2-Trichloroethane 0.5 U 0.36 J 2.3 2.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
cis-1,2-Dichloroethene 0.5 U 4 92 96 87 0.92 J 0.79 J 140 410 0.5 U 280 J 270 16
Tetrachloroethene 0.5 U 2 J 0.5 UJ 0.5 UJ 0.5 UJ 0.5 U 0.5 UJ 0.5 UJ 2.2 J 0.5 U 0.5 U 0.5 U 0.5 U
trans-1,2-Dichloroethene 0.5 U 0.72 J 28 30 0.37 J 0.5 U 0.41 J 26 79 J 0.5 U 72 J 72 J 7.3
Trichloroethene 0.91 J 7.8 3.7 3.2 2.4 1.8 0.66 J 2.8 360 0.5 U 150 J 160 J 2.2
Vinyl chloride 1 U 1 U 130 140 67 1 U 1 U 35 34 J 1 U 16 J 16 J 2.5

Wet Chemistry  (mg/l)
Total organic carbon (TOC) NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

IR89-GW02-10D
12/13/10

IR89-GW02D-10D
12/13/10

IR89-GW24IW
IR89-GW24IW-10D

12/15/10

IR89-MW01
IR89-GW01-10D

12/14/10

IR89-MW02IW
IR89-GW02IW-10D

12/13/10

IR89-MW03
IR89-GW03-10D

12/14/10

IR89-MW03DW
IR89-GW03DW-10D

12/14/10

IR89-MW03IW
IR89-GW03IW-10D

12/14/10
IR89-GW04IW-10D

12/14/10
IR89-GW04IWD-10D

12/14/10

IR89-MW04
IR89-GW04-10D

12/14/10

IR89-MW04DW
IR89-GW04DW-10D

12/14/10

IR89-MW05
IR89-GW05-10D

12/13/10

IR89-MW02 IR89-MW04IW
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 120 0.5 UJ 0.5 U 0.5 U 1.8 J NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 4.3 0.5 UJ 0.5 U 0.5 U 0.5 U NA
0.5 U 0.5 U 0.5 U 0.5 U 5.9 J 0.5 U 0.5 U 0.62 J 150 0.5 UJ 0.5 U 0.5 U 3,100 NA
0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 5.5 0.5 UJ 0.5 UJ 0.5 UJ 0.5 U NA
0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U 76 0.5 UJ 0.5 U 0.5 U 150 J NA
0.5 U 0.5 U 0.5 U 0.5 U 2.2 J 0.5 U 0.5 U 0.48 J 93 0.5 UJ 0.5 U 0.5 U 5.5 J NA

1 U 1 U 1 U 1 U 1 UJ 1 U 1 U 1 U 42 1 UJ 1 U 1 U 1,800 NA

NA NA NA NA NA NA NA NA NA NA NA NA NA 5.7

IR89-MW05DW
IR89-GW05DW-10D

12/14/10

IR89-MW05IW
IR89-GW05IW-10D

12/13/10

IR89-MW06
IR89-GW06-10D

12/13/10

IR89-MW06DW
IR89-GW06DW-10D

12/13/10

IR89-MW06IW
IR89-GW06IW-10D

12/13/10

IR89-MW07
IR89-GW07-10D

12/13/10

IR89-MW07DW
IR89-GW07DW-10D

12/13/10

IR89-MW07IW
IR89-GW07IW-10D

12/13/10

IR89-MW08
IR89-GW08-10D

12/14/10

IR89-MW08DW
IR89-GW08DW-10D

12/13/10

IR89-MW08IW
IR89-GW08IW-10D

12/13/10

IR89-MW08SH
IR89-GW08SH-10D

12/13/10
IR89-GW09-10D

12/14/10
IR89-GW09-11A

01/18/11

IR89-MW09
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.5 U 46 43 0.5 U 0.5 U 0.5 U 0.5 U 9.5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.7 J 0.81 J 0.5 U 0.5 U 0.5 U 0.5 U 1.1 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 44 45 1,900 0.31 J 0.3 J 15 200 1.7 1.4 0.5 U 2.1 0.5 U 0.38 J
0.5 U 2.4 J 2.4 J 0.5 U 0.5 U 0.5 U 0.5 U 0.86 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 5.5 5.5 190 0.5 U 0.5 U 0.5 U 33 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 75 74 2.3 0.5 U 0.5 U 0.56 J 68 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

1 U 1 U 1 U 13,000 1 U 1 U 3.1 3.9 0.3 J 0.46 J 1 U 1 J 1 U 0.32 J

NA NA NA NA NA NA NA NA NA NA NA NA NA NA

IR89-MW09IW
IR89-GW09IW-10D

12/14/10
IR89-GW10-10D

12/14/10
IR89-GW10D-10D

12/14/10
IR89-GW11IWD-10D

12/15/10

IR89-MW12
IR89-GW12-10D

12/14/10

IR89-MW11
IR89-GW11-10D

12/15/10
IR89-GW11IW-10D

12/15/10
IR89-GW14D-10D

12/15/10

IR89-MW14IW
IR89-GW14IW-10D

12/15/10

IR89-MW13
IR89-GW13-10D

12/14/10
IR89-GW14-10D

12/15/10

IR89-MW15
IR89-GW15-10D

12/15/10

IR89-MW15IW
IR89-GW15IW-10D

12/15/10

IR89-MW16IW
IR89-GW16IW-10D

12/14/10

IR89-MW10 IR89-MW11IW IR89-MW14
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.7 J 0.5 U 0.8 J 0.62 J 5 U NA 2,400 6.2 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 1 J 0.5 U 5 U NA 130 48 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

1,800 23 2,200 6,300 18,000 NA 12,000 34,000 0.68 J 0.5 U 0.5 U 0.5 U 0.56 J 30 0.5 U
70 0.5 U 0.5 U 0.5 U 5 U NA 190 19 0.5 UJ 0.5 U 0.5 UJ 0.5 U 0.5 U 1.5 0.5 U

150 14 140 270 900 NA 4,500 7,000 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2.4 0.5 U
4,900 12 22 J 1.3 J 75 NA 15,000 1,500 4.3 0.5 U 0.5 U 1.1 0.5 U 79 0.5 U

48 630 14,000 1,100 11,000 NA 180 990 1 U 1 U 1 U 1 U 1 U 0.56 J 1 U

NA NA NA NA NA 12 NA NA NA NA NA NA NA NA NA

IR89-MW17IW
IR89-GW17IW-10D

12/15/10

IR89-MW21
IR89-GW21-10D

12/15/10

IR89-MW29
IR89-GW29-10D

12/14/10
IR89-GW30-11A

01/18/11

IR89-MW31
IR89-GW31-10D

12/15/10

IR89-MW29IW
IR89-GW29IW-10D

12/14/10
IR89-GW30-10D

12/14/10

IR89-MW31IW
IR89-GW31IW-10D

12/15/10

IR89-MW32
IR89-GW32-10D

12/13/10

IR89-MW32DW
IR89-GW32DW-10D

12/15/10

IR89-MW32IW
IR89-GW32IW-10D

12/13/10

IR89-MW33
IR89-GW33-10D

12/13/10

IR89-MW33DW
IR89-GW33DW-10D

12/15/10

IR89-MW33IW
IR89-GW33IW-10D

12/13/10

IR89-MW34
IR89-GW34-10D

12/13/10

IR89-MW30
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 UJ 6.2 0.5 U 0.5 U 4.6 0.5 U 0.5 U 92 J 94 J 860 860 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 UJ 0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1.3 J 1.3 J 14 J 13 0.5 U 0.5 U 0.5 U 0.5 U
0.5 UJ 0.31 J 0.5 U 0.5 U 0.76 J 0.5 U 0.5 U 16 J 17 J 3.8 J 3.8 0.5 U 0.5 U 0.5 U 0.5 U

0.78 J 1 U 1 U 1 U 1 U 1 U 1 U 0.95 J 0.8 J 34 J 36 1 U 1 U 1 U 1 U

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

IR89-MW34DW
IR89-GW34DW-10D

12/15/10

IR89-MW34IW
IR89-GW34IW-10D

12/13/10

IR89-MW35
IR89-GW35-10D

12/13/10

IR89-MW35DW
IR89-GW35DW-10D

12/13/10

IR89-MW35IW
IR89-GW35IW-10D

12/13/10

IR89-MW36
IR89-GW36-10D

12/13/10
IR89-GW36IWD-10D

12/13/10
IR89-GW37-10D

12/14/10

IR89-MW36IWIR89-MW36DW
IR89-GW36DW-10D

12/13/10
IR89-GW36IW-10D

12/13/10
IR89-GW37D-10D

12/14/10

IR89-MW37DW
IR89-GW37DW-10D

12/14/10

IR89-MW37 IR89-MW37IW
IR89-GW37IW-10D

12/14/10

IR89-MW38
IR89-GW38-10D

12/14/10

IR89-MW38DW
IR89-GW38DW-10D

12/14/10
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.5 U 0.5 U 0.5 U 0.5 U 9,200 9,300 J 0.5 U 0.5 U 1.6 J 0.5 U 0.5 U 0.5 U NA 0.5 UJ 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 120 J 110 J 0.5 U 0.5 U 0.5 UJ 0.5 U 0.5 U 0.5 U NA 0.5 UJ 0.5 U 0.5 U
0.5 U 200 0.5 U 0.5 U 7,800 7,800 J 0.5 U 0.5 U 150 J 56 5 530 NA 0.5 UJ 7.3 120
0.5 U 0.5 U 0.5 U 0.5 U 150 J 140 J 0.5 U 0.5 U 26 J 8.6 J 0.5 U 3.9 J NA 0.5 UJ 1.9 3
0.5 U 0.99 J 0.5 U 0.5 U 2,500 2,500 J 0.5 U 0.5 U 14 J 6.1 0.5 U 87 J NA 0.5 UJ 0.5 U 9.6
0.5 U 0.28 J 0.5 U 0.5 U 15,000 15,000 J 0.5 U 0.5 U 500 170 1.9 170 J NA 0.5 UJ 18 260

1 U 44 1 U 1 U 3.7 J 10 UJ 1 U 1 U 15 J 1.8 J 0.93 J 42 J NA 1 UJ 1 U 0.9 J

NA NA NA NA NA NA NA NA NA NA NA NA 1.8 NA NA NA

12/14/10

IR89-MW38IW
IR89-GW38IW-10D

12/14/10

IR89-MW39IW
IR89-GW39IW-10D

12/14/10
IR89-GW40-10D

12/14/10

IR89-MW39
IR89-GW39-10D

12/14/10

IR89-MW39DW
IR89-GW39DW-10D IR89-GW40D-10D

12/14/10

IR89-MW41
IR89-GW41-10D

12/13/10

IR89-MW40

12/14/10

IR89-MW41IW
IR89-GW41IW-10D

12/13/10

IR89-MW43
IR89-GW43-10D

12/13/10
IR89-GW45-10D

12/14/10
IR89-GW45-11A

01/18/11

IR89-MW45IR89-MW43B
IR89-GW43B-10D

12/13/10

IR89-MW44
IR89-GW44-10D

IR89-MW46
IR89-GW46-10D

12/13/10

IR89-MW47IW
IR89-GW47IW-10D

12/13/10

IR89-MW48A
IR89-GW48A-10D

12/13/10
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 2,800 J 2,300 J 1,300 J 0.5 U 0.5 U 7,000 NA 0.5 U NA 1.5 J NA 0.5 U NA
0.5 UJ 0.5 UJ 0.5 U 0.5 U 0.5 U 72 310 J 200 J 0.5 U 0.5 U 110 J NA 0.5 U NA 0.5 U NA 0.5 U NA
50 J 180 40 160 1.5 12,000 J 5,900 J 4,300 J 0.5 U 0.5 U 11,000 NA 190 NA 2,100 NA 0.75 J NA

0.72 J 0.5 UJ 0.5 U 0.5 U 0.5 U 56 J 600 J 350 J 0.5 U 0.5 U 100 J NA 0.5 U NA 0.5 U NA 0.5 U NA
3.7 J 12 J 3 24 0.34 J 3,400 J 2,800 J 1,800 J 0.5 U 0.5 U 6,000 NA 30 NA 450 NA 0.5 U NA
130 J 300 42 35 0.82 J 6,500 J 69,000 45,000 0.5 U 0.5 U 13,000 NA 0.98 J NA 2.2 J NA 0.5 U NA

0.45 J 2 J 0.32 J 6 1.2 J 2,100 J 140 J 84 J 0.55 J 0.29 J 37 J NA 110 NA 8,300 NA 55 NA

NA NA NA NA NA NA NA NA NA NA NA 2.9 NA 3.1 NA 11 NA 9.6

IR89-MW48B
IR89-GW48B-10D

12/13/10 12/13/10

IR89-MW49A
IR89-GW49A-10D

12/13/10

IR89-MW49B
IR89-GW49B-10D

12/13/10

IR89-MW52
IR89-GW52-10D

12/14/10
IR89-GW53-10D

12/14/10

IR89-MW50
IR89-GW50-10D

12/13/10

IR89-MW51
IR89-GW51-10D IR89-GW53D-10D

12/14/10

IR89-MW54
IR89-GW54-10D

12/14/10

IR89-MW53
IR89-GW56-11A

01/18/11
IR89-GW57-10D

12/14/10

IR89-MW56IR89-MW55
IR89-GW55-10D

12/14/10
IR89-GW56-10D

12/14/10
IR89-GW58-11A

01/18/11
IR89-GW62-10D

12/14/10

IR89-MW58
IR89-GW57-11A

01/18/11
IR89-GW58-10D

12/14/10

IR89-MW57
IR89-GW62-11A

01/18/11

IR89-MW62
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CTO-74
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
cis-1,2-Dichloroethene
Tetrachloroethene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl chloride

