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EXECUTIVE SUMMARY 

This report presents the results of a study that evaluates options and the estimated costs for 

providing and maintaining groundwater treatment systems for the Installation Restoration 

(IR) and Underground Storage Tank (UST) sites at Marine Corps Base (MCB), Camp Lejeune, 

North Carolina. 

Four options for treating contaminated groundwater were considered: 

Alternative 1 - Construction of individual pump and treat systems for each IR and 

UST site. 

Alternative 2 - Construction of a central treatment plant and transmission system 

within each of the seven sanitary sewer outfall areas, solely for 

treatment of groundwater from the IR and UST sites in each area. 

Alternative 3 - Conversion of the existing Hadnot Point Sewage Treatment (SIP) 

Plant and construction of a Base-wide transmission system, solely for 

treatment of groundwater from the IR and UST sites. 

Alternative 4 - Transmission and treatment of groundwater from all IR and UST sites 

at the planned Hadnot Point STP. 

Section 2.0 presented the process used to develop the information needed to consider these 

alternatives. Available site-specific information was reviewed for 31 IR sites and 21 UST 

sites. Based on this review, it was determined that groundwater remediation may be 

necessary at 17 IR sites and 13 UST sites. In addition, in accordance with the Scope of Work, a 

total of 100 additional UST sites were projected to require groundwater remediation over the 

next seven years (1995 through 1999). Table ES-l summarizes the distribution of these sites. 

The principal contaminants of concern (COCs) identified in the review of the site-specific 

information included benzene, cadmium, chromium, 1,2-dichloroethylene, ethylbenzene, iron, 

lead, magnesium, mercury, toluene, total hydrocarbons, trichloroethylene, tetrachloro- 

ethylene, vinyl chloride, and xylene. 
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TABLE ES-l 

SUMMARY OF IR AND UST SITES AT MCB CAMP LEJEUNE 

Base Location 
(Outfall) 

Camp Geiger 

Hadnot Point(l) 

Projected Future Totals of Each 
lR Sites UST Sites UST Sites Outfall 

Total Total Total Total 
No. Flow No. Flow No. Flow No. Flow 

@pm) k-pm) &pm) 03-d 

4 90 6 70 15 150 25 310 

8 705 4 30 70 350 82 1,085 

(1) Includes Site 78 (Operable Unit No. 1). 

ES-2 

- 



I, I ,u1,,.: 

Using the information assembled in Section 2.0, feasible treatment technology options for a 

groundwater remediation system were identified and evaluated. Section 3.0 presented this 

evaluation. Three primary treatment technologies were identified as applicable in a pump 

and treat system for the COCs: air stripping, liquid-phase carbon adsorption, and 

UV/chemical oxidation. Using a design flow of 25 gpm, a life-cycle cost analysis of the three 

alternatives determined that the air stripping system had the lowest five year life-cycle cost, 

at $715,000. 

In Section 4.0, using the air stripping system as the primary treatment process, five different 

treatment scenarios were developed, depending on the anticipated COCs. These scenarios 

were matched with the IR and UST sites, and a range a flow capacities were determined for 

each treatment scenario. Then, capital and O&M costs were estimated for “typical” 

groundwater treatment plants with flow capacities matched to those projected for the sites. 

‘Typical” groundwater treatment plants were sized for flow capacities of 5,15,25,50,100,150, 

and 200 gpm. Capital costs for treatment systems with projected flow rates greater than 

200 gpm were estimated based on USEPA costing tables from the ‘Xandbook of Remedial 

Action at Waste Disposal Sites” (USEPA, 1985). 

Capital and O&M cost estimates were also developed in Section 4.0 for groundwater extraction 

systems and a pumping or transmission system. The groundwater extraction systems 

considered were recovery trenches and shallow extraction wells. Recovery trenches were 

recommended for many of the UST sites in the site assessment reports. Shallow extraction 

wells were assumed to yield 4 gallons per minute. 

Based on the cost estimates for the groundwater extraction, treatment, and transmission 

systems developed in Section 4.0, total capital and O&M costs were summarized for the four 

treatment alternatives. Detailed cost tables for these alternatives are provided in Section 5.0. 

Section 6.0 describes the process used to develop the life-cycle cost analysis of the four 

treatment alternatives. The life-cycle costs include the capital costs and the annual operation 

and maintenance costs for the different alternatives. A summary of these costs is presented 

below. 
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I Alternative 
I 

Total Capital 

I 

0 &MCosts 
cost (Years 0 - 10) 

I 

I I 
1 1 $32320,000 1 $9,900,000 

I 2 1 $35277,000 1 $2,960,000 

3 $48,350,000 $6,980,000 

4 $35,070,000 $3,800,000 

0 &MCosts Total Life Cycle 
(Years 11 - 30) cost 

$14,840,000 $142,000,000 

$4,440,000 $68,000,000 

$10,470,000 $126,000,000 

$5,700,000 $77,000,000 

As can be expected in a project of this type, there were a number of assumptions that were 

made to develop site data and cost estimates. These assumptions have been noted when 

necessary, as a footnote or comment, along with the reasoning that was used to make the 

assumption. However, it should be noted that, because of the number of assumptions made, 

the capital costs developed and the resulting life-cycle cost analysis, are preliminary and 

approximate. As additional site-specific information becomes available, the preliminary 

assumptions made for this study can be revised as necessary, and the resulting costs can be 

adjusted. 

Based on the life-cycle cost analysis presented in Section 6.0, Alternative 2 - construction of 

regional treatment plants located throughout the Base, solely for treatment of groundwater 

from the IR and UST sites, has the lowest life-cycle, or present worth value, at $68,000,000. 

This alternative considers the construction of five regional groundwater plants located at the 

site of the existing sewage treatment plants located at Camp Geiger Courthouse Bay, Hadnot 

Point, Rifle Range, and Tarawa Terrace. The plants would range in size from 15 to 1,100 

gallons per minute. The five existing sewage treatment plant sites could be used at the site for 

the groundwater treatment plant, thus taking advantage of the utilities and infrastructure 

already in place. It was determined that a regional treatment plant would not be required at 

Montford Point and at Onslow Beach, since each of these areas only have one site that is 

projected to require groundwater remediation. 

Because of the many issues which have recently been raised regarding a discharge permit for 

the planned Hadnot Point Sewage Treatment Plant expansion, the issues of obtaining the 

necessary discharge permits for Alternatives 2, 3, and 4 need to be carefully considered. 

Permitting issues may dictate which alternatives are viable from a regulatory standpoint. 

Therefore, groundwater remediation systems that consider in-place treatment or reinjection of 

treated groundwater should be considered wherever possible. The use of these types of 

systems would decrease the amount of groundwater that would need to be discharged to a 
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sanitary sewer or a watercourse. Systems with in-place treatment or reinjection of treated 

groundwater would decrease the costs associated with transmission of groundwater to a 

central treatment location. 

Finally, the intent of this project is to provide IANTDIV and MCB Camp Lejeune with 

information that can be used to develop strategies for groundwater remediation at IB and UST 

sites. Therefore, Baker recommends that consideration be given to updating this report as 

additional information becomes available. 
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1.0 INTRODUCTION 

This report presents an evaluation of the options and estimated costs for providing and 

maintaining groundwater treatment systems for the Installation Restoration (IR) and 

Underground Storage Tank (UST) sites located within Marine Corps Base (MCB), Camp 

Lejeune, North Carolina (Also referred to within this report as the “Base”). This report has 

been prepared by Baker Environmental, Inc. (Baker) under the Department of the Navy 

(DON), Atlantic Division Naval Facilities Engineering Command (LANTDIV), CLEAN 

Program for Contract Task Order 0140. 

The purpose of this report is to provide LANTDIV and MCB Camp Lejeune planners with a 

planning document that presents technologically acceptable and cost effective alternatives of 

providing treatment for the groundwater effluent from IR and UST sites at MCB Camp 

Lejeune. 

1.1 Objectives of the Effluent Studv 

Seven objectives were identified in the Scope of Work prepared by IANTDIV for this project. 

These objectives are summarized below. 

1. Identify which of the 31 IR sites and 21 UST sites will likely require some form of a 

groundwater pump and treat system for remediation, based on existing information 

provided to Baker from LANTDIV. 

2. Develop a matrix that presents the following information for each IR and UST site: 

l The estimated extent of contamination at each site, including the 

identification of contaminants of concern. 

l The estimated groundwater flow rates and durations of remediation. 

l The projected start-up date for remediation at each site. 

l The location of each IR and UST site in relation to an existing or planned 

sewage treatment plant (STP), and to receiving streams. 
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3. Develop an evaluation matrix that identifies all the possible treatment alternatives 

for the sites, along with the economic and technological advantages or disadvantages. 

4. Evaluate the following four alternatives for treating the contaminated groundwater 

from the sites: 

l Construction of individual pump and treat systems for each site or operable 

unit. 

0 Construction of one or more regional treatment plants solely for treatment of 

groundwater from the IR and UST sites in that area. 

l Conversion of one or more of MCB Camp Lejeune’s existing STPs solely for 

treatment of groundwater from the IR and UST sites. 

l Transmission and treatment of groundwater from all IR and UST sites at the 

planned Hadnot Point STP. 

5. Evaluate the following: 

The impact of using the existing STPs to treat contaminated groundwater 

from the IR and UST sites. 

The capability of the equipment and systems at the STPs to treat the majority 

of the contaminants found at the IR and UST sites. 

The impact of treating contaminated groundwater from the IR and UST sites 

on the proposed STP at Hadnot Point. 

The differences, if any, of treating contaminated groundwater from IR sites 

versus UST sites. 

The type of known or expected contaminants at the IR sites and whether 

quantities to be treated will be under RCRA (Resource Conservation and 

Recovery Act) provisions for listed waste solvent exclusion. 

1-2 

--. _-__- -- ,. ._.. -Î . 



6. Provide cost estimates, and life-cycle cost analyses prepared in accordance with 

NAVFAC P-442 (Economic Analysis Handbook) for all feasible alternatives. 

7. Provide recommendations for a strategy to treat the groundwater from the IR and UST 

sites based on cost and technological acceptability. 

As is expected in this type of project, there is an enormous amount of information that is 

necessary to complete this type of analysis. In order to fill in information gaps or lack of 

specific information on the characteristics of particular sites, Baker has made assumptions, 

based on our technical knowledge, our experience with other projects, or our experience from 

working at the Base. As additional information becomes available, some of these assumptions 

can be evaluated and revised to reflect current conditions. In addition, it should be noted that, 

because of the number of assumptions made, the costs and life-cycle cost analysis to be 

developed are preliminary and approximate. 

1.2 Description of the Base 

MCB, Camp Lejeune is located in Onslow County, North Carolina (see Figure 1-l). There are 

six major Marine Corps and two Navy Commands at MCB, Camp Lejeune: The Marine Corps 

(USMC) owns all the real estate, operates entry-level formal training schools, and provides 

support and training for tenant commands; Headquarters Nucleus, II Marine Expeditionary 

Force (II MEF) coordinates operational planning for Fleet Marine Commands; 2d Marine 

Division (2d MAR DIV) is the ground combat element of the Force; 2d Force Service Support 

Group (2d FSSG) is the service and support element of the Force; 2d Surveillance, 

Reconnaissance and Intelligence Group (2d SRIG) obtains, produces, and releases information 

and intelligence during planning and execution of exercises and combat operations; 6th 

Marine Expeditionary Brigade (6th MEB) provides the planning staff for the Fleet Marine 

Force associated with Maritime Prepositioning Ships Squadron-I; the Naval Hospital and the 

Naval Dental Clinic provide primary medical and dental care to Marines and sailors stationed 

at MCB, Camp Lejeune and medical care to their families. 

. MCB, Camp Lejeune currently covers approximately 236 square miles and is bisected by the 

New River. The Atlantic Ocean forms the southeastern boundary of the Base. The City of 

Jacksonville is located immediately northwest of the Base. Within 15 miles are three large, 

publicly-owned tracts of land: Croation National Forest, Hoffman Forest, and Camp Davis 

Forest. The remaining land use surrounding the Base is agricultural.’ Estuaries along the 
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OURCE: U.S.G.S. WATER-RESOURCES 
IVESTIGATIONS REPORT 89-4096 

FIGURE 1 - 1  
LOCATION MAP 

MARINE CORPS BASE. CAMP LEJEUNE 
NORTH CAROLINA 



coast support commercial fishing. Tourism and residential resort areas have stimulated the 

regional economy. The Base is located in the Atlantic Coastal Plain on generally flat 

topography. 

1.3 Format of the Effluent Study Report 

This report consists of eight sections. Section 1.0 explains the purpose of the report, and 

presents a brief description of the Base. Section 2.0 explains how the IR and UST sites were 

evaluated, and a matrix developed with relevant information on each site. An identification 

and evaluation of the feasible technologies for treating the contaminated groundwater is 

presented in Section 3.0. Section 4.0 presents capital and operation and maintenance costs for 

the recommended groundwater treatment technology. Section 5.0 evaluates the four 

groundwater treatment alternatives considered for the Base. A life-cycle cost analysis of these 

four alternatives is presented in Section 6.0. Recommendations for a Base-wide groundwater 

treatment strategy are presented in Section 7.0. References are listed in Section 8.0. 
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2.0 IDENTIFICATION OF IR/UST SITES REQUIRING GROUNDWATER 
TREATMENT 

The first objective identified in the Scope of Work characterized in Section 1.0 was to 

determine which of the 31 JR sites and 21 UST sites will require groundwater treatment. This 

section presents a summary of the process used by Baker to make this determination. It also 

discusses the methods arid assumptions used to estimate the number and location of additional 

UST sites to be evaluated in the study. A brief description and specific information for each 

site is included in Appendix A. After evaluating site-specific information, Baker developed a 

site evaluation matrix (see Appendix B), which presents pertinent information for each of the 

sites. The locations of the IR and UST sites are shown on Figure 2, which is included in a map 

pocket at the end of this report. 

2.1 Basis for Identifying Sites Requiring Groundwater Treatment 

To order to identify the sites that will require groundwater treatment, Baker reviewed a 

number of documents including, but not limited to, IR site investigation reports, feasibility 

studies, and UST site assessment reports. Based on a review of site-specific background 

information, Baker made a preliminary determination of the sites that may require some 

degree of groundwater treatment. 

2.1.1 Evaluation of Potential For Exclusion as Hazardous Waste under the Resource 
Conservation and Recovery Act (RCRA) 

As an objective in the scope of work for this study, LANTDIV requested that Baker evaluate 

the type of known or expected contaminants at the IR sites and whether quantities to be 

treated would fall under a listed waste solvent exclusion under RCRA. Based on Baker’s 

knowledge of RCRA, and a subsequent phone conservation with a regulatory specialist at the 

RCRA hotline, it appears that LANTDIV was referring to an exclusion listed under 40 CFR 

Section 261.3 (a)(2)(iv)(A). 

Specifically, this exclusion indicates that a solid waste, as defined in section 261.2, is a 

* hazardous waste if it is a mixture of solid waste and one or more hazardous wastes listed in 

subpart D and has not been excluded under section 260.20 and 260.22; however, a mixture of 

solid wastes and hazardous wastes listed in subpart D are not hazardous wastes (except as 

defined under 261.3 (a)(2)(i) or (ii) if the generator can demonstrate that the mixture consists 

of wastewater (the discharge of which is subject to regulation under either section 402 or 
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section 307(b) of the Clean Water Act (including wastewater at facilities which have 

eliminated the discharge of wastewater)) and one or more of the spent solvents listed in section 

261.31; provided that the maximum total weekly usage of these solvents (other than the 

amounts that can be demonstrated not to be discharged to wastewater) divided by the average 

weekly flow of wastewater into the headworks of the facility’s wastewater treatment or 

pretreatment system does not exceed 1 part per million. 

Basically, this exclusion applies to facilities in operation, that are currently regulated under 

section 402 or section 307(b) of the Clean Water Act (i.e. discharge under NPDES), and 

currently discharge small quantities of spent solvents in the wastewater stream. According to 

the regulatory specialist at the RCRA hotline, this exclusion was developed to allow 

exemption from the mixture rule, which requires that any mixture of hazardous waste with 

solid waste creates what is considered to be and regulated as a hazardous waste. Under this 

exemption, facilities can discharge small quantities of spent solvents, under regulation of the 

Clean Water Act, without triggering the requirements of RCRA. 

Sites potentially requiring groundwater extraction and treatment systems at MCB Camp 

Lejeune would not be considered “facilities in operation”, as facilities would be considered 

under RCRA, because the groundwater cleanup action is being carried out under the 

provisions of the Comprehensive Environmental Response, Compensation, and Liability Act. 

Therefore, it anticipated that the exclusion, as defined under section 261.3 of RCRA, would not 

be applicable to groundwater treatment systems constructed for the sole purpose of 

remediating contaminated groundwater; however, it should be understood that while not 

implicitly stated in the regulations, it was implied by the regulatory specialist at the RCRA 

hotline that this waste solvent exclusion is limited to facilities in operation. 

2.1.2 IR Sites 

The Scope of Work for this project listed 33 IR sites that were to be considered for groundwater 

remediation. However, two of these sites, Site 22, the Hadnot Point Fuel Farm, and Site 35, 

the Camp Geiger Fuel Farm, are considered UST sites. As a result; 31 IR sites were evaluated 

. for this study. 

For the purpose of this study, based on available data, groundwater remediation was 

recommended for 17 of the IR sites. Groundwater remediation was determined not to be 
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needed at 14 sites. A groundwater remediation action is already planned at one IR site, Site 

78. 

The first step in the site background evaluation phase was the identification, collection, and 

preliminary review of documents that could provide background information or site data. The 

following references were reviewed for the IR sites: 

l Initial Assessment Study of Marine Corps Base Camp Lejeune, North Carolina (Water 

and Air Research, 1983) 

l Site Summary Report Marine Corps Base Camp Lejeune, North Carolina 

(Environmental Science & Engineering, 1990) 

l Preliminary Draft Report Wellhead Monitoring, Engineering Study 92-34, Marine 

Corps Base Camp Lejeune, North Carolina (Greenhorne & O’Mara, 1992) 

l Wellhead Management Program, Engineering Study 91-36 (Geophex, 1991) 

l Preliminary Draft Site Inspection Report, Initial Assessment Study Site 3: Old 

Creosote Plant (NUS, 1991) 

l Preliminary Draft Site Inspection Report, Initial Assessment Study Site 7; Tarawa 

Terrace Landfill (NUS, 1991) 

l Preliminary Draft Site Inspection Report, Initial Assessment Study Site 54; Crash 

Crew Training Burn Pit (NUS, 1991) 

l Preliminary Draft Site Inspection Report, Initial Assessment Study Site 80; Paradise 

Point Golf Course (NUS, 1991) 

l Assessment of Hydrologic and Hydrogeologic Data at Camp Lejeune Marine Corps 

Base, North Carolina (U.S. Geological Survey, 1989) 

l Draft Site Inspection Report Site 43, Agan Area Dump (Baker, 1992) 

l Draft Final Site Inspection Report Site 44, Jones Street Dump (Baker, 1993) 
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Draft Site Inspection Report Site 48, MCAS Mercury Dump (Baker, 1993) 

Draft Site Inspection Report Site 63, Verona Loop Dump (Baker, 1992) 

Draft Site Inspection Report Site 65, Engineer Area Dump (Baker, 1992) 

Draft Remedial Investigation/Feasibility Study Work Plan for Sites 2 and 74 

(Baker, 1992) 

Remedial Investigation for Operable Unit No. 2 (Sites 6,9, and 82) Marine Corps Base 

Camp Lejeune, North Carolina (Baker, 1993) 

Draft Final Interim Remedial Action Feasibility Study for the Shallow Aquifer at the 

Hadnot Point Industrial Area Operable Unit #l (Baker, 1993) 

Final Fiscal Year 1994 Site Management Plan for Marine Corps Base Camp Lejeune, 

North Carolina (Baker, 1993) 

Feasibility Study for Operable Unit No. 2 (Sites 6,9, and 82) Marine Corps Base Camp 

Lejeune, North Carolina (Baker, 1993) 

Final Proposed Remedial Action Plan for Operable Unit No. 2 (Sites 6, 9, and 82) 

Marine Corps Base Camp Lejeune, North Carolina (Baker, 1993) 

After a preliminary review of these documents was completed, applicable site-specific 

background information, data, and maximum contaminant levels (MCLs) for the 

contaminants of concern (COCs) for each site were summarized. This summary is included in 

Appendix A. This information and data were evaluated and a recommendation made 

concerning each site’s probable need for groundwater remediation. Table 2-l presents a 

summary of the 31 IR sites that were evaluated. 

For 29 sites of the 31 sites evaluated the existing data and background information provided 

in the Initial Assessment Study (IAS), Site Summary Report (SSR), SI Reports, and RI/l% 

Reports were adequate to assess the potential need for groundwater treatment. However, 

information and data on two sites, Site 85, Camp Johnson Battery Dump, and Site 12, 
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TABLE 2-1 

SUMMARY OF IR SlTES 

SUMMARY OF GROUNDWATER REMEDIATION 

Site Number/Name 

Remcdiation I I Basis for Dctenniniig Presence 
status of Groundwater Contamination 1 Groun;;;t;;q 

]#16, MC u-ttford Point Bum Dump 
1#21, Transformer Storage Lot 140 

(#22, Ind ustrial Area Tank Farm 

IEvaluation of ISA information (5) I YCS I RI/FS 

RIlFS IBaker RI/FS (2) 
This site was considered in the UST section. 

I No(l0) 

#24, Industrial Fly Ash Dump 
#28. Hadnot Point Bum Dumn 

RllFS Baker RBFS (2) 
RI/P8 Evaluation of SSR data (4) 

RIIFS Evaluation of SSR data (4) 

This site was evaluated as a UST site. 

YeS 
Ye.5 

No 

YCX 

#30, Sneads Ferry Road Fuel Tank Sludge Area 
#35, Camp Geiger Fuel Farm 

#36, Camp Geiger Dump Near STP 1 RIlFS Evaluation of SSR data (4) YCS 
#4 1, Camp Geiger Dumo Near Trailer Park 1 RllFS Evaluation of SSR data (4) YeS 

RI/FS (8) Baker SI Report (1) YeS 
RI/FS (8) Baker SI Report (1) YCS 
Delistcd Baker ROD (12) No 

#43, Agan Street Dump 
#44 Jones Street Dumn 

#54, Crash Crew Training Bum Pit 1 RIlFS (8) ]HaUibutton NUS SI Report (7). (9) 1 No I 

#68, Rifle Range Dump 

#69, Rifle Range Chemical Dump 
#73, Courthouse Bay Liquids Disposal Area 

#14. Mess Hall C irease Pit Area 

#7S, MCAS Basketball Court Site 
#76, MCAS Curtis Road Site 

#78, Operable Unit #l 

#80, Paradise Point Golf Course Peticide Area 

#82, Piney Green Road VOC Area 

RIlFS (8) Baker SI Report (1). (9) No 

RIlFS (8) Baker SI Report (l), (9) No 
SI Evaluation of SSR data (4) YeS 

RIlFs Evaluation of SSR data (4) YCS 
RIPS Evaluation of SSR data (4) YeS 

I No I RIIFS Eva luation of SSR data (4) 
SI Evaluation of SSR data (4) No 
SI Evaluation of SSR data (4) No 

RIIFS Baker Interim ROD Yes(l1) 

RI/FS (8) Halliburton NUS SI Report (7) YeS 
Design Baker ROD YeS 

#85, Camp Johnson Battery Dump SI ISite visit and engineering judgement No 
A, MCAS (H) Officer’s Housing Arca I SI [Evaluation of SSR data (4) I No 

(I) The need for groundwater rcmediation at this site was based on a Baker Site Investigation Report. 

(2) The need for groundwater remediation at this site was based on a Baker RIlFS Report. 
(3) The need for groundwater remediation at this site was based on an evaluation of information/data presented in the 

Initial Site Assessment (Water and Air, 1983). 

(4) The need for groundwater remediation at this site was based on an evaluation of data/background information presented in the 
Site Summary Report (ESE, 1990). 

(5) The need for groundwater remcdiation at this site was based on an evaluation of background information presented in the 

I?itial Site Assessment (Water and Air, 1983). 

(6) No site data was available, groundwater was assumed to be contaminated and need remediation. 

(7) The need for groundwater remcdiation was based on an evaluation of data presented in a Halliburton NUS SI Report. 

(8) The 1994 Fiscal Year Site Management Plan fo MCB Camp Weune has included these sites in the RIlFS phase. 

At the time Attachment C of the contract d 

(9) It is anticipated the RIlFS will support a No Action alternative. 

(10) Recovery wells may be placed at this site to capture a contaminant plume originating at Site 78. 
(11) Site 78 is currently under remcdiation. 
(12) No action is planned for this site based on the Record of Decision (ROD). 
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Explosive Ordnance Disposal Area, were extremely limited or nonexistent. At these sites the 

need for groundwater remediation was primarily based on engineering judgment. 

2.1.3 UST Sites 

Initially, under the Scope of Work identified for this CTO, 17 UST sites were identified for 

inclusion in this study. However, after identifying the available Site Assessment Reports, 

four additional UST sites were added to the list of potential UST sites requiring groundwater 

remediation, thus requiring an evaluation of a total of 21 UST sites. 

The following references were identified, collected and reviewed to develop site-specific 

background information for each UST site: 

l Final Report, Underground Fuel Investigation Comprehensive Site Assessment, 

Volume I, Camp Geiger Fuel Farm (Law Engineering, February 81992) 

l Final Site Assessment, Got&chalk Marina Building 728 (Versar, Inc., April 7,1992) 

l Final Report, Corrective Action Plan For Gottschalk Marina (Versar, Inc., October 23, 

1992) 

l Site Assessment (Tanks AS419-AS421 Marine Corps Air Station) (O’Brien & Gere, 

June 1992) 

l Corrective Action Plan (JP-5 Line Area Marine Corps Air Station) (O’Brien & Gere, 

June 19911 

l Underground Storage Tank (LIST) Site Check Investigation Report, Berkley Manor X 

Change Service Station Tank 820-2 (ATEC Associates, February 1819921 

l Draft Leaking Underground Storage Tank Site Assessment Report, Volume 1, 

Building 45, Equipment and Maintenance Shop UST S-941-2) (Law Engineering, 

April 2,1993) 

l Draft Leaking Underground Storage Tank Site Assessment Report, Volume 1, Camp 

Geiger Mini C Store Service Station, Building 912) (Law Engineering, March 4,1993) 
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l Final Site Assessment Report, The Campbell Street Fuel Farm and UST System 

AS-143 (Baker Environmental, Inc., August 12,1992) 

l Draft Site Assessment Report, Additional Assessment Activities at the Campbell 

Street Fuel Farm and UST System AS-143 (Baker Environmental, Inc., 

February 1993) 

l Draft Site Assessment Report, Additional Assessment Activities at The Rifle Range 

MCX Service Station, Underground Storage Tank System RR-72 (Baker 

Environmental, Inc., March 1993) 

a Draft Site Assessment Investigation, Building AS-4151, the Steam Generating Plant 

(Baker Environmental Inc., July 1992) 

a Final Site Assessment Investigation, Building AS-4151, the Steam Generating Plant 

(Baker Environmental, Inc., March 1993) 

l Final Site Assessment Report, Building 21 Wastewater Treatment Plant, UST System 

21.1 (Baker Environmental, Inc., January 8,1993) 

l Site Assessment Tanks M232-M236 Camp Johnson (O’Brien & Gere, January 1992) 

l Addendum Site Assessment Tanks M232-M236 (O’Brien & Gere, February 1993) 

l Site Assessment Tank S781 Midway Park (O’Brien & Gere, May 1992) 

l Site Assessment Holcomb Boulevard Tanks S889S891 (O’Brien & Gere, April 1992) 

l Site Assessments STT61-STT66, Tarawa Terrace (O’Brien & Gere, April 1992) 

l Addendum Site Assessment, Tanks STT61-STT66 (O’Brien & Gere, January 1993) 

l Final Site Assessment Report, The Campbell Street JP-5 Pipeline (Baker 

Environmental, Inc., August 12,1992) 
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l Final Site Assessment Report, Underground Storage Tank System H-28 at Building 

H-28 Housing Area (Baker Environmental, December 18,1992) 

l Final Site Assessment Report, Building A-47 Amphibious Vehicle Maintenance 

Facility, Underground Storage Tank System SA-21 (Baker Environmental, Inc., 

October 12,1992) 

l Final Site Assessment Report, AS-527 and the South End of the Aircraft Direct 

Refueling Area (Baker Environmental, Inc., January 1993) 

The above referenced documents were reviewed and site-specific information was identified 

that could be used in determining the need for groundwater remediation at each of the 21 UST 

sites. Although site assessments had been conducted at two of these sites, namely Hadnot 

Point Fuel Farm and Tarawa Terrace Service Station (Abandoned Station), Site Assessment 

reports documenting the results were not available at the time of this study. However, 

groundwater pump and treat systems are in place at both of these sites, with the system 

on-line at Hadnot Point and a system in place at the Tarawa Terrace Service Station 

(Abandoned Station) with a proposed start-up date of February 1,1994. 

Because site checks and/or site assessments were conducted at all of the UST sites, there was a 

significant amount of site-specific information provided in the available documents. In 

general, these documents contained a description of the site check/assessment activities 

conducted at the site, results of previous investigations, if any, general hydrogeologic 

conditions, results of sampling activities, and conclusions and recommendations regarding the 

site. Site-specific background information summarized for each UST site is contained in 

Appendix A. 

In most cases, because a site check or assessment was conducted, a recommendation was made 

as to whether or not groundwater remediation was necessary for a particular site. If a specific 

recommendation was made in the site check or assessment document(s) indicating the need for 

groundwater remediation at a particular site, then the site was identified in this study as 

requiring groundwater remediation. On the other hand, if the recommendation was made 

that a site not require groundwater remediation, then the site was identified as a site not 

anticipated to require remediation of groundwater. In a few instances, the site assessment 

recommended further investigation to determine the lateral and vertical extent of 

contamination in groundwater, but did not specifically recommend the need for groundwater 
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remediation. As a conservative assumption, these sites were identified as requiring 

groundwater remediation. 

Table 2-2 presents a summary of the UST sites evaluated in this study, and justification for 

determining that groundwater treatment was necessary. In most all cases, based on a review 

of analytical sampling data, it was apparent that sites identified in the Site Assessment 

Documents as requiring groundwater remediation were those where sampling results 

indicated constituents present at levels exceeding North Carolina Water Quality Standards or 

Federal Maximum Contaminant Levels (MCLs). However, there were some UST sites where 

constituents were present at concentrations exceeding these criteria, but the concentrations 

were minimal, and it was suggested that passive remediation would be sufficient to reduce 

groundwater contaminant concentrations to acceptable levels. 

2.2 Identification of Pertinent Site Design Data 

Once the IR and UST sites to be included in the evaluation of groundwater treatment 

alternatives were identified, Baker developed a site evaluation matrix which summarizes the 

following information: 

l The estimated extent of groundwater contamination at each site, including the 

identification of COCs. 

l The estimated groundwater flow rates and durations of remediation. 

l The projected start-up date for remediation at each site. 

l The location of each IR and UST site in relation to an existing or planned STP, and to 

receiving streams. 

The methodology and assumptions Baker used to develop this matrix are presented and 

discussed below. The Site Evaluation Matrix is included in Appendix B. 

2.2.1 Extent of Contamination at Each Site 

In order to estimate the extent of groundwater contamination at sites identified as requiring 

remediation, if sufficient data was available, analytical results from groundwater sampling 
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TABLE 2-2 

SUMMARY OF UST SITES 

RECOMMENDATIONS FOR GROUNDWATER REhlEDIATION 

UST SITES POTENTIALLY REQUIRING REMEDIATION 

Site Name Basis for Determining 

Presence of 

Groundwater Contamination 

Camp Geiger Fuel Farm Site Assessment Recommendation - Constituents 

detected > state max. allowable concentrations 

Gottschalk Marina (Building 728) Site Assessment Recommendatiin 

in vicinity Bldg. 729 (Paint Locker) 

Tanks AS419-AS421 Marine Corps Air Station Site Assessment & Engineering Judgement 

Recommendation on 

Groundwater Remedi 

Yes/No 

Yes 

Yes 

Yes 

JP-5 Line Area Site (Marine Corps Air Station) * 

Berkley Manor X Change Service Station Tank 820-2 

Constituents det. > State Water Quality Stds. 

Pump and Treat System is in place 

Site Check & Engineering Judgement 

Yes 

Yes 

Building 45, UST S-941-2 

Constituents det. > State Water Quality Stds. 

Site Assessment Recommendation 

Constituents det. > State Water Quality Stds. 

Yes 

Camp Geiger Mini C Store Service Station (Bldg. 912) Site Assessment Recommendation Yes 

Campbell Street Fuel Farm 

Constituents det. > State Water Quality Stds. 

Site Assessment Recommendation 

Constituents det. > State Water Quality Stds. 

Yes 

Rifle Range at MCX Service Station (UST System RR-72) Site Assessment Recommendation Yes 

Steam Generating Plant - Building AS4151 

Verified contamination during site assessment 

Site Assessment Recommendation Yes 

Building 21, River Road (UST 21.1) 

Hadnot Point Fuel Farm ** 

Tarawa Terrace Service Station * 

Tank S781 - Building No. 45 (Midway Park) 

Identified 2 isolated plumes of benzene contam. 

Site Assessment Recommendation 

Identified 2 isolated contaminant plumes 

Pump and Treat on-line 

Pump and Treat System is in place 

Site Assessment Recommendation 

Lack of significant groundwater contamination 

Yes 

Yes 

Yes 

No 

Waste Oil Storage Tanks S889-S891 (Holcomb Boulevard Site Assessment Recommendation 

No evidence of subsurface TPH leaching to GW 

Tarawa Terrace Tanks STT61-STT66 Site Assessment Recommendation 

No 

No 

Campbell Street JP-5 Pipeline 

Natural biodegradation/attenuation - GW Monitoring 

Site Assessment Recommendation - Remediate 

Soils as source, passive groundwater remediation 

No 

Rapid Refueler (JP-5 Pipeline and South End of Aircraft Site Assessment Recommendation - Concentrations No 

not significant, remediate soils to remove source 

Amphibious Vehicle Maintenance Area (UST SA-21) Site Assessment Recommendation - Remove cont. No 

UST H-28 (Building H-28) 

soils, natural biodegradation GW/Monitoring Progra 

Site Assessment Recommendation - Remediate soils 

as source, no active GW remediation necessary 

No 

Buildings M232-M236 (USTs at Camp Johnson) Site Assessment Recommendation - GW remediation 

not warranted, consituents not exceed criteria 

No 

NOTES: 

* - Indicates that a groundwater pump and treat system is in place, but not yet on-line. 

** - Indicates that a groundwater pump and treat system is in place and on-line. 
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events were evaluated and compared to North Carolina Water Quality Standards (Class GA 

and GSA) for Federal MCLs. For each site, contaminated wells (wells with documented 

groundwater concentrations above state or federal criteria) were identified as well as clean 

wells (concentrations below criteria). Based on engineering judgment, and the relative 

locations of contaminated and clean wells and their boundaries, the potential lateral extent of 

contamination was identified, using available site drawings, and an area1 extent estimated in 

square feet. As far as the depth of contamination, in general, for both IR and UST sites, with 

the exception of Site 6, groundwater contamination appears to be limited to the shaIlow 

aquifer. Site 6 was identified as requiring remediation of both the shallow and deep aquifer. 

Maximum concentrations of each constituent detected were identified for each site. These 

concentrations were compared to both MCLs and North Carolina Water Quality Standards. 

Contaminants which were present above either of these criteria were identified as potential 

COCs, for consideration in groundwater treatment scenarios. Detected constituents with no 

MCLs or North Carolina Water Quality Standard were identified at maximum concentration 

levels. 

2.2.2 Estimated Flow Rates and Durations of Remediation 

Estimated groundwater flow rates and anticipated durations of pumping or extraction at each 

site are presented below for both IR and UST sites. 

2.2.2.1 IR Sites 

In order to estimate groundwater production from a contaminated aquifer it is necessary to 

make assumptions regarding well configuration, spacing, and productivity. Typically, prior to 

the design of an extraction system, an extensive site characterization is performed to 

determine site specific stratigraphy, transmissivity, water table data, hydraulic gradient, 

groundwater velocity and direction, and optimal pumping rates. This information and data is 

used to determine well spacing, configuration, and well field productivity. However, this level 

of data was not available for each site. As a result, broad-based assumptions were used to 

estimate groundwater production on a site-by-site basis. 
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Well Configuration 

A number of well configurations could be effectively implemented at a site to recover 

contaminated groundwater. For this study, at sites with known groundwater direction, wells 

were configured in a line perpendicular to the flow of groundwater, downgradient of the 

contamination source. This type of configuration has been shown to be effective in capturing 

and containing a contaminant plume. 

The direction of groundwater flow is known at 1’7 sites. However, at two sites (12 and 85) no 

site characterization or investigation had been performed and the direction of groundwater 

flow was unknown. To provide a rough estimate of the number of wells needed for an 

uncharacterized site, the area of contamination was assumed to fit into a square. The diagonal 

of this square was assumed to be perpendicular to groundwater flow. Wells would be placed 

along this diagonal to capture the contaminant plume. 

Well Spacing 

The capture zone that each well can generate will determine well spacing and the total 

number of wells needed at a site to capture a contaminant plume. An empirical determination 

of the capture zones of wells at each of the sites requiring groundwater remediation would 

require site-specific hydrological and hydrogeological data. Based on data from previous 

pump tests conducted at the Base, a conservative spacing of 250 feet was selected for well 

spacing. This is within a range of 150 feet to 300 feet reported for fine sand (USEPA Leachate 

Plume Management, 1985). 

Well Productivity 

Estimated yields from shallow recovery wells at 14 IR sites with limited data were based on 

historical data. Typically, optimal yields from wells drawing from the shallow aquifer at the 

Base range between 3 and 5 gallons per minute @pm). However, yields can vary from this 

range, depending on site-specific conditions. For this study a yield of 4 g-pm was assumed for 

’ shallow recovery wells at the sites with limited site specific data. It was assumed that no deep 

recovery wells would be needed at these sites. 

More extensive site-specific data was available for Sites 6 and 82 from the Final Feasibility 

Study for Operable Unit No. 2 (Sites 6, 9, and 82) (Baker, 19931 and the Proposed Final 
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Remediation Plan for Operable Unit No. 2 (Sites 6, 9, and 82) (Baker, 1993). The Remedial 

Action Alternatives (RAA) for groundwater discussed in these documents, used yields of 5 gpm 

for shallow recovery wells and 150 gpm for deep recovery wells. These yields will be used in 

this study for Sites 6 and 82. 

Pumping Duration 

Because of limited site-specific data, it is difficult to empirically determine the volume of 

groundwater at each site that will need to be extracted in order to achieve the remediation 

goals. Therefore, Baker assumed that pumping durations for each site could range from 10 to 

30 years. 

2.2.2.2 UST Sites 

Site-specific data was available for most of the UST sites identified as requiring groundwater 

remediation, as site assessments or investigations were conducted at these sites. 

Hydrogeological data generated during these assessments include, but are not limited to depth 

to groundwater, hydraulic conductivity, hydraulic gradient, groundwater flow direction, and 

site geology. In addition, where pump tests are conducted, additional data include 

transmissivity and storativity values for the aquifer. 

Typically, this type of data is used to develop detailed estimates of well configuration, spacing, 

productivity, and pumping duration required to meet remediation goals. For the scope of this 

study, detailed estimates could not be made for every site. Rather, if data was available, 

theoretical equations were used to estimate trench or extraction well flow rates. If sufficient 

data was not available, the same assumptions used for IR sites were applied to UST sites. 

Interceptor Trench Flow Rate Estimates and Placement 

Trenches were recommended in Site Assessment Reports as the groundwater extraction 

technology for 5 UST sites, as identified in the Site Evaluation Matrix (Appendix B). In order 

to estimate a flow production from a typical groundwater collection trench, theoretical 

equations were used to calculate both a lower bound and upper bound flow. 
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The lower bound flow estimate was calculated assuming Darcy’s Law as follows: 

Q = KxixA 

where: Q = flow through area A per unit time (CFMIN) 

K = permeability of previous stratum in direction of flow (ft/sec) 

i = hydraulic gradient producing flow (fVft) 

A = cross-sectional area of element (stratum) through which flow proceeds 

This equation assumes zero induced head, average hydraulic conductivity values, and average 

hydraulic gradients. An upper bound flow estimate was calculated using the following 

equation: 

Q = K*x/(Z*L)*(H”%he”2) 

where: Q = flow through area A per unit time (CF/MIN) 

K = permeability of previous stratum in direction of flow (fff set) 

x = length of trench (ft) 

L = distance from trench location to end of zone of influence (ft) 

H = elevation head and total head (ft) 

he = seepage elevation (ft) 

This equation assumes flow to a fully penetrating slot from a single line source (unconfined 

flow), a one-sided trench with geomembrane on back and ends, equilibrium conditions occur 

after drawdown, infinite trench length (relatively small zone of influence per pump test), the 

Dupuit-Forcheimer Assumption that the hydraulic gradient is constant at any vertical line 

below the drawdown curve or free water surface. Trench length (x1 was estimated based on the 

estimated area1 extent of contamination, to cover the extent of contamination (Note: 

Estimation of trench length is dependent on the accuracy of the scale of drawings available 

from Site Assessment Reports). It was assumed that seepage elevation (he) would equal zero, 

as the trench would not be pumped to its depth, and that an artificial head (H) would be 

induced within the trench. The parameter (L) was estimated as a nominal radius of influence 

of a pumping well (from pump test data). Flow rate (Q) was estimated for a range of H equal to 

1 to 4 feet. 
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Site-specific data was evaluated (including hydraulic conductivity, gradient, etc.) and flow 

estimates were generated for the lower and upper bound. These estimates were compared, 

along with production rates achieved in pump tests (if performed) and the higher flow rate, or 

some reasonable rate in between, based on engineering judgment, was assumed to be a 

conservative estimate of potential flow production for a trench system at each of the 5 UST 

sites. In all cases, it was assumed that the groundwater extraction trench would be placed 

downgradient of the area of contamination identified, based on groundwater flow direction. 

Flow rates for the 5 UST sites where trenches are the recommended extraction technology are 

summarized in the Site Evaluation Matrix, attached as Appendix B. 

Extraction Wells 

Similar to the methodology for trenches, a lower and upper bound flow estimate was developed 

for UST sites where extraction wells were the assumed groundwater extraction technology. 

For a lower bound estimate, the same assumption utilized for well productivity at IR sites was 

utilized for UST sites. This assumption concluded that optimal yields for wells drawing from 

the shallow aquifer range between 3 and 5 gpm, with an average of 4 gpm. Because 

hydrogeological data was available for a majority of the UST sites, an upper bound flow 

estimate was generated utilizing the following theoretical equation: 

HA 2-hw * 2 = (Q/pi x K) x ln(Rolrw) 

or 

Q = H-2-hw*B/ln(Ro/rw) x pi x K 

where: H = saturated aquifer thickness, (ft) 

hw = height of water at well (ft), measured from bottom of aquifer 

Q = pumping rate, (CF/Day) 

K = hydraulic Conductivity (ft/day) 

Ro = radius of influence of cone of depression (R) 

rw = radius of well (ft) 

This equation represents the basic formula for equilibrium radial flow to a well, in an 

unconfined aquifer, developed by “Theim and Forcheimer” (USEPA, 1985). Available 

site-specific data was evaluated and upper bound flow estimates were calculated for each of 

the eight UST sites identified as requiring remediation (not identified as a site where a 

extraction trench should be used). The lower and upper bound flow estimates were compared 
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and a representative flow for each of the eight UST sites was identified based on engineering 

judgment. 

It should be understood that with the application of any theoretical or empirical formula 

without detailed parameter definition and documented applicability, there is the potential for 

error in flow estimates due to the number of assumptions made to define parameter values, 

and a field pump test would be required to determine the optimal well configuration, spacing, 

and productivity. 

The number of extraction wells to be used at each site was determined on a site-by-site basis. 

In some instances, localized plumes were identified, and assuming a nominal radius of 

influence of 250 feet, only one extraction well was deemed necessary. In these scenarios, the 

well was assumed to be placed downgradient of the highest level of contamination. In other 

scenarios, based on the area1 extent of contamination identified, several wells were required, 

and assumed to be placed in a line perpendicular to the groundwater flow direction and 

downgradient and at the leading edge of the estimated contaminant plume. 

Flow rates for the remaining 8 of 13 UST sites requiring groundwater remediation where 

extraction wells are the assumed extraction technology are summarized in the Site Evaluation 

Matrix attached as Appendix B. 

Existing Pump and Treat Systems at UST Sites 

As mentioned previously, there are pump and treat systems in place at three UST sites. These 

include Hadnot Point Fuel Farm, where the system is on-line and has been operational for 

several years, and Tarawa Terrace Service Station and JP-5 Line Area Site, where systems 

are in-place, but not yet on-line. Extraction well flow rates for these sites was estimated based 

on available information. Since the Hadnot Point system was on-line, operational data was 

available from quarterly monitoring reports. Based on the report for the period October 1 

through December 31,1992, an average was developed for the amount of groundwater treated 

per day over the three month period. This flow was estimated at an average of 3 g-pm and a 

’ conservative flow of 5 gpm for the Hadnot Point Fuel Farm. In addition, influent 

concentrations for analytical samples obtained were averaged to develop average groundwater 

concentrations of 7800 ppb benzene, 9600 ppb toluene, 680 ppb ethylbenzene, and 4000 ppb 

xylenes (total). 
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Since there was no data available, flow production for both the JP-5 Line Area site and 

Tarawa Terrace Service Station Pump and Treat Systems was assumed to be 8 gpm (4 gpm 

from two wells). Contaminant levels for JP-5 Line Area site were obtained from the Site 

Assessment Report prepared for the site. Because a Site Assessment Report was not available 

for Tarawa Terrace Service Station, the same assumption was made that two extraction wells 

would produce a total of 8 gpm, Constituents of concern were assumed to be benzene, toluene, 

ethylbenzene, and xylenes, at an average of concentrations detected for all UST sites located 

in the Tarawa Terrace outfall area. 

Addition of New UST Sites To Require Groundwater Remediation 

In accordance with LANTDIV’s Scope of Work, Baker was to assume that 20 hypothetical UST 

sites requiring groundwater remediation would be added per year from Fiscal Year 1995 

through Fiscal Year 1999. Baker assumed that the number of hypothetical UST sites assigned 

to an outfall would be approximately proportional to the number of USTs listed in the POL 

Inventories of the Final Spill Prevention and Countermeasures (SPCC) Plan, MCB Camp 

Lejeune, North Carolina (Baker, 1993). Table 2-3 is a breakdown, by outfall, of the existing 

174 USTs inventoried in the SPCC Plan and the hypothetical UST sites. 

In order to develop anticipated flow rates to be treated per each new UST site, the following 

assumptions were made: 

l Camp Geiger Area (10 gpm - the average low flow calculated for existing UST sites 

was 1.5 gpm and average high flow was 10 g-pm) 

l Hadnot Point Industrial Area (5 gpm - the average low flow for existing UST sites was 

1.5 gpm and average high flow was 7 gpm) 

l Other Areas (5 gpm - as a conservative assumption) 

Anticipated influent concentrations for the UST sites to be added per year were based on a 

range of concentrations detected above an MCL or North Carolina Water Quality Standard at 

the 13 UST sites currently identified as requiring groundwater remediation. 

Table 2-4 presents a summary of “Hypothetical UST Sites” to be added per year aa requiring 

groundwater remediation, for Fiscal Year 1995 through Fiscal Year 1999. The sites were 
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CAMP LEJEUNE - 0140 TABLE 2-3 
DRAFT FINAL 12115193 

TREND ANALYSIS OF USTS FROM SPCC PLAN 

OUTFALL AREA OF No. Tanks 

OUTFALL IN SPCC 

Hadnot Point 

Hadnot Point 

Hadnot Point 

Hadnot Point 

Hadnot Point 

Hadnot Point 

Total Hadnot Point Outfall 

French Creek 

Paradise Point 

Naval Hospital 

Berkely Manor 

Midway Park 

HPIA 

31 

4 

8 

8 

5 

65 

171 

% OF INVENTOR1 % OF # OF ANNUAL 

USTs BY OUTFAL HYPOTHETICAL HYPOTHETICAL 

USTs BY OUTFA USTs BY OUTFAI 

69.54 70 14 

Terrawa Terrace 1 Terrawa Terrace 1 

Total Terrawa Terrace Outfall 

Rifle Range 1 Rifle Range * 1 0 

Total Rifle Range Outfall 0 0.00 0 0 

Onslow Beach I Onslow Beach I 1 

Total Onslow Beach Outfall 1 0.57 0 0 

I Totals 

* This does not include the UST at Building 72 

174 I 100.00 I 100 I 20 1 
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TABLE2-4 
CAMP LEJEUNE CT0 u140 

IRNSTSITJCS EFFLUENTSTUDY 

SUMMARY OF UST SITES TO ADD PW YEAR FOR GROUNDWATXR R&MEDIATION 

FECAL YEARS 1995 THROUGH 1999 

PlscAL 

(I) 
ADDED NO. 

SWS 

usr SlTE 

LOCATION 

NO. UST 
SlIES PER 

YEAR PER 

HYPOTHEllCN. 

urn ml3 

YEAR PERYBAR 

199.5 20 
(-au sms OWFALL NAME 

Hadnd Point 70 14 

1995XPl 

1995xP2 

1995xP3 

199~HP4 

199~HP~ 

199~HP6 

199sHF7 

199HiPs 
199sHP9 

199sHP10 

199WPll 

199sHP12 

199sHP13 

199sHP14 

15 3 
1995-CGl 

Im-cGT 

1995-CG3 

-Bay 10 2 

199s.CBl 

199S-CB2 

TamvaT- 5 1 

1995-m 

h4cdold point 0 0 

-Beach 0 0 

-w 0 0 

TuwmT- 

m 14 

1996-HP1 

19%HP2 

1996HP3 

1996HP4 

1%HP5 

1996HF% 

M964F-7 

l%HPs 

1996-Hw 

l996HPlO 

1996HP11 

1996HP12 

1996HP13 

1%x-HP14 

5 1 

w%-l-n 

0 0 

0 0 

0 0 
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TABLJtZ-4 
CAMP LEJEUNE CT0 WI40 

DUUSTSlTESEFFLUENTSTUDY 

SUMhiARY OF UST SITRS TO ADD PRR YEAR FOR GROUNDWATER REMEDIATION 
FECALYEARS 1995 THROUGH 1999 

PlscAL 

YEAR 
1997 

(I) 

ADDED NO. 

sws 

PERYEAR 

20 

usrslm 0) 

LOCKlION K 

(mAlu sws 

HdlK4POiM m 

NO. UST 

SITES PER 

YEARPER 

OWlFALL 

I4 

HYPOTHETICAL 

usr SnE 

NAME 

1997-HP1 

1997-HF2 

1997-HP3 

1997-HP4 

1997-HPS 

1997-HP6 

1597-HP7 

1997-HP8 

1997-HP9 

1997-HP10 

1997-HP11 

1997-HP12 

1997-HP13 

1997-HP14 

15 

1997-CGl 

1997-CG2 

1997-CG3 

m&Y 10 2 

1997-CBl 

195%CB2 

TmmT- 5 I 

199%Trl 

Mnmtfd Pcint 0 0 

onslo?7Bach 0 0 

mm 0 0 

H&not Point m 14 

1998~HP1 

199SHP2 

199%HP3 

199&HP4 

15?%HP5 

199%HP6 

199&HW 

199%HP8 

195%HP9 

199%HPIO 

199%HP11 

199EHP13 

1998HP14 

T-T- 

10 2 

199S-CBl 

199&cB2 

5 1 

199&TI+l 

0 0 

0 0 

0 0 
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TARLEZ-4 
c!AMPIxJEmNEcTo#140 

IRIUST SITES EFFLUENI STUDY 

SUMMARY OF IJfZ SITES TO ADD PER YEAR FOR CROUNDWATRRREhfRD~TION 
FISCAL YEAR!3 1995 THROUGH 1999 

PKCAL 

YEAR 

1999 

(1) 

ADDED NO. 

SITES 

PER YEAR 

20 

USTSITE 

LocATiON 

(OVIPALL) 

Hadnot Point 

0 
K 

SITBS 

m 

NO. UST 

sfms PER 

YEAR PER 

OWlTALL 

14 

HYPQlMElXXL 

UST sm 

NAME 

1999-HP1 

1999-HP2 

1999-HP3 

1999-HP4 

w99-HP5 

1999-HP6 

km-HP7 

w99-HP8 

1999-HP9 

19?J9xPlO 

1999-HP11 

1999xP12 
1999xP13 

1999-HP14 

IS 3 

1999-col 

1999CG2 

1999-cG3 

-Bay 10 2 

1999-CBl 

1999JZBZ 

TamwaT- 5 I 

1999-Trl 

Mordford point 0 0 

On&w&h 0 0 

RitleFaqe 0 0 

WPGeiea Hadnot Point OthaAras 
1200 1ZODO 200 

404 lSO0 600 

400 22ooa so 

3ooo so00 900 

MO 

loo 

4oooc4 200 
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identified as “hypothetical sites” for purposes of evaluating the impact of adding additional 

UST sites per year for groundwater remediation. In accordance with the Scope of Work, 20 

hypothetical UST sites were added per year, for a total of 100 hypothetical UST sites. 

Groundwater Remediation Duration 

Because of the scope of this study, and the information available, an empirical determination 

was not made for each and every UST site requiring groundwater remediation. Rather, for 

purposes of evaluating life cycle costs for treatment alternatives, it is assumed that typical 

groundwater remediation will range from 10 to 30 years in duration. Although groundwater 

extraction and treatment typically occur over shorter time periods where trenches are chosen 

as the extraction technology, treatment alternatives cost analysis will still be performed 

assuming 10 and 30 year treatment periods, in accordance with this CTC. 

2.2.3 Projected Start-Up Dates for Remediation at Each Site 

Start-up dates for groundwater remediation at the IR sties was based on information in 

Tables 4-1 through 4-13 in the Fiscal Year 1994 Site Management Plan (SMP) Marine Corps 

Base Camp Lejeune, North Carolina (Baker, 1993). Table 2-5 summarizes these proposed 

start-up dates, which are also included in the Site Evaluation Matrix (Appendix B). 

Start-up dates for groundwater remediation of 14 of the IR sites (Sites 1,3,6,16,24,28,36,41, 

43, 44, 69, 73, 80, and 82) was assumed to be approximately the same as the start dates for 

remedial action noted in the SMP. Start-up dates for groundwater remediation at 2 IR sites 

(Sites 12 and 68) had not been established in the SMP. For these sites it was assumed that 

construction would begin 60 months from the date the Final Site Investigation Project Plans 

are to be submitted to LANTDIV. This 60-month assumption can be broken down as follows. 

l Six months to complete all SI activities 

l Twelve months between the submission of Final SI Report and the commencement of 

RI/I% activities 

l Forty-two months between commencement of RI/I% activities and the commencement 

of remedial action 
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CAMP LEJEUNE - CT0 0140 TABLE 2-5 

DRAFT FINAL 12115193 

PROPOSED START-UP DATES 

FOR REMEDIATION OF IR SITES 

Site Number/Name 

Current 

status 

#l , French Creek Liquids Disposal Area RI/F!3 

#2, Former Nursery/Day-Care Center RI/FS 

#3, Old Creosote Plant RI/FS 

#6, Storage Lots 203 and 201 Design 

#12, Explosive Ordnance Disposal SI 

#16. Montford Point Bum Dumn RIIFS 

Estimated Fiscal Year 1994 SMP 

SMP Dates for the Start-Up of 

Remedial Action 

August 1996 (6) 

November 1995 (4) 

December 1996 (11) 
May 1995 (2) 

July 1999 (12) 

June 1997 (7) 

(1) The source of this information is Table 4-l 

of the 1994 Site Management Plan For MCB Camp LeJeune (SMP). 

(2) The source of this information is Table 4-2 of the SMP. 

(3) The source of this information is Table 4-3 of the SMP 

(4) The source of this information is Table 4-4 of the SMP. 

(5) The source of this information is Table 4-5 of the SMP. 

(6) The source of this information is Table 4-6 of the SMP. 

(7) The source of this information is Table 4-7 of the SMP. 

(8) The source of this information is Table 4-8 of the SMP. 

(9) The source of this information is Table 4-9 of the SMP. 

(10) The source of this information is Table 4-l 1 of the SMP. 

(11) The source of this information is Table 4-12 of the SMP. 

(12) The source of this information is Table 4-13 of the SMP. 

This estimated date is 60 months from the submission of 

Final Site Investigation Project Plans. 
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Projected start-up dates for remediation of groundwater at each of the 13 UST sites were 

assumed to be those pump and treat start dates summarized in the Scope of Work for this CTO. 

The start-up dates range from the 1st quarter of 1994 through the 4th quarter of 1994 for all 

UST sites, with the exception of Hadnot Point Fuel Farm, which has been on-line since the 2nd 

quarter of 1992. The Tarawa Terrace Service Station and JP-5 Line Area Site have in-place 

pump and treat systems scheduled to start-up in early 1994. Specific estimated pump and 

treat start-up dates for each of the 13 UST sites identified as requiring groundwater 

remediation are summarized in the Site Evaluation Matrix, contained in Appendix B. 

2.2.4 The Location of Each Site with Respect to STPs and Receiving Streams 

One of the alternatives identified for evaluation in the scope of work involved the construction 

of one or more treatment plants solely for groundwater generated at IR and UST sites. To 

develop costs for this alternative, IR and UST sits were grouped into one of the seven existing 

sanitary sewer service (outfall) areas. The existing seven STPs were located so the adjacent 

collection system could operate primarily under gravity flow. New regional plants were 

located at existing sites in order to take advantage of gravity flow and existing utilities. The 

location of individual sites with respect to STP service areas (UST and IR sites) and Operable 

Units (IR sites) are noted in Table 2-6. 

Receiving streams for each STP service is identified as follows: 

STP Service (Outfall) Area Receiving Stream 

Camp Geiger 
Montford Point 
Tarawa Terrace 
Hadnot Point 
Rifle Range 
Courthouse Bay 
Onslow Beach 

New River 
Northeast Creek 
Northeast Creek 
New River 
Stone Bay 
Northeast Creek 
Intracoastal Waterway 
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CAMP LEJEUNE - CT0 0140 

DRAFT FINAL 12/15/93 

TABLE 2-6 

LOCATION OF IR AND UST SITES 
WITH RESPECT TO TREATMENT PLANTS 

Hadnot Point Industrial Area Sewage Treatmen! 

IR Sites 

Site 1, French Creek Liquids Disposal Area 

Site 3, Old Creosote Plant 

Site 6, Storage Lots 203 and 201 

Site 24, Industrial Fly Ash 

Site 28, Hadnot Point Bum Dump 

Site 78, Hadnot Point Industrial Area 

Site 80, Paradise Pt. Golf Course 

Site 82, Piney Green Road VOC Area 

Tarrawa Terrace Area Sewage Treatment Plant 

IR Sites 

UST Sites 

River Road Building 21 

Gottshalk Marina 

Berkly Manor 

HPIA Fuel Farm 

Hypothetical Tank Sites (14 sites per year) 

UST Sites 

Building 4.5 

Hypothetical Tank Sites (1 per year) 

Montford Point Sewage Treatment Plant 

IR Sites 

Site 16, Montford Point Bum Dump 

UST Sites 

Camp Geiger Sewage Treatment Plant 

IR Sites 

Site 41, Camp Geiger Dump Near Trailer Park 

Site 36, Camp Geiger Dump Near STP 

Site 43, Agan Street Dump 

Site 44, Jones Street Dump 

UST Sites 

Camp Geiger Service Station 

Rifle Range Sewage Treatment Plant 

IR Sites 

Site 68, Rifle Range Dump 

Site 69, Rifle Range Chemical Dump 

UST Sites 

RR Building 72 

Courthouse Bay Sewage Treatment Plant 

IR Sites 
Site 73, Courthouse Bay LDA 

UST Sites 

Hypothetical Tank Sites (2 per year) 

Onslow Beach Sewage Treatment Plant 

IR Sites 

Site 12, Explosive Ordnance Disposal 

UST Sites 
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3.0 IDENTIFICATION AND EVALUATION OF FEASIBLE TECHNOLOGY 
OPTIONS FOR GROUNDWATER REMEDIATION AND DISCHARGE 

This Section outlines an appropriate range of treatment technologies that are potentially 

applicable for groundwater remediation and discharge at sites within MCB, Camp Lejeune. 

These technologies were identified based on a review of available site background 

information, contaminants of concern (COCs), and engineering judgment. Feasible 

technologies could potentially be assembled as components of an overall groundwater 

treatment system for the following four alternatives: 

a Alternative 1 - Construction of Individual Pump and Treat Systems for each IR and 

UST Site 

l Alternative 2 - Construction of Regional Treatment Plants Within Each of Seven STP 

Outfall Areas 

l Alternative 3 - Conversion of Existing STP to a Central Groundwater Treatment Plant 

l Alternative 4 - Treatment at Planned Hadnot Point Sewage Treatment Plant 

The technologies are identified and evaluated in the following sections. The evaluation is 

intended to identify the most appropriate and cost effective technology to be incorporated as 

the primary component of a groundwater treatment system. Additional pretreatment 

technologies will be included as part of the treatment system where applicable. Finally, 

alternative methods of discharging treated groundwater were considered. 

3.1 Identification of Potentially Applicable Technologies 

Based on a review of background information available for the sites included in the scope of 

this study, and the Site Evaluation Matrix prepared and presented in Section 2.0, the primary 

COCs detected in the groundwater at MCB, CampLejeune sites include volatile organic 

compounds (VOCs), semivolatile organic compounds (SVOCs), and metals. Additionally, 

there are scattered occurrences of pesticides and explosives (ordnances). Due to the number of 

sites included in this study, technologies identified and evaluated were limited to conventional 

and demonstrated technologies with specific application to the COCs in groundwater. The 
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technologies are described in further detail in the following sections, along with their 

applicability and limitations. 

3.1.1 Aerobic Biological Treatment 

Aerobic Biological treatment technologies are effective in the degradation/removal of 

primarily non-halogenated organic COCs including benzene, methylene chloride, toluene. 

Under controlled conditions successful removal of halogenated compounds such as 

trichloroethylene, and vinyl chloride may also be achieved (Rich, 1986). Actual removal 

efficiencies for these compounds can be determined during pilot testing. Heavy metals, such 

as lead, are typically not removed through biological treatment, and may even be inhibitory to 

biological populations at concentrations greater than 10 mg/L. Similarly, organic chemicals 

may also be inhibitory at elevated concentrations (ESE, 1988). 

3.1.1.1 In-Situ Treatment 

In-situ treatment involves the treatment of groundwater in place without the need for 

collection prior to treatment. In-situ treatment processes are generally divided into three 

categories: biological, chemical, and physical. In-situ biological treatment is based on the 

concept of enhancing subsurface nutrient and oxygen conditions to stimulate a microbial 

population to degrade contaminants. In-situ chemical treatment involves the injection of a 

specific chemical or chemicals into the subsurface in order to degrade, immobilize, or flush 

contaminants (USEPA, 1985). Physical in-situ treatment refers primarily to methods of 

temperature manipulation (heating and freezing). In-situ treatment methods can be used to 

restore both soil and groundwater quality. 

3.1.1.2 Subsurface Biological Treatment 

Biological treatment refers to techniques whereby contaminant removal is achieved via 

microbial metabolization. In-situ biological treatment utilizes microbial processes (primarily 

aerobic, but, in limited cases anaerobic) in which environmental conditions that promote 

biological activity are optimized. This is typically achieved by supplying an oxygen source 

and, in some cases, delivering nutrients to the subsurface via an injection wells, infiltration 

galleries, or other physical means. 
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The feasibility of implementing in-situ biological treatment as a remedial technique is 

dependent on waste and site characteristics, including the relative biodegradability of the 

organic COCs, environmental factors which affect microbial activity, and site hydrogeology. 

