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2 In 1993, Naval Base (NAVBASE) Charleston was added to the list of bases scheduled for 

3 closure as part of the Defense Base Realignment and Closure (BRAC) Act, which regulates 

4 closure and transition of property to the community. The Charleston Naval Complex (CNC) 

5 was formed as a result of the dis-establishment of the Charleston Naval Shipyard and 

6 NAVBASE on April 1, 1996. 

7 CNC Corrective Action (CA) activities are being conducted under the Resource 

8 Conservation and Recovery Act (RCRA); the South Carolina Department of Health and 

9 Environmental Control (SCDHEC) is the lead agency for CA activities at the site. All RCRA 

10 CA activities are performed in accordance with the Final Permit (Permit No. SCO 170 

11 022 560). 

12 In April 2000, CH2M-Jones was awarded a contract to provide environmental investigation 

13 and remediation services at the CNC. This submittal presents a Corrective Measures Study 

14 (CMS) report for Solid Waste Management Unit (SWMV) 196 in Zone H at the CNC. Figure 

15 1-1 presents the location of SWMU 196 within Zone H. Figure 1-2 is an aerial photograph of 

16 the site. 

17 1,1 Corrective Measures Study Report Purpose and Scope 
18 This CMS report evaluates the corrective measure alternatives to address chemicals of 

19 concern (COCs) in the shallow portion of the surficial aquifer at SWMU 196, and develops 

20 the basis for selection of a corrective measure alternative for remediation of contaminated 

21 groundwater at the site. A summary of the COCs for shallow groundwater and the potential 

22 media cleanup standards (MCSs) were included in the Phase III RFI Report Addendum/lM 

23 Completion Report/CMS Work Plan (RFIRA/lMCR/CMSWP), SWMU 196, Zone H, Revision 0 

24 (CH2M-Jones, 2002). This Phase III RFIRA/IMCR/CMSWP also evaluated and refined the 

25 COCS that were identified for SWMU 196 as presented in the Zone H ReRA Facility 

26 Investigation (RFI) Addendum Report, Revision 0 (EnSafe Inc. [EnSafe], 2000). 

27 This CMS report focuses on the known volatile organic compound (VOC) contamination in 

28 the shallow aquifer at SWMU 196. The need to install a deeper monitoring well is currently 

29 being discussed with SCDHEC, and any further RFI or CMS activities related to the deeper 

30 aquifer, if any, would be implemented separately in the future if deeper contamination at 

SWMU196ZHCMSRPTREVO.DOC 1·1 
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the site is identified. Currently, no data indicate that the deeper aquifer at SWMU 196 is 

contaminated. 

1.2 Background Information 

1.2.1 Site History 
SWMU 196 is located in the southern portion of the CNC, on its western border (see Figure 

1-1). Within Zone H,SWMU 196 is located in the southern section of the fonnerpublic 

works storage yard, which includes Building 1838 (see Figure 1-2). Building 1838 was 

constructed in 1979 and is currently leased by the Commissioner of Public Works (CPW) of 

the City of Charleston, South Carolina, for miscellaneous equipment storage. This area was 

fonnerly tidal marsh land and has been filled to its present elevation. The fill area elevation 

declines steeply east of the building toward Shipyard Creek. 

In 1991, an Environmental Compliance Evaluation was conducted at the site. Drums and 

cans containing solvents, paints, acid, and lubricant oil, a potassium chromate tank, and 

transformers were found stored in the storage yard area. Most were corroded and sitting 

directly on the ground between the building and the Shipyard Creek marsh. They were not 

observed on the site in 1993, when an Environmental Baseline Survey (EBS) was conducted. 

1.2.2 Site Investigations 
The former public works storage yard was originally addressed in the Zone H Final RFI 

Report (EnSafel Allen & Hoshall, 1998) as part of the Combined SWMU 9 investigation. In 

October 1994, four temporary monitoring wells were installed in the area that is now 

SWMU 196. Based on the sampling results, three pennanent monitoring wells were installed 

in the northern section of the storage yard. 