Wet Chemistry  (mg/l)
Total organic carbon (TOC)

Notes:
Shading indicates detections
NA - Not analyzed
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
UJ - Analyte not detected, quantitation limit 
may be inaccurate
mg/l - Milligrams per liter
µg/l - Micrograms per liter

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA 0.5 U 3,000 J
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA 0.5 U 35 J
3.2 59 61 1.8 0.3 J NA 6.4 5,800 J
0.5 U 0.5 U 0.5 U 0.5 U 0.5 U NA 0.5 U 41 J
0.5 U 3.5 3.8 0.5 U 0.5 U NA 0.3 J 1,900 J
0.5 U 0.76 J 0.82 J 0.42 J 0.5 U NA 0.29 J 3,500 J

1 U 740 J 1,100 J 0.35 J 1 U NA 3.2 2,900 J

NA NA NA NA NA 330 NA NA

IR89-MW63
IR89-GW63-10D

12/15/10

IR89-MW67
IR89-GW67-10D

12/15/10
IR89-GW69-10D

12/14/10
IR89-GW66-10D

12/15/10
IR89-GW66D-10D

12/15/10

IR89-MW66
IR89-GW69-11A

01/18/11

IR89-MW70
IR89-GW70-10D

12/15/10

IR89-MW69 IR89-STC868-MW04
IR89-STC868-GW04-10D

12/13/10
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CTO-WE36
Camp Lejeune - Site 89

Validated Groundwater Raw Analytical Results
March 2011

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,1-Trichloroethane 0.5 U
1,1,2,2-Tetrachloroethane 0.5 U
1,1,2-Trichloro-1,2,2-trifluoroethane (Freon-113) 0.5 U
1,1,2-Trichloroethane 0.5 U
1,1-Dichloroethane 0.5 U
1,1-Dichloroethene 0.5 U
1,2,4-Trichlorobenzene 0.5 U
1,2-Dibromo-3-chloropropane 0.5 U
1,2-Dibromoethane 0.25 U
1,2-Dichlorobenzene 0.5 U
1,2-Dichloroethane 0.5 U
1,2-Dichloropropane 0.5 U
1,3-Dichlorobenzene 0.25 U
1,4-Dichlorobenzene 0.5 U
2-Butanone 0.5 U
2-Hexanone 0.5 U
4-Methyl-2-pentanone 0.5 U
Acetone 3.2 U
Benzene 0.34 J
Bromodichloromethane 0.5 U
Bromoform 0.25 U
Bromomethane 0.5 U
Carbon disulfide 0.5 U
Carbon tetrachloride 0.5 U
Chlorobenzene 0.5 U
Chloroethane 0.5 U
Chloroform 0.5 U
Chloromethane 0.5 U
cis-1,2-Dichloroethene 0.8 J
cis-1,3-Dichloropropene 0.1 U
Cyclohexane 0.5 U
Dibromochloromethane 0.25 U
Dichlorodifluoromethane (Freon-12) 0.5 U
Ethylbenzene 0.25 U
Isopropylbenzene 0.5 U
Methyl acetate 0.5 U
Methylcyclohexane 0.5 U
Methylene chloride 0.5 U
Methyl-tert-butyl ether (MTBE) 0.5 U
Styrene 0.1 U
Tetrachloroethene 0.5 U
Toluene 0.11 J
trans-1,2-Dichloroethene 0.5 U
trans-1,3-Dichloropropene 0.25 U
Trichloroethene 0.5 U
Trichlorofluoromethane (Freon-11) 0.5 U
Vinyl chloride 18
Xylene, total 0.75 U

Wet Chemistry
Total organic carbon (TOC) (ug/l) 40,000
C:\Users\KRogers5\Desktop\[CTO-WE36_Site89_Final_GW_RDE_table.xls], thorn1, 06/21/2011

Notes: DE_table.xls]
Shading indicates detections thorn1
J - Analyte present, value may or may not be accurate or 
precise ##########
U - The material was analyzed for, but not detected
µg/l - Micrograms per liter

IR89-MW59
IR89-GW59-11A

03/31/11
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CTO-81
Camp Lejeune - Site 89

Validated Surface Water Raw Analytical Results
2009 - 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,1-Trichloroethane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
1,1,2,2-Tetrachloroethane 0.47 J 0.91 1.4 0.5 U 98 94 73 64 18 16 5.7 5.8 25 68 69 26 19 51 8.5 2.5
1,1,2-Trichloroethane 0.5 U 0.5 U 0.5 U 0.5 U 1.6 1.7 0.76 J 0.79 J 0.37 J 0.33 J 0.19 J 0.18 J 0.42 J 0.85 J 1.5 0.77 0.27 J 0.54 J 0.16 J 0.5 U
1,1-Dichloroethane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
1,1-Dichloroethene 0.5 U 0.5 U NA NA 0.33 J 1.6 U 1.6 U 1.6 U NA NA NA NA 0.12 J 1.6 U NA NA 0.5 U 0.3 J NA NA
1,2-Dichlorobenzene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
1,2-Dichloroethane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 UJ NA NA
1,2-Dichloropropane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
1,3-Dichlorobenzene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
2-Butanone 2.5 U 2.5 R NA NA 5 U 7.8 UJ 7.8 R 7.8 R NA NA NA NA 2.5 U 7.8 R NA NA 2.5 U 4.2 R NA NA
2-Hexanone 2.5 U 2.5 U NA NA 5 U 7.8 U 7.8 U 7.8 U NA NA NA NA 2.5 U 7.8 U NA NA 2.5 U 4.2 UJ NA NA
4-Methyl-2-pentanone 2.5 U 2.5 U NA NA 5 U 7.8 U 7.8 U 7.8 U NA NA NA NA 2.5 U 7.8 U NA NA 2.5 U 4.2 UJ NA NA
Acetone 7.1 J 7.4 U NA NA 12 J 8.2 J 11 U 11 U NA NA NA NA 4.1 J 11 U NA NA 4.6 J 8.6 U NA NA
Benzene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Bromodichloromethane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Bromoform 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Bromomethane 0.5 U 1.4 U NA NA 1 U 1.6 U 4.4 U 4.4 U NA NA NA NA 0.5 U 4.4 U NA NA 0.5 U 2.4 UJ NA NA
Carbon disulfide 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Carbon tetrachloride 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 UJ NA NA
Chloroethane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 UJ NA NA
Chloroform 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
cis-1,2-Dichloroethene 0.25 J 0.27 J 0.5 U 0.24 J 78 81 28 24 17 16 9.8 9.3 26 28 82 40 11 48 9 1.7
Dibromochloromethane 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Ethylbenzene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Isopropylbenzene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
m- and p-Xylene 1 U 1 U NA NA 2 U 3.1 U 3.1 U 3.1 U NA NA NA NA 1 U 3.1 U NA NA 1 U 1.7 U NA NA
Methyl acetate 0.5 U 0.5 U NA NA 1 U 1.6 UJ 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Methylene chloride 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Methyl-tert-butyl ether (MTBE) 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
o-Xylene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Styrene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Tetrachloroethene 0.5 U 0.5 U 0.5 U 0.5 U 1 U 1.6 UJ 1.6 U 1.6 U 0.063 J 0.077 J 0.5 U 0.5 U 0.5 U 1.6 U 0.3 J 0.11 J 0.5 U 0.84 U 0.5 U 0.5 U
Toluene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
trans-1,2-Dichloroethene 0.5 U 0.5 U 0.5 U 0.5 U 62 67 21 18 13 13 7.4 7.1 21 16 51 25 5.7 14 2.3 0.58
Trichloroethene 0.21 J 0.26 J 0.5 U 0.76 4.3 4.5 3.6 3 0.26 J 0.31 J 0.58 0.55 1.4 2.7 3.3 2.4 0.57 3.4 0.5 U 0.16 J
Vinyl chloride 0.17 J 0.16 J 0.24 J 0.5 U 49 51 17 15 9.1 7.7 3.7 3.4 19 17 46 14 4 19 3.2 0.5 U
Xylene, total 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA

Semivolatile Organic Compounds (µg/l)
1,2,4-Trimethylbenzene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 U NA NA
Hexachlorobutadiene 0.5 UJ 0.5 U NA NA 1 UJ 1.6 UJ 1.6 U 1.6 U NA NA NA NA 0.5 UJ 1.6 U NA NA 0.5 UJ 0.84 UJ NA NA
Naphthalene 0.5 U 0.5 U NA NA 1 U 1.6 U 1.6 U 1.6 U NA NA NA NA 0.5 U 1.6 U NA NA 0.5 U 0.84 UJ NA NA
\\wolfpack\proj\NavyClean\CampLejeune\Site 89 FS 2011_Working Files\Tables\FandT_Data\[CTO-81_2009-2010_SW_RDE.xls], rshaw2, 02/07/2011

Notes: W_RDE.xls]
Shading indicates detections rshaw2
NA - Not analyzed ########
J - Analyte present, value may or may not be 
accurate or precise
R - Unreliable Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be 
inaccurate
µg/l - Micrograms per liter

IR89-SW103-10B
04/14/10

IR89-SW103-10C
08/11/10

IR89-SW103
IR89-SW103-09D

10/13/09
IR89-SW103-10A

01/20/10
IR89-SW102-10B

04/14/10
IR89-SW102-10C

08/11/10

IR89-SW102
IR89-SW102-09D

10/13/09
IR89-SW102-10A

01/20/10
IR89-SW101-10C

08/11/10
IR89-SW101D-10C

08/11/10

IR89-SW101
IR89-SW101-10B

04/14/10
IR89-SW101D-10B

04/14/10
IR89-SW101-10A

01/20/10
IR89-SW101D-10A

01/20/10
IR89-SW101-09D

10/13/09
IR89-SW101D-09D

10/13/09
IR89-SW100-10B

04/14/10
IR89-SW100-10C

08/11/10

IR89-SW100
IR89-SW100-09D

10/13/09
IR89-SW100-10A

01/20/10
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CTO-74
Camp Lejeune - Site 89

Validated Surface Water Raw Analytical Results
December 2010

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,2,2-Tetrachloroethane 0.5 U 0.5 U 83 82 38 42 41 0.5 U
1,1,2-Trichloroethane 0.5 U 0.5 U 1.3 1.4 0.48 J 0.59 J 0.52 J 0.5 U
cis-1,2-Dichloroethene 0.46 J 1.3 110 110 27 34 36 0.25 J
Tetrachloroethene 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
trans-1,2-Dichloroethene 0.5 U 0.5 U 73 74 11 13 14 0.5 U
Trichloroethene 0.34 J 0.5 U 4.6 5 0.91 J 1.2 1.3 0.51 J
Vinyl chloride 0.29 J 0.41 J 82 83 12 14 16 1 U

Notes:
Shading indicates detections
J - Analyte present, value may or may not be 
accurate or precise
U - The material was analyzed for, but not 
detected
µg/l - Micrograms per liter

IR89-SW106
IR89-SW106-10D

12/14/10

IR89-SW104
IR89-SW104-10D

12/14/10

IR89-SW105
IR89-SW105-10D

12/14/10

IR89-SW100
IR89-SW100-10D

12/14/10

IR89-SW101
IR89-SW101-10D

IR89-SW103
IR89-SW103-10D

12/14/1012/14/10
IR89-SW102-10D

12/14/10
IR89-SW102D-10D

12/14/10

IR89-SW102

Page 1 of 1



CTO-WE36
Camp Lejeune - Site 89

Validated Surfacewater Raw Analytical Results
March 2011

Station ID
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (µg/l)
1,1,1-Trichloroethane 0.5 U
1,1,2,2-Tetrachloroethane 15
1,1,2-Trichloro-1,2,2-trifluoroethane (Freon-113) 0.5 U
1,1,2-Trichloroethane 0.5 U
1,1-Dichloroethane 0.5 U
1,1-Dichloroethene 0.5 U
1,2,4-Trichlorobenzene 0.5 U
1,2-Dibromo-3-chloropropane 0.5 U
1,2-Dibromoethane 0.25 U
1,2-Dichlorobenzene 0.5 U
1,2-Dichloroethane 0.5 U
1,2-Dichloropropane 0.5 U
1,3-Dichlorobenzene 0.25 U
1,4-Dichlorobenzene 0.5 U
2-Butanone 0.5 U
2-Hexanone 0.5 U
4-Methyl-2-pentanone 0.5 U
Acetone 4 U
Benzene 0.5 U
Bromodichloromethane 0.5 U
Bromoform 0.25 U
Bromomethane 0.5 U
Carbon disulfide 0.5 UJ
Carbon tetrachloride 0.5 UJ
Chlorobenzene 0.5 U
Chloroethane 0.5 U
Chloroform 0.5 U
Chloromethane 0.5 U
cis-1,2-Dichloroethene 11
cis-1,3-Dichloropropene 0.1 U
Cyclohexane 0.5 U
Dibromochloromethane 0.25 U
Dichlorodifluoromethane (Freon-12) 0.5 U
Ethylbenzene 0.25 U
Isopropylbenzene 0.5 U
Methyl acetate 0.5 U
Methylcyclohexane 0.5 U
Methylene chloride 0.5 U
Methyl-tert-butyl ether (MTBE) 0.5 U
Styrene 0.1 U
Tetrachloroethene 0.5 U
Toluene 0.1 U
trans-1,2-Dichloroethene 3.7
trans-1,3-Dichloropropene 0.25 U
Trichloroethene 0.71 J
Trichlorofluoromethane (Freon-11) 0.5 U
Vinyl chloride 2
Xylene, total 0.75 U
C:\Users\KRogers5\Desktop\[CTO-WE36_Site89_Final_SW_RDE_table.xls], thorn1, 06/21/2011