Biological treatment will only reduce the concentration of organic compounds which are 

amenable to biological degradation. These are compounds that are either substrates for 

microbial growth and metabolism, or are cometabolically broken down as the microorganism 

uses another primary substrate as its carbon and energy source (USEPA, 1985). 

Most VOCs and SVOCs are considered to be relatively biodegradable, based on a ratio of 

biological oxygen demand (BOD& to chemical oxygen demand; however some VOCs, including 

multi-chlorinated compounds such as trichloroethylene considered less amenable to biological 

degradation. 

The availability of a compound to the microbial population in the subsurface will also affect its 

biodegradability. Environmental factors which affect microbial activity and population size 

and determine the rate and extent of biodegradation include appropriate levels of organic and 

inorganic nutrient trace elements, oxygen concentration, pH, degree of water saturation, 

hydraulic conductivity of the soil, temperature, and the presence of toxins and growth 

inhibitors, such as heavy metals. Concentrations of contaminants at high levels can be toxic 

to microbial populations. Conversely, concentrations at low levels may not adequately 

stimulate the microbial population to promote the degradation of the contaminants (USEPA, 

1985). 

3.1.1.3 Ex-Situ Biological Treatment 

Technologies addressed in this evaluation which utilize ex-situ biological processes for 

treatment of contaminated groundwater include aerobic activated sludge, aerobic-aerated 

lagoon, and a fixed-film, aerobic, trickling filter. These technologies are described below: 

Aerobic Activated Sludge 

The activated sludge process is an aerobic biological treatment technology that employs 

microorganisms to degrade a wide variety of organic constituents in aqueous waste streams. 

Typically, aqueous waste flows into an aeration basin or tank where microbial oxidation and 

assimilation (treatment) occur. Organic components of the aqueous waste stream serve as the 

carbon and energy sources required for microbial growth. Organic matter is converted to 
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microbial cell tissue and carbon dioxide. Sludge generated from the process is settled out in a 

clarifier. A portion of the settled sludge is recycled to the aeration basin while the remaining 

sludge requires proper disposal. Clarified water can be discharged or may require further 

processing (Wagner, 1986). 

Activated sludge is the most commonly utilized biological wastewater treatment process. The 

effectiveness of the process depends primarily on organic loading, sludge retention time, 

mixed liquor suspended solids concentration, hydraulic retention time, and oxygen supply. It 

is possible that VOCs may be removed to a certain extent during the aeration process, and 

metals, if not removed during a pretreatment step, could settle out in the sludge. 

Aerated Lagoon 

Aerated lagoons operate on the same premise as completely mixed biological reactors, with the 

exception that there is no recycle of biomass. The lagoon is mixed and aerated using either 

fixed or floating surface aerators. Removal of soluble organic matter can be achieved with the 

proper mix of retention time and aeration. The primary purpose of this process is to remove 

soluble organic matter by conversion to biological mass. The major differences between an 

aerated lagoon and activated sludge system is that microorganisms in the lagoon are grown in 

a disperse state rather than a flocculent mass, and biomass is not recycled from the 

sedimentation step to the aeration step. The performance of aerated lagoons is dependent on 

detention time, temperature, and nature of the waste (USEPA, 1990). Two of the existing 

STPs, Camp Geiger and Hadnot Point, have aeration lagoons as part of the sewage treatment 

process. 

Trickling Filter 

The trickling filter process is an aerobic biological treatment process in which soluble organic 

compounds are removed from wastewaters. The process is based upon the principle in which a 

biological growth, attached to a nonmoving media, converts soluble organics present in 

wastewater streams into carbon dioxide, water, and bacterial solids. This aerobic biological 

process differs from the activated sludge process in that the microorganisms are attached to 

media fixed within a reactor, rather than suspended within a reactor. Efficient operation of a 

trickling filter can only be accomplished for wastewater streams that contain an adequate 

amount of soluble organics to support a viable mass of microorganisms. All seven of the STPs 

at MCB, Camp Lejeune employ trickling filters as part of the secondary treatment process. 
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3.1.2 Physical Separation Treatment (Ex-Situ) 

Physical separation technologies typically applicable for the groundwater COCs include air 

stripping, carbon adsorption, filtration, oil/water separation, and sedimentation. These 

technologies are typically applied to groundwater that is made available for treatment above 

the ground surface after being extracted from the subsurface. When applied above the ground 

surface, these technologies are referred as ex-situ technologies. These technologies are 

described below. 

3.1.2.1 Air Stripping 

Air stripping is a physical separation process based on the equilibrium partitioning of a 

volatile compound between the aqueous and gas phases. There are a variety of process 

configurations available for air stripping, with the two most popular being conventional 

packed towers and low-profile air stripping units (for groundwater treatment). In a packed 

tower configuration, air is driven upwards through the tower, while contaminated water flows 

down through the tower, over inert packing material. On the other hand, typical low-profile 

air stripping units use adjustable trays, where water cascades down through the unit, and is 

contacted with a clean air stream. In either case, the contaminated water stream comes in 

contact with air, to promote mass transfer of volatile compounds from the aqueous to gas 

phase. Depending on the specific regulatory requirements of the state in which the process is 

operating, treatment of the discharged (contaminated) air stream may be required. 

Equilibrium partitioning is dictated by a compound’s Henry’s Law Constant. Henry’s Law 

Constant is the ratio of the gas phase concentration to liquid phase concentration, at 

equilibrium conditions. The greater the value of Henry’s Law Constant, the greater the 

tendency for the compound to transfer from the water phase (groundwater stream) to the gas 

phase (air). Other factors which affect the effectiveness of air stripping besides Henry’s Law 

Constant include air-to-liquid ratio, temperature, pH, and process equipment. 

3.1.2.2 Carbon Adsorption 

Carbon adsorption is a physical adsorption process in which soluble organic compounds are 

adsorbed to activated carbon within a reactor. Activated carbon is a highly porous solid which 

provides an extremely large active surface area for adsorption. For aqueous and vapor 
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streams, the primary driving forces for adsorption include a combination of the hydrophobic 

nature of the contaminant and the affinity of the contaminant for the carbon. Adsorption of 

specific compounds is dependent on the properties of the carbon, physical and chemical 

characteristics and concentration of the compounds, characteristics of the aqueous phase, and 

the residence or contact time of the reactor. Carbon adsorption systems are typically designed 

as a dual bed series system, to provide a flexible carbon changing schedule and high effluent 

quality. Carbon adsorption can be used as a primary treatment step or a secondary (polishing) 

step of an overall treatment system. Carbon will require periodic change out and regeneration 

or replacement which is dependent on the concentrations of contaminants within the waste 

stream being treated. 

3.1.2.3 Filtration 

Filtration is a physical separation process used to remove suspended solids and biological floe 

from aqueous streams. The separation is accomplished by passing water through a physically 

restrictive medium, resulting in the entrapment of suspended particulate matter. The media 

used for filtration includes sand, coal, garnet, and diatomaceous earth. In typical cases, 

especially if dissolved metals are present, filtration is proceeded by chemical technologies such 

as neutralization and precipitation/coagulation. Pretreatment to remove oil and grease is 

required to prevent fouling of the filtration media. Backwashing of the filtration unit(s) is 

required whenever solids are detected in the effluent, or when the head loss of the media 

becomes significant. Backwash water is usually returned to the head end of the treatment 

plant, for subsequent treatment. The efliciency of a filtration unit is dependent upon several 

factors including influent flow rate, filter media type, media pore size, and characteristics of 

the aqueous waste stream to be filtered. 

3.1.2.4 Oil/Water Separation 

Oil/water separation is a physical separation technique used primarily to treat two-phased 

aqueous waste streams such as oil and water mixtures. The efficiency of the oil/water 

separation process requires that the nonaqueous phase have a significantly less specific 

gravity than water and should occur as a nonemulsified substance. If oils are emulsified in 

water, emulsion breaking chemicals can be added to allow separation into two phases. A 

removal system is designed as part of the separator for floated and settled material. Oil/water 

separation can be accomplished using a variety of process configurations including gravity 

separators, dissolved air flotation, residual oil flotation, coalesces, or ultrafiltration. Gravity 
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separators are typically used in groundwater treatment systems. Recent advances in the 

technology of gravity separators have introduced units with plate packs that reduce the space 

requirements for settling because of the magnitude of increased surface area. 

3.1.2.5 Sedimentation 

Sedimentation is a physical separation process which relies on gravity to remove suspended 

solids from an aqueous waste stream. Sedimentation can be achieved in batch or continuous 

process modes in lined impoundments, conventional settling basins, clarifiers, tanks, and high 

rate gravity settlers. In low flow groundwater treatment systems (< 10 gpm), sedimentation 

can be accomplished in a round tank with a conical bottom. A floating skimmer device can be 

employed to draw off supernatant, as the level of solids (sludge) changes in the tank. 

Pretreatment, including neutralization, and precipitation/coagulation is typically required 

before sedimentation is employed (depending on if solids are suspended or dissolved). Sludge 

produced as a result of the sedimentation process will require proper handling for disposal. 

3.1.3 Chemical Treatment (Ex-Situ) 

Chemical treatment technologies identified as potentially applicable for sites at 

Camp Lejeune include neutralization, precipitation/flocculation, and UV/chemical oxidation. 

These technologies are described in further detail below. 

3.1.3.1 Neutralization 

Neutralization involves the interaction of an acid with a base (or vice versa), to adjust the pH 

of an aqueous waste stream to approximately 7.0 standard units. This technology is one of the 

common types of chemical treatment used by industrial wastewater treatment facilities. 

Neutralization is suitable for the treatment of aqueous streams with high or low pH levels. In 

general, equalization basins or multiple neutralization units are used when the desired 

accuracy of the effluent pH is critical. Neutralization can be carried out as either a continuous 

or batch process. Batch processes allow for greatest control since the pH can be monitored and 

discharge delayed until proper pH is obtained; however, because of storage requirements, 

batch processes are typically limited to streams with low flows. Continuous neutralization 

processes require more elaborate control and feed equipment. The choice of a neutralizing 

agent is not only dependent on economics, but more so on compatibility of the agent with the 

waste stream and process equipment. One of the major limitations of neutralization is that it 
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is subject to the influence of temperature and the resulting heat effects common to most 

chemical reactions (USEPA, 1990). 

3.1.3.2 Precipitation/Flocculation 

Precipitation is a physiochemical process where substances/compounds dissolved in solution 

are transformed into a solid phase for subsequent removal. Removal of metals as hydroxides 

or sulfides is the most common precipitation application in wastewaterlgroundwater 

treatment. 

Flocculation is a process by which small, unsettleable particles suspended in a liquid medium 

are coaxed to agglomerate into larger, more settleable particles. Mechanisms which create 

flocculation include surface chemistry and particle charge phenomena. Specifically, two 

sequential mechanisms make up the flocculation process: (1) chemically induced 

destabilization of the requisite surface-related forces, allowing particles to stick together when 

they touch, and (2) chemical bridging and physical enmeshment between nonrepelling 

particles, allowing for formation of larger, more easily settleable particles. Flocculation 

involves three basic steps, including (1) addition of flocculating agent to waste stream, 

(2) rapid mixing to disperse flocculating agent, and (3) slow and gentle mixing to allow for 

contact between small particles (USEPA, 1985). Typical chemicals used to cause flocculation 

include alum, lime, various iron salts, and organic flocculating agents (polyelectrolytes). 

After the precipitation/flocculation process is complete, and dissolved substances have been 

suspended, and flocculated into larger particles, sedimentation typically follows to remove 

suspended solids from the liquid, via gravity. 

3.1.3.3 UV/Chemical Oxidation 

UV/chemical oxidation is a chemical oxidation process which occurs in the presence of 

ultraviolet (UV) light, typically using either hydrogen peroxide (HzOs) or ozone (0s) as the 

oxidants, While hydrogen peroxide solution can be purchased commercially, ozone, because of 

it’s unstable nature, must be generated on site. During the process, compounds are exposed to 

UV radiation and oxidizing agent(s) in a reaction chamber. The UV radiation photolyzes both 

oxidant and compound to produce reactive free radical species, which participate in a series of 

oxidation reactions that lead to final products. Chemical oxidation can transform a variety of 

compounds (both inorganics and organics) into more stable, less toxic forms. The specific 
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chemical reactions which occur are dependent on the particular contaminants, particular 

chemical oxidant, and solution pH. Theoretical considerations and treatability results are 

used to establish the process specific oxidant(s), oxidant dosage(s), and retention time(s) 

needed to properly treat the aqueous waste stream. This technology is applicable for 

groundwater and industrial wastewater contaminated with VOCs, SVOCs, and 

PCBs/pesticides. 

3.1.4 Treated Groundwater Discharge Options 

A common method of discharging treated groundwater from the IR and UST sites currently 

undergoing groundwater remediation at the Base is to discharge to a sanitary sewer. 

Typically, the treated groundwater is piped or pumped to the nearest sanitary sewer, and 

ultimately becomes part of the influent to one of the existing STPs. For the purpose of this 

study, discharge to a sanitary sewer is still considered as a viable alternative, especially for 

sites located in or near an area served by sanitary sewers. However, it is evident, based on 

discussions with Base planning personnel and LANTDIV, that a future scenario that projects 

a large volume of groundwater being sent to a SIP, may not be acceptable, and may not be 

viable from a STP permitting standpoint. Therefore, alternative methods for discharge of 

treated groundwater have been considered. If these discharge methods are used at applicable 

IR and UST sites, the amount of groundwater that would be discharged to a STP would be 

decreased. 

Alternative methods for the discharge of treated groundwater potentially applicable for the IR 

and UST sites include discharge to an infiltration gallery, injection well, or nonpotable reuse. 

These methods would be used to discharge treated groundwater following treatment for the 

removal of the COCs. A brief description of these discharge methods are presented below. 

3.1.4.1 Discharge to a Sanitarv Sewer 

To date, the groundwater treatment systems that have been installed or designed for the Base 

have discharged treated groundwater to the sanitary sewer system. In some cases, because of 

site considerations, this alternative may prove to be the most cost effect discharge method. 

Therefore, this discharge alternative should still be considered when evaluating a site. 
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3.1.4.2 Infiltration Gallery 

An infiltration gallery is a system of perforated piping that is installed in shallow trenches. 

The gallery is most often arranged with a header pipe that distributes the treated 

groundwater to a series of parallel pipes. Each of the distribution pipes have small openings 

along the length of the pipe, that allow the liquid to drain into the surrounding soil. As its 

name implies, the infiltration gallery is designed to allow the treated groundwater to 

infiltrate into the soil, so that the treated groundwater ultimately recharges the aquifer. 

The infiltration gallery is an adaptation of the septic tank tile field. In a groundwater 

treatment system, the gallery is typically located upgradient of the contaminated area, which 

helps to flush the contaminates towards the extraction trenches or wells. 

3.1.4.3 Iniection Well 

An injection well is another method for discharging treated groundwater back into the 

aquifer. The injection well is similar is design to an extraction well, and is used to inject 

groundwater back into the aquifer. The designer of the injection well must insure that the 

well design and selected pumping equipment is capable of overcoming the pressure head 

exerted by the aquifer. 

In a groundwater treatment system injection wells are usually placed in one of two 

arrangements. The injection wells can be placed upgradient of the extraction wells, in an 

alignment that is perpendicular to the hydraulic gradient, or they can be placed in a circular 

arrangement, centered around an extraction well. 

3.1.4.4 Nonnotable Reuse 

Nonpotable reuse is a term used to describe the reuse of treated water for a beneficial purpose. 

The term is most often applied to the reuse of treated municipal or industrial wastewater, 

where the treated effluent is used for a beneficial purpose. However, nonpotable reuse may 

also have an application in a groundwater treatment and discharge system. Nonpotable reuse 

options include spray irrigation, fire protection, evaporative cooling, and boiler feed. For the 

purposes of this study, only spray irrigation will be evaluated as a nonpotable reuse option. 

While these other reuse systems may be applicable at specific sites, the evaluation of these 

options is beyond the scope of this project. 
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Where sites conditions permit, treated groundwater could be sprayed over a vegetated area as 

a means of discharge. In a spray irrigation system, a system of sprinklers is used to deliver 

groundwater to an dedicated irrigation area. Typically, there are restrictions on the location 

of the spray field, relative to other buildings and facilities. In some cases, the spray field 

would have to have access restrictions to prevent exposure to humans when the system is 

operating. At MCB Camp Lejeune, a spray system would be designed based on a site specific 

maximum application rate (1.75 inches per week in North Carolina), and would have to meet 

other State requirements in accordance with Chapter 15A of the North Carolina 

Administrative Code (NCAC) 2H .0200. Therefore, the size and design of the spray field would 

be based on the amount of groundwater to be discharged. 

3.2 Evaluation of Potentially Applicable Technologies 

In order to simplify the evaluation of the four groundwater treatment and discharge 

alternatives, the extent of technology evaluation must be reasonably limited in scope. This is 

primarily due to the number of sites included in this study. The primary objective of this study 

is to recommend a strategy for managing groundwater remediation at MCB, Camp Lejeune. 

This objective could be successfully accomplished by identifying the most appropriate and cost 

effective treatment and discharge technologies to act as the primary components for a 

groundwater treatment and discharge system on a site-wide basis, and evaluating this 

technology in each of the four treatment alternative scenarios. 

The most appropriate and cost effective primary treatment and discharge technology will be 

identified based on an identifiable site-wide trend of groundwater remediation requirements 

at MCB, CampLejeune (i.e. comparable flows, COCs, etc.). Sites not corresponding to the 

site-wide trend will require “specialized’ treatment systems, for which the primary technology 

can be applied from the other appropriate technologies retained during the following 

technology evaluation. 

3.2.1 Treatment Technology Evaluation 

Table 3-1 presents a summary evaluation of the applications, limitations, advantages, and 

disadvantages for each technology/process option identified in Section 3.1. A brief description 

of the rationalism for the technologies selected for further evaluation is provided herein. 
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3.2.1.1 In-Situ Biological Treatment 

Although this technology is typically applied as part of a soil/subsurface remediation project, 

and only groundwater is being addressed in the scope of this study, it will be retained as a 

technology for application at sites where a specific source(s) of groundwater contamination has 

been identified. 

3.2.1.2 Activated Sludge 

Activated sludge will not be retained for further consideration because many of the sites 

requiring remediation have relatively low flows, and even if activated sludge were to be 

implemented at a centralized treatment plant with higher flows (Alternative 2, 3, or 4), the 

process is very sensitive to fluctuations in flow and organic loading, which is often the case 

with remediation of contaminated groundwater. 

3.2.1.3 Aerated Lagoon 

This technology will be retained for further consideration for incorporation into treatment 

alternatives, specifically for sites that are in close proximity to either the Camp Geiger or 

Hadnot Point STP, as both of these locations have aerated lagoons as part of the current 

sewage treatment process. Although this technology is not one of the more conventional 

groundwater treatment technologies for the COCs identified for sites at MCB, Camp Lejeune, 

its potential as a component of an overall treatment system should be considered, especially 

for Alternatives 2,3, and 4. 

3.2.1.4 Trickling Filter 

Trickling filter will not be retained for further consideration as a primary treatment 

technology for reasons similar to that indicated for activated sludge. Although each STP at 

Camp Lejeune has trickling filter(s) as part of the sewage treatment process, the process is 

adversely affected by shock loads of toxics, and will require more operator attention, similar to 

activated sludge, because of the sensitive nature of the process. In addition, because some of 

the COCs, including ethylbenzene, xylenes and chlorinated solvents (TCE, PCE) are relatively 

undegradable. 
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3.2.1.5 Air Stripping 

Air stripping will be retained as a potential primary treatment technology because it is a 

demonstrated technology for treatment of contaminated groundwater with VOCs, a major 

contaminant of concern at MCB, Camp Lejeune. Unlike biological processes, air stripping is 

not sensitive to fluctuations in groundwater flow and quality. Air stripping systems can be 

designed for a low flow of 5 gpm, up to systems designed for millions of gallons per day. 

Moreover, when combined with another technology such as carbon adsorption, this technology 

would treat the entire range of organic COCs. Pretreatment will be required as part of any 

treatment system for removal of metals, suspended solids, and oil and grease. The major 

drawback to air stripping is that it merely transfers contaminants from the aqueous to gas 

phase. Air pollution regulations in North Carolina will dictate whether collection and 

treatment of air stripper off-gas is required, and the extent. 

3.2.1.6 Carbon Adsorption 

Carbon adsorption will be retained as a potential primary treatment technology as well as a 

secondary (post treatment) technology. Carbon adsorption is a well developed and 

demonstrated technology for removal of mixed organics in aqueous waste streams. Similar to 

air stripping, activated carbon units have an increased tolerance for concentration and flow 

variations. Carbon regeneration/replacement can significantly increase the operation and 

maintenance costs for this technology; however, if a pretreatment step is incorporated to 

reduce organic loading, carbon changeout frequency can be significantly reduced. 

3.2.1.7 Filtration 

Filtration will be retained as a feasible technology for incorporation as either a pretreatment 

or post treatment step of an overall groundwater treatment process. Based on knowledge of 

groundwater characteristics at this point, it is not clear whether filtration will be required, 

because data is not available as to the total solids content of groundwater at the sites within 

MCB, Camp Lejeune. However, for purposes of developing cost estimates, a cost may be 

allowed for a filtration unit, in order to be conservative. Filtration equipment requires 

minimal space, is easily integrated with other treatment components, and is available in a 

wide range of standard sizes to accommodate a range of design flows. Backwash capabilities 

are required in any filtration system, to provide a means to dislodge particles lodged in 

filtration media. 
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3.2.1.8 Oil/Water Separation 

Based on background data for individual sites within Camp Lejeune, and the fact that 

oil/water separators have been incorporated into the existing groundwater pump and treat 

systems (UST sites), oil/water separation will be retained for consideration as a pretreatment 

technology for incorporation into groundwater treatment alternatives. Oil/water separation is 

a well established phase separation technology, and is typically required to remove oil and 

grease from aqueous streams prior to conventional treatment in air strippers, carbon 

absorbers, and UV/chemical oxidation units. 

3.2.1.9 Sedimentation 

Sedimentation is typically required as a component of any pretreatment process for removal of 

suspended solids prior to primary treatment. Metals have been detected at many of the sites 

identified as potentially requiring groundwater treatment. Data on total suspended solids 

was not available for a number of the sites. As a conservative assumption, if it is assumed a 

majority of the sites will require pretreatment for metals removal, and/or suspended solids, 

sedimentation will be required as part of the overall treatment system. Sedimentation 

processes typically generate a large volume of sludge, which requires subsequent handling 

and disposal. 

3.2.1.10 Neutralization 

Neutralization will be retained as a feasible technology for incorporation as a pretreatment 

technology. The actual decision as to whether neutralization will be required will be 

dependent on the characteristics of individual waste streams (groundwater). However, as a 

conservative assumption at this point, it will be assumed that neutralization would be 

necessary. Equipment for neutralization is readily available, and easily integrated into an 

overall treatment system. Neutralization is subject to the influence of temperature and 

resulting heat effects common to most chemical reactions. 

3.2.1.11 Precipitation/Flocculation 

Similar to the reasoning provided for filtration, sedimentation, and neutralization, 

precipitation/flocculation will be retained as a potential pretreatment technology for 
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incorporation into a groundwater treatment system. Precipitation is required when dissolved 

substances such as metals, are present and require removal from the waste stream. 

Flocculation is a process which assists in the settling of solid particles. Laboratory testing is 

required to determine the proper dosages of chemicals. 

3.2.1.12 UV/Chemical Oxidation 

UV/chemical oxidation will be retained as a potential primary treatment technology for 

incorporation into groundwater treatment alternatives at MCB, Camp Lejeune. Although 

UV/chemical oxidation typically has high energy consumption and thus high operation and 

maintenance costs, this technology has a major advantage in that it results in complete 

destruction of organic wastes. A significant consideration is the potential for incomplete 

oxidation of wastes, and possible formation of more toxic products. Compared to air stripping 

and carbon adsorption which do not necessarily need treatability testing to determine design, 

laboratory testing is required for UV/chemical oxidation to determine appropriate oxidant 

feed rates and reactor detention times. 

3.2.2 Treated Groundwater Discharge Technology Evaluation 

Table 3-2 presents a summary evaluation of the applications, limitations, advantages, and 

disadvantages for each discharge option identified in Section 3.1.4. Based on this comparison, 

all of these discharge options should be evaluated for use at a site. The selection of the best 

discharge method needs to be considered on a site-by-site basis. 

Therefore, for the purposes of this study, a determination was made of which discharge 

alternative appeared most suited to a site, based on a first review of the site conditions. 

3.3 Technolom Applicability on a Per Site Basis 

In order to manage the scope of sites included in this study, and evaluate four groundwater 

treatment alternatives as specified in the Contract Task Order Scope of Work, three 

technologies were identified as being potential primary technologies for treatment of 

groundwater at the majority of sites within MCB, Camp Lejeune. These technologies include 

air stripping, carbon adsorption, and UV/chemical oxidation. Sites with COCs that 

distinguish them from the majority will be given separate consideration, and the most 

appropriate technology selected from the retained technologies. 
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Each of the three primary treatment technologies has advantages and disadvantages that can 

be compared on a qualitative basis, as presented in Table 3-1. Comparison of the technologies 

on an economic basis, when considered collectively with the technical advantages and 

disadvantages, will lead to selection of the most appropriate technology. 

The technologies identified in Section 3.2.1, including primary and pretreatment technologies 

were evaluated on a per site basis, solely on their technical ability to treat groundwater with 

specific COCs. The results of this evaluation are summarized in Table 3-3, which shows that 

the significant majority of sites requiring groundwater treatment have VOCs as a primary 

COCs, which links the sites on a base-wide basis. Groundwater from all of these sites could be 

treated by the most cost-effective technology. 

3.4 Cost Evaluation of Three Primary Treatment Technoloties 

In order to simplify the evaluation of the four alternatives required to be evaluated under the 

scope of this Contract Task Order, an economic comparison was performed on three primary 

treatment technologies, including air stripping, liquid-phase carbon adsorption, and 

UV/chemical oxidation, in order to identify the most cost-effective treatment technology. The 

capital and operation and maintenance costs were developed assuming a 25 gpm treatment 

system. Tables 3-4, 3-5, and 3-6 summarize the estimated capital and operation and 

maintenance costs for air stripping, liquid-phase carbon adsorption, and UV/chemical 

oxidation. Assumptions used to develop the cost estimates are summarized within each cost 

estimate. 

Life-cycle cost, or Present Net Equivalent Value was calculated for each treatment system, in 

order to allow cost comparison on an equal basis. A period of five years was assumed, along 

with a discount rate of 10 percent. A summary of the life cycle costs are summarized in 

Table 3-7. As shown in Table 3-7, air stripping appears to be the most cost effective, with a life 

cycle cost of $715,000, as compared to liquid-phase carbon adsorption ($l,lOO,OOO> and 

UV/chemical oxidation ($1,168,000). Considering a comparison of the technical advantages 

and disadvantages of air stripping, along with its life cycle cost, it is apparent that air 

stripping (with secondary carbon adsorption for SVOCs, pesticides) will be the most 

technically and cost effective treatment option for incorporation into the majority bf 

groundwater treatment alternatives considered for Camp Lejeune. 
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ECONOMIC COMPARISON OlF THRF.E CONVENTIONAL 

TREATMENTTRCHNOLOGIES 

CAPITAL AND 0 AND M COSI IBIIMATR 
FOR AIR SIRIPPING TREATMENT SYSTEM 

Basis: 
Flow =25gpm 
Contaminants of Concern = VOCs, SVOCs, Metals, Pesticides 

ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to remove oil &grease; precipitation @H Adjustment) 
to precipitate metals (2 stage); coagulationlflocculation (addition of polymer to create particle floes, assist settbng character&&; 
and sediientationlclarification for settling of suspended solids. 

(2) This system includes e slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 
oil pump out equipment, effluent pump out equipment, and sludge pump out equipment. Cost is based on a budgetary quote 
via phone conversation with Frank Timblin (F.H. Timblin - rep. for Clreat Lakes Environmental). 

(3) Equipment consista of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addition 
of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make-up tank, mixer, and polymer feed pump). 
Costa based on unit costs obtained for Presque Isle Clroundwater Treatment System, some adjusted for capacity difference 
using Six-Tenths Factor Rule and ratio of cost indecea for applicable yearn where necessary. 

(4) Costs based on 1 low-profile air stripping unit, includes blower, trays, lid with exhaust connection and demister, and integral 
effluent sump base. Also includes options for effluent transfer pump end controls. Cost not included for equipment to treat 
vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point Industrial Area does not have air emission 
treatment equipment &e. dii discharge to atmosphere from air stripper). Addition of air emission treatment equipment would 
add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 2000 pound carbon units operated in series with appropriate connections for intluent feed, beckwaah, etc.. 
Unit size based on assumption that air stripper will remove majority of high concentration VOCs, lower concentration SVOCa, 
pesticides assumed to be present et “low” concentrations less than 0.2 ppm. For flow and this concentration, Encotech recommended 
(2) 2000 pound carbon units in series 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank, backwash sludge removal 
pump, and backwash water supply pump. Backwash capacity based on 15 CPM/SF for n 12 minute cycle. Coats based on 
costa developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(7) Electricity costs based on estimated rated horsepower of air stripper blower, pumps end mixem assuming 24 hour per day operation, 
365 day per year et $O.O67%w*hr. 

(8) Material costs for pH adjustment chemicals and polymers based on estimate of one 55gal drum per year (strictly an assumption 
et this point, since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 
feasibility study for chemicals, adjusted for year 1993. 

(9) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specifically, assume $.6O/lb spent carbon 
(reactivation) and $.85/lb new carbon (for carbon lost during mactivation). Carbon exhaustion rate estimated by Encotech to be 

3.0 lb/day, for “low” organic stream (< .2 ppm) at 25 gpm. Based on this estimate, end 2,ooO lb carbon unit, carbon would be 
anticipated to last for almost a 2 year period, however, to be more conservative, assume replacement once per year, with 
20% carbon replacement (new) required, et $.85/pound. 

(10) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 
Sampling labor assumes 8 houm per month, at $29.10 per hour. 

Analytical sampling costa based on 26 samples per year, @ $1,110 per sample for TCL VOCs, TCL SVOCs, TCL Pesticides, and TC 
(Cost per sample based on Wadsworth Alert Fee Schedule). 
Maintenance labor assumes heavy maintenance for carbon changeouts, @ 7 changeouts per year, 2 men, 8 hours per changeout 

at $29.10 per hour. 
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TABLE3 -5 

CAMP LRIEUNECTO 0140 
DRAFT FINAL 12/3/93 

ECONOMIC COMPARISON OF THREE CONVENTIONAL 

TREATMRNTTECENOIBGIlCS 

CAPITALANDOANDMCOSI-ESlTMATE 
FOR LIQUID PHASE CARBON ADSORPTION TREATMENT SYSl-EM 

Flow =25gpm 
Contaminanta of Concern = VOCs, SVOCs, Metals, Pesticides 

ESTIMATED 
CAPlTAL COST COMPONENT COST ($) 

DIRECI CAPlTAL COSTS 

Pretreatment Equipment (1) 
Oil/Water Separator System (2) 
pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

25,ooo.oo 
40,ooo.00 

Treatment Equipment (VOCs, SVOCe, Paaticidee) 
Liquid-Phase Carbon Adsorption (Two-Stage System) (4) 
Backwash System (5) 

90,ooo.00 
28,ooo.al 

Purchased Equipment (Subtotal) 183,ooo.oo 

Installation (assume 40 I purchased equipment cost) 73900.00 

Total Direct Capital Cost 256,000.00 

lNDlRECl- CARTAL. COSTS 

Engineering & Design (6% Total Direct Cost) 
Design & Construction Administration (10 % Total Diit Cost) 
Health & Safety (5% Total Direct Cost) 
Contingency Allowance (25 96 Total Direct Cost) 
Other Direct Costs 

Legal (5 I Total Direct Cost) 
License/Permit Costa (15% Total Direct Cost) 
Start-up/Shakedown (10% Total Diit Cost) 

15,ooo.oo 
26,OOO.OO 
13,ooo.oo 
64,ooo.oo 

13400.00 
38,OOO.OO 
26,OCO.OO 

Total Indirect Capital Cost 195,ooo.oo 

Total Capital Cost (Treatment System Only) 451,ooo.oo 

ESTIMATED 
OPERATION & MAINTENANCE COST COMPONENT COST (S) 

Electricity (6) 
Pretreatment (Mixers,Pumps) 
Treatment 

Post Treatment (Rackwash Pump) 

290.00 

100.00 

Materials @H chemicals, polymer) (7) 
Material Handling 

17,ooo.oo 

Carbon Regeneration/Replacement (Post Treatment) (8) 56,OOO.OO 
Operating Labor (9) 30400.00 
Maintenance Labor (9) 3.ooo.00 
Sampling Labor (9) 3,ooo.oo 
Analytical (Samples) (9) 29,ooo.oo 
Administration (20 % labor/25 % materials) 11,ooo.oo 

Total Operation &Maintenance 152.000.00 
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CAMP -E-CID 014i 

DRAFI’ FINAL 12/3/93 TABLE 3 - 5 cont. 

ECONOMIC COMPARISON OF TEREE CONVENTIONAL 
TREATMENTTRCHNOLOGIES 

CAPJTALANDOANDMCOSTliSllMATE 
FOR LIQUID PEASE CARRON ADSORPTION TREATMENT SYSI'EM 

Basis: 
Flow =2.5gpm 
Contaminants of Concern = VOCs, SVOCs, Metals, Pea&ides 

ASSUMPTIONS: 

(1) Pretreatment equipment consista of oil/water separation to remove oil & grease; precipitation @H Adjustment) 
to precipitate metals (2 stage); coagulation/flocculation (addition of polymer to create particle floes, arrsiat settling characteristics; 
and sedimentation/clarification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 
oil pump out equipment, effluent pump out equipment, and sludge pump out equipment. Cost is based on a budgetary quote 
via phone conversation with Prank Timblin (F.H. Timblin - rep. for Great Lakes Environmental - See Summary of Costa for 

Oil/Water Separators attached to thil cost estimate.) 
(3) Equipment consists of two-stage pH adjustment (2 tnnke, mixers, pH chemical metering pumps, pH control module); addition 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make+up tank, mixer, and Polymer feed pump). 
Costa based on unit costs obtained for Presque Isle Oroundwater Treatment System, some adjusted for capacity difference 
using Six-Tenths Factor Rule and ratio of coat indecea for applicable yeara where neceeaary (see supplementary calculations) 

(4) Cost for liquid-phase carbon adsorption system based on two (2) 10.000 # carbon units operated in series. Cost e&mate 
baaed on estimate provided by Encotech Activated Carbon Producta and Systermr. Unita provided with appropriate connectiona 
for influent feed, backwash, etc. Pounds carbon per unit based on assumption that carbon adsorbern will have to remove “high” 
organic concentration of 33 ppm, and 30 minute empty bed contact time. 

(5) Backwash system includes service tank (backwash water supply), backwash water collection tank, backwash sludge removal pump, 
and backwash water supply pump. Backwash capacity based on I5 OPM/SF for a 12 minute cycle. Cost6 based on costs 
developed for other similar groundwater treatment Bystem designs (Presque Isle and JC Cleaners). 

(6) Electricity costs based on e&mated rated horsepower of pumps, mixers assuming 24 hour per day, 365 day per year at $O.O675/kw*h 
(7) Material costa for pH adjustment chemicals and polymers baaed on estimate of one 5Sgal drum per year (strictly an aasumption 

at this point, since specific data is not available to calculate dosage requirements. Costa based on estimates from previous 
feasibility study for chemicals, adjusted for year 1993. 

(8) Carbon regeneration/replacement cost baaed on estimate provided by Encotech. Specifically, a.swme $O.aO/lb spent carbon 
(reactivation) and $.85/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 
200 lb/day, for “high” organic stream (33 ppm) at 25 gpm. Based on this estimate, and 10,000 lb carbon unit, ca&cm would be 
anticipated to require change-out every 50 days. In addition to reactivation, assume 20% loss of carbon during reactivation 
will require replacement with new carbon, @ S.85/#. 

(9) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weelrends), and $29.10 per hour. 
Sampling labor assumes 8 hours per month, at $29.10 per hour. 
Analytical sampling costa based on 26 samples per yenr, @ $1110 per sample for TCL VOCs, TCL SVOCs, TCL Pesticides, and TC 

(Cost per sample based on Wadsworth Alert Fee Schedule). 
Maintenance labor assumes heavy maintenance for carbon changeouts, @ 7 changeouts per year, 2 men, 8 hours per changeout 
at $29.10 per hour. 

3-28 



CAMP LEIEVNE - cl-0 0140 
D&UT FINALz 12/15/93 

TAJKE3-6 

ECONOMIC COMPARISON OF THRER CONVENTIONAL 

TREATMENTTlXHNOLoGIEs 

CAPlT.ALANDOANDM COSTIBTIMATE 

FOR UVKXEMICAL OXIDATION TREATMENT SYf?l’JBI 

Basis: 
Flow = 25 gpm 
Contaminants of Concern = VOCs, SVOCs, Metals, Pesticides 

ESTIMATED 
CAPITAL COST COMPONENT COST ($) 

DIRECT CAPITAL COSTS 

Pretreatment Equipment (1) 
Oil/Water Separator System (2) 
pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Treatment Equipment (VOCe, SVOCs, Pesticides) 
W/Chemical Oxidation System (4) 

Purchased Equipment (Subtotal) 

Installation (assume 40 96 purchased equipment cost) 

Total Direct Capital Cost 

INDIRECT CAPITAL COSTS 

Engineering & Design (6% Total Direct Cost) 
Design & Construction Administration (10% Total Direct Cost) 
Health & Safety (5 % Total Direct Cost) 
Contingency Allowance (25 % Total Direct Cost) 
Other Direct Costs 

22,m.oo 
37,ooo.oo 
19,ooo.oo 
93.ooo.00 

Legal (5 % Total Direct Coet) l9,ooo.oo 
License/Permit Costs (15 % Total Direct Cost) 56,OOO.OO 
Start-up/Shakedown (10% Total Direct Coat) 37,OSo.oo 

Total Indirect Capital Cost 

Total Capital Cost (Destment System Only) 

OPERATION & MAINTENANCE COST COMPONENT 

Electricity (5) 
Pretreatment (Mixers,Pumps) 
Treatment (UV/Oxidation System) 

Materials (PH chemicals, polymer) (6) 
Operating Labor (7) 
Maintenance Labor (7) 
Sampling Labor (7) 
Analytical (Samples) (7) 
Administration (20% labor12596 materials) 

25,ooo.oo 
40,ooo.00 

200,ooo.00 

265,OOO.OO 

106,000.00 

371$00.00 

283 $00.00 

654,OOO.OO 

ESTIMATED 

COST 63 

2,400.00 
13,100.00 
17,ooo.txl 
30,ooo.00 
1,400.OO 
3.ooo.00 

29,OOO.OO 
l1,ooo.oo 

Total Operation & Maintenance 107.ooo.00 
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DR.4lT FINAL 12/15/93 

I, I 

TABLE 3 - 6 cont. 

..11.,d 

ECONOMIC COMPARISON OF THREE CONVENTIONAL 

TREATMENT TECHNOLOGIES 

CAPITALANDOANDM COKrESlTMA’m 
FOR WKXEMICAL OXIDATION TREATMENT SYSrEM 

Basis: 
Flow =2Sgpm 
Contaminants of Concern = VGCs, SVGCs, Metals, Pesticides 

ASSUh4Pl’lONS: 

(1) Pretreatment equipment consists of oil/water separation to remove oil & grease; precipitation (PH Adjustment) 
to precipitate. metals (z stage); coaguletion/flocculetion (addition of polymer to create patticle Aocs, assist settling characteristics; 
end sedimentation/clarification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pek for 6ne oil drop removal, 
oil pump out equipment, effluent pump out equipment, end eludge pump out equipment. Cost is based on a budgetary quote 

vie phone conversation with Frank Timblm (P.H. Timblin - rep. for Great Lakes Environmental - See Summary of Co& for 
Oil/Water Separators attached to this cost estimate) 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addition 
of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer makeup tank, mixer, end polymer feed pump). 
Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity difference 
using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary (see supplementary calculations) 

(4) Cost for W/Chemical Oxidation Treatment System based on range of typical capital costs for W/oxidation system as provided in 
EPA/%O/#-89/012 [Ultrox International Radiation/Oxidation Technology - Applications Analysis Report]. System includes 
W radiation/oxidation treatment tank (reactor - including W lamps), and oxidation source (ozone generator with air preparation 
system or hydrogen peroxide feed system). 

(5) Electricity costs for pretreatment equipment is base on estimated rated horsepower of pumps, mixers assuming 24 hours per day, 
365 day per year at $O.O675/hv*hr. Operating costs for W/oxidation system based on estimated direct G&h4 cost rsnge 
developed based on case studies of actual system installetions - Ultrox system [EPA/54O/AS-891012 - Ultrox International 
Radiation/Oxidation Technology - Applications Analysis Report]. Cost assumes $1.0011000 gallons water treated. 

(6) Material costs for pH adjustment chemicals and polymers based on estimate of one 55gal drum per year (strictly an assumption 
et this point, since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 
(7) Operating Labor for plant assumes 4 hr/dey, 260 day per year (excludes weekends), end $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $29.10 per hour. 
Analytical sampling costs based on 26 samples per year, @ $1110 per sample for TCL VGCe, TCL SVGCs, TCL Pesticides, and TC 
(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance Labor assumes labor will be less intensive then that required for systems that require carbon chengeout, 
assume 4 hours per month, 1 man, @ $29.10 per hour. 
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CAMPLEJEUNE-cro0140 
DRAPT PINAL: 12115193 

TARLE3-7 

ECONOMIC COMPARISON OF THREE CONVRNTIONAL 
TREA’IMEZNTTRC~OLOGIES 

LIFE CYCLE CO= ANALYSIS OF THREE 
ALTERNATIVE GROUNDWATER TREATMEHT SY!XEMS 

ALTERNATIVE A: GROUNDWATER TREATMENT WITH AIR STRIPPING (25 OPhf SYSTEU) LIFE 
CYCLE 

FIVE YEAR IJFE CYCLE COST ANALYSIS (BASED ON 1993 WLMRS) YEAR0 YEAR1 YEAR2 YEAR3 YEAR4 YEARS - 

1. Capital Cost of Trramt System (2) S332,OOO SO SO SO $0 SO 

2. Annual operation & Main- cQ@t (2) SO SlOl.~ 5101,ooo s101.000 $101,000 $101,000 

3. Annual Eqauiilurw (Bawl OII 1993 dollan) - ‘A’ (3) S~2,‘J’M SlOl,~ S101.000 SlOl,OOO $101.000 $101,000 

4. Cmh Flow Factor (Futuv Worth of Equal Annual Expaditunx) - (F/A) (4) 1.0000 1.0000 2.1000 3.3100 4.6410 6.1051 

5.FutureWorihofEqwlAnwzdExpe&iturca”F’ 5332,000 SlOl.000 S212,lOO $334,310 5468,741 $616,615 

6. Cd Flow Factor (p-t Worth of Future Amount of Annul Expa~Iiturea ’ F ‘) 1.0000 0.9091 0.8264 0.7513 0.6830 0.6205’ 

7. present worth of Futi Amount of AMual Expexxlitluea . P * 5332,000 $91,819 $175.279 5251.167 5320.150 $382,856 s715,OOO 

ALTERNATIVE B: OROUNDWATER TREATMENT WITH LIQUID-PHASE CARBON ADSoRPTlON (25 GPM SYSTEM) IJFE 
CYCLE 

FIVE YEAR LIFE CYCLE COST ANALYSIS (BASRD ON 1993 DoLIARs) YEAR0 YEAR1 YEAR2 YEAR3 YEAR4 YEARS COST 

1. Capii coat of Treatmat System 55z.ooo so so so so so 

2. Alund operation a Main-c cost so s152.000 SlS2.000 $152.000 $152,000 $152,000 

3. Annual Expc&turea (Bawd OII 1993 dollars) - ‘A” 5525,ooo Sl52,OOO s152,Om $152,000 s152,OOO $152,000 

4. Cash Flow Factor (Future Worth of Es@ Annual Expa&tures) - (F/A) 1.0000 1.0000 2.1000 3.3100 4.6410 6.1051 

5.FutureWoxthofRqualAnnualExp&itwca’F’ $5%ooO 5152,000 $319,200 $503,120 $705,432 $927,975 

6. Cash Flow Factor (Prex& Woztb of Futum Amount of Annual Expauiituw ’ F ‘) 1.0000 0.9091 0.8264 0.7513 0.6830 0.6209 

7.PrescatWorthofFUtllFsAmo~ofAnouPlExpad~’P’ S5=,000 5138,183 $263,787 $377,994 5481,810 $576,180 Sl.lOl,OOO 

~ALTERNAITVE c: GRoumwAm TRE.4TbfENT wITH whmzhacti OXIDA~ON (25 QPM SYSTEM) LIFE 1 
CYCLE 

FIVE YEAR IJFE CYCLE COST ANALYSIS (BASED ON 1993 DoLIARs) YEAR0 YEAR1 YEAR2 YEAR3 YEAR4 YEARS msr 

1. Capital Coat of Treatmat System $762,000 SO so so SO so 

2. Annual operation & MaiMenmcc cost so Sl~,~ 5107.000 s107.000 $107,000 $107,000 

3. Annual Rxpc&iw @wed cm 1993 dollars) - “A’ S762,OOO $107,000 S107.000 $107,000 $107,000 $107,000 

4. Cash Flow Fwtor (Future Worth of Equal Annual Expaxdituw) - (F/A) l.oooo 1.0000 2.1000 3.3100 4.6410 6.1051 

5.FutureWo~ofEqulAm1ulEqwxlituns’F’ 5762,000 S107.000 $224.700 $354,170 5496.587 $653,246 

6. Cd Flow Factor (P-t Worth of Futuu Amount of Annual Expawiitura l F ‘) 1.0000 0.9091 0.8264 0.7513 0.6830 0.6209 

I 7.PrrecotWolthofFu~AmountofAMual~iblrrs”p” 5762,000 597.274 S185,692 $266,088 $339,169 $405,600 $l,liqcti~~ 
I 

NOTES: 

(5) Discount rate of 10% mumed for aoalysis. 
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A total of 130 sites at MCB, Camp Lejeune were identified during the evaluation of site 

background information as requiring groundwater remediation (Fiscal Years 1995 through 

1999). Of these sites, approximately 96 percent have VOCs as primary COCs, and would be 

amenable to primary treatment by air stripping, with secondary treatment by carbon 

adsorption to remove additional organics. The remaining 4 percent of sites would not be 

effectively treated by air stripping because the COCs are strictly semivolatiles, pesticides, or a 

combination of the two. In these scattered instances, liquid-phase carbon adsorption will 

probably be the best treatment option, as it has a lower life-cycle cost (when compared to 

UV/chemical oxidation), and can effectively adsorb semivolatiles, pesticides, and other organic 

compounds. 
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4.0 DEVELOPMENT OF CAPITAL AND OPERATION AND MAINTENANCE 
COSTS FOR GROUNDWATER TREATMENT ALTERNATIVES 

This section presents the methodology used and the cost estimates developed for the major 

components of the groundwater treatment alternatives, which include groundwater extraction 

systems, pumping and transmission systems, and groundwater treatment and discharge 

systems. These systems and their associated costs are discussed in further detail in the 

following sections. 

4.1 Groundwater Extraction Systems 

Groundwater extraction technologies evaluated during the course of this study included 

recovery trenches, for a limited number of UST sites, and extraction wells, for the majority of 

UST sites and all of the IR sites. Capital and operation and maintenance cost estimates for 

site-specific extraction systems were developed for each IR and UST site identified as 

requiring groundwater remediation. 

4.1.1 Recovery (Drainage) Trenches 

The number of recovery trenches required at a particular site and the corresponding trench 

length was defined during the development of the Site Evaluation Matrix. The trench was 

assumed to be a biopolymer drainage trench. Similar to typical slurry wall construction, a 

trench is excavated and a biodegradable slurry is used to hydraulically shore the trench. The 

slurry excavation is subsequently backfilled with permeable materials (i.e., stone, gravel) and 

the slurry treated with additives to convert it to water and a small quantity of natural 

carbohydrate (Baker, 1992). Horizontal drainpipe and/or vertical extraction wells are 

installed to collect groundwater. In addition, filter fabrics may be placed in the trench to resist 

clogging of the drainage materials or removal systems by infiltration of fines from 

surrounding soils (Baker, 1992). 

Benefits of the biopolymer method of drainage trench construction include installation up to 

70 feet without extensive excavation, flexibility in design components and configurations, 

expedient construction schedule, minimal generation of trench spoil materials, minimal 

worker safety concerns, proven performance in remedial applications, cost effectiveness, and 

long-term performance (Baker, 1992). 
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The basic components of the biopolymer drainage trench were identified to include gravel fill, 

geotextile, collection pipes, trench wells, submersible pumps, outflow pipes, and electrical 

conduit. A conservative estimate was made that submersible pumps would be located at 

intervals of approximately 1 pump per 200 LF of trench. Capital costs for installing a 

biopolymer collection trench were estimated as follows: 

Capital Cost Component Unit Cost ($1 

BP Trench (Excavation and Installation) 675iLF 
Geotextile Fabric 15/LF 
Submersible Pumps 18001each 
Pump Control Panel (1 per pump) 1500teach 
Master Control Panel (1 for total sys.) 20001each 

These costs were estimated based on a biopolymer collection trench conceptual design Baker 

developed for another project, where chlorinated solvents (PCE, TCE) were contaminants in 

groundwater. The cost components included in the estimate are the major components for a 

biopolymer collection trench. Several vendors were contacted in the initial development of 

these unit costs. 

Operation and maintenance costs were estimated based on engineering judgment, for the 

major components that would comprise the operation/maintenance of a biopolymer collection 

trench. The following unit costs were assumed for operation and maintenance of a drainage 

trench: 

Operation and Maintenance Coat Component Unit Cost ($) 

Electricity (Trench Pump (a)) 
Maintenance Labor 

General (52 hours per year) 
Annual Inspection (40 hr per year) 

Maintenance Materials 
Trench Maintenance 

150lpumplyear 

29 SOfhourlyear 
29.lOhoudyear 
4,OOOlyear 
2,OOOlyear 

These costs do not include equipment replacement (pumps, etc.), administration, or 

decommissioning. The main purpose of these cost estimates is to provide a means for 

comparing the economic effectiveness of the four groundwater treatment alternatives. 
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4.1.2 Extraction Wells 

The assumptions used in determining the number of extraction wells to be used at each IR and 

UST site where extraction wells are the identified groundwater extraction technology were 

discussed in Section 2.0 of this report. From a conceptual standpoint, each extraction well is 

envisioned to consist of the following components: 

Six-inch diameter steel casing 

Ten- to 20-foot screens 

Washed coarse graded sand and gravel pack 

Bentonite seal 

Protective well casing 

Steel well vault 

Submersible low flow pump and controller 

Outflow piping 

Electrical conduit 

The cost for installing an extraction well was based on the cost for installing a g-inch recovery 

well for a pump test at the HPIA Operable Unit at MCB, Camp Lejeune. The cost for this one 

well was approximately $6,000. Thus, as a conservative estimate, because most sites would 

require the installation of more than one extraction well, a cost of $5,000 per well was 

assumed. It is assumed that this cost includes all materials, labor, and mobilization required 

to install an extraction well. The estimated cost for extraction well discharge piping was 

developed assuming that each well will require a minimum of 200 feet of discharge piping at a 

cost of $16.OO/LF. Miscellaneous well appurtenances was assumed at $2,000 per well, and 

would include items such as valves, electrical conduit, etc. The unit costs assumed for 

estimating capital costs for extraction wells are summarized as follows: 

Capital Cost Component Unit Cost ($1 

Install g-inch diameter extraction well 5,OOO/well 
Extraction Well Discharge piping 4,00O/well 
Submersible Pump 1,80O/well 
Miscellaneous Well Appurtenances 2,00O/well 
Pump Control Panel (1 per pump) 1,50O/well 
Master Control Panel (1 for total system) 2,OOO/well 

Total Capital Cost per Well $16,3OO/well 

4-3 



Operation and maintenance costs for operating and maintaining extraction (recovery) wells 

were estimated as follows: 

Operation and Maintenance Cost Component 

Electricity (Submersible Well Pump) 
Maintenance Labor 

General 
Maintenance Materials 

Total Annual O&M Cost 

Unit Cost ($1 

XO/well/year 

1,40O/well/year 
l,OOO/well/year 

$2,55O/welUyear 

Similar to costs identified for drainage trenches, these costs do not include equipment 

replacement (pumps, etc.), administration, or decommissioning. 

Table 4-1 presents a summary of the estimated capital and operation and maintenance costs 

for groundwater extraction systems, for all IR and UST sites defined as requiring groundwater 

remediation. A detailed breakdown of the development of these costs is included in 

Appendix C of this report. 

4.2 Groundwater Transmission Systems 

A substantial portion of capital costs for Alternatives 2 and 3 were for the design and 

construction of new collection systems, separate from the existing sanitary sewer systems, to 

transport contaminated groundwater to the treatment plants. For Alternative 2, the costs for 

groundwater collection systems were developed for service areas defined by the existing 

sanitary sewer service areas. These service areas, or outfalls, include Camp Geiger, Rifle 

Range, Courthouse Bay, Hadnot Point, and Tarawa Terrace. Because the Montford Ponit and 

Onslow Beach areas each have only one site, these two areas would not need a central 

groundwater treatment plant or the associated transmission system. The cost for a 

transmission system for Alternative 3 includes separate costs developed for each outfall, and a 

base-wide system that collects contaminated groundwater from each of the outfalls and 

transports it to the existing Hadnot Point STP site. The cost for a collection and transmission 

system for Alternative 4 includes costs to extend the existing sanitary sewer system to each 

site and upgrade the proposed base-wide sanitary sewer system to accommodate the additional 

flows generated by groundwater remediation. 
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CAMP LEJEUNE - CT0 0140 

DRAFT FINAL: 12/15/93 

TABLE 61 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 

FOR GROUNDWATER EXTRACTION SYSTEMS 

PAGE 1 OF 4 

CAMP GEIGER OUTFALL AREA SITES 

SITE NAME 

ESTIMATED ESTIMATED ESTIMATED ESTIMATED 

CAPITAL STARTUP CAPITAL COST ANNUAL 

COST DATE IN STARTUP O&M 

1993 $ YEAR COST 

Campbell Street Fuel Farm $425,900 1994 $461,200 $9,200 

Building AS-4151 (Steam Gen. Plant) $201,800 1994 $218,500 $9,000 

Camp Geiger Fuel Farm $567,200 1994 $614,300 $9,300 

Tanks AS419-AS421 (Air Station) $30,600 1994 $33,100 $5,100 

JP-5 Lime Area Site so 1993 so S5,lOO 

Camp Geiger Mini C Store Service Station $30,600 1994 $30,600 55,100 

Hypothetical Sites ($30,600 per Site, 

Total of 15 Sites - FY 1995FY1999) 

#36, Camp Geiger Dump, STP 

#41, Camp Geiger Dump, Park 

#43, Agan Street Dump 

#44, Jones Street Dump 

$765,000 N/A $1,016,800 $76,500 

$30,600 

$59,200 

1997 $40,800 55,100 

1996 $78,900 $10,200 

$73,500 

$73,500 

1997 

1997 

$91,800 $12,800 

$91,800 $12,800 

TOTALS $2,26o,ooo $2,680,000 $160,200 
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CAMP LEIEUNE - CT0 0140 

DRAFT FINAL: 12/15/93 

TABLE 4-l (CONTINUED) PAGE 2 OF 4 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 

FOR GROUNDWATER EXTRACTION SYSTEMS 

HADNOT POINT OUTFALL AREA SITRS 

SITE NAME 

ESTIMATED ESTIMATED ESTIMATED ESTIMATED 

CAPITAL STARTUP CAPITAL COST ANNUAL 

COST DATE IN STARTUP O&M 

1993 $ YEAR COST 

Building 21, River Road (UST System 21.1) 

GottschaIk Marina 

BerkIey Manor X Change Ser. Sta. Tank 820-2 

Hadnot Point Fuel Farm 

Hypothetical Sites ($30,600 per Site, 

Total of 70 Sites - FY 1995 - FY 1999) 

#l, French Creek LDA 

#2, Former DaycareMursery 

#3, Old Creosote Plant 

#6, Storage Lots 2031201 Shallow Aquifer 

#6, Storage Lots 2031201 Deep Aquifer 

#24, Industrial Fly Ash Dump 

#28, HP Bum Dump 

#78, Operable Unit 1 

#SO, Paradise Pt. Golf Course 

$SO,ooO 1994 

$16,300 1994 

$44,900 1994 

so 1992 

$2,14O,ooO N/A 

$116,400 1996 

so N/A 

$73,500 1996 

$44,900 1995 

%55,ooO 1995 

$173,600 1995 

$159,300 1996 

$161,300 1994 

$30,600 1996 

TOTALS $3,070,000 

$54,200 

$17,700 

$48,600 

$0 

$2,850,000 

$145,400 

$0 

$91,800 

$52,300 

$64,100 

$202,200 

$199,000 

$174,700 

$38,200 

$3,940,000 

$9,000 

$2,600 

$7,700 

$10,200 

$357,000 

$20,400 

$0 

$12,800 

$7,650 

$30,600 

$30,600 

$28,100 

$28,050 

$5,100 

$550,000 
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CAMP LEJEUNE - CT0 0140 

DRAFT FINAL: 12/15/93 

TABLE 4-l (CONTINUED) PAGE 3 OF 4 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 

FOR GROUNDWATER EXTRACTION SYSTEMS 

MONTFORD POINT OUTFALL AREA SITES 

SITE NAME 

ESTIMATED ESTIMATED ESTIMATED ESTIMATED 

CAPITAL STARTUP CAPITAL COST ANNUAL 

COST DATE IN STARTUP O&M 

1993 s YEAR COST 

#16, Montford Point Bum Dump $30,600 1997 $40,800 $5,100 

TOTALS $30,000 

TARAWA TERRACE OUTFALL AREA SITES 

$40,000 $5,100 

SITE NAME 

ESTIMATED 

CAPITAL 

COST 

1993.3 

ESTIMATED ESTIMATED ESTIMATED 

STARTUP CAPITAL COST ANNUAL 

DATE IN STARTUP O&M 

YEAR COST 

Building 45, UST S-941-2 $30,600 1994 $33,100 $5,100 

Tarawa Terrace Service Station $0 1993 $0 $5,100 

Hypothetical Sites ($30,600 per Site, 

Total of 5 Sites - FY 1995 - FY 1999) 

$153,000 N/A $203,400 $25,500 

TOTALS $180,000 $240,000 $35,700 
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CAMP LEJEUNE - m0 0140 

DRAFT FINAL: 12115193 

TABLE 4-l (CONTINUED) 

SUMhfARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 
FOR GROUNDWATER EXTRACTION SYSTEh3S 

PAGE 4 OF 4 

RIFLE RANGE OUTFALL AREA SITES 

SITE NAME 

ESTIMATED ESTlhiATE ESI-IMATED ESTIMATED 

CAPFAL STARTUP CAPn”AL COST ANNUAL 

COST DATE IN STARTUP O&M 

1993 s YEAR COST 

Rifle Range Bldg. 72 (Former MCX Gas Station) $39,800 1994 $43,100 $8,900 

#68, Rifle Range Dump $30.600 1999 $38,200 $5,100 

#69, Rifle Range Chemical Dump $30,600 1996 $38,200 $5,100 

TOTALS s100,ooo $12O,ooo s20,ooo 

COURTHOUSE BAY 0 WALL AREA SITES 

SlTE NAME 

ESTIMATED ESTIMATE ESTIMATED ESTIMATED 

CAPITAL STARTUP CAPITAL COST ANNUAL 

COST DATE IN STARTUP O&M 

1993 s YEAR COST 

Hypothetical Sites ($30,600 per Site, 

Total of 10 Sites - FY 1995 - FY 1999) 

s306.ooo N/A $396,600 $Sl,ooo 

#73, Courthouse Bay LDA s73.500 1997 $97,900 $12,800 

TOTALS $380,000 $49O,ooa $60.000 

ONSLOW BEACH OUTFALL AREA SITES 

SlTE NAME 

ESTIMATED ESTIMATE ESTIMATED ESTIMATED 

CAPITAL STARTUP CAPITAL COST ANNUAL 

COST DATE IN STARTUP O&M 

1993 s YEAR COST 

#12, Explosive Ordnance Disposal s44.900 1999 $59,800 $7,700 

TOTALS s45,ooo S60.000 S8,‘330 
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The first step in estimating pumping and transmission costs for Alternatives 2 and 3 included 

the development of the conceptual design of the systems supporting these alternatives. The 

conceptual design for the Alternative 4 collection system was taken from the Wastewater 

Treatment Master Plan, Phase I (Greenhorne and O?Mara, 1991). The key assumptions and 

items that were considered in the conceptual design of these system are noted below. 

4.2.1 Treatment Plant Location Assumptions 

The location of treatment plants was a major factor in estimating transmission and pumping 

costs for Alternatives 2, 3 and 4. The locations will impact the costs of pipeline construction 

and pumping requirements. 

Alternative 2 

Alternative 2 assumed that the most cost effective locations for new groundwater treatment 

plants that would serve sites in the existing STP outfalls, would be the sites of existing SIPS. 

Although existing plants are not adequate to treat contaminated groundwater, existing piping 

and utilities could be used to in order to reduce costs. In addition, these locations typically 

facilitate the use of a gravity flow collection system. 

Alternative 3 

The location of a base-wide groundwater treatment facility for Alternative 3 was assumed to 

be the existing Hadnot Point STP. 

Alternative 4 

In accordance with the Scope of Work, the location of the groundwater treatment plant for 

Alternative 4 is the planned Hadnot Point SIP. 

4.2.2 System Assumptions 

It was assumed that the construction of the collection systems would occur in phase8 to 

minimize the impact of high capital costs. The scope required Baker to consider lR and UST 

sites that would be remediated between 1995 and 1999. From this time period two 

approximately equal phases were created, Phase I (1995-1996) and Phase II (1997-1999). 
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Flows from IR and UST sites were included in a phase, based on when remedial activity was 

due to commence. 

Alternatives 2 and 3 

Pipe sizes for Alternatives 2 and 3 were estimated for Phase I and Phase II flows. These pipe 

sizes were then compared. If required the diameters varied 4 inches or more, construction of 

parallel lines was recommended. The smaller pipe would be installed during Phase I and the 

larger pipe installed during Phase II. If the required diameters varied only 2 inches the larger 

pipe was installed at the appropriate time. 

To select pumps, Phase I and II flows were calculated at each node. Pumps were selected to 

accommodate Phase I and additional pumps or a single replacement were then selected to 

accommodate Phase II flows. 

Alternative 4 

A new system was not redesigned for this alternative. An explanation of the cost estimate for 

this alternatives included in Section 4.2.3. 

Flows 

Alternatives 2 and 3 

Pipe sizes and pumps for collection systems were selected based on estimated flows from the 16 

IR and 13 UST sites determined to need groundwater remediation in Section 2.0 and 100 

hypothetical UST sites that would require groundwater treatment between 1995 and 1999 

(20 sites per year as requested in the Scope of Work). 
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System Configurations 

Alternative 2 

The configurations of the Alternative 2 collection systems were based on the location of each 

Bite with respect to a proposed regional treatment facility. Where ever possible, alignments 

for each proposed link were located adjacent to existing roadways. Table 4-2 summarizes the 

components of the transmission system for Alternative 2. 