In June 1996, a pre-lease Evaluation of Baseline Environmental Conditions (EBEC) was 

conducted by the CPW at the former storage yard. The results from the investigation 

identified contaminant concentrations in groundwater that required further investigation. 

The complete results from the EBEC are available in the Evaluation of Baseline Environmental 

Conditions (General Engineering Laboratories, Inc. [GEL], 1996). 

Revisions were made to the Zone H RFI Report, Revision 0, and a new version was issued in 

1998. As a result of the regulatory review of the Zone H RFI Report, Revision 1 (EnSafel Allen 

& Hoshall, 1998), additional investigations were required at several sites. 

SWMU196ZHCMSRPTREVO.DOC '·2 
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From June 1998 to June 1999, a CMS investigation was conducted for Combined SWMU 9. 

As part of this investigation, additional wells were installed and sampled in the former 

storage yard to delineate groundwater contamination. Based on the results from this CMS 

investigation, it was determined that the former storage area required further investigation. 

Consequently, in September 1999, the area around Building 1838 was identified as SWMU 

196. 

An RFl Addendum was prepared for SWMU 196, including a human health and ecological 

risk assessment, and is documented in the Draft Zone H RFI Report, RFI Addendum, Revision 0 

(EnSafe, 2000). Additional soil and groundwater data were collected as part of this RFl 

Addendum. This report concluded that COCs in surface soils, groundwater, and sediment 

at SWMU 196 should be further evaluated in a CMS. 

Another RFlRA was prepared by CH2M-Jones in 2001. This RFlRA was deSignated as Phase 

II to distinguish it from the prior publication Draft Zone H RFI Report, RFI Addendum 

(EnSafe, 2000). The subject report was entitled the Pluise II RFI Report Addendum, SWMU 

136/AOe 663, AOe 666, SWMU 138/AOe 667, SWMU 17, and SWMU 196 (CH2M-Jones, 

2001). The Phase II RFlRA supported the conclusions of the Draft Zone H RFI Report, RFI 

Addendum. 

1.2.3 Interim Measures 
The BRAC Cleanup Team (BCn agreed to implement an Interim Measure (1M) to remediate 

groundwater that appeared to be a source area for chIorobenzene and the dichlorobenzenes. 

A Phase I 1M Work Plan (IMWP), entitled Pluise I - Source Area Delineation, Interim Measure 

Work Plan, SWMU 196, Zone H, Revision 0 (CH2M-Jones, 2000) was executed in December 

2000 to delineate the extent of chIorobenzene and dichlorobenzenes in groundwater. After 

delineation was completed, CH2M-Jones executed the Phase II IMWP, entitled Pluise II 

Interim Measure Work Plan, SWMU 196, Zone H, Revision 0 (CH2M-Jones, 2001), which 

involved aggressively treating the source of groundwater contamination using in situ 

chemical oxidation with Fenton's reagent. The Phase II 1M consisted of a remediation phase 

which was conducted between November 2001 and July 2002. The 1M Completion Report 

(IMCR) for SWMU 196 was presented as Section 6.0 of the Phase III RFIRA/IMCR/CMSWP. 

The pretreatment data for the Phase II 1M were used to assess the nature- and extent of 

groundwater contamination at SWMU 196; the evaluation of these data, along with other 

components of the RFI, constitutes the Phase III RFIRA for SWMU 196. 

SWMU196ZHCMSRPTAEVO,DOC '·3 
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The data generated during and after the 1M indicate that the three phases of in situ chemical 

oxidation conducted at the site were effective in destroying a significant amount of the 

chlorobenzene and dichlorobenzene contamination. However, the most recent sampling 

event, conducted in December 2002, showed a significant rebound of dissolved-phase VOC 

contamination in some of the wells, indicating that residual pockets of contamination 

remain at the site. The complete analytical data summaries for the groundwater data 

collected in December 2002 are provided in Appendix A. The current plume configuration is 

discussed further in Section 1.4. The potential remediation approaches described in this 

CMS report are intended to address the residual groundwater contamination in the shallow 

aquifer. Appendix B contains the pre- and post-1M groundwater plume configurations for 

the key chlorobenzene and dichlorobenzene contaminants (Figures 6-5 through 6-9 of the 

Phase III RFIRA/CMSWP /IMCR [CH2M-Jones, 2002]). 