Notes: E_table.xls]
Shading indicates detections thorn1
J - Analyte present, value may or may not be accurate or 
precise #########
U - The material was analyzed for, but not detected
UJ - Analyte not detected, quantitation limit may be 
inaccurate
µg/l - Micrograms per liter

IR89-SW53
IR89-SW53-11B

04/18/11
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Detailed Cost Estimates 
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COST ESTIMATE for Downgradient Area Alternative 2 MONITORED NATURAL ATTENUATION
SITE 89, Camp Lejeune
CH2M HILL Project No. 389017.FS.DR

Assumptions:
Annual Monitoring for 30 years Groundwater samples collected using low-flow sampling methods
Number of Wells = 50 Surveying  Land Use Controls estimated to be completed in 5 days
Surface Water Samples = 8

CAPITAL COSTS
Description Qty Unit Unit Cost Cost Comments

Surveying LUCs 1 LS $11,000 $11,000 Engineers Estimate

TOTAL CAPITAL COST $11,000

GROUNDWATER MONITORING YEARS 1-90

See Groundwater Monitoring Present Worth Worksheet
                             
                             

PRESENT WORTH ANALYSIS
Number of Years of Operation = 90 years
Effective Interest Rate = 7.0%

Total Cost Present Worth
Capital Costs $11,000 $11,000.00 $11,000
Groundwater Monitoring years 1-90 = $58,214 $5,239,260 $829,743
TOTAL PRESENT WORTH COST $840,743

This cost estimate represents a -30 To +50 percent range of accuracy.  This estimate is limited to the conditions existing at its issuance and is not a guaranty if actual price or cost. Uncertain market 
conditions such as, but not limited to: local labor or contractor availability, wages, other work, material market fluctuations, price escalations, force majeure events, and developing bidding conditions, may 
affect the accuracy of this estimate. CH2M HILL is not responsible for any variance from this estimate or actual prices and conditions obtained.
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COST ESTIMATE for Downgradient Area Alternative 3 PRB MULCH WALL AND MNA
Site 89
CH2M HILL Project Number 389017.FS.DR

Assumptions:
Trench dimensions: 2 ft by 525 ft by 40 ft deep Trenching to be completed in 3 days.
Mulch and Sand from Base Well installation to be completed in 5 days.
Rental of Heavy Equipment (2 loaders, one 200 size excavator) IDW will be stockpiled and removed in 5 days.
Install 6 performance evaluation wells: assume 50' deep well
Monitoring of 50 wells annually for 30 years
EVO injections every 3 years for 10 years

CAPITAL AND OPERATIONAL COSTS
Item/Activity Qty Unit Unit Cost Cost Comments

Design, Work Plans, Permits, Construction Repor 1 LS $75,000 $75,000 design, project work plans, summary report
Site Prep

Vegetation Clearing 1 LS $3,000.00 $3,000.00 Engineer's Estimate
Utility Locating 1 LS $2,000.00 $2,000.00 Engineer's Estimate

PRB Installation
Trenching 1 LS ######### $290,000.00 Estimate from Dewind Trenching (includes mobilization, 

operators, and installation)
Excavator Mobilization 1 LS $150.00 $150.00 Quote from RSC Equipment
Excavator Rental 1 week $2,450.00 $2,450.00 Quote from RSC Equipment
Excavator Operator (3 days each) 3 day $1,150.00 $3,450.00 Includes travel, per diem, and expenses
Loader Mobilization 1 LS $150.00 $150.00 Quote from RSC Equipment
Loader 2 week $2,000.00 $4,000.00 Quote from RSC Equipment
Loader Operator (5 days each) 10 day $1,150.00 $11,500.00 Includes travel, per diem, and expenses
Trucking Mulch/Sand from Mainside of Base 1555 cy $10.23 $15,907.65 Includes labor rate ($3.25/cy) and equipment ($6.98/cy)

Investigation Derived Waste
Excavator Mobilization 1 LS $1,000.00 $1,000.00 Quote from Evo Corp
Loading 2325 per ton $5.00 $11,625.00 Quote from Evo Corp
Soil Characterization (TCLP) 3 each $635.00 $1,905.00 BOA
T&D 2325 per ton $54.00 $125,550.00 Quote from Evo Corp

Subcontractor Oversight 
Oversight Personnel 14 day $1,000.00 $14,000.00 Includes travel, per diem, and expenses

Well Installation and Surveying
Drilling 1 LS $21,500.00 $21,500.00 Engineers Estimate
Surveying PRB and LUC 1 LS $13,000.00 $13,000.00 Engineers Estimate

Subtotal Capital Costs $596,188

Professional Services
Project Management 5% $29,809
G&A 7% $41,733
Profit 8% $47,695
Contingency 15% $89,428
TOTAL CAPITAL COST $804,853

PRB OPERATIONS
Description Qty Unit Unit Cost Cost Comments
ERD Injections- Every 3 years

Injection Equipment (includes delivery and 
installation)

1 LS $20,000.00 $20,000.00 Engineers Estimate

Injection Support 8 Day $1,500.00 $12,000.00 Engineers Estimate
EVO Cost 9660 lb $2.12 $20,479.20 Quantity based on EVO demand of 0.002 lbs/ton of soil 

treated. Price provided by vendor (EOS)
Total Injection Cost $52,479.20
Subtotal Annual Injection cost $17,493.07 Used in Present Value calculation

Professional Services
G&A 7% $1,225
Project Management 5% $875
Profit 8% $1,399
Contingency 15% $2,624
TOTAL ERD INJECTION COST/YEAR $23,616
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COST ESTIMATE for Downgradient Area Alternative 3 PRB MULCH WALL AND MNA
Site 89
CH2M HILL Project Number 389017.FS.DR

Assumptions:
Trench dimensions: 2 ft by 525 ft by 40 ft deep Trenching to be completed in 3 days.
Mulch and Sand from Base Well installation to be completed in 5 days.
Rental of Heavy Equipment (2 loaders, one 200 size excavator) IDW will be stockpiled and removed in 5 days.
Install 6 performance evaluation wells: assume 50' deep well
Monitoring of 50 wells annually for 30 years
EVO injections every 3 years for 10 years

GROUNDWATER MONITORING YEARS 1-90

See Groundwater Monitoring Present Worth Worksheet
                             

PRESENT WORTH ANALYSIS
Number of years of Injections 10 years
Effective Interest Rate* = 3.0%
Number of Years of Groundwater Monitoring = 90 years
Effective Interest Rate* = 7.0%

Total Cost Present Worth
Capital Cost = $804,853 $804,853 $804,853
Subsequent Years Injection Costs= $23,616 $236,156 $201,446
Groundwater Monitoring years 1-90 = $58,214 $5,239,260 $829,743
TOTAL PRESENT WORTH COST $1,836,043

This cost estimate represents a -30 To +50 percent range of accuracy.  This estimate is limited to the conditions existing at its issuance and is not a guaranty if actual price or cost. Uncertain market conditions 
such as, but not limited to: local labor or contractor availability, wages, other work, material market fluctuations, price escalations, force majeure events, and developing bidding conditions, may affect the 
accuracy of this estimate. CH2M HILL is not responsible for any variance from this estimate or actual prices and conditions obtained.



Trend Analysis for MNA Time Frame
Analytical Data
Date May-97 Apr-99 Oct-99 Apr-00 Apr-02 Oct-02 Dec-05 Sep-08 Dec-10
TCE (ug/L) 640 840 950 860 1100 1000 580 560 360
TCE TREND 1006.91 906.54 882.00 858.11 769.11 748.29 629.07 541.04 478.35
NCGWQS 3 3 3 3 3 3 3 3 3

MW04 TCE Point Decay Rate
0.00015 Per Day

K 0.05475 Per Year
Starting concentration (2010)

C1 360 ug/L
Equation
t = ln(3/C1)/-K
Time to reach 3 ug/L

87.44 years
Year 2097 to reach NCGWQS

y = 208415e-2E-04x 
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Groundwater Monitoring Present Worth Worksheet

Year Analytes

Annual 
Analytical 

Cost
Labor and 
Supplies

LUC 
Inspections IDW Reporting

PM, G&A, 
Profit, and 

Contingency 
(30%) Total Present Worth

1 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214 $829,743.23
2 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
3 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
4 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
5 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
6 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
7 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
8 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
9 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
10 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
11 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
12 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
13 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
14 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
15 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
16 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
17 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
18 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
19 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
20 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
21 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
22 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
23 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
24 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
25 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
26 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
27 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
28 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
29 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
30 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
31 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
32 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
33 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
34 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
35 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
36 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
37 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
38 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
39 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
40 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
41 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
42 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
43 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
44 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
45 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
46 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
47 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
48 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
49 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
50 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
51 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214

SITE 89 (OU 16)

Assumptions:
Annual monitoring of 50 wells for 90 years



Groundwater Monitoring Present Worth Worksheet

Year Analytes

Annual 
Analytical 

Cost
Labor and 
Supplies

LUC 
Inspections IDW Reporting

PM, G&A, 
Profit, and 

Contingency 
(30%) Total Present Worth

SITE 89 (OU 16)

Assumptions:
Annual monitoring of 50 wells for 90 years

52 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
53 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
54 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
55 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
56 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
57 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
58 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
59 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
60 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
61 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
62 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
63 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
64 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
65 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
66 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
67 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
68 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
69 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
70 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
71 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
72 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
73 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
74 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
75 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
76 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
77 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
78 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
79 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
80 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
81 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
82 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
83 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
84 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
85 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
86 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
87 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
88 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
89 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214
90 VOCs $5,840 $20,000 $1,500 $2,440 $15,000 $13,434 $58,214

$5,239,260 $829,743.23
 This estimate is not intended to function as guarantee of fixed costs for field implementation. Costs are considered “order-of-
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COST ESTIMATE for Source Area Alternative 2 ENHANCED REDUCTIVE DECHLORINATION
Site 89 Camp Lejeune
CH2M HILL Project No. 389017.FS.DR

Treatment Assumptions: Monitoring Assumptions:
Treatment area: 115,000 sq feet (based on 59 injections w/25' ROI) Semi-annual Monitoring of 20 wells for 1 year
Use Injection wells (59 to 45 feet bgs, 49 to 70 ft bgs) MNA LTM and LUCs are included in Downgradient Area Alternatives
Assume Sonic drilling Groundwater monitoring reporting included in Downgradient Area Alternatives
Estimated Time to Complete 1 injection event =  29 days
Assume 4 injections per day, 10 gpm, 639 gallons per injection
Assume 146,000 pounds oil substrate that is 50% oil, 50% lactate

CAPITAL COSTS
Item/Activity Qty Unit Unit Cost Cost Comments
Design, Work Plans, Permits, Construction Report 1 LS $75,000 $75,000 design, project work plans, summary report

Site Prep
Utility Location 1 LS $5,000 $5,000 Engineer's Estimate

Injection Well Installation
Drilling Subcontractor (rotosonic) 1 LS $500,000 $500,000 Engineer's Estimate - 59 wells to 45 feet bgs, 49 wells to 70 

feet bgs, 150 feet per day
Injection of ERD substrate 1 LS $150,000 $150,000 Engineer's Estimate, includes injection support, mixing tank 

rental, crew of 3 for a 29-day injection event
EVO substrate (EOS) 275 Drums $900.00 $247,500 Based on Treatability study for volume, EOS for cost (Site 86 

Pilot Study)
Sodium Lactate Substrate (Wilclear 60% lactate) 118,545 lb $0.8 $94,836 Cost estimate from vendor (Site 86 Pilot Study)
IDW Handling from Well Install/Development 1 LS $50,000.0 $50,000 Engineer's Estimate

Field Oversight and Expenses 70 day $1,000 $70,000 Engineer's Estimate - assume well installation - 41 days, 
injection 29 days

Surveying Injection and Monitoring Wells 1 LS $11,000 $11,000 Engineer's Estimate

Subtotal Capital Costs $1,203,336

Professional Services
Project Management 5% $60,167
G&A 7% $84,234
Profit 8% $96,267
Contingency 15% $180,500
TOTAL CAPITAL COST $1,624,504

GROUNDWATER MONITORING (SEMI-ANNUALLY FOR YEAR 1)
Description Qty Unit Unit Cost Cost Comments

Groundwater sampling
Planning, Labor, Travel, Per Diem, Equipment 2 event $12,000 $24,000 Engineer's Estimate (20 wells semi-annually)
Sample Analysis 58 sample $195 $11,310 VOCs, TOC, VFA  (20 wells semi-annually) - Lab BOA Rate. 

Includes QA/QC
Microbial Analysis 10 sample $530 $5,300 RNA Expression (5 wells semi-annually)
T&D Purge Water 6 55 gal $305 $1,830 Non-hazardous waste; Average purge vol of 8 gals, includes 

drum, pickup, and disposal. 