Alternative 3 

The Alternative 3 configuration, links the collection systems developed in Alternative 2 (with 

the exception of the Hadnot Point system) and transports the contaminated groundwater to 

the site of the existing Hadnot Point treatment plant. The configuration of the Hadnot Point 

collection systems for Alternative 2 and Alternative 3 are different because the location of the 

treatment facility is changed. Table 43 summarizes the components of the transmission 

system for Alternative 3. 

Alternative 4 

The proposed alignment for this alternative was taken from the Wastewater Treatment 

Master Plan, Phase I (Greenhorne and O’Mara, 1991). Costs for extending the existing sewer 

system to serve contaminated sites was included in the extraction system cost for each site. 

General Design 

Concrete-lined ductile iron pipe was selected as the piping material for the system. Available 

pipe sizes were selected for each system using the Hazen-Williams equation and the American 

Pipe Manual, a ductile iron pipe applications and design manual. Selections were made to 

minimize head loss where ever possible. 

Q = .006756 C D2.63 HO.54 

where: Q = flow (gallons per minute) 
C = coefficient of friction for concrete lined DIP (140) 
D = inside diameter of pipe (inches) 
H = loss of head per 1,000 feet of length (feet) 
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CAMP LEJEUNE - CT0 0140 TABLE 4-2 

DRAI=l- FINAL 12/15/93 

SUMMARY OF TRANSPORTATION COSTS FOR ALTERNATIVE 2 

Hadnot Point Outfall Phase I 

Units 1 Capital Costs 1 Annual O&M 

PiDine I 99.450 I $2.127.935 1 

Ip L 
ITi Camp Geiger Outfall Phase I 

1 Units 1 Capital Costs 1 Annual O&M 

Piping 

Vendor Pumps 

Pump Stations 

Contengencies 

Indiit Costs 

Outfall Total 

43,700 $806,380 

16 $166,260 

1 $51,500 

$204,828 

$337,966 

$1,566,934 $156,693 

Contengencies 

Indiicct Costs 

Outfall Total 

335,452 

$58,496 

$271,208 $27,121 

1 Camn Geieer Phase II 

Piping 

Vendor Pumps 

Units Capital Costa Annual O&M 
33,500 $594,070 

0 $0 
Pump Stations 

Contcngencies 

5) $480,813 1 

! $214,977 1 
Indirect Costs 1 

Outfall Total 
I $354,711 1 

%1,644,570 1 $164,457 
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DRAFT FINAL 12115193 

TABLE 4-2 

(CONTINUED) 

SUMMARY OF TRANSPORTATION COSTS FOR ALTERNATITm q *Ja* 

Courthouse Bay OutfaIl Phase I 

Rifle Range Outfall Phase I 

F Piping 
tJ Vendor Pumps 

Units Capital Costs Annual O&M 

13,500 $196,846 

3 $29,855 

. pump Stations 0 SO 

Contengencies $45,340 

Indirect Costs $74,811 

Outfall Total $346,853 %34,685 

pump Stations 1 

Contengencies 

Indiit Costs 1 

Outfall Total I 

41 884062.5 1 

! $998,009 1 

$1,769,769 1 

I $7,757,821 1 $775,782 

Courthouse Bay Outfall Phase II 

Units Capital Costs Annual O&M 

Piping 7,000 $123,340 

Vendor Pumps 0 0 

Pump Stations 0 0 

Contengencies $24,668 

Indiiect Costs I $74,621 1 

Outfall Total I $222,629 1 $22,263 

Rifle Range Outfall Phase II 

I Units I CaDital Costs I Annual 0 

Indirect Costs I 

Outfall Total I 
I $25,186 I 

$116,770 1 $11,677 

Pump Stations I 

Contengencies 

01 $0 1 

! $114,162 1 

IIndirect Costs 1 I S345,34O 1 I 
Outfall Total I I $1,030.312 1 $103,031 1 

I Rifle Range Outfall Phase Totals I 
Piping 

1 Units 1 Capital Costs 1 Annual O&M 
1 17,000 I $253,196 1 

Alternative 2, Grand Totals 

1 Units 1 CaDital Costs I AnnualO&M 

Piping 

Vendor Pumps 

Pump Stations 

Contengencies 

Indirect Costs 

Outfall Total 

277,700 $6,556,336 

46 $471,310 

9 $1,364,875 

$1,678,504 

$2,926,505 

512.997.530 51.299.753 



CAMP LUEUNE - CT0 0140 

DRAFI’FINAL 12/15/93 

TABLE 4-3 

SUMMARY OF TRANSPORTATION COSTS FOR ALTERNATIVE 3 

Camn Geiner Phase II I 

I Unita I Caoital Costs I Annual O&M I 

Piping 33,500 ss94,070 

Vendor Pumps 0 SO 

Pump Stations 5 $480,813 

Contengencics $214,977 

Indirect Costs $354,711 

Outfall Total 5 1.644.570 s 164.457 

Camp Geiger Phase Totals 

Units Capital Costa Annual o&M 

Piping 77,200 s1,400,450 

Vendor Pump8 16 $166,260 

Pump stations 6 3532.3 13 

Contengencier $419,805 

Indirect Costa s692.677 

Outfall Total I I $3,211,504 1 3321,150 1 

Tarawa Terrace Outfall Phase I 

Units Capital Costa Annual O&M 

Piping 9,100 $116,750 

Vendor Pumps . 6 $60,510 

Pump Stations 1 

Contengenoics 

01 so 1 

I $35,452 1 

Indirect Costa 1 

Outfall Total I 

I SS8.496 1 

5271,208 1 $27,121 



CAMP LEJEUNE - Cl-0 0140 

DRAFl. FINAL 12f15/93 

TABLE 4-3 
(CONTINUED) 

SUMMARY OF TRANSPORTATION COSTS FOR ALTERNATIVE 3 

Pump stations 1 01 so 1 

Contengencies $89,494 1 

I $270,719 1 

$807,683 [ $80,768 

Indirect Costs $25,186 1 
t-h,thll Tntal I I Sll&Tm I 211.677 

Indirect Costa I I 599,997 1 

Outfall Total I $463,622 1 $46,362 



It was assumed that all links would be force mains and pump stations would be constructed 

where links intersected. 

4.2.3 Costs Assumptions 

Alternatives 2 and 3 

Costs were developed for the installation of a range of pipe and pump sizes using vendor quotes 

and catalogs, Means Site Work and Landscape Cost Data, 1993. Table 4-4 summarizes unit 

costs for the installation of a-inch ductile iron pipe, and 4-inch, 6-inch, B-inch, lo-inch, 12- 

inch, 14-inch, 18-inch, and 24-inch concrete-lined ductile iron pipe. Table 4-5 summarizes unit 

costs for 10,20,50,100,150,200,300,400,1000, and 2600 gpm pumps. 

Operation and maintenance costs were assumed to be 10 percent of capital costs of the 

pumping equipment and force main system. 

Alternative 4 

Costs for this alternative were not based on a redesign of a new sanitary sewer system that 

would accommodate sanitary and groundwater flows. The cost for the construction and 

operation of a base-wide sanitary sewer collection system was developed in the Wastewater 

Treatment Master Plan, Phase I (Greenhorne and O’Mara, 1991). Capital costs to expand this 

system to accommodate the additional groundwater flow were based on a comparison of the 

estimated sanitary sewage flows, as estimated by Greenhorne and G’Mara, to the estimated 

groundwater flows from the various service areas in the base. The estimated capital costs 

were increased to take into account the increased size of the pumping systems in order to 

handle the estimated groundwater flows. 

Costs for extending the existing sewer system to serve contaminated sites were included in the 

extraction system cost for each site. 

4.3 Groundwater Treatment Systems 

The results of the technology screening and life-cycle cost analysis conducted in Section 3.0 

indicate that air stripping is the most cost-effective treatment technology, when compared to 
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TABLE 4-4 

UNIT COSTS OF TRANSMISSION PIPE 

Pipe Size 
Unit Cost of Pipe Unit Cost for Unit Cost for 

Installed Excavation Backfill 
(per LF) (per LF) (per LF) 

2” Diameter PVC, Class 160, SDR 26 $4.28 I $1.25 I $1.25 

4” Diameter, DI, Cement lined $13.60 $1.25 $1.25 

6” Diameter, DI, Cement lined $15.50 $1.25 $1.25 

8” Diameter, DI, Cement lined 

10” Diameter, DI, Cement lined 

$22.00 $1.50 $1.50 

$33.00 $1.50 $1.50 

12” Diameter, DI, Cement lined I $35.00 I $2.00 I $2.00 

14” Diameter, DI, Cement lined 

18” Diameter, DI, Cement lined 

24” Diameter, DI, Cement lined 

$45.50 $2.00 $2.00 

$63.00 $2.00 $2.00 

$83.00 $4.20 $2.00 

Total Unit Cost 
(per LF) 

$6.78 

$16.10 

$18.00 

$25.00 

$36.00 

$39.00 

$49.50 

$67.00 

$89.20 



TABLE 4-5 

PUMPING SYSTEM UNIT COSTS 

Item/Source 

10 gpm pump 

20 gpm pump 

50 g-pm pump 

100 gpm pump 

150 gpm pump 

200 gpm pumping station 

300 gpm pumping station 

400 gpm pumping station 

1000 gpm pumping station 

Precast wet well 

Excavation for vendor pumps 

Excavation and Installation for 
?umping station 

Unit 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Crew Day 

LS 

Unit/Cost Source 

$4,000 Vendor 

$4,100 Vendor 

$4,300 Vendor 

$4,600 Vendor 

$4,900 Vendor 

$51,500 Means@) 

$57,250 Means@) 

$63,000 Mean@) 

$97,500 Means@) 

$1,885 Means@) 

$2,000 Engineering Judgment/Means@) 

75% of Engineering JudgmentMeans@) 
equipment costs 

(1) 25 horsepower pump station will accommodate 2,400 gpm to 3,700 gpm flows. 
(2) Means. 1993. Site Work and Landscape Cost Data. 



primary treatment with liquid-phase carbon adsorption and UV/chemical oxidation, for 

treating groundwater containing oil and grease, inorganics (heavy metals), VOCs, SVOCs, 

and pesticides. However, all of these contaminants are not necessarily present in groundwater 

at all sites. 

In order to cover site-specific groundwater treatment requirements for all IT3 and UST sites, 

five treatment scenarios were developed for purposes of tailoring treatment systems to site- 

specific contaminants. These scenarios are identified as follows: 

Scenario “A” 

Assumes COCs are VOCs and oil and grease. A treatment system for this scenario would 

include pretreatment with oil/water separation, primary treatment with air stripping, and 

secondary treatment with liquid-phase carbon adsorption. 

Scenario “B” 

Assumes COCs are inorganics (heavy metals) and oil and grease. A treatment system for this 

scenario would include primary treatment with oil/water separation and metals removal. 

Scenario %” 

Assumes COCs are SVOCs, oil and grease, inorganics (heavy metals), and pesticides. A 

treatment system for this scenario would include pretreatment with oil/water separation and 

metals removal, and primary treatment with liquid-phase carbon adsorption. 
, 

Scenario “D” 

Assumes COCs are VOCs, SVOCs, inorganics (heavy metals), oil and grease, and pesticides. A 

treatment system for this scenario would include pretreatment with oil/water separation and 

metals removal, primary treatment with air stripping, and secondary treatment with liquid- 

phase carbon adsorption. This would be considered as the “worst case scenario.” 
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Scenario %” 

Assumes COCs are oil and grease, SVOCs, and pesticides. A treatment system for this 

scenario would include pretreatment with oil/water separation and primary treatment with 

liquid-phase carbon adsorption. 

Typically, due to the nature of substances stored in UST systems without secondary 

containment (i.e., fuel oil, heating oil, liquified petroleum gas, etc.), constituents present in 

environmental media (i.e. soils, groundwater) resulting from spills or past practices commonly 

include benzene, toluene, xylenes, ethylbenzene WIEX), total petroleum hydrocarbons (TPH), 

lead, and petroleum product (dissolved or floating). BTRX can be effectively reduced by air 

stripping because of volatile nature of the constituents. As long as lead is not a problem, 

groundwater at the majority of UST sites may be effectively treated using treatment scenario 

“A”, which includes pretreatment with oil/water separation and product recovery, primary 

treatment with air stripping to reduce VOCs, and limited secondary treatment with liquid- 

phase carbon adsorption to “polish” the effluent. 

Conversely, COCs at IR sites may impose a wide range of treatment needs, because of the 

variety of constituents that may be present, including VOCs, SVOCs, inorganics (metals), 

pesticides, and oil and grease. Thus, treatment at these sites can range from simple 

pretreatment systems to reduce oil and grease and metals levels (treatment scenario “B”), to 

more complex treatment trains that include pretreatment for oils and grease and metals, 

primary treatment for VOCs, and secondary treatment to remove SVOCs and pesticides 

(treatment scenario “D”). 

The most applicable treatment scenario was identified for each IR and UST site, based on 

site-specific contaminants anticipated to be present. Because a wide range of flows are 

anticipated to require treatment at the IR and UST sites, the following “typical” treatment 

plant flow capacities were identified: 5,15,25,50,100,150, and 200 gpm. 

Groundwater flow estimates developed for each IR and UST site were compared to these 

capacities, and rounded up or down to the nearest treatment plant capacity, for purposes of 

developing capital and operation and maintenance cost estimates for comparing groundwater 

treatment alternatives. Cost estimates were developed for the following treatment scenarios 

at the following flow capacities: 
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l Scenario “A” [5,15 gpm] 

l Scenario “R” [15,25 gpm] 

l Scenario “C” [15,25,50 g-pm] 

l Scenario “D” C5,15,25,50,100,150, and 200 g-pm] 

l Scenario “E” [15,25 gpm] 

In addition, for locations where the estimated flows exceed 200 gpm, cost estimates for the 

groundwater treatment systems were developed based on cost scales from the USEPA 

“Handbook of Remedial Action at Waste Disposal Sites” for the major components of the 

treatment system. 

In general, the capital costs include both direct and indirect costs. Direct capital costs include, 

but are not limited to equipment, piping, electrical, instrumentation, installation, and costs 

for a treatment building. Indirect capital costs include design services, engineering services, 

supervision, inspection and overhead, health and safety, and legal. Operation and 

maintenance costs include electricity consumption (equipment and treatment building), 

materials, material handling (i.e., carbon, sludge), labor, analytical samples, and 

administration. These detailed cost estimates, along with the assumptions made in their 

development, are included in Appendix D of this report. 
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5.0 EVALUATION OF FOUR GROUNDWATER TREATMENT ALTERNATIVES 

Using the information developed in Sections 3.0 and 4.0, Baker evaluated the costs of four 

different alternatives for treating groundwater from the IR and UST sites. The four 

alternatives considered are as follows: 

l Alternative No. 1 Construction of individual pump and treat systems for each site or 

operable unit. 

l Alternative No. 2 Construction of one or more regional treatment plants solely for 

treatment of groundwater from the IR and UST sites in that area 

or operable unit. 

l Alternative No. 3 Conversion of one or more of Camp Lejeune’s existing STPs solely 

for treatment of groundwater from the IR and UST sites. 

l Alternative No. 4 Transmission and treatment of groundwater from all IR and UST 

sites at the planned Hadnot Point SIP. 

A description of each of these alternatives is presented in this section. Total capital and 

operation and maintenance cost estimates were developed for groundwater extraction, 

transmission, and treatment. These cost estimates are required as a prerequisite to the 

evaluation of life-cycle costs, which will be presented in Section 6.0. 

5.1 Alternative No.1 - Construction of Individual Pump and Treat Systems 

Alternative No. 1 assumes that individual extraction and treatment systems will be 

constructed at each IR and/or UST site identified as requiring groundwater remediation. A 

total of 17 IR sites and 113 UST sites (13 current, and 100 hypothetical future sites to be 

added) were identified as sites that would require some extent of groundwater treatment. 

Thus, implementation of Alternative No. 1 would involve the construction and operation of 

approximately 130 individual groundwater treatment systems. The major components 

required-for this alternative include a groundwater extraction and treatment system. 
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5.1.1 Groundwater Extraction and Treatment Systems 

As discussed in Section 4.0, each IR site was identified as requiring one of five treatment 

scenarios, based on the site-specific COCs. The basic treatment system assumed for each 

scenario is discussed in Section 4.0. Capital and operation and maintenance costs were 

developed for a flow range covering five selected treatment plant capacities (i.e. 5, 15, 25, 50, 

100, 150, and 200 gpm). In addition, cost estimates were also developed for groundwater 

treatment systems with flows greater than 200 g-pm, specifically for Camp Geiger and Hadnot 

Point. Accordingly, each site was paired with the most appropriate treatment plant capacity. 

Initial capital costs for the site-specific groundwater extraction system and treatment system 

were developed assuming a base year of 1993. Based on the estimated start-up date for 

groundwater treatment at each site, the capital cost was adjusted by applying MILCON 

escalation indices obtained from NAVFAC P-442, Economic Analysis Handbook (Naval 

Facilities Engineering Command, June 19861, to represent the projected capital cost that 

would be incurred in the start-up year for the treatment system. 

In order to address the total cost for groundwater treatment at the “hypothetical” UST sites 

(potentially to be added Fiscal Year 1995 through Fiscal Year 19991, the estimated capital cost 

(Base Year 1995) and operation and maintenance costs were multiplied by the anticipated 

total number of “hypothetical” UST sites for the above referenced period and shown as a total 

capital and operation and maintenance cost, respectively. 

Tables 5-1, 5-2, 5-3, and 5-4 provide a summary of the estimated capital and operation and 

maintenance costs for Alternative No. 1, as applied to all IR and UST sites within Camp 

Geiger; Hadnot Point, Montford Point, and Tarawa Terrace; and Rifle Range, Courthouse Bay, 

and Onslow Beach outfall (service) areas, respectively. The total capital cost for providing 

groundwater treatment systems for Alternative No. 1 is approximately $32 million. 
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Camp Lejeune 

CT0 140 

TABLE 5-1 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 
FOR GROUNDWATER TREATMENT SYSTEM 

ALTERNATIVE 1 

CAMP GEIGER OUTFALL AREA SITES 

SITB NAME 

ASSUMED 

ESTIMATED TREATMENT ESTIMATED BSTIMATED 
GROUNDWATBR PLANT TREATMENT CAPFAL ESTIMATED CAPlTAL CO ESTIMATED 

EXTRACTION CAPACITY SCENARIO COST STARTUP IN STARTUP O&M 
RATE (GPM) W’M) bW,C.D,E) 1993s DATE YEAR COST 

Campbell Street Fuel Farm 2.5 

Building AS-4151 (Steam Gen. Plant) 0.5 

Camp Geiger Fuel Farm 15 

Tanks AS41 9-AS42 1 (Air Station) 8 

JP-5 Line Area Site 8 

Camp Geiger Mini C Store Service Station 

Hypothetical Sites ($106,300 per Site, 

Total of 15 Sites - FY 1995 - FY 1999) 

#36, Camp Geiger Dump, STP 8 15 

#41, Camp Geiger Dump, Park 16 25 

#43, Agan Street Dump 

#44, Jones Street Dump 

12 

5 

20 

20 

5 

5 

15 

15 

15 

15 

5 

25 

25 

A 

A 

A 

A 

A 

D 

A 

D 

D 

B 

C 

$106,300 

$106,300 

1994 

1994 

$209,300 1994 

$209,300 1994 

SO 1993 

$115,123 

$115,123 

$226,672 

$226,672 

SO 

$322,100 1994 

$1.590,ooo N/A 

$348,834 

$2,120,ooo 

$322,100 1997 

s377,ooo 1997 

$429,037 

$502,164 

$209,ooo 1996 $261,041 

S342,CQO 1996 $427,158 

$60,000 

$60,000 

$63,000 

$63,000 

$63,000 

s107,ooo 

5900,ooo 

$107,ooo 

$119,ooo 

585,OCiJ 

$110,ooo 

TOTALS $3,79O,ooo 54,770,ooo $1,74O,ooo 

NOTES: 

(1) Treatment system scenarios were developed, based on site-specific contaminants of concern. The scenarios are identified as follows: 

Scenario A = Assumes contaminants of concern are VGCs, and oil&grease. Treatment system would include pretreatment with oil/water separation, 

Primary Treatment with Air Stripping, and Secondary Treatment with Liquid-Phase Carbon Adsorption. 

Scenario B = Assumes contaminants of concern are inorganic6 (metals) and oil&grease. Treatment system would include primary treatment with 

oil/water separation and metals removal. 

Scenario C = Assumes contaminants of concern are SVOCs, Oil&Grease, lnorganics (metals), and Pesticides. Treatment system would include 

pretreatment with oil/water separation and metals removal, and primary treatment with liquid-phase carbon adsorption. 

Scenario D = Assumes the “worst case scenario” in that contaminants of concern are VOCs, SVOCs, Inorganics (metals), Oil&Grease, and Pesticides. 

Treatment system would include pretreatment with oil/water separation and metals removal, primary treatment with air stripping, and 

secondary treatment with liquid-phase carbon adsorption. 

Scenario E = Assumes contaminants of concern are oil&grease, SVOCs, and pesticides. Treatment system would include pretreatment with 

oil/water separation and primary treatment with liquid-phase carbon adsorption. 
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Camp Lejeune 

a-0 140 

TABLE 5-2 

SLJMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 

FOR GROUNDWATER TREATMENT SYSTEM 

ALTERNATIVE 1 

HADNOT POINT OUTFALL AREA SITES 

SlTE NAME 

ASSUMED 

ESTIMATED TREATMENT ESTIMATED ESTIMATED ESTIMATED 
GROUNDWATER PLANT TREATMENT CAPFAL STARTUP CAPlTAL COST ANNUAL 

EXTRACITON CAPACITY SCENARIO COST DATE IN STARTUP O&M 
RATE (GPM) PM) (AACJW (1) 1993 $ YEAR COST 

Bldg. 21 River Rd (UST System 21.1) 

Gottschalk Marina 

Berkley Manor X Change Service Station 

(Tank 820-2) 

Hadnot Point Fuel Farm (In service) 

Hypothetical Sites ($106,300 per Site, 

Total of 70 Sites - FY 1995 - FY 1999) 

#l, French Creek LDA 

#2, Former DaycarelNursery 

#3, Old Creosote Plant 

#6, Storage Lots 2031201 Shallow Aquifer 

#6, Storage Lots 203/201 Deep Aquifer 

#24, Industrial Fly Ash Dump 

#28, HP Bum Dump 

#78, Hadnot Point Industrial Area 

#80, Paradise Pt. Golf Course 

1 5 

4 S 

12 IS 

S S 

S S 

32 so 

0 N/A 

20 2s 

1s 1s 

300 300 

48 so 

44 so 

160 160 

8 1s 

A 

D 

A 

A 

A 

D 

E 

D 

D 

C 

D 

D 

D 

TOTALS 

$209,300 

$724,000 

$0 

$202,900 

$209,300 

$1 ,soo,ooo 

S664,ooO 

S724,OQO 

$322,100 

s12,25o,OKl 

1994 

1994 

$115,123 

$157.360 

1994 $226,672 

1992 $0 

NIA $9,890,000 

1996 S904,276 

1996 SO 

1996 

199s 

$253,422 

$243,835 

199s $I ,747,sOO 

199s $773,560 

1996 $904,276 

1994 so 

1996 $402,303 

$15,620,000 

$60,000 

$95,000 

$63,000 

$60,000 

S4,2OO,C’JO 

5123,ooo 

SO 

$76,000 

$63,000 

$470,000 

$111,000 

$123,000 

$144,000 

$107,000 

$5,700,000 

NOTES: 

(1) Treatment system scenarios were developed, based on site-specific contaminants of concern. The scenarios are identitied as follows: 

Scenario A = Assumes contaminants of concern are VGCs, and oil&grease. Treatment system would include pretreatment with oil/water separation, 

Primary Treatment with Air Stripping, and Secondary Treatment with Liquid-Phase Carbon Adsorption. 

Scenario B = Assumes contaminants of concern are inorganics (metals) and oil&grease. Treatment system would include primary treatment with 

oil/water separation and metals removal. 

Scenario C = Assumes contaminants of concern are SVGCs, Oil&Grease, Inorganics (metals), and Pesticides. Treatment system would include 

pretreatment with oil/water separation and metals removal, and primary treatment with liquid-phase carbon adsorption. 

Scenario D = Assumes the “worst case scenario” in that contaminants of concern are VOCs, SVGCs, Inorganics (metals), Oil&Grease, and Pesticides. 

Treatment system would include pretreatment with oil/water separation and metals removal, primary treatment with air stripping, and 

secondary treatment with liquid-phase carbon adsorption. 
Scenario E = Assumes contaminants of concern are oil&grease, SVGCs, and pesticides. Treatment system would include pretreatment with 

oil/water separation and primary treatment with liquid-phase carbon adsorption. 
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TABLE 53 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 

FOR GROUNDWATER TREATMENT SYSTEM 

ALTERNATIVE 1 

MONTFORD POINT AND TARAWA TERRACE OUTFALL AREA SITES 

SITE NAh4E 

ASSUMED 

EwIMATlm TREATMENT EmufATED ESTIMATED 

GROUNDWATER PIANT TREkTMJzNT CAPITAL. ESITMATED CAPITALCOST ESTMATED 

EXTRACTION CAPACITY SCENARIO COST STARTUP IN STARTUP OdrM 

RATE @PM-J W-M) (A,B.CD.E) (1) 19939 DATE YEAR COST 

MONTFORD POINT OUTFALL AREA SITES 

#16, Montford Point Bum Dump 8 

TARAWA TERRACE OUTFALL AREA SITES 

Building 45, UST S-941-2 5 

Tarawa Terrace Service Station 8 

Hypothetical Sites ($106,300 per Site, 

Total of 5 Sites - FY 1995 - FY 1999) 

5 

15 D $322,100 1997 $429,037 $107,000 

TOTALS $320,000 $430,000 $110,000 

5 D $145,300 1994 $193,540 $95,000 

15 A $0 1993 $0 $63.000 

5 A $530,000 N/A $710,000 $3oo,OOO 

TOTALS $680,ooo $900,000 $460,000 

NOTES: 

(1) Treatment system scenarios were developed, based on sitespecific contaminants of concern. The scenarios are identified as follows: 

Scenario A = Assumes contaminants of concern are VOCs, and oil&grease. Treatment system would include pretreatment with oil/water 

separation, Primary Treatment with Air Stripping, and Secondary Treatment with Liquid-Phase Carbon Adsorption. 

Scenario B = Assumes contaminants of concern are inorganics (metals) and oil&grease. Treatment system would include primary treatment 

with oil/water separation and metals removal. 

Scenario C = Assumes contaminants of concern are SVOCs, Oil&Grease, Inorganics (metals), and Pesticides. Treatment system would include 

pretreatment with oil/water separation and metals removal, and primary treatment with liquid-phase carbon adsorption. 

Scenario D = Assumes the “worst case scenario” in that contaminants of concern are VOCs, SVOCs, Inorganics (metals), Oil&Grease, and 

Pesticides. Treatment system would include pretreatment with oil/water separation and metals removal, primary treatment with air stripping, 

and secondary treatment with liquid-phase carbon adsorption. 

Scenario E = Assumes contaminants of concern are oil&grease, SVOCs, and pesticides. Treatment system would include pretreatment with 

oil/water separation and primary treatment with liquid-phase carbon adsorption. 
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TABLE 5-4 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 

FOR GROUNDWATER TREATMENT SYSTEM 

ALTERNATIVE 1 

RIFLE RANGE, COURTHOUSE BAY AND ONSLOW BEACH OUTFALL AREA SITES 

SITE NAME 

ASSUMED 
EsTlMATED TRE4TMENT ESTIMATED ESTIMATED EsnMATED FsTIMATED 

GROUNDWATER PLANT TREATMBNT CAPITAL STARTUP CAPITALCOST ANNUAL 
EXTRAC’llON CAF’ACITY SCENARIO COST DATE IN STARTUP O&M 
RATE (GPhQ @PM (A,B.C.D.E) (I) 3993s YEAR COSTS 

RIFLE RANGE OUTFALL AREA SITES 

Rifle Range Bldg. 72 (Former MCX Gas St 

#68, Rifle Range Dump 

#69, Rifle Range Chemical Dump 

1.5 5 A $106,300 

8 15 D S322,lOO 

8 15 A $209,300 

TOTALS $64O,ooO 

COURTHOUSE BAY OUTFALL AREA SITES 

Hypothetical Sites ($106,300 per Site, 

Total of 10 Sites - FY 1995 - FY 1999) 

5 

#73, Courthouse Bay LDA 20 

ONSLOW BEACH OUTFALL AREA SITES 

#12, Explosive Ordnance Disposal 12 

5 A S1,060,000 

25 D $377,000 1997 $502,164 $119,000 

TOTALS $1,44O,OOfl $1,910,000 $720,000 

1994 

1996 

1996 

N/A 

$115,123 360,000 

$402,303 s107,OOO 

$261,416 $63,000 

$780,000 $230,000 

$1,410,000 $600,000 

15 C $255,400 1997 $340,193 $96,000 

TOTALS S260,OOO $340,000 %1OO,ooo 

NOTES: 

(1) Treatment system scenarios were developed, based on site-specific contaminants of concern. The scenarios are identified as follows: 

Scenario A = Assumes contaminants of concern are VOCs, and oil&grease. Treatment system would include pretreatment with oil/water 

separation, Primary Treatment with Air Stripping, and Secondary Treatment with Liquid-Phase Carbon Adsorption. 

Scenario B = Assumes contaminants of concern are inorganics (metals) and oil&grease. Treatment system would include primary treatment 

with oil/water separation and metals removal. 

Scenario C = Assumes contaminants of concern are SVOCs, Oil&Grease, Inorganics (metals), and Pesticides. Treatment system would include 

pretreatment with oil/water separation and metals removal, and primary treatment with liquid-phase carbon adsorption. 

Scenario D = Assumes the “worst case scenario” in that contaminanta of concern are VOCs, SVOCs, lnorganics (metals), Oil&Grease, and 

Pesticides. Treatment system would include pretreatment with oil/water separation and metals removal, primary treatment with air stripping, 

and secondary treatment with liquid-phase carbon adsorption. 

Scenario E = Assumes contaminants of concern are oil&grease, SVGCs, and pesticides. Treatment system would include pretreatment with 

oil/water separation and primary treatment with liquid-phase carbon adsorption. 
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5.2 Alternative No. 2 - Construction of Regional Treatment Plants 

Alternative No. 2 assumes that one regional treatment plant will be constructed within each 

of the seven STP service (outfall) areas for treatment of groundwater from the IR and UST 

sites. In order to develop a strategy for the concept of treating groundwater at regional plant 

locations, it was assumed that IR and UST sites would be assembled for treatment according to 

their location with respect to the adjacent outfall area. The Site Evaluation Matrix 

(Appendix B) groups the sites based on the location of their respective outfall areas. For 

clarification purposes, these outfall areas include: (1) Camp Geiger, (2) Montford Point, 

(3) Tarawa Terrace, (4) Hadnot Point, (5) Rifle Range, (6) Courthouse Bay, and (7) Onslow 

Beach. As shown in the Site Evaluation Matrix, the majority of sites requiring groundwater 

treatment are located within the Camp Geiger and Hadnot Point outfall areas. 

Based on the individual groundwater flow rates estimated for each IR and UST sites, the 

following cumulative flows would require treatment at the seven central treatment plants: 

Regional Treatment Plant 

Camp Geiger 
Montford Point 
Tarawa Terrace 
Hadnot Point 
Rifle Range 
Courthouse Bay 
Onslow Beach 

Cumulative Groundwater Assumed Plant 
Extraction Rate (gpm) Capacity (gpm) 

310 
15 
45 

1,050 
35 
75 
15 

300 
15 
50 

1,100 
50 
75 
15 

It should be noted that because the Montford Point and Onslow Beach areas each have only 

one site, these two areas would not need a regional groundwater treatment plant or the 

associated transmission system. 

The assumed plant capacity for the remaining five outfall areas represents the cumulative 

estimated groundwater flow within each area, adjusted to represent a nominal plant capacity, 

for the purpose of developing capital and operation and maintenance costs for extraction, 

transmission, and treatment. Major components of Alternative No. 2 include a groundwater 

extraction system, transmission system, and treatment system. Each of these components is 

further discussed in the following sections, and the capital and operation and maintenance 

costs developed are presented for evaluation. 
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5.2.1 Groundwater Extraction System 

Similar to Alternative No. 1, a groundwater extraction system would be required at each IR 

and UST site requiring groundwater remediation, with the exception of the UST sites where 

current pump and treat systems are already constructed in place (Hadnot Point Fuel Farm, 

Tarawa Terrace Service Station, and JP-5 Line Site). Capital and operation and maintenance 

costs were developed for site-specific groundwater extraction systems and presented in 

Section 4.0. Individual site extraction system costs were added together to develop a 

cumulative cost for sites within each outfall area. These costs will be used in the evaluation of 

life-cycle costs, which will be developed for comparison of Alternative No. 2 to Alternatives 

No. 1,3, and 4. 

5.2.2 Groundwater Transmission System 

To transport groundwater from the IR and UST sites in each area to the five regional 

treatment plants, a total of approximately 278,000 feet of force main and 46 pump stations 

would need to be constructed. The total estimated capital cost to install this transmission 

system is approximately $16,000,000. Table 5-5 presents the estimated capital cost and 

operation and maintenance costs for transmission systems developed for Alternative 2. 

5.2.3 Groundwater Treatment System 

Due to the fact that groundwater will be combined for treatment from a number of sites for 

centralized treatment, treatment scenario D was assumed as the basis for developing capital 

and operation and maintenance costs for the treatment component of Alternative No. 2. 

Treatment scenario D assumes a worst case scenario, where the primary COCs include oil and 

grease, VOCs, SVOCs, inorganics (metals), and pesticides. 

Detailed capital and operation and maintenance costs were developed over a range of five flow 

rates for scenario D (5, 15, 25, 50, 100, 150, and 200 gpm). According to the cumulative 

projected flows for each outfall area, three of the five regional treatment plants would require 

a capacity less than 100 gpm. Capital and operation and maintenance costs developed for 

groundwater treatment systems in Section 4.0 for 15, 50, and 100 gpm systems (Scenario D) 

will be applied to the applicable plants, with the exception of Camp Geiger and Hadnot Point. 
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TABLE 5-5 

SUMMARY OF CAPITAL AND OPERATION & MAINTENANCE COSTS 
FOR GROUNDWATER TRANSMI!3SION SYSTEMS 

ALTERNATIVE 2 

SlTE NAMB 

TOTAL TOTAL TOTAL 

ESTIMATED ESTIMATED ESTIMATED 

GROUNDWATER QUANTITY QUm ESTIMATED ESTIMATED 

EXTRACTION OF PIPE OF PUMPS/ CAPITAL O&M 
RATE (GPM) (LINEAR FEET) COST COST 

CAMP GEIGER OUTFALL AREA SlTES 

(Camp Geiger Central Groundwater Treatment Plant) 310 77,200 16 $4,15O,ooo s415,oocl 

MONTFORD POINT OUTFALL AREA SlTBS * 

(Site 16, Montford Point Bum Dump) 15 0 0 SO $0 

TARAWA TERRACE OUTFALL AREA SlTFS 

flarawa Terrace Central Groundwater Treatment Plant) 45 9,100 I $320,000 $32,000 

HADNOT POINT OUTFALL AREA SlTES 

(Hadnot Point Central Groundwater Treatment Plant) 1100 143,400 1.5 s10.150,ocO s1,015,ooo 

RIFLE RANGE OUTFALL AREA SlTBS 

(Rifle Range Central Groundwater Treatment Plant) 35 17,ooo 5 $570,ooo 557,ooo 

COURTHOUSE BAY OUTFALL AREA XI-ES 

(Courthouse Bay Central Groundwater Treatment Plant) 75 31,000 4 $1.260,000 $126,000 

ONSLOW BEACH OUTFALL ARBA SlTES + 

(Site 12, Explosive Ordnance Disposal) 15 0 0 SO SO 

TOTALS 1,595 277,700 41 $16,450,000 $1,645,000 

NOTE: 

* These areas have only one site requiring groundwater treatment, therefore no transmission system is required. 
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Due to the magnitude of flow anticipated for central treatment plants at Camp Geiger and 

Hadnot Point, the same cost basis could not be assumed, because the treatment equipment 

required would be similar in scale to the equipment required at a municipal water treatment 

plant, To estimate costs for a groundwater treatment plant to treat 300 g-pm from Camp 

Geiger LO.43 million gallons per day (mgd)l and 1,100 gpm from Hadnot Point (1.6 mgd), cost 

scales for the major components of the treatment system, including oil/water separation, 

metals precipitation/removal, air stripping, and carbon adsorption were used from the USEPA 

“Handbook of Remedial Action at Waste Disposal Sites.” 

Table 5-6 provides a summary of the capital and operation and maintenance costs developed 

for the groundwater treatment system component of Alternative No. 2. The total estimated 

capital cost for providing the groundwater extraction, transmission, and treatment systems 

for this alternative is approximately $35,000,000 million. These costs will be combined with 

the costs developed for groundwater extraction and transmission, and evaluated and compared 

to Alternatives No. 1,3, and 4, in Section 6.0. 
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TABLE 5-6 

SUMMARY OF CAPITAL AND OPERATION 8z MAINTENANCE CO!!ZS 
FOR GROUNDWATER TREATMENT SYSTEM 

ALTERNATIVE 2 

SlTE NAME 

TOTAL ASSUMED 

ESTIMATED TREATMENT 

GROUNDWATER PLANT TREATMENT ESTIMATED ESTIMATED 

EXTRACTION CAPAClTY SCENARIO CAPITAL O&M 

RATE (GPM) @PM) (MLCD.Q (1) COST COST 

CAMP GEIGER OUTFALL AREA SITES 

(Camp Geiger Central Groundwater Treatment Plant) 310 300 D $1,801,800 $187,200 

MONTFORD POINT OUTFALL AREA STIES 

(Montford Point Central Groundwater Treatment Plant) 

TARAWA TERRACE OUTFALL AREA SITES 

(Ikrawa Terrace Central Groundwater Treatment Plant) 

HADNOT POINT OUTFALL AREA SITES 

(Hadnot Point Central Groundwater Treatment Plant) 

RIFLE RANGE OUTFALL AREA SFES 

(Rifle Range Central Groundwater Treatment Plant) 

COURTHOUSE BAY OUTFALL AREA SFES 

(Comthouse Bay Central Groundwater Treatment Plant) 

ONSLOW BEACH OUTFALL AREA SD-ES 

(Onslow Beach Central Groundwater Treatment Plant) 

15 

45 

1090 

35 

75 

15 

15 

50 

1100 

50 

100 

15 

D 

D 

D 

D 

D 

D 

$430900 s107,ooo 

$960,000 $123,000 

$5,405,400 $561,600 

$960,000 $123,000 

$1,270,000 s125,ooo 

$430,ooo $107,ooo 

NOTES: 

(1) Treatment system scenarios were developed, based on site-specific contaminants of concern. The scenarios are identified as follows: 

Scenario A = Assumes contaminants of concern are VOCs, and oil&grease. Treatment system would include pretreatment with oil/water separation, 

Primary Treatment with Air Stripping, and Secondary Treatment with Liquid-Phase Carbon Adsorption. 

Scenario B = Assumes contaminants of concern are inorganics (metals) and oikgmase. Treatment system would include primary treatment with 

oil/water separation and metals removal. 

Scenario C = Assumes contaminants of concern are SVOCs, Oil&Grease-, Inorganics (metals), and Pesticides. Treatment system would include 

pretreatment with oil/water separation and metals removal, and primary treatment with liquid-phase carbon adsorption. 

Scenario D = Assumes the “worst case scenario” in that contaminants of concern are VOCs, SVOCs, Inorganics (metals), Oil&Grease, and Pesticides. 

Treatment system would include pretreatment with oil/water separation and metals removal, primary treatment with air stripping, and 

secondary treatment with liquid-phase carbon adsorption. 

Scenario E = Assumes contaminants of concern are oil&grease, SVOCs, and pesticides. Treatment system would include pretreatment with 

oil/water separation and primary treatment with liquid-phase carbon adsorption. 
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5.3 Alternative No. 3 - Treatment at One Central Plant 

Alternative No. 3 considers a treatment scenario where groundwater from all the sites at the 

Base is extracted and pumped to an existing STP. This alternative assumes that the STP is 

converted to a plant dedicated to treat contaminated groundwater. 

The total estimated flows that could be generated from the IR and UST sites are estimated at 

approximately 2.3 mgd. Of this amount, 1.6 mgd is estimated from Hadnot Point and Sites 6 

and 82. The existing Hadnot Point STP has a capacity of 8 mgd. Therefore, for the purposes of 

this study, Baker assumed that the Hadnot Point STP would be converted to a groundwater 

treatment plant. 

5.3.1 Groundwater Transmission System 

To estimate capital costs for this alternative, Baker first developed preliminary costs for a 

groundwater transmission system and a series of pump stations that would be required to 

pump extracted groundwater from the IB and UST sites to the Hadnot Point Plant. To develop 

this system of pump stations and force mains, Baker reviewed the Wastewater Treatment 

Plant Master Plan developed for the planned Hadnot Point STP (Greenhorne and O’Mara, 

1991). Using this plan as a guide, preliminary routes of the force mains were determined. 

To transport groundwater from the IR and UST sites in each area to a central treatment plant, 

approximately 480,000 feet of force main and 48 pump stations would need to be installed. 

The total estimated capital cost to install this transmission system is approximately 

$21,000,000. Table 5-7 presents the estimated capital and operation and maintenance costs 

for the transmission system for this alternative. 

5.3.2 Upgrading the Hadnot Point STP 

To develop estimated costs to convert the existing Hadnot Point STP to a groundwater 

treatment plant capable of serving the entire Base, Baker made the following assumptions: 

l The existing STP structural facilities (primary and secondary settling tanks, pumping 

facilities, anaerobic digesters) would be retrofitted with new equipment or converted 

to serve a new function. 
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TABLE 5-7 

-Y OF CAPlTAL AND OPERATION & MAINTENANCE COSTS 
FOR GROUNDWATER TRANSMISSION SYSTEMS 

ALTERNATIVE 3 

CENTRAL TREATMENT PLANT AT EXISTING HADNOT POINT STP 

SlTE NAME 

TOTAL TOTAL TOTAL 

ESTIMATED ESTIMATED ESTIMATED 

GROUNDWATER QUm QUANTITY ESTIMATED ESTIMATED 

EXTRACl-ION OF PIPE OF PUMPSl CAPITAL O&M 

RATE (GPM) (LINEAR FEEI-) PUMPING STAT10 COST COST 

CAMP GEIGER OUTFALL AREA SITES 

MONTFORD POINT OUTFALL AREA SITES 

TARAWA TERRACE OUTFALL AREA SITES 

TRUNK SYSTEM AND HADNOT POINT OUTFALL AREA SITES 

(Hadnot Point Central Groundwater Treatment Plant) 

RIFLE RANGE OUTFALL AREA Xl-ES 

COURTHOUSE BAY OUTFALL AREA SD-ES 

ONSLOW BEACH OUTFALL AREA SFES 

TOTALS 

310 

15 

45 

1090 

35 

75 

15 

1,570 

77,200 16 $4,150,ooo S415,ooo 

0 

9,100 

344,700 

17,000 

31,ooo 

0 

479,000 

0 so $0 

6 $320,000 $32,000 

17 

5 

4 

0 

48 

$14,640,000 $1,464,0C’J 

$57O,ooo ss7,ooo 

$1,26O,OOO $126,000 

$0 $0 

$20,940,000 $2,094,0oo 
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l A new chemical feed system would be installed prior to the primary settling tanks for 

metals removal. 

l The existing primary settling tanks would be retrofitted with new equipment to 

provided for suspended solids and metals removal. 

l A new fine bubble type aeration system would be installed to provide air stripping 

capabilities. 

l The existing secondary settling tanks would be retrofitted with new equipment. 

l A liquid phase carbon adsorption system would be installed to provide a final 

treatment process for VOC removal. 

l The existing anaerobic digesters would be converted to solids thickening tanks. 

l A new solids handling system would be installed to dewater solids generated during 

the treatment process. 

l A new administration building and laboratory would be constructed. 

To determine the estimated costs for converting the existing Hadnot Point STP, Baker 

considered the costs estimated by Greenhorne and O’Mara for an upgrade of the STP to a 10 

mgd advanced secondary treatment plant (Task 4, Alternative 2). Using these costs as a basis, 

Baker made adjustments to take into account that the existing plant capacity of 8 mgd would 

not be increased. With this adjustment, the estimated cost to convert the Hadnot Point STP to 

a central groundwater treatment plant is approximately $14,900,000 in 1993 dollars or 

$19,800,000 if the plant was built in 1997. Table 5-8 presents a breakdown of the estimated 

costs for Alternative No.3. 

5.3.3 Annual Operation and Maintenance Costs 

Annual operation and maintenance costs are estimated from EPA cost curves for advanced 

wastewater treatment plants. For a plant capacity of approximately 5.8 mgd, the annual 

operation and maintenance costs are estimated to be $4,050,000. 
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TABLE 5-8 

CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

ALTERNATIVE NO.3 

REGIONAL GROUNDWATER TREATMENT PLANT AT HADNOT POINT 

Flow = 3 mgd 

Contaminants of Concern: VOCs. SVOCa, Mctale. Pcsticklcs 

ESTIMATED 

CAPITAL COST COMPONENT COST (9 

DIRECT CAPITAL COSTS 

Upgrade to Hadnot Point STP 

1. upgrade Bxistin.g Influmt Pump station f190,oao 

2. install Chemical Fead System $160,000 

3. Upgrade Exiiiing Primary SetUiig Tanka s520.000 

4. Install Fiie Bubble Aeration System s1.700.ooa 

5. Upgrade Existing Secondary Settliig Tanks s520.000 

6. Upgrade Return Sludge Pumping s7o.oal 

7. Install Carbon Adsorption System s2.ooo.000 

8. Upgrade Solids Handling System 

9. Convert Anaerobic Dig&era to Soliis Thickening Tanka 

s1,700.000 

s80.000 

10. Construct Admiiistmtion Building and Laboratory s7oo.ooo 

11. Site Work s1.3oo.ooo 

12. Emergency Power s95o.ooa 

Subtotal Direct Capital Costs S9.890.000 

Construction Contingency (20% Subtotal Direct Capital Costs) $1.978.000 

TOTAL DIRECT CAPITAL COST $11.868.000 

INDIRECT CAPITAL COSTS 

Design Servicea (6% Total Direct Capital Cost) S712.000 

Engineering Servicea (10% Total Dii Capital Cost) S1.187.ooo 

Supervision, Impection & Overhead (5.5% Total Dii Capital Cost) s653.000 

Health and S&ly (3 % Total Direct Capital Cost) 5356.000 

Legal (1% Total Direct Capital Cost) s119.000 

TOTAL INDIRECT CAPITAL COST $3.027.000 

TOTAL CAPITAL COST WTMENT SYSTEM ONLY) 1993s S14.895.000 

TOTAL. CAPITAL COST (TREATMENT SYSTEM ONLY) 1997s s19.&M,ooo 

JZ.SIlMATBD ANNUAL OPERATION AND MAINTENANCE COSTS 

Annual O&M Costa per EPA Cost Curve (Adjusted for Age of Paciity) s4.050.000 
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5.4 Alternative No. 4 - Treatment at the Proposed Hadnot Point STP 

The final alternative considered estimated costs to treat all groundwater from the JR and UST 

sites at the planned Hadnot Point STP. To evaluate this alternative the following 

assumptions were made: 

l Groundwater extraction costs are assumed to be the same as those developed for 

Alternatives 1 through 3, with a total estimated capital cost of $7500,000. 

l The extracted groundwater is discharged to existing sanitary sewers and transported 

to the new SIP. The estimated capital costs to construct the additional pumping 

capacity and force mains are based on costs in the Wastewater Treatment Plant 

Master Plan (Greenhorne & O’Mara, 1991). These costs were adjusted to reflect the 

additional costs that would be required to increase the size of the pump stations at 

Camp Geiger, Tarawa Terrace, Rifle Range, and Courthouse Bay to handle the 

groundwater flows. 

l The pump station at Montford Point is assumed to be large enough to handle the 

projected groundwater flows from this area. 

l The planned Hadnot Point STP capacity is increased approximately 3 mgd, from 

15 mgd to 18 mgd, to handle the estimated maximum flows of sanitary sewage and 

contaminated groundwater. 

To determine the estimated costs for constructing additional treatment processes at the 

planned Hadnot Point STP, Baker reviewed the costs estimated by Greenhorne and O’Mara 

for building a 15 mgd advanced secondary treatment plant (Task 4, Alternative 3). These costs 

were adjusted to take into account the additional equipment would be required to provide 

groundwater treatment systems. 

The estimated cost to add groundwater treatment systems to the planned Hadnot Point STP is 

approximately $9,500,000 in 1993 dollars or approximately $12,700,00 if the plant was built in 

1997. 
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The total estimated capital cost for Alternative No.4 is as follows: 

Groundwater Extraction System: $7,570,000 

Groundwater Transmission System: 14,800,000 

Groundwater Treatment System: 12,700,OOO 

Total Estimated Capital Cost $35,000,000 

5.4.1 Annual Operation and Maintenance Costs 

Annual operation and maintenance costs are estimated from EPA cost curves for advanced 

wastewater treatment plants. For the portion of the planned Hadnot Point STP attributed to 

groundwater treatment (approximately 2.3 mgd), the annual operation and maintenance costs 

are estimated to be $3,800,000. 
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6.0 LIFE-CYCLE COST ANALYSIS OF GROUNDWATER TREATMENT 
ALTERNATIVES 

This section presents a life-cycle cost analysis of the four groundwater treatment alternatives 

considered in this report. 

Using the cost estimates developed in Sections 4.0 and 5.0, life-cycle, or Net Present Value 

(NPV) costs for the alternatives have been calculated based on the guidance presented in the 

Navy’s Economic Analysis Handbook, NAVFAC P-442 (Naval Facilities Engineering 

Command, June 1986). 

The life-cycle cost analysis is an economic analysis method that allows different alternatives 

to be compared with each other, based on the total cost incurred by each alternative over its 

useful life. The analysis considers both one time capital cost expenditures and the present 

worth of reoccurring, or annual operation and maintenance costs. In accordance the Scope of 

Work, annual operation and maintenance costs were calculated for two different time periods, 

0 to 10 years, and 11 to 30 years. For the analysis, Baker assumed that the operation and 

maintenance costs increased 50 percent in years 11 through 30, to take into account 

equipment replacement costs. As required by NAVFAC P-442, a 10 percent interest rate was 

used in the analysis. 

The life-cycle, or NPV, cost for each alternative is the sum of: 

l Total capital costs for groundwater extraction, transmission, and treatment costs, plus 

l Annual operation and maintenance costs for years 0 through 10, adjusted by the 

discount factor of 6.145, plus 

l Annual operation and maintenance costs for years 11 through 30, adjusted by the 

discount factor of 9.427 

Therefore, the following equation was used to determine the life-cycle cost for each 

alternative: 

Total Capital Cost 
+ Annual O&M Costs (Yrs l-10) x 6.145 
+Annual O&M Costs (Yrs 11-30) x 9.427 
= Life-cycle cost 
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Table 6-1 shows the capital costs, annual operation and maintenance costs, and life-cycle costs 

for alternatives 1 through 4. The resulting life-cycle costs are summar ized below. 

LIFE-CYCLE COST ANALYSIS SUMMARY 
ALTERNATIVES 1 THROUGH 4 

Alternative Description 

1 Individual Treatment Systems at Each Site 

2 Regional Treatment Systems at Each Outfall 

3 Conversion of STP to Groundwater Treatment Plant 

4 Treatment at Planned Hadnot Point STP 

Total 
Life-Cycle Cost 

$142,000,000 

$68,000,006 

$126,OOO,OOC 

$77,000,00~ 
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TABLE 6-L 

LIFE CYCLE COST ANALYSIS SUMMARY 

ALTERNATIVES 1 THROUGH 4 

ALTRRNATIYE 1 - INDMDIJAL GROIJNDWA’I’RR TREATMENT PLANTS 

ANNUAL ANNUAL PRESENT 
EXTRACTION TREATMENT TRANSMISSION TOTAL O&M O&M WORTH 

OUTFALL AREA CAPITAL COST CAPITAL COST CAPITAL COST CAPITAL COST (Yrs l-10) (Yrs 11-30) (1993~ 

Camp Geiger $2@30,000 S4,770,000 so s7,450,000 s1,900,200 s&850,300 s2s,5oo,ooo 

Montford Point WWJO s430,ooo so S470,000 $115,100 $170,000 s1,700,000 

Tarawa Terrace $240,ooo $900,ooo so s1,140,000 $495,700 $740,000 S6,600,000 

Hadnot Point $3,940,000 $15,620,000 so $19,560,000 s6,2so,ooo $9~75,000 $88,700,000 

Rifle Range Sl~,ooo $780,000 so S9OWJO s250,ooo 5375,000 s3,700,000 

Courthouse Bay $490,000 $1,910,000 $0 Q400,000 s780,000 s1,170,000 s11,000,000 

Onslow Beach WO,ooO $340,000 $0 woo,ooo $108,000 $162,000 s1,600,000 

TOTALS $7,570,000 $24,750,000 so S32,320,000 $9900,000 S14,840,000 $141,800,000 

ALTRRNATIYE 2 - SEVEN REGIONAL GROUNDWATER TREATMENT PLANTS 

ANNUAL ANNUAL PRESENT 
EXTRACTION TREATMENT TRANSMISSION TOTAL O&M O&M WORTH 

OUTFALL AREA CAPITAL COST CAPITAL COST CAPITAL COST CAPITAL COST (Yrs l-10) (Yrs 11-30) (1993 $) 

Camp Geiger $2,680,000 $1,801,800 S4,150,000 $8,631,800 $788,400 s1,180,000 517300,000 

Montford Point $40,~ s430,ooo so S470,000 $159,100 $240,000 s2,200,000 

Tarawa Terrace S240,ooO s960,ooo s320,ooo $1,520,000 $188,700 5280,000 S3,600,000 

Hadnot Point $3,940,000 S5,405,400 $10,150,000 $19,495,400 $1,216,600 S1,820,000 x32,900,000 

Rifle Range SK20000 $960,000 $570,000 Sl,650,000 S215,000 $320,000 !%,000,000 

Courthouse Bay $490,000 $1,270,000 $1,260,000 s3,020,000 s25o,ooo s380,000 S5,800,000 

Onslow Beach W,ooO $43o,ooo $0 $490,ooo $144,000 $22o,ooo $2,100,000 

TOTALS $7,570,000 $11257,200 $16,450,000 %35,277,200 S2,960,000 $4,440,000 %8,000,000 

ALTERNATIVE 3 - CENTRAL GROUNDWATER TREATMENT PLANT 

ANNUAL ANNUAL PRESENT 
EXTRACTION TREATMENT TRANSMISSION TOTAL O&M O&M WORTH 

OUTFALL AREA CAPITAL COST CAPITAL COST CAPITAL COST CAPITAL COST (Yrs l-lo) (Yrs 11-30) (1993 S) 

Total Base $7,570,000 $19,840,000 s20,940,000 S48,350,000 $6,980,000 $10,470,000 Sl25,600,000 ~ 

ALTERNATIVE 4 -TREATMENT AT PLANNED DADNOT POINT STP 

ANNUAL ANNUAL PRESENT 

EXTRACTION TREATMENT TRANSMISSION TOTAL O&M O&M WORTH 
OUTFALL AREA CAPITAL COST CAPlTAL COST CAPITAL COST CAPITAL COST (Yrs l-10) (Yrs 11-30) (1993 S) 

Total Base s7,570,000 $12,700,000 $14,800,000 $35,070,000 S3,820,000 $5,730,000 $n,400,000 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

This report presents an evaluation of the options and estimated costs for providing and 

maintaining groundwater treatment systems for the IR and UST sites located within MCB, 

Camp Lejeune, North Carolina. 

The primary objectives of this study were to identify which of the IR sites and UST sites will 

likely require some form of a groundwater pump and treat system for remediation, estimate 

the groundwater flow rates from these sites, and the COCs; evaluate groundwater treatment 

technologies that are applicable to the sites; and develop cost estimates, and life-cycle cost 

analyses for four different alternatives. 

7.1 CoIlclusions 

Based the life-cycle cost analysis presented in Section 6.0, the ranking of alternatives from the 

lowest life-cycle cost to the highest is: 

Alternative 2 $68,000,000 

Alternative 4 $77,000,000 

Alternative 3 $126,000,000 

Alternative 1 $142,000,000 

Alternative 2 involves the construction of regional treatment plants solely for treating 

groundwater from the IR and UST sites in each area. This alternative would require the 

construction of seven treatment plants, one in each of the seven sanitary service areas. 

Costa for this Alternative 2 were based on the following assumptions: 

l Five groundwater treatment plant would be located at the site of the existing STP, and 

would use the infrastructure in place at each site. 

l Capital costs for each of the five groundwater treatment plants were based on 

installing new treatment processes to remove VOCs, SVOCs, inorganics (metals), oil 

and grease, and pesticides from the contaminated groundwater. 
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The total capital cost for Alternative 2, estimated at approximately $~~,OOO,OOO. 

Alternative 4 also has an estimated total capital cost of $35,000,000, and has the second lowest 

life-cycle cost, at approximately $77,000,000. 

. Estimated annual operation and maintenance costs for Alternative 2 are approximately 

$2,900,000 per year for the first 10 years, and approximately $4,400,000 per year for years 11 

through 30. 

7.2 Recommendations 

The results of this study are intended to provide LANTDIV and MCB, Camp Lejeune with 

information to be used in planning and developing future strategies for groundwater 

remediation. Based on the the information generated during this study, the following 

recommendations are made: 

Consideration should be given to developing regional groundwater treatment plants in five of 

the seven STP services areas. 

The groundwater treatment plants could be located at the sites of the existing of the existing 

STPs. Portions of these plants are scheduled to be taken out of service when the planned Base- 

wide sewage pumping system is constructed. Some of the existing STP facilities could be used 

for the central groundwater treatment plants. 

LANTDIV and the Base should consider the performance of one or more pilot studies at 

selected UST and IB sites to evaluate on-site, or in-situ treatment systems. The use of these 

systems, which would treat groundwater in-place, or reinject treated groundwater at the site, 

would decrease the impact from the discharge of groundwater to the Base SIPS. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 1, French Creek Liquids Disposal Area 

History: This site was active between the mid 1940's through the 
mid 1970's. Liquid wastes from vehicle maintenance were poured on 
the ground. It is estimated that 5,000-20,000 gallons of waste 
petroleum and l,OOO-10,000 gallons of battery acid were disposed of 
at this site. 

Description: The area of concern is approximately 7-8 acres and is 
located in the HPIA WWTP outfall. (If shaded areas are scaled the 
site consists of two areas of concern, one 7 acres and the other 
about 4 acres.) 

Characterization: Six shallow monitoring wells were installed at 
this site and sampled in July 1984 and in November 1986. SUPPlY 
well #636 was also sampled in July 1984. A total of 13 samples were 
collected and analyzed. 

Chemicals of concern include cadmium, chromium, hexavalent 
chromium, lead, antimony, oil & grease, VOC'S, total phenols, 
xylene, methylethyl ketone, methyl isobutyl ketone, and ethylene 
dibromide. 

Groundwater flow is in a westerly direction. Low levels of VOC's 
were detected during both sampling events. Cadmium (3/13), lead 
(2/13) and chromium (4/13) were detected above the applicable 
standards. These contaminants showed the tendency to decrease 
over time. 

Recommendations and Conclusions: From the evaluation of the SSR 
data, Baker has concluded the shallow groundwater aquifer is 
potentially contaminated. However, contaminants do not appear to 
have migrated vertically. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 2, Former Nursery Daycare Center 

History: Between 1945-1958 this building was used to store, handle, 
and mix pesticides. Pesticide equipment was also washed at this 
location. 

Description: The area of concern is estimated to be approximately 
220,000 square feet and is located in the HPIA WWTP outfall. Two 
potential source areas exist at this site, Building 712 and the 
Former Storage Area. 

Characterization: During 1984, 5 shallow wells were installed and 
sampled in July. In addition, four supply wells were sampled. The 
shallow wells were resampled in December 1986 and March 1987. . 

In 1992, 3 shallow wells were sampled by Baker personnel as part of 
a scoping effort. 

Chemicals of concern are DDD, DDE, DDP ethlybenzene,naphthalene, 
xylene, and toluene. 

During the ESE investigation pesticides were detected in the 
shallow groundwater. Supply wells (1,000 ft from the site) were 
unaffected. Ethlybenzene, and toluene exceeded North Carolina 
Standards for Groundwater (NCSGW) in a single well located 
approximately 500 feet from the site. 

During the Baker investigation ethyl benzene, toluene, and 
naphthalene were detected. Arsenic, cadmium and lead were detected 
at unacceptable levels. 

An RI field investigation was completed by Baker in 1993. The 
preliminary Feasibility Study indicated that the shalow aquifer 
haad been impacted by VOC contamination. However, the proposed 
Remedial Action Plan (PRAP) developed by Baker supported the no 
action alternative. Groundwater contamination was not extensive 
and levels of contamination were not substantially above MCls. 

Recommendations and Conclusions: For the purposes of this study 
(based on the PRAP) Baker will assume that groundwater remediation 
will not be required. 

Groundwater (shallow aquifer) should be not remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IRJUSR SITE EFFLUENT STUDY 

Site 3, Old Creosote Plant 

History: The plant was operable from 1951 to 1952. 
and pressured treated with hot creosote. 

Logs were cut 

disposal at this site exist. 
No records of creosote 

Facility was dismantled and sold . All 
that remains are the concrete pads and boiler chimney. 

Description: The site is approximately 5 acres and is located in 
the HPIA WWTP outfall. 

Characterization: 
Halliburton NUS. 

In 1991 a Site Inspection was performed by 
Semivolitiles were detected in one well out of 

three. Chemicals of 
acenapthene (1,500 

Concern detected in this well included, 

micrograms per 
micrograms per liter), anthracene 

liter), 
(260 

chrysene (96 micrograms per liter), 
fluoranthene (640 micrograms per liter), 
per liter), 2-methylnapthalene 

fluorene (890 micrograms 
(1,500 micrograms per liter), 

napthalene (2 wells g-4,400 micrograms per liter), phenanthrene 
(1,600 micrograms per liter), pyrene (460 micrograms per liter), 
and dibezofuran (1,100 micrograms per liter). The risk assessment 
indicated that groundwater contamination at this did not currently 
present a health risk because no receptors were present. However, 
the report acknowledged these levels of contaminants would present 
a potential risk if the site was developed as part of a residential 
area. 

Recommendations and Conclusions: Based on analysis of data in the 
Halliburton NUS SI report it can be concluded the potential need 
for groundwater remediation exists. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 6, Storage Lots 201 and 203 

History: This facility has been operational from the mid 1940s 
through the present. 
waste storage 

It has been most recently used as a hazardous 
facility to store transformers contaminated with 

PCBs. In the 1940s it was used as a disposal site. A wooded area 
north of Lot 203 is believed to have been a VOC disposal site. 

Description: Lot 203 is approximately 46 acres and lot 201 is 
approximately 25 acres. The VOC site is approximately 50-55 acres. 

Characterization: Between 1986 and 1987, 8 shallow monitoring wells 
were installed and sampled in two rounds. Benzene, 
tetrachloroethane, and chloromethane, were detected. 

1,1,2,2- 

In 1992 Baker began an RI field investigation and installed 19 
shallow wells and 6 deep wells and collected approximately 33 
ground water samples. 

The chemicals of concern were VOCs, SVOCs, pesticides, PCBs and 
metals. 
wells. 