13 1.3 Site Hydrogeology 
14 A discussion of the hydrogeology at SWMU 196 was presented in the Zone H RFI Report, 

15 Revision a (EnSafe, 1996) in Section 3.1, and the Zone H RFI Report, RFI Addendum, Revision a 
16 (EnSafe, 1996) in Section 2.4.1. Those discussions are summarized below. 

17 1.3.1 Geological Conditions 
18 Two stratigraphic units are present beneath SWMU 196: the Wando formation and the 

19 Ashley formation. The Wando formation is comprised of an upper sand unit, a marsh clay, 

20 and a lower sand unit. The upper sand is located in the first 15 feet below land surface (ft 

21 bls) depth interval. It is a heterogeneous soil with a mix of clay, some sand, and silt lenses. 

22 The marsh clay, which underlies it, is a sandy, fat, organic-rich unit. The lower sand is 

23 medium to well sorted, and clayey. The Ashley formation lies beneath the Wando formation 

24 and is relatively flat beneath SWMU 196. The Ashley formation consists of a tight, 

25 calcareous, sandy, and clayey silt. Deeper wells located onsite, such as HOO9GW23D, were 

26 installed to the top of this formation. Figure 1-3 shows the top of the Ashley elevation 

27 contours for the SWMU 196 vicinity. 

28 In addition to these stratigraphic units, fill deposits are located in the shallow subsurface at 

29 SWMU 196. Some soil borings at SWMU 196 have identified broken glass in the top 3 ft at 

30 the site, which may be attributed to fill activities. 

SWMUl96ZHCMSRPTREVO.DOC 
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SWMU 196 is adjacent to the west bank of Shipyard Creek's upper reaches. Shipyard Creek 

flows southeastward to the Cooper River, approximately 1.3 miles downstream. Based on 

water level measurements at the site, the creek appears to be a groundwater discharge 

point. 

The shallow aquifer is located in the upper 15 ft at SWMU 196, and conesponds to the 

upper sand unit of the Wando fonnation. This aquifer is under water table, or unconfined, 

conditions. Some tidal influence of the groundwater elevations has been observed. 

Shallow groundwater levels were measured on April 23, 2002 at site monitoring wells. A 

potentiometric map of the April 2002 water levels is presented in Figure 1-4. The average 

hydraulic gradient was approximately 0.005 feet per foot (ft/ft). Groundwater flows to the 

southeast towards Shipyard Creek, which generally corresponds with previous water level 

measurements. 

The marsh clay, which lies below the upper sand unit, acts as an aquitard and limits the 

vertical migration of groundwater into the lower sand unit of the Wando fonnation. This 

organic clay lies between 12 and 15 ft bls, and has an approximate thickness of 5 ft in the 

southwest portion of SWMU 196 and 7 ft in the northeast portion of the site, based on soil 

boring logs (EnSafe, 2000). The lower sand beneath the marsh clay is considered a semi­

confined to confined aquifer. The Ashley fonnation serves as an aquitard beneath this lower 

sand due to its low penneability. 

Based on water levels measured in monitoring wells H009GW23D and HI96GW02D, deep 

groundwater appears to flow to the east (see Figure 1-5). Horizontal gradients, as shown in 

Figure 1-5, and vertical gradients observed between wells H009GW23D and H009GW023 

indicate groundwater flows upward, suggesting that Shipyard Creek is a discharge point for 

deep groundwater flow, as well as shallow groundwater flow at SWMU 196 (EnSafe, 2000). 