Subtotal Groundwater Sampling $42,440

Professional Services
Project Management 5% $2,122
G&A 7% $2,971
Profit 8% $3,395
Contingency 15% $6,366
TOTAL GROUNDWATER MONITORING COST $57,294

TOTAL PRESENT WORTH COST $1,681,798
This cost estimate represents a -30 To +50 percent range of accuracy.  This estimate is limited to the conditions existing at its issuance and is not a guaranty if actual price or cost. Uncertain market conditions such as, 
but not limited to: local labor or contractor availability, wages, other work, material market fluctuations, price escalations, force majeure events, and developing bidding conditions, may affect the accuracy of this 
estimate. CH2M HILL is not responsible for any variance from this estimate or actual prices and conditions obtained.
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COST ESTIMATE for Source Area Alternative 3 IN-SITU CHEMICAL OXIDATION
Site 89 Camp Lejeune
CH2M HILL Project No. 389017.FS.DR

Treatment Assumptions: Monitoring Assumptions:
Treatment area: 115,000 sq feet (based on 59 injections w/25' ROI) Semi-annual Monitoring of 20 wells for 1 year
Use Injection wells (59 to 45 feet bgs, 49 to 70 ft bgs) MNA LTM and LUCs are included in Downgradient Area Alternatives
Assume Sonic drilling Groundwater monitoring reporting included in Downgradient Area Alternatives
Estimated Time to Complete 1 injection event =  44 days
Assume 4 injections per day, 10 gpm

CAPITAL COSTS
Item/Activity Qty Unit Unit Cost Cost Comments
Design, Work Plans, Permits, Construction Repor 1 LS $75,000 $75,000 design, project work plans, summary report

Site Preparation
Utility Location 1 LS $5,000 $5,000 Engineer's Estimate
Injection Well Installation

Drilling Subcontractor (rotosonic) 1 LS $500,000 $500,000 Engineer's Estimate - 59 wells to 45 feet bgs, 49 wells to 70 
feet bgs, 150 feet per day

Injection of Persulfate and NaOH 1 LS $250,000 $250,000 Engineer's Estimate, includes injection support, mixing tank 
rental, crew of 3 for a 44-day injection event

Persulfate 1,009,800 lb $1.34 $1,353,132 From Vendor (FMC)
25% NaOH 1,355,000 lb $0.5 $704,600 From Vendor (FMC)
IDW Handling from Well Install/Developmen 1 LS $50,000.0 $50,000 Engineer's Estimate

Field Oversight and Expenses 85 day $1,000 $85,000 Engineer's Estimate - assume well installation - 41 days, 
injection 44 days

Surveying Injection and monitoring wells 1 LS $11,000 $11,000 Engineer's Estimate

Subtotal Capital Costs $3,033,732

Professional Services
Project Management 5% $151,687
G&A 7% $212,361
Profit 8% $242,699
Contingency 15% $455,060
TOTAL CAPITAL COST $4,095,538

GROUNDWATER MONITORING (QUARTERLY FOR YEAR 1)
Description Qty Unit Unit Cost Cost Comments

Groundwater sampling
Planning, Labor, Travel, Per Diem, Equipment 2 event $12,000 $24,000
Sample Analysis 58 sample $80 $4,640 VOCs (20 wells semi-annually) - Lab BOA Rate. Includes 

QA/QC
T&D Purge Water 6 55 gal $305 $1,830 non-haz waste; Average purge vol of 8 gals, includes drum, 

pickup, and disposal. 

Subtotal Groundwater Sampling $30,470

Professional Services
Project Management 5% $1,524
G&A 7% $2,133
Profit 8% $2,438
Contingency 15% $4,571
TOTAL GROUNDWATER MONITORING COST $41,135

TOTAL PRESENT WORTH COST $4,136,673
This cost estimate represents a -30 To +50 percent range of accuracy.  This estimate is limited to the conditions existing at its issuance and is not a guaranty if actual price or cost. Uncertain market 
conditions such as, but not limited to: local labor or contractor availability, wages, other work, material market fluctuations, price escalations, force majeure events, and developing bidding conditions, may 
affect the accuracy of this estimate. CH2M HILL is not responsible for any variance from this estimate or actual prices and conditions obtained.
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COST ESTIMATE for Source Area Alternative 4- HORIZONTAL AIR SPARGE
Site 89, MCB CamLej
CH2M HILL Project No. 389017.FS.DR

Treatment Assumptions: Monitoring Assumptions:
Horizontal wells installed to 70 feet gelow ground surface. Semi-annual Monitoring of 20 wells for 3 years
Horizontal wells approximately 1,500 feet in length. MNA LTM and LUCs are included in Downgradient Area Alternatives
Horizontal well installation assumed to be completed in 20 days. Groundwater monitoring reporting included in Downgradient Area Alternatives

CAPITAL COSTS
Description Qty Unit Unit Cost Cost Comments
Design, Work Plans, Permits, Construction Report 1 LS $75,000 $75,000 design, project work plans, summary report

Equipment and Construction - Subcontractor
Mobilization/Demobilization 1 EA $25,000 $25,000 Engineer's estimate
Vegetation Clearance 1 LS $3,000 $3,000 Engineer's Estimate
Utility Location 1 LS $3,500 $3,500 Engineer's Estimate
Misc Conveyance Piping Materials, Trenching, 
and Installation

3,000 LF $150 $450,000 Estimate provided by DTD (verbal) range 150 to 200 per foot

IDW Handling from well installation 1 LS $20,000 $20,000 Engineer's Estimate
Air Sparging Equipment, Sparge Manifold, 
controls, buildings, etc

1 LS $69,000 $69,000 Supplied by vendor (Onion Equipment Company)

Air Sparge Equipment Shipping (1800 miles) 1 LS $3,600 $3,600 Supplied by vendor (Onion Equipment Company)
Start up 1 LS $2,000 $2,000 Supplied by vendor (Onion Equipment Company)
Site Restoration 1 LS $2,500 $2,500 Engineer's Estimate
Pre/Post Construction Site Survey 1 LS $7,500 $7,500 Engineer's Estimate

Subtotal Construction - Subcontractor $586,100

System Startup
Labor- Sparge well installation oversight 20 days $1,000 $20,000
Startup Equipment Rental 1 week $300 $300

Subtotal System Startup $20,300

Subtotal Capital Costs $681,400

Professional Services
Project Management 5% $34,070
G&A 7% $47,698
Profit 8% $54,512
Contingency 15% $102,210
TOTAL CAPITAL COST $919,890

OPERATIONS AND MAINTENANCE (YEARS 1-3)
Description Qty Unit Unit Cost Cost Comments

Sampling
Labor, Travel, Per Diem, equipment 2 event $12,000 $24,000 Engineer's Estimate
Groundwater Sample Analysis 58 sample $80 $4,640 VOCs (20 wells) - includes QA/QC.
T&D Purge Water 6 55 gal $305 $1,830 Non-hazardous waste; Average purge vol of 8 gals, includes 

drum, pickup, and disposal. 
Subtotal Sampling $30,470

Routine System O&M
Monthly O&M Labor + Travel 12 events $1,000 $12,000 Engineer's Estimate
Quarterly "Heavy" Maintenance 4 events $1,500 $6,000 Engineer's Estimate
Travel and Per Diem 4 events $500 $2,000 Engineer's Estimate
O&M Supplies 1 LS $2,000 $2,000 Engineer's Estimate
Subtotal Routine System O&M $22,000

Consumables
Electrical usage (100 hp total motor peak rating + 10% 
inefficiency)

718,555 kw-hr $0.075 $59,281

Subtotal Consumables $59,281

Subtotal Operations and Maintenance $111,751

Professional Services
Project Management 5% $5,588
G&A 7% $7,823
Profit 8% $8,940
Contingency 15% $16,763
TOTAL OPERATIONS AND MAINTENANCE COST/YEAR $150,864

PRESENT WORTH ANALYSIS
Number of Years of Operation = 3 years
Effective Interest Rate* = 1.4%

Present Worth
Capital Cost $919,890 $919,890
Operations and Maintenance Costs (Years 1 - 3) $150,864 $440,208
TOTAL PRESENT WORTH COST $1,360,098

*Real discount rates taken from the Appendix C of the OMB  Circular A-94 http://www.whitehouse.gov/omb/circulars/a094/a94_appx-c.html

This cost estimate represents a -30 To +50 percent range of accuracy.  This estimate is limited to the conditions existing at its issuance and is not a guaranty if actual price or cost. Uncertain market conditions such as, but not 
limited to: local labor or contractor availability, wages, other work, material market fluctuations, price escalations, force majeure events, and developing bidding conditions, may affect the accuracy of this estimate. CH2M HILL is 
not responsible for any variance from this estimate or actual prices and conditions obtained.



COST ESTIMATE for Surface Water Alternative 2 PRB Mulch Wall
Site 89
CH2M HILL Project Number 389017.FS.DR

Assumptions:
Trench dimensions: 2ft by 1100 ft by 25 ft deep Trenching to be completed in 5 days.
Mulch and Sand from Base Well installation to be completed in 5 days.
Rental of Heavy Equipment (loader, 200 size excavator) IDW will be stockpiled and removed in 5 days.
Install 12 new shallow performance evaluation wells: assume 25' deep well Selected in conjunction with Groundwater Alternatives
Monitoring of 12 wells and 8 Surface Water Locations annually for 30 years Design, work plan, and reporting costs included in Downgradient Alternatives.
EVO injections every 3 years, 10 day duration per injection

CAPITAL AND OPERATIONAL COSTS
Item/Activity Qty Unit Unit Cost Cost Comments

Site Prep
Vegetation Clearing 1 LS $3,000.00 $3,000.00 Engineer's Estimate
Utility Locating 1 LS $2,000.00 $2,000.00 Engineer's Estimate

Installation
Trenching 1 LS $211,500.00 $211,500.00 Estimate from Dewind Trenching (includes mob, 

operators, and installation)
Excavator Mob 1 LS $150.00 $150.00 Quote from RSC Equipment
Excavator Rental 1 week $2,450.00 $2,450.00 Quote from RSC Equipment
Excavator Operator 5 day $1,150.00 $5,750.00 Assuming $100 an hour for 10 hours a day
Loader Mob 1 LS $150.00 $150.00 Quote from RSC Equipment
Loader 2 week $2,000.00 $4,000.00 Quote from RSC Equipment
Loader Operator (2) 14 day $1,150.00 $16,100.00 Assuming $100 an hour for 10 hours a day
Trucking Mulch/Sand from Mainside of Base 2037 cy $10.23 $20,838.51 Includes labor rate ($3.25/cy) and equipment ($6.98/cy)

Investigation-Derived Waste
Excavator Mob 1 LS $1,000.00 $1,000.00 Quote from EVO Corp
Loading 3056 per ton $5.00 $15,280.00 Quote from EVO Corp
Soil Characterization (TCLP) 4 each $635.00 $2,540.00 BOA
T&D Soil 3056 per ton $54.00 $165,024.00 Quote from EVO Corp

Site Oversite 
Oversite Personnel 14 day $1,000.00 $14,000.00 Includes travel, per diem, and expenses

Well Installation 1 LS $30,000.00 $30,000.00 Engineers Estimate

Surveying 1 LS $6,000.00 $6,000.00 Engineers Estimate

Subtotal Capital Costs $499,783

Professional Services
Project Management 5% $24,989
G&A 7% $34,985
Profit 8% $39,983
Contingency 15% $74,967
TOTAL CAPITAL COST $674,706

GROUNDWATER MONITORING AND INJECTIONS
Description Qty Unit Unit Cost Cost Comments
ERD Injections- Every 3 years

Injection Equipment (includes delivery and installation) 1 LS $20,000.00 $20,000.00 Engineers Estimate

Injection Support (3-person crew) 10 Day $1,500.00 $15,000.00 Engineers Estimate
EVO Cost 12,650 lb $2.12 $26,818.00 Quantity based on EVO demand of 0.002 lbs/ton of soil. 

Price provided by vendor (EOS)
Total Injection Cost $61,818.00
Subtotal Annual Injection cost $20,606.00 Used in Present Value calculation (1/3 of total injection 

cost)

Groundwater sampling
Labor, Travel, Per Diem 1 event $10,000 $10,000
Sample Analysis 28 sample $95 $2,660 VOCs, TOC (12 monitoring wells, 8 SW samples). 

Includes QA/QC
T&D Purge Water 2 55 gal $1,090 $2,180 non-haz waste; Average purge vol of 8 gals, includes 

drum, pickup, and disposal. 
Subtotal Groundwater Sampling $35,446

Subtotal Groundwater Monitoring and Injections $56,052

Professional Services
G&A 7% $3,924
Project Management 5% $2,803
Profit 8% $4,484
Contingency 15% $8,408
GROUNDWATER MONITORING AND INJECTIONS/YEAR $75,670

                             
PRESENT WORTH ANALYSIS
Number of Years of Operation = 30 years
Effective Interest Rate* = 4.2%

Present Worth
Capital Cost = $674,706 $674,706
Subsequent Years LTM Costs = $75,670 $1,277,294
TOTAL PRESENT WORTH COST $1,952,000

*Nominal discount rates taken from the Appendix C of the OMB  Circular A-94 http://www.whitehouse.gov/omb/circulars/a094/a94_appx-c.html

 This estimate is not intended to function as guarantee of fixed costs for field implementation. Costs are considered “order-of-magnitude” estimates, with an expected accuracy of 
-30% to +50%



COST ESTIMATE for Surface Water Alternative 3 AERATION
Site 89
CH2M HILL Project Number 389017.FS.DR

Assumptions:
Installation of 5 surface aerators Selected in conjunction with Groundwater Alternatives
Assumes surface water sampling can be completed in 1 day. Design, work plan, and reporting costs included in Groundwater Alternatives
Requires electricity to aerators

CAPITAL AND OPERATIONAL COSTS
Item/Activity Qty Unit Unit Cost Cost Comments
Installation 

Site Prep, Installation Activities 1 LS $30,000.00 $30,000.00 Engineer's Estimate - includes electricity setup
Surface Aerator 5 each $1,000.00 $5,000.00 Engineer's Estimate

Subtotal Installation $35,000

Professional Services
Project Management 5% $1,750
G&A 7% $2,450
Profit 8% $2,800
Contingency 15% $5,250

TOTAL CAPITAL COST $47,250

OPERATIONS,MAINTENANCE, AND MONITORING
Description Qty Unit Unit Cost Cost Comments
Operations and Maintence 12 event $500 $6,000 Includes parts, maintenance checks and operation

Subtotal Operations and Maintenance $6,000

Consumables
Electrical usage (2.5 hp total motor peak rating + 10% 
inefficiency)

17,964 kw-hr $0.075 $1,482 Includes 5 X 0.5 hp motors running continously for 30 
years

Subtotal Consumables $1,482

Surface water sampling
Labor, Travel, Per Diem 1 event $2,500 $2,500
Sample Analysis 12 sample $80 $960 VOCs (8 SW sample locations). Includes QA/QC.