12 VOCs were detected from the 35 shallow monitoring 
These vocs include trichloroethene, chlorobenzene, 

tetrachloroethene, DCE, 1,1,2-tetrachloroethane, chloroform, vinyl 
chloride, total xylenes, 
1,1,2-trichloroethane, 

bromochloroethane, 1,2,-dichloroethane, 
and l,l,l-trichloroethane. TCE(1/35), 

tetrachloroethene (4/35), chloroform (l/35), vinyl chloride(l/35) 
and 1,2, -dichloroethane. 

SVOCs were detected in samples collected from shallow wells but 
believed to be the result of laboratory contamination. The 16 
shallow wells exhibited concentrations of metals above acceptable 
standards. 
arsenic. 

These contaminants are chromium,lead, manganese, and 

VOC contamination was detected in deep wells These VOCs include 
trichloroethene, tetrachloroethene, DCE, methylene chloride, and, 
ethyl benzene. Trichloroethene, tetrachloroethene, DCE, and 
methylene chloride were detected above acceptable limits. 

PCBs were not detected in the deep wells. Metals were detected but 
all were within acceptable limits. 

An RI field investigation was completed in 1993. The Study 
concluded that plumes of VOCs that substantially exceeded Federal 
MCL's existed in the deep and shallow aquifer associated with sites 
6 and 82. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Recommendations and Conclusions: The Record of Decision that was 
produced by Baker for these site indicated that groundwater had 
been impacted as a result of activities in the area of concern. The 
shallow and deep aquifers contains unacceptable levels of VOCs.OCs. 

Groundwater (shallow and deep aquifers) should be remediated. 

Site 7, Tarawa Terrace Landfill 

History: The start-up date of facility is unknown. However it was 
closed in 1972. It is believed that no hazardous materials were 
deposed of at this facility. Construction debris, sewage treatment 
plant filter media, and household trash are known to have been 
disposed of at this site. 

Description: The site is approximately 5 acres and is located in 
the Tarawa Terrace WWTP outfall. 

Characterization: The Initial Assessment Study indicated the 
potential quantity of waste at this site is insignificant whether 
hazardous or not. Halliburton NUS conducted an SI. The results 
supported the IAS. 

Recommendations and Conclusions: The potential for groundwater 
contamination is very limited. For the purpose of this study Baker 
has concluded that groundwater at this site is not contaminated. 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 9, Fire Fighting Training Pit 

History: This site was used for fire fighting training exercises 
from the 1960s through the present. The pit was originally unlined 
but a liner has been constructed. Oils, and solvents, were burned 
in the pit. An oil-water separator has been installed as a means 
of pollution control. 

Description: The site is a 2 acre site and is located in the HPIA 
WWTP outfall. The area of concern (pit area) is approximately 
4,000 square feet. 

Characterization: Three shallow wells were installed and sampled 
along with a nearby supply well between 1984 and 1987. Chromium 
lead and phenols were detected above acceptable limits in the 
shallow wells, but, not in the supply wells. 

The compounds of concern were TCL VOCs and SVOCs, and TAL metals. 

In 1992 Baker initiated a field investigation program as part of an 
RI/FS. As part of this effort, 1 deep and 5 shallow wells were 
installed and a total of 9 samples were collected. Trace levels 
of vocs, 2-chloroethylvinyl ether (l/9), total xylenes (l/9) were 
detected in two shallow wells. Trace levels of SVOCs, phenol(l/9), 
dimethyl phthalate (l/9) bis (2-ethylhexyl) phthalate (3/9) were 
detected in a deep well. >-chloroethylvinyl ether (l/9), dimethyl 
phthalate bis 
contaminar&. 

(2-ethylhexyl) phthalate are possibly laboratory 
These were never stored or used at this site. 

Metals(tota1) were detected in all monitoring wells sampled. 
Chromium (2/9), lead (2/9), manganese (2/9), and mercury(l/9) were 
detected above acceptable standards only in the shallow wells. 

The RI field investigation was completed in 1993. The Study 
concluded groundwater at this site had not been impacted by 
previous activities. 

Recommendations and Conclusions: The Record of Decision that was 
produced by Baker for this site in September 1993 indicated that 
groundwater had not been impacted as a result of activities in the 
area of concern and acepted the no action alternative. 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 12 Explosive Ordinance Disposal 

History: During the early 1960's ordnance was disposed of by 
burning or exploding when it was found to be inert, defective, or 
unserviceable. Materials disposed of at this site included 
ordnance, colored smokes and white phosphorous. Typically 
undestroyed residues were less than 1 pound. 

Description: The site is approximately 30 acres and is not located 
in a WNTP outfall. However, Onslow Beach WWTP is the closest. 

Characterization: No site characterization has been performed. 

Chemicals of concern could potentially be lead, white phosphorous, 
other metals, HDX, RDX, TNT and any derivatives of these. 

Recommendations and Conclusions: The Baker Site Management Plan 
(SMP) recommended an SI be conducted in FY 1993. To date no 
investigation has been performed. The Baker SMP indicated the 
potential for groundwater contamination exists. Due to the lack of 
data, Baker has assumed the groundwater at this site is 
contaminated. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 16 Montford Point Burn Dump 

History: This site was opened in 1948 and closed in 1972. 
However, additional unauthorized dumping did occur. The site 
contains building debris, garbage, tires, and waste oils. 
Approximate quantities are not known. Only a small amount of oil 
is suspected. 

Description: The site is approximately 4 acres and is located in 
the Montford Point WWTP outfall. 

Characterization: Asbestos insulation has been dumped on the 
surface but has been removed. No site characterization has been 
performed. 

Chemicals of concern could include BTEX, O&G, metals and asbestos. 

Recommendations and Conclusions: The Baker Site Management Plan 
recommends an RI/FS be conducted in FY 1994. Due to the lack of 
data, Baker has assumed the groundwater at this site is 
contaminated. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 21 Transformer Storage Lot 140 

History: From 1958 to 1977 this site was used as a pesticide mixing 
and cleaning area. Approximately, 350 gallons per week of rinsate 
was discharged overland. 

A pit was used to drain transformer oil over a one year period 
(1950-1951) . 

Description: The lot the site is located on is approximately 
196,000 square feet. Drawings indicate the area where operation may 
have occurred is considerably smaller. The pit was approximately 30 
feet by 6 feet by 8 feet. This site is in the HPIA WWTP outfall. 

Characterization: One monitoring well was installed. It was sampled 
in 1984 and 1987. However, only 2,4-d was detected in 1987. Soil 
borings indicated vertical migration could potentially occur. 
Pesticides were detected in the soil at a depth of 5 feet. 

Chemicals used at the site include Diazinon, Chlordane, DDT, 
Lindane, Silvex, Dalpon, and Dursban. Other chemicals of concern 
included VOCs, PCBs, tetrachlorodioxin, xylene, Methyl Ethyl 
ketone, methyl isobutyl ketone, ethylene dibromide PCBs are also 
believed top be present. 

An RI field investigation performed by Baker indicated that 
contamination was limited. 

Recommendations and Conclusions: Trace amounts of a single 
herbicide was detected in the 1987 round of sampling (none were 
detected in the first). Although groundwater data is limited, it 
appears the vertical migration of contaminants at this site is 
limited. Based on this data and Baker RI results it can be assumed 
the groundwater at this site is not contaminated. 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 24, Industrial Area Fly Ash Dump 
History: This facility was active from the 1940s through 1980. The 
site was used for the disposal of solvents, waste stripping 
compounds, sewage sludge, and water treatment sludge. 

Description: The site is approximately 20-25 acres and is located 
in the HPIA WWTP outfall. 

Characterization: 5 monitoring wells were installed in 1984 and 2 
in 1986. A total of 14 samples were collected between 1984-1986. 

The chemicals of concern were metals and VOCs. 

Benzene, chloroform and methyl chloride were detected. Only 
benzene(l/l4) and chloroform (l/14) were detected above acceptable 
standards in 1984. 

Metals were detected at low levels. However, only chromium (4/14) 
was detected above acceptable standards. Hexavalent chromium was 
also detected. 

The results of a Baker RI field effort also indicated the presence 
of metals in groundwater above acceptable standards. 

Recommendations and Conclusions: Based on the evaluation of the ISA 
and RI data Baker has concluded the groundwater at this site may 
potentially require remediation. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site, 28 Hadnot Point Burn Dump 

History: This facility operated between 1946 and 1971. A variety of 
industrial wastes, trash, garbage, oil-based paint was deposited 
then burned. It is estimated the volume of the fill is 
approximately 185,000-379,000 cubic yards. Due to the fact that 
the material was burned no estimate of specific compounds can be 
made. 

Description: The site covers approximately 23 acres and is 
currently used as a recreational area with a stocked fishing pond. 
This site is in the HPIA WWTP outfall. 

Characterization: Four wells were installed and 8 samples were 
collected in three rounds between 1984 and 1987. 

The chemicals of concern were metals, hexavalent chrome, 
organochlorine pesticides, PCBs, O&G, VOCs, Tetrachlorodioxin, 
xylene, Methyl Ethyl Ketone, Methyl Isobutyl ketone. 

Pesticides were detected in the down gradient wells in 1984. 
However these levels had decreased by 1986. Trichloroethene and 
Vinyl Chloride was found above acceptable standards during both 
sampling events at a down gradient well. Unacceptable levels of 
lead were found in single samples at two locations (one 
downgradient). 

Unacceptable levels of chromium were also found at two locations. 
Three of the four samples collected at this location between 1984 
and 1987 exceeded the applicable standard. hexavalent chrome was 
found in a single sample a single location 

Arsenic, mercury and zinc were also detected. 

Recommendations and Conclusions: Based on this data Baker concluded 
the groundwater at this site is contaminated. into Cogdels Creek. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 30, Sneads Ferry Fuel Tank Sludge Area 

History: In 1970 sludge from fuel storage tanks was disposed of 
here along with tank washout waters. Approximately, 600 gallons of 
tank bottoms were deposited at the site. This waste material 
contained tetraethyl lead and related compounds. 

Description: Exact location is not known. This site is not located 
in any WWTP outfall, but is close to Onslow Beach WWTP. 

Characterization: Two monitoring wells were installed and sampled 
twice between 1984 and 1987. 

The chemicals of concern included lead, VOCs, Oil & Grease, xylene, 
Methyl Ethyl Ketone, and Methyl Isobutyl ketone. 

Initial sampling indicate lead was present. One well exceeded the 
applicable standards. Chloroform was initially below detection 
limits at the down gradient locations but was detected above the 
applicable standards later in time. Methylene Chloride was 
initially detected in the upgradient well. 

Recommendations and Conclusions: The Initial Assessment Study (IAS) 
indicated the site had the potential, for adverse impact. However, 
due to the limited volume of contamination it is anticipated that 
groundwater remediation will not be required. 

Groundwater (shallow aquifer) should not be remediated. 

A-12 



APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 35, Camp Geiger Fuel Area Fuel Farm 

History: This facility was as a fuel storage and pumping area in 
1957 and 1958. A leak occurred in an underground fuel line. No 
precise estimate of amount of fuel that leaked out, was made. 
However, it was in the magnitude of thousands of gallons. Fuel 
from this spill leaked into Brinson Creek. 

Description: Area of concern is approximately 2,500 square feet. 
This site is in the Camp Geiger WWTP outfall. 

Characterization:In 1984, three water samples were collected from 
soil borings and analyzed. In 1986-1987, 3 monitoring wells were 
installed and sampled. 

The chemicals of concern were primarily O&G, lead, DCE, TCE, 
benzene, xylene, and ethylene dibromide. 

Lead was detected above the applicable standard in all of the three 
initial samples. TCE (2/6), DCE (3/6), and benzene (3/6) were 
detected in the six samples taken from the monitoring wells. These 
detections were primarily downgradient of the site. Levels of 
benzene in three groundwater samples exceeded groundwater quality 
standards. 

Recommendations and Conclusions: Based on this data Baker concluded 
the shallow aquifer is contaminated with low level fuel related 
vocs . The contamination may have migrated from the fuel spill or 
another source. Vertical contamination migration cannot be 
confirmed with this data (Site Summary Report, ESE,1990). 

This site was evaluated as a UST site. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 36 Camp Geiger Dump Near Sewage Treatment Plant 

History: This site was active between the late 1940s and late 
1950s. This site was used for the disposal of garbage, waste oils, 
solvents, and hydraulic fluids. Most of the material was burned 
prior to burial. It is estimated that 10,000 -14,000 gallons of 
waste oils and solvents were disposed of and burned here. 

Description: This site is approximately 25,000 square feet and 
rises about lo-12 feet above grade. The estimated volume of the 
site is 14,000 cubic yards. This site is located in the Camp Geiger 
WWTP outfall. 

Characterization: Three monitoring wells were installed in 1984 
and sampled between 1984 and 1989. 

Chemicals of concern were lead, cadmium, chromium, hexavalent 
chromium, VOCs, oil & grease, xylene, total phenol, methyl ethyl 
ketone, and methyl isobutyl ketone. 

Out of 8 samples that were analyzed for cadmium, lead, and 
chromium, 7 samples had levels above acceptable limits. Phenols 
were detected in all samples. 

Recommendations and Conclusions: Based on this data Baker concluded 
that groundwater at this is site contaminated. The Baker SMP 
recommended that a RI/FS be performed in FY 1994. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 41, Camp Geiger Dump Near Trailer Park 

History: The site was operated between 1940 and 1970. Background 
information indicates construction debris, waste oil and solvents, 
asphalt, batteries, Mirex, and ordnance were of at this site . It 
is estimated 10,000 to 15,000 gallons of waste oil was deposited 
and burned, along with thousands of mortar shells. A limited 
amount of drum waste believed to contain chloroacetophenone (tear 
gas) and possibly chemical agent test kits. 

Description: The size of the facility is 30 acres. It had a volume 
of 110,000 cubic yards. This site is in the Camp Geiger WWTP 
outfall. 

Characterization: Five shallow monitoring wells were installed 
between 1984 and 1985. These were sampled in 1984 and 1985. 10 
samples were collected. 

Chemicals of concern were lead, cadmium, chromium, hexavalent 
chromium, VOCs, oil & grease, xylene, pesticides, total phenols, 
ordnance compounds, tetrachlorodioxin, methyl ethyl ketone, and 
methyl isobutyl ketone. 

Benzene, Dichlorodifluoromethane, TCE, and Vinyl Chloride were 
detected in one of four samples taken in 1984. Vinyl chloride and 
dichlorodifluoromethane levels were above acceptable standards. At 
the same location in 1987 methylene chloride was detected above 
acceptable standards. However previously detected VOCs were not 
detected. This well is at the southern perimeter of the facility. 

Phenols were detected in 7 of 10 samples. 

Pesticides were detected in 2 of 5 samples taken in 1987. None were 
detected in 1984. 

Cadmium (2/10), chromium (9/10) and lead (4/10) were detected. 
Chromium (3/10) and lead (4/10), were detected at levels above 
acceptable limits. Metals contamination decreased over time. The 
majority of metal detections were lateral or downgradient of the 
facility. 

Ordnance compounds were detected in one sample. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 41, Camp Geiger Dump Near Trailer Park (Continued) 

Recommendations and Conclusions: The Baker SMP recommended an RI/FS 
be conducted in FY 95. Based on an evaluation of this information 
and data Baker concluded groundwater along the perimeter of the 
facility is contaminated. Groundwater flow is toward the surface 
water network and contaminant migration is likely. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 43, Agan Street Dump 

History:The period of operation is unknown. Trash, construction 
debris, and wastewater treatment plant sludge were disposed of on 
the ground surface. 

Description: The site is approximately 5 acres and is the Camp 
Geiger WWTP outfall. 

Characterization: As part of a Baker Site Investigation effort 
three shallow monitoring wells were installed and 4 samples were 
collected. 

The chemicals of concern were Target Compound List, vocs , svocs, 
PCBs and pesticides, and Target Analyte List, metals (unfiltered) 
and cyanide. 

Only carbon disulfide was detected in one of four groundwater 
samples collected. No other VOCs, svocs, or pesticides were 
detected in the groundwater. 

Numerous metals were detected. Beryllium (l/4), cadmium (l/4), 
chromium (4/4), iron (4/4), and manganese (4/4), were detected at 
levels above acceptable standards. These elevated levels may be 
due to the unfiltered solids content of the groundwater. 

Recommendations and Conclusions: It should be noted that due to the 
elevated level of beryllium the groundwater does pose a potential 
risk to health. 

Although contamination appears limited, for the purposes of this 
study, Baker has assumed that groundwater at this site is 
contaminated. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 44, Jones Street Dump 

History: This facility was operational in the 1950s and received 
general debris. Small quantities of hazardous material may have 
been deposited. 

Description: The site is approximately 5 acres and is in the Camp 
Geiger WWTP outfall. The exact type and quantity of waste is not 
known. 

Characterization: As part of a Baker Site Investigation effort 
three shallow monitoring wells were installed and four samples were 
collected. 

The chemicals of concern included TCL (organics) and TAL inorganics 
and cyanide. 

VOCs ,carbon disulfide, toluene, and ethylbenzene were detected in 
2 of four samples at low levels. 

Low levels of PAH (<.lppm) were detected in one well. 

Metal were detected in all wells. Arsenic (l/4), barium (3/4) , 
beryllium (l/4), cadmium (2/4), chromium (4/4), copper (1/4),iron 
(4/4) lead (3/4),manganese (3/4),mercury (l/4), nickel (3/4), and 
thallium (l/4) were detected above acceptable limits. 

Recommendations and Conclusions: The shallow aquifer in the survey 
area has a low level of contamination. The particular PHAs detected 
in the groundwater range from immobile to low mobility in ground 
water. The semi volatiles in the ground water range from low to 
moderately immobile. It should be noted that volatiles that were 
very mobile were detected in some of the soil sample. As a result 
the potential for contaminant migration through groundwater exists. 
The presence of inorganics in the groundwater poses a risk to 
health and the environment. For the purposes of this study Baker 
concluded groundwater at this site is contaminated. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 40, MCAS Mercury Dump 

History: between 1955 and 1966 mercury was drained from the delay 
lines of radar units. Small amounts of mercury were hand carried 
and dumped or buried at random locations. approximately 1 pound 
per year was disposed of at this location. 

Description: The site is approximately 4 acres. However, there are 
two suspected disposal areas that total approximately 8,000 square 
feet. This area is in the outfall of the Camp Geiger WWTP. 

Characterization: As part of a remedial investigation Baker 
installed and sampled 3 shallow monitoring wells. 

The primary chemical of concern was mercury. Although samples were 
tested for a range of VOCs, SVOCs, pesticides, and metals. Very 
limited trace amounts of organics were found and elevated levels of 
aluminum, iron and manganese. However, no mercury was found 

Recommendations and Conclusions: Based on this data no source 
areas of contamination have been identified. The Draft Remedial 
Action Plan and Record of Decision supported the no action 
alternative. 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 54, Crash Crew Training Burn Pit Unit at Air Station 

History: This site was used as a fire training area from the mid 
1950s until the present as a fire training site. Approximately 
15,000 gallons of POL are year are burned per year. Leaded fuels 
and solvents may also have been used. It is estimated that 
approximately . 5 million gallons have been used at this site. The 
burn pit was lined in 1975. 

Description: The total site is approximately 1.5 acres in size. 
The burn pit appears from photos and scale drawings to be 
approximately loo-150 feet in diameter. This area is in the 
outfall of the Camp Geiger WWTP. 

Characterization: Three shallow (20 '-30 ft wells) were installed 
and groundwater sampled between 1984 and 1987. During this period 
7 ground water samples were analyzed. 

The chemicals of concern at that time were cadmium, chromium, 
hexavalent chrome, lead, oil and grease, total phenols and ethylene 
dibromide. Soil borings 200-800 feet SE of the pit indicate that 
POL underlies the site. 

Groundwater flows in a southeasterly direction. Between 300-400 
feet downgradient of the burn pit total O&G, phenols, and lead were 
detected. Lead levels were below the applicable standards. 
Water Supply Well # 5009 is nearby. However, the SSR indicated no 
contamination was detected in this well. 

Recommendations and Conclusions: The SSR indicated that the 
possibility for the deep aquifer exists. Although no contamination 
had been found, the Baker Site Management Plan indicates the 
potential for groundwater contamination is present. Based on this 
information and data Baker concluded the groundwater at this site 
is contaminated. 

Groundwater remediation (shallow aquifer) is recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 63, Verona Loop Dump 

History: The dates of operation for this facility are unknown. It 
is believed that only tqbivouac wastes8v were disposed of here. No 
known disposal of hazardous waste occurred 

Description: The site is approximately 3 to 4 acres and is not 
located in any WWTP outfall. It is close to Camp Geiger WWTP. 

Characterization: During a Site Investigation performed by Baker 
conducted in 1991, 3 shallow monitoring wells were installed and 
sampled. 

The chemicals of concern were Target Compound List, vocs, svocs, 
PCBs and pesticides, and Target Analyte List, metals (unfiltered) 
and cyanide. 

Organic contamination was limited to low levels of benzoic acid and 
(2-ethylhexyl) phthalate and carbon disulfide in two wells. 
Aluminum (3/3), barium (2/3), Chromium (2/3), lead (l/3), 
manganese(3/3) and iron (3/3) levels exceeded the applicable 
standards. 

Recommendations and Conclusions: Groundwater data is limited. For 
the purposes of this study Baker concluded groundwater at this site 
is contaminated. 

Groundwater remediation (shallow aquifer) is recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 65 Engineer Area Dump 

History: This facility operated between 1958 and 1972. Wastes 
disposed of included construction debris, lubricants, and 
batteries. Much of this waste was burned 

Description: The size of the facility is approximately 4-5 acres 
and located in the courthouse Bay WWTP outfall. The exact quantity 
of wastes disposed of here is uncertain. 

Characterization: As part of a Baker Site Investigation effort, 
three shallow monitoring wells were installed and sampled. Samples 
were tested for Target Compound List (TCL) organics and Target 
Analyte Metals (TAL) 

4,4-DDD was detected in 1 of 3 samples. Arsenic(l/3), beryllium 
(I/4)1 chromium (3/3) , copper, lead (2/3), and manganese (2/3) 
were detected above acceptable limits. 

Recommendations and Conclusions: Pesticides were detected in trace 
amounts and metals were detected above acceptable levels. Although 
contamination is limited, the presence of metals at these levels 
may be a health hazard. Based on this data, Baker concluded that 
groundwater at this site is a contaminated 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 68, Rifle Range Dump 

History: This facility was a dump that was active between 1942 and 
1972. Types of wastes include garbage, Waste Treatment plant 
Sludge, building debris, and a small amount of cleaning solvents 
used for small arms. 
100,000 cubic yards. 

The capacity of the facility is approximately, 
Approximately l,OOO-2,000 gallons of cleaning 

solvents were disposed of. 

Description: The actual dump site appears to have covered 
approximately 20 to 30 acres. This facility is in the Rifle Range 
WWTP outfall. 

Characterization of the Site: Nearby supply wells (1,500 feet from 
the dump) were sampled in 1981. Three shallow monitoring wells 
were installed around the facility in 1984 and sampled between 
1984 and 1986. 

In general, the chemicals of concern have been Volatile Organic 
Compounds. In 1981 Methylene Chloride, chloroform, 
trichloroethylene were detected in Supply wells RR-45 and RR-97. It 
should be noted that these wells are located upgradient from the 
facility. During the 1984-1986 sampling efforts no VOC were 
detected in the monitoring wells or the supply wells. 

Recommendations and Conclusions: The SSR indicates contamination 
migration to the deep or shallow has not occurred. The data from 
the 1980's sampling efforts, appears incongruent with historical 
records. Baker Site Management Plan indicates the potential for 
groundwater contamination is present. Based on evaluation of this 
information Baker recommended that groundwater is contaminated. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 69, Rifle Range Chemical Dump 

History: This facility was operable from the early 1950s until 
1976. It was used as used as a chemical dump for all types of 
chemical wastes that were generated on the base. The list of 
materials disposed of at the site includes pentachlorophenol, DDT, 
TCE, malathion, diazinon, lindane, gas cylinders, HTH, drums 
containing chloroacetophenone, and chemical agent test kits. 

Characterization: 8 groundwater wells were installed and sampled 
between 1984 and 1986. 16 samples were collected. 

The chemicals of concern were pentachlorophenol, pesticides, PCBs, 
mercury, residual chlorine, xylene, tetrachlorodioxin, methyl 
ethyl ketone, methyl isobutyl ketone and ethylene dibromide. 

VOCs were detected in 7 of 18 samples. These VOCs include 
benzene,chlorobenzene, trichloroethene, chlorobenzene, chloroform, 
1,2, -dichloroethane, l,l-dichloroethylene, TCE, methylene chloride 
tetrachloroethene, 1,1,2-tetrachloroethane, tetrachloroethene, 
1,1,2-trichloroethane, trichloroethene, toluene, and vinyl 
chloride. Benzene (2/18), chloroform (2/18), 1,2,-dichloroethane 
(2/18), TCE (6/18) t methylene chloride (l/18) and vinyl 
chloride(4/18). 

Mercury was detected in 8 wells and pesticides were detected in 1 
well. 

Recommendations and Conclusions: The shallow groundwater in the 
area of concern is clearly contaminated with VOCs and presents a 
clear and present danger to the environment and human health. (Site 
Summary Report, ESE, 1990). 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 73 Courthouse Bay Liquids Disposal Area 

History: This site was to dispose of used battery acid and waste 
oil. Batteries were carried to a specific area and disposed of in 
hand shoveled holes. Vehicles were driven into the general area 
and oil was allowed to drain onto the ground. These practices 
occurred for approximately 27-32 years. 

It is estimated that lO,OOO-20,000 gallons of used battery acid, 
and 400,000 gallons of waste oil were deposited. 

Description: The total size of the site is 13 acres. The acid 
disposal site is approximately 200 feet from Courthouse Bay and is 
1 acre in size (POL was also deposited here). POL was deposited 
exclusive over 12 acres. This facility is in the Courthouse Bay 
WWTP outfall. 

Characterization of the Site: Five shallow wells were installed (3 
approximately 20 feet)and 10 samples were taken (in 2 rounds 1984- 
1987). 1984 levels are higher than 1987 levels and indicate the 
contamination is migrating. In 1984 a supply well upgradient of 
the source was sampled and found to be contaminated with 
chloroform, 

The chemicals of concern are cadmium, chromium, lead, antimony, 
zinc, oil&grease, total phenols, xylene, methyl ethyl ketone, 
methyl isobutyl ketone, ethylene dibromide, hexavalent chrome, 

Recommendations and Conclusions: Shallow groundwater is 
contaminated and contaminants are migrating (Site Summary Report, 
ESE, 1990) 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 74, Mess Hall Grease Pit 

History: Available information suggests that the site was active 
from the early 1950s through the 1960. The site consists of a 
grease pit where waste food and grease were disposed of, and a 
disposal trench where drums and pesticide soaked bags were disposed 
of. A former pesticide control area is also located at this site. 
An actively pumping supply well is at this site. 

Description: The area of concern is approximately 700,000 square 
feet and is in the Hadnot HPIA WWTP outfall. 

Characterization: 3 shallow wells were installed and sampled 
between 1984 and 1987. 7 samples were collected including one from 
an active supply well. The chemicals of concern were pesticides, 
herbicides, PCBs, VOCs. Only trace levels of pesticides and 
herbicides were detected. 

As part of a scoping effort, a limited number of samples were 
collected by Baker personnel. The results confirmed earlier 
analytical results. 

Recommendations and Conclusions: The groundwater does not appear to 
be substantially impacted by site activity (Site Summary Report, 
ESE, 1990). 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CARP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 75 MCAS Basketball Court 

History: During the 1950's approximately 100, 55 gallon drums were 
buried at this site. These drums contained chloroacetophenone (tear 
gas), chloropicrin, chloroform, carbon tetrachloride,and benzene. 

Description: From drawings it is estimated that the site is 
approximately 2000 square feet. It is located approximately 300 
feet from on-base housing and 800 feet from a supply well. This 
facility is in the WWTP outfall. 

Characterization of the Site: Three shallow monitoring wells were 
installed in 1984. These along with 3 supply wells were sampled in 
1984 and 1987. The initial round was analyzed for VOC's and the 
second round for VOC's chloropicrin, and tetrachlorodioxin. None of 
the analytes were detected during either sampling event. 

A geophysical survey was performed and failed to detect the 
presence of metal objects. 

The chemicals of concern were chloroacetophenone (tear gas), 
chloropicrin, chloroform, carbon tetrachloride, and benzene. 

Recommendations and Conclusions: No evidence of contamination was 
found (Site Summary Report, ESE, 1990). 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 76, MCAS Curtis Road Site 

History: It is believed that a total of 25 to 75 drums of 
chloracetophenone were disposed of at this location on two 
occasions in 1949. 

Description: The exact location of the site is unknown. It is 
estimated to be l/4 of an acre. 

Characterization: Two shallow wells were installed and sampled in 
1984 and resampled in 1987 and a geophysical survey were performed. 

The chemicals of concern included chloroform, carbon tetrachloride, 
benzene, chloropicrin, tetrachlorodioxin, chloroacetophone, and 
vocs. 

No contaminants or metal objects were detected. 

Recommendations and Conclusions: The suspected disposal is not 
contributing contaminants to area surveyed (Site Summary Report, 
ESE, 1990). 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 80, Paradise Point Golf Course 

History: No information exists that would indicate how long any 
potential disposal occurred. Pesticides and herbicides were mixed 
here and limited vehicle maintenance was performed here. 
Potentially, waste oil, excess herbicides and pesticides, and 
washwater used to clean sprayers have been disposed of at this 
site. 

Description: This site consists of a 1 acre area at the back of the 
machine shop and the truck wash area at the Paradise Point Golf 
Course. This facility is in the HPIA WWTP outfall. 

Characterization: In 1991NUS performed a Site Investigation. Three 
wells were installed and sampled. Tolulene, ethylbenzene, xylenes, 
and carbon disulfide were detected in a sample from one well. 
these levels were below regulatory limits. Additional data should 
be gathered to fully characterize the site. 

However, areas of dead vegetation were note during a Baker visual 
inspection. 

Chemicals of concern could potentially include BTEX, herbicides, 
and pesticides. 

Recommendations and Conclusions: The Baker Site Management Plan 
(SMP) recommended an SI be conducted at this site. To date no 
investigation has been performed. The Baker SMP also indicated the 
potential for groundwater contamination exists. Based on this and 
due to limited data, the groundwater at this site is assumed to be 
contaminated. 

Groundwater (shallow aquifer) should be remediated. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CARP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site 82, Piney Green Road VOC Area 

History: 
An RI field investigation was by Baker for Site 6, 9, and 82 in 
1993. The Study concluded that plumes of VOCs that substantially 
exceeded Federal MCL's existed in the deep and shallow aquifer 
associated with sites 6 and 82. 

Recommendations and Conclusions: The Record of Decision that was 
produced by Baker for these sites in September 1993 indicated that 
groundwater had been impacted as a result of activities in the area 
of concern. The shallow and deep aquifers contain unacceptable 
levels of VOCs. 

Groundwater (shallow and deep aquifers) should be remediated. 

Site # as, Camp Johnson Battery Dump 

History: A limited amount of decomposed batteries and old charcoal 
gas canisters from the Korean War era were unearthed during 
construction activities. 

Description: The canisters and batteries were observed in random 
piles over 2-3 acres. This site is in the Montford Point WWTP 
outfall. 

Characterization: Site characterization has not been performed at 
this location. 

Recommendations and Conclusions: Although a site characterization 
has not been performed Baker anticipates that due to the limited 
amount of contamination at the site, groundwater quality will not 
be impacted. 

Groundwater remediation is not recommended. 
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APPENDIX A - IR SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/USR SITE EFFLUENT STUDY 

Site A, MCAS Officers' Housing Area 

History: During 1986 hospital waste was identified in an eroding 
bank of the New River. 

Description: No information was available regarding the volume or 
mode of disposal. This location is in the Camp Geiger WWTP outfall. 

Characterization: Two shallow monitoring wells were installed and 
sampled in 1986 and 1987. 

The chemicals of concern included VOCs, free chlorine, and 0 & G. 

None of the target analytes were detected. 

Recommendations and Conclusions: No significant contamination was 
noted in the area and the waste materials identified were not 
hazardous (Site Summary Report, ESE, 1990). 

The Baker SMP indicated the potential for groundwater contamination 
exists. However. ESE recommended no further action be taken. Based 
on this information Baker concluded that groundwater at this site 
was not contaminated. 

Groundwater remediation is not recommended. 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/TJST SITE EFFLUENT STUDY 

UST SITE NAME: Camp Geiger Fuel Farm 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by Law Engineering (Raleigh, NC) 

Site Assessment (August 5, 1991 to August 31, 1991) 
* Installation of 21 hydropunches 
* Groundwater sampling for analysis 
* Installation of 18 soil borings, subsequently used for 

installation of 18 monitoring wells 
* Monitoring wells l'paired" in 17 of 18 boreholes, each 

with a llshallowll screened interval and a Irdeepll 
screened interval (MW-20 only has "shallow screened 
interval") 

* Groundwater Monitoring Wells (installed in this 
investigation, MW-8, MW-9, MW-lo,.... MW-25) 

* Hydropunch Installations (HP-l, HP-2, . . ..HP-21) 
* Performed soil-gas survey and tracer testing of 

underground fuel lines 

PREVIOUS INVESTIGATIONS 
When initially constructed, tanks at fuel farm used to 
store No. 6 fuel oil, tanks later converted for storage 
of other petroleum products 
Ice House, Gasoline filling station, and Mess Hall were 
former sites that have been demolished, Mess Hall had a 
UST, which was fed by an underground fuel distribution 
line, extending from the fuel farm to the UST (UST 
stored No. 6 fuel oil when boiler was in operation) 
Leaking underground line reportedly discovered at Camp 
Geiger Fuel Farm (1957-1958) 
** Camp Lejeune Fire Department estimated thousands 

of gallons of fuel released, spill migrated to 
east and northeast into Brinson Creek 

** Trenches dug and fuel ignited and burned 
ESE performed confirmation study at fuel farm between 
1984 and 1987 
** Three hand-auger borings advanced and groundwater 

and soil samples collected and analyzed 
** 1986, ESE collected sediment and surface water 

samples from Brinson Creek, installed 3 MWs 
upgradient and downgradient of fuel farm 
(Groundwater found to be contaminated with VOCs) 

NUS performed investigation in area north of fuel farm 
in 1990 
** Fuel observed in stormwater drainage ditch, 

earthen dam constructed in drainage ditch to 
contain fuel, storm drainage rerouted to south 

** Four MWs installed, three in vicinity .of ponded 
stormwater and one in upgradient position; 
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Analytics on samples indicated groundwater in one 
well contaminated with petroleum-fuel constituents 
(No free product observed in wells) 

** Representative of IR Division of EMD indicated 
that a 5-foot thickness of free product on surface 
of ponded water 

* Civilian-in-charge of fuel dispensing at fuel farm 
reported that an incident, involving release of fuel 
from gasoline line (line carried gas from pump house to 
dispensing island). Line sealed off and replaced. 
Subsurface investigation not undertaken at time of 
possible release. 

* Current site operation involves five ASTs used to 
dispense gasoline, diesel and kerosene to government 
vehicles and supply USTs in use at Camp Geiger and the 
Air Station. Six underground lines used to distribute 
fuel within fuel farm. 

* Three USTs identified in and around fuel farm include 
Building No. 480, Former Mess Hall, and Building No. 
474. Only UST at Bldg. 480 remains in active use. 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Depth to groundwater typically less than 10 ft. bls 
* Petroleum product (free product) not detected in any 

MWS 
* Groundwater in surficial aquifer generally flows across 

project site to east, towards Brinson Creek 
* Groundwater in surficial aquifer generally moves 

laterally across project site with no significant 
vertical gradient 

* Hydraulic Conductivity of unconsolidated sands within 
surficial aquifer to be approx. 28 feet/day 

* Based on soil and stratigraphic borings, three 
distinctive units identified as follows: 
** First Unit - fine to medium-grained, 

unconsolidated sand, thickness of unit ranges from 
15 to 30 feet 

** Second Unit - oolitic, fossiliferous limestone 
ranging in thickness from 6.5 to 20 feet (matrix 
consists of fine-grained sand, fine-grained 
phosphate grains and lime mud 

** Third Unit - unconsolidated, dark gray to black 
silty, clayey sand (may be a confining unit 
separating surficial and Castle Hayne aquifers 

CONCLUSIONS/RECOMMENDATIONS 

* Three areas of soil contamination which correlate to 
areas of known or suspected USTs or transmission lines: 
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** Near location of UST adjacent to site of former 
mess hall (vincinity of boring no. B-4) 

** Vicinity of UST behind Bldg. No. 480 and extending 
to NE towards ponded stormwater 

** AST and fuel-dispensing area of Fuel Farm 

Pattern of soil contamination corresponds with 
direction of groundwater flow (appears petroleum fuel 
released at source locations, subsequently migrated 
through soil towards Brinson Creek, partly as free- 
phase liquid hydrocarbon prior to dispersion, 
adsorption and dissolution into groundwater) 

Documented groundwater contamination both in upper 
portion of surficial aquifer and, to a lesser extent, 
at depths 10 to 15 feet below the water table 

From a public health/welfare standpoint, groundwater 
remediation not necessary because present exposure to 
groundwater contaminants in vicinity of Camp Geiger 
Fuel Farm unlikely because water-supply wells at Camp 
Geiger supply water from Castle Hayne aquifer and are 
located west (upgradient) of documented contamination. 
Additionally, an apparent confining unit separates the 
contaminated surficial aquifer from the Castle Hayne 
aquifer 

Based on regulatory requirements (i.e. North Carolina 
Environmental Management Commission maximum allowable 
concentrations for contaminant constituents in 
groundwater), groundwater remediation will be necessary 
because a number of constituents were detected at 
levels above the maximum allowable concentrations 

Site Assessment report recommends enhanced 
bioreclamation technology (Extract groundwater from recovery 
wells and/or trenches, treat, and discharge through an 
infiltration gallery to create a closed loop system. 

** Conventional pump and treat discharge systems may 
not be effective in completely restoring aquifer 
and will not directly address residual soil 
contamination in the capillary fringe area 

** Site has good physical characteristics to 
implement technology (relatively coarse-grained 
soils, secure areas for construction of 
infiltration systems, moderately thick vadose zone 
upgradient of contaminant plumes) 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Campbell Street Fuel Farm and Associated 
Pipeline 

GENERAL DATA FROM SITE ASSESSMENTS (relative to groundwater) 

Phase I Site Assessment (December 9, 1991 to January 17, 
1992) 
* Installation of 15 penetrometers (hydropunches) 
* Groundwater sampling for analysis 
* Installation of 7 shallow and 3 deep groundwater 

monitoring wells 
* Hydraulic conductivity tests conducted on select MWs 

* Groundwater Monitoring Wells - Shallow 
(MW-1, MW-2, MW-3, MW-4, MW-5, MW-6, MW-7) 

* Hydropunch Installations 
(HP-l, HP-2, HP-3,..... HP-15) 

* Groundwater Monitoring Wells - Deep (DW-1, DW-2, DW-3) 

Phase II Site Assessment (November 16, 1992 to December 7, 
1992) 

Groundwater sampling for analysis 

Installation of 18 shallow, 3 deep groundwater 
monitoring wells, and 1 recovery well 

Hydraulic conductivity tests conducted on select MWs 

Groundwater Monitoring Wells - Shallow 
(MW-8, MW-9, MW-10, MW-11, MW-12, MW-13, MW-14, MW-15, 
MW-16, MW-17, MW-18, MW-19, MW-20, MW-21, MW-22, MW-23, 
MW-24, MW-25) 

Groundwater Monitoring Wells - Deep (DW-4, DW-5, DW-6) 

Recovery Well - RW-1 

Aquifer Drawdown/Recovery Test performed in recovery 
well RW-1 

Free product (approximately .02 feet thick) encountered 
in MW-13 

PREVIOUS INVESTIGATIONS 
* CSFF consists of 4 ASTs (installed in 1985 to replace 7 

USTs and associated piping systems) 
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* 4 groundwater monitoring wells from a previous 
hydrogeologic assessment (in vicinity of CSFF and UST 
AS-143) 

* ASTs store JP-5 aviation fuel 

* 6/8 former USTs stored JP-5 fuel 

* Free product identified in vicinity of Bldgs. AS-4141 
and AS-4146 (area where known release of JP-5 aviation 
fuel occurred). An interim recovery system began 
continuous operation in 1986. (See fig. 2-2 of Site 
Assessment) 

GENERAL HYDROGEOLOGIC CONDITIONS 

Depth to groundwater typically 6 to 7 ft. bls 
(shallow/deep) 

Petroleum (free) product detected in MW-13 on 12/30/92 
(Thickness approx. 0.02 feet) 

Direction of shallow groundwater flow is estimated to 
be southeast across the site 

Direction of groundwater flow in deeper portion of 
acquifer is west to east 

Average hydraulic conductivity for site is 8.183-2 
ft/day 

Geologic material underlying the site is 
undifferentiated layers of sediments consisting of 
clays and sands 

pH range of groundwater samples: 
shallow MWs (4.88 - 7.62) 
deep MWs (6.45 - 12.11) 

Aquifer characterization tests (drawdown & recovery) 
performed in recovery well RW-1 (12/5/92) 

** step-drawdown test performed to evaluate max flow 
rate of well RW-1 

** 1 gpm selected for constant-rate test based on 
data collected from step-drawdown test 

** Average Transmissivity T (7.1E-2 sq.ft./day (MW-18 
and MW-21) 

** Average Storativity S (2.1E-2, MW-18 and MW-21) 

Estimated aouifer thickness eouals 15 feet 



* Average hydraulic conductivity equals 6.3 feet/day 

CONCLUSIONS/RECOMMENVATIONS 

* Plume in vicinity of MW-4, DW-2, and MW-16 and HP-10 
estimated to begin at base of soil mound and extend 
southeast (downgradient) 

* It appears that contamination has not migrated from the 
surficial, water-bearing layer into the deeper aquifer 

* Groundwater contamination appears to have several 
possible sources: tanker loading operations, UST @ AS- 
143, and soil mound in fuel farm 

* Recommended that an interceptor trench be installed 
along Campbell Street, south of tanker loading area 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMTION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Tarawa Terrace Tanks STT61-STT66 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by O'Brien & Gere (Raleigh, NC) 

Site Assessment (December 12, 1991 thru January 11, 1992) 
* 
* 

Installation of 10 hydropunches (H-l .H-10) 
Installation of Seven Nested Well Pairs [shallow MWs 
1,3,5,7,...(approx. 12 to 15 ft bls) and deep MWs 
2,4,6,8...(approx. 28 to 30 ft bls)] 

* Four soil borings completed 
* 
* 

Groundwater Sampling completed 
Groundwater samples collected from 10 hydropunch 
locations and from 14 monitoring wells analyzed for 
VOCs (EPA 8010 and 8020), 
8100), 

three samples for PAHs (EPA 
and one for full scan TCLP 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site located within fenced area between a railroad 
(approx. 
north) 

75' to south) and Highway 24 (approx. 75' to 

* Tank compound contains pump house, six ASTs (capacity 
approx. 

* 
30,000 gallons) and associated piping 

Six ASTs were installed 1942 for liquid petroleum 
storage, in 1980, 

* Currently, 
tanks converted to waste oil storage 

Tanks STT61-STT65 are empty, and Tank STT66 
remains in service and contains variable amounts of 
waste oil 

* According to Tom Morris (EMD), tank STT66 had a pipe 

* 
freeze and break which occurred in approximately 1988 
Preliminary site investigation conducted in 1990 by 
Dewberry & Davis, including hand augering and soil 
boring sampling in area of tanks 
** Data from investigation indicated some TPH 

contamination in soils, as well as BTEX, styrene, 
and l,l,l-trichloroethane 

GENERAL HYDROGEOLOGIC CONDITIONS 

* 
* 

* 

Site geology encountered sands/silty sands 
In situ permeability tests conducted on all 14 MWs 
(MWl-MW14) 

Average Hydraulic conductivity calculated to be 24 
srpd/sf 
Depth to groundwater 4 to 8 feet below grade 
Groundwater flow in overall southerly direction 
Hydraulic gradient estimated to be 0.001 ft/ft 
Groundwater flow velocity calculated to be'3 
No free product detected in any of the 14 MWs 

ft/yr 



CONCLUSIONS/RECOMMENDATIONS 

* Groundwater sampling results: TCLP and PAB results less 
than detection limits, and BTEX detected in some 
samples above method detection limits 
** Benzene detected in excess of North Carolina WQS 

and Federal MCL in two wells and three 
hydropunches 

* Based on risk assessment, concluded that there is no 
potential for exposure to groundwater, and that there 
is no significant risk related to groundwater exposure 
pathway 

* Based on extemely low hydraulic gradient producing a 
very slow flow rate, it is not expected that 
groundwater will readily provide transportation for 
benzene migration 

* Recommended additional site assessment work at STT61- 
STT66 to identify lateral and vertical extent of 
contamination to the west and south of site (install 
additional MWs and hydropunches to delineate extent of 
benzene plume in groundwater) 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Tarawa Terrace Tanks STT61-STT66 

Addendum Field Investigation (December 1992) 

* Installation of 6 hydropunches (H-ll...H-16) 
* Installation of three nested Well Pairs [shallow MWs 

15,17,19 (approx. 15 ft bls) and deep MWs 16 18,20 
(approx. 30 ft bls)] 

* Installation of a test well and completion of an 8 hour 
pump test (test well installed to depth of 20 ft. bls) 

* Soil sampling from construction of addt. MWs 
* Groundwater Sampling completed 
* Following installation of each well and hydropunch, 

samples collected and analyzed for volatile organics by 
601/602 method 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Results of initial site investigation conducted by 
O'Brien and Gere indicated that additional field 
activities were warranted to better define subsurface 
contamination identified in the vicinity of MW13 and 
MW14 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Site geology encountered sands/silty sands (consistent 
with initial investigation) 

* Grain size analysis of soil sample obtained from 
unconfined aquifer encountered during installation of 
test well (9 to 11 ft. bls) revealed sediments ranging 
from fine-to-medium, sandy-clay to fine-to-medium 
clayey-sand 

* In situ permeability tests conducted on all 14 MWs 
(MWl-MW14) 

* Average Hydraulic conductivity calculated to be 24 
gpd/sf 

* Pump test conducted at a constant discharge rate of 5.5 
gpm for duration of 8 hours 
** Water levels in test well and two nearby well 

clusters (MW3&MW4 and MW9 & MWlO) measured and 
recorded, evaluation of data from MW9/MWlO 
indicated that distance from well cluster to test 
well may have been too great for data to be 
utilized (MWlO not demonstrate enough drawdown to 
be considered effective) 



** Transmissivity, storativity and hydraulic 
conductivity values determined for test well, MW3, 
MW9 and MW4 

** Based on average 2000 gpd/sf transmissivity, 
radius of influence calculated to be approx. 2200 
ft. 

* Depth to groundwater 4 to 8 feet below grade 
* Groundwater flow in overall southerly direction 
* Hydraulic gradient estimated to be 0.001 ft/ft 
* Groundwater flow velocity calculated to be 3 ft/yr 
* No free product detected in any of the additional MWs 
* Possible re-charge boundary in shallow groundwater 

system suggested by variances in GW elevations north of 
railroad tracks (created by railroad tracks and 
compacted path around tank area) 

CONCLUSIONS/RECOMMENDATIONS 

* BTEX, trichlorofluoromethane, l,l-dichloroethane, 
l,l,l-trichloroethane, PCE and chloroform detected 
above MDLs in some groundwater samples 
** Benzene (0.001 mg/L to 0.042 mg/L) at six 

locations 
** Toluene, ethylbenzene, xylene detected at three 

MWs above MDLs, but below NC WQS 
** Benzene and tetrachloroethene at concentrations 

above NC WQS, other organic compounds detected 
were within regulatory limits 

* Results of risk assessment conducted for site indicate 
that there is no significant risk related to the 
groundwater exposure pathway 

* Concentrations of benzene decrease with distance from 
site, groundwater quality 350 feet downgradient (MW20) 
meet North Carolina standards. It is anticipated that 
natural processes of biodegradation, attenuation and 
dispersion account for the decreased concentrations. 
Also, no identifiable source (free product or TPH laden 
soils) has been detected in the groundwater system. 
Because risk assessment identified no risk as a result 
of benzene in groundwater, it appears that the most 
appropriate course of action would be to initiate a 
groundwater sampling and monitoring program (O'Brien & 
Gere, January 1993). 
** Recommend semi-annual sampling for minimum of five 

years, due to low hydraulic gradients and 
subsequent slow groundwater flow velocity at site. 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAWE: Campbell Street JP-5 Pipeline 

GENERAL DATA FROM SITE ASSESSMENTS (relative to groundwater) 

Site Assessment (December 9, 1991 to February 6, 1992) 

* Installation of 20 penetrometers (hydropunches) 
* Groundwater sampling for analysis 
* Installation of 7 shallow and 4 deep groundwater 

monitoring wells 

* Hydraulic conductivity tests conducted on select MWs 

* Groundwater Monitoring Wells - Shallow 
(MW-1, MW-2, MW-3, MW-4, MW-5, MW-6, MW-7) 

* Hydropunch Installations 
(HP-l, HP-2, HP-3,..... HP-20) 

* Groundwater Monitoring Wells - Deep (DW-1, DW-2, DW-3, 
DW-4) 

* Pipeline used to transfer JP-5 aviation fuel from 
Campbell Street Fuel Farm to aircraft direct refueling 
area 

PREVIOUS INVESTIGATIONS 
* Known release of JP-5 aviation fuel occurred from 

Campbell Street JP-5 pipeline (associated with 
operation of now-abandoned pipeline) 

* 3 groundwater monitoring wells from a previous 
hydrogeologic assessment (in vicinity of the Campbell 
Street JP-5 Pipeline) 

* No free product detected in the two wells checked 

GENERAL HYDROGEOLOGIC CONDITIOlVS 

* Depth to groundwater typically 4 to 10 ft. bls 
(shallow/deep) 

; No free product detected in any MWs 

* Direction of shallow groundwater flow is estimated to 
be southeast across the site 

* Direction of groundwater flow in deeper portion of 
aquifer is southwest 



* Average hydraulic conductivity for site is 1.6E-2 
ft/day 

* Geologic material underlying the site is 
undifferentiated layers of sediments consisting of 
clays and sands 

* pH range of groundwater samples: 
shallow MWs (4.63 - 12.27) 
deep MWs (10.15 - 12.60) 

CONCLUSIONS/RECOMMENDATIONS 

Primary areas of concern wrt groundwater contamination 
are the southern portion of the pipeline (vicinity of 
aircraft direct refueling station) and northern end of 
pipeline (vicinity of steam-generating facility) 

Groundwater contamination detected in vicinity of MWs 
MW-1 and DW-1 appears to be northern limit of petroleum 
contamination in JP-5 pipeline 

Soil boring for MW-3 did have significant levels of TPH 
present, thus affecting the groundwater conditions 

Deeper portions of aquifers have relatively low 
concentrations of organic compounds 

Remediation of soils in vicinity of Bldg. AS-4151 and 
aircraft rapid refueling station recommended, remediate 
soils and condition of shallow aquifer improve w/o 
performing active groundwater remediation (periodic 
monitoring of MWs recommended after soil removal 
completed) 

Recommended that abandoned pipeline be flushed to 
confirm that it is no longer a source of contamination 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAM?,: Tanks AS419-AS421 Marine Corps Air 
Station 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by O'Brien & Gere (Raleigh, NC) 

Site Assessment (January 21 1992 through January 29, 1992) 
* Installation of 10 hydropunches (H-l . ..H-10) 
* Installation of Seven Nested Well Pairs [shallow MWs 

1,3,5,7,...(approx. 15 ft bls) and deep MWs 
2,4,6,8...(approx. 30 ft bls)] 

* Four soil borings completed 
* Groundwater Sampling completed 
* Groundwater samples collected from 10 hydropunch 

locations and from 14 monitoring wells analyzed for 
VOCs (EPA 8010 and 8020), three samples for PAHs (EPA 
8100), and one for full scan TCLP 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site located at Marine Corps Air Station, on southwest 
corner of Foster Street and Campbell Street 

* Three (25,000 gal) tanks installed 1954 for storage of 
#6 fuel oil, in use til 1979 

* During period 1979 to 1988, tanks used for waste oil 
storage 

* Tanks emptied 1988, currently remain empty except for 2 
to 3 inches residual in bottom of each tank 

* Spill occurred in tank area according to Mr. Tom Morris 
(MCB, Em), date, quantity, details unknown 

* Preliminary site investigation conducted 1990 by 
Dewberry & Davis, including soil borings in area of 
tanks 
** Soil samples analyzed for TPH (California GC 

method and EPA IR method 418.1) and for VOCs 
(8010/8020) 

** Two samples, near valves on west and east sides of 
tanks (0.5 - 2 ft. bls), 211 ppm diesel (GC) and 
7000 ppm total (IR); and 70 ppm diesel (GC), 7500 
total (IR), respectively 

** VOCs chloroform, methylene chloride, l,l,l- 
trichloroethane, 1,1,2-trichlorotrifluoroethane 
detected in soil samples 

** Dewberry & Davis conclude that based on locations 
and concentrations of detected compounds, results 
are likely related to localized surface spills 

* ASTs have been removed (based on site visit 4/21/93) 

GENERAL HYDROGEOLOGIC CONDITIONS 



* Site geology encountered sands/silty sands 
** sandy topsoil (grade to 2 ft.) 
** silty clays, sandy clays, clayey sands (2 to 9 ft. 

below grade) 
** course gray sand (9 to 15 ft. below grade) 
** greenish gray sand deeper than 15 ft., and dark 

green sand towards 26 ft. below grade 
In situ permeability tests conducted on all 14 MWs 
(MWl-MW14) 

Average Hydraulic conductivity calculated to be 6.6 
gN/sf 
Depth to groundwater 7 to 10 feet below grade 
Groundwater flow radial pattern skewing east, with 
deeper wells flow northeast direction 
Hydraulic gradient estimated to be 0.002 ft/ft 
Groundwater flow velocity calculated to be 1.58 ft/yr 
No free product detected in any of the 14 MWs 

CONCLUSIONS/RECOMMENDATIONS 

* Five wells contained constituent concentrations above 
North Carolina Water Quality Standards (MW3, MW4, MW6, 
MWlO, and MW12) 
** Constituents include PCE (0.004 ppm to 0.210 ppm) 

TCE (0.004 ppm to 0.2.80 ppm), benzene in one well 
(0.006 ppm) 

** Additional constituents detected above MDL but not 
regulated by NC include 1,2-Dichloroethylene, l,l- 
Dichloroethylene, and chloroethane 

* Results of risk assessment indicate no potential for 
exposure, no significant risk related to groundwater 
exposure pathway 

* Site Assessment recommended further investigation and 
sampling to determine the lateral and vertical extent 
of chlorinated compounds in groundwater. Remediation 
of groundwater could be implemented effectively using 
recovery wells and air stripping. 
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APPENDIX A - UST SITES (SITE BACKGROUND INFOWTION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Hadnot Point Fuel Farm 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Specific data not available as Site Assessment reports 
could not be located by the Environmental Management 
Division (IR/UST) of MCB, Camp Lejeune 

* Hadnot Point Industrial Area is an IR site, includes 
the Hadnot Point Operable Unit (northern and southern 
groundwater contaminant plumes) 

* Hadnot Point Fuel Farm is a former fuel farm, where the 
USTs have been excavated and removed, and a groundwater 
pump and treat system is in place and operating 
** Pump and treat system consists of recovery wells, 

and treatment by oil/water separator, product 
recovery, packed tower air stripper, carbon 
adsorbers, and effluent discharged to sanitary 
sewer 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Specific data not available as Site Assessment reports 
were not able to be located by EMD 

CONCLUSIONS/RECOMMENDATIONS 

* Groundwater pump and treat system is in operation at 
the Hadnot Point Fuel Farm. 

* Review product recovery data and system operations 
summary reports provided by EMD to determine how 
successful the system is operating. Determine if need 
pump groundwater to a different location (other options. 
of pump to a centralized groundwater treatment plant, 
pump to sewage treatment plant converted to groundwater 
treatment plant, or to new planned Hadnot Point STP), 
or if operation of on-site pump and treat should 
continue. 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJZUNE - IR/TJST SITE EFFLUENT STUDY 

UST SITE NAME: Tarawa Terrace Service Station 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Specific data not available as Site Assessment reports 
could not be located by the Environmental Management 
Division (IR/UST) of MCB, Camp Lejeune 

* Areas referred to by Tarawa Terrace Service Station 
include the following (according to Mr. Tom Morris of 
MCB AC/S EMD): 

** 

** 

** 

TT2453 - this is oldest service station, where a 
pump and treat system is currently in place and in 
operation. Consists of recovery wells, and 
treatment by oil/water separator, product 
recovery, packed tower air stripper, carbon 
adsorbers, and effluent discharged to sanitary 
sewer 
TT2478 - This is the newest station, a MCX 
station, where a site check has been prepared, no 
assessment yet, reportedly observed 2' product in 
six monitoring wells 
No Bldg. ID - This is a building in between TT2453 
and TT2478, which has been renovated. No 
investigation has been conducted to date. 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Specific data not available as Site Assessment reports 
were not able to be located by EMD 

CONCLUSIONS/RECOMMENDATIONS 

* Groundwater pump and treat system is in currently in 
place, but not yet on-line at location of former 
service station, TT2453. 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: JP-5 Line Site (Marine Corps Air 
Station) 

GENERAL DATA FROM Corrective Action Plan 

Field Investigations performed by O'Brien & Gere (Raleigh, 
NC) 

***Field Investigations performed in 1989**************** 

* Installation of six monitoring wells in JP-5 line area 
(OBG-1 thru OBG-6) (constructed to depth of 15 ft. bls) 

* Wells surveyed to id horizontal position and elevation 
(above MSL) 

* Presence of free product layer depress water table due 
to hydrostatic pressure 

* Groundwater samples collected from (OBG-1, OBG-3, OBG- 
4, OBG-6, and W-l and analyzed for BTEX and total 
hydrocarbons (EPA method 503.1) 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site is a portion of the Marine Corps Air Station 
called the JP-5 Line Site, is approximately 600 ft. by 
600 ft., comprised of several parking lots, an airplane 
hanger, and in close proximity to Bldgs. AS-4141 and 
AS-4146 along White Street 

* Free product was identified in area and an interim 
recovery system was installed and started up in 1986 

* Previous to OBG's involvement, free product was 
measured in 5 additional wells by Richard Catlin & 
Associates, 1987 
** Specialized Marine installed and maintained a 
recovery system which removed approx. 4000 gallons of 
free product up to December 1987. As recovery system 
was an obstacle to construction of a new hanger, it was 
dismantled and wells abandoned in Dec. 1987 

* Wells monitored by O'Brien & Gere, free product 
detected in MW W-10 (0.80 ft. free product) on 30 Sept. 
1989 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Subsurface site geology characterized by sand, silt and 
clay 
** Clay (first 15 ft. below grade) 
** fine to medium gray sand (below 15 ft. below 

grade) 
* September 1989, 8 hour pump test attempted.on OBG-3, 

initial pumping rate of 15 gpm attempted but not 



sustainable. Retried at 5 gpm, aquifer could not 
sustain a pumping rate of 5 gpm (although drawdown was 
at slower rate) 

* In-situ permeability tests performed on OBG-1 and OBG-3 
* Calculated hydraulic conductivity of 11.0 gpd/sf (OBG- 

1) and 3.8 gpd/sf (OBG-3), average of 7.4 gpd/sf 
* Depth to groundwater approx. 6 to 8 ft. bls 
* Groundwater flow east 
* Hydraulic gradient estimated to be 0.02 ft/ft 
* Groundwater flow velocity calculated to be 18 ft/yr 

CONCLUSIONS/RECOMMENDATIONS 

* BTEX below detection limits with exception of OBG-3, 
where Benzene and Ethylbenzene were > MDL 
Benzene (0.13 mg/L), Ethylbenzene (0.049 mg/L) 

* Toluene (OBG-6 at 0.002 mg/L) 
* Xylene (OBG-3 at 0.220 mg/L), (OBG-6 at 0.002 mg/L), 

and (W-l at 0.490 mg/L) 
* Total hydrocarbons (range BDL to 890 mg/L (W-l)) 
* Because field investigation revealed measurable amounts 

of free phased and dissolved phase petroleum 
hydrocarbons in monitoring wells, O'Brien & Gere 
recommended a recovery system be installed and operated 
** System to consist of 2 recovery wells and product 
treatment system (recovery wells extend to 25 ft. below 
grade, and each well have 2 pneumatic pumps: 1 drawdown 
and 1 product ejector pump). Product treatment system 
to consist of oil/water separator, AST product recovery 
tank, air stripper tower and carbon contactors. 
Discharge effluent to sanitary sewer. 

* Pretreatment requirement of 2 mg/L Total Toxic Organics 
before discharge to sanitary sewer. Recovered 
groundwater to be sampled and analyzed for EPA 602 
parameters upon start-up and then monthly. 

* Recovery system to operate until no free product 
present in any of the recovery wells for a period of 6 
months. Following system shutdown, monitoring wells to 
be gauged for free product monthly for 6 months, and 
then discontinued if no product identified 

* Recovery system in-place and in operation. 



APPENDIX A - TJST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Rapid Refueler (JP-5 pipeline and south end 
of Aircraft Direct Refueling Area 

GENERAL DATA FROM SITE ASSESSMENT 
Assessment (June 15 1992 to June 24 1992) 
* Installation of 10 penetrometers 
* Groundwater sampling for analysis 
* Installation of 7 shallow and 2 deep groundwater 

monitoring wells 
* Hydraulic conductivity tests conducted on select MWs 

Groundwater Monitoring Wells - Shallow 
(MW-8, MW-9, MW-10, MW-11, MW-12, MW-13, MW-14) 

Hydropunch Installations 
(HP-21, HP-22, HP-23, HP-24, HP-25, HP-26, HP-27, HP- 
28, HP-29, HP-30, HP-31) 

Groundwater Monitoring Wells - Deep (DW-5, DW-6) 

PREVIOUS INVESTIGATIONS 
12/91 Site assessment performed for entire JP-5 pipeline 

* Included installation of 3 soil borings, 6 
hydropunches, one deep MW and three shallow MWs, 
installed along southern end of pipeline in vicinity of 
AS-527 

1992 SITE ASSESSMENT 
* Depth to groundwater typically 4 to 8 ft. bls 

(shallow/deep) 

* Petroleum (free) product detected in MW-10 (estimated 
s.g. = 0.82 (JP-5 jet fuel)) 

* Direction of shallow groundwater flow is estimated to 
be N-NE across the site 

* Average hydraulic conductivity for shallow water- 
bearing zone estimated at 6.183-2 feet/day (2.183-5 
cm/set) 

i Average groundwater flow velocity for shallow water- 
bearing zone estimated at 2.33-3 feet/day or 8.3E-1 
feet/year 

* Geologic material underlying the site is described as 
"very sandy" 

* pH range of groundwater samples: 
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shallow MWs (5.0 - 6.0) 
deep MWs (5.0 - 7.99) 

RECOMMENDATIONS 

* Levels of VOCs for certain constituents did exceed 
North Carolina Water Quality Standards, but levels were 
not considered to be significant. 

* Recommend remediation of soils in northern portion of 
refueling area and along the removed JP-5 pipeline. 