26 1.4 Summary of Chemicals of Concern and Current 
27 Groundwater Conditions 
28 A variety of COCs, primarily VOCs, were identified in the shallow groundwater at SWMU 

29 196. Chlorobenzene and dichlorobenzene isomers are present in groundwater in the highest 

30 concentrations at the site. A complete list of the groundwater COCs, along with proposed 

31 MCSs, was previously presented in the Phase III RFIRA/CMSWP /IMCR (CH2M-Jones, 

32 2002). This list is also presented in Section 2.0 of this CMS report. 

SWMU1961HCMSRPTREVO.DOC 1-5 
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1 The IMCR presented in the RFIRA and CMSWP (October 2002) provided 1M results through 

2 September 2002. An additional round of samples was collected in December 2002. Table 1-1 

3 shows the sampling results from the 1M throughout the course of the project, from initiation 

4 in October 2001 through December 2002 (only the target constituents for treatment are 

5 summarized in this table). Figures 1-6 through 1-10 show plume maps of 1,2-

6 dichlorobenzene (1,2-OCB), chlorobenzene, 1,3-DCB, 1,4-DCB, and total chlorobenzenes as 

7 reported for the Phase II-B baseline sampling event, the September 2002 sampling event, 

8 and the December 2002 sampling event. 

9 Observations of the data presented in Table 1-1 and the figures referenced above are 

10 described below: 

11 • Phase II-A Pre-Treatment represents the baseline sampling (Octobel· 2002) event for 

12 Phase II-A, prior to the initial addition of Fenton's reagent at the site (conducted in 

13 November 2002). This phase of the treatment was limited to the central part of the 

14 treatment area for the purpose of conducting a pilot-scale application before installation 

15 of the remainder of the injection network 

16 • Phase II-A Post-Treatment represents the samples collected after the initial treatment 

17 application was completed (December 2002). 

18 • Phase II-B Baseline represents an evaluation of the chlorobenzenes present at the site as 

19 measured with the expanded monitoring grid (February 2002). 

20 • Phase II-B Post-Treatment represents data (April 2002) from the monitoring event 

21 following completion of the Phase II-B injection (completed in February 2002). 

22 • Phase II-C Post-Treatment represents data (September 2002) from the monitoring event 

23 following the final application of Fenton's reagent (conducted in July 2002). 

24 • Post-Treatment 2002 represents data from the monitoring event in December 2002. 

25 Evaluation of the data presented in Table 1-1 shows the greatest amount of removal 

26 reported with the September 2002 monitoring event. These data were collected 

27 approximately 45 days after the completion of the July 2002 final injection activity. The data 

28 collected three months subsequent to the September 2002 monitoring event (December 2002) 

29 showed a rebound of contaminants in the treatment zone. 

30 Several assumptions, described below, were required to construct these time-series maps as 

31 some sampling stations were not sampled with each sampling event: 

SWMUl96ZHCMSRPTAEVO.[)(X '·6 



'~' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

• 

• 

• 

CORRECTIVE MEASURES STUDY REPORT, SWMU 196, ZONE H 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2003 

The Phase II-B sampling event is depicted as the "pre-treatment" data because it had a 

more complete well network in place, as compared to the Phase II-A event. As the Phase 

II-A treatment effort only removed 5 percent of the mass from the treatment zone, the 

Phase II-B concentrations are considered appropriate baseline data for the purposes of 

depicting concentration changes over time. 

MOnitoring well H916GW006 was damaged as part of the last injection event. It was 

assumed the concentrations at this well did not change after the Phase II-B post­

treatment sampling event. This is a valid assumption because rebound was not observed 

in the area of this well, as discussed later. 

The boundary wells, located in the marsh to the east of the treatment grid, were not 

sampled until August 2002. The injection of Fenton's reagent was not expected to impact 

this area. The August 2002 data collected for these wells were assumed to be constant 

throughout the course of the 1M. Without this assumption, the interpretation of the 

extent of contamination would be under-represented. 

15 Evaluation of the figures shows the above-referenced rebound at the site when comparing 

16 the September and December 2002 information. One way to evaluate the