Subtotal Surface Water Sampling $3,460

Subtotal Operations, Maintenance, and Monitoring $10,942

G&A 7% $766
Project Management 5% $547
Profit 8% $875
Contingency 15% $1,641

TOTAL OPERATIONS, MAINTENANCE, AND MONITORING COSTS $14,772
                             

PRESENT WORTH ANALYSIS
Number of Years of O&M and Monitoring= 30 years
Effective Interest Rate = 4.2%

Present Worth
Capital Cost = $47,250 $47,250
Subsequent Years  Costs = $14,772 $249,343
TOTAL PRESENT WORTH COST $296,593

*Nominal discount rates taken from the Appendix C of the OMB  Circular A-94 http://www.whitehouse.gov/omb/circulars/a094/a94_appx-c.html

 This estimate is not intended to function as guarantee of fixed costs for field implementation. Costs are considered “order-of-magnitude” estimates, with an expected accuracy 
of -30% to +50%
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APPENDIX C 

Sustainability Analysis for Site 89  

Introduction 
This appendix presents the approach taken and results obtained from a sustainability analysis that CH2M HILL 
performed for Site 89 located on Marine Corps Base Camp Lejeune (MCB CamLej) in Onslow County, North Carolina. 
Site 89 was historically used as the base motor pool and then as the Defense Reutilization and Marketing Office 
(DRMO).  

Alternatives are presented to address Site 89 COCs in both groundwater and surface water. Three alternatives are 
provided for the treatment of Downgradient Area groundwater, four alternatives are provided for the treatment of 
Source Area groundwater, and three alternatives are provided for the treatment of surface water at Site 89. A 
detailed summary of the remedial alternatives is provided in Section 4 of the Site 89 Feasibility Study (FS).  

A sustainability analysis was performed for the following remedial alternatives: 

1. No Action 
Downgradient Area Alternatives 

2. Monitored Natural Attenuation (MNA) 
3. Permeable Reactive Barrier (PRB) and MNA 

1. No Action 
Source Area Alternatives 

2. Enhanced Reductive Dechlorination (ERD) 
3. In Situ Chemical Oxidation (ISCO) 
4. Air Sparging via Horizontal Directionally Drilled well (HDD AS) 

1. No Action 

Surface Water Alternatives: 

2. Surface Water PRB 
3. Surface Aerators 

This sustainability analysis was performed by CH2M HILL using SiteWiseTM, Version 1.0.  a tool developed jointly by 
Battelle, U.S. Navy, and U.S. Army Corps of Engineers (USACE). This analysis evaluates the environmental footprint of 
each remedial alternative considered in terms of five metrics, including: (1) greenhouse gas (GHG) emissions; (2) 
energy use; (3) air emissions of criteria pollutants, specifically oxides of nitrogen (NOx), sulfur oxides (SOx), and 
particulate matter (PM); (4) water consumptions; and (5) worker safety. The assessment is carried out using a 
spreadsheet-based building block approach, where every remedial alternative is first broken down into modules that 
mirror the phases of remedial action work, specifically:  remedial investigation (RI), remedial action construction 
(RAC), remedial action operation (RAO), and long-term monitoring (LTM). Once broken down into various modules, 
the footprint of each module is individually calculated. The different footprints are then combined to estimate the 
overall footprint of the remedial alternative. A lower environmental footprint indicates less deleterious impacts to 
environmental and social metrics, which collectively make up the SiteWiseTM sustainability metrics.  Conversely, a 
higher environmental footprint indicates higher deleterious impacts associated with the SiteWiseTM metrics.   The 
major conclusions of this sustainability analysis are incorporated into the short-term effectiveness criteria evaluation 
of the FS report. 

Method and Assumptions 
The SiteWiseTM tool consists of a series of Excel-based spreadsheets used to conduct a baseline assessment of 
sustainability metrics. SiteWiseTM uses footprint factors taken out of various emission factors from governmental or 
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non-governmental research sources to determine the environmental footprint of each activity. The quantitative 
metrics calculated by the tool include: 

1. GHGs reported as carbon dioxide equivalents (CO2e), consisting of carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O);  

2. Energy usage (expressed as British Thermal Unit [BTU]);  

3. Air emissions of criteria pollutants consisting of NOx and sulfur SOx, and PM; and  

4. Accident risk (risk of injury and risk of fatality).  

To estimate the sustainability footprint for each remedial alternative, only those elements of the remedial 
investigation, remedial construction, remedial action operation, and long-term monitoring considered to posses 
important sustainability elements were included in the assessment.   The following assumptions are used for the 
SiteWiseTM tool evaluation: 

Downgradient Alternatives 
• Remedial Investigation: No actions for any alternative. 

• Remedial Action Construction: well materials, transportation of personnel, transportation of equipment, 
treatment chemicals and material use, water consumption, equipment use, and residual handling.  

− Alternative 2 does not involve any construction activities. 

− Alternative 3 involves the construction of a 525 ft long, 40 ft deep, and 2 ft wide PRB containing a 60/40 
sand/mulch mixture. Includes all site prep, construction, and material disposal. 

• Remedial Action Operation:  Treatment chemical and material use, transportation of personnel, transportation of 
equipment, and water consumption. 

− Alternative 2 involves surveying land use controls and oversight. 

− Alternative 3 involves surveying land use controls and the injection of 9,660 lbs of EVO into the PRB every 3 
years for 10 years (4 events). Includes injection events and oversight.   

• Long Term Monitoring (LTM): Transportation of personnel and residual handling.  

− Alternatives 2 and 3 involve the annual sampling of 50 monitoring wells and eight surface water locations for 
30 years.  

Source Area Alternatives 
• Remedial Investigation: No actions for any alternative. 

• Remedial Action Construction: well materials, transportation of personnel, transportation of equipment, 
treatment chemicals and material use, water consumption, equipment use, and residual handling.  

− Alternative 2 involves the construction of permanent injection wells using sonic drilling methods; 59 wells 
installed to a depth of 45 ft bgs and 49 wells installed to a depth of 70 ft bgs. Also includes the injection of an 
emulsified vegetable oil (EVO)/lactate blend, investigation-derived waste (IDW) handling, and water 
consumed by well installation and injections.  

− Alternative 3 involves the construction of permanent injection wells using sonic drilling methods; 59 wells 
installed to a depth of 45 ft bgs and 49 wells installed to a depth of 70 ft bgs. Also includes the injection of 
Persulfate/NaOH blend, IDW handling, and water consumed by well installation and injections.  

− Alternative 4 involves the construction of two horizontal directionally drilled air sparge wells. One well has a 
750 ft screen with 700 ft of riser and the other has a 600 ft screen with 900 ft of riser. The borehole is 
assumed to be 10 inches and the well is assumed to be 6 inch fiberglass pipe. Includes the construction and 
development of the wells and the compressor transportation and set-up. 
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• Remedial Action Operation:  Treatment chemical and material use, transportation of personnel, transportation of 
equipment, residual handling, and water consumption. 

− Alternative 2 involves the semi-annual sampling of 20 groundwater monitoring wells for one year. Includes 
transportation and residual handling. 

− Alternative 3 involves the semi-annual sampling of 20 groundwater monitoring wells for one year. Includes 
transportation and residual handling. 

− Alternative 4 involves running a 100 hp compressor continuously for three years. It includes monthly 
operations and maintenance trips made by one person. Also included is the semi-annual sampling of 20 
groundwater monitoring wells for three years.  

• Long Term Monitoring (LTM): LTM is included in Downgradient Alternatives 

Surface Water Alternatives 
• Remedial Investigation: No actions for any alternative. 

• Remedial Action Construction: well materials, transportation of personnel, transportation of equipment, 
treatment chemicals and material use, water consumption, equipment use, and residual handling.  

− Alternative 2 involves the construction of a 1100 ft long, 25 ft deep, and 2 ft wide PRB containing a 60/40 
sand/mulch mixture. Includes all site prep, construction, and material disposal.  

− Alternative 3 involves installation of 5 surface aerators within Edwards Creek. Includes site prep, electrical 
hook-up, and installation.  

• Remedial Action Operation:  Treatment chemical and material use, transportation of personnel, transportation of 
equipment, and water consumption. 

− Alternative 2 involves injection 12,650 lbs of EVO into the PRB every 3 years for the next 30 years. Includes 
injection event and oversight.   

− Alternative 3 involves monthly operation and maintenance and the continual running of five, ½ hp, aerators 
for 30 years.   

• Long Term Monitoring (LTM): LTM is included in Downgradient Alternatives. 

− Alternative 2 includes annual sampling of 12 groundwater monitoring wells and 8 surface water locations for 
30 years. 

− Alternative 3 includes annual sampling of eight surface water locations for 30 years.  

General Assumptions 
The specific assumptions made for the individual remedies are presented in Tables C-1 through C-7.  The equipment 
property assumptions are presented in Table C-8. The following overall assumptions are used for the SiteWiseTM tool 
evaluation: 

• Distance to IDW landfill: Assume landfill is located 200 miles away from MCB CamLej.  A specific landfill has not 
been chosen for the project. 

• All oversight workers and LTM samplers will be traveling from Raleigh, NC which is 300 miles roundtrip to MCB 
CamLej 

• The complete environmental footprint for production of equipment used, or production of the vehicles used for 
transportation, is not considered in this analysis. 

• For materials being shipped onsite, the transportation of these materials was captured using the EQUIPMENT 
TRANSPORTATION section. 



APPENDIX C– SUSTAINABILITY ANALYSIS FOR SITE 89 

C-4 

• The distances per trip for materials shipped onsite and IDW shipped offsite were included at full weight going for 
half of the total distance and empty for the other half, assuming a round trip total mileage.   

• The following density conversions were used:  

− Soil : 1.5 tons/cy  
− Mulch: 0.4 tons/cy (800 lbs per cubic yard) 
− Sand : 1.5 tons / cy 
− EVO: 8.1 lbs/gallon 
− Sodium Lactate: 8.7 lbs/gallon 

• The following average distances traveled were used unless specific distances were known: 

− Survey/Utility Location – 120 miles roundtrip 
− Trench Crew and Trencher – 1,900 miles roundtrip 
− Monitoring and Injection Well Drillers/Rig – 500 miles roundtrip 
− Horizontal Directional Drilling Drillers/Rig – 800 miles roundtrip 
− Vegetation Clearance – 200 miles roundtrip 
− Injection Support – 500 miles roundtrip 

Results and Conclusions 
A comparative analysis for the alternatives in the DRMO area, the downgradient area, and surface water is provided 
below. Each alternative was ranked (1, 2, 3, etc.) by its performance compared with the other alternatives within 
each area (DRMO, downgradient, surface water). The overall rank of the environmental footprints for each 
alternative was estimated by averaging the relative ranks and rounding to the nearest whole number. It is important 
to note that the relative ranking does not account for magnitude difference between alternatives in each category 
and overall ranking assumes each metric is weighted equally. 

It should be noted that while this analysis compares the footprints of each of the alternatives, the alternatives 
provide different end-uses.  Therefore, a comparison of the results of the alternatives needs to be made in the 
context of the benefits (e.g., ARAR compliance, contaminant reduction, cost effectiveness, and etc.) of each of the 
alternatives.   

Groundwater  
Downgradient Area Alternatives 
A comparative analysis for the downgradient groundwater remedial alternatives is summarized in Figure D-1. Table 
D-9 presents a comparison of the quantitative environmental footprint metrics evaluated for each of the remedial 
alternatives and relative and overall rankings of each alternative. Tables D-10 and D-11 present the detailed 
quantitative environmental footprint metrics of each main activity (excluding Alternative 1: No Action) for the 
alternatives. Figures D-2 and D-3, graphically present these results. The environmental footprint for each alternative 
is discussed below. 

• Alternative 1— No Action 
Alternative 1 has no sustainability impacts because no action occurs. 

• Alternative 2— MNA 
Residual handling and the transportation of personnel during long term monitoring account for the environmental 
impacts associated with this alternative. MNA has a lower footprint than PRB with MNA in all impact categories. 

• Alternative 3—PRB with MNA 
The majority of the environmental impacts for this alternative are from the transportation and handling of 
consumables (mulch and sand) and residuals during the installation of the PRB. These activities account for over 30% 
of the GHG emissions and over 40% of the total energy used. Residual handling and equipment use are the primary 
drivers of Accident Risks and NOX, SOX, and PM10 impacts.  Water consumption is driven by the use of water during 
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subsequent injections and worker risk is driven by transportation during MNA. PRB with MNA has a higher footprint 
than MNA in all impact categories. 

DRMO Area Alternatives 
A comparative analysis for the DRMO groundwater remedial alternatives is summarized in Figure D-4. Table D-12 
presents a comparison of the quantitative environmental footprint metrics evaluated for each of the DRMO remedial 
alternatives. Tables C-13 to C-15 present the detailed quantitative environmental footprint metrics of each main 
activity (excluding Alternative 1: No Action) for the DRMO alternatives. Figures C-5 through C-7 graphically present 
the results. The footprint for each alternative is discussed below. 