* Periodic monitoring of monitoring wells to evaluate 
groundwater conditions, if soils are remediated, it is 
anticipated that the condition of the shallow water- 
bearing zone will improve without groundwater 
remediation. 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Building 45, UST S-941-2 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by Law Engineering, Raleigh, NC) 

Site Assessment (December 11, 1992 thru December 16, 1992) 
* Installation of 10 hydropunches (H-l . ..H-10) 
* Installation of 7 groundwater MWs and 1 ext. test well 
* Twelve soil borings completed 
* Groundwater Sampling completed 
* Hydropunch samples analyzed for purgeable aromatic 

compounds, including total xylenes and MTBE (method 
6021,; also HP-l, HP-3, HP-4, HP-6, HP-7 analyzed for 
total lead; HP-l, HP-4, and HP-6 analyzed for purgeable 
halocarbons (Method 601) 

* Groundwater samples from MWs analyzed for purgeable 
aromatic compounds, including total xylenes and MTBE 
(Method 602); MW-4, MW-7, MW-8 and MW-9 analyzed also 
for total lead; MN-7 and MN-9 also analyzed for 
purgeable aromatic compounds (Method 601) 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site located adjacent to Bldg. 780 near Highway 24 
* UST system at site consisted of 2 USTs; Tank S-941-2 

(550 gal steel tank) installed 1941, contained gasoline 
and Tank S-941-1 (6000 gal. steel tank) installed 1941, 
contained diesel fuel 

* UST Tank S-941-2 failed leak detection test June 1990 
* ATEC conducted subsurface investigation in August 1991, 

results indicated that groundwater contamination by 
petroleum-fuel related hydrocarbons was present in 
vicinity of subject site (three MWs shallow MN-l,MW-2, 
and MW-3 were installed) 

* USTs removed in October 1992 by Jones and Frank 
* Closure samples collected below Tank S-941-2 confirmed 

soil contamination with TPH range 52.3 ppm to 525 ppm 
Free product was observed in excavation for UST S-941- 
1, no soil samples were collected 

GENERAL HYDROGEOLOGIC CONDITIONS 
* Near surface soil fine sand 
* Results of grain size distribution test on 

representative sample collected at depth of 7 to 7.5 
ft. bls indicate sample contained 82.6% sand and 17.4% 
silty clay 

* Moist soil conditions at 4 to 6 ft. bls 
Soil at 9 to 14 ft. bls classified in field as dark 
grey to dark brown clay (approx. 5 to 10 ft. thick) 
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Dense sandy soils below clay layer to depth of approx. 
51 ft. bls 

* Eight hour pump test conducted at PW-1 Jan. 1993 at a 
constant pumping rate of approximately 1.4 gpm. 
Flowrate maintained and drawdown in MW-3, MW-7 and MW- 
10, as well as MW-9 measured and recorded 
* Approx. aquifer thickness of 50 feet 
* Average hydraulic conductivity estimated to be 1.6 

ft/day (MW-31, 2.7 ft/day (MW-7), 2.1 ft/day (MW- 
101, and 1.2 ft/day (MW-9): avg 1.48 ft/day 

* In situ permeability tests conducted on MW-4, MW-5, MW- 
7, MW-8, and MW-10 
* Hydraulic conductivity estimates of .29 ft/day 

(MW-41, 0.11 ft/day (MW-51, 0.5 ft/day (MW-71, 
0.17 ft/day (MW-81, and .33 ft/day (MW-10) 

* Based on effective porosity 15% to 25% for fine 
sand, and hydraulic conductivity estimates, 
average linear velocity of surificial aquifer 
expected to range from 0.04 ft/day to 3.32 ft/day 

* Depth to groundwater 3 to 6 feet bls 
* Groundwater flow in surficial aquifer generally flows 

across project site in a north/northwesterly direction 
* Groundwater in surficial aquifer appears to be moving 

vertically downward (as measured by two well clusters 
MW-7 S/MW-9 D and MW-6 S/MW-8 D) 

* Free product thicknesses measured in ATEC wells MW-2 
(2.40 feet) and MW-3 (0.56 feet) 

CONCLUSIONS/RECOMMENDATIONS 

Based on results of analysis on soil samples, 
concentrations of contamination typically greatest at 
depths (3 to 6 ft. bls) near saturated soil zone 
Based on headspace sampling, emissions of VOCs detected 
in samples collected from 9 of 12 boreholes from which 
soil samples collected 
Laboratory testing indicated TPH in only one boring 
(SB-3), TPH 890 mg/kg [ 700 mg/kg gasoline, 190 mg/kg 
diesel) 
Suspected source of soil contamination include both 
former tanks and product transmission lines 
Petroleum contamination originates in vicinity of 
former UST site and extends to the north/northwest 
Based on groundwater analytical results, apparent that 
groundwater beneath former UST system contaminated by 
petroleum fuel related hydrocarbons including benzene, 
toluene, ethylbenzene, xylenes, and MTBE 
Hydrocarbon contamination in groundwater appears to 
originate from area.of former UST systems, and migrate 
in the predominant groundwater flow direction, which is 
north/northwesterly 
Consistent pattern of elevated lead concentrations does 
not exist at site 



* Groundwater samples collected from well clusters MW-7/ 
MW-9 and MW-8/MW-6 (installed to monitor groundwater 
at multiple depths and delineate vertical extent of gw 
contamination) did not exhibit petroleum related 
hydrocarbon concentrations in excess of laboratory 
detection limits 

* Assuming only sorption-desorption of contaminant 
constituents and avg linear flow velocity of 0.269 
ft/day, benzene movement estimated at 0.0598 ft/day, 
and ethylbenzene at 0.0054 ft/day 

* Based on Law Engr. Site activities, they indicate there 
is a spatial distribution of petroleum-hydrocarbon 
contamination in soil (adsorbed phase) and presence of 
free product (liquid phase) and water samples 
(dissolved phase) 

* Present exposure to groundwater contaminants in 
vicinity of project site considered unlikely, but 
concentrations of contaminants in gw are present above 
NC maximum allowable concentrations 

* Adsorbed phase (soil contamination) and liquid-phase 
(free product) hydrocarbons represent on-going source 
of dissolved phase contamination. Pumping systems can 
result in further spreading of liquid-phase 
hydrocarbons if not properly designed. Recommended 
that free product removal be performed and 
substantially completed prior to implementation of 
groundwater remediation efforts. May be feasible to 
begin groundwater restoration efforts in hydraulically 
downgradient areas to retard further dissolved-phase 
plume migration. Also, soil remediation efforts should 
be completed prior to commencing groundwater 
remediation efforts. 

* Recommend air stripping as most cost effective means of 
groundwater treatment for the site, because of heavier 
semi-volatile compounds related to diesel fuel, 
polishing of effluent with GAC may be required to meet 
effluent standards 

** Recommend following be completed (as of 4/93): 

* Define spatial extent of measureable free product 
accumulation hydraulically downgradient of former 
UST system 

* Install and sample additional monitoring wells 
and/or hydropunches downgradient of former UST 
system and south of MW-1 to define horizontal and 
vertical extent of dissolved petroleum-hydrocarbon 
contamination (analyze for purgeable halocarbon 
compounds, purgeable aromatics, and semi-volatile 
compounds) 



* 

* 

* 

Suspected source of soil contamination include both 
former tanks and product transmission lines 
Comparison of analytical results with ATEC (Aug. 91) 
assessment, and UST closure sample results 
(Environmental & Regulatory Consultants), indicates 
horizontal extent of petroleum contamination limited to 
area of UST excavation and vicinity of former dispenser 
island; additionally, 
eastern edge of Bldg. 

soil contamination is present at 

bldg. 
912, and may be present under 

Based on groundwater analytical results, apparent that 
groundwater beneath former UST system contaminated by 
petroleum fuel related hydrocarbons including benzene, 
toluene, ethylbenzene, xylenes, MTBE, and lead 
Hydrocarbon contamination in groundwater appears to 
originate from area of former UST system, and migrate 
in the predominant groundwater flow direction, which is 
north/northeasterly 
Although lead concentration in vicinity of HP-1S is 
elevated (210 ug/L), near former UST system, a 
consistent pattern of elevated lead concentrations does 
not exist at site 
Groundwater samples collected from well clusters MW-6D/ 
MW-3s and MW-7D/MW-9S (installed to monitor groundwater 
at multiple depths and delineate vertical extent of gw 
contamination) did not exhibit petroleum related 
hydrocarbon concentrations in excess of laboratory 
detection limits 
Based on analytical results, appears that contamination 
in vicinity of former UST system is confined to 
surficial aquifer, above clay layer, found at approx. 
13 ft. bls 
Assuming only sorption-desorption of contaminant 
constituents and avg linear flow velocity of 0.238 
ft/day, benzene movement estimated at 0.044 ft/day, 
and ethylbenzene at 0.004 ft/day 
Based on Law Engr. Site activities, they indicate there 
is a spatial distribution of petroleum-hydrocarbon 
contamination in soil (adsorbed phase) and water 
samples (dissolved phase) 
Present exposure to groundwater contaminants in 
vicinity of project site considered unlikely, but 
concentrations of contaminants in gw are present above 
NC! maximum allowable concentrations 
Adsorbed phase (soil contamination) hydrocarbons 
represent on-going source of dissolved phase 
contamination. Soil remediation efforts should be 
completed prior to commencing groundwater remediation 
efforts. 
Law Engineering has documented levels of benzene, 
ethylbenzene, MTBE, and lead above NC maximum allowable 
concentrations; also, ATEC groundwater assessment 
activities indicated toluene and total xylenes 
concentrations in excess of reg. standards in Aug. 1991 



* Develop design plans for implementation of a free 
product recovery system upon definition of spatial 
extent of liquid hydrocarbon plume 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJETJNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAMF.: Berkley Yanor X Change Service Station 
Tank 820-2 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Check performed by ATEC Associates) 

Site Check (August 1991) 

* ATEC installed 3 MWs around UST 820-2 
* MWs sampled on Aug. 29, 1991, collected at depth of one 

foot below water table. Samples analyzed for TPH 
(Method 8015 - California Modified) and BTEX (Method 
624) 

* Aug. 27, 1991, while drilling MW-1, gas line from 820-2 
UST to super unleaded fuel pump broken at depth of 4 
ft. bls by drill bit and auger 
* Product bailed from borehole, fire dept. estimated 

60 gallons gas contained in supply line, much of 
product bailed or absorbed by absorbent pads 

* Contractor hired by MCE to excavate area, repair break 
in line, it is believed that contaminated soils were 
placed back in excavation once line repaired 

* ATEC concluded that release did not effect reported 
soil and groundwater contamination results, because gw 
samples were obtained 2 days after line break occurred, 
and gas contamination would not drain immediately 
through 9 ft. of unsaturated soil into groundwater 

PREVIOUS INVESTIGATION/SITE HISTORY 

* UST 820-2 located adjacent to Building 820, the Berkley 
Manor Exchange Service Station 

* Site check to comply with US EPA and North Carolina UST 
regulations 

* UST 820-2 is a 10,000 gallon UST, contains gasoline, 
tank was installed in 1984. Three other 10,000 gal 
gasoline USTs (820-1, 820-3, 820-4) are also present at 
site 

* June 1990, UST 820-2 failed leak detection test (leak 
rate 3.86 gal/hr). Leak repaired at pump and UST 
retested. UST failed again with leak rate of 0.08 
gal/hr 

GENERAL HYDROGEOLOGIC CONDITIONS 
* Water table encountered at approx. 13 feet BLS 
* Groundwater flow to southeast 
* Free product measured 0.2 feet in MW-2 (free phase 

gasoline) 
* Hydraulic gradient estimated at 0.0239 ft/ft 



* Hydraulic conductivity assumed 0.28 ft/day for fine 
sand aquifer 

* Porosity assumed to be 30 percent 
* Groundwater velocity calculated to be 8 ft/yr, which is 

relatively swift, mostly due to relatively steep water 
table gradient at site 

CONCLUSIONS/RECOMMENATIONS 

* Significant TPH concentrations detected in samples 
(range 26 to 310 ppm) 

* North Carolina EHNR has not set limit for TPH in 
groundwater 

* High concentrations BTEX detected in groundwater 
samples at levels exceeding NC WQS 
Benzene (6800 to 31000 ppb) 
Toluene (11000 to 42000 ppb) 
Ethylbenzene (1100 to 2900 ppb) 
Total Xylenes (5100 to 15000 ppb) 

* ATEC recommended that UST 820-2 be taken out of service 
and repaired, or removed along with associated lines 
ASAP. 
** Additional MWs be installed to determine extent of 

free phase, dissolved phase, vapor phase, and 
adsorbed phase contamination 

** Risk and remediation assessments should be 
conducted at site to assess associated risk and 
determine remediation alternatives 

Jr** Based on site visit conducted 4/20/93, it appears that 
a soil gas survey was conducted since site check, as 
probe locations were observed 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJE3JNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Building 21, River Road (UST 21.1) 

GENERAL DATA FROM SITE ASSESSMENTS (relative to groundwater) 

Phase I Site Assessment (May 11, 1992 to May 22, 19921 

* UST stored gasoline for an auxiliary generator located 
in Building 21 

* Installation of 1 penetrometer (hydropunch) 
* Groundwater sampling for analysis 
* Installation of 7 shallow and 4 deep groundwater 

monitoring wells, and 1 recovery well 
* Hydraulic conductivity tests conducted on select MWs 
* Aquifer (drawdown and recovery) tests performed 
* Groundwater Monitoring Wells - Shallow 

(MW-3, MW-4, MW-5, MW-6, MW-7, MW-8, MW-9) 

* Hydropunch Installation 
(HP-l) 

* Groundwater Monitoring Wells - Deep (DW-1, DW-2, DW-3, 
DW-4) 

Phase II Site Assessment (February 2, 1993 to February 13, 
1993) 

* Groundwater sampling for analysis 

* Installation of 7 shallow groundwater 
monitoring wells 

* Hydraulic conductivity tests conducted on select MWs 

* Groundwater Monitoring Wells - Shallow 
(MW-10, MW-11, MW-12, MW-13, MW-14, MW-15, MW-16) 

* Resampling of MW-3, MW-4, and MW-9 

PREVIOUS INVESTIGATIONS 

* Site check performed on UST 21.1 by ATEC Environmental 
Consultants: 

** Two soil borings converted into two MWs (MW-1, MW- 
2) 

** Groundwater samples collected and analyzed for TPH 
(EPA Method 8015) and BTEX (EPA Method 8240) 



*jr BTEX and TPH were detected in GW samples; North 
Carolina WQS exceeded for benzene at MW-1, MW-2, 
MW-3, MW-4, and MW-9, also toluene and 
ethylbenzene limits exceeded in MW-1 

GENERAL HYDROGEOLOGIC CONDITIONS 

Depth to groundwater typically 3 to 9 ft. bls 
(shallow wells) and 5 to 8 ft. bls (deep wells) 

No detection of petroleum (free) product in any new or 
existing wells 

Direction of shallow groundwater flow is estimated to 
be north @ approx. 70 feet/yr 

Direction of groundwater flow in deeper portion of 
acquifer is estimated to be north @ approx. 2329 
feet/yr 

Based on slug tests, average hydraulic conductivity for 
shallow water-bearing zone = 8.783-2 ft/day and 3.44 
ft/day for the deep water-bearing zone 

Based on aquifer characterization tests, average 
hydraulic conductivity for shallow water-bearing zone = 
3.12 ft/day and 1.04E2 ft/day for the deep water- 
bearing zone 

Geologic material underlying site is described as silty 
sands (shallow water-bearing zone) and fine to medium- 
grained sands (deep water-bearing zone) 

pH range of groundwater samples: 
shallow MWs (5.69 to 6.49) 
deep MWs (6.40 to 11.02) 

Aquifer characterization tests (drawdown & recovery) 
performed in recovery well RW-1 (May 22, 1992) 

** step-drawdown test performed to evaluate max flow 
rate of well RW-1 

** 3 gpm selected for constant-rate test based on 
data collected from step-drawdown test 

** Shallow Water-Bearing Zone (Transmissivity 
Storativity, and Hydraulic Conductivity Values) 

Transmissivity T = 1.5632 sq.ft./day 
Storativity S = invalid 
Approx. Aquifer Thickness = SO feet 
Hydraulic Conductivity = 3.12 ft/day 
Avg. Groundwater flow velocity = 1.91E-1 ft/day 
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*Jr Deep Water-Bearing Zone (Transmissivity and 
Storativity Values) 

Transmissivity T = 5.1933 sq.ft./day 
Storativity S = 2.423-2 
Approx. Aquifer Thickness = 50 feet 
Hydraulic Conductivity = 1.04E2 ft/day 
Avg. groundwater flow velocity = 6.38 ft/day 

CONCLUSIONS/RECOt@lENDATIONS 

* Phase I assessment recommended additional field work be 
performed to further identify lateral limits of GW 
contamination 

* Groundwater will require remediation in the immediate 
vicinity of the former UST 21.1, at Bldg. 21 

* Phase I assessment identified 2 isolated contaminant 
plumes, one within immediate vicinity of UST 21.1 (MW-1 
and MW-2) and the other approx. 65 feet downgradient 
(NE) from system (MW-9) 

* Potential sources for contamination are UST 21.1 and/or 
the two ASTs 

* Contamination in shallow water-bearing zone relatively 
high (MW-1, MW-2, and MW-9), and relatively low in deep 
water-bearing zone 



APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Camp Geiger B¶ini C Store Service Station 
(Bldg 912) 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by Law Engineering, Raleigh, NC) 

Site Assessment (November 1992) 
* Installation of 10 hydropunches (H-l . ..H-10) 
* Installation of 7 groundwater MWs and 1 ext. test well 
* Twelve soil borings completed 
* Groundwater Sampling completed 
* Hydropunch samples analyzed for purgeable aromatic 

compounds (method 602), also HP-lS, HP-2S, HP-3S, HP- 
lD, and HP-2D analyzed for total lead; also HP-lS, HP- 
2S, and HP-3S samples analyzed for purgeable 
halocarbons (method 601) 

* Groundwater samples from MWs analyzed for purgeable 
aromatic compounds (method 602) and purgeable 
halocarbons (method 601); also samples from MN-9S, MN- 
lOS, and MN-11s analyzed for total lead 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site located on A Street, bounded to east by enlisted 
men's club and barracks 

* UST systems at Mini C Store Service Station installed 
1964, consisting of 5 USTs; 1 (4000 gal) gasoline UST, 
2 (6000 gal) gasoline USTs, 1 (550 gal) diesel UST, and 
1 (550 gal) used oil UST 

* Tank Removal Report prepared Sept. 1992 for UST TC-912- 

iheck performed 6/28/90 
indicated a 6000 gal reg. gas UST failed tank system 

* Petroleum USTs deactivated 1990, excavated and removed 
June 1992, appears that used oil UST, located western 
side of service station, has not been removed from site 

* ATEC conducted subsurface investigation August, 1991, 
results investigation indicated that soil and 
groundwater contamination by petroleum-fuel related 
hydrocarbons is present in vicinity of, and 
hydraulically downgradient from site 
** 5 shallow MWs installed (MN-1S thru MN-5s) 

GENERAL HYDROGEOLOGIC CONDITIONS 
* Near surface soil - fine to medium sand, some areas 

containing slightly silty sands 
* Results of grain size distribution test on 

representative sample collected at depth of 14.5 to 
16.0 ft. bls indicate sample contained 0.1% gravel, 
78.5% sand, and 21.4% silt/clay 



* 

* 

* 

Moist soil conditions at 6 to 10 ft. bls 
Soil at 13 ft. bls classified in field as dark grey to 
greenish gray sandy clay (approx. 7 to 10 ft. thick) 
Sandy soils with shell fragments encountered below clay 
layer to depth of approx. 35 ft. bls, where limestone 
encountered 
Eight hour pump test conducted at PW-8 November 19 1992 
at a constant pumping rate of approximately 6.4 gpm. 
Flowrate maintained and drawdown in MW-lS, MW-2S, MW- 
4S, and MW-5s measured and recorded 
* Approx. aquifer thickness of 40 feet assumed 
* Average hydraulic conductivity estimated to be 24 

ft/day (MW-lS), 45 ft/day (MW-2S), 39 ft/day (MW- 
4S), and 16 ft/day (MW-5s): avg 30 ft/day 

In situ permeability tests attempted on 5 shallow 
monitoring wells, initial attempts unsuccessful due to 
highly permeable soils at site [groundwater removal 
rates approximating 6 gpm not feasible w/o pumping the 
wells] 
** In lieu of recovery tests, saturated soil sample 

collected from MW-GD, analyzed for grain size 
gradation of saturated soils 

** Hydraulic conductivity could not be determined due 
to excessive fines in the sample 

Using est. effective porosity 15% to 25% for fine sand, 
hydraulic conductivity estimates from pumping test 
data, and assumed aquifer thickness, average linear 
velocity calculated to range from .178 ft/day to -297 
ft/day 
Depth to groundwater 3 to 6 feet bls 
Groundwater flow in surficial aquifer generally flows 
across project site in a north/northeasterly direction 
towards Edwards Creek 
Groundwater in surficial aquifer appears to be moving 
vertically downward (as measured by two well clusters 
MW-3S/MW-60 and MW-9S/MW-7D) 
** vertical gradient determined to be +0.04 (at MW- 
9S/MW-7D) (+ means gw moving vertically downward) 
No free product measured in any of the on-site MWs 

CONCLUSIONS/RECOMMENDATIONS 

* Based on results of analysis on soil samples, 
concentrations of contamination typically greatest at 
depths (4.5 to 10.0 ft. bls) near saturated soil zone 

* Based on headspace sampling, emissions of VOCs detected 
in samples collected from 9 of 11 boreholes from which 
soil samples collected 

* Soil samples analyzed for TPH (method 5030 (volatile 
fraction) and (method 3550 (semivolatile fraction)); 
additional 8 sample analyzed for lead, 6 for 
ignitability, 3 for TCLP lead, and 6 for pH 

* Laboratory testing indicated TPH in only three borings 
(B-IA) , TPH 359 mg/kg; (B-lB), TPH 245 mg/kg 



* Based on nature of contaminants, Law suggests that 
packed tower air stripping or air diffusion may be most 
cost-effective method for groundwater remediation. May 
also want to consider enhanced bioreclamation because 
physical characteristics of site (i.e. coarse-grained 
soils, large,open areas for construction of 
infiltration systems, and thick vadose zone to allow 
adequate percolation of treated water) may be well 
suited for technology 

* Law recommended implementing a monitoring program for 
MCB Camp Geiger drinking water wells (TC-600 and TC- 
700) as a precautionary measure (sample and analyze for 
BTEX, MTBE, and lead) 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

TJST SITE NAME: Rifle Range at YCX Service Station 
UST System RR-72 

GENERAL DATA FROM SITE ASSESSMENTS (relative to groundwater) 

Phase I Site Assessment (April 27, 1992 to May 5, 1992) 

* UST System RR-72 consist of 3 USTs (RR72-1, RR72-2, & 
RR72-31, associated fuel distribution supply line, and 
a fuel dispenser island 

* Groundwater sampling for analysis 
* Installation of 7 shallow groundwater monitoring wells 
* Hydraulic conductivity tests conducted on select MWs 
* Groundwater Monitoring Wells - Existing Shallow (MW-1, 

MW-2, MW-3, MW-4, & MW-5) 
* New Monitoring Wells - Shallow (MW-6, MW-7, MW-8, MW-9, 

MW-10, MW-11, MW-12) 

Phase II Site Assessment (January 10, 1992 to February 10, 
1993) 

* Groundwater sampling for analysis 

* Installation of 5 shallow groundwater monitoring wells 
and 1 recovery well 

* Installation of 5 hydropunches (HP-l, HP-2, HP-3, HP-4, 
HP-5) 

* Hydraulic conductivity tests conducted on select MWs 

* Groundwater Monitoring Wells - Shallow 
(MW-13, MW-14, MW-15, MW-16, MW-17) 

* Recovery Well (RW-1) 

* Aquifer Drawdown/Recovery Test performed in recovery 
well RW-1 

* No free product encountered in MWs 

PREVIOUS INVESTIGATIONS 

* May 1991, UST RR72-1 removed & 3 shallow soil samples 
collected and analyzed for TPH (EPA Method 5030) 

* l/3 soil samples TPH concentration equal 100 ppm 



* Free phase product not observed during excavation 

* August 1991, ATEC Environmental Consultants performed 
site check of UST system RR-72. Five soil borings 
advanced and converted to monitoring wells (MW-1 
through MW-5) 

* Soil and groundwater samples collected and 
analyzed for TPH and BTEX 

GENERAL HYDROGEOLOGIC CONDITIONS 

Depth to groundwater at approx. 4 to 6 ft. bls. 

No detection of petroleum (free) product in any new or 
existing wells 

Direction of shallow groundwater flow is estimated to 
be southwest across site @ approx. 225 feet/yr 

Based on slug tests, average hydraulic conductivity for 
site = 9.7 feet/day (3.433-3 cm/s) 

Geologic material underlying site is described as silty 
fine sands (shallow water-bearing zone) 

pH range of groundwater samples: 
shallow MWs (5.43 to 6.79) 

Aquifer characterization tests (drawdown & recovery) 
performed in recovery well RW-1 (2/3/93) 

** Step-drawdown test performed to evaluate the 
maximum flow rate of well RW-1 

** .5 gpm selected for constant-rate test based on 
data collected from step-drawdown test 

** Average Transmissivity T (656 gallons/day-ft) 

** Average Storativity S (l.O3E-2) 

Estimated aquifer thickness equals 15 feet 

Sandy clay underlies site @ approx. 10 to 15 feet 

* Groundwater impacted with dissolved-phase hydrocarbons 
to southwest of UST RR-72-1, consistent with gasoline 
compounds 

* Properly close and remove USTs RR-72-2 and RR-72-3, 
excavate interceptor trench downgradient of plume for 
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collection of groundwater, install an infiltration 
gallery upgradient for recharge, treatment of 
groundwater by carbon adsorption 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Steam Generating Plant - Bldg. AS-4151 

GENERAL DATA FROM SITE ASSESSMENTS (relative to groundwater) 

Site Assessment (First Phase - June 15, 1992 to June 25, 
1992 and Second Phase - January 11, 1993 to February 10, 
1993) 

* 

* 
* 

* 
* 

* 
* 
* 

* 

Steam-Generating Plant, Bldg. AS-4151, operates 3 ASTs 
(store No. 6 fuel oil) and 1 UST (stores No. 2 fuel 
oil) 
Groundwater sampling for analysis 
Installation of 14 shallow groundwater monitoring wells 
and 2 deep groundwater monitoring wells 
Hydraulic conductivity tests conducted on select MWs 
Groundwater Monitoring Wells - Shallow (122MW-1 thru 
122MW-14) 
Groundwater Monitoring Wells - Deep (122DW-1, 122DW-2) 
Installation of Recovery/pumping well (122RW-1) 
Attempted to perform aquifer drawdown/recovery test in 
recovery well 122RW-1, but test abandoned because well 
pumped dry @ .25 gpm 
JP-5 fuel line damaged during initial assessment 
activities (June 15 to 25), product released but 
contained 

PREVIOUS INVESTIGATIONS 

* Site Assessment performed on JP-5 fuel line (passes 
beneath eastern portion of Bldg. AS-4151 site), report 
submitted 7/9/92 

* Investigation included installation of several MWs 
and hydropunches, collection & analysis of 
groundwater samples 

* Analytical results indicated that contamination is 
present within soils at AS-4151, and that 
groundwater contamination is present at the site 

GENERAL HYDROGEOLOGIC CONDITIONS 

i Depth to groundwater at approx. 3 to 4 ft. bls (shallow 
wells) and 4 to 5 ft. bls (deep wells) 

* Petroleum product (free product) detected in 122MW-9 @ 
thickness equal to 0.19 feet 

* Direction of shallow groundwater flow is e'stimated to 
be east across site @ approx. 3 feet/yr 
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* Based on slug tests, average hydraulic conductivity for 
shallow water-bearing zone equals 1.923-2 ft/day 

* Geologic material underlying site is described as silty 
fine sands (shallow water-bearing zone) 

* pH range of groundwater samples: 
shallow MWs (3.67 to 7.36) 

CONCLUSIONS/RECOMMENDATIONS 

Weathered free product observed in 122MW-9 and on water 
collected in excavation for fuel line repair 

Two isolated plumes of benzene contamination (northeast 
and southwest of Bldg. AS-41511 

Majority of groundwater contamination appears to be 
upper fourteen feet (shallow water-bearing zone) with 
exception of contamination detected in 13DW-1 

Potential sources contamination are abandoned fuel line 
or pesticides used to control various insect 
populations at site 

Abandoned fuel line and adjacent soils should be 
excavated and removed 

Active Free Product/Groundwater Interceptor Trench 
recommended for groundwater remediation at AS-4151, 
recovery wells should be installed w/pumps for removal 
of free product and groundwater. Capture recovered 
free product with oil/water separator and transport off 
site by a licensed waste hauler. Treat groundwater by 
an appropriate technology such as air stripping or 
carbon adsorption. 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJElJNE - IR/TJST SITE EFFLUENT STUDY 

UST SITE NAME: Amphibious Vehicle Maintenance Area 
UST SA-21 

GENERAL DATA FROM SITE ASSESSMENTS (relative to groundwater) 

Phase I Site Assessment (April 27, 1992 to May 6, 1992) 

* 

* 

* 
* 
* 

* 
* 

* 

* New Monitoring Wells - Deep (DW-1, DW-2) 
* Installation of 10 hydropunches 

UST system consist of 30,000-gallon tank, fuel 
distribution line, oil/water separator, and fuel 
dispensing area 
UST SA-21 used to store diesel fuel, contained gasoline 
until mid-1970s 
UST SA-21 excavated and removed from service May 1991 
Groundwater sampling for analysis 
Installation of 7 shallow groundwater monitoring wells 
and 2 deep groundwater monitoring wells 
Hydraulic conductivity tests conducted on select MWs 
Groundwater Monitoring Wells - Existing Shallow (MW-1, 
MW-2, W-3, MW-4, MW-5, MW-6, MW-7, & MW-8) 
New Monitoring Wells - Shallow (MW-9, MW-10, MW-11, MW- 
12, MW-13, MW-14, & MW-15) 

Phase II Site Assessment (January 15, 1993 to February 10, 
1993) 

* 
* 

* 

* 

* 
* 
* 

* 

Groundwater sampling for analysis 
Conversion of soil borings to shallow monitoring wells 
(MW-16, MW-17, MW-18) 
Conversion of soil borings to deep monitoring wells 
(DW-3, DW-4) 
Installation of 5 hydropunches (HP-l, HP-2, HP-3, HP-4, 
HP-51 
Hydraulic conductivity tests conducted on select MWs 
Recovery Well (RW-1) 
Aquifer Drawdown/Recovery Test performed in recovery 
well RW-1 
No free product encountered in MWs 

PREVIOUS INVESTIGATIONS 

*’ May 1991 - Excavation and removal of UST SA-21 
3 shallow soil samples collected and analyzed for TPH 
(EPA Methods 3550/5030) 

* August 1991, ATEC Environmental Consultants performed a 
site check for UST system SA-21; 8 soil borings 
advanced and converted into shallow MWs (MW-1 through 
m-81, in the vicinity of UST SA-21 
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* Groundwater samples collected from MWs and analyzed for 
TPH and BTEX 

* BTEX and TPH detected in several GW samples, 
benzene exceeded at MW-3 and MW-7 

* Free phase product not observed during excavation 

GENERAL HYDROGEOLOGIC CONDITIONS 

* 
* 
J; 

Depth to groundwater at approx. 4 to 8 ft. bls (shallow 
wells) and 12 to 18 ft. (deep wells) 

No detection of petroleum (free) product in any new or 
existing wells 

Direction of shallow groundwater flow is estimated to 
be northeast across site @ approx. 3 feet/yr 

Based on slug tests, average hydraulic conductivity for 
shallow water-bearing zone equals 4.61E-1 ft/day and 
2.8 ft/day for deep water-bearing zone 

Geologic material underlying site is described as silty 
fine sands (shallow water-bearing zone) 

pH range of groundwater samples: 
shallow MWs (6.13 to 6.76) 
deep MWs (10.86 to 11.01) 

Aquifer characterization tests (drawdown & recovery) 
performed in recovery well RW-1 (2/5/93) 

** Step-drawdown test performed to evaluate the 
maximum flow rate of well RW-1 

** 3 gpm selected for constant-rate test based on 
data collected from step-drawdown test 

** Average Transmissivity T (895 gallons/day-ft) 

** Average Storativity S (.0092) 

Estimated aquifer thickness equals 15 feet 
Sandy clay underlies site @ approx. 16 to 20 feet 
Based on pump test data, hydraulic conductivity for 
site estimated to be 8 ft/day, and avg. groundwater 
flow velocity = 63 ft/yr 

CONCLUSIONS/RECOMMENDATIONS 

* Groundwater samples collected during additional site 
assessment and analyzed for polynuclear aromatic 
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hydrocarbons (EPA Method 610) were not detected in MW- 
16, MW-17, MW-18, DW-3, DW-4 and RW-1 

* Based on analysis of samples from DW-1, DW-2, 
dissolved-phase hydrocarbons have not infiltrated the 
deeper portion of the water table 

* Soil mound created from excavation of UST SA-21 should 
be analytically characterized, removed and properly 
disposed of from the site 

* No off-site appear to contribute to the groundwater 
contamination detected at the site 

* After removal of contaminated soils (TPH>lOOppm), 
natural biodegradation should be utilized in 
conjunction with a groundwater monitoring program 

* Existing recovery well RW-1 could be used to remedy 
localized contamination at MW-15 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: UST E-28 (Bldg. H-28) 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 

Site Assessment (May 12, 1992 to May 20, 1992) 

* UST consist of a single 550-gallon tank, used to store 
fuel oil for heating 

* UST H-28 excavated and removed from service May 1990 
* Groundwater sampling for analysis 
* Installation of 7 shallow groundwater monitoring wells 
* Hydraulic conductivity tests conducted on select MWs 
* Groundwater Monitoring Wells - Existing Shallow (MW-8, 

Mw-9, & Mw-10) 
* New Monitoring Wells - Shallow (MW-1, MW-2, MW-3, MW-4, 

MW-5, & MW-6) 

PREVIOUS INVESTIGATIONS 

* May 1990 - Excavation and removal of UST H-28 
1 shallow soil sample collected and analyzed for TPH 
(EPA Methods 3550/5030) 

* September 1991, ATEC Environmental Consultants 
performed a site check for UST system H-28; 3 soil 
borings advanced and converted into shallow MWs (MW-8, 
Mw-9, & Mw-101, in the vicinity of UST H-28 

* Groundwater samples collected from MWs and analyzed for 
TPH and BTEX 

* TPH not detected, BTEX detected at three MWs 
(benzene exceed MCL and NC WQS @ MW-8 and MW-9) 

* Free phase product not observed during excavation 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Depth to groundwater at approx. 8.5 to 10 ft. bls. 

* No detection of petroleum (free) product in any new or 
existing wells 

* Direction of shallow groundwater flow is estimated to 
be northwest and west across site @ approx. 1.1 feet/yr 

* Based on slug tests, average hydraulic conductivity for 
site is 7.1E-1 ft/day 
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* Geologic material underlying site is described as silty 
fine sands 

CONCLUSIONS/RECOMMENDATIONS 

* Concentrations of purgeable halocarbons not detected in 
any groundwater samples 

* BNAS detected in two MWs (MW-4, W-6) 

* 1,2-dichloroethane only constituent detected using TCLP 
full scan analysis 

* Remediate soils in immediate vicinity of former UST 
tank pit and in direct vicinity of SB-1, removal of 
source should result in improvement of shallow aquifer 
without performing active groundwater remediation 



APPENDIX A - UST SITES (SITE BACKGROUND 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT 

UST SITE NAME: Buildings M232-Y236 
Camp Johnson 

INFORMATION) 

STUDY 

(USTs 1 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by O'Brien & Gere (Raleigh, NC) 

Site Assessment (November 4, 1991 thru November 14, 1991) 
* Installation of 10 hydropunches (H-l . ..H-10) 
* Installation of Seven Nested Well Pairs [shallow MWs 

1,3,5,7,...(approx. 15 ft bls) and deep MWs 
2,4,6,8...(approx. 30 ft bls)] 

* Four soil borings completed (Bl-B4) 
* Groundwater Sampling completed 
* Groundwater samples collected from 10 hydropunch 

locations and from 14 monitoring wells analyzed for 
VOCs (EPA 8010 and 8020), three samples for PAHs (EPA 
8100), and one for full scan TCLP 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site located at Camp Johnson, consists of 5 rectangular 
buildings used as living quarters 

* Between 1942 and 1990, each bldg. had an UST, located 
at NE corner, used for heating oil 

* May 1990, USTs exhumed by UTTS Environmental, reported 
to be corroded 

* Soil samples collected at time of USTs removal 
indicated elevated levels of TPH, range from 120 ppm to 
6900 ppm 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Site geology encountered sand, silt and clays 
** Gray/orange silts and clays, with varying amounts 

of very fine to medium grained sand (upper 9 feet) 
** Sediments deeper than 9 ft. bls very fine gray 

sand grading to poorly sorted, subangular, very 
coarse gray and orange-brown sands towards 19 ft. 
bls 

** Medium to very coarse sands (19 to 30 ft. bls) 
* In situ permeability tests conducted on all 14 MWs 

(MWl-MW14) 
4 Average Hydraulic conductivity calculated to be 11 

gpd/sf (shallow wells) and 20 gpd/sf (deep wells); all 
wells average 15 gpd/sf 

* Depth to groundwater 8 to 12 feet below grade 
* Groundwater flow localized, is northeast in tank area, 

and overall, in southeasterly direction 
* Hydraulic gradient estimated to be 0.006 ft/ft 
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* At effective porosity of 40%, groundwater flow velocity 
calculated to be 7 ft/yr 

* No free product detected in any of the 14 MWs 

CONCLUSIONS/RECOMMENDATIONS 

With exception of 2 samples, no parameter analyzed was 
above NC regulatory standard for drinking water. 
Dichloromethane detected above reg. limit in H3, but 
was present in reagent blank, indicating contamination 
by laboratory. MW12 had chloroform at 0.004 mg/l, 
above reg. limit, but chloroform is not constituent of 
heating oil, and is unlikely that site provided source 
for this contaminant. 
Toluene (up to 0.008 mg/L), ethylbenzene (0.002 mg/L), 
and xylene (0.015 mg/L) also detected, but below NC 
WQS. Although present below NC WQS, do indicate 
presence of petroleum hydrocarbons in groundwater near 
vicinity of removed tanks. Also verified by presence of 
visible sheen on HP2-HP-5, and MW3 groundwater samples. 
Results of risk assessment indicate no potential for 
exposure, no significant risk related to groundwater 
exposure pathway 
Recommended that excavations where tanks removed are 
opened, and limited quantities of contaminated soil 
should be removed, backfill excavations with clean 
soil. 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Buildings M232-M236 (USTs) 
Camp Johnson 

GENERAL DATA FROM ADDENDUM SITE ASSESSMENT (relative to 
groundwater) 
Addendum Site Assessment performed by O'Brien & Gere 
(Raleigh, NC) 

Addendum Field Investigation (December 1992) 
* Installation of 8 hydropunches (H-l .,.H-8) 
* Installation of 3 additional Monitoring Wells (MW-15 

thru MW17) to depth of 15 ft. below grade 
* Groundwater Sampling completed 
* Groundwater samples collected from 8 hydropunch 

locations and from 3 monitoring wells analyzed for 
volatile organics by method 601/602 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site located at Camp Johnson, consists of 5 rectangular 
buildings used as living quarters 

* Between 1942 and 1990, each bldg. had an UST, located 
at NE corner, used for heating oil 

* May 1990, USTs exhumed by UTTS Environmental, reported 
to be corroded 

* Soil samples collected at time of USTs removal 
indicated elevated levels of TPH, range from 120 ppm to 
6900 ppm 

* Initial site investigation conducted by O'Brien & Gere 
in November 1991 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Site geology encountered sand, silt and clays 
** Gray/orange silts and clays, with varying amounts 

of very fine to medium grained sand (upper 9 feet) 
** Sediments deeper than 9 ft. bls very fine gray 

sand grading to poorly sorted, subangular, very 
coarse gray and orange-brown sands towards 19 ft. 
bls 

** Medium to very coarse sands (19 to 30 ft. bls) 
* In situ permeability tests conducted on all 17 MWs 

(MWl-MW17) 
* Average Hydraulic conductivity calculated to be 11 

gpd/sf (shallow wells) and 20 gpd/sf (deep wells); all 
wells average 14 gpd/sf 

* Depth to groundwater 5 to 9 feet below grade 
* Presence of immiscible layer observed in MW3, tends to 

depress water table due to hydrostatic pressure 



* Groundwater flow localized, is northeast in tank area, 
and overall, in southeasterly direction 

* Hydraulic gradient estimated to be 0.006 ft/ft 
* At effective porosity of 40%, groundwater flow velocity 

calculated to be 7 ft/yr 
* Monitoring efforts for free product in 1991 

investigation did not detect presence of free product 
in any of the 14 MWs; however, in December 1992, free 
product was detected in MW3, with a thickness of 0.12 
feet 

CONCLUSIONS/RECOMMENDATIONS 

* Benzene only detected constituent present above North 
Carolina Water Quality Standards, in Hl (newly 
installed) at 0.014 mg/L. 

* Location of Hl, and lack of detectable constituents at 
MW13, MW14, MW15, and H7 suggest an alternate source of 
benzene rather than former tanks for Bldgs. M232-M236. 

* Risk assessment indicated there is no risk from 
groundwater exposure pathway 

* Soil remediation not appear to be warranted, as all TPH 
values were below proposed State NC soil cleanup 
guidelines 

* Free product quantity is limited, and does not appear 
to be contributing source of VOCs to groundwater, 
groundwater chemical data evaluation indicates that 
volatile organic constituents are not present at 
concentrations above detection limits or regulatory 
standards, and downgradient wells do not demonstrate 
presence of volatile organics in groundwater. 

* Because of limited quantity of free product, its 
characteristics, and lack of VOCs in groundwater, 
groundwater remediation not warranted. But, 
appropriate measures should be taken to remove free 
product occurrence, maybe with a passive floating 
skimmer device, that could be installed at MW3 (allow 
cost effective capture of limited, localized free 
product plume) 

* Monitor free product occurrence and groundwater quality 
for 5 year duration to confirm results of second 
investigation and maintain groundwater quality 
stability 
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APPENDIX A - UST SITES (SITE BACKGROUND INFORMATION) 

WCB CAMP LEJETJNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: GOTTSCHALK MARINA (BUILDING 728) 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by Versar, Inc. (Springfield, VA) 

Site Assessment (November 5 to November 20, 1991) 
* Installation of 10 hydropunches 
* Groundwater sampling for analyses 
* Installation of 14 soil borings, subsequently 

converted to monitoring wells 
* Seven shallow groundwater monitoring well 

clusters, each of two wells 
* Total of 95 soil and groundwater samples collected 

and analyzed for TPH, Lead (total), purgeable 
halocarbons, purgeable aromatics, polynuclear 
aromatic hydrocarbons, pH, and flashpoint 

* Groundwater Monitoring Wells (installed GW-lS/lD, 
GW-2S/2D.....GW-7S/7D) 

* Shallow well screened (5 to 15 ft. bls) and deeper 
well screened (15 to 25 ft. bls) 

* Hydropunch Installations (HP-l....HP-10) 
* 37 groundwater samples collected for analysis from 

hydropunches and monitoring wells during 
investigation 

* 5 samples - purgeable halocarbons 
26 samples - purgeable aromatics 
3 samples - polynuclear aromatic hydrocarbons 
1.5 samples - total lead 

* Hydraulic Conductivity (Slug tests) performed 

BACKGROUND 
* November 1989, 250 gal. UST (contain No. 2 fuel 

oil removed from area behind SW corner of Bldg. 
No. 728) 

* Sheen of free product observed on surface of GW 
within excavation, along with visible staining 

* Small paint locker (Bldg. No. 729) used for 
storage of solvents and paints, located SE of 
Bldg. No. 728 

* Site contains 4 ASTs on S and SW side of site (2 
contain kerosene (250gal), 3rd contains kerosene 
(500gal), 4th contains liquid petroleum gas, also 
a 550 gal UST contains waste oil (SE corner of 
Bldg. 728)) 

GENERAL HYDROGEOLOGIC CONDITIONS 
* Average depth to groundwater: 

Shallow screened interval = 3.06 ft. bls 
Deeper screened interval = 7.21 ft. bls 



* Site underlain by undifferentiated unconsolidated 
sediments of an assortment of sands, silts, and 
clays (depth Is to avg. depth 45 ft. bls) 

* Uppermost water-bearing unit is surficial aquifer 
* Groundwater flow direction of surficial aquifer 

toward north in direction of Wallace Creek 
* No continuous clay layer reported to separate 

surficial aquifer from Castle Hayne aquifer 
(because of thin and discontinuous nature of 
layers, considerable vertical leakage of GW occurs 
through and around clay layers) 

* Average Hydraulic Conductivity is 1.9 ft/day 
based on aquifer Irslugll tests 

CONCLUSIONS/RECOMMENDATIONS 
* No evidence of groundwater contamination in 

vicinity of removed UST at Bldg. 728, thus for 
this area, no groundwater remediation 

* Groundwater in vicinity of Bldg. 729 (Paint 
locker) contaminated with VOCs including benzene, 
ethylbenzene, and xylene (source anticipated to be 
paint and related materials stored in locker) 

* Soil around paint locker anticipated to be 
contaminated by benzene, ethylbenzene, and xylene 

* Recommend integrated closed-loop treatment system 
where groundwater pumped out (extraction north) 
and treated by carbon adsorption system, then 
treated groundwater injected upgradient (south) of 
Bldg. 729. 
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MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Waste Oil Storage Tanks S889-S891 
Holcomb Boulevard 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by O'Brien & Gere (Raleigh, NC) 

Site Assessment (November 20, 1991 thru November 26, 1991) 
* Installation of 10 hydropunches (HP-1 . ..HP-10) 
* Installation of Seven Nested Well Pairs [7 shallow MWs 

MW-1s thru MW-7s (approx. 20 ft bls) and 7 deep MWs MW- 
1D thru MW-7D (approx. 34 ft bls)] 

* Four soil borings completed 
* Groundwater Sampling completed 
* Groundwater samples collected from 10 hydropunch 

locations and from 14 monitoring wells analyzed 
for VOCs (EPA 8010 and 80201, three samples for 
PAHs (EPA 81001, one sample for full scan TCLP 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Site contains 4 ASTs on concrete cradles approx. 10 ft. 
above grade (S889 thru S891) 

* Concrete Secondary Containment recently installed to 
replace earthen berm 

* ASTs used to contain liquid petroleum (butane and 
propane 1 , but since 1980, have contained waste oil 

* 1990, Dewberry & Davis conducted surface soil 
investigatory program as part of characterization of 
MCBs waste oil tank sites 
** Six hand augers advanced to 2 to 4.5 ft. bls and 

soil samples collected 
** Surface sample collected at outfall which drained 

bermed area to west of site 
** Samples analyzed for TPH, one sample also for VOCs 
** TPH detected in several of the samples (up to 5200 

PPm) I and sample analyzed for VOCs had detectable 
concentrations 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Site geology encountered sands/silty sands 
** medium grained sand (grade to 4 ft.) 
** silty sand/sandy clay (sand to 20 ft.) 
** organic and sand layer at 15 ft. 
** medium to coarse grained sand under silty sand and 

sandy clays 
* In situ permeability tests conducted on all 14 MWs 
* Average Hydraulic conductivity calculated to be 6.81 

wd/sf 
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* Depth to groundwater typically measured at 13 to 16 ft. 
bls 

* Groundwater flow to south] 
* Hydraulic gradient calculated to be 0.007 ft/ft 
* Groundwater flow velocity calculated to be 5.8 ft/yr 
* No free product detected in any of the 14 MWs 

CONCLUSIONS/RECOMMENDATIONS 

* One GW sample (MW-6D) had 3 ug/L toluene (well below 
1000 ug/L NC WQS for toluene, all other samples did not 
have detected concentrations of VOCs 

* Results of risk assessment concluded there is no risk 
related to groundwater exposure 

* Remediation assessment concluded that because there is 
no evidence of subsurface TPH concentrations leaching 
to groundwater and there is no risk related to presence 
of TPH in subsurface soils via soil exposure pathway, 
sroundwater remediation is not justified 
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MCB CAMP LEJEUNE - IR/UST SITE EFFLUENT STUDY 

UST SITE NAME: Tank S781 - Bldg. No. 45 (Midway Park) 

GENERAL DATA FROM SITE ASSESSMENT (relative to groundwater) 
Site Assessment performed by O'Brien & Gere (Raleigh, NC) 

Site Assessment (December 4 through December 12, 1991) 
* Installation of 10 hydropunches (H-l . ..H-10) 
* Installation of Seven Nested Well Pairs [shallow MWs 

(approx. 12 to 20 ft bls) and deep MWs (approx. 27 to 
30 ft bls)] (MW-1 through MW-14) 

* Four soil borings completed 
* Groundwater Sampling completed 
* Groundwater samples collected from 10 hydropunch 

locations and from 14 monitoring wells analyzed for 
VOCs (EPA 8010 and 80201, three samples for PAHs (EPA 
81001, and one for full scan TCLP 

PREVIOUS INVESTIGATION/SITE HISTORY 

* Bldg. 45 located at Midway Park, services large 
machinery for MCB 

* Tank S781 is an AST with a capacity of 176,000 gal. 
* Land formerly housed a power plant owned by Carolina 

Power & Lighting 
* When owned by CP&L, the tank stored fuel oil, when MCB 

squired property, tank was used to store waste oils 
* Tank was emptied in 1988 (approx. 8 inches of thick 

sludge remains in bottom of tank 
* Dewberry & Davis conducted a preliminary site 

investigation in Nov. 1990 
** Five hand augers, five soil borings, and 2 

monitoring wells completed 
** Groundwater samples did not indicate contaminant 

levels above method detection limits 
** Soil samples did have TPH > 10 mg/kg action level 

(greatest concentration 2200 ppm at suspected 
vicinity of underground piping from pump house 
toward main bldg.) 

GENERAL HYDROGEOLOGIC CONDITIONS 

* Site geology encountered sands/silty sands 
** topsoil and medium to fine grained sand (grade to 

4 ft.) 
** silty sand/sandy clay (sand to 20 ft.) 
** organic and sand layer at 15 ft. 
** medium to coarse grained sand under silty sand and 

sandy clays 
* In situ permeability tests conducted on 13.of the 14 

MWS 



* Average Hydraulic conductivity calculated to be 39.2 
g-N/sf 

* Depth to groundwater typically measured at 6 to 19 ft. 
bls 

* Groundwater flow to north to northwest 
* Hydraulic gradient calculated to be 0.0.002 ft/ft 
* Groundwater flow velocity calculated to be 10 ft/yr 
* Groundwater elevations, topography, and flow direction 

indicate that groundwater discharges to Northeast Creek 
* No free product detected in any of the 14 MWs 

CONCLUSIONS/RECOMMENDATIONS 

* All groundwater samples analyzed for PAHs (EPA 8100) 
and TCLP had levels below method detection limits and 
constituents detected by EPA 8010 and 8020 had 
concentrations below the NC water quality criteria 

* Results of risk assessment concluded there is no risk 
related to groundwater exposure pathway 

* Lack of significant groundwater contamination indicates 
that remediation focus on soil containing residual 
petroleum product (subsurface TPH concentrations in 
soil considered unacceptable in State of North 
Carolina) 
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Bldg. As-4151 UST 62,400 NA 280 Tnmcb NA NA 1 5 1995 13 26 39 Beixme 11.9 New River 
(Steam Qsaonting Plwt) 

Cunp Geiger 

E&hyl Dibromide 0.9 

1,4-Dichlwbemene 3.33 

Troneh NA 

I 
xi- 1 IS 1995 

i- 

79 
-1 

T-M-I,2-Dicbloroahena 

Trichloroothene 

22Moo 
157500 

G Plum) 

39 UST NA 2300 

S9Q 

1800 

76 

110 

110 

9 

1 

I 

16 
(I 

‘kw River ‘amp Qeiger 

L 

Tankr AS419-AS421 (Air Station) UST zoo0 NA NA 

2000 NA 

(awuming plums ccmhmindon 
widh 25’ radius of MW3 and 

MW61MWl2) 

Well 2 I.5 NA NA 1995 24 41 71 Benzcna 6 Camp Geiger New River 
I ,2-Dichloroctbylcne (tot) 94 

Trichloroetbylcne 280 

Pershlonxahana 210 

Jr-5 Line Area Sits 

(Pump & Treat Sy.tcm Consuuctal, 

but not yd on-ilne) 

UST 1 (Dsta na 1 NA NA Well 2 I5 NA NA 199s 24 47 71 Benzetw 13 
available to estimate) 

Camp Oeigcr New River 
Ethylbenrene 49 

I I 

Xylene 490 
Total Hydrocwbona twQ,oQo 



Appmdk B - Site Emduation Matrix 

Ellluent Study for JR/R&FS/SI and Um Sites. 
CT0 - 19140 
MCB Camp L&me, North Cprollm 

usr SlTEs 
DraR: 12115193 

IR, Rms, SI ot UST SITE 

B-2 

Camp Oeiger Mini C Stan UST 34,500 NA NA Well 2 IS N.4 NA 1594 24 47 71 Be- 140 
Se&cc Sbtion 

CImp Geiger New River 
EthylbCllZ~ 68 
Methyl Tcr(. BayI Ether 290 
Lead 240 

mmcALslTEs 
Hyporbetiul Site UST Futum NU NA Well NO 
1995-COl Hypothdiul Es&wed Edinuta 

Site 

1 

10 NA NA 1995 16 32 47 BtnwvJ 1200 Camp Oeiget New River 
MY* 400 
T&J- 400 
Xylelm 3ooo 
Tricblomabylene Ku 
Tctmblomethylene 100 
Total Hydmrmbom 4wooo 

(Hypochuiul Sita UST 1200 Camp Geiger New River 
400 

I 
100 

3ooo 

(Hypotbaisal Site 
1eCo3 

Trichlomtbylme MO 
Tctnchlom(hylem 100 
Twl Hydrcemtxm 4ooooO 

NO 10 NA NA 1995 I6 32 47 Be- 12w Camp Qeigcr New River 
J%tirmle Wlvlbenzmw 400 

T&m 400 
Xylena 3oLw 
Trichlorwbyleno ml 
Tanchlomwbylcm 100 
Total Hydmwbons 4oomo I 

UST FUIUFC NOt NA Well NO IO NA NA 19!M 16 32 47 Banrsno I200 Camp Ociger Nsw River 
Ilyputbc4icml Bdtruld 8.h.l~ Edylbanzsne 400 

Site TOIlk% 4lm 
Xylena 3lm 
Mchlorwhylene 500 
Tdnchloroetbylcm loo 

I I I I I I I ,Td.l ““*-r*“-. .-̂  I 



Appmdix B - Site Ewduation Matrix 

Efftuent shldy for LIUBI-FS/Sl nod UST Sites 

CT0 - 19140 

MCB Camp L.&me, North Candim 
B-3 

IR, Rim. Sl or us-r m-B 

Hypodxsciul Site UST Flltum Not NA WC11 NO 10 

1996-ca2 Hypotbetiul Bstimtcd Eairmta 
Site 

for Trutmerrt at Flow Duntio 

Hypod&ul Site 1 UST 1 FUtUN 1 Not 1 NA 1 Well 1 No 1 10 1 NA 1 NA 1 19% 1 16 1 32 1 47 I- i 1200 ICanm Cieivcr I New r) ;“a. 
19%Co3 Hypotheiul E4tirmted Euimaa 

-- ~- _..~__ -.-- __._ 
Elh~lbCllZIM 400 

Site TOlUenS 400 

XylenM 3oca 

TricNomethylens 500 

Tetmhlom&ylew 100 

Total Hydrocarbons 4owoo 

Hypodkcal Site UST FUtUca NOt NA Well NO 10 NA NA 1997 16 32 41 B.xwmW 1200 
1997cc31 Hypotbeticrl Eatimted Eaimta 

Camp Osiger NW River 

Site 
BdlylbollZeIlO 4w 

TOhlW 400 

Xylenu sow 

Tricblorachylcns 500 

Tetmchlorc&ylsne 100 

Total Hydrocrrbons 4ooow 

IlypoUwtic~l Sit* UST Putum NM NA Well NO IO NA NA 1997 16 32 47 Benzen 1200 
1991ca2 Hypotheticrl Estimated Fstimate 

Cunp Qeiger Ntw River 

Ethylbenzene 400 
Sits TOlUCne 400 

XylenrJs 3ooo 

Trichlorathylenc so0 

Te(ncblomuhylene 100 

Total Hydmwtma 4oowo 



Appendix B - Site Evnluation Matrix 

Effluent study for WRI-FSISI and USI’ Sites 

CT0 - 19140 

MCB Camp I&me, North Cproliap 

usr SITES 
Draft: 12/15/93 B-l 

IR, Rl/FS. SI or UST SlIz 

(millions of ghnu.) 

16 1 32 1 47 ~Semm 

Hypofhstical Sit0 

199aco1 

UST FUturS NOt Nh Wall NO 10 NA NA 1998 16 32 47 Benzcna l200 Camp Oeiger Nmv River 
Hypothotiul Eatimatcd Enimm ~ylbcnme 400 

site Toluens 400 

Xylem4 3cmo 

TliChlOKOOthyl~~~ 500 
Tctrwhlcm&ylem loo 
Total Hydr.x&oru 4cccmo 

Hypothetical Silo UST FUNI- NOt Nh Well No 10 NA Nh 1998 16 32 47 lk- 1200 Cunp Oeiger New River 

199u-co2 Hypc&.riul Estimated Estinuto Ethylbuuena 400 

Sit4 Tolucm 400 
xy1eocu 3ooo 

Trichlorachylcne 5cn 
Tclncblaachylano 100 

Total Hydmxbonr 4ooooO 

NA well 10 NA NA 16 32 

T 
41 BenzNm 

Etbylbemsm 

Toluew 

-T- 
Xylenn 

Tticblomethylcm 

Tetnchlwoahylene 

Putum 

rlypchaii 

SiCS 

NOt 

Ealinulcd 



Appendix B - Site Evabtion Matrix 
Eftlwnt Study for IRfRI-RXI and UST Sites 
CT0 - 19140 
MCB Camp L&me, North Cprolins 

UST sITEs 
D& I2115/93 

IR, RUFS, SI or UST SITE 

1 (wfi.) 1 (fi.) 1 (ft.) 

Nell Trsneher for Treat l- J 
d 

Hypothctiul Site UST FUtUrS NC4 NA Well 1 No 10 WB-CGI Hypothaiul 
~~6nuted 

1 1 NA 1 NA 1 1999 1 16 1 32 1 47 1~ 

_. 

Hypodxtiul Sits UST FUtUIU NC4 NA Wdl NO 10 NA NA 1999 
1999cG2 

16 32 
Hy@Aul E&n&eel 

47 Belmm 
Estim9N 

1200 NW River 
Sita MYlbsmm. 

Cmp oeiger 
400 

TOlUa# 400 
Xylsrw 3ow 
TrichlomahyIcw 330 
Tewhlomethylcne loo 

Hypothetical Sits VST FUNrO NC4 NA Well NO IO NA NA 1999 16 32 
1999-CG3 

47 Bclncm 
Hypothctiul Eati~ted Edmate 

1200 Camp Geiger New River 
Sit0 Ethylbcnzcne 400 

Tdwns 400 
XylenM 3ooo 
Mchlomuhylenc 500 
Tetnchlomethylcns 100 
Total Hydrocarbons 4cmoo 

05, Cmtp Osigar Dump. STP RUFS 43560 330 NA Well 2 15 NA NA 199-l 24 47 71 T-1,2 Dichlomethe.ns 2 Camp Geiger NW River 
Mslhylene Chloride 7 

Phsnol 7 

Cadmium 19 
chromium 680 
Lead 346 
G&G zoo0 



Ap~dix B - Sic Emhution Matrix 
EfiIueoC study for lRRI-FS/SI and lJ?Z Sits 
CT0 - 19140 
MCB Camp L&me, North Cartdiaa 

lJ=SITE.S 
Draft: 12115/93 

T- 

IR. RllFs, Sl or UST SITB 

3 d 
x d 

Trsnehu 

iI 
P 

; 

i.i - 

conlaminrnu of concern 

@l.fi.) 1 (A.) 1 (fi.) (uS5) 1 (srp, I(STP bischar: 

1996 C 

1 48ooo 

10 
1 

1.21 
I1 

0.017 

7.1 
530 

196.3 

hmp Geiger 

L 

‘43, Agul St. Dump SI 217800 1080 NA Well 5 2s NA NA 1997 39 79 118 Carbon Dirulfide 1.9 Camp Oeigcr New River 

Beryllium 3.1 
Cadmium 6.9 
Chmmium 249 
Iron 134ooo 
Mqneaium llsoo 
hfangarim 297 



Appendix B - site EvPhrPtioa Matrix 
Emu& skly for IBnu-FSISI and usr sites 
CT0 - 19140 
MCB Camp L&une, North Carolina 

usr SlTBs 
Draft: 12/15/93 B-l 

14 
16 
8 

24 
62 
14 
3 
3 
9 

31ao 
36.6 
32 

201ooo 
895 

662ooo 
508 

357oD 
1.1 
486 
2.7 

CAMP GEIGER 

’ Subttil 
, 

TOU 
Pbws WClll 2.35 Tmnchcn 2S mow 310 

(OPM) (OPhQ 



Appendix B - Site Evnluation M&ix 

Efiluent Study for IWRI-FS/SI and UST Sitea 
CT0 - 19140 
hICB Camp L&me, North Carolina 

us-r SITES 
Draft: 12/15/93 B-8 

IR, WFS, SI or LIST SfE 

116. Momford Ft. Bum Dump 1 NA NA 1997 24 47 71 Fximnled quntitiw Montford point Nonhsln Crsc 

Beryllium 3.1 
Cadmium 6.9 
Chromium 249 
Inm 134a30 
Magnuium 11Soo 
Mmgmese 297 

MONTFORDPOIIW 
Subtotal Ttil 
Flow Well9 1s Tmchu 0 Flow 1s 
(CaPhl) (OPhQ 



Appendix B - site Evaluation Matrix 
Eflluml study for IIURI-FS/SI and U.!X Sites 
CT0 - 19140 

MCB Camp L&me, North Carolina 

UST SUE3 
Draft: 12/15/93 

T 

F 8 
5 3 

T \ 

. 
s 
a 
b 
2 
e z 

Nell I I Tmnchu 

Contamhrda of Concern 

‘Building 45, UST S-941-2 us-r 11,ooo NA NA Well 2 5 NA NA 1995 a 16 24- a7 Tmwa Terma Norrhwa Creek 
Emylb- 70 
Xrl- v-0 1900 
Lead a4 

Tanw Tetnca Servica Station 
(pump &Treat Syntem Constructed, 
but oo( ya on-line) 

UST Data not NA NA WOU 2 IS NA NA 1994 24 47 71 Benzam 200 Tmw Temce Northea Creek 
available =Y- 600 

to wtimto TOhEM 50 
Xylcnu 900 

Hyp&&al Silo UST FlItUrn NC4 NA Well NO 5 NA NA 1995 8 16 
1995-l-r1 Hypodwiul E&mated Baimllle 

Site. 