Alternative 1— No Action 

Alternative 1 has no sustainability impacts because no action occurs.  

Alternative 2— ERD 

As shown on Figure C-5, the overall environmental impact is primarily associated with equipment and material use 
(consumables) during the construction of the injection wells and the EVO/lactate injections.  ERD has the lowest 
GHG, total energy use, water consumption, NOx, and SOx emissions compared with the remaining DRMO alternatives. 
The potential accident risk fatality for this alternative is also the lowest. ERD ranked 1st among the DRMO alternatives 
based on the average rank provided in Table C-12. 

Alternative 3— ISCO 

The ISCO injection phase is the highest contributor to the overall environmental impacts for this alternative, primarily 
due to consumables, monitoring well installation and injection equipment use. The transportation and use of 
persulfate is the primary driver for the total energy required, and GHG and PM10 emissions. ISCO has the highest 
impact of the DRMO alternatives in PM10 emissions, and accident risk fatality and injury. ISCO ranked second in all 
remaining impact categories. Alternative 3 had the same overall rank as HDD AS. In general, the footprint for ISCO 
and HDD AS were within one order of magnitude of each other with the exception of SOx emissions, which were 
almost two orders of magnitude higher for HDD AS. 

Alternative 4—HDD AS 

The operation phase of the air sparge system is the primary driver in five of the eight evaluation criteria for this 
alternative. The operation of the air sparge system resulted in over 95% of the GHG emissions, total energy used, 
water consumption, NOx emissions, and SOx emissions. The potential accident risk was primarily driven by the 
transportation of personnel for operations and maintenance and sampling while the air sparge system is operating. 
HDD AS had the highest relative footprint in GHG emissions, total energy used, water consumption, NOX, and SOX 
emissions.  HDD AS had the lowest PM10, and accident risk injury footprints. HDD AS had the same overall rank as 
ISCO. 

Surface Water Alternatives 
A comparative analysis for the downgradient groundwater remedial alternatives is summarized in Figure D-8. Table 
D-16 presents a comparison of the quantitative environmental footprint metrics evaluated for each of the surface 
water remedial alternatives.  Tables D-17 and D-18 present the detailed quantitative environmental footprint metrics 
of each main activity for the surface water remedial alternatives. Figures C-9 and C-10 graphically present these 
results. The environmental footprint for each alternative is discussed below. 

Alternative 1— No Action 

Alternative 1 has no sustainability impacts because no action occurs. 

Alternative 2— Surface Water PRB 

The impact of Alternative 2 is primarily associated with the handling of residuals and consumables (mulch) during the 
construction of the PRB.  Residual handling and consumables account for over 75% of GHG emissions and total 
energy used. NOX, SOX, and PM10 emissions are primarily driven by equipment use during the EVO injections during 
the operations phase of the PRB. PM10 emissions and water impacts are both an order of magnitude greater than 
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Aerator impacts.  The potential accident risk for this alternative is the highest of the surface water alternatives 
primarily due to transportation to the Site for annual monitoring. This alternative ranks 2nd between the Surface 
Water alternatives.  

Alternative 3— Aerators 

The impact of Alternative 3 is primarily associated with the electricity used to run the aerators and personnel 
transportation for operations, maintenance and sampling during the operations phase. GHG, NOX, SOX emissions, 
total energy used and water consumption are primarily driven by electricity use. PM10 emissions and worker risk are 
attributed to personnel transportation.  The impact of Aerators on SOx emissions is two orders of magnitude greater 
than the Surface Water PRB alternative. The potential accident risk for this alternative is the lowest. This alternative 
was ranks 1st out of the Surface Water alternatives. 

Uncertainty Assessment 
The characterization factors used to calculate global warming potential in SiteWise™ V1.0 appear to be dated.  The 
Integovernmental Panel on Climate Change (IPCC) has updated these characterization factors within the last several 
years.  The IPCC changes are not significant and their use in the model is not expected to significantly alter the 
results. 

The SiteWise™ tool does not include an option for trencher in equipment use. It was assumed that the backhoe 
would be the most comparable equipment selection for the use of the trencher during PRB installation.  

The SiteWise™ tool does not include an option for lactate proposed to be used in the ERD injections. It was assumed 
that the EVO/Lactate impacts could be considered equivalent to vegetable oil alone.  

The SiteWise™ tool does not include an option for the injection of persulfate or NaOH. It was assumed another ISCO 
injectant (hydrogen peroxide) was the closest to persulfate and soda ash was the closest to NaOH.  

The SiteWise™ tool does not include an option for fiberglass well material (for the horizontal air sparge well).  
Schedule 80 PVC was assumed as a substitute for the fiberglass well material. 

Recommendations 
The estimates from the SiteWise tool were used to estimate the footprint of the alternatives.  Once the alternative is 
selected, it is recommended the footprint of the selected alternative be further evaluated in the design phase of the 
projects to explore opportunities to optimize the environmental footprint of the project and integrate sustainable 
remediation best practices in the design, construction, and operation of the alternative. 
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Table C-1
Downgradient Alternative 2 (MNA) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

Sitewise Tab Assumptions
Remedial Investigation No Actions
Remedial Action Construction No Actions
Remedial Action Operations Survey Land Use Controls and oversight.
-Transportation 2 surveyors traveling in 1 vehicle 120 miles roundtrip, 1 oversight person traveling 

from Raleigh (approx 300 miles roundtrip).
Long-term Monitoring

Annual sampling of 50 groundwater (low flow) and 8 surface water samples.
-Transportation 3 individuals in their own vehicles traveling 300 miles roundtrip once per year for 30 

years
- Residual handling

8 drums of water are generated per sampling event. One drum is approximately 450 
lbs (total weight per event =  1.8 tons). Drums will be transported to Greensboro, NC 
(200 miles one way). 30 trips with 1.8 ton load and 30 empty trips.
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Table C-2
Downgradient Alternative 3 (PRB and MNA) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

GENERAL ASSUMPTIONS/CONVERSIONS
PRB Trench dimensions = 525x40x2 feet unit weight of mulch = 800 lbs/cu yd
PRB Volume = 1556 cu yd unit weight of sand = 1.5 tons/cu yd
Sand/Mulch ratio = 60/40 unit weight of soil = 1.5 tons/cu yd

SITEWISE TAB Assumptions
Remedial Investigation No Actions
Remedial Action Construction Construction of PRB Mulch Wall and Monitoring Wells
- Well Materials 6 x 2" wells to 50 feet bgs, pvc construction, installed using HSA, purpose is to monitor PRB performance
- Treatment Chemicals and Materials mulch to fill trench - 1556x800x0.4 = 497,920 lbs, assumed 1 "injection" and 1 "injection point".
- Personnel Transportation (all by road) Survey/Utility Location - 120 miles round trip, 2 vehicles (trips), 2 people per vehicle.

Oversight - 1 person, 300 mile round trip (from Raleigh).
Trench Crew - support vehicles (assume 3 light trucks coming from Dewind in Zeeland MI, 1900 miles roundtrip).

Drillers - support vehicle/water truck, 2 people, 500 mile roundtrip.
Vegetation Clearance - 2 person crew, hauling vegetation clearance equipment, 200 mile roundtrip.

- Equipment Transportation (all by road) Drill Rig - 500 mile roundtrip, rig weighs 15 tons.
Excavator - 1 excavator transported to Site locally rented (25 miles roundtrip), 25 tons.
Trencher - MT 2000 Trencher (40 tons) from Dewind (Zeeland, MI) 1900 miles roundtrip.
Loader - 2 loaders, 25 tons each, local travel (25 miles round trip each loader, 2 trips = total of 50 miles).
Mulch/Sand transportation - All materials are coming from Mainside (15 mile trip one way), total weight of material = 
1650 tons.  1 full load is 40 tons, total one way full load trips = 42 trips (630 miles traveled).
Empty loads for mulch/sand = 630 miles.

-Equipment use
Earthwork Trencher - (Used backhoe since no option for trencher in equipment list) Assumed trencher removes entire volume 

of trench (1556 cu yd).
Loader - assume moves soil from trench and sand/mulch material into trench (2x 1556 cu yd= 3112 cy)
Excavator - Used to move soil from trench during trenching and soil from stockpile during IDW loading (3112 cu 
yd).

Drilling Rig - 6 locations, HSA rig, 5 hours per well, 50 foot depth.
-Residual Handling Soil - Total amount is 2334 tons, 20 tons per trip, 200 mile one way trip - total full load trips = 117.

Water -  5 tons of water in drums from well development and decon during installation activities, 200 miles one way.

Empty loads = 118 trips, 200 miles one way. Includes soil and water residual handling
- Other known activities 500 gallons of water consumption for decontamination.
Remedial Action Operations EVO Injections (every 3 years)
-Chemicals and Materials Injections of EVO into PRB every 3 years for 10 years (4 injection events), total pounds of EVO injected each event 

= 9,660.  Total EVO = 38,640 lbs. 
-Transportation Personnel Injection support crew: 2 heavy duty trucks, 500 mile roundtrip (8 trips total), oversight 1 person 300 mile roundtrip 5 

trips total.
-Transportation Equipment Transport 5 tons of EVO plus tanks/injection equipment (full load = 15 tons) distance for one way trip = 250 miles x 

4 trips = 1000 miles.
Return trip Equipment w/no evo (10 tons), 1,000 miles.

- Equipment Use 100 kw (100 - 175 hp) diesel generator used to power pump during injections (duration 10 x 8-hr days x 4 events = 
320 hrs).

- Additional Known Onsite Activities  Water use for injections = 93,000 gallons each injection x 4 = 372,000 gallons.
Long-term Monitoring Annual sampling of 50 wells (low flow), 8 SW samples for 30 years, 
-Transportation 3 individuals in their own vehicles traveling 300 miles roundtrip (30 trips for 50 wells).
- Residual handling 8 drums of water are generated per year for 30 years. 1 drum is approximately 450 lbs (total weight per event =  

2.25 tons). Drums will be transported to Greensboro (200 miles one way) assume 30 trips with 1.8 ton load and 30 
empty trips.
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Table C-3
Source Area Alternative 2 (ERD) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

GENERAL ASSUMPTIONS/CONVERSIONS
EVO/lactate 50/50 blend Unit weight of EVO = 8.1 lb/gal
One injection event unit weight of Lactate = 8.7 lb/gal

SITEWISE TAB Assumptions
Remedial Investigation No Actions
Remedial Action Construction Construction of ERD wells and Injection event
- Well Materials Permanent injection wells - 59 wells to 45 feet bgs, 49 wells to 70 feet bgs, 2" Sched 

40 PVC. 
- Treatment Chemicals and Materials EVO/Lactate blend (Vegetable oil as substrate for any biological treatment) - 108 

injection points, 146,000 lbs of substrate total = 1352 lbs per well.
- Personnel Transportation (all by road) Drilling support truck - 1 driver, 500 miles round trip.

Oversight - 1 person 300 miles roundtrip (from Raleigh).
Utility locate/surveying 120 miles roundtrip.
Injection support crew: 2 heavy duty trucks, 500 mile roundtrip.

- Equipment Transportation (all by road) Sonic Rig - assume 20 tons transported 500 miles roundtrip.
Drilling equipment - assume 5 tons of equipment, tooling, well construction materials 
(sand, grout, bentonite).
EVO - distance traveled = 250 miles (one way), 275 drums of EOS (425 lbs per drum) 
=58.5 tons assume 3 trips of 19 tons. 750 miles of empty truck travel.
Lactate - distance traveled = 500 miles (one way), 59.5 tons, 3 trips of 20 tons, 1500 
miles of empty truck travel.

-Equipment use
Drilling 3 hrs at 45-ft injection wells and 5 hrs at 70-ft injection wells.
Injections 100 kw (100 - 175 hp) diesel generator used to power pump during injections 

(duration 20 x 8-hr days = 160 hrs).
-Residual Handling Soil IDW - borehole volume plus 20% for soil residuals (53 cu yd, 1.5 tons/cy, total 

soil = 80 tons), 20 tons per trip, 200 miles per trip (one way) (4 trips).
Water IDW - 2 times borehole annular space for well installation (development water) 
and 10 gallons for decon per well. 10,080 gallons x 8.35lbs/gal/2000 tons/gal = 42 
tons. 2 trips of 21 tons 200 miles.
Empty - 6 trips 200 miles

- Other known activities Water use - 153,000 gallons for ERD injections, 10,080 gallons for well installation.

Remedial Action Operations Sampling 20 wells, low flow, 2 times for 1 year.
-Transportation Personnel 2 monitoring trips, 2 people, 2 cars, driving from Raleigh (300 miles roundtrip)
-Residual Handling 20 wells, 8 gallons of IDW per well = 3 drums x 450 lbs per drum/2000 lbs/ton =0.7 

tons per event, assume 200 miles one way, empty trip for each event.
Long-term Monitoring No activities (MNA included in Downgradient alternatives).
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Table C-4
Source Area Alternative 3 (ISCO) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

GENERAL ASSUMPTIONS/CONVERSIONS
One injection event

SITEWISE TAB Assumptions
Remedial Investigation No Actions
Remedial Action Construction Construction of ISCO wells and Injection event
- Well Materials Permanent injection wells - 59 wells to 45 feet bgs, 49 wells to 70 feet bgs, 2" Sched 

40 PVC. 
- Treatment Chemicals and Materials Persulfate/NaOH 75/25 blend. Assumed that persulfate can be represented in 

SiteWise by hydrogen peroxide and NaOH can be represented by soda ash since no 
option for either injectant. 108 injection points, 9350 lb (dry wt) of persulfate and 3135 
lb (dry wt) of NaOH per injection.

- Personnel Transportation (all by road) Drilling support truck - 1 driver, 500 miles round trip.
Oversight - 1 person 300 miles roundtrip (from Raleigh).
Utility locate/surveying 120 miles roundtrip.
Injection support crew: 2 heavy duty trucks, 500 mile roundtrip.

- Equipment Transportation (all by road) Sonic Rig - 20 tons transported 500 miles roundtrip.
Drilling equipment - 5 tons of equipment, tooling, well construction materials (sand, 
grout, bentonite).
Persulfate distance traveled = 500 miles (one way), 1,009,800 lbs (504.9 tons) 
assume 20 trips of 25 tons. 10,000 miles of empty truck travel.
NaOH - distance traveled = 500 miles (one way), 1,355,000 lbs of 25% solution 
(677.5 tons), 27 trips of 25 tons, 13,500 miles of empty truck travel.

-Equipment use Sonic drilling
Drilling Assume 3 hrs at 45-ft injection wells and 5 hrs at 70-ft injection wells
Injections 100 kw (100 - 175 hp) diesel generator used to power pump during injections 

(duration 20 x 8-hr days = 160 hrs).
-Residual Handling Soil IDW - assumed borehole volume plus 20% for soil residuals (53 cu yd, 1.5 

tons/cy, total soil = 80 tons), 20 tons per trip, 200 miles per trip (one way) (4 trips).

Water IDW - assumed 2 times borehole annular space for well installation and 10 
gallons for decon per well. 10,080 gallons x 8.35lbs/gal/2,000 tons/gal = 42 tons.   
Assume 2 trips of 21 tons 200 miles.
Empty - 6 trips 200 miles

- Other known activities Water use - Includes injection 478,326 gal (20% by weight persulfate solution 91 gals 
water per 190 lbs pers., 25% NaOH already mixed) and 10,080 gallons for well 
installation = 489,126 gallons total.

Remedial Action Operations Sampling 20 wells, low flow, 2 times for 1 year.
-Transportation Personnel 2 monitoring trips, 2 people, 2 cars, driving from Raleigh (300 miles roundtrip)
-Residual Handling 20 wells, 8 gallons of IDW per well = 3 drums x 450 lbs per drum/2000 lbs/ton =0.7 

tons per event, assume 200 miles one way, empty trip for each event.
Long-term Monitoring No activities (MNA included in Downgradient alternatives).
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Table C-5
Source Area Alternative 4 (HDD AS) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

GENERAL ASSUMPTIONS/CONVERSIONS
Operate for 3 years
Well #1 - 750' screen 700 ' of riser 10" diameter borehole, 6" diameter pipe
Well #2 - 600' screen 900' of riser

SITEWISE TAB Assumptions
Remedial Investigation No Actions
Remedial Action Construction Construction of AS wells 
- Well Materials 2950 ft of 6 inch schedule 80 pvc. Note - material should be fiberglass but it is not 

available in SiteWise. 
- Personnel Transportation (all by road) Drilling support (HDD rig)- 2 vehicles, 800 miles round trip.

Oversight - 1 person 300 miles roundtrip (from Raleigh).
Utility locate/surveying - 120 miles roundtrip.
Electricians - 300 miles roundtrip, 2 people .
Vegetation Clearance - 2 person crew, hauling vegetation clearance equipment, 200 
mile roundtrip.

- Equipment Transportation (all by road) Drill rig - 800 miles roundtrip, weighs 30 tons.
Backhoe supplied by drilling company - 800 miles roundtrip, weighs 7 tons.
Tool Trucks - 2 trucks, 800 miles and 25 tons each.
Air Sparge Supplies (compressor, housing, control panel, etc) - 900 miles one way, 
30 tons.
Empty - 900 miles back, 0 tons.

-Equipment use
Drilling 2 well locations, assume HSA (horizontal directional drilling not an option in SiteWise, 

assumed hollow stem is closest), rig will run 50 hours at each well, total drilling 
footage of wells = average of 1,500 ft.

-Residual Handling Soil IDW - 109 tons total (73 cy at 1.5 tons/cy),  22 tons per trip, 200 miles per trip 
(one way) (5 trips).
Water IDW - 1 well volume for development, 7.48 gal per cf, 589 cf= 4400 gal of 
development water, 8.34 lb/ gallon, 36696 lb = 19 tons, 1 trip.

- Other known activities Water Consumption - Recycler for HDD rig - 2,500 gal plus 3 times boring volume 
(assume 10" diameter boring = 36,669 gal) = 39,169 gal, decon - 300 gal, total = 
39,469 gal

Remedial Action Operations Running air sparge system for 3 years
- Personnel Transportation Monthly O&M - 50 miles roundtrip, 1 person. Semi-annual monitoring trips, 2 people, 

2 trucks, driving from Raleigh (300 miles roundtrip) for 3 years. (6 trips total).

- Equipment Transportation 100 hp Compresser, running 24 hr a day for 3 yrs (26,280 hrs).
-Residual Handling 20 wells, 8 gallons of IDW per well = 3 drums x 450 lbs per drum/2,000 lbs/ton = 0.7 

tons per event, assume 200 miles one way, empty trip for each event, 6 events total.

Long-term Monitoring No activities (MNA included in Downgradient alternatives).
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Table C-6
Surface Water Alternative 2 (SW PRB) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

GENERAL ASSUMPTIONS/CONVERSIONS
PRB Trench dimensions = 1100x25x2 feet unit weight of mulch = 800 lb/cu yd
PRB Volume = 2040 cu yd unit weight of sand = 1.5 tons/cu yd
Sand/Mulch ratio = 60/40 unit weight of soil = 1.5 tons/cu yd

SITEWISE TAB Assumptions
Remedial Investigation No Actions
Remedial Action Construction Construction of PRB Mulch Wall and Monitoring Wells
- Well Materials 12 x 2" wells to 25 feet bgs, Schedule 40 PVC construction, installed using HAS.

- Treatment Chemicals and Materials Mulch to fill trench - 2040*800*0.4 = 651,852 lbs, 1 "injection" and 1 "injection point".

- Personnel Transportation (all by road) Survey/Utility Location - 120 miles round trip, 2 vehicles (trips), 2 people per vehicle.

Oversight - 1 person, 300 mile round trip (from Raleigh).
Trench Crew - support vehicles (assume 3 light trucks, 1900 miles roundtrip).
Drillers - support vehicle/water truck, 2 people, 500 mile roundtrip.
Vegetation Clearance - 2 person crew, hauling vegetation clearance equipment, 200 
mile roundtrip.

- Equipment Transportation (all by road) Drill Rig - 500 mile roundtrip, rig weighs 15 tons.
Excavator - 1 excavator transported to Site locally rented (25 miles roundtrip), 25 
tons.
Trencher - MT 2000 Trencher from Dewind (40 tons) 1900 miles roundtrip.
Loader - 2 loaders, 25 tons each, local travel (25 miles round trip each loader, 2 trips 
= total of 50 miles).
Mulch/Sand transportation - All materials are coming from Mainside (15 mile trip one 
way), total weight of material = 2,160 tons (326 tons of Mulch, 1,834 tons of sand).  1 
full load is 40 tons, total one way full load trips = 54 trips (810 miles traveled).

Empty loads for mulch/sand = 810 miles.
-Equipment use

Earthwork Trencher - (Used backhoe since no option for trencher in equipment list)  trencher 
removes entire volume of trench (2,040 cu yd).
Loader - moves soil from trench and sand/mulch material into trench (2x 2,040 cu 
yd).
Excavator - assumes helps move soil from trench during trenching and soil from 
stockpile during IDW loading (2x2040 cu yd)

Drilling Rig - 12 locations, HSA rig, assume 3 hours per well, 25 foot depth.
-Residual Handling Soil - total amount is 3,060 tons, 20 tons per trip, 200 mile one way trip - total full 

load trips = 153.
Water - assume 5 tons of water in drums from well development and decon during 
installation activities, 200 miles one way.
Empty loads = 154 trips, 200 miles one way.

- Other known activities 500 gallons of water consumption for decontamination.
Remedial Action Operations EVO Injections (every 3 years)
-Treatment Chemicals and Materials Injections of EVO into PRB every 3 years for 30 years (10 injection events), total 

pounds of EVO injected each event = 12,650.  Total EVO = 126,500 lbs. 
-Transportation Personnel Injection support crew: 2 heavy duty trucks, 500 mile roundtrip (20 trips total), 

oversight 1 person 300 mile roundtrip 10 trips total.
-Transportation Equipment Transport 6.5 tons of EVO plus tanks/injection equipment (full load = 16.5 tons) 

distance for one way trip = 250 miles x 10 trips = 2500 miles
Return trip Equipment w/no EVO (10 tons), 2,500 miles.

- Equipment Use 100 kw (100 - 175 hp) diesel generator used to power pump during injections 
(duration 13 x 8-hr days x 10 events = 1040 hrs).

- Additional Known Onsite Activities Water use for injections = 120,000 gallons each injection x 10 = 1,200,000 gallons.

Long-term Monitoring
Sampling Annual sampling of 12 wells (low flow) and 8 surface water locatiosn for 30 

years
-Transportation 2 individuals in their own vehicles traveling 300 miles roundtrip (30 trips).
- Residual handling 12 wells, 8 gallons of IDW per well = 2 drums x 450 lbs per drum/2,000 lbs/ton =0.45 

tons per event, assume 200 miles one way, empty trip for each event.
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Table C-7
Surface Water Alternative 3 (Surface Aerators) Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

SITEWISE TAB Assumptions
Remedial Investigation No Actions
Remedial Action Construction Installation of 5 Surface Aerators and Supplied Electricity 
- Personnel Transportation (all by road) Survey/Utility Location - 120 miles round trip, 2 vehicles (trips), 2 people per vehicle.

Oversight - 1 person, 300 mile round trip (from Raleigh).
Installation - 200 miles roundtrip, 3 people, 3 vehicles.
Vegetation Clearance - 2 person crew, hauling vegetation clearance equipment, 200 
mile roundtrip.

- Equipment Transportation (all by road) Ditch witch/ aerators and equipment - 1 ton, 100 miles roundtrip.
-Equipment use Ditch witch used to install electricity to aerators, assume similar to a loader/backhoe 

moving 50 cu yds total.
- Other known activities 100 gallons of water consumption for decontamination.
Remedial Action Operations
-Transportation Personnel Operations and Maintenance - 25 miles roundtrip, monthly for 30 years (360 trips), 1 

person.
- Pump Operation Using Method 3, five 1/2 hp aerators, running continuously for 30 years (262,800 hrs 

each).
Long-term Monitoring Annual sampling of 8 surface water locations  for 30 years
-Transportation 2 individuals in their own vehicles traveling 300 miles roundtrip (30 trips).
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Table C-8
Equipment Use Assumptions
Site 89 Feasibility Study
MCB CamLej
North Carolina

Task Equipment Type
Weight 

(lbs)
Drilling Sonic Rig 40,000
Drilling HDD Drill Rig 60,000
Drilling Hollow Stem Auger 30,000
Excavating Backhoe 14,000
Excavating Excavator 50,000
Excavating Trencher 80,000
Excavating Front end loader 50,000
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Table C-9
Sustainability Analysis Metrics Quantified for Each Downgradient Alternative
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions Total energy Used Water 

Consumption
NOx 

emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

MNA 34.89 4.36E+02 0.00E+00 3.84E-02 8.43E-03 5.49E-03 2.79E-04 2.62E-02
PRB and MNA 199.32 3.52E+03 3.73E+05 2.89E-01 5.96E-02 3.34E-02 5.83E-04 7.63E-02

Relative Ranking
GHG 

Emissions Total energy Used Water 
Consumption

NOx 

emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

MNA 1 1 1 1 1 1 1 1 1
PRB and MNA 2 2 2 2 2 2 2 2 2

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

GHG - Greeenhouse Gases

Overall Rank is the calculated average of the relative ranks rounded to the nearest whole number.