NA 

lz 
M 

E 
1996 1 8 1 16 1 24 (Bunme 1 200 lTanwa Terrace ~Nonbun Creek Hypotbctical Site. UST FUtUPZ NOt NA 

1996-l-r1 Hypadxtical Estimated 
Site 
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Appendix B - Site Evaluation Matrix 

Efilumt Stud9 for IB/Rl-FS/Sl and IJST Sites 

CT0 - 19140 

MCB Camp rpjeune, North Carolina 

IJsr SITES 

Draft 12/15,‘93 B-11 

IR, RLfFS, SI or UST SITB 

I I I Well1 
I 

Trenchei I 1 for Treatment .t Flow Duntions~ 

1 ContmdnrnU ofConcern I 

Building 21. River Read UST 1 NA 1 T-h 1 NA 1 NA 1 2 1 I 1995 I I I I- 

1 1 PlUmcl) 

T 

35 

2.5 

Trench A 5 13 26 39 Tobmm 2140 
TmnchB 5 13 26 39 E&91 Dibtwnid. 3 

Edrrmcozsns 146 

1,4-Dkhl~ 2 

GcaachaIkfiti 

Elertley Malor x change 
Service Sution 

Tank 820-2 

UST 400 NA NA Wdl 5 NA NA ’ 1995 6 16 24- 
(louii 

42 Hadno( Paid New Rive 

Pluw 
m9Ib==- 47 

x9I- 910 

Lad 34.7 

UST 62,000 280 NA Well 3 15 NA NA 1995 24 47 71 Ben?zm 31,oaJ Hadnot Poiti New River 

m9- 2900 

TOlUcnO 42,ooO 

X9I- @Jm 15,ooo 

Total Hydmwbons 310 

Hadno( Point Fuel Farm 

(pump & Trut System 

Cumntly in Operation) 

UST Data not NA NA Well 4 5 NA NA 1992 a 16 24 Benzma 7800 Hadnot Point 
wailable 

New River 
Eth)3btXKCM 680 

to e8tinuu T&J- 9600 

Xylem (IotaI) 4am 

Hypotbctie~l Sita 

IWS-IIFI 

UST Future NOI NA Well NO 5 NA NA 1995 8 16 24 Benzene 15090 Hadnoc Point 
Ilypotbetic~l FAmared 

New River 
EAtnat Eth9lbsmsn.a 1500 

Sits TOlUCllO 22m 

xyhm 6cwo 

T-1 Hydrocarbona 200 

Hyp&atical Sita 

1995.HP2 

UST FlItUrn Nti 

Hypothetical Estimated 

Site 

NA Well NO S Nh NA 1995 8 16 24 Be- 1XUKl Hadnat Point New River 
E&mate Eth9lbcnzcr.e w.lo 

TOIUUW uooo 

Xylenu 8000 

Total Hydrucabonr 200 



Appmlix B - Site Evaluation Matrix 
Effluent Study for IRRI-F?Xl and USf Sites 

CT0 - 19140 
MCB Camp L+me, North Carolina 

usr SITES 

lhftt 12/15/93 B-12 

IR, RUE.. SI or UST SiTE 

T T 

(millions of gallon) 
1 -- 

(w-) 1 wm (STP Dirhrge: 

T 

‘1 
Hypothctiul Sitm 
1995-HP3 

UST FUbJla NC4 NA Well NO 5 NA NA 1995 8 16 24 Be- lsmil 
Hyporhuiul E&mated 

Hadnot Point 
Estimt. 

New River 
1500 

Site 
Ethyl- 
TOlllenS 22ooo 
Xylalu 8oca 
Total Hydrocmbom 200 

Hypothetiul Sita 
19%HP4 

Hypothaiul Site 
199~HP5 

UST FUtUI. NOt NA Well NO 5 NA NA 1995 8 16 24- 15tm Had- Point 
Hypothmiul Eaimted 

NW/ River 
Jzs6nuto 1% 

Sib 
EIfiYb 
TOolUene 22mo 
Xylem?4 Km 
Ttil Hydmdmu 200 

UST FUhllW NC4 NA Well No 5 NA NA 1995 a 16 24Bemme mm Hadnot Point 
HrpOmctiul Estimated 

New River 
Eaimte Eth~lbnucw lsw 

Site TOIUSOS 22om 
Xylem4 aooo 
Total Hydrocarboru 200 

Hypothetiul Site 
1595-HP6 

UST Flltllm Not NA Well No 5 NA NA 1995 8 16 24 Bemew lxx)0 Hadmt Point New River 
Hypothcliul Eatimatd Estimrte EthylbmzsIl0 1540 

Site TOIUWIO L?.2ml 
xyha aoQ0 
Total Hydmwbons 200 

UST 

UST 

Putun NC4 
Hypothdcd &timed 

Site 

FUtUrO Not 
Hypothetical Estimated 

Site 

NA 

NA 

Well NO 5 NA NA 1995 .J 16 24 Beraene aooo Hadnot Point New River 
Eatinulo Ethylbenzene 1500 

TOIUCM 22ooo 
Xylems 8ooo 
Total Hydmcatbons 200 

Well NO 5 NA NA 1995 8 16 24 Benrene l5ow Hadmt Point New River 
Eatimte Ethylbcnme 1500 

TOhW 22am 
Xylerw 8ooo 
Tot4 Hydmwbwu 200 



Appendix B - Site Evaluation Matrix 

Effluent study for IRRI-FS/SI and UST sites 

CT0 - 19140 

MCB Camp L&me, North Carolina 

USTSITJZS 

Ihftz 12119.93 B-13 

IX, RI/Fit, SI or UST SflX conumilunu of ccxlwm 

Well1 T~nChsl for Tmtmmt .t Flow hmtiom 

Hypothaiul Site 

1995-HP9 

m (fi.). @PM) ww w-9 (million of g~km) (UsnJ W-B (S-IT Ihhmge: 

UST FUtUla NOt NA We11 No 5 NA NA 1595 8 16 24 Benzena 1SOOO 
Hyporheti~l Edtinuted 

Hadnot Point 
Estimate 

New River 
Ethj4hCmWW Imo 

Site TOIUUW 22x@ 
Xyluw 8c@o 
Ttil Hydmwbonr loo 

Hypothaiul Site 1 UST I FUGUE I N& I NA I wd I NO I 5 I NA I NA 1 1995 1 8 1 16 1 24 j~anzaw 1 lSOO0 IHad& P&m IN-Pivrr 
1995-HP10 Estinuca J3ltYlbonzCIW 

TOlUElW 

Xyletta 

TtiI Hydmc&cmr 

1soo 

l2ooo 

8ooo 

200 

Hypothetiul Sita 

199SHPll 

UST FUtUrS NOt NA Well No 5 NA NA 1995 8 16 24 Betxme Imoo Hadmt Point New River 
Hypcdwisrl Eicimted Eatimlto =Y- mo 

Site TOlUene 7moo 
Xylemr 8mo I 

Toul Hydmxrbonr 200 

Hypothdiul Sits 

l!J!X-HP12 

llypothetic~l Sit. 

lr)5-llP1.7 

UST Puturn NOt NA Well NO 5 NA NA 1995 8 16 24 - lsooo Hadnot Point New River 
Hypcdteti~l Edtinuted Jbtinuu EthylbenreW Is00 

si TOhlMe llooo 
Xylme. 8ooo 

Total Hydmrttm~ 200 

UST PuttIm NOt NA Well NO 5 NA NA 1995 8 16 14 Beauma 1SOKl Hadnot Point New River 
Hypottdcal mimati eatlMI0 Ethylbemna Is00 

SIN TOlUSttO z?ocw 

XylmeI 8ooo 
T-1 Hydrourbonr 200 

Hypotbeticrl Site 

1995-HP14 

UST FUtUra Not 

Hypothetical E&r&cd 

Sits 

NA Wtll NO 5 NA NA 199s 8 16 24 Benz8ne lmoo Hadrmt Point New River 
Estimate Bthylbmzee lmo 

TOlUl%M Pooo 

Xylena. 8ooo 
Toul Hydrowboru 200 

e i. 



Appendix B - Site Evrlustion Matrix 

Effluent study for lR/RI-FSKl and IJm Sites 

CT0 - 19140 

MCB Camp Lqjeune, North Carolina 

R, RUFS, SI or UST SlTE 

USTSITES 

Draft: U/15/93 B-14 

Hypothttiul Site 1 US’f 1 Fmm 1 Not 1 NA 1 Well 1 No 1 5 1 NA 1 NA 1 1996 1 8 1 16 1 24 I~erw,. 1 15000 hadnot Point I New Pi”.. 
I I199GHPl Hypotbctiul Eathated 

Site 
Etbylbcnzeno 

TOllI- 

Xylenu 

Tad Hydrocarbona 

lso0 

ZZOOO 

8cQo 

200 

Hypofhtiical Site 

19!%HP2 

UST Futum NOt NA WSll NO 5 NA NA 1996 8 16 24 Benzene lsoal Hedoot Point NW River 
Hypothclical Jhtimated Estimte Etbylbe- 1500 

Sita TdUCnS 22fm 
Xylealea 8ooo 

Total Hydmwboru 200 

Hyp&diul Site 

1996-HP3 

UST Fuhm NOi NA Well No 5 NA NA 1996 8 16 24 Benzme 15oal Hadoot Poia New River 
Hypotb&iul E&wed J2aitirmce =Y- 1500 

Site TOlUMe 22cim 

Xyleow wmo 
Total Hydrwrbons 200 

Hypothetiul Site 

1996-HP4 

UST FobJI.O NOt NA Well No 5 NA NA 1996 8 16 24Belmm 15000 Hadoot Point New River 
Hypdhetiul F.&n&d J3tilNte E&YlbuuCM 1500 

Site Toluene 

I I I I I I I I I I I I IXyleoea I 

Ilypc4htieal Siu 

199611P5 

UST Putun NOt NA Well No 5 NA NA 1996 8 16 24 Benrew 15000 Hadti Point Now River 
Hypmhslisll F.stimatcd Bdmto Wlylbsozene 1Mo 

Site TOIUCM 22ooo 

Xylener . 8mx 

Total Hydrocarbons 200 

Hypothetical Site 

I!?&-HP6 

VST FUtUrS Not NA Well No 5 NA NA 19% 8 16 24 Bernone 15ooo Hadoat Point Now River 
Hypothetical E&hated Eatimto Ethylbenzene 1500 

Sits Tohew 22om 

Xylenss 8ooo 

Total Hydrocarbons 2co 



Appendix B - Site Emhation Matrix 
Effluent study for IRIRI-FSISI and UST Sites 
CT0 - 19146 
MCB Camp L&w, North Carolina 

usr slm 
Draftz 12llSi93 BlS 

tR, FUFS, SI or UST SITB 

f 
E 
1 

L. 

Hypoulcticd Sits 
19%-HP7 

Hypoth&ul Sit0 
1996HR 

Hypothscical Site 
1996HP9 

UST Future NOt NA WeIl No 5 NA NA 19% a 16 24Benwtm IMOO Hadnci Point 
H~etierl Estimated 

New River 
Estirmta EtbylbenzclM 19x3 

Site TOloluSllO 22lm 
Xylenea 8oal 
Tot&l Hydrocarbons 200 

UST FlltUIV N.2 NA Well NO 5 NA NA 1996 13 26 39 Betn.em Em0 Hadnot Point New River 
Hy~othuiul Bstinuted l?atbnaN MY- lxx, 

Sib TOlU~ 22ooo 
Xylmu 8om 
Total Hydmwtwlu 200 

UST FUtUtD NOt NA Well No 5 NA NA 1996 a 16 24Be4lmm lsooo Hadnoc Point Nw Riva 
Hypothetiul Eathated EaiMtO EtttyhIlE 1m 

Sits TOIU~IW 22mo 
Xylenel sow 
Total Hydmcwboru 20s 

Hypothdical Site 
1996HP10 

UST FUtIJrO NOt NA Well No 5 NA NA 19% 8 16 2A BeQztm lsc4m Hadnot Point Noa, River 
Hypothetical Fatimated Ed&mats EtbytbMZttlO 1500 

Sits TOIUCM 22cwl 
Xylenes moo 
Total Hydmwbonr 200 

Ilypwh&.l sita 
I!?%-HPII 

UST FlItUrn NOt 
Hypothetical Eatinuted 

Sits 

NA WC.11 NO 5 NA NA 195% 8 16 24 Banzen 15000 Hadnoc Point New River 
Eatimrta Ethylbenzene Is00 

Tolusno 22ooo 
Xylcncu Boo0 
Total Hydrcarbonn 200 

Hypothetical Site 
19%HPl2 

us7 FUlUrO NOt NA Well NO 5 NA NA 1996 8 16 24 Benrcns Iso Hadnot Point New River 
Hypothetical Ltime4l Estimate Ethylbenzene IMO 

Sits T0hJtlX 22wJ 
Xylena Km 
T&I Hydrocarbon. 200 



Appadix B - Site Evaluetion Matrix 

Eftluent Study far IR~RI-FSISI and USI Sites 

CT0 - 19140 

MCB Camp L&me, North Carolina 

usr SITES 

Drdtz 12/15/93 El6 

IR, RI/F.% SI m- LIST SlTJZ 

Hypothetical Site 

199GHPl3 

VST FUtUrO NOt 

HypOmetiul Estimattd 

Sit0 

NA Well NO 

Faimte 

5 NA NA 1996 13 26 39 BemzQlm 

=Y- 
TOlUeaS 

Xylonu 

Toul Hydrocarbons 

Hypahaiul Site 

199GHP14 

Hypothuiul Site 

IWII-HP1 

Hypothetiul Sib 

1997-HP2 

Ilypc~heticel Site 

1997.lw3 

Hypothetical Site 
1997-HP4 

UST Fwum NOt NA Well NO 5 NA NA I996 II 16 UBemsne 15om Hednot Point New River 
Hypothetical Eatirmcod EhlinulC Kih~lbapcns lSO0 

Site Toluow 22530 

Xylencr Sam 
T-1 Hydnrrrboru 200 

Total Hydmcarbon, ml 

UST FutUm Not NA Wsll NO 5 NA NA 1997 a 16 24Bemum luwx) Hadnot Point New River 
Hypothetiul Eatimatcd Fximate EthylbcmelM 1500 

Site TOIUCIX 22om 
Xylsnu 8ooo 

Total Hydmcarbonr wo 

Total Hydmcarboru 200 

UST Futum NOl NA Well NO 5 NA NA 1997 a 16 24 Bemen 15ooo Hadnot Point New River 
Hypothetical Estimated KaiMle lahylbazene lsoo 

Sits Tolue~ 22oal 

Xylcnu aocm 
Total Hydmwbom 200 

Total Hydrocarbona 200 

UST Puhlm NC4 NA Wall NO 5 NA NA 1997 8 16 24 Benzene I5000 Hadnot Point New River 
Hypcihetical Estimated Kdmte Eth@W-UCM Is00 

Sita Toluena 22cm 

Xylsna em0 

Total Hydmcarboru 200 

Total Hydmcarbons 200 

UST FUNIW NOl NA Well NO 5 NA NA 1997 I3 26 39 Bemne 15ooo Hadnot Point New River 
Hypothetical Estimated F&mate Elh~lbCllWM 1500 

Site Toluem 22cca 
XyltncY acm 
Total Hydrocarbon. 200 



Appmdia B - Site Emhudion Mntrix 
Effhwnt Study for IR/RI-F%St and UST sites 
CT0 - 19140 
MCB Camp J&me, Nor01 Camlima 

USTSITES 
Drafk 12115193 B-17 

IR. RI&S. SI or UST SITE 

NA Well NO 

E&mate 

SE NA Well No 
htimte 

200 
lsooo 
1soo 

z?noo 
aooo 
200 
200 

1SOGU 

lsoo 

22500 

8ooo 

200 

200 

Hotxl 

1500 

i2ooo 

so00 

200 

200 

15000 

Hat 

22owl 

acm ’ 

200 
200 

=I 

lsooo 
lscn 

ypothclicd Site 

97-HP5 

5 NA UST Futum 

ypdhctiul 

Site 

NOt 

Estimted 
ow River 

13 26 

Xyleacl 

Total Hydrourtoru 
Total Hydnxbonr 

39 Bembm 5 UST 

UST 

pdhaiul Sitn 

97sHP6 

FUtUrS 
yptxhaicnl 

Silo 

ew River 

I I Izz I 
I 

Xylswr 

Total Hydromtmm I 
I I I I I I I I I (Tcbl Hydmcmbom I 

NA t WeU 1 No 1 5 1 NA I NA I 1997 1 II I 16 I u i~ansne pthetiul Sits 

9%HP7 

Nd 

Eetimated 

NC4 

Edimted 

Eathate Edlyme- 

T0lUC.M 

Xylem8 

Total Hydrocarbona 

I I I I I I I I I (T&ll Hydmmtma I 
NA t Well i NO 1 S 1 NA 1 NA 1 1997 1 13 1 26 I 39 lb- UST FUtUrS 

ypdhdicd 

Sit0 

vpOLh&al SIP 

97-HPS 

NA 

Estimate JZlhylhlWW 

TOlUOlM 
Xylcnu 
Toul Hydmcubom 
Toul Hydmwbmu 

Well NO 5 NA NA 1997 II 16 24 Bemlw 
Estimate EthylhellZCIM 

TOlUeoS 

Puhm 
ypothetical 

Site 

Nd 

E&natal 

UST 

NA 

Xylena mm 
Total Hydmwbons 200 
Toul Hydroudxm 200 

Well NO 5 NA NA 1997 a 16 24 Buusno lxm Hadnot Point New River 
Edtimate my- 15at 

TOIUDIM 22ooo 
Xylened moo 
T&l Hvdmurhms ‘)M 

fp@Jmticd Silo 
97.HPIO 

UST F”NlU 

ypahetical 

SiW 

Nd 

ESliMld 



Appmdix B - Site E~ahation Matrix 

Effluent study for LWRI-FSISI and USI. Sites 

CT0 - 19140 
MCB Camp J&me, Nortb Carolina 

usr SITJB 
Dmft: Ul15/93 B-18 

Qnxndw~ter Fxwwion Technology 

IR, RJFS. SI or IJST SmE 

NA 
I I I I I I I I ITcal Hydmmbcm 

Well 1 No 1 5 1 NA 1 NA 1 1997 1 13 1 26 1 39 l~crzene H ypathetiul Sits 
I! m-HP1 1 

H ypothetiul Site 
15 K%HP12 

H: ypothaical Site 

1s ?77-HP13 

H: ypothtiic*l Sita 
IS 97-HP14 

Estimate Ethylbenzene 
TOlU.ZM 
Xylcnu 
Total Hydroxbonr 
Total liydmcubcm 

Well No 5 NA NA 1997 II 16 24- 
EBtimu Bthylbancru 

T0lum 
Xylene4 
Total Hydmxbm 

TcuI Hydrourbona 
Wsll NO 5 NA NA 1997 8 16 24Benwm 

Ednute Elh+lW~ 
TOIUUIO 
Xylmea 
Total Hydrocrtbonr 
T&l Hydmcmtma 

Well NO 5 NA NA 1997 8 16 24 Benzene 

NA UST NOt 

Estimated 

NOt 
Estimated 

NA 

Not 
Eathutcai 

NC4 NA Well NO 5 NA NA 1998 I 
Estimated EmiM1. 



Appendix B - Ste E~alurtion Matrix 

Efilumt Study for IRfRI-l%/S md UST sites 

CT0 - 19140 

MCB Camp Lejcune, North Camlina 

lR. F!JFS, SI or UST SEE 

USTSTIES 

Drafk U/15/93 

1 (q.fi.) 1 (fi.) 1 (W 

B 
3 B a .g 

Bd 

Hypotkiul Site 

1998-HP3 

c 

UST FllbJm NC4 NA Well NO 5 NA NA 199s 8 16 24 Bsmsw lx!m 
Hypothetical E&mated 

Hadnot Point 
EstiMta 

New Rivsr 
Ethylhs- 1500 

Site TOIUMS 22ooo 

w- &lw 

Total Hydmcubonr 200 

Hypahaiul Site 1 UST 1 F~tww 1 Not 1 NA 1 Well 1 No 1 5 1 NA 1 NA 1 1998 1 8 1 16 1 u 1~ 1 UOOO kadmx Point iNmvRiva 
1199%HP4 Hypochdul Jktimated 

Site 

EdMta 1500 

22mo 

8ooo 
200 l- 

-- 
~Hypothetiul Site 1 UST 1 Future 1 Not 1 NA 1 Well 1 No 1 5 1 NA 1 NA 1 1998 1 8 I 16 I 24 ba,ze,,a 1 15ooo iA.dtiPoim I New Pivn 

199%HP5 Hypothcliul Eminuted 

Sits 
Emimlu 1500 

22000 

Bow 

200 

Hypothaiul Site 

19%HP6 

Hypothaical Site 

199%HP7 

Hypod~~ical Sits 

1598-HPS 

UST FUNK8 NC4 NA Well NO 5 NA NA 1998 8 16 24 Benzene 15000 Hadnot Point New River 
Hypothuiul Entimatcd Estimate Ethylbemane 1500 

Sits T0lU.?M 22mQ 

Xylanu 8wJ 

Td Hydnxrrbona 200 

UST FUfurS NOt NA Well NO 5 NA NA 1998 8 16 24 Benzene lMo0 Hadnot Point NW River 
Hypothetical Estimated Eatinure Eth~llXlWl~ 15@3 

Site T&en0 22am 

Xylena scmo 

Total Hydrocarbon. 200 

UST FUlUlX NOt NA Well NO 5 NA NA 1998 a 16 24 Betusne 15CKIO Hadno( Point New River 
Hypochetiul Estimated btimate Eth+Zll7.E~ 1500 

Sik TOlolu~ 22oxJ 
XyloIm 8&m 

Ttil Hydrocarbons 200 

‘I 



Appendix B - Site Evaluation Matrix 

Effluent Study for DURI-FSLU and Um Sita 

CT0 - 19140 

MCB Camp hjeune, North Carolina 

IR, rums, SI or UST SlTE ii 
E 8 

B-20 

Hyporhdcd Sita 

1998-HP9 

UST FUtUlW NOI NA Well NC. 5 NA NA 1998 8 16 24 Bs- 15ow 
Hypothetiul Eatirmted 

Hadnot Point New River 
Edimts 

Site 
EtbylbHlZ.?lM 15w 
TOlUCna 22mo 
XylmM xooo 
Tcul Hydrocarbons 2m 

Hypchtical Site 1 u.W 1 Future 1 Not 1 NA 1 Wall 1 No 1 5 1 NA 1 NA 1 1998 1 8 1 16 1 24 l~azea. 1 150&l lH.d&Pniti I New Pi”.,. 

I19!38-HP10 I Hypodwiul Estimated 

Site 
=Y* 
TOhIm 

Xylenta 

T&l Hydrwhoru 

1500 

2xQo 
woo 

200 

Hypoth&ical Silo 1 UST 1 FUlUrS 1 Not 1 NA 1 WI 1 NO 1 5 1 NA 1 NA 1 199~ 1 I 1 16 1 24 I- I WJOO hIadnotP&nt lNmvRiver 
1598-HP11 Hypabetiul Jhtirmted 

Site. 
uhylbarrme 

TOlUenS 

xyrenu 

Total Hydnxhu 

1500 

22cm 

.mo 

200 

Hypothetical Site 

19!%-HP12 

Hypothaical Site 

I!%%HP13 

UST FVlurS NOt NA Well NO 5 NA NA 199X 8 16 24 Benzsw moo Hadnot Point New River 
H~dcal Estimated Eatimu Ethylbe0ZaIle l5al 

Site TOhM 22000 

Xylems xooo 
Total Hydroucbonr 200 

usr FUtulX NOt NA Well NO 5 NA NA 1998 a 16 24 Benzene 15ooo Hadnat Point New River 
Hypoth&al Fstinutcd Edtinuls Ethylbenzene 15@J 

SilS TOhelM 22000 

Xylena xooo 

Total Hydrocarbons 200 

Hypolhctic~l Sits 

199%HP14 

UST FUNIQ Nd NA Well NO 5 NA NA 1998 II 16 24 Benzene 15ooo Hadnot Point New River 
Hypothetical Fatimatad Estimate Ethylbenzene Iso0 

Silo T0lllsne 

I I I I I I II III lxylcnel I I 



Appendix B - Site Evaluation hfatrix 
Efiluent study for IR/RI-FSISI and Ufl Sites 
CT0 - 19140 
MCB Camp Lejeune, North Camliap 

u!n SITES 
Draft: 12115193 B-21 

IR, ms, SI or uw SITE ConlNnimnu of concern 

Hypothaiul Site 
1999-HP1 

Hypc&aiul Site 
199%HP2 

Hypabgiul Site 
1999-HP3 

Hypothaical Site 
1999-HP4 

I 

UST FUNI NOt NA Well NO 5 NA NA 1999 8 16 24 
Hypothetical Eaimated 

Benzene 15000 
E&time 

Hadnot Point New River 

Sita 
Eihj4bOnrCM 15@l 
TOlUeIIO z?cOa 
Xylcnu 8cml 
Total Hydmwbom zn3 

UST FlttuN NOt NA Well NO 5 NA NA 1999 8 16 24 Be- 
Hypothaiul Ektimted 

l5am 
Eaimlta 

Hadwt Point New River 

Sita 
Eth@NKNM HaI 
Tobmm 22ow 
XylenM mo 
Total Hydrocarbon, 200 

UST FlItUm NOI NA Well No 5 NA NA 1999 8 16 24 Bauene 
Hyporhetiul EsIimati 

1m 
lr%limrts 

Hadnot Point New River 

Site 
EtbYlbcraCM km 
TOIUCM 22am 
Xylcw 8om 
TONI Hydmcmbons 200 

UST Flmm Nd NA Well NO 5 NA NA 1999 8 16 24 BMzene 
Hypothekal timted 

15ooo Hadnti Point 
Estimce 

New River 

Site 
Etbylbenme 1500 
TOlUanS 22m3 
Xylsnu 8ooo 
Total Hydrowbon~ 200 

Hypothetical Sirs 
1999.HPS 

UST FllhllX NQI NA WCll NO 5 NA NA 1999 8 16 24 Benzene 15KQ 
Hypotbetieal Mimred 

Hadnot Point 
IGtimb 

New River 
Wlylbenzona 1500 

Silo Toluslw 22oocl 
Xylsne. 8ocm 
Total Hydmwbom 200 

Hypothaicrl She 
1999.HP6 

UST Future NOt NA Well NO 5 NA NA 1999 8 16 24 Benzene l5wo Hadnot Point 
Hypothetical Estimated 

New River 
Badmats Ethylbenzene 1500 

Site Tolusna zmoo 
Xylenea Boo0 
Total Hydmubom 200 



Appeodix B - Site Evaluation Matrix 
EfIluat Study for IRfRI-FYSI and UST Sites 

CT0 - 19140 
MCB Camp Lejevne, North Carolina 

U!?l,SlTES 
Draft: 12lI5i93 B-22 

Hypotbuiul Site 
199%HP? 

Hypothaiul Sita 
&%-HP8 

Hypahaiul Site 
199%HP9 

Hypotbetie~l Site 
159%HP10 

Hypothetical Silo 
I!m-IIPI I 

Hypothetical Site 
199%HP12 

UST FUtUrS NU NA Well NO 5 NA NA 1959 a 16 24 Benzene 
Hypothdul Emimtcd EstilNb 

lsoo0 Had- Point New River 

Site 
Ethylbenzene 1500 
TOlUe~ PO00 
Xylem9 8ooo 
T&l Hydmcarbau 200 

UST FUtlUO NU NA WC11 NO 5 NA NA 1999 a 16 24- 
Hypotbociul Esthnad EdhaN 

sooo Hadnot P&i New River 

Sit0 
EthylbWl7.tlW 1500 
TObleW 22mx 
xyknu alma 
Total Hydrourboru 200 

UST FUtUn NU NA Well NO 5 NA NA 1999 a 16 24Belmm 
Hrpolheaiul Estimated 

Moo 
mimntc 

Hadnat Point New River 

Sic0 
Bdty1krUen0 1500 
TOltNtlO 2moo 
Xylenu aom 
Total Hydmwbons 200 

UST FUhlrS NU NA W-311 NO 5 NA NA 1999 a 16 24 Benrcm 15000 
Hypc&lul Estimated 

Hadm Point 
Estimate 

New P&x 
F.4hylbelU,%lS Iso0 

Site TOloluS~ 22ooo 
Xylem aooo 

_ Tout Hydmrrbonr 200 

UST FulUm NOt NA W.-J NO 5 NA NA 1999 a 16 24 Bemna wJoo 
Hyptheiicd Ltimated 

Hadnot Point 
Ednut 

New River 
Etbylbsnzena IMO 

sit* TOlUClZ+ 22ooo 
Xylsnes aooo 
Toul Hydmcubont 200 

UST FUtUrS NOI NA Well NO 5 NA NA 1999 8 16 24 Jknzeno l%JO Hadnot Point 
Hypothaical timated 

New River 
Estimate Eth~lbefUCIlC Iso0 

She Toluena 22ow.l 
Xylenes aooo 
Total Hydmcaims 200 



Appdix %B - Site Enhmtion Matrix 
Eflluent study for IR/RI-FS/.SI and UST Sites 
CT0 - 19140 
MCB Camp l+me, North Carolina 

USTSITES 
Draft: U/15193 B-23 

-r 

IR, RI&s, SI or UST sm CotimiMnta of Concern 

1 (q.fi.) 
1 

Hypothetical Sits 
199%HP13 

Hypothetical Sits 
1999.HP14 

UST FIItUm Nat NA Well NO 5 NA NA 1999 8 16 24 
Hyporhetiul J%timated 

Bsmow 
Eathate 

l5am Hadti Point New River 

Site 
Ethylht7.M. 1500 
TOlwnS 22003 
Xylenea SOW 
Total Hydrwrbons zca 

LIST FULUIX NOt NA WOO NO 5 NA NA 1999 8 16 24Beraem 
Hypathsciul E&need 

15ooo 
l?.atinuta 

Hadnot Point New River 

Site 
Bth~lbearaw 1500 
TOllIsoS 22ca 
Xylem4 8ooo 
Total Hydra-bonr 200 

-iEr NA Well 8 50 TX- NA -Es- 348480 

I 
79 xi- 237 Berman 

I,1 Dlchldm 
1,1,2,2T&rwhlwxthans 
Tctmchloroethene 
TIiChl~~~O L Fhmoll 

Cadmium 
Chromium 
Lead 

XI. French Creek LDA RUFS 4.4 
6.7 
4 

6.S 
5.2 

Hsdnot Point New River 

4 

10 
160 
136 SI SI 4356Qoo 4356Qoo 

I 
loso -Kii- 5 25 

I 
NA 1996 I050 NA NA Well 5 25 NA NA NA 1996 39 79 118 N@dOM 10 Hadnot Point New River 

Anthncens 10 
chylcra 10 
Flouomne 10 
Phasvnlhnncna 10 
Acnvphtene IO 
muonnthma 10 
Dihezofwm 10 

39 79 
I 

New River 

L 



Appendix B - Site Evaluation Mptrix 
Effluent Shady for LR/RI.FS/SI and Ua sites 
CT0 - 19140 
MCB Camp Lejeune, North Camlina 

UST'SITES 
Din& lZl15193 B-24 

Grcundw81er Extraction Technology Eatimted Gmundwmr Volume 

Well1 TIUXhM for Trubnent .t Flow hrntioru 

b 2 Y 
8 J 

1% 

IR, RUFS, SI or UST SITE 

24 Bmmodichlommethane 0.6 
chloro6emeno 110 
chlomfoml 2.7 
I,2 Dichlomahrne 0.6 
T-l tDichlometbene 16 
1.1.2.2 Tetmcbloroahane 6.9 
TCUWNOroahOIl~ 0.9 
I,l,l-Ttichlomeabaw 0.5 
1,1,LTrichlom&ane 0.5 
TtiCblOW&M I2n 
Vinyl Chloride 1.6 

bil(ZEmylhexyl)Phtbalrte 2 
(Cblomphenol,Z) 5 
PhOnoll 1 

Ahminum 1820 

aq 20 
Cadmium 3000 
CdCblm 58wo 
Iron 3280 
Lead 2 
hfa~ium 4240 
hlulgwrs 127 

5, Stor.$e Lots 203,201 
allow Aquifer 

71 [adnci Point few River 

946 1.419 1,1- Dichlometbene 0.6 
T-1.2~Dichlomtheno 5800 
Mahylene Chloride 790 

Hadnot Point New River 2 300 1995 NA 473 I, Storage Lots 203ROI SI 1306800 2150 NA Well 
eq Aquifer 

630 
58ooo I I 



Appendix B . Site E~nluation Matrix 

Effluent Study for WRI-FS/SI and USf Site 

CT0 - 19140 

MCB Camp L&we, North Carolina 

usr SITES 
Draft: l2/15’93 

IR, RI&S, SI or UST a9fl.E 

- RUFS ioamoa Jo00 NA Wd 12 so NA NA 1996 79 158 237 - 3 Hadw( Point NW Rivtr 
chhfoml 1.6 

Chromium 130 
Hex clucmm 14.2 
Lad 58 

NA NA 1996 79 

III 
Ti 38 ‘ow RB. HP Bum Dump r 2600 NA Well 11 50 231 (T-1.2~Dichlorwchena [adnot Point 

Trichhoedwna I5 

Vii1 Chloride 22 

DDD,PP’ 0.22 

DDDE,PP’ 0.028 
Dieldrio 0.003 

Chromium 330 
Hexw&nt Chrome 46.4 

Lead 336 
06s 9 

--i-G- 
Eknsled 

NA Tizi- -ix 1994 252 MS NOt NOt NM NM NA NA Well Well 32 32 160 NA NA NA 1994 252 NA 1994 252 MS MS 757 757 Benzene Benzene 
Eknsled Eknsled Estimaled Estimaled T-l ,2-Dicblomthens T-l ,2-Dicblomthens T-l ,2-Dicblomthens 

TriChlOlXUthCW TriChlOlXUthCW TriChlOlXUthCW 

I I I I I I I I I I I I-mY AntimOny 

Iron Iron 
Lead Lead 

Nickel Nickel 

1900 1900 

4m 4m 
14ooQ 14ooQ 

,478. Opcnble Unit 1 ,478. Opcnble Unit 1 RUFS RUFS New River New River 

46.3 46.3 
so.3 so.3 
9.5 9.5 

265000 265000 
307 307 
763 763 
1.4 1.4 
186 186 
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Appendix B - Site Evaluation Matrix 

EfIlumt Study for IR/RI-FSISI and UST Site 
CT0 - 19140 
MCB Camp Lejeune, Norih Car&m 

usr SITES 
Draftz l21151’93 E-27 

lR, U/F?., SI or USC SITE 

68 Rifla Rang0 Dump SI 174240 480 NA Well 2 15 NA NA 1999 24 47 71 BlUmodiChlOrO~ 0.6 Rifle Range swnc Bay 
ChI- 110 
cblomf.xm 2.7 
12 Didorcetluw 0.6 
T-1,2-Dichlo~ene 16 
1,1,2,2Tetrachlaach~ne 6.9 
T&fdllorosch~ 0.9 
l.l,l-Tiichl~ 0.5 
l,l&TtiChl~~ 0.5 
Tli&lnoahSne 120 
VIII Chlmido 1.6 

bin@-E&ylhexyl)Pbdml~te 2 
(Cblompheml.2) 5 

Fllemlr 1 

Abminum I820 
AdmOny 20 
Cadmium 3ooo 
Calcium moo 
Iron 3280 
Lead 2 
Mqnuium 4240 
Ml~g~MO 127 



Appendix B - Site Evaluation Matrix 
Effluent study for IR/RI-FS/SI and UST Sits 

CT0 - 19140 
MCB Camp Lejmme, North Carolina 

B-28 

Contlminmts of Concern 

@PM) W-d (mihm of gallons) 0%-n) 1 (STF? ((STP Dirhrg 

1 I- 
“0 
t 
1 

NA 

1 

IR. RI/ES. 81 or UST SITE 

IJST 2,625 

e 

i 

NA 1 1996 1 24 I 47 i 71 I- - #I 29 Rifle Range Chcm. Dump 

Rifle Range. Bldg. ?2 

(Former Mcx da1 Smion) 

5: 
14 

5.9 

3moo 

44 

20 

1.9 

710 

440 

4.74 

0.087 
2.u 

351 

1090 

100 

110 

lf Dibromwbaw 

BHC.B 
IWC,D 
Bemmn 
ElhylbOtBO8 
Ethyl Dibmmid. 

1,CDichlombenzene 

16 5 1994 8 

RIFLE RANGE 

Subtotal Total 

Plowa WelIt 30 Tranchsa 5 Plow 35 

(OPM) (OPh4) 



Appendix B - Site Evaluation Matrix 

EfIlumt Study for IRiRI-FSISI and IJST Sites 

CT0 - 19146 

MCB Camp Lejcsme, North Carolina 

IJST am 

Draft: 12/15/93 B-29 

lR. PJFS, Sl or UST SlTE 

Hyporhaical Silo UST FUtUlW NM 

199SCBl Hypothedul E&hated 

Site 

Hypothaical Site 

199SCB2 

Hypothaical Site 

1996-CBI 

Hypothuiul Si(a 

19%CB2 

Hypothetical Sits 

1997CBI 

NA Well NO 5 NA NA 1995 a 16 24 Benzen 200 
Estimate 

Cowtbouls Bay New River 
EJb~lbEtUSne 600 

TOhClW so 

Xylsnes 900 

NA Well NO S NA NA 1995 8 16 24Blxlmw 200 
Edmale 

Counhoulo~y New River 
Edt@MlZClYO MO 

TOlUeW so 
Xylem 9w 

UST FUtUrS Nti NA Wall NO S NA NA 1996 a 16 24 Benww 200 
Hypothaiul Eathated 

Counhcuw Bay New River 
Estimte Ethylbenzene 600 

Sita TOlllUlO so 

Xylenu 900 

UST Fulum NC4 NA Well No S NA NA 1996 a 16 24 Bciuene 200 Cwrrhoule Bay New River 
Hypocbti ktimatd FAnate EmylbmzeW 600 

Site Toluem 50 

Xylms 9Qo 

UST FlJtUm NC4 NA Well NO S NA NA 1997 a I6 24 Benzene 200 Cwlthoulo Bay New River 
Hypothetical Estimakd Estimate Wylbenzene mo 

Site T&em so 

Xylena 900 

Ilypvlhslic.l She 

1997.CU2 

Hypohctical Site 

1998.CBI 

LIST Putum NC4 NA Wall NO S NA NA 1997 a 16 24 Benzene 200 Courdtou~ Bay New River 
Ilypoth~ical F.atimamd EArnate Ethylbenzenc 600 

Sits Tolucns M 

Xylenes 900 

UST Futum Not NA Well NO 5 NA NA 1998 a 16 24 Benmw 200 Cowtbouse Bay New River 
Hypothetical Estimated Estimate Ethylbenzene 600 

Site Toluene so 
Xylener 900 



Appendix B - Site Evaluation Matrix 

Effluent study for IR/RI-FS/SI and UST Sites 
CT0 - 19146 
MCB Camp Lqjeune, North Cnrolina 

IJsrsITEs 
Draft: U/15/93 

IR, ItIfFS, SI or UST SITE 

1 kl.fi.) 1 (fi.) 1 (W 

Hypothuiul Site IJST Futum NOt NA Well No 5 NA NA 1998 a 16 24- 
19984x2 

200 
Hypotlldiul Estimated Eatimta 

Counhau~ Bay New River 

=Y* MO 
Site TOhenS 50 

Xylaw 900 

Hypahetierl Site UT FUtlIIO NOt NA Well No 5 NA NA 1599 8 16 24BCmUw 
1999-CBl Hypothetical Eaimnted JMlNte 

200 Cwnhounhy NewRive 
=Y* 600 

Sits TOlUoaO 50 
Xylem 900 

t 
I 

[ 

lypothuiul Sits 

599cB2 

UST FUturO Nd NA Well NO 5 NA NA 1999 8 16 24Bellwm 24lO 
Hypothetical Eainuted Eatinute 

Cwnharlehy New River 
a0 

Site 
MY* 
TOIUUW 50 
XYleaes 900 

5 1997 39 xii- -iziF T- NA I 13, Cou~ouq Lby LDA 17 
38 

12 

14 

10 
I5 

20 

10 

95 

109 

2ow 

‘wl?houlo Bay Iew River 

COURTHOUSE BAY 
Subtotal Total 
Flows Wolla 75 Trench= 0 Flow 15 

(CPM) (OPM) 



- 

Si
tn 

Du
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Appaidix B - Site Evaluation Matrix 

Eflhsnt Shrdy for LRGU-Fs/Sl and USl- Sites 

CT0 - 19140 

MCB Camp L.+me, North Carolina 

usr SITES 

Draft: 12115/93 B-30 

for Treatment at Flow thxatio 

Hypochccical Site UST FUNI Not NA Well No 5 NA NA 1998 8 16 24- 200 Courtbouw 
B4timlte 

Bay New River 
19984.32 Hrpothetiul Estimated E2hYlbUKC.M 600 

Site TOlUeDs so 

xyhw 900 

Hypuhetiul Sita UST FUtU~ NC4 NA Well NO 5 NA NA 1999 8 16 24Bemmn 200 Coulthourehy New River 
1999CBl Hypothetiul Eatirmted JMimate Eth~lbOll7BnO 600 

Site Toluem 50 

Hypothetical Site UST FUIUIW NOt NA Well NO 5 NA NA 1599 8 16 24Be4mM 200 Counhwlc Bay New River 
1999CB2 Hypothaical -imated Estimate Ethylbelxzen 600 

Site TOlw 50 

I I I I I I I IXylenw I 9w I I 

25 NA NA 1997 39 79 

Methylone Cblorids 

Dibromochloromnhano 

T 
38 

12 

74 

IO 

IS 

20 

IO 

95 

109 

2cwl 

T 
Iew River 13. Counhwss Bay LDA RUFS !ourlhouw Bay 

Subtotal 

Flow 

(QPM) 

WeIll 

COURTHOUSE BAY 

7s Trenche8 Q 

Total 

Flow 7s 

(QPM) 



Appendix C 
Detailed Cost Estimates for 

Groundwater Extraction Systems 



I , 1 ,u. ., 

CAMP LEJEUNE - CT0 0140 
DRAFT: 6/ 7/93 

SITE IDENTIFICATION 

GROUNDWATER COLLECTION TECHNOLOGY SPECIFIEO 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 

NUMBER OF EXTRACTION WELLS/TRENCHES 

IF TRENCH, SPECIFY TRENCH LENGTH (LF) 

IF TRENCH, t PUMPS (1 PUMP/MO LF) 

IF EXTRACTION WELL, # WELLS 

GROUNOWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFI ;ITE-SPECIFII ITE-SPECIFK ;ITE-SPECIFIl ITE-SPECIFI( ;ITE-SPECIFIC ;ITE-SPECIFII ITE.SPECIFIC 

AN0 ASSOCIATED COST COMPONENT UNIT COST 0LlANTll-Y TOTAL COSl QUANTITY TOTAL COSl QUANTITY TOTAL COST CXJANTITY :OTAL COST 

INTERCEPTOR TRENCH 

CAPITAL COSTS 

BP Trench (Excavation B lnstallat~on) 

Geotextile Fabric 

Submersible Pumps 

Pump Control Panel (1 per pump) 

Master Control Panel (1 for total system, 

LF $675.00 

LF $15.00 

EACH 81.600.00 

EACH 81.500.00 

EACH s2.ooJJ.oo 

6OC 

60C 

1 

S‘105.0W.W 260 $189.ooo.00 800 $540.000 00 NA so.00 

P9.OW.W 260 t4.2W.W 6W $12,000 00 NA sow 

95.400.00 2 93.6W.W 4 $7.200.00 NA SO.00 

s4.500.w 2 93.ooO.W 4 86.000 00 NA sow 

b2.ooo.oa 1 92.ow.00 1 162,wo 00 NA so 00 

INTERCEPTOR TRENCH 

oat4 COSTS 

SUBTOTAL. CAPITAL COST s425.9w.w 5201.6W.W $567,200 00 so.00 

Electricity (Trench Pump(s)) 

Maintenance Labor 

General 

Annual Inspection 

Maintenance Materials 

Trench Maintenance 

EACH $150.00 

HOUR sa.10 
HOUR S29.10 

LS 

LS 

? 845O.W 2 83W.W 4 S6oO.W NA s0.w 

52 

4x 

s1.500.00 

61,200.00 

S4,ooO.W 

S2.ooO.W 

52 

‘lo 

$1.5W.O0 

t1.2w.00 

84,ow.W 

%2.ooo.W 

52 

‘lo 

$1.5WW NA so 00 

51.2ww NA sow 

c4.000 00 NA sow 

92.cao 00 NA sow 

SUBTOTAL O&M COST S9,lSO.W 60,ooa00 bQ.300 00 so.00 

GROUNDWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFB ,ITE-SPECIFIf ITE-SPECIFIC IITE-SPECIFl( ITE-SPECIFI( ;ITE-SPECIFIC .ITE-SPECIFI( ITE-SPECIFIC 

AN0 ASSOCIATED COST COMPONENT UNIT COST QUANTITY rOTAL COST QUANTITY TOTAL COS? QUANTITY TOTAL COST OUANTITY ‘OTAL COST 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’ dia. extraction well (mall, labor, mob.) WELL $5.000.00 

Extraction Well Discharge Piping WELL $4,000.00 

Submersible Pump EACH $1,600.00 

Miscellaneous Well Appurtenances EACH 52.Ch30.00 

Pump Control Panel (1 per pump) EACH $1,500.00 

Master Control Panel (1 for total system) EACH $2.000.00 

SUBTOTAL. CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

Electricity (Submersible Well Pump) EACH $150.00 

Maintenance Labor 

General WELL $1,400.00 

Maintenance Materials WELL 61.000.00 

SUBTOTAL - O&M COST 

GROUNOWATER EXTRACTION/COLLECTION SYSTEM: 

CAPITAL (TOTAL) 

OBM (TOTAL) 

APPENDIX C PAGE 1 OF 12 

COST ESTIMATE 
CAPITAL AND OPERATION 8. MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 

CAMP GEIGER OUTFALL AREA SITES 

Campbell Street Fuel Farm 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Trench 

2.5 

1 
600 

3 

NA 

8O.W 

SO.00 

SO.00 

so.00 

SO.00 

$0.00 

$0.00 

SO.00 

160.00 

8O.W 

SO.00 

8425,9W.W 

19,150.0(: 

Buildmg AS-4151 

Steam Generatmg Plant 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.5 15 9 
1 1 2 

280 600 NA 

1.4 4 NA 

NA NA 2 

$0.00 

so.00 

60.00 

SO.00 

80.00 

$0.00 

P0.W 

6O.W 

so.00 

90.00 

$0.00 

$201.600.00 

s9.ow.ol 

NA SO.00 

NA sow 

NA so 00 

NA sow 

NA so 00 

NA so 00 

slo.ooo.w 

S8,OOO 00 

53.600.00 

54.000 00 

53.000 00 

52 000 00 

so w 

NA SOW 

NA sow 

NA s0.w 

M.W 

$567 200 00 

593woc 

S30.600 00 

s3oo.w 

92.600.00 

52.000 w 

55.100.00 

S30.6W 00 

55.100 w 

Camp Geiger Fuel Farm 

Trench 

Tanks AS419-AS421 

(Au Statmn] 

Wells 



, L. I 

CAMP LEJEUNE CT0 0140 

DRAFT: 61 7193 

SITE IDENTIFICATION JP-5 Line Area Site 
GROUNDWATER COLLECTION TECHNOLOGY SPECIFIED Wells 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) a 
NUMBER OF EXTRACTION WELLS/TRENCHES 2 

IF TRENCH, SPECIFY TRENCH LENGTH (LF) NA 

IF TRENCH, Y PUMPS (1 PUMP/2W LF) NA 

IF EXTRACTION WELL, #WELLS 2 

GROUNDWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFI( ITE-SPECIFI TE-SPECIFK TE-SPECIFIC TE-SPECIFK TE.SPECIFll TE-SPECIFK TE-SPECIFII 

AND ASSOCIATED COST COMPONENT UNIT COST QUANTITY rOTAL COSl QUANTIlY ‘OTAL COST QUANTITY DTAL COST QUANTITY .OTAL COST 

INTERCEPTOR TRENCH 

CAPITAL COSTS 

BP Trench (Excavation & Installation) LF $675.00 

Geotextile Fabric LF 515.00 

Submersible Pumps EACH 61,600.W 

Pump Control Panel (1 per pump) EACH 91.5w.w 

Master Control Panel (1 for total system, EACH 52,0W.W 

SUBTOTAL. CAPITAL COST 

INTERCEPTOR TRENCH 

O&M COSTS 

NA L0.W NA 50.w NA 50.00 NA 50 w 

NA 50.W NA SO.00 NA 50.w NA 50.w 

NA L0.W NA $0.00 NA $0.00 NA SO.00 

NA 50.W NA 5000 NA 50.00 NA $0 00 

NA 50.00 NA 50.00 NA 50.00 NA 50.00 

5o.w 50.00 50.00 $0 00 

Electricity (Trench Pump(s)) 

Mamtenance Labor 

GWWd 

Annual Inspecton 

Mamtenance Mater& 

Trench Mamtenance 

EACH 5150.00 

HOUR 529.10 

HOUR $29.10 

LS 

LS 

NA 5o.w NA $0.00 NA $O.oc NA so oc 

NA 5o.w NA 50.00 NA $O.OC NA 50 w 

NA $O.OC NA 50.00 NA s0.w NA 50 cc 

NA 5o.w NA 50.00 NA 5O.W NA 5ow 

NA $O.OC NA to.00 NA S0.W NA 50 w 

SUBTOTAL. O&M COST 5O.W 5O.W 5o.w 50 oc 

GROUNDWATER COLLECTION TECHNOLOGY UNIT #TTE-SPECIFII ITE-SPECIFI’ TE-SPECIFIt ITE-SPECIFIC TE-SPECIFIt ITE-SPECIFI’ TE-SPECIFII ITE-SPECIFI 

AN0 ASSOCIATED COST COMPONENT UNIT COST QUANTITY lOTAL COSl QUANTITY rOTAL COST QUANTITY lOTAL COSl OUANTIPI rOTAL COSl 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’ dia. extraction well (matl. labor. mob.) WELL 55.oK.00 

Extractw Well De.charge Pipmg WELL $4,000.00 

Submersible Pump EACH $1,6MXKI 

Miscellaneous Well Appurtenances EACH 52,ooo.oo 

Pump Control Panel (1 pet pump) EACH 51,5GQ.O0 

Master Control Panel (1 for total system] EACH 52,OOO.OO 

SUBTOTAL CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

Electricity (Submersible Well Pump) EACH $150.00 

Mamtenance Labor 

GHWd WELL 51.400.00 

Mamtenance Materials WELL 51.000.00 

SUBTOTAL. O&M COST 

GROUNDWATER EXTRACTION/COLLECTION SYSTEM: 

CAPITAL (TOTAL) 

APPENDIX C (CONTINUED) PAGE 2 OF 12 

COST ESTIMATE 

CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER MTRACTION SYSTEM 

CAMP GEIGER OUTFALL AREA SITES 

12 10 

2 2 

NA NA 

NA NA 

2 2 

;) x 

f 

* 
2 

NA 

NA 

2 

510.ooo.0( 

56.WO.OC 

53.600.M 

.%4.ocQ.M: 

53,ow.o( 

52,cKx.~ 

51o.ooo 00 

L&W0 00 

53.600.00 

54.000.00 

S3.WO.W 

52.m.00 

$lO.OW oc 

S6,OW 04 

$3.600 CX 

$4,000 cn 

53.ow.o( 

52,000 o( 

s10.000 O( 

S6.000 O( 

S3.600 Cd 

54.000 N 

53 000 CN 

92 000 O( 

$30.6W.O( $30,6OO.W 530.600 O( S30.6W Ol 

5300.0( 63W.W 53W.M 

52.6oc.a 

52.wo.o( 

52.600 00 

b2.000.W 

$2.600 oi 

52.000 oi 

$300 M 

S2.600 a 

s2.000 M 

55,100 O( 55.100.00 $5,100 M 55 100 M 

$30.6W.Ot 530.6W.W 530.600 M 530 600 M 

55,lW.ol 55.100.00 55,100 01 55,100 0. 

:amp Geiger Mini C Store 

Service Station 

Wells 

Hypothetical Site 

pncaf for all hypothetical site: 

Wells 

36. Camp Geiger Dump. STF 
Wells 
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APPENOIX C (CONTINUED) PAGE 3 OF 12 

COST ESTIMATE 

CAPITAL AND OPERATION B MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 

CAMP GEIGER OUTFALL AREA SITES 

TESPECII 
OVANTITI 

ITESPECIFI( 
Q”ANrnY 

NPI 

NA 

NA 

NA 

N* 

NA 

NA 

NA 

NA 

NA 

1 

f 

~54. Crssb Trw Pn MCAS 
WsYr 

NA 

NA 

Nil 

NA 

tiPI 

NA 

NA 

NP. 

NP. 

NA 

TESPEClFll 
O”PiNTlTY 

x 

f 

IE-SPECIFK 

3”ANT,TI 

NA 

NA 

NPI 

NPI 

NA 

N1 

N* 

NA 

NA 

NA 

rE-sPECIFI( 
0”ANTIi-Y 

a 

i 

i 
1 

1 



CAMP LEJEUNE - CT0 0140 
DRAFT: 617193 

SITE IDENTIFICATION 

ZiOUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

iSTlMATED TOTAL GROUNDWATER FLOW (GPM) 

ilUMBER OF EXTRACTION WELLSKRENCHES 

F TRENCH, SPECIFY TRENCH LENGTH (LF) 

F TRENCH, # PUMPS (I PUMP/200 LF) 

F EXTRACTION WELL, X WELLS 

3iOUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

NTERCEPTOR TRENCH 

CAPITAL COSTS 

3P Trench (Excavation a Installation) LF $675.00 

%vatextile Fabric LF $15.00 

;ubmersible Pumps EACH 51.ew.w 

lump Control Panel (1 per pump) EACH 61,500.OO 

laster Control Panel (1 for total system) EACH S2.ooO.M) 

SUBTOTAL - CAPITAL COST 

NTERCEPTOR TRENCH 

O&M COSTS 

ilectriclty (Trench Pump(s)) 

laintenance Labor 

GetleVi 

Annual Inspection 

kintenance Materials 

‘rench Maintenance 

EACH $150.00 

HOUR $29.10 

HOUR $29.10 

LS 

LS 

SUBTOTAL -O&M COST 

iROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

EXTRACTION WELL 

CAPITAL COSTS 

nstall 6’ dia. eXtraction well (m&l. labor, mob.) WELL $5,OW.O0 

ixtractlon Well Discharge Piping WELL $4,000.00 

;ubmersible Pump EACH E1.600.00 

Aiscellaneoun Well Appurtenances EACH $2.000.00 

‘ump Control Panel (1 per pump) EACH $1.500.00 

k&er Control Panel (1 for total system) EACH %2,OW.W 

SUBTOTAL. CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

ilectricity (Submersible Well Pump) EACH B15O.W 

Aaintenance Labor 

General WELL 81,400.W 

kintenance Materials WELL 81.OW.W 

SUBTOTAL. O&M COST 

SROUNDWATER EXTRACTION/COLLECTION SYSTEM 

CAPITAL (TOTAU 

O&M rOTAL) 

APPENDIX C (CONTINUED) PAGE4OF12 

COST ESTIMATE 
CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 
MONTFORD POINT OUTFALL AREA SITES 

Hypothetical Site 

ypical for all hypothetical sites) 

Well 

SITE-SPECIFIC 

QUANTR-Y 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

SlTE-SPECIFIC 

QUANTITY 

2 

2 

2 

5 

2 

NA 

NA 

2 

SITE-SPECIFIC SITE-SPECIFIC 

TOTAL COST QUANTITY 

$0.00 

80.00 

$O.W 

16o.w 

$0.00 

$0.00 

$0.00 NA 

$0.00 NA 

$0.00 NA 

$0.00 NA 

s0.w NA 

$0.00 

SITE-SPECIFIC SITE-SPECIFIC 

TOTAL COST QUANTITY 

610,w0.00 

$8.000.00 

163,600.W 

$4,000.00 

$3.OW.O0 

F2.0W.W 

$30,600 00 

$300.00 

$2,600.W 

b2,OOO.W 

$5,100.00 

$30.6W.O0 

$5.100.00 

X16, Montford Point Bum Dump X65, Camp Johnson Battery Dump 

Well Well 

NA 

NA 

NA 

NA 

NA 

e 
2 

NA 

NA 

2 

SITE-SPECIFIC 

TOTAL COST 

SO.00 

$0.00 

$0.00 

$0.00 

$0.00 

s0.w 

so 00 NA 

$0.00 NA 

$0.00 NA 

$0.00 NA 

$0.00 NA 

$0.00 

SITE-SPECIFIC SITE-SPECIFIC 

TOTAL COST QUANTIN 

810,ocO.00 

$3.000 00 

53.6W.00 

$4.000.00 

53,ow 00 

82.OW.00 

1630.6W.W 

$300.00 

52.6W.W 

82,WO.OO 

85.100.00 

$30.600.00 

$5100.00 

SITE-SPECIFIC SITE-SPECIFIC 

QUANTITY TOTAL COST 

NA 

NA 

NA 

NA 

NA 

3 

3 

3 

3 

3 

3 

12 

3 

NA 

NA 

3 

$0.00 

I0.W 

SO.00 

80.00 

$0.00 

$0.00 

$0 00 

$0 00 
SO.00 
$0.00 
$0.00 

so 00 

SITE-SPECIFIC 

TOTAL COST 

$15.000.00 

$12.000 00 

$5.400.00 

56.000.00 

w.5w.00 

%Z.OW 00 

w4.9w.00 

$450 00 

$4.200.00 

53.000 00 

$7,650 00 

$44.900.00 

$7,650 00 



CAMP LEJEUNE - CT0 0140 
DRAFT: 617193 

SITE IDENTIFICATION 

;ROUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 

NUMBER OF EXTRACTION WELLS/TRENCHES 

F TRENCH, SPECIFY TRENCH LENGTH (LF) 

F TRENCH, X PUMPS (1 PUMP/200 LF) 

F EXTRACTION WELL, #WELLS 

:ROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNK COST 

NTERCEPTOR TRENCH 

CAPITAL COSTS 

3P Trench (Excavation B Installation) LF 6675.al 

jeotextile Fabric LF $15.00 

;ubmersibk Pumps EACH $1.6OO.W 

‘ump Control Panel (1 per pump) EACH $1,5M).OO 

Aaster Control Panel (1 for total system) EACH $2.@30.00 

SUBTOTAL. CAPITAL COST 

NTERCEPTOR TRENCH 

O&M COSTS 

ilectricity (Trench Pump(s)) 

Aaintenance Labor 

General 

Annual Inspection 

Aamtenance Materials 

-rench Maintenance 

EACH b150.W 

HOUR $29.10 

HOUR $29.10 

LS 

LS 

SUBTOTAL. O&M COST 

SROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

EXTRACTION WELL 

CAPITAL COSTS 

nstall 6’de. extraction well (m&l, labor, mob.) WELL $5,CHJO.O0 

%Sraction Well Discharge Pipmg WELL $4.000.00 

jubmersible Pump EACH $1,6OO.W 

liscellaneous Well Appurtenances EACH $2,000.00 

‘ump Control Panel (1 per pump) EACH $1,500.00 

kster Control Panel (1 for total system) EACH $2.000.00 

SUBTOTAL CAPITAL COST 

EXTRACTION WELL 

oat4 COSTS 

Ilectruty (Submersible Well Pump) EACH $150.00 

kintenance Labor 

General WELL $1,400.00 

na1ntenance Materials WELL $l,OOO.OO 

SUBTOTAL. O&M COST 

;ROUNDWATER EXTRACTION/COLLECTION SYSTEM: 

CAPKAL (TOTAL) 

O&M (TOTAL) 

APPENDIX C (CONTINUED) PAGE 5 OF 12 

COST ESTIMATE 
CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 
TAFIAWA TERRACE OUTFALL AREA SITES 

Building 45, LIST S-941-2 

Well 

SITE-SPECIFIC 

QUANTITY 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

SITE-SPECIFIC 

QUANTITY 

2 

2 

2 

5 

2 

NA 

NA 

2 

SITE-SPECIFIC SITE-SPECIFIC 

TOTAL COST QUANTITY 

$0.00 

$0.00 

$0.00 

f0.W 

SO.00 

SO.00 

$0.00 NA 

SO.00 NA 

$0.00 NA 

SO.00 NA 

$0.00 NA 

$0.00 

SITE-SPECIFIC SITE-SPECIFIC 

TOTAL COST QUANTITY 

810,000.00 

58,WO.W 

$3,6W.O0 

s4,wo.oo 

K3,wo.oo 

s2.ooo.w 

$30.600.00 

s3w.00 

52.600.00 

s2.000.w 

$5.1W.W 

$30.600.00 

S5,loo.W 

NA 

NA 

NA 

NA 

NA 

2 

2 

2 

Well 

8 

2 

NA 

NA 

2 

SITE-SPECIFIC 

TOTAL COST 

$0.00 

$0.00 

SO.00 

$0.00 

$0.00 

so.00 

SO.00 NA 

so.00 NA 

$0.00 NA 

$0.00 NA 

SO.00 NA 

s0.w 

SITE-SPECIFIC 

TOTAL COST 

SITE.SPECIFIC SITE-SPECIFIC 

OUANTITY TOTAL COST 

810.000.00 

68.000.00 

S3,6W.O0 

s4,wo.w 

s3.oGaoo 

$2.000.00 

530.600 00 

13oo.w 

12.800.00 

$2.000.00 

$5.1W.O0 

$30.600.00 

%5,1W.O0 

Hypothebcal Site 

yp~cal for all hypothetical sites) 

SITE-SPECIFIC SITE-SPECIFIC 

QUANTIN TOTAL COST 

NA 

NA 

NA 

NA 

NA 

Well 

5 

2 

NA 

NA 

2 

s0.w 
so.00 
L0.W 
16o.w 
$0.00 

so 00 

6O.W 

0o.w 

9o.w 

$0.00 

$0 00 

80.00 

$10.000.00 

S8.WO.W 

$3,6OO.W 

s4,wo.w 

63,rno.W 

82.WO.W 

$30.600 00 

$3W.OC 

$2,6W.OC 

92,wo oc 

$5,100.0c 

$30,6OO.OC 

$5,lOO.OC 



CAMP LEJEUNE - CT0 0140 

DRAFT: 6/ 7193 

APPENDIX C (CONTINUED) PAGE 6 OF 12 

SITE IDENTIFICATION 

GROUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 

NUMBER OF EXTRACTION WELLS/TRENCHES 

IF TRENCH, SPECIFY TRENCH LENGTH (LF) 

IF TRENCH, # PUMPS (1 PUMP/ZOO LF) 

IF EXTRACTION WELL, Y WELLS 

GROUNDWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFIl ITE-SPECIFII ITE-SPECIFll ITE-SPECIF 
AND ASSOCIATED COST COMPONENT UNIT COST QUANTITY rOTAL COW QUANTITY rOTAL COS 

INTERCEPTOR TRENCH 

CAPITAL COSTS 

BP Trench (Excavation 8 Installation) LF $675.00 

Geotextile Fabric LF s15.w 

Submersible Pumps EACH $1,600.00 

Pump Control Panel (1 per pump) EACH $1,5OO.W 
Master Control Panel (1 for total system) 6wi swxxoa 

SUBTOTAL - CAPITAL COST 

INTERCEPTOR TRENCH 

O&M COSTS 

60 t40.503.00 NA $0.0 

60 L9W.W NA $0.0 

2 53,600.W NA PO.0 

2 33,OW.W NA $0.0 

1 92.ooo.00 NA 80.0’ 

$5o.ooo.w 10.0 

Electricity (Trench Pump(s)) 

Maintenance Labor 

Ge”etal 

Annual Inspectron 

Mamtenance Materials 

Trench Mamtenance 

EACH $15O.OC 

HOUR s29.1c 

HOUR $29.1 c 

LS 

LS 

2 $3W.CC NA $0.0 

52 

4c 

01.5w.oc NA $0.0 

s1,2oc.w NA $00 

s4.wo.w NA $0.0 

$2.cc+J.oc NA $0.0 

SUBTOTAL - O&M COST s9.ooooc $0.0 

GROUNDWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFI ITE-SPECIFI ITE-SPECIFI .ITE-SPECIF 

AND ASSOCIATED COST COMPONENT UNIT COST QUANTITY rOTAL COS QUANTITY TOTAL CO6 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’ dia. extraction well (mad. labor, mob.) WELL 65.000.oC 

Extraction Well Discharge Piping WELL $4.OC0.oC 

Submersible Pump EACH $l.BOO.ffi 

Miscellaneous Well Appurtenances EACH $2.000 00 

Pump Control Panel (1 per pump) EACH 81.5oO.W 

Master Control Panel (1 for total system) EACH $2,COO.W 

SUBTOTAL - CAPITAL COST 

EXTRACTION WELL 

oab.4 COSTS 

Electrwty (Submersible Well Pump) EACH $15O.W 

Maintenance Labor 

General WELL $1,400.00 

Maintenance Materrals WELL $1 ,xo.w 

SUBTOTAL - O&M COST 

GROUNDWATER EXTRACTION/COLLECTION SYSTEM. 

CAPITAL (TOTAL) 

O&M (TOTAL, 

COST ESTIMATE 

CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 

HADNOT POINT OUTFALL AREA SITE 

Building 21. River Road 

(LIST System 21 1) 

Trench 

1 

2 

60 

2 

NA 

(combmed) 

(1 pump per 
trench) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

sa.o( 

9O.M 

so OG 

SO.00 

50.00 

SOW 

s0.w 

$0.00 

s0.w 

SO.00 

SO.00 

$5O.o00 00 

s9,aoaw 

Gottschalk Marina 

Well 

4 

1 

NA 

NA 

1 

St 

t 

ICE7 

T  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

‘IC SI 

;T 

0 

IO 

‘7 

1 

1 

1 

2 

3 

0 

0 

0 

0 

0 

s5,0w.o 

$4,ooa0 

81.9000. 

82,OW O( 

$1.5W.M 

12,coo.a 

$16,3W.O( 

$150.01 

61.400.0( 

$l.OW.M 

$2.550.01 

$16300.0 

162,550.D 

Eerkley Manor X Change 

ewce Statlo” Tank 620-2 

Well 

TE-SPECIFI 

QUANTITY 

TE-SPECIFK TE-SPECIFY TE-SPECIFK 
OTAL COST QUANTITY OTAL COST 

NA s0.w NA $0.00 

NA 0o.w NA $0.00 

NA $a.00 NA $0.00 

NA saoo NA so w 

NA $0.00 NA s0.w 

L0.W $0.00 

NA $0.00 NA $0.00 

NA $0.00 NA so 00 

NA $0.00 NA so 00 

NA $0.00 NA so 00 

NA $0.00 NA so 00 

$0.00 sow 

ITE-SPECIF ITE-SPECIFI’ ITE-SPECIFI ITE-SPECIFB 

QUANTITV rOTAL COSl QUANTITY rOTAL COSl 

1 

$15.wo.oc 

112.ccCl.0c 

s5.4oo.oc 

$6.000.00 

$4,5W.O0 

$2.OW.O0 

sx).ow.oc 

816,OW OC 

$7,200 OC 

5.3.000 00 

$6,000 W 

$2,000 00 

12 5 

3 4 

NA NA 

NA NA 

3 4 

s44.900.w $59.200 00 

$450.00 $600 00 

$4.2W.O0 

53.oco.00 

$5.600 00 

$4.000 00 

$7.650 00 

$44,900 00 

$7.650.00 

$10.200.00 

$59.200.00 

$10.200.00 

Madnot Pant Fuel Farm 

Wells 



CAMP LEJEUNE - CT0 0140 

DRAFT: 6/ 7193 

SITE lDENTlFlCATlON 

GROUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 

NUMBER OF EXTRACTION WELLS/TRENCHES 

IF TRENCH, SPECIFV TRENCH LENGTH (LF) 

IF TRENCH, X PUMPS (1 PUMP/200 LF) 

IF OCTFIACTION WELL, #WELLS 

GROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

INTERCEPTOR TAENCH 

CAPITAL COSTS 

BP Trench (Excavation B Installation) LF 5675.W 

Geofextile Fabric LF t15.w 

Submersible Pumps EACH $1.600.OC 

Pump Control Panel (1 per pump) EACH 51.5OO.W 

Master Control Panel (1 for total system) EACH 82.CQO.OC 

SUBTOTAL. CAPITAL COST 

INTERCEPTOR TRENCH 

O&M COSTS 

Electrrcity (Trench Pump(s)) 

Maintenance Labor 

Ge”WZJ 

Annual Inspection 

Mamfenance Material+ 

Trench Marntenance 

EACti 5150.w 

HOUR s2a.10 

HOUR $29.10 

LS 

LS 

SUBTOTAL - O&M COST 

GROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’dra. extraction well (mad. labor, mob.) WELL 55,OOO.W 

Extractron Well Discharge Piping WELL 54.000.0a 

Submersible Pump EACH 51.6OO.C’J 

Miscellaneous Well Appurtenances EACH 52,000.W 

Pump Control Panel (1 per pump) EACH 51.5OD.OC 

Master Control Panel (1 for total system) EACH 5252.000.00 

SUBTOTAL CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

Electrrcrty (Submersible Well Pump) EACH t150.00 

Maintenance Labor 

General WELL $1,4OO.W 

Marntenance Materials WELL 51300.00 

SUBTOTAL. O&M COST 

GROUNDWATER EXTRACTION/COLLECTION SYSTEM- 

CAPITAL (TOTAL) 

O&M (TOTAL) 

APPENDIX C (CONTINUED) PAGE 7 OF 12 

COST ESTIMATE 

CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 
HADNOT POINT OUTFALL AREA SITE 

Hypothetlcal Site 

ypical for all hypothetical sites 

Wells 

ITE-SPECIFIC ITE-SPECIFIC ITE-SPECIFIl 

QUANTITY rOTAL COST QUANTITY 

ITE-SPECIFII ITE-SPECIFIC ITE-SPECIFIC TE-SPECIFIC TE-SPECIFIC 

rOTAL COSl OUANTITY rOTAL COST OUANTIlY OTAL COST 

A 50.00 NA saoo NA 5O.W NA SO.00 

A soo.oo NA sJJ.00 NA SO.00 NA $0.00 

A $0.00 NA so.00 NA S0.W NA so.00 

A $0.00 NA 5o.w NA 50.W NA 50.00 

A $0.00 NA 54.00 NA 50.00 NA so 00 

10.00 s0.w so60.00 so 00 

A 50.00 NA s0.w NA s0.w NA so 00 

A so.00 NA s0.w NA s0.w NA SOW 

A 80.00 NA 50.W NA 50.00 NA $000 

A $0.00 NA 5o.w NA 50.00 NA sow 

A $0.00 NA 5000 NA 50.00 NA 50 w 

30.00 so.oc so.00 50 00 

ITE-SPECIFIC ITE-SPECIFIC ITE-SPECIFI IT&SPECIFB ITE-SPECIFR ,dTE-SPECIFK TE-SPECIFII TE-SPECIFY 

QUANTITY rOTAL COST QUANTITY rOTAL COSl CXJANTITY rOTAL COST QUANTITY OTAL COST 

s10.ooo.00 e S4O.OOO.OC 

$6300.00 e 532,Mx).OC 

53,600.DO e 514.4oo.oc 

$4.000.00 e 516.OOC.OC 

53.000.00 e s12.wo.oc 

52.000.00 1 52.WO.OC 

510,OM).w 

51.0w.w 

53.600.00 

54.ow.00 

53,ow.oo 

52.000.00 

525.000 00 

520.000 00 

s9.000 w 

510.000 00 

s7.500.w 

52.000 00 

530.600.00 5116.4W.OC $30.600 00 573 500 w 

S300.00 s1.2w.w s300.w 

52,6W.W 

52,cOo.oo 

Fli,2W.oc 

s.a.ow oc 

52.8W 00 

52.wo 00 

S75O.K 

57.ooo.oc 

s5.000 w 

5 32 

2 6 

NA NA 

NA NA 

2 a 

a 20 

2 5 

NA NA 

NA NA 

2 5 

55.100.00 520,400 OC s5 100 00 s.12 750 K 

$30.6OO.W $116,4OOM 930 600.00 573.500 oc 

165.lW.W 520.4w Lx $5.100.00 912.750 Oc 

Yl. French Creek LDA 

Wells 

Y2. Former DaycarelNursq 

WdlS 

U3, Old Creosote Plant 

WdlS 



CAMP LEJEUNE CT0 0140 

DRAFT: 6/ 7193 

SITE IDENTIFICATION 

GROUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 46 2400 
NUMBER OF EXTRACTION WELL’ZRENCHES 12 12 
IF TRENCH, SPECIFY TRENCH LENGTH (LF) NA NA 
IF TRENCH, # PUMPS (1 PUMP/200 LF) NA NA 
IF EXTRACTION WELL, #WELLS 12 12 

WEdI* 

46 

t2 

NA 

NA 

12 

44 

11 

NA 

NA 

11 

GROUNDWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFII ITE-SPECIFIC ITE-SPECIFIC ITE-SPECIFI’ TTE-SPECIFIC ITE-SPECIFK TE-SPECIFIC ITE-SPECIFIC 
AND ASSOCIATED COST COMPONENT UNIT COST QUANTITY lOTAL COST QUANTITY rOTAL COSl GUANTIl-f TOTAL COST QUANTITY lOTAL COST 

INTERCEPTOR TRENCH 

CAPITAL COSTS 

BP Trench (Excavation 8. Inslallalron) 

Geolextile Fabw 

Submersible Pumps 

Pump Control Panel (1 per pump) 

Master Control Panel (1 for total system) 

LF $675.00 NA $0.00 NA $O.OC NA 90.00 NA $0.00 

LF $15.00 NA $0.00 NA s0.w NA so.00 NA 60.00 

EACH $1.6O+J.O0 NA $0.00 NA so oc NA so w NA $000 

EACH $1.500.00 NA $0.00 NA so oc NA S0.W NA sow 

EACH $2.000.00 NA $0.00 NA so oc NA SOW NA $0.00 

SUBTOTAL CAPITAL COST 

INTERCEPTOR TRENCH 

O&M COSTS 

$0.00 so.oc $0.00 $000 

Eleclrrctty (Trench Pump(s)) 

Maintenance Labor 

General 

Annual Inspectron 

Maintenance Malenals 

Trench Maintenance 

EACH $150.00 

HOUR $29.10 

HOUR $29.10 

LS 

LS 

NA $0.00 NA so.oc NA s0.w NA s0.w 

NA 60.00 NA s0.w NA s0.w NA so.00 

NA $0.00 NA so.oc NA so.00 NA so w 

NA SO.00 NA so.oc NA SO.00 NA so 00 

NA 80.00 NA $0 oc NA so DO NA so 00 

SUBTOTAL O&M COST $0.00 so.oc so 00 so 00 

GROUNDWATER COLLECTION TECHNOLOGY UNIT ITE-SPECIFH ITE-SPECIFIC ITE-SPECIFK ITE-SPECIFI’ ITE-SPECIFR SITE-SPECIFII TE-SPECIFI( ,ITE.SPECIFK 

AND ASSOCIATED COST COMPONENT UNIT COST QUANTIN rOTAL COST QUANTITY lOTAL COSl OUANTIlY TOTAL COST QUANTITY rOTAL COST 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’ da extracbon well (mall, labor, mob.) WELL $S,OOO.OO 

Extraction Well Discharge Piping WELL P4,OW.OO 

Submersible Pump EACH $1,600.00 

Miscellaneous Well Appurtenances EACH $2,ooO.O0 

Pump Control Panel (1 per pump) EACH $1.500.00 

Master Control Panel (1 for total system) EACH $2.OCO.O0 

SUBTOTAL. CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

Electrrcrty (Submersrble Well Pump) EACH $150.00 

Marnlenance Labor 

Ge”Wal WELL $1,400.00 

Maintenance Malerrals WELL %l.OOO.W 

SUBTOTAL. O&M COST 

GROUNDWATER EXTRACTION/COLLECTION SYSTEM: 

CAPITAL FOTALJ 

APPENDIX C (CONTINUED) PAGE 8 OF 12 

COST ESTIMATE 
CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 
HADNOT POINT OUTFALL AREA SITE 

9x3, storage Lots 203/201 

Shallow Aquifer 

WdlS 

12 

12 

12 

12 

12 

1 

12 

12 

12 

$6O.WO.W 

$46.000.00 

621.6W.W 

024,OOO.W 

s16.OoO.w 

$2.000.00 

12 

12 

12 

12 

12 

1 

12 

12 

12 

16O.COO.OC 

s46.wo.tx 

S21.6W.OC 

S24.OW.oC 

$16.OW.oc 

s2.ooo.oc 

12 

12 

12 

12 

12 

1 

12 

12 

12 

S60.W0.W 

s46,wo.w 

$21.600.00 

624.WO.W 

816.WO.W 

$2.000.00 

655.ooo.00 

$44000.00 

519.8W.00 

$22.000.00 

$16,500 00 

$2,000 00 

S173,6OO.W 8173.6W.tX $173,600.00 $159.300 00 

$1.600.00 $1.800 oc 116WW Sl 650 w 

$16,600 00 

s12.00000 

516.8W Oc 

$120000‘ 

516.600 w 

$12.ooa w 

s15 400 00 

$11 woo0 

$30,6OO.W $30,6OO.OC $30.600 00 $26.050.00 

$173.600.00 

$30.600.00 

8173.6OO.OC $173,600 OC S159.300.00 

L30.600.OC $30,600 00 $26.050.00 

#6, Storage Lots 203,201 

Deep Aqukr X24, lndustrral Fly Ash Dun X26, HP Burn Dump 



CAMP LEJEUNE - CT0 0140 

DRAFT: 6/ 7/93 

SITE IDENTIFICATION 

GROUNOWATEA COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATE0 TOTAL GROUNDWATER FLOW (GPM) 

NUMBER OF EXTRACTION WELLSfrRENCHES 

IF TRENCH, SPECIFY TRENCH LENGTH (LF) 

IF TRENCH, #PUMPS (1 PUMP/203 LF) 

IF MTRACTION WELL, Y WELLS 

GROUNDWATER COLLECTION TECHNOLOGY UNIT TE-SPECIFlf ITE-SPECIFII ITE-SPECIFH 

AND ASSOCIATED COST COMPONENT UNIT COST QUANTlM ‘OTAL 13351 QUANTllY 

INTERCEPTOR TRENCH 

CAPITAL COSTS 

BP Trench (Excavation & Installation) 

Geolextile Fabric 

Submerstble Pumps 

Pump Control Panel (1 per pump) 

Master Control Panel (1 for total system, 

LF $675.00 NA $0.00 NA SO.00 

LF $15.00 NA SO.00 NA $0.00 

EACH $1.600.00 NA SO.00 NA $0 00 

EACH t1.5W.W NA so.00 NA $0 00 

EACH 0P.COO.W NA w.w NA so 00 

SUBTOTAL. CAPITAL COST 

INTERCEPTOR TRENCH 

OEM COSTS 

10.00 so 00 

Electriuty (Trench Pump(s)) 

Maintenance Labor 

General 

Annual Inspection 

Maintenance Materials 

Trench Maintenance 

EACH $150.00 

HOUR $29.10 

HOUR $29.10 

LS 

LS 

NA s4l.00 NA $0.00 

NA saw NA SO.00 

NA soBc NA so.00 

NA 8O.W NA s0.w 

NA S0.W NA $0.00 

SUBTOTAL. O&M COST s0.w $0.00 

GROUNDWATER COLLECTION TECHNOLOGY UNIT TE-SPECIFI( ITE-SPECIFB ITE-SPECIFI’ ITE-SPECIFIC 

AN0 ASSOCIATED COST COMPONENT UNIT COST QUANTITY .OTAL COSl OUANTllY lOTAL COST 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’ dia. extraction well (matl, labor, mob.) WELL 85,COO.OO 

Extraction Well Discharge Piping WELL $4,000.00 

Submersible Pump EACH $1,600.00 

Miscellaneous Well Appurtenances EACH $2,000.00 

Pump Control Panel (1 per pump) EACH $1.500.00 

Master Control Panel (1 for total system) EACH fZ,C%O.W 

SUBTOTAL. CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

Electricity (Submersible Well Pump) EACH $15O.W 

Mamtenance Labor 

GWlW3l WELL $1.400.00 

Maintenance Malerlals WELL $1 .ooo.oo 

SUBTOTAL O&M COST 

GROUNDWATER EXTRACTION/COLLECTION SYSTEM 

CAPITAL (TOTAL) 

O&M (TOTAL) 

APPENDIX C (CONTINUED) PAGE 9 OF 12 

COST ESTIMATE 

CAPITAL AND OPERATION & MAINTENANCE 
GAOUNDWATER EXTRACTION SYSTEM 

HADNOT POINT OUTFALL AREA SITE 

+76. Operable Unit 1 

32 

32 

32 

32 

32 

1 

$160.cao.00 

$128900.00 

S57.6W.W 

664,WO.W 

546,OOO.W 

02.wo.w 

$459,6W.W 

32 s4.Soo.oc 

32 $‘w3W cx 

32 832.OOO.OC 

well 

160 

32 

NA 

NA 

32 

181.6OO.OC 

5459.9w.0c 

tSl,6W.OC 

C60. Paradise F’t Golf Cows< 

W&l 

9 

2 

NA 

NA 

2 

TTE-SPECIFIC 

-0TAL COST 

$10,cfJo.00 

$9.W0.00 

53.6W.00 

$4,WO.O0 

s3,m.oo 

s2.ooo.00 

S30,6W.O0 

$300.00 

$2.600 00 

$2.000 00 

S5,lOOW 

$30.600 w 

s5.100.00 



CAMP LEJEUNE CT0 0140 

DRAFT: 6/7/93 

SITE IDENTIFICATION 

GROUNDWATER COLLECTION TECHNOLOGY SPECIFIED 
ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 
NUMBER OF EXTRACTION WELLS/TRENCHES 

IF TRENCH, SPECIFY TRENCH LENGTH (LF) 
IF TRENCH, #PUMPS (1 PUMP/200 LF) 

IF EXTRACTION WELL, #WELLS 

GROUNDWATER COLLECTION TECHNOLOGY UNIT 
AND ASSOCIATED COST COMPONENT UNIT COST 

INTERCEPTOR TRENCH 
CAPITAL COSTS 

BP Trench (Excavation B Installation) LF $675 DC 
Geotextk Fabric LF 815.K 
Submersible Pumps EACH 51.8OOoC 
Pump Control Panel (1 per pump) EACH S1.5OO.OC 
Master Control Panel (1 for total system) EACH 12.OOO.OC 

SUBTOTAL -CAPITAL COST 
INTERCEPTOR TRENCH 

O&M COSTS 

Electr~aty (Trench Pump(s)) 
Mamtenance Labor 

General 
Annual Inspection 

Maintenance Materials 

Trench Maintenance 

EACH 01500c 

HOUR $29.10 

HOUR $2s.la 
LS 

Ls 

SUBTOTAL. O&M COST 

GROUNDWATER COLLECTtON TECHNOLOGY UNIT 
AND ASSOCIATED COST COMPONENT UNIT COST 

EXTRACTION WELL 

CAPITAL COSTS 
Install 6’dik extraction well (m&l, labor, mob.) WELL $5,000.00 

Extraction Well Discharge Piping WELL $4.oOO.OC 
Submersible Pump EACH $1 BOO.00 

Miscellaneous Well Appu13enances EACH $2.000.00 
Pump Control Panel (1 per pump) EACH $1,500.00 
Master Control Panel (1 for total system) EACH 82.WO.CO 

SUBTOTAL - CAPITAL COST 

EXTRACTION WELL 
O&M COSTS 

Electrwty (Submersible Well Pump) EACH 5150.00 
Mamtenance Labor 

Gt?,lW3l WELL $1.400.00 
Mamtenance Materials WELL 51,000 CO 

SUBTOTAL O&M COST 

GROUNDWATER EXTRACTION/COLLECTION SYSTEM. 

CAPITAL (TOTAL) 

O&M (lOTAL) 

APPENDIX C (CONTINUED) PAGE 10 OF 12 

COST ESTIMATE 

CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXITIACTION SYSTEM 

RIFLE RANGE OUTFALL AREA SITES 

Rifle Range, Bldg. 72 
(Former MCX Gas Station) 

Trench 

ITE-SPECIFI IT&SPECIFII ITE-SPECIFII ITE-SPECIFIC ITE-SPECIFIC ,ITE-SPECIFI( TE-SPECIFI( ;ITE.SPECIFIC 
QUANTlTY .OTAL COSl QUANTITY TOTAL COST QUANTlTY rOTAL COST OUANTllY TOTAL COST 

50 $33,75o.W NA $0.00 NA 50.00 NA 50.00 
50 $750.00 NA to.00 NA 5000 NA $0.00 

1 $1,6W.W NA 50.w NA 5000 NA 50.00 

1 $1.500.00 NA 5oo.w NA $0.00 NA 50.00 

1 52.OW.00 NA 50.00 NA $0 00 NA 50.00 

039.8W.W soo.oo $0.00 $0.00 

1 5150.00 $O.W NA BOW NA 50 00 

52 
40 

$1.500.00 
$1.2W.W 

$4,OGm3O 
$2.MM.W 

NA 

NA 
NA 
NA 

NA 

SO.00 NA $0.00 NA $0.00 

SO.00 NA 50.w NA 50.00 

$0.00 NA 50 00 NA $0 00 

so 00 NA 50 w NA $0 00 

56.650.00 $0.00 50.00 50.00 

ITE-SPECIFK TE-SPECIFI ITE-SPECIFII ITE-SPECIFIC ITE-SPECIFIC SITE-SPECIFI ITE.SPECIFR ;ITE-SPECIFIC 
QUANTITY ‘OTAL COST QUANTITY ‘OTAL COST QUANTITY TOTAL COST QUANTITY TOTAL COST 

NA 

NA 

NA 

NA 
NA 
NA 

NA 

NA 

NA 

5o.w 
5o.w 

$O.W 

5JJ.w 
SQ.o.00 

50.00 

50.00 

50.00 

50.00 

50.00 

50.00 

s39.Bw.oo 

$8.850.00 

51o,ooo.w 
f8,OW.W 

53.600 00 

$4.OW.O0 
53.0w.w 

$2.OW.W 

130.6W.W 

5300.00 

$2.600.00 

$2.000 w 

55,100.w 

$30,6OOW 

$5,100 00 

$10.000.00 

58,OOO.W 

53,600 00 

$4,OOO.W 
53,ooo.oo 
$2,OW.O0 

530,6W.O0 

$30000 

$2.800 00 

$2.000 00 

$5,loo.w 

530.60000 

$5 10000 

110.000.00 

54000.00 
$3.600 00 

wow 00 
53,ooo.oo 
$2.000 00 

%30,600 00 

$30000 

$2 El0000 

52000 00 

1.5 
1 

50 
1 

NA 

Hypothetical Site 
ypical for all hypothetical ‘ate 

Well 

5 a 0 

2 2 2 
NA NA NA 
NA NA NA 

2 2 2 

55.100 00 

530.60000 

$5 1oow 

#68. Rifle Range Dump 69, Rifle Range Chemical Dum 
Well Well 



CAMP LEJEUNE - CT0 0140 

DRAFT: 6/7/93 

SITE IDENTIFICATION 

XOUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 

UUMEER OF EXTPACTlON WELLSflAENCHES 

F TRENCH, SPECIFY TRENCH LENGTH (LF) 

F TRENCH, *r PUMPS (1 PUMP/2OO LF) 

F EXTRACTION WELL, X WELLS 

ZROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

NTERCEPTOR TRENCH 

CAPITAL COSTS 

3P Trench (Excavation 8 Installation) LF S675.0( 

hotevtde Fabric LF 615.K 

;ubmerslble Pumps EACH S1.8oo.oc 

‘ump Control Panel (1 per pump, EACH $1.5OO.oC 

ester Control Panel (1 for total system, EACH $Z.OOO.OC 

SUBTOTAL CAPITAL COST 

NTERCEPTOR TRENCH 

O&M COSTS 

ileclr~c~ty (Trench Pump(s)) 

Aamtenance Labor 

GWleUl1 

Annual Inspection 

nalntenance Malerlals 

-rench Maintenance 

EACH 015O.OC 

HOUR S2s.lC 

HOUR S29.1C 

LS 

LS 

SUBTOTAL O&M COST 

GROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

EXTRACTION WELL 

CAPITAL COSTS 

nstall B dia. extraction well (m&l. labor. mob.) WELL $5.000.00 

Ixtractlon Well Discharge Piping WELL 154.co3.oc 

iubmersable Pump EACH 161,800.W 

l~scellaneous Well Appurlansnces EACH 02,OOO.W 

‘ump Control Panel (1 per pump) EACH $1.500.00 

rtaster Control Panel (1 for total system, EACH S2,COO.W 

SUBTOTAL. CAPITAL COST 

EXTRACTION WELL 

oat4 COSTS 

Ilectrlcity (Submersible Well Pump) EACH $150.00 

damtenance Labor 

GWW8.i WELL t1.400.00 

Mamtenance Materlals WELL 81.000.00 

SUBTOTAL O&M COST 

iROUNDWATER EXTRACTION/COLLECTION SYSTEM: 

CAPITAL (TOTAL) 

O&M (TOTAL) 

APPENDIX C (CONTINUED) PAGE11 OF12 

COST ESTIMATE 

CAPITAL AND OPERATION 8. MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 

COURTHOUSE BAY OUTFALL AREA SITES 

Hypotheilcal Site 

(typical fa all hypothefrx,l s,,es) 

Well 

SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC 

QUANTllY TOTAL COST QUANTllY TOTAL COST QUANTITY TOTAL COST 

M 

NA 

NA 

NA 

NA 

NA $0.00 NA $0 00 NA so 01 

NA $O.W NA so.00 NA 60.M 

NA $0.00 NA $0.00 NA so 01 

NA $0.00 NA SO.00 NA soa 

NA $0.00 NA 80.00 NA so 01 

SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC 

IXJANTITY TOTAL COST QUANTITY TOTAL COST QUANTITY TOTAL COST 

5 

2 

NA 

NA 

2 

$0.00 

SO.00 

SO.00 

SOW 

SO.00 

SO.00 

$000 

$10,000 00 

56.000.00 

$3.600.00 

84,000 00 

s3,000.w 

52,ow 00 

$30,600 00 

woo. 00 

$2.800 00 

s2.wo.w 

55.10000 

530,600 00 

s5.1w.00 

‘[ iti,. Engmeermg Area 0,mwp,,, 

NA 

NA 

NA 

NA 

NA 

5 

5 

5 

20 

5 

NA 

NA 

5 

sow 

SO.00 

60.00 

so.00 

so 00 

60.00 

so 00 

$25,000.00 

s20,oocI 00 

$9,000.00 

s10.000.00 

87.5W.00 

s2,ow.oo 

$73.500.00 

8750.00 

$7.000 00 

s5.000 00 

912.75000 

s73.500.0 

$12,75O,OC 512 7500 

L73, Courthouse Bay LDA 

Well 

NA SO.01 

NA 50 01 

NA $0.01 

NA so M 

NA $0 01 

5 

5 

5 

20 

5 

NA 

NA 

5 

so 01 

so D 

S25.W0.0’ 

520,000 0’ 

59.000 0’ 

510.000 0, 

57.500.0’ 

S2.000.~ 

573.500 0 

5750.0 

57.000 0 

55.000.0 

Sli 750 0 

1 

3 

1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



CAMP LEJEUNE - CT0 0140 
DRAFT: 617193 

SITE IDENTlFlCATlON 

GROUNDWATER COLLECTION TECHNOLOGY SPECIFIED 

ESTIMATED TOTAL GROUNDWATER FLOW (GPM) 

NUMBER OF EXTRACTION WELLSKRENCHES 

IF TRENCH, SPECIFY TRENCH LENGTH (LF) 

IF TRENCH, # PUMPS (1 PUMP/200 LF) 

IF EXTRACTION WELL, #WELLS 

GROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

INTERCEPTOR TRENCH 

CAPITAL COSTS 

BP Trench (Excavation 8 Installation) LF S675.OC 

Geotextile Fabric LF $15.OC 

Submersible Pumps EACH Sl,BW.OC 

Pump Control Panel (1 per pump) EACH $1.500.00 

Master Control Pane1 (1 for total system, EACH $2.000.00 

SUBTOTAL. CAPITAL COST 

INTERCEPTOR TRENCH 

O&M COSTS 

Electruty wrench Pump(s)) 

Mamtenance Labor 

General 

Annual lnspectnn 

Maintenance Materials 

Trench Mamtenance 

EACH $150 00 

HOUR 529.10 

HOUR $29.10 

LS 

LS 

SUBTOTAL O&M COST 

GROUNDWATER COLLECTION TECHNOLOGY UNIT 

AND ASSOCIATED COST COMPONENT UNIT COST 

EXTRACTION WELL 

CAPITAL COSTS 

Install 6’dm. extraction well (matl. labor, mob.) WELL %5,000 00 

Extracton Well Discharge Piping WELL $4.000.00 

Submersible Pump EACH $1.600.00 

Miscellaneous Well Appurtenances EACH $2,000.00 

Pump Control Panel (1 per pump) EACH $1,500.00 

Master Control Panel (1 for total system) EACH $2.000.00 

SUBTOTAL CAPITAL COST 

EXTRACTION WELL 

O&M COSTS 

Electruty (Submersible Well Pump) EACH $15000 

Mamtenance Labor 

Genetal WELL 81.400 00 

Maintenance Materr& WELL $t.OOO CO 

SUBTOTAL O.&M COST 

GROUNDWATER EXTFlACTION/COLLECTION SYSTEM 

CAPITAL rOTAL) 

O&M (TOTAL) 

APPENDIX C (CONTINUED) PAGE 12 OF 12 

COST ESTIMATE 
CAPITAL AND OPERATION & MAINTENANCE 

GROUNDWATER EXTRACTION SYSTEM 
ONSLOW BEACH OUTFALL AREA SITES 

Hypothetxal Site 

(typical for all hypothetical sites) 

Well 

SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC 

QUANTITY TOTAL COST QUANTITY TOTAL COST QUANTITY TOTAL COST 

NA 

NA 

NA 

NA 

NA 

NA SO.00 NA 50.00 NA 50 00 

NA s0.w NA 50 00 NA 50.00 

NA 50.00 NA so 00 NA so 00 

NA so.00 NA SO 00 NA 50 00 

NA so.00 NA B0.W NA so 00 

SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC SITE-SPECIFIC 

QUANTITY TOTAL COST QUANTITY TOTAL COST O”ANT,i, TOTAL COST 

5 

2 

NA 

NA 

2 

SO.00 

50.00 

s0.w 

$0.00 

60.00 

so.00 

50.00 

$10,000.00 

C8,W0.W 

53.600.00 

$4,OW.W 

S3,WO.W 

S2,oGO.W 

$30.6W.O0 

$300.00 

$2,6W.W 

62,oM).W 

85.1OO.W 

%30.6OO.W 

%5.1OO.W 

Y12. Explosive Ordnance Disposal 

Well 

NA 

NA 

NA 

NA 

NA 

3 

3 

3 

12 

3 

NA 

NA 

3 

50.w 

50.00 

$0.00 

50 00 

50 00 

50 00 

50 00 

515.000 00 

$12.000.00 

$5.400 w 

56,OOO.OC 

54.500.w 

52.000 00 

544.900 w 

5450 00 

54.200 00 

53.000 00 

57.650 00 

544.900 oc 

$7,650 o( 

#30. SF Tank Sludge Area 

NA 

NA 

NA 

NA 

NA 

Well 

12 

3 

NA 

NA 

3 

S0.W 

so 00 

50.00 

sow 

50 00 

$0 00 

50.00 

s 15.000.00 

512.000.00 

55.400.00 

56,000.00 

54,500.oo 

s2,0w.w 

SM.900.00 

5450 00 

54.200.00 

53.000 00 

57.650.00 

s44.900 01 

57 650 oc 
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CAPITAL AND OPERATION h MAINTENANCE COST ESTIMATE 

SCENARIO “A” 

PRETREATMENT WITH OIL/WATER SEPARATION 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Basis: 

Flow = 5 gpm 

Contaminants of Concern = VOCs. Oil & Grease 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST 6) 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Unit (3) 

Effluent Transfer Pumps/Level Controls/Motor Starter (3) 

Secondary Treatment (Carbon Polishing) 

Carbon Adsorbers (lOOO# units) (4) 

Miscellaneous 

Sludge Holding Tank (Oh/Water Separator Sludge) (6) 

Purchased Equipment (Subtotal) 

Treatment System Miscdlaneous Capital Costs 

Piping (10% purchased equipment cost) (6) 

Electrical (10% purchased equipment cost) (6) 

Instrumentation (5% purchased equipment cost) (6) 

Installation (assume 40 96 purchased equipment cost) (6) 

Treatment Building (20’ X 20’ @ S50/SF) (7) 

Subtotal Direct Capii Cost 69.5W.W 

Construction Contingency (20% Subtotal Direct Capital Cost) (8) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Servfces (8% Total Direct Capital Cost) 5900.00 

Engineering Services (10% Total Direct Capital Cost) (9) 8.3W.W 

Supervtsion.Inspectfon (I, Overhead (5.5% Total Direct Capital Cost) 4,600.W 

Health and Safety (3% Total Direct Capkal Cost) 2,500.W 

Legal (3% Total Direct Capital Cost) 2,5W.O0 

6,500.OO 

7,400.OO 

2,oOO.OO 

10,000.w 

4,300.M) 

30900.00 

3.000.00 

3.000.00 

1.500.00 

12.000.00 

2O.WO.00 

13.9w.w 

63,400.OO 

TOTAL INDIRECT CAPITAL COST 22,900.W 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 106.3w.w 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “A” 

PRETREATMENT WITH OIL/WATER SEPARATION 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to ramove oil & grease. 

(2) This system includes a slant rib coetescing oil/water separator unit with dense pak for fine oil drop removal. 

oil pump out equipment, effluent pump out equipment and sludge pump out equipment Cost ls based on a budgetary quote 

via phone conversation wlth Frank Timblin (F.H. Timblin - rap. for Great Lakes Environmental). 

(3) Costs based on 1 low-profile air stripping unit, includes blower, trays, lid wlth exhaust connection and demister, and integral 

effluent sump base. Also includes options for effluent transfer pump and controls. Cost not included for equipment to beat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point Industrial Area does not have air emission 

treatment equipment (Le. direct discharge to atmosphere from ah stripper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(4) Equipment consists of (2) loo0 pound carbon units operated in series with appropriate connections for inffuent feed, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentration VOCs, lower concentration SVOCs. 

pesticides assumed to be present at “low” concentrations less than 0.2 ppm. For flow and this concentration, Encotech recommended 

(2) 1000 pound carbon units in series. 

(5) Cost for sludge holding tank based on estimated sludge generation of approxfmately 299 gallons per week (from oil/water separator) 

allowing approximately 5 - 6 weeks storage capacity (1.999 gallon tank). 

(6) Costs estimated for piping, elacbfcal, instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(7) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass, finishes, ventllation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 5 gpm system, assume a treatment 

building of 20’ X 20’. approx. 490 SF, @ 85O/SF. 

(6) Construction contingency estimated at 29% of subtotal direct capital costs, based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(9) Engineering services includes site assessments. treatability studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO ‘A” 

PRETREATMENT WITH OlfJWATER SEPARATION 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST @NEAR) 

Electricity (1) 

Pretreatment (Oil/Water Separation System Pumps) 500.00 

Treatment 

Air stripper blower, transfer pump 3,300.w 

Building Operation (Power, lights, etc...) 1,200.W 

Materials (polymer) (2) I ,200.w 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 180.00 

Sludge Disposal ($5OO/pick-up-disposal,9 pick-ups per year) (4) 4500.00 

Operating Labor (5) 30,ooo.00 

Maintenance labor (5) 2.80000 

Sampling labor (5) 3000.00 

Analytical (Samples) (5) 5,500.oo 

Administration (20% labor/25% materials) 7,500.00 

Total Operation & Maintenance 60,ooo.00 

O&M COST COMPONENT ASSUMPTIONS: 

(1) Electricity costs based on estimated rated horsepower of air stripper blower, and pumps assuming 24 hour per day operation, 

365 day per year at $00675/kw*hr. Building operation elecbical costs based on assumption of $100/month, 12 months/year. 

(2) Material costs for end polymers based on estimate of one 55gal drum per year each (strictly an assumption 

at this point, since specfffc data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Speciticafly, assume $.60/Tb spent carbon 

(reactivation) and $.85/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

0.6 lb/day, for “low” organic stream (1.2 ppm) at 5 gpm. Based on this estimate. and 1.000 lb carbon unit carbon would be 

anticipated to last for almost a 4 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal basad on estimated generation of 160 gallons per week sludge (from oilAvatar separator) 

Sludge will be transferred to a 1,000 gallon holding tank, which will provide approximately 5 - 6 weeks storage. Therefore. 

it is assumed that based on this low quantity, on-site dewatering would not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately every six weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of $500 per pi&up/disposal. 

(5) Operating’Labor for plant assumes 4 hr/day. 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, Q $210 per sample for TCL VOCs. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 4 hours 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “A” 

PRETREATMENT WITH OlliWATER SEPARATtON 

PRIMARY TREATMENT WlTH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Basis: 

Flow = 15 gpm 

Contaminants of Concern = VOCs. Oil &Grease 

ESTIMATED 

CAPITAL COST COMPONENT COST f$) 

DIRECT CAPITAL COSTS 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Unit (3) 

Effluent Transfer Pumps/Level Controls/Motor Starter (3) 

Secondary Treatment (Carbon Polishing) 

Carbon Adsorbers (1996s unite) (4) 

Backwash System (5) 

Miscellaneous 

Sludge Holding Tank (Oil/Water Separator Sludge) (6) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (10% purchased equipment cost) (7) 

Electrical (10% purchased equipment cost) (7) 

Instrumentation (5% purchased equipment cost) (7) 

Installation (assume 46 % purchased equipment cost) (7) 

Treatment Building (20’ X 29’ @ $5O/SF) (6) 

Subtotal Direct Capii Cost 

Construction Contingency (20% Subtotal Direct Capital Cost) (9) 

TOTAL DIRECT CAPlTAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct Capital Cost) (IO) 

Supervision, Inspection & Overhead (5.5% Total Direct Capii Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capital Cost) 

22,175.69 

9,600.W 

2.Wo.W 

10.696.96 

22.0w.w 

5.5W.W 

71 .ooo.w 

7.Wo.w 

7.Wo.w 

4.Wo.w 

28.Wo.W 

20.W0.W 

137,966.w 

27,400.W 

164.499.w 

9.900.w 

16.999.W 

9.0w.w 

5.Wo.w 

5.W0.W 

TOTAL INDIRECT CAPITAL COST 44.9W.W 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 209.3W.W 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “A” 

PRETREATMENT WITH OlLfWATER SEPARATION 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consisk of oif/water separation to remove oil h grease. 

(2) This system includes a slant rib coalescing oif/water separator unit with dense pak for fine oil drop removal, 

oil pump out equipment effluent pump out equipment and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Timblin (F.H. Timblin - rep. for Great lakes Environmental). 

(3) Costs based on 1 low-profile air stripping unit indudes blower, trays, lid wfth exhaust connection and demister, and integral 

effluent sump base. Also includes options for effluent transfer pump and controls. Cost not included for equipment to treat 

vapor phase air emissions. Existing gmundwater pump and heat system at Hadnot Point Industrial Area does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from air stripper). Addition of ah emission treatment equipment would 

add signifkant cost to the overall capital cost of the system. 

(4) Equipment consists of (2) 1666 pound carbon units operated in &es wfth appropriate connections for influent feed, backwash. etc.. 

Unit size based on assumption that air stripper will remove majority of hiih concentration VOCs. lower concentration SVOCs, 

pesticides assumed to be present at “I& concentrations less than 0.2 ppm. For flow and this concentration, Encotech recommended 

(2) 1069 pound carbon unite in series. 

(5) Backwash system includes service tank (backwash water supply), bachwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar gmundwater treatment system designs (Presque Isle. JC Cleaners). 

(6) Cost for sludge hdding tank based on estimated sludge generation of approximately 560 gallons per week (from oil/water separator). 

Thus, approximately 3 weeks storage capacity provided (1,596 gallon tank). 

(7) Costs estimated for piping, electdcaf. instrumentatfon, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(6) Cost for treatment building based on cask developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately 80 per square foot of building. For a 15 gpm system, assume a treatment 

building of 20’ X 20’. approx. 466 SF, Q $5O/SF. 

(9) Construction contingency estimated at 20% of subtotal direct capital costs. based on preliminary costs. ML-HDEK-1010 uses a 5% contingency. 

(10) Engineering services includes site assessments. treatability studies, etc... 
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CAPTTAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “A” 

PRETREATMENT WITH OILWATER SEPARATION 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

OPERATION & MAINTENANCE COST COMPONENT 

Electricity (1) 

Pretreatment (Oil/Water Separation System Pumps) 

Treatment 

Air stripper blower, transfer pump 

Post Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (polymer) (2) 

Material Handling 

Carbon Ftegeneratlon/Replacement (Post Treatment) (3) 

Sludge Disposal ($508/pick-updllposaLl7 pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Analytical (Samples) (5) 

Administration (20% labor/25% materials) 

ESTIMATED 

COST ($/YEAR) 

600.00 

4,268.68 

100.00 

1.200.w 

1.26668 

480.00 

6,566.W 

30,ooo.w 

2,868.W 

3.W0.W 

5.466.w 

73W.w 

Total Operation & Maintenance 63.W0.W 

O&M COST COMPONENT ASSUMPTIONS 

(1) EMctricity costs based on estimated rated horsepower of air shfpper blower and pumps assuming 24 hour per day operation, 

365 day per year at $08675/kw*hr. Building operation electdcal costs based on assumption of $1 W/month. 12 months/year. 

(2) Material costs for pofymers based on estimate of one 55gal drum each per year (strictly an assumption 

at this point, since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specificaffy, assume $.66/lb spent carbon 

(reactivation) and $.65/lb new carbon (for carbon lost during reactfvation). Carbon exhaustion rate estimated by Encotech to be 

1.8 lb/day, for “low’organic stream (c.2 ppm) at 15 gpm. Based on this estimate, and 1866 lb carbon unit. carbon would be 

anticipated to last for almost a 1.5 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 560 gallons per week sludge (from oil/water separator) 

Sludge will be transferred to a 1,500 gallon holding tank. which will provide approximately 3 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewaterlng would not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately every 3 weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of $500 per pick-up/dkposal. 

(5) Operating Labor for plant assumes 4 hrlday. 266 day per year (excludes weekends), and $2910 per hour. 

Sampling labor assumes 8 hours per month, at $28.10 per hour. 

Analytical sampling costs based on 26 samples per year, @ $210 per sample for TCL VOCs. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 4 hours 
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CAPITAL AND OPERATION h MAINTENANCE COST ESTIMATE 

SCENARIO “B” 

PRIMARY TREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

Basis: 

Flow = 15 gprn 

Contaminants of Concern = Metals. Oil & Grease 

ESTIMATED 

CAPITAL COST COMPONENT COST 6) 

DIRECT CAPITAL COSTS 

Primary Treatment Equipment (1) 

Oil/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Miscellaneous 

22.17566 

29.0w.w 

Sludge Holding Tank (Oil/Water Separator and Sedimentation/CMrification Sludge) (4) 5.500.00 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (16% purchased equipment cost) (5) 

Electrical (10% purchased equipment cost) (5) 

lnstrumentatfon (5% purchased equipment cost) (5) 

lnstailation (assume 46 % purchased equipment cost) (5) 

Treatment Building (20’ X 26’ @ $56/SF) (6) 

Subtotal Direct Capkal Cost 

Constructfon Contingency (26% Subtotal Direct Capital Cost) (7) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capii Cost) 

Engineering Services (10% Total Direct Capital Cost) (6) 

Supervision, Inspection & Overhead (5.5% Total Direct Capital Cost) 

Health and Safety (3% Total Direct Capii Cost) 

Legal (3% Total Direct Capii Cost) 

57.Wo.W 

6.WO.00 

6900.00 

3,000.w 

23,WO.OO 

20,ow.w 

115.666.w 

23.W0.W 

136,666.66 

8,3W.O0 

14,Wo.w 

8,OOO.OO 

4,ooo.oo 

4.ooo.00 

* TOTAL INDIRECT CAPITAL COST 38.300.00 

TOTAL CAPITAL COST (-TREATMENT SYSTEM ONLY) 176,306.60 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “B” 

PRIMARY TREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Primary treatment equipment consists of oil/water separation to remove oil & grease; precfpftation @H Adjustment) 

to precipitate metals (2 stage); coagufatfon/flocculatfon (addition of polymer to create parttcfe floes, assist settling characteristics; 

and sedimentation/clerificatfon for satUiag of suspended solids. 

(2) This system includes a slant rib coalasdng oif&ater separator unit with dense pak for fine oil drop removal, 

oil pump out equipment. effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Freak Timblin (F.H. Tfmblin - rep. for Great Lakes Envfronmentaf). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mfxers, pH chemical metering pumps, pH control module): addition 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer makeup tank mixer, and polymer feed pump). 

Costs based on unft costs obtained for Presque Me Groundwater Treatment System, some adjusted for capacity dfference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Cost for sludge holding tank based on estimated sludge generation of approximately 766 gallons per week (combined from oil/water 

separator and sadimentation/clariffcation), aflowing approximately 2 weeks storage capacity (1,566 gallon tank). 

(5) Costs estimated for piping, electrical. instrumentation, and installation based on estimated percentage of total purchased equipment cost. 

Percentages based on range of suggested values in “Peters & Trmmerhaus - Plant Design and Economics for Chemical Engineers”. 

(6) Cost for treatment building based on costs developed for a similar prokect. where costs were developed in&ding concrete, masonry, 

thermal end moisture protection, wood and plastics, doors, windows B glass, finishes, ventilation and efectrlcaf. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 15 gpm system, assume a treatment 

building of 20’ X 26, approx. 466 SF, Q $5O/SF. 

(7) Construction contingency estimated at 26% of subtotal direct capital costs, based on preliminary costs. ML-HDBK-1010 uses a 5% contingency. 

(8) Engineering services includes site assessments, treatability studies, etc... 
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CAPITAL AND OPERATION b MAINTENANCE COST ESTIMATE 

SCENARIO “B” 

PRIMARY TREATMENT WITH OIUWATER SEPARATION AND METALS REMOVAL 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST ($NEAR) 

Electricity (1) 

Primary Treatment (MixersPumps) 2.clW.Ml 

Building Operation (Power, lights, etc...) 1.29cl.M) 

Materials (pH chemicals, polymer) (2) 

Material Handling 

5.000.w 

Sludge Disposal ($596/pick-up-disposal.26 pick-ups per year) (3) 13.999.6cl 

Operating Labor (4) 

Maintenance labor (4) 

30,99cK@ 

5.600.w 

Sampling Labor (4) 3.wcr.96 

Analytical (Samples) (4) 7.150.00 

Administration (29% labor/25% materials) 9,000.w 

Total Operation & Maintenance 76Jl6’3.W 

O&M COST COMPONENT ASSUMPTIONS 

(1) Electricity costs based on estimated rated horsepower of pumps end mixers assuming 24 hour par day operation, 

365 day per year at $0.0675/kw*hr. Building operation ekrctrical costs based on assumption of $166/month, 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of four 55gal drums each per year (strictly an assumption 

at this point, since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Cost for sludge disposal based on estimated generation of 700 gehons per week sludge (from oil/water separator and sedimentation/ 

clarffication). Sludge will be transferred to a 1,500 gallon holding tank which will provide approxfmately 2 weeks storage. Therefore, 

ft is assumed that based on this low quantity, on-site dewaterfng woukl not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately every 2 weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of S566 per pick-up/disposal. 

(4) Operating Labor for plant assumes 4 hr/day. 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 6 hours per month, at 329.10 per hour. 

Analytical sampling costs based on 26 samples per year, @ $275 per sample for TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 6 hours (including sludge pump out. etc...) 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “B 

Basis: 

Flow = 25 gpm 

PRIMARY TREATMENT WITH OIUWATER SEPARATION AND METALS REMOVAL 

Contaminants of Concern = Metals, Oil&Grease 

ESTIMATED 

CAPITAL COST COMPONENT COST 6) 

DIRECT CAPITAL COSTS 

Primary Treatment Equipment (1) 

Oil/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Miscellaneous 

24.675.00 

40,Wo.00 

Sludge Holding Tank (Oil/Water Separator and Sedimentatlon/Claritication Sludge) (4) 6,500.W 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capff Costs 

Piping (10% purchased equipment cost) (5) 

Electrical (10% purchased equipment cost) (5) 

Instrumentation (5% purchased equipment cost) (5) 

Installation (assume 40 % purchased equipment cost) (5) 

Treatment Building (20’ X 20’ @ $50/SF) (6) 

Subtotal Direct Capital Cost 

Construction Contingency (20% Subtotal Direct Capital Cost) (7) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capkal Cost) 

Engineering Services (10% Total Direct Capkal Cost) (8) 

Supervision, Inspection & Overhead (5.5% Total Direct Capll Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capital Cost) 

71000.00 

7.m.w 

7,Wo.w 

4,Wo.w 

28,WO.W 

20.W0.W 

137.000.00 

27.W0.W 

164000.00 

10,000.w 

16000.00 

9,000.w 

5,Wo.w 

5.Wo.w 

TOTAL INDIRECT CAPITAL COST 45,W0.W 

. TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 209.WO.W 
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CAPITAL AND OPERATION .4 MAINTENANCE COST ESTIMATE 

SCENARIO ‘B 

PRIMARY TREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Primary treatment equipment con&k of oil/water separation to remove oil h grease; precipltatfon @H Adjustment) 

to precipitate metals (2 stage): coagulation/flocculation (addition of polymer to create partfcle floes, assist settffng cfwractedstks; 

and sedimentation/clar&atfon for settling of suspended sofids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine off drop removal, 

oil pump out equipment efffuent pump out equipment and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Timblin (F.H. Timblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module): addition 

of polymer to enhance coagulationflocculation (mix tank with mixer, polymer make-up tank, mfxer, and polymer feed pump). 

Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and rabio of cost indeces for applicable years where nec%sJary. 

(4) Cost for sludge holding tank based on estimated sludge generation of approximately 1206 gallons per week (combined from oil/water 

separator and sedimentation/clad5cation), allowing approximately 1.5 weeks storage capacity (2,CrW gallon tank), 

(5) Costs estimated for piping, electrical, instrumentation, and installation based on estimated percentage of totaf purchased equipment cost. 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemicai Engineers”. 

(6) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass, finishes, ventilation and electdcaf. Total cost for project 

divided by square footage of building design, equal to approximately $56 per square foot of building. For a 25 gpm system, assume a treatment 

building of 20’ X 20’. approx. 406 SF. @ $5o/SF. 

(7) Construction contingency estimated at 20% of subtotal direct capitai costs, based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(6) Engineering services includes site assesmenk, treatabilii studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “B 

PRIMARY TREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

Page 2 of 3 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST M/YEAR) 

Electricity (1) 

Primary Treatment (Mixen,Pumps) 

Treatment 

2,Wo.W 

Building Operation (Power, lights, etc...) 

Materials (pH chemicals, polymer) (2) 

Material Handling 

1,206.oa 

8,200.W 

Sludge Disposal ($5W/pick-up-disposal.36 pick-ups per year) (3) 18,OOO.OO 

Operating Labor (4) 30,Wo.W 

Maintenance Labor (4) 5.6W.W 

Sampling labor (4) 3,000.w 

Analytical (Samples) (4) 7,150.W 

Administration (20% labor/2596 materials) 9.600.00 

Total Operation & Maintenance 85.W0.W 

OPERATION 8 MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Electricity costs based on estimated rated horsepower of pumps and mixers assuming 24 hour per day operation. 

365 day per year at $0.0675/kw*hr. Building operation electrical costs based on assumption of SlW/month. 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of six 55gaf drums per year each (sfdcUy an assumption 

at this point, since specific data is not available to calculate dosage requirements. Costs based on estfmates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Cost for sludge disposal based on estimated generation of 1200 gallons per week sludge (from oil/water separator and sedimentation/ 

clarification). Sludge will be transferred to a 2.WO gallon holding tank, which will provide approximately 1.5 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatertng would not be cost effectwe. This cost assumes that a vacuum truck 

will come to the site approximately 3 times per month, to remove and dispose of sludge. The cost is estimated assuming a cost of $590 per pick-up/disposal. 

(4) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, C@ $275 per sample for TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 16 hours (including sludge pump out, etc...) 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “C 

PRETREATMENT WITH Olt.&VATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Basis: 

Flow = 15 gpm 

Contaminants of Concern = SVOCs. Oil & Grease, Metals, Pesticides 

ESTIMATED 

CAPITAL COST COMPONENT COST (S) 

DIRECT CAPITAL COSTS 

Pretreatment Equipment (1) 

Ok/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Primary Treatment Equipment 

Carbon Adsorbers (16668 units) (4) 

Backwash System (5) 

Miscellaneous 

Sludge Holding Tank (O&Water Separator and Sedimentation/CMficatfon Sludge) (6) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (16% purchased equipment cost) (7) 

Electrical (10% purchased equipment cost) (7) 

lnstrumentatfon (5% purchased aquipment cost) (7) 

Installation (assume 40 % purchased equipment cost) (7) 

Treatment Building (20’ X 26’ Q $5o/SF) (6) 

Subtotal Direct Capii Cost 

Construction Contingency (20% Subtotal Direct Capii Cost) (9) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 12.666.00 

Engineering Services (10% Total Direct Capkal Cost) (10) 2o,ooo.w 

Supervision, Inspection & Ovarhead (5.5% Total Direct Capii Cost) 11,666.w 

Health and Safety (3% Totat Direct Capital Cost) 6.666.06 

Legal (3% Total Direct Capii Cost) 6.666.00 

22.175.66 

29.ooo.00 

1o,lxxl.cKl 

22.ooo.00 

5.566.66 

69.OW.00 

9.ooo.00 

9,ooo.oo 

4.66666 

36.ooo.00 

20,696.00 

167.699.06 

33,400.cNl 

200.400.00 

TOTAL INDIRECT CAPITAL COST 55.c60.00 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 255.40600 



Camp Lejeune 

CT0 0140 

APPENDIX D Page g of 3 

CAPITAL AND OPERATION EL MAINTENANCE COST ESTIMATE 

SCENARIO “C 

PRETREATMENT WITH OILAUATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WlTH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to remove oil (1. grease: precipitation (pH Adjustment) 

to precipitate metals (2 stage): coagulationBocculation (addition of polymer to create particle floes. assist settling characteristics; 

and sedimentation/cltication for settling of suspended solids. 

(2) This system includes a slant rib coalescing oifAvater separator unit with dense pak for fine oil drop removal, 

oil pump out equipment effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Tfmblin (F.H. Tfmblin - rep. for Great takes Envkonmentaf). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addhion 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make-up tank. mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity diierence 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Equipment consists of (2) loo0 pound carbon units operated In series wkh appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that SVOCs and pesticides are present at “low” concentrations less than 0.2 ppm. For flow and this 

concentration, Encotech recommended (2) loo0 pound carbon units in series. 

(5) Backwash system includes service tank (backwash water supply), backwash water collection tank backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 766 gallons per week (combined from oil/water 

separator and sedimentation/clarificatfon). allowing approxfmatefy 2 weeks storage capacity (1.566 gallon tank). 

(7) Costs estimated for piping, electrical, instrumentation, and installation based on estimated percentage of total purchased equipment cc&. 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(8) Cost for treatment building based on costs developed for a similar project, where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics. doors, windows & glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 15 gpm system, assume a beatment 

building of 20’ X 20’, approx. 466 SF, Q $5O/SF. 

(9) Construction contingency estimated at 26% of subtotal direct capita) costs. based on preliminary costs. ML-HDSK-1010 uses a 5% contingency. 

(10) Engineering services includes site assessments, treatabilii studies. etc... 
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CAPITAL AND OPERATION 8, MAINTENANCE COST ESTIMATE 

SCENARIO “C” 

PRETREATMENT WITH OIL/WATER SEPARATION AN0 METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Page 3 of 3 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST 1SNEAR) 

Electricity (1) 

Pretreatment (Miiars.Pumps) 

Treatment 

Primary Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials @H chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal ($5W/pick-up-disposal,26 pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling labor (5) 

Analyticaf (Samples) (5) 

Administration (20% labor/25% materials) 

2.8W.W 

1W.W 

1.2W.W 

5.Wo.W 

480.00 

13.000.w 

30,000.00 

6,400.W 

3.WO.W 

23.4W.W 

9,500.w 

Total Operation & Maintenance 96,W0.W 

O&M COST COMPONENT ASSUMPTIONS 

(1) Electdcity costs based on estimated rated horsepower of pumps and mixers assuming 24 hour per day operation, 

365 day per year at $06675/lov*hr. Building operation electrical costs based on assumption of $lW/month, 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of four 55gal drums each par year (strictly an assumption 

at this point, since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specirically, assume $.60/lb spent carbon 

(reactivation) and $.85/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

1.8 lb/day, for ‘low’ organic stream (c.2 ppm) at 15 gpm. Based on this estimate. and l.WO lb carbon unit carbon would be 

anticipated to last for almost a 1.5 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 7W gallons per week sludge (from oil/water separator and sedimentation/ 

clarification). Sludge will be transferred to a 1,500 gallon holding tank, which will provide approximately 2 weeks storage. Therefore, 

it fs assumed that based on this low quantity, on-site dewatering would not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately every 2 weeks, to ramove and dispose of sludge The cost is estimated assuming a cost of $500 per pick-up/w. 

(5) OperatingLabor for plant assumes 4 hrlday. 266 day per year (excludes weekends). and 628.10 per hour. 

Sampling labor assumes 8 hours par month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, @ $W6 per sample for TCL SVOCs, TCL Pesticides. and TCL Inorganics. 

(Cost par sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 12 hours (including sludge pump out, etc...) 
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CAPITAL AND OPERATION (1. MAINTENANCE COST ESTIMATE 

SCENARIO “C” 

Basis: 

Flow = 25 gpm 

PRETREATMENT WITH OlUWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Contaminants of Concern = SVOCs, Oil&Grease. Metals. Pesticides 

CAPITAL COST COMPONENT 

ESTIMATED 

COST I$) 

DIRECT CAPITAL COSTS 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Primary Treatment Equipment 

Carbon Adsorbers (2699# units) (4) 

Backwash System (5) 

Miscellaneous 

Sludge Holding Tank (Oil/Water Separator and Sedimentation/Clarification Sludge) (6) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (16% purchased equipment cost) (7) 

Electrfoal (10% purchased equipment cost) (7’) 

instrumentation (5% purchased equipment cost) (7) 

Installation (assume 40 % purchased equipment cost) (7) 

Treatment Building (30’ X 36’ @ $sO/SF) (6) 

Subtotal Direct Capital Cost 

Construction Contingency (20% Subtotal Direct Capital Cost) (9) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPfTAL COSTS 

Design Servloes (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct Capital Cost) (IO) 

Supervision. Inspection & Overhead (5.5% Total Direct Capital Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capital Cost) 

24.87596 

40.666.96 

15,cl66.96 

22.ooo.00 

6,503.66 

108.000.00 

1 l.rXlcl.96 

11.ooo.00 

5.6c6.96 

43.ooo.00 

45,ooo.oo 

223996.00 

45,ooo.oo 

266.099.66 

16.ooO.99 

27,ooO.O9 

15.ooo.96 

8,ooo.oo 

8.ooo.00 

TOTAL INDIRECT CAPITAL COST 74.00966 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 342.ooo.00 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “C” 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oifAvater separation to remove oil & grease; precipitation @H Adjustment) 

to precipitate metals (2 stage); coagulation/flocculation (addition of polymer to create particle floes. assist settling characteristics; 

and sedimentation/clarification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 

oil pump out equipment efffuent pump out equipment and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with FrankTimblin (F.H. Timblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module): addition 

of polymer to enhance coagulation/fiocculation (mix tank with mixer, polymer makeup tank, mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque fsle Groundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where nw. 

(4) Equipment consists of (2) 2696 pound carbon unfts operated in series with appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that SVOCs and pesticides are Present at “low” concentrations less than 0.2 ppm. For flow and thii 

concentration, Encotech recommended (2) 2966 pound carbon units in series. 

(5) Backwash system includes service tank (backwash water supply), backwash water collection tank backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Cask based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 1266 gallons per weak (combined from ok/water 

separator and sedimentation/clarification), allowing approximately 1.5 weeks storage capacity (2.900 gallon tank). 

(7) Costs estimated for piping, elactrical, instrumentation, and installation based on estimated percentage of total purchased equipment ccet 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(8) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately 2-59 per square foot of building. For a 25 gpm system, assume atmatment 

building of 30’ X 30’, approx. 960 SF, 8 $5O/SF. 

(9) Construction contingency estimated at 29% of subtotal direct capita) costs, basad on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(10) Engineering services includes site assesmenk. treatability studies, etc... 

Page 2 of 3 - 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “C 

PRETREATMENT WITH OIYWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION &MAINTENANCE COST COMPONENT COST ($/YEAR) 

Electricity (1) 

Pretreatment (MixersPumps) 

Primary Treatment (Backwash Pump) 

Building Operation (Power, lights. etc...) 

Materials @H chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal ($5W/pick-updisposaL pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Anafytical (Samples) (5) 

Administration (20% labor/25% materials) 

2.966.96 

166.96 

2,996.66 

6.200.00 

600.00 

16.669.00 

30.004.00 

11,299.96 

3,699.96 

23,499.96 

10.96690 

Total Operation 8 Maintenance 110.69990 

OPERATION & MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Electrfcity costs based on e&meted rated horsepower of pumps and mtxers assuming 24 hour per day operation, 

365 day per year at $0.9675/kw+hr. Building operation electricaf costs based on assumption of $156/month. 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estfmate of sLx 55gsf drums per year each (skictfy an assumption 

at this point, since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals. adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specificaffy, assume $.66/lb spent carbon 

(reactivation) and $.85ilb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

3.0 lb/day, for “low” organic stream (c.2 ppm) at 25 gpm. Based on thii estimate, and 2.996 lb carbon unit, carbon would be 

anticipated to last for almost a 2 year period. Ten and thirty year periods ware assumed, and reactivation costs and repfacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 1296 gallons per week sludge (from oitiwater separator and sedimentation/ 

clarification). Sludge will be transferred to a 2.000 gallon holding tank. which will provide approdmately 1.5 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatedng would not be cost effective. Thii cost assumes that a vacuum truck 

will come to the site approximately 3 times per month, to remove and diise of sludge. The cost is estimated assuming a cost of $566 Per pick-up/disposal. 

(5) Operating Labor for plant assumes 4 hr/day, 269 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumas 6 hours per month, at $29.10 per hour. 