Remedial Alternatives
Accident 

Risk 
Fatality

Accident 
Risk 

Injury

Overall 
Rank

Remedial Alternatives
Accident 

Risk 
Fatality

Accident 
Risk 

Injury
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Table C-10
MNA Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

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 0.23 2.5E+00 NA 2.1E-04 6.0E-05 4.0E-05 4.6E-06 3.3E-04
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 0.23 2.54E+00 0.00E+00 2.10E-04 6.03E-05 3.95E-05 4.59E-06 3.29E-04
Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 20.41 2.2E+02 NA 2.2E-02 5.3E-03 3.3E-03 2.3E-04 1.6E-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 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 14.25 2.1E+02 NA 1.6E-02 3.1E-03 2.2E-03 4.5E-05 9.4E-03
Sub-Total 34.66 4.34E+02 0.00E+00 3.82E-02 8.37E-03 5.45E-03 2.75E-04 2.59E-02

3.5E+01 4.4E+02 0.0E+00 3.8E-02 8.4E-03 5.5E-03 2.8E-04 2.6E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases
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Table C-11
PRB and MNA Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

NOx 

Emissions
SOx 

Emissions
PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton
Consumables 5.90E+01 1.26E+03 NA NA NA NA NA NA
Transportation-Personnel 5.52E+00 6.33E+01 NA 5.95E-03 1.39E-03 8.83E-04 6.70E-05 4.81E-03
Transportation-Equipment 8.36E+00 1.22E+02 NA 9.50E-03 1.82E-03 1.27E-03 8.96E-06 1.87E-03
Equipment Use and Misc 4.62E+00 7.00E+01 5.00E+02 2.90E-02 6.37E-03 3.11E-03 5.64E-06 2.43E-03
Residual Handling 5.61E+01 9.74E+02 NA 6.37E-02 1.22E-02 8.50E-03 1.78E-04 3.71E-02
Sub-Total 1.34E+02 2.49E+03 5.00E+02 1.08E-01 2.18E-02 1.38E-02 2.60E-04 4.62E-02
Consumables 5.78E+00 1.41E+02 NA NA NA NA NA NA
Transportation-Personnel 5.66E+00 7.94E+01 NA 6.38E-03 1.27E-03 8.66E-04 4.42E-05 3.17E-03
Transportation-Equipment 2.87E+00 4.20E+01 NA 3.26E-03 6.26E-04 4.35E-04 4.80E-06 1.00E-03
Equipment Use and Misc 1.54E+01 3.44E+02 3.72E+05 1.32E-01 2.69E-02 1.26E-02 0.00E+00 0.00E+00
Residual Handling 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sub-Total 2.98E+01 6.07E+02 3.72E+05 1.41E-01 2.88E-02 1.39E-02 4.90E-05 4.17E-03
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 2.04E+01 2.23E+02 NA 2.20E-02 5.27E-03 3.29E-03 2.30E-04 1.65E-02
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 1.56E+01 2.00E+02 NA 1.72E-02 3.75E-03 2.45E-03 4.53E-05 9.43E-03
Sub-Total 3.60E+01 4.23E+02 0.00E+00 3.92E-02 9.01E-03 5.75E-03 2.75E-04 2.59E-02

1.99E+02 3.52E+03 3.73E+05 2.89E-01 5.96E-02 3.34E-02 5.83E-04 7.63E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases
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Table C-12
Sustainability Analysis Metrics Quantified for Each Source Area Alternative
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total energy 
Used

Water 
Consumption

NOx 

emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

ERD 74.46 1.37E+03 1.64E+05 2.27E-01 4.07E-02 1.95E-02 8.04E-05 1.84E-02
ISCO 1041.43 1.44E+04 4.89E+05 3.00E-01 5.46E-02 2.92E-02 1.82E-04 3.96E-02
HDD AS 1065.60 2.11E+04 1.04E+06 1.50E+00 5.24E+00 6.71E-03 1.20E-04 1.43E-02

Relative Ranking

GHG 
Emissions

Total energy 
Used

Water 
Consumption

NOx 

emissions
SOx 

Emissions
PM10 

Emissions

metric ton MMBTU gallons metric ton metric ton metric ton
ERD 1 1 1 1 1 2 1 2 1
ISCO 2 2 2 2 2 3 3 3 2
HDD AS 3 3 3 3 3 1 2 1 2

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

GHG - Greeenhouse Gases

Overall Rank is the calculated average of the relative ranks rounded to the nearest whole number.

Overall 
Rank

Remedial 
Alternatives

Accident 
Risk Fatality

Accident 
Risk 

Injury

Remedial 
Alternatives

Accident 
Risk Fatality

Accident 
Risk 

Injury
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Table C-13
ERD Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

NOx 

Emissions
SOx 

Emissions
PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton
Consumables 2.77E+01 6.54E+02 NA NA NA NA NA NA
Transportation-Personnel 1.95E+00 2.56E+01 NA 2.13E-03 4.54E-04 3.03E-04 1.94E-05 1.39E-03
Transportation-Equipment 7.79E+00 1.14E+02 NA 8.85E-03 1.70E-03 1.18E-03 1.32E-05 2.75E-03
Equipment Use and Misc 3.21E+01 5.04E+02 1.64E+05 2.11E-01 3.74E-02 1.73E-02 2.55E-05 1.10E-02
Residual Handling 2.85E+00 4.98E+01 NA 3.24E-03 6.21E-04 4.32E-04 9.05E-06 1.89E-03
Sub-Total 7.24E+01 1.35E+03 1.64E+05 2.25E-01 4.01E-02 1.92E-02 6.72E-05 1.70E-02
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 9.07E-01 9.92E+00 NA 9.76E-04 2.34E-04 1.46E-04 1.02E-05 7.32E-04
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 1.13E+00 1.24E+01 NA 1.22E-03 2.93E-04 1.83E-04 3.02E-06 6.29E-04
Sub-Total 2.04E+00 2.24E+01 0.00E+00 2.20E-03 5.27E-04 3.29E-04 1.32E-05 1.36E-03

7.45E+01 1.37E+03 1.64E+05 2.27E-01 4.07E-02 1.95E-02 8.04E-05 1.84E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases
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Table C-14
ISCO Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

NOx 

Emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 9.31E+02 1.27E+04 NA NA NA NA NA NA
Transportation-Personnel 1.95E+00 2.56E+01 NA 2.13E-03 4.54E-04 3.03E-04 1.94E-05 1.39E-03
Transportation-Equipment 7.19E+01 1.05E+03 NA 8.17E-02 1.57E-02 1.09E-02 1.15E-04 2.40E-02
Equipment Use and Misc 3.21E+01 5.04E+02 4.89E+05 2.11E-01 3.74E-02 1.73E-02 2.55E-05 1.10E-02
Residual Handling 2.85E+00 4.98E+01 NA 3.24E-03 6.21E-04 4.32E-04 9.05E-06 1.89E-03
Sub-Total 1.04E+03 1.44E+04 4.89E+05 2.98E-01 5.41E-02 2.89E-02 1.69E-04 3.82E-02
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 9.07E-01 9.92E+00 NA 9.76E-04 2.34E-04 1.46E-04 1.02E-05 7.32E-04
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 1.13E+00 1.25E+01 NA 1.22E-03 2.93E-04 1.83E-04 3.02E-06 6.29E-04
Sub-Total 2.04E+00 2.24E+01 0.00E+00 2.20E-03 5.27E-04 3.29E-04 1.32E-05 1.36E-03

1.04E+03 1.44E+04 4.89E+05 3.00E-01 5.46E-02 2.92E-02 1.82E-04 3.96E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases

Accident Risk 
Injury
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Table C-15
HDD AS Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

NOx 

Emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 2.25E+01 4.64E+02 NA NA NA NA NA NA
Transportation-Personnel 2.77E+00 3.82E+01 NA 3.11E-03 6.30E-04 4.26E-04 4.23E-05 3.04E-03
Transportation-Equipment 8.67E+00 1.22E+02 NA 9.78E-03 1.94E-03 1.33E-03 1.20E-05 2.50E-03
Equipment Use and Misc 7.73E+00 1.05E+02 3.95E+04 4.58E-02 7.57E-03 3.47E-03 6.05E-06 2.60E-03
Residual Handling 1.70E+00 2.64E+01 NA 1.83E-03 4.39E-04 2.75E-04 4.53E-06 9.43E-04
Sub-Total 4.34E+01 7.56E+02 3.95E+04 6.05E-02 1.06E-02 5.50E-03 6.49E-05 9.08E-03
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 4.08E+00 4.46E+01 NA 4.39E-03 1.05E-03 6.59E-04 4.59E-05 3.29E-03
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 1.01E+03 2.03E+04 9.99E+05 1.43E+00 5.23E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 3.40E+00 3.74E+01 NA 3.66E-03 8.78E-04 5.49E-04 9.05E-06 1.89E-03
Sub-Total 1.02E+03 2.03E+04 9.99E+05 1.44E+00 5.23E+00 1.21E-03 5.50E-05 5.18E-03

1.07E+03 2.11E+04 1.04E+06 1.50E+00 5.24E+00 6.71E-03 1.20E-04 1.43E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases
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Table C-16
Sustainability Analysis Metrics Quantified for Each Surface Water Alternative
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total energy 
Used

Water 
Consumption

NOx 
emissions

SOx 
Emissions

PM10 
Emissions

metric ton MMBTU gallons metric ton metric ton metric ton
SW PRB 292.84 5.43E+03 1.20E+06 6.24E-01 1.28E-01 6.65E-02 6.36E-04 8.89E-02
Surface Aerators 275.07 5.30E+03 2.50E+05 3.80E-01 1.31E+00 3.46E-03 2.42E-04 1.74E-02

Relative Ranking
GHG 

Emissions
Total energy 

Used
Water 

Consumption
NOx 

emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

SW PRB 2 2 2 2 1 2 2 2 2
Surface Aerators 1 1 1 1 2 1 1 1 1

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases

Overall Rank is the calculated average of the relative ranks rounded to the nearest whole number.

Overall 
Rank

Remedial 
Alternatives

Accident 
Risk 

Fatality

Accident 
Risk 

Injury

Remedial 
Alternatives

Accident 
Risk 

Fatality

Accident 
Risk 

Injury
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Table C-17
SW PRB  Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

NOx 

Emissions
SOx 

Emissions
PM10 

Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 7.71E+01 1.64E+03 NA NA NA NA NA NA
Transportation-Personnel 6.11E+00 7.20E+01 NA 6.63E-03 1.52E-03 9.73E-04 6.70E-05 4.81E-03
Transportation-Equipment 9.23E+00 1.31E+02 NA 1.04E-02 2.06E-03 1.41E-03 9.83E-06 2.05E-03
Equipment Use and Misc 6.09E+00 8.72E+01 5.00E+02 3.81E-02 8.70E-03 3.95E-03 6.58E-06 2.83E-03
Residual Handling 7.31E+01 1.27E+03 NA 8.31E-02 1.59E-02 1.11E-02 2.32E-04 4.84E-02
Sub-Total 1.72E+02 3.20E+03 5.00E+02 1.38E-01 2.82E-02 1.74E-02 3.16E-04 5.81E-02
Consumables 1.89E+01 4.62E+02 NA NA NA NA NA NA
Transportation-Personnel 1.41E+01 1.99E+02 NA 1.59E-02 3.17E-03 2.17E-03 1.11E-04 7.93E-03
Transportation-Equipment 7.28E+00 1.07E+02 NA 8.27E-03 1.59E-03 1.10E-03 1.20E-05 2.50E-03
Equipment Use and Misc 5.02E+01 1.12E+03 1.20E+06 4.29E-01 8.76E-02 4.09E-02 0.00E+00 0.00E+00
Residual Handling 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sub-Total 9.06E+01 1.89E+03 1.20E+06 4.53E-01 9.23E-02 4.42E-02 1.23E-04 1.04E-02
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 1.36E+01 1.49E+02 NA 1.46E-02 3.51E-03 2.20E-03 1.53E-04 1.10E-02
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 1.70E+01 1.87E+02 NA 1.83E-02 4.39E-03 2.75E-03 4.53E-05 9.43E-03
Sub-Total 3.06E+01 3.36E+02 0.00E+00 3.29E-02 7.90E-03 4.94E-03 1.98E-04 2.04E-02

2.93E+02 5.43E+03 1.20E+06 6.24E-01 1.28E-01 6.65E-02 6.36E-04 8.89E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases

Accident Risk 
Injury
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Table C-18
Surface Water Aerators  Sustainability Analysis
Site 89 Feasibility Study
MCB CamLej
North Carolina

GHG 
Emissions

Total Energy 
Used

Water 
Impacts

NOx 

Emissions
SOx 

Emissions
PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 8.62E-01 9.42E+00 NA 9.27E-04 2.22E-04 1.39E-04 1.17E-05 8.42E-04
Transportation-Equipment 1.20E-01 1.76E+00 NA 1.37E-04 2.62E-05 1.82E-05 2.40E-07 5.00E-05
Equipment Use and Misc 8.06E-03 1.19E-01 1.00E+02 6.32E-05 1.43E-05 1.23E-05 3.99E-08 1.72E-05
Residual Handling 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sub-Total 9.90E-01 1.13E+01 1.00E+02 1.13E-03 2.63E-04 1.70E-04 1.20E-05 9.09E-04
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 6.80E+00 7.44E+01 NA 7.32E-03 1.76E-03 1.10E-03 7.65E-05 5.49E-03
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 2.54E+02 5.07E+03 2.50E+05 3.57E-01 1.31E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sub-Total 2.60E+02 5.14E+03 2.50E+05 3.64E-01 1.31E+00 1.10E-03 7.65E-05 5.49E-03
Consumables 0.00E+00 0.00E+00 NA NA NA NA NA NA
Transportation-Personnel 1.36E+01 1.49E+02 NA 1.46E-02 3.51E-03 2.20E-03 1.53E-04 1.10E-02
Transportation-Equipment 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Equipment Use and Misc 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Residual Handling 0.00E+00 0.00E+00 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sub-Total 1.36E+01 1.49E+02 0.00E+00 1.46E-02 3.51E-03 2.20E-03 1.53E-04 1.10E-02

2.75E+02 5.30E+03 2.50E+05 3.80E-01 1.31E+00 3.46E-03 2.42E-04 1.74E-02

Notes:

MMBTU - million Britsh Thermal Unit

NOx -  Nitrogen Oxides

SOx - Sulfur Oxides

PM10 - Particulate Matter

NA - Not Applicable

GHG - Greeenhouse Gases

Accident Risk 
Injury
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Figure C-1Sustainability Analysis Summary Downgradient AreaSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-2Sustainability Analysis - Monitored Natural AttenuationSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-3Sustainability Analysis - Permeable Reactive Barrier and MNASite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-4Sustainability Analysis Metrics for Source Area AlternativesSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-5Sustainability Analysis - Enhanced Reductive DechlorinationSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-7Sustainability Analysis - Air SpargeSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-8Sustainability Analysis Metrics Surface Water AlternativesSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-9Sustainability Analysis - Surface Water Permeable Reactive BarrierSite 89 Feasibility StudyMCB CamLejNorth Carolina
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Figure C-10Sustainability Analysis - Surface Water AeratorsSite 89 Feasibility StudyMCB CamLejNorth Carolina
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