Analytfcal sampling costs based on 26 samples per year, Q $996 per sample for TCL SVOCs, TCL Pesticides, and TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 16 hours (including sludge pump out. ~CC...) 
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Basis: 

CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “C 

PRETREATMENT WITH OIUWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Flow = 50 gpm 

Contaminants of Concern = SVOCs, Oil&Grease, Metafs. Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST ($1 

Pretreatment Equipment (1) 

Oif/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation&edimentation (Metals Removal) (3) 

Primary Treatment Equipment 

Carbon Adsorbers (ltlCtD9# units) (4) 

Backwash System (5) 

Miscellaneous 

Sludge Holding Tank (Oil/Water Separator and Sedimentatfon/Cfarfficatfon Sludge) (6) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capi Costs 

Piping (19% purchased equipment cost) (7) 

Electrical (10% purchased equipment cost) (7) 

Instrumentation (5% purchased equipment cost) (7) 

lnstaflation (assume 40 % purchased equipment cost) (7) 

Treatment Building (40’ X 40’ Q $59/SF) (6) 

Subtotal Direct Capital Cost 433.000.w 

Construction Contingency (20% Subtotal Direct Caphal Cost) (9) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct Capital Cost) (10) 

Supervision, Inspection & Overhead (5.5% Total Direct Capii Cost) 

Heatth and Safety (3% Total Direct Capii Cost) 

Legal (3% Total Direct Capital Cost) 

TOTAL INDIRECT CAPITAL COST 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 

26.600.00 

61.000.00 

80.ooo.00 

27.600.00 

6,300.W 

214.000.00 

21,999.00 

21.ooo.00 

11.ooo.69 

86,000.W 

80.000.W 

67.000.W 

520,ooo.00 

31.000.w 

52,W0.W 

29,000.W 

16,WO.W 

16,000.W 

144.000.w 

664.0W.W 

--- 
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CAPITAL AND OPERATION 3 MAINTENANCE COST ESTIMATE 

SCENARIO ‘C 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oifAvater separation to remove oil & grease; precipitation @H Adjustment) 

to precipitate metals (2 stage); coaguktion/floccufatfon (addiin of polymer to create particle floes, assist settling characterfstlcs; 

and sedimentation/clarification for settling of suspended solids 

(2) This system includes a slant rib coalescing oil/water separator unit wfth dense pak for fine oil drop removal, 

oil pump out equipment. effluent pump out equipment and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Tlmblin (F.H. Timblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addition 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make-up tank, mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary 

(4) Equipment consists of (2) ICKlgCI pound carbon unik operated in series with appropriate connectfons for influent feed, backwash. etc.. 

Unit size based on assumption that SVOCs and pestfcides are assumed to be present at low” concentrations less than 0.2 ppm. For flow 

and this concentration, Encotech recommended (2) loo00 pound carbon units in series. 

(5) Backwash system includes service tank (backwash water supply), backwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Cosk based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 2366 gallons per week (combined from oif/water 

separator and sedimentation/cktification). allowing approximately 1.3 weeks storage capaclty (3.006 gallon tank). 

(7) Costs estimated for piping, ele-ctrical, instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Tlmmerhaus - Plant Design and Economics for Chemical Engineers’. 

(8) Cost for treatment building based on costs developed for a similar project, where cask were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics. doors, windows & glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 50 gpm system, assume a treatment 

building of 40’ X 40’, approx. 1600 SF, @ $5o/SF. 

(9) Construction contingency estimated at 29% of subtotal direct capital costs, based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(10) Engineering services includes site assessmenk, treatability studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “C’ 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH LIOUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST &YEAR 

Electrfcity (1) 

Pretreatment (Miiers,Pumps) 

Primaw Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (pH chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal ($560/pick-up-disposal,36 pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling labor (5) 

Analytical (Samples) (5) 

Administration (20% labor/25% materfsJs) 

2.360.00 

160.00 

2,666.66 

6200.00 

2.ooo.00 

16.666.00 

30.w6.00 

11.266.rKl 

3.606.00 

23.466.66 

10.900.66 

Total Operation & Maintenance 111,066.66 

OPERATION 6, MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Electdcii costs based on estimated rated horsepower of pumps and mixers assuming 24 hour per day operation, 

365 day per year at $O.O675/kw*hr. Building operatfon electdcal costs based on assumption of $156/month. 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of six 55gal drums each per year (strfdjy an assumption 

at this point since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals. adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specfficafly. assume S.60/lb spent carbon 

(reactivation) and $.65/tb new carbon (for carbon lost durfng reactivation). Carbon exhaustion rate estirnatad by Encotech to be 

6.0 lb/day, for ‘low” organic stream (c.2 ppm) at 56 gpm. Based on this estimate, and 10.066 lb carbon unif carbon would be 

anticipated to last for almost a 4 year period. Ten and thirty year periods were assumed, and reactivation ccek and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 2300 gallons per week sludge (from oil/water separator and sedimentation/ 

clarification). Sludge will be transferred to a 3,OW gallon holding tank, which will provide approximately 1.3 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatering would not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately 3 times per month, to remove and dispose of sludge. The cost is estimated assuming a cost of S566 per pick-up/disposal. 

(5) Operating Labor for plant assumes 4 hrlday, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $26.10 per hour. 

Analytical sampling costs based on 26 samples per year, Q .$!3W per sample for TCL SVOCs. TCL Pestickfes. and TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 16 hours (including sludge pump out etc...) 
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CAPITAL AND OPERADON C MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

Basis: 

Flow = 5 gpm 

PRETREATMENT WITH OIUWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Contaminants of Concern = VOCs, SVOCs, Metak, Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST ($) 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculatfon/Sedimenktion (Metals Removal) (3) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Shipping Unft (4) 

Efffuent Transfer Pumps/Level Controls/Motor Starter (4) 

Secondary Treatment (SVOCs. Pesticides Adsorption) 

Carbon Adsorbers (looO# units) (5) 

Miscellaneous 

6.56600 

15,996.66 

7.4cwxl 

2.000.00 

10.966.66 

Sludge Holding Tank (Oil/Water Separator and Sedimentatfon/Ckrfficatfon Sludge) (6) 4.39wJ9 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Caphal Cosk 

Piping (10% purchased equipment cost) (7) 

Electrfcal (10% purchased equipment cost) (7) 

Instrumentation (5% purchased equipment cost) (7) 

Installation (assume 40 % purchased equipment cost) (7) 

Treatment Building (20’ X 29’ @ $sO/SF) (6) 

Subtotal Direct Capii Cost 

Construction Contingency (20% Subtotal Direct Caphal Cost) (9) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct CapikJ Cost) (10) 

Supervision, Inspection & Overhead (5.5% Total Direct Capii Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capital Cost) 

45,6w.o0 

5,cwJ.96 

5,096.w 

2,660.96 

16,ooO.96 

20.096.00 

95.wo.w 

19.99966 

114.966.66 

6,696.W 

11,400.00 

6,396.oO 

3,499.w 

3.49990 

TOTAL INDIRECT CAPITAL COST 31.36690 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 145.30900 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO ‘D” 

PRETREATMENT WITH OIVWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oifAvater separation to remove oil &grease; precipitation (pH Adjustment) 

to precipitate metals (2 stage); coagulation/flocculation (addition of polymer to create particle floes. assist settling characteristics: 

and sedimentation/cladfication for settling of suspended solids. 

(2) This system indudes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal. 

oil pump out equipment effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Timblin (F.H. Timblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addition 

of polymer to enhance coagulation/ffocculation (mix tank with mixer, polymer makeup tank mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necBsstlly. 

(4) Costs based on 1 low-profile air stripping unit includes blower, trays, lid with exhaust connectfon and demister. and integral 

effluent sump base. Also includes options for effluent transfer pump and controls. Cost not induded for equipment to treat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point fndustrial Area does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from air stripper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 1086 pound carbon unfts operated in series with appropriate connectfons for influent feed, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentmtion VOCs. lower concentration SVOCs, 

pesticides assumed to be present at ‘low” concentrations less than 0.2 ppm. For flow end this concentration, Encotech recommended 

(2) 1000 pound carbon units in series. 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 200 gallons per week (combined from oil/water 

separator and sedimentation/clarification), allowing approximately 4 weeks storage capacity (1.000 gallon tank). 

(7) Costs estimated for piping, elect&al. instrumentation, and installation based on estimated percentage of total purchased equipment cost. 

Percentages based on range of suggested values in “Peters & Timrnerhaus - Plant Design and Economics for Chemical Engineers”. 

(8) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows &glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately 980 per square foot of building. For a 5 gpm system, assume a treatment 

building d 20’ X 29’. approx. 400 SF, @ $WSF. 

(9) Construction contingency estimated at 20% of subtotal direct capital costs, based on preliminary costs. ML-HDBK-1010 uses a 5% contingency. 

(10) Engineering services includes she assessments. treatability studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

PRETREATMENT WITH OILAVATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTfON 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment ConSistS of oil/water separation to remove oil & grease; precipitation (pH Adjus+fnent) 

to precipitate metals (2 stage): coagulation/Rocculation (addiion of polymer to create particle f&s, assist settling character&t&; 

and sedimentatfon/clarffication for settling of suspended solids. 

(2) This system indudes a slant rib coalescing ok/water separator unit with dense pak for ffne oil drop removal, 

oil pump out equipment, effluent pump out equipment. and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank llmblin (F.H. Timblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addiion 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make-up tank, mixer, and potymer feed pump). 

Costs based on unlt costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity diierence 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Costs based on 1 tow-profile air stripping unit includes blower, trays, lid with exhaust connection and dernister. and integral 

effluent sump base. Also includes options for emuent transfer pump and controls. Cost not included for equipment to treat 

vapor phase air emissions. &sting groundwater pump and treat system at Hadnot Point Industrial Area does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from air stripper). Additfon of air emission trestment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 1000 pound carbon units operated in series with appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentration VOCs. lower concentration SVOCs, 

pesticides assumed to be present at “low” concentrations less than 0.2 ppm. For flow end this concentration, Encotech recommended 

(2) 1000 pound carbon units in series. 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle. JC Cleaners). 

(7) Cost for sludge holding tank based on estimated sludge generation ol approximately 700 gallons per week (combined from oil/water 

separator and saclimentation/clarification), allowing approximately 2 weeks storage capacity (1.600 gallon tank). 

(8) Costs estimated for piping, electrfcal, instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters (1 Timmerhaus - Plant Design and Economics for Chemical Engineers’. 

(9) Cost for treatment building based on costs developed for a similar proiect. where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $60 per square foot of building. For a 15 gpm system, assume a treatment 

building of 30’ X 30’. approx. 900 SF, @ $5O/SF. 

(10) Construction contingency estimated at 20% of subtotal direct capital costs, based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(11) Engineering services includes site assessments, treatability studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D 

PRETREATMENT WITH OIVWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST ($/YEAR) 

Electricity (1) 

Pretreatment (MixersPumps) 2,ocKLofl 

Treatment 

Air stripper blower, transfer pump 3,300.oo 

Building Operation (Power, lights, etc...) 1.200.00 

Materials (pH chemicals. polymer) (2) 5.ooo.00 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 166SlCl 

Sludge Disposal ($56Cl/pick-up-disposal,13 pick-ups per year) (4) 6,500.06 

Operating Labor (5) 30,OOO.OO 

Maintenance Labor (5) 6.666.00 

Sampling Labor (5) 3,ooo.oo 

Analytical (Samples) (5) 29.000.00 

Administration (20% labor/25% materlafs) 9,ooo.oo 

Total Operation & Maintenance 95.ooo.00 

O&M COST COMPONENT ASSUMPTIONS: 

(1) Elecbiclty costs based on estimated rated horsepower of air stripper blower. pumps and mixers assuming 24 hour per day operation, 

365 day per year at $06675/kw*hr. Building operation electrical costs based on assumption of $100/month. 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of four 55gal drums per year each (strictly an assumption 

at this point since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specificafly, assume $.6O/lb spent carbon 

(reactivation) and $.85/tb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

0.6 lb/day, for “low organic stream (c.2 ppm) at 5 gpm. Based on this estimate, and l.ooO lb carbon unit. carbon would be 

anticipated to last for almost a 4 year period. Ten and thirty year periods were assumed, and reactivation cask and replacement based on 

an average of changeouk required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 266 gallons per week sludge (from oil/water separator and sedimentation/ 

clarification). Sludge will be transferred to a 1,666 gallon holding tank which will provide approximately 4 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatering woukf not be cost effec+Jve. This cost assumes that a vacuum truck 

will come to the site approximately every four weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of $500 per pick-up/disposal. 

(5) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor sssumes 8 hours per month, at $2910 par hour. 

Analytical sampling costs based on 26 samples per year, C@ $1 .I 10 per sample for TCL VOCs. TCL SVOCs, TCL Pesticides, and TCL Inorgenics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 6 hours (including sludge pump out etc...) 



Camp Lejeune 

CT0 0140 

APPENDIX D 

CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO ‘D” 

Basis: 

PRETREATMENT WITH OIIJWATEA SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON AOSORPTfON 

Page _ of 3 t 

Flow = 15 gpm 

Contaminants of Concern = VOCs, SVOCs, Metals, Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST ($1 

Pretreatment Equipment (1) 

OikWater Separator System (2) 

pH Adjustment/Pofymer Addition-Flocculation/Sedimentatfon (Metals Removal) (3) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Unit (4) 

Effluent Transfer Pumps/Level Controls/Motor Starter (4) 

Secondary Treatment (SVOCs, Pesticides Adsorption) 

Carbon Adsorbers (looO# units) (5) 

Backvfash System (6) 

Miscellaneous 

22.175.00 

29,ooo.oo 

9.800.00 

2.666.00 

10,ooo.00 

22,ooo.oo 

Sludge Holding Tank (Oh/Water Separator and Sedimentation/C Sludge) (7) 5,500.oo 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capff Costs 

Piping (10% purchased equipment cost) (8) 

Electricai (10% purchased equipment cost) (6) 

instrumentation (5% purchased equipment cost) (8) 

Installation (assume 40 % purchased equipment cost) (6) 

Treatment Building (30’ X 30’ @ $5O/SF) (9) 

Subtotal Direct Capii Cost 

Construction Contingency (26% Subtotal Direct Capital Cost) (IO) 

TOTAL DIRECT CAPITAL COST 252909.00 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct Capital Cost) (11) 

Supervision, Inspection &Overhead (5.5% Total Direct Capital Cost) 

Health and Safety (3% Total Direct Capii Cost) 

Legal (3% Total Direct Capital Cost) 

100,ooo.00 

10,666.00 

10,ooo.00 

5,660.96 

40,ooo.00 

45966.00 

210.9c6.96 

42.906.cKl 

15,106.66 

25.c0J.00 

14.90666 

8.ooo.00 

8900.00 

TOTAL INDIRECT CAPITAL COST 70,166.66 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 322.1oo.O6 



Camp Lejeune 

CT0 0140 

APPENDIX D Page&of 3 

CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

PRETREATMENT WITH OILAVATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUIO-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment 9qUiptlWnt CoEhts of oii/water separation to remove oil & grease; precipitation (pH /kfjU&nent) 

to precipitate metals (2 stage): coagulation/flocculation (addition of polymer to create particle floes, assist settling characteristics; 

and sedimentation/ckrification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pah for fine oil drop removal, 

oil pump out equipment effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Tlmblin (F.H. limblin - rep. for Great Lakes Environmental). 

(3) Equipment consisk of twc-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module): addin 

of polymer to enhance coagulatlon/Bocculation (mix tank with mixer, polymer make-up tank, mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque kk Gmundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Costs based on 1 tow-profile ah stripping unit. includes blower, trays, lid with exhaust connection and demlster. and integral 

efffuent sump base. Also includes options for effluent transfer pump and controls. Cost not included for equipment to treat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point Industrial Ares does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from air stripper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 1000 pound carbon unik operated in series with appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentration VOCs, lower concentration SVOCs, 

pesticides assumed to be present at “low” concentrations less than 0.2 ppm. For flow and this concentration, Encokch recommended 

(2) 1000 pound carbon units in series. 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank. backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cyde. Costs based on 

cork developed for other similar groundwater treatment system designs (Presque Isle. JC Cleaners). 

(7) Cost for sludge holding tank based on estimated sludge generation of approximately 700 gallons per week (combined from oil/water 

separator and sedimentation/clarification), allowing approximately 2 weeks storage capacity (1,500 gallon tank). 

(6) Costs estimated for piping, electrical, instrumentation, and instailation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & limmerhaus - Plant Uesign and Economics for Chemical Engineers”. 

(9) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows &glass, finishes, ventilation and dectrical. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 15 gpm system, assume a treatment 

building of 30’ X 30’, approx. 900 SF, Q $SO/SF. 

(10) Construction contingency estimated at 20% of subtotal direct capital costs. based on preliminary costs. MIL-HOBK-1010 uses a 5% contingency. 

(11) Engineering services includes site assessments, treatability studies, etc... 



Camp Lejeune 

CT0 0140 

APPENDIX D 

CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D’ 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRiPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Page 2 of 3 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST ($/YEAR) 

Elactricity (1) 

Pretreatment (Mixers.Pumps) 

Treatment 

Air stripper blower, transfer pump 

Post Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (pH chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal ($5OO/pick-up-disposal,26 pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Analytical (Samples) (5) 

Administration (20% labor/25% materials) 

Total Operation & Maintenance 

2,000.06 

4,260.OO 

1ocl.00 

2.ooo.00 

5,gotLcxl 

480.00 

13.ooo.80 

30,000.68 

8,400.06 

3,000.00 

29,ooo.oo 

9.530.00 

107606.66 

O&M COST COMPONENT ASSUMPTIONS 

(1) Electricity costs based on estimated rated horsepower of air stripper blower, pumps and mixers assuming 24 hour per day operation, 

385 day per year at $06675/kw*hr. Building operation electrical costs based on assumption of $15O/month, 12 months/year. 

(2) Material costs for pH adjustment chamioals and polymers based on estimate of four 55gal drums each per year (strictly an assumption 

at this point. since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specificaffy, assume $.60/lb spent carbon 

(reactivation) and $.85/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

1.8 lb/day, for “low’ organic stream (c.2 ppm) at 15 gpm. Based on this estimate, and 1,ooO lb carbon unit carbon would be 

anticipated to last for almost a 1.5 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 700 gallons per week sludge (from oilfwatar separator and sedimentation/ 

clarification). Sludge will be transferrad to a 1.500 gallon holding tank, which will provide approximately 2 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatering would not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately every 2 weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of $500 per pick-up/disposal. 

(5) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $2810 par hour. 

Sampling labor assumes 8 hours par month, at S2g.10 per hour. 

Arrafytical sampling costs based on 26 samples par year, @ $1.110 per sample for TCL VOCs, TCL SVOCs, TCL Pesticides. and TCL Inorganics 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 12 hours (including sludge pump out etc...) 
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. CAPITAL AND OPERATION 3 MAINTENANCE COST ESTIMATE 

SCENARIO “D’ 

Basis: 

Flow = 25 gpm 

PRETREATMENT WITH Ok/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Contaminants of Concern = VOCs. SVOCs. Metals, Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST (9) 

Pretreatment Equipment (1) 

Oillwater Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Unft (4) 

Efffuent Transfer Pumps/Level Controls/Motor Starter (4) 

Secondary Treatment (SVOCs. Pesticides Adsorption) 

Carbon Adsorbers (2696# units) (5) 

Backwash System (6) 

Miscellaneous 

24,675.M) 

40.666.98 

11.36800 

2.668.68 

15.896.96 

22.ooo.00 

Sludge Holding Tank (Oilwater Separator and Sedimentation/Clarffication Sludge) (7) 6,566.86 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (10% purchased equipment cost) (8) 

Electrical (10% purchased equipment cost) (8) 

lnstrumenta6on (5% purchased equipment cost) (8) 

Installation (assume 40 % purchased equipment cost) (8) 

Treatment Building (30’ X 30’ @ $5O/SF) (9) 

Subtotal Direct Capital Cost 

Construction Contingency (20% Subtotal Direct Capital Cost) (10) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPlTAL COSTS 

Design Services (6% Total Diract Capii Cost) 18,808.oO 

Engineering Services (10% Total Direct Capital Cost) (11) 30906.66 

Supervision, Inspection 5. Overhead (5.5% Total Direct Capital Cost) 16908.08 

Health and Safety (3% Total Direct Capii Cost) 9300.00 

Legal (3% Totat Direct Capital Cost) 9.000.w 

TOTAL INDIRECT CAPITAL COST 82,ooO.06 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 

122.ooO.66 

12.ooo.09 

12.89rl.00 

6,606.66 

49,ooo.oo 

45,660.66 

246,660.86 

49,000.w 

295,ooo.oo 

377.Qoo.oo 

- 



Camp Lejeune 

CT0 0140 

APPENDIX D Page _Zof 3 

CAPITAL AND OPERATION 8 MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(I) Pretreatment equipment consists of oil/water separation to remove oil &grease; precipitation @H Adjustment) 

to precipitate metals (2 stage): coagulatfon/flocculatfon (addition of polymer to create particle floes, assist settling characterfstlcs; 

and sedimentation/&rificatfon for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit wfth dense pak for fine oil drop removal, 

oil pump out equipment, effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Tfmblin (F.H. Tfmblin - rep. for Great lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addition 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make-up tank, mixer, and pofymer feed pump). 

Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capaclty difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Costs based on 1 low-profile air stripping unit includes blower, trays, lid with exhaust connection and demister, and integral 

effluent sump base. Also includes options for efffuent transfer pump and controls. Cost not included for equipment to treat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point lndustrfal Area does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from air shipper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 2ooo pound carbon units operated in serfes with appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentration VOCs. lower concentration SVOCs. 

pesticides assumed to be present at ‘low” concentrations less than 0.2 ppm. For flow and this concentration. Encotech recommended 

(2) 2000 pound carbon units in series. 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(7) Cost for sludge holding tank based on estimated sludge generation of approximately 1290 gallons per week (combined from off/water 

separator and sedimentation/clarification), allowing approxfmately 1.5 weeks storage capacity (2,998 gallon tank). 

(8) Costs estimated for piping, electrical, instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Timmerhaus - plant Design and Economics for Chemical Engineers”. 

(9) Cost for treatment building based on costs developed for a similar project, where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass. finishes, ventilation and electrfcal. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 25 gpm system, assume a treatment 

building of 30’ X 30’. approx. 900 SF, Q $5o/SF. 

(10) Construction contingency estimated at 20% of subtotal direct capital costs, based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(11) Engineering services includes site assesmenk. treatability studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D. 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST (SMEAR) 

Electricity (1) 

Pretreatment (Mixers,Pumps) 

Treatment 

Air stripper blower, transfer pump 

Post Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (pH chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal ($5OO/pick-up-diiposala1.36 pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Analytical (Samples) (5) 

Administration (29% labor/25% materials) 

2.000.W 

4,200.W 

100.00 

2,Wo.w 

8.2W.W 

SW.00 

18.ooo.W 

30.Wo.w 

11.200.00 

3.Wo.w 

29,W0.W 

1O.lW.W 

Total Operation & Maintenance 119.000.w 

OPERATION & MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Efectrfcity costs based on estimated rated horsepower of air stripper blower, pumps and m&en essuming 24 hour per day operation, 

365 day per year at $O.O675/kw*hr. Building operation electrfcal costs based on assumption of $15O/month, 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on astirnate of six 55gal drums per year each (strictfy an assumption 

at this point, since specific data is nol available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by En&h. Specificalty, assume $.6O/lb spent carbon 

(reactivation) and $.65/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

3.0 lb/day, for “loti organic stream (c.2 ppm) at 25 gpm. Based on this estimate, and 2,000 lb carbon unit, carbon would be 

anticipated to last for almost a 2 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouk required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 1200 gallons per week sludge (from oil/water separator and sedimentation/ 

clarification). Sludge will be transferred to a 2.000 gallon holding tank. which will provide approximately 1.5 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatering would not be cost effective. Thii cost assumes that a vacuum truck 

will come to the site approximately 3 times per month, to remove and dispose of sludge. The cost is estimated assuming a cost of $500 per pick-up/diiposaL 

(5) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 6 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, Q $1 ,I 10 per sample for TCL VOCs. TCL SVOCs. TCL Pesticides, and TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 16 houn (including sludge pump out etc...) 
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CAPITAL AND OPERATION 8 MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

Basis: 

Flow = 50 gpm 

PRETREATMENT WlTH OILM’ATER SEPARATlON AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Contaminants of Concern = VOCs. SVOCs. Metak. Pestfcfdes 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST (9) 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

pH Adjustment/Polymer Addition-Floccula8on/Sedfmentatfon (Metals Removal) (3) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Units (4) 

Effluent Transfer Pumps/Level Controls/Motor Star&e (4) 

Secondary Treatment (SVOCs, Pesticides Adsorption) 

Carbon Adsorben (18600% units) (5) 

Backwash System (6) 

Miscellaneous 

Sludge Holding Tank (Oil/Water Separator and Sedirnenta8on/Cladficatfon Sludge) (7) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costa 

Piping (10% purchased equipment cost) (8) 

Electricai (10% purchased equipment cost) (8) 

Instrumentation (5% purchased equipment cost) (8) 

Installation (assume 40 % purchased equipment cost) (8) 

Treatment Building (40’ X 40’ Q 95O/SF) (9) 

Subtotal Direct Capital Cost 473,ow.oo 

Construction Contingency (20% Subtotal Direct Capii Co@ (IO) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Totat Direct Capital Cost) 

Engineering Services (10% Total Direct Capital Cost) (11) 

Supervision, Inspection & Overhead (5.5% Total Direct Capital Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capii Cost) 

26.868.tlC1 

81,000.W 

20.000.w 

4,9cQ.o0 

w,ooo.w 

27.6W.86 

8,300.00 

238.wJ.00 

24,ooO.MI 

24.tlO6.W 

12,9c0.w 

9!5,WO.W 

80,WO.W 

95.0w.w 

588,WO.W 

34,W0.W 

57,ooo.oo 

31,006.00 

17,wo.w 

17.0011.w 

TOTAL INDIRECT CAPITAL COST 156,ooO.oO 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 724,OOO.oO 
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CAPITAL AND OPERATfON 8, MAINTENANCE COST ESTIMATE 

SCENARIO “D’ 

PRETREATMENTWfTfi OIVWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to ramove oil b grease; precipitation @H Adjustment) 

to precipitate metals (2 stage); coagulation/flocculation (addion of polymer to create pattide floes. assist settling characteristics; 

and sedimentation/cfarification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 

oil pump out equipment. effluent pump out equipment. and sludge pump out equipment &st is based on a budgetary quote 

via phone conversation with Frank Timbfin (F.H. Timblin -rep. for Great Lakea Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH controf module); addition 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer make-up tank, mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque Isle Groundwater Treatment System, some adjusted for capacity difference 

using Sff-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Costs based on 2 low-profile air stripping units in series, includes blower, trays, lid with exhaust connection and demister. and integral 

effluent sump base. Also includes options for effluent transfer pump and controfs. Cost not included for equipment to beat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point lndustrfal Area does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from air stripper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 10000 pound carbon units operated in series with spproprfate connections for influent feed, backwash, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentration VOCs. lower concentration SVOCs, 

pesticides assumed to be present at “IoM concentrations less than 0.2 ppm. For flow and this concentration, Encotech recommended 

(2) 10000 pound carbon units in series. 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank. backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(7) Cost for sludge holding tank based on estimated sludge generation of approximatefy 2300 gallons per week (combined from oil/water 

separator and sedimentation/clarification). allowing approximatefy 1.3 weeks storage capacity (3.000 gallon tank& 

(8) Costs estimated for piping, electrical, instrumentation, and installation based on estimated percentage of total purchased equipment cost. 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(9) Cost for treatment building based on costs developed for a similar project. where costs were developed including concrete, masonry. 

thermal and moisture protection, wood and plastics, doors, windows h glass, finishes. ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $60 per square foot of building. For a 60 gpm system. assume a bea!ment 

building of 40’ X 40’, approx. 1600 SF, @ $5O/SF. 

(10) Construction contingency estimated at 20% of subtotal direct capital costs. based on preliminary costs. ML-HDBK-1010 uses a 5% contingency. 

(11) Engineering services includes site assessments. treatabilii studies, etc... 
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CAPITAL AND OPERATION b MAINTENANCE COST ESTIMATE 

SCENARIO “p 

PRETREATMENT WITH OIVWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION 8 MAINTENANCE COST COMPONENT COST ($/YEAR) 

Electricity (1) 

Pretreatment (MixersPumps) 

Treatment 

Air stripper blower, transfer pump 

Post Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (pH chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal (9500/pick-updisposalosa1.36 pick-ups per year) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Analytical (Samples) (5) 

Administration (20% labor/25% materials) 

2.38000 

6,600.OO 

100.00 

2000.00 

8200.00 

2000.00 

18000.00 

30,ooo.00 

II,20000 

3000.00 

28,ooo.oo 

10,100.00 

Total Operation & Maintenance 123.00000 

OPERATION & MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Electricity costs based on estimated rated horsepower of air stripper Mowers, pumps and mixers assuming 24 hour per day operation, 

365 day per year at $00675/kw*hr. Building operation electrical oosts based on assumption of $150/montfr, 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estfmate of sb 55gal drums each per year (sbictfy an assumption 

at this point, since specffic data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibifii study for chemicals. adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provfded by Encotech. Speciticalfy, assume $.60/fb spent carbon 

(reactivation) and $.85/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

6.0 lb/day, for “low” organic stream (c.2 ppm) at 50 gpm. Based on this estimate, and 10,000 lb carbon unit, carbon would be 

anticipated to last for almost a 4 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 2300 gallons per week sludge (from oil/water separator and sedimentation/ 

clarification). Sludge will be transferred to a 3,000 gallon holding tank, which will provide approximately 1.3 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatedng would not be cost effective. This cost assumes that a vacuum buck 

will come to the site approximately 3 times per month, to remove and diipose of sludge. The cost is estimated assuming a cost of 6500 per pick-up/disposal. 

(5) OperatingLabor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $29.10 per hour. 

Anafytical sampling costs based on 26 samples per year, Q $1,110 per sample for TCLVOCs, TCL SVOCs, TCL Pesticides, and TGL Inorganica 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 16 hours (including sludge pump out etc...) 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “IT 

Basis: 

Flow = 196 gpm 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Contaminants of Concern = VOCs. SVOCs. Metals, Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST (3) 

Pretreatment Equipment (1) 

OikWater Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Unfts (4) 

Effluent Transfer Pumps/Level Controls/Motor Starters (4) 

Secondary Treatment (SVOCs. Pesticides Adsorption) 

f3ahon Adsorbers (19690# units) (5) 

Backwash System (6) 

Miscellaneous 

Sludge Dewatering Press and Air Operated Press Feed Pump (7) 

Sludge Holding Tank (Oil/Water Separator and Sedimentation/Cladffcation Sludge) (9) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (10% purchased equipment cost) (9) 

Elect&al (19% purchased equipment cost) (9) 

Instrumentation (5% purchased equipment cost) (9) 

Installation (assume 40 % purchased equipment cost) (9) 

Treatment Building (66’ X 40’ @ $5O/SF) (10) 

Subtotal Direct Capita) Cost 625.000.00 

Construction Contingency (20% Subtotal Direct Capital Cost) (11) 125,0W.W 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 45,000.w 

Engineering Services (19% Total Direct Capital Cost) (12) 75.000.w 

Supervision, Inspection & Overhead (5.5% Total Direct Capital Cost) 41.00a.w 

Health and Safety (3% Total Direct Capital Cost) 23.OOa.w 

Legal (3% Total Direct Capii Cost) 23.W0.W 

29.950.00 

92.000.00 

30.000.00 

4.000.W 

90.ooo.00 

27,600.W 

24,500.W 

8.ooo.00 

306.OOO.w 

31.999.w 

31.99cl.w 

15,000.w 

122.0G0.W 

120,909.w 

750,000.00 

TOTAL INDIRECT CAPITAL COST 207.000.00 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 957,OOO.Oo 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTlMATE 

SCENARIO “D” 

PRETREATMENT WITH OIVWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIDUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to remove oil &grease; precipitation @H Adjustment) 

to precipitate metals (2 stage): coagulation/Tkcculation (addition of polymer to create particle floes, assist settling characteristics; 

and sedimentation/ckrification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pah for fine oil drop removal, 

oil pump out equipment, effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Timblin (F.H. fimblin - rep. for Great lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module): addition 

of polymer to enhance coagulationjflocculation (mix tank with mixer, polymer make-up tank, mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque Isle Qroundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Costs based on 2 low-profile air stripping units in s&es, includes Mower. trays, lid with exhaust connection and demister, and integral 

effluent sump base. Also indudes options for effluent transfer pump and controls. Cost not included for equipment to treat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point Industrial Area does not have air emission 

treatment equipment (i.e. direct discharge to atmosphere from ah stripper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 16666 pound carbon units operated in series with appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that ah stripper will remove majority of high concentration VOCs. lower concentration SVOCs, 

pesticides assumed to be present at “low’ concentrations less than 0.2 ppm. For flow and this concentration, Encotech recommended 

(2) 16666 pound carbon unik in series. 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle. JC Cleaners). 

(7) Capii cost included for on-site sludge dewatering equipment because quantity estimated would justily on-site dewatering as opposed to 

off-site haul and disposal. Capital cost for a dewatering press and ah operated sludge pump is based on cost for HPIA operabk unit groundwter 

treatment system design (60 gpm and 60 mg/L TSS. influent). 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 4666 gallons per week (combined from oil/water 

separator and sedimentation/clarification). Tank sized for 2566 gallons. which would require 2 press runs per week 

(9) Costs estimated for piping, electricat. instrumentation, and installation based on astimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers’. 

(10) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows &glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $56 per square foot of building. For a 100 gpm system, assume a treatment 

building of 60’ X 40’. approx. 2400 SF, Q $56/SF. 

(11) Construction contingency estimated at 26% of subtotal direct capital costs. based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(12) Engineering services includes site assessments, treatability studies, etc... 
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CAPITAL AND OPERATION 8. MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

OPERATION & MAINTENANCE COST COMPONENT 

Electricity (1) 

Pretreatment (MixersPumps) 

Treatment 

Air strfpper blower, transfer pump 

Post Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials @H chemicals, polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal (assume $lW/ton) (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Ar=lyoi-l (Samples) (5) 

Administration (26% labor/25% materials) 

ESTIMATED 

COST (.$/YEAR) 

3,3w.o0 

8.4W.W 

lW.W 

2.4W.W 

16.4W.W 

4,Wo.W 

7,3oo.w 

30,Wo.W 

6,4W.W 

3,OW.W 

29,0W.W 

12,400.W 

Total Operation & Maintenance 125.0w.w 

OPERATION h MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Electricity costs based on estimated rated horsepower of air stripper blowers, pumps and mixers assuming 24 hour per day operation, 

365 day per year at $60675/lov*hr. Building operation electrical costs based on assumption of $2W/month, 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of twelve 55gal drums each per year (strfctly an assumption 

at this point, since specific data is not available to caloulate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specificaliy. assume $.60/tb spent carbon 

(reactivation) and $.65/lb new carbon (for carbon lost during reactivation). Carbon exhaustfon rate estimated by Encotech to be 

12.0 lb/day, for -low” organic stream (x.2 ppm) at 100 gpm. Based on this astirnate. and IO.600 lb carbon unit, carbon would be 

anticipated to last for almost a 2 year period. Tan and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Sludge disposal costs based on estimated sludge filter cake production of 73 ton/year. at a hazardous waste landfill, at $1 W/ton. 

(5) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumas 6 hours per month, at $29.10 par hour. 

Analytical sampling costs based on 26 samples per year, @ $1,110 per sample for TCLVOCs. TCL SVOCs. TCL Pesticides, and TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required 12 hours per month (including sludge dewatering runs, etc...) 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

Basis: 

Flow = 150 gpm 

PRETREATMENT WITH OIVWATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

Contaminants of Concern = VOCs. SVOCs. Metals, Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST 6) 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculation/Sedimentation (Metals Removal) (3) 

Primary Treatment Equipment (VOCs) 

Low Profile Air Stripping Units (4) 

Effluent Transfer Pumps/Level Controts/Motor Starters (4) 

Secondary Treatment (SVOCs. Pesticides Adsorption) 

Carbon Adsorbers (2oaoO# units) (5) 

Backwash System (6) 

Miscellaneous 

36.75600 

117.M)o.96 

45.6cKr.96 

6,ooO.W 

136,ooO.W 

27,699.W 

Sludge Dewaterfng Press and Air Operated Press Feed Pump (7) 24,566.66 

Sludge Holding Tank (Oilwater Separator and Sedimentatlon/Clarfficatfon Sludge) (6) 8,ow.W 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capii Cosk 

Piping (10% purchased equipment cost) (9) 

Electrfcal(l9% purchased equipment cost) (9) 

Instrumentation (5% purchased equipment cost) (9) 

Installation (assume 40 % purchased equipment cost) (9) 

Treatment Building (60’ X 60’ Q $5O/SF) (10) 

Subtotal Direct Capital Cost 

Construction Contingency (26% Subtotal Direct Capll Cost) (11) 

TOTAL DIRECT CAPlTAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct Capital Cost) (12) 

Supervision, Inspection & Overhead (5.5% Total Direct Capital Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capital Cost) 

395,wo.w 

40,966.96 

40.6w.99 

2o.ooo.99 

156,909.66 

160.c03.66 

6a3.ow.w 

167,996.66 

1.9W.ooO.W 

60,OW.W 

1w.DcQ.w 

55.9w.w 

30,WO.W 

30.W0.W 

TOTAL INDIRECT CAPITAL COST 275.000.W 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 1,275PX.W 
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CAPfTAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “U” 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LIGUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to remove oil & grease; precipitation @H Adjustment) 

to precipitate metals (2 stage): coagulation/flocculation (addition of polymer to create particle floes. assist settling characteristics; 

and sedimentation/clarification for settling of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 

oil pump out equipment efffuent pump out equipment, and dudge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Timblin (F.H. Tfmblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of two-stage pH adjustment (2 tanks, mixers. pH chemical metering pumps, pH control module); addition 

of polymer to enhance coagulation/flocculation (mix tank with mixer, polymer makeup tank, mixer, and polymer feed pump). 

Costs based on unit costs obtained for Presque isle Gmundwater Treatment System, some adjusted for capacity difference 

using Six-Tenths Factor Rule and ratio of cost indeces for applicable years where necessary. 

(4) Costs based on 3 low-profile air stripping units in series, includes blower, trays, lid wfth exhaust connection and demister. and integral 

effluent sump base. Also includes options for efffuent transfer pump and controls. Cost not included for equipment to treat 

vapor phase air emissions. Existing groundwater pump and treat system at Hadnot Point lndustrfal Area does not have air emission 

treatment equipment (Le. direct discharge to atmosphere from air stripper). Addition of air emission treatment equipment would 

add significant cost to the overall capital cost of the system. 

(5) Equipment consists of (2) 26666 pound carbon units operated in series wkh appropriate connections for infiuent feed, backwash, etc.. 

Unit size based on assumption that air stripper will remove majority of high concentration VOCs, lower concentration SVOCs, 

pesticides assumed to be present at lo@ concentrations less than 0.2 ppm. For flow and this concentration, Encotech recommended 

(2) 20660 pound carbon units in series. 

(6) Backwash system includes service tank (backwash water supply), backwash water collection tank backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

(7) Capital cost included for on-site sludge dewatering equipment because quartMy estimated would justify on-site dewatering as opposed to 

off -site haul and disposal. Cap&al cost for a dewatering press and air operated sludge pump is based on cost for HPIA operable unit groundwter 

treatment system design (60 gpm and 60 mg/L TSS, influent). 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 7666 gallons per week (combined from oil/water 

separator and sedimentation/clarification). Tank sized for 2566 gallons, which would require 3 press runs per week 

(9) Costs estimated for piping, electrical. instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & limmerhaus - Plant Uesign and Economics for Chemical Engineers”. 

(IO) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows &glass, finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $50 per square foot of building. For a 156 gpm system, assume a treatment 

building of 60’ X 60’. approx. 3666 SF, @ sSO/SF. 

(11) Construction Contingency estimated at 26% of subtotal direct capital costs, based on preliminary costs. MIL-HOBK-1010 uses a 5% contingency. 

(12) Engineering services includes site assessments, treatabilky studies, etc.. 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “D” 

PRETREATMENT WITH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WITH AIR STRIPPING 

AND SECONDARY TREATMENT WITH LKXJID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST (t/YEAR) 

Electrfcity (1) 

Pretreatment (MixersPumps) 

Treatment 

4430.99 

Ah stripper blower, transfer pump 

Post Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (pH chemicals, potymer) (2) 

Material Handling 

12,6OC1.96 

loo.w 

2.496.99 

16.40699 

Carbon Regeneration/Replacement (Post Treatment) (3) 5.1oO.CKl 

Sludge Disposal (assume $lOO/ton) (4) 11.969.99 

Operating Labor (5) 30.969.96 

Maintenance Labor (5) 11.29cl.99 

Sampling Labor (5) 3.96699 

Analytical (Samples) (5) 29.0w.w 

Administration (20% labor/25% materials) 12.940.00 

Total Operation & Maintenance 139.996.99 

OPERATION & MAINTENANCE COST COMPONENT ASSUMPTIONS: 

(1) Electricity costs based on estimated rated horsepower of air stripper blowers, pumps and mixers assuming 24 hour per day operation, 

365 day per year at $09675/kw*hr. Building operation ekctricai costs based on assumption of $2W/month. 12 months/year. 

(2) Material costs for pH adjustment chemicals and polymers based on estimate of twelve 55gal drums each per year (strfctly an assumption 

at this point. since specific data is not available to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specifrcaffy, assume $.69/fb spent carbon 

(reactivation) and $.65/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

16.0 lb/day, for “low organic stream (c.2 ppm) at 159 gpm. Based on this estimate, and 20.996 lb carbon untt, carbon would be 

anticipated to last for almost a 3 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Sludge disposal costs based on estimated sludge filter cake production of 1 IO ton/year, at a hazardous waste landfill, at $1 W/ton. 

(5) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 6 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, Q $1 ,I 10 per sample for TCL VOCs, TCL SVOCs, TCL Pesticides, and TCL Inorganics. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required 16 hours per month (including sludge dewatering runs, etc...) 
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CAPITAL AND OPERATlON E MAMENANCE COST ESllMATE 

SCENARIO W’ 

l&Sk: 

Flow = 200 gpm 

PRETREATMENT WlTH OIVWATER SEPAFMlON AND METALS REMOVAL 

PRIMARY TREATMENT WlTH AR STRIPPING 

AND SECONDARY TREATMENT WlTH UQUID-PHASE CARSON ADSORPTION 

Contaminants of Concern = VOCs, SvoCs, Metals, Pesticides 

Page _ of 3 E 

CAPKAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST (8 

Pretreatment Equipment (1) 

Oil/water Separator System (2) 

pH Adjustment/Polymer Addition-Flocculatlon/Sedlmentation (Metals Removal) (3) 

Primary Treatment Equipment (Vows) 

Low Profile Air Strlpplng Unils (4) 

Effluent Transfer Pumps/Level Controls/Motor Starters (4) 

Secondary Treatment (SVOCs, Pesticides Adsorption) 

Carbon Adsaber (2oooo# unlk) (5) 

Backwash System (6) 

Miscellaneous 

41,500.00 

139.ooO.M) 

6o,ooQ.ou 

6.wo.ou 

13O,Mx).W 

27.6W.W 

Sludge Dew&ring Press and Air Operated Press Feed Pump (7) 24,500.W 

Sludge Holding Tank (OIlMater Separator and Sedimsntatio&ladflcation Sludge) (9) 8,3W.W 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneow Capital C&s 

Plplng (10% purchased equipment cost) (9) 

Electrical (10% purchased equlpmant cost) (9) 

Instrumentation (5% purchased equipment co&J (9) 

Installation (assume 40 % purchased equipment cat) (9) 

Treatment Building (60’ X SO’ @ $5O/sFJ (10) 

Subtotal Direct Capital C& 

Construction Contingency (20% Subtotal Direct Capital Cast) (11) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPKAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering SetvIces (10% Total Direct Capital cost) 

Supervision, Inspection 8 Overhead (5.5% Total Direct Capkal Co@ 

Health and Safety (3% Total Direct Capital Co@ 

Legal (3% Total Direct Capital Cc&) 

43Q.W0.W 

44,W0.W 

44,W0.W 

22,W0.W 

176,ooaW 

180,ooo.w 

905,WO.W 

lSl,GcaW 

l.oSS.ooo.w 

65.Mx1.W 

109.ooo.w 

60,WO.W 

33,0W.W 

33.W0.W 

TOTAL INDIRECT CAPlTAL COST 

TOTAL CAPKAL COST (TREATMENT SYSTEM ONLY) 

W0,OW.W 

1.366,ooo.w 
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CAPITAL AN0 OPERATlON 8. MAINTENANCE COST ESTMATE 

SCENARIO ‘D 

PRETREATMENT WRH OIL/WATER SEPARATION AND METALS REMOVAL 

PRIMARY TREATMENT WRli AIR STRIPPING 

AN0 SECONDARY TREATMENT WlTH UQUIO-PHASE CARSON ADSMPTlON 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to remove 0118 grease; preclpltatlon (PH Adjustmen 

to precipitate metals (2 etage); ooagulationjfkcculation (addition of polymer to create particle Rots, assist settling chemctedstlcs; 

end sedlmentationJclarlfkation for setlilng of suspended solids. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 

011 pump out equipment, effluent pump out equlpmenf end sludge pump out equlpment Cost Is based on a budgetary quote 

via phone conversation with FmnkTimblin (F.H. Timblin - rep. for Great Lakes EnvIronmental). 

(3) Equipment consI& of two-stage pH adjustment (2 tanks, mixers, pH chemical metering pumps, pH control module); addition 

of polymer to enhance coagulatlon/flocculatlon (mix tank with mixer, polymer m&-up tank, mixer, end polymer feed pump). 

Casts based on unk costs obtained for Presque Me Groundwater Treatment Sy&em, some adjusted for capactty diffecence 

using Six-Tenths Factor Rule and ratio of cost lndeces for applicable years where nscessery. 

(4) Costs based on 4 low-profile air stripping units In series, Includes blower, tnys, lid with exhaust connection end demkter, and integral 

effluent sump base. Also Includes options for effluent transfer pump and controls. Cost not included for equipment to vent 

vapor phase air emissions. Existing groundwater pump end treat system et Hednot Point lndustrlal Area does not have air emission 

treatment equipment (i.e. direct discharge to abnosphere from air sttipper). Addition of air emlsslon treatment equipment would 

add significant cost to the overall capital cost of tie system. 

(5) Equlpment consists of (2) 20000 pound carbon units operated In series with appropriate connectJon% for influent feed, backwash, eta.. 

Unit size based on assumption that air stripper will remove mejorBy of high concentration VOCs, lower concentntion SVCCs, 

pesticides assumed to be present at Yaw’ concentrations less then 0.2 ppm. For flow and this concenbation, Encotech recommended 

(2) 20000 pound carbon units In series. 

(6) Backwash system includee setvice tank (backwash water suppiyj, backwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPMBF for a 12 minute cycle. Cc& based on 

costs developed for other similar groundwater treatment system designs (Presque Isle, JC Cleaners). 

off-site haul end disposal. Capital co& for a dewatering press end air operated sludge pump is based on cost for HPIA operable un& gmundwter 

treatment system design (SO gpm end 60 mgR TSS, influent). 

(5) Cat for sludge holding tank based on estimated sludge generatlon of approximateiy 9100 gallons per week (combined from oil&&r 

separator and sedlmentation/clarlfication). Tank sized for 3000 gallons, which would ruqulre 3 press tuns per week 

(g) Costs estimated for piping, electrical, Inetmmentation, end Installation based on e&mated pementags of total purchesed equipment cost 

Percentages based on range of suggested values In ‘Peters 8 Timmerhaus - Plant Design end Economics for Chemical Engineers”. 

(10) Cost for treatment building based on costs developed for a similar proje@ where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows & glass, finishes, ventilation and electrIcal. Total cost for project 

divided by square foatage of bullding design, equal to approximately $50 per square foot of building. For a MO gpm eystem. murne e treatment 

buildlng of 60’ X SO’. epprox. 3600 SF, Q .$5O/SF. 

(11) ConstructIon contingency estimated at 20% of subtotal direct capital costs, based on preliminary costs. hill-HDSK-1010 uses a 5% contingency. 

(12) EngIneerIns services Includes site assessments, treatability etudles. etc.... 
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CAPlTAL AND OPERAllON B MAINTENANCE COST ESTlMATE 

SCENARIO ‘D’ 

PREI-REATMENTWITH Ok/WATER SEPAFIATlON AND METALS REMOVAL 

PAlMARY TREATMENT WlTH AIR STRIPPING 

AND SEWNDAFNTFiEA~ENT WITH UQUID-PHASE CARBON ADSORPllON 

ESTIMATED 

OPERATION B MAlNTENANCE COST COMPONENT -T (SMAW 

Electrlcily (I) 

Pretreatment (MixerqPumps) 4.430.00 

Treatment 

Air stripper blower, transfer pump 16,7So.00 

Post Treatment (Backwash Pump) 100.00 

Building Operation (Power, lights, etc...) 2,400.w 

Materials (pH chemicals, polymer) (2) 18,400.W 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 7,700.oo 

Sludge Disposal (assume $1 W/ton) (4) 13,llw.oo 

Operating Labor (5) 3o,ooo.w 

Maintenance Labor (5) E,4oaW 

Sampling Labor (5) 3,ooaoo 

Awll=J (-Pl=) (5) 29,ow.w 

Admlnlstratlon (m% k&r/25% materials) 12.400.w 

Total Operation 5, Malntenanca 144,0W.w 

(1) Elecbicity costs based on estimated rated horsepower of air stripper blowers, pumps and mixers assuming 24 hour per day operation, 

365 day per year at $0.0675/kw*hr. Bullding operation electrical casts based on assumption of $20Xmonth, 12 monthrlyear. 

(2) Material costs for pH adjustment chamlcaln and polymers based on estimate of hveb 55gal drums each par year (.strlcUy M assumption 

at this point, since specific data is not wallable to calculate dosage requirements. Costs based on estimates from previous 

feasibility study for chemicals, adjusted for year lSg3. 

(3) Carbon regeneration/replacement cost based on estimate pmvlded by Encotech. Specifically, assume $.Wilb spent carbon 

(rea~atlon) and $.55llb new carban @or carbon lost during reactlatlon). Carbon exhaustion rate estimated by Encotech to be 

24.0 lb/day, for ‘I& organic stream (c.2 ppm) at 200 gpm. Based on this astIm&?, and 20,ooO lb carbon unit carbon would be 

antlclpated to last for almost a 2 year period. Ten and thltty year periods were assumed, and reactivation casts and replacement based on 

an average of changeouk required for these two Ume periods. 

(4) Sludge disposal costs based on &mated sludge filter cake production of 131 ton/year, at B. hazardous waste landfill, at $1 W/ton. 

(5) Operating Labor for plant assumes 4 hr/day, 280 day per year (excludes weekends). and $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, @ $1 ,110 per sample for TCL VOCs, TCL SV0C.s. TCL Pesticides, and TCL Inorgwlcs. 

(Cat per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required 12 hours per mati (including sludge dew&ring runs. etc...) 
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CAPITAL AND OPERATION EL MAINTENANCE COST ESTIMATE 

SCENARIO “F’ 

PRETREATMENT WITH OIL/WATER SEPARATION 

PRIMARY TREATMENT WITH UQUID-PHASE CARSON ADSORPTION 

Basis: 

Flow = 15 gpm 

Contaminants of Concern = Oil & Grease, SVOCs, Pesticides 

CAPITAL COST COMPONENT 

DIRECT CAPITAL COSTS 

ESTIMATED 

COST 6) 

Pretreatment Equipment (1) 

Oilmater Separator System (2) 

Primary Treatment Equipment 

Carbon Adsorbers (1996# units) (3) 

Backwash System (4) 

Miscellaneous 

Sludge Holding Tank (Oil/Water Separator and Sedimentation/CMrification Sludge) (5) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capii Costs 

Piping (10% purchased equipment cost) (6) 

Electrical (19% purchased equipment cost) (6) 

Instrumentation (5% purchased equipment cost) (6) 

Installation (assume 40 % purchased equipment cost) (6) 

Treatment Building (20’ X 20’ @ $5O/SP) (7) 

Subtotal Direct Capital Cost 119,9c0.w 

Construction Contingency (20% Subtotal Direct Capkal Cost) (6) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capital Cost) 

Engineering Services (10% Total Direct Capii Cost) (9) 

Supervision, Inspection & Overhead (5.5% Total Direct Capital Cost) 

Health and Safety (3% Total Direct Capital Cost) 

Legal (3% Total Direct Capital Cos9 

22.175.66 

10,966.00 

22.000.w 

5,500.W 

60,WO.W 

6,W0.W 

6,WO.W 

3,Wo.oo 

24,W0.W 

20,ooo.00 

23.8W.W 

142,8W.W 

8.6W.W 

14.Wo.w 

8,W0.W 

4,Wo.w 

4,Wo.w 

TOTAL INDIRECT CAPITAL COST 38,600.W 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 181,4W.W 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “E” 

PRETREATMENT WITH OIUWATER SEPARATION 

PRIMARY TREATMENT WITH LIQUID-PHASE CARSON ADSORPTION 

Basis: 

Flow = 25 gpm 

Contaminants of Concern = Oil & Grease, SVOCs, Pesticides 

ESTIMATE0 

CAPITAL COST COMPONENT COST 6) 

DIRECT CAPITAL COSTS 

Pretreatment Equipment (1) 

Oil/Water Separator System (2) 

Primary Treatment Equipment 

Carbon Adsorbers (2006# units) (3) 

Backwash System (4) 

Miscellaneous 

Sludge Holding Tank (Oil/Water Separator and Sedimentation/Clarification Sludge) (5) 

Purchased Equipment (Subtotal) 

Treatment System Miscellaneous Capital Costs 

Piping (10% purchased equipment cost) (6) 

Electrical (10% purchased equipment cost) (6) 

Instrumentation (5% purchased equipment cost) (6) 

Installation (assume 46 % purchased equipment cost) (6) 

Treatment Building (20’ X 20’ @ $50/M) (7) 

Subtotal Direct Capital Cost 

Construction Contingency (20% Subtotal Direct Capkal Cost) (6) 

TOTAL DIRECT CAPITAL COST 

INDIRECT CAPITAL COSTS 

Design Services (6% Total Direct Capii Cost) 

Engineering Services (10% Total Direct Capital Cost) (9) 

Supervision, Inspection & Overhead (5.5% Total Direct Capkal Cost) 

Health and Safety (3% Total Direct Cap&l Cost) 

Legal (3% Total Direct Capital Cost) 

24,675.00 

15.66066 

22.ooo.00 

6.5C0.00 

66.ooo.00 

7900.00 

7.oco.00 

3,ooo.oo 

27,000.00 

2o.oc@.oo 

132.ooO.00 

26.400.00 

156,400.OO 

9.500.00 

16.ooO.00 

9,ooo.oo 

5.ooo.00 

5,mo.oo 

TOTAL INDIRECT CAPITAL COST 44,m.oo 

TOTAL CAPITAL COST (TREATMENT SYSTEM ONLY) 202.900.00 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “F 

PRETREATMENT WITH OIL/WATER SEPARATION 

PRIMARY TREATMENT WITH LIQUID-PHASE CARSON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment con&k of oil/water separation to remove oil &grease. 

(2) This system includes a slant rib coakscing oil/water separator unit wfth dense pak for fine oil drop removal, 

oil pump out equipment effluent pump out equipment, and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank Tfmblin (F.H. Tfmblin - rep. for Great Lakes Envlronmenkl). 

(3) Equipment consists of (2) 2ooo pound carbon units operated in series wfth appropriate connectfons for influent feed, backwash, etc.. 

Unit size based on assumption that SVOCs and pesticides are present at “tow” concentrations less than 0.2 ppm. For flow and this 

concentration, Encotech recommended (2) 2DMl pound carbon units in series. 

(4) Bach-wash system includes service tank (backwash water supply). backwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Cosk based on 

costs developed for other similar groundwater treatment system designs (Presque Isle. JC Cleeners). 

(6) Cost for sludge holding tank based on estimated sludge generation of approximately 1099 gallons per week (from oilhvater separator) 

A 2ooo gallon tank will allow approximately 2 weeks storage capacity. 

(6) Costs estimated for piping, elechicat, instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(7) Cost for treatment building based on costs developed for a similar project where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics. doors, windows & glass, finishes, ventilation and electdcal. Total cost for project 

divided by square footage of building design, equal to approximately $56 per square foot of building. For a 25 gpm system, assume a treatment 

building of 20’ X 20’. approx. 4W SF, 63 $53/SF. 

(8) Construction contingency estimated at 20% of subtotal direct capital costs. based on preliminary cask. MIL-HDBK-1010 uses a 5% contingency. 

(9) Engineering services includes site assessments. treatability studies, etc... 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “F’ 

PRETREATMENT WITH OIL/WATER SEPARATION 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

OPERATION & MAINTENANCE COST COMPONENT 

Electricity (1) 

Pretreatment (OilMlater Separation System Pumps) 

Treatment 

Primary Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (polymer) (2) 

Material Handling 

Carbon Regeneration/Fteplacement (Post Treatment) (3) 

Sludge Disposal ($5oO/pickupdisposal, 17 pick-ups par year) (4) 

Operating labor (5) 

Maintenance Labor (5) 

Sampling labor (5) 

Analytical (Samples) (5) 

Administration (20% labor/25% materials) 

ESTIMATED 

COST ($/YEAR) 

600.00 

100.00 

1.29cl.96 

1,299.w 

480.00 

8,500.W 

30,000.96 

2,896.96 

3,0W.W 

16,259.00 

7,5w.o0 

Total Operation & Maintenance 72.W0.W 

O&M COST COMPONENT ASSUMPTIONS 

(1) Electricity costs based on estimated rated horsepower of pumps assuming 24 hour per day operation, 

365 day per year at $rXr875/kw*hr. Building operation electrical costs based on assumption of $1 W/month, 12 months/year. 

(2) Material cost for polymer based on estimate of one 55gai drum per year each (strictfy an assumption at this point, since specific 

data is not available to calculate dosage requirements. Cost based on estimates from previous feasibility study for polymer. adjusted for year 1993. 

(3) Carbon regeneratfon/replacement cost based on estimate provided by Encotech. Specifically, assume $.60/lb spent carbon 

(reactivation) and $.85/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encotech to be 

1.8 lb/day, for “loti organic stream (x.2 ppm) at 15 gpm. Based on this estimate, and l,W6 lb carbon unit. carbon would be 

anticipated to last for almost a 1.5 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 560 gallons per week sludge (from oil/water separator) 

Sludge will be transferred to a 1,500 gallon holding tank, which will provide approximately 3 weeks storage. Therefore, 

it is assumed that based on this low quantity. on-site dewatering would not be cost affective. This cost assumes that a vacuum truck 

will come to the site approximately every 3 weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of $5W per pick-up/disposal. 

(5) Operating Labor for plant assumes 4 hr/day, 266 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 8 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, @ $625 per sample for TCL SVOCs and TCL Pesticides. 

(Cost par sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 4 hours (including sludge pump out etc...) 
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CAPITAL AND OPERATION & MAINTENANCE COST ESTIMATE 

SCENARIO “F 

PRETREATMENT WtTH OIUWATER SEPARATtON 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

CAPITAL COST COMPONENT ASSUMPTIONS: 

(1) Pretreatment equipment consists of oil/water separation to remove oil &grease. 

(2) This system includes a slant rib coalescing oil/water separator unit with dense pak for fine oil drop removal, 

oil pump out equipment. effluent pump out equipment and sludge pump out equipment Cost is based on a budgetary quote 

via phone conversation with Frank limblin (F.H. Timblin - rep. for Great Lakes Environmental). 

(3) Equipment consists of (2) 1009 pound carbon units operated in series wfth appropriate connections for influent feed, backwash, etc.. 

Unit size based on assumption that SVOCs and pesticides are present at “low” concentrations less than 0.2 ppm. For flow and this 

concentration, Encotech recommended (2) 1666 pound carbon units in series. 

(4) Backwash system includes service tank (backwash water supply). backwash water collection tank, backwash sludge removal 

pump, and backwash water supply pump. Backwash capacity based on 15 GPM/SF for a 12 minute cycle. Costs based on 

costs developed for other similar groundwater treatment system designs (Presque Isle. JC Cleaners). 

(5) Cost for sludge holding tank based on estimated sludge generation of approxlmatefy 566 gallons per week (from oil/water separator) 

A 1,506 gallon tank will allow approxfmately 3 weeks storage capacfty. 

(6) Costs estimated for piping, electrical, instrumentation, and installation based on estimated percentage of total purchased equipment cost 

Percentages based on range of suggested values in “Peters & Timmerhaus - Plant Design and Economics for Chemical Engineers”. 

(7) Cost for treatment building based on costs developed for a similar project, where costs were developed including concrete, masonry, 

thermal and moisture protection, wood and plastics, doors, windows 81 glass. finishes, ventilation and electrical. Total cost for project 

divided by square footage of building design, equal to approximately $56 per square foot of building. For a 15 gpm system, assume a treatment 

building of 20’ X 20’, approx. 406 SF, Q $5O/SF. 

(8) Construction contingency estimated at 26% of subtotal direct capital costs, based on preliminary costs. MIL-HDBK-1010 uses a 5% contingency. 

(9) Engineering services includes she assessments, treatability studies, etc... 
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CAPITAL AND OPERATION h MAINTENANCE COST ESTIMATE 

SCENARIO “F 

PRETREATMENT WITH OILJWATER SEPARATtON 

PRIMARY TREATMENT WITH LIQUID-PHASE CARBON ADSORPTION 

ESTIMATED 

OPERATION & MAINTENANCE COST COMPONENT COST ($/YEAR) 

Electricity (1) 

Pretreatment (Oil/Water Separation System Pumps) 

Treatment 

Primary Treatment (Backwash Pump) 

Building Operation (Power, lights, etc...) 

Materials (polymer) (2) 

Material Handling 

Carbon Regeneration/Replacement (Post Treatment) (3) 

Sludge Disposal ($500/pick-updisposal, 26 pick-ups per yearj (4) 

Operating Labor (5) 

Maintenance Labor (5) 

Sampling Labor (5) 

Analytical (Samples) (6) 

Administration (20% labor/25% materials) 

600.00 

100.00 

1,200.00 

1,200.W 

600.00 

13.cl6o.00 

30.ooo.00 

2.600.00 

3,ooo.oo 

16,250.OO 

7,600.ocl 

Total Operation & Maintenance 76.000.00 

O&M COST COMPONENT ASSUMPTtONS 

(1) Electricity costs based on estimated rated horsepower of pumps assuming 24 hour per day operation, 

365 day per year at $O.O675/kw*hr. Building operation electrical costs based on assumption of flOO/month. 12 months/year. 

(2) Material cost for polymer based on estimate of one 55gal drum per year each (strictly an assumption at this point, since specific 

data is not available to calculate dosage requirements. Cost based on estimates from previous feasibility study for polymer, adjusted for year 1993. 

(3) Carbon regeneration/replacement cost based on estimate provided by Encotech. Specifically, assume f.6Ojb spent carbon 

(reactivation) and $.65/lb new carbon (for carbon lost during reactivation). Carbon exhaustion rate estimated by Encoteoh to be 

3.0 lb/day, for “loti organic stream (1.2 ppm) at 25 gpm. Based on this estimate. and 2,000 lb carbon unit. carbon would be 

anticipated to last for almost a 2 year period. Ten and thirty year periods were assumed, and reactivation costs and replacement based on 

an average of changeouts required for these two time periods. 

(4) Cost for sludge disposal based on estimated generation of 1000 gallons per week sludge (from oil/water separator) 

Sludge will be transferred to a 2000 gallon holding tank, which will provide approximately 2 weeks storage. Therefore, 

it is assumed that based on this low quantity, on-site dewatering would not be cost effective. This cost assumes that a vacuum truck 

will come to the site approximately every 2 weeks, to remove and dispose of sludge. The cost is estimated assuming a cost of $500 per pick-up/disposal. 

(5) Operating Labor for plant assumes 4 hr/day, 260 day per year (excludes weekends), and $29.10 per hour. 

Sampling labor assumes 6 hours per month, at $29.10 per hour. 

Analytical sampling costs based on 26 samples per year, @ $625 per sample for TCL SVOCs and TCL Pesticides. 

(Cost per sample based on Wadsworth Alert Fee Schedule). 

Maintenance labor assumes heavy maintenance required once per month for 4 hours (including sludge pump out etc...) 

-- _ _-. -.-- 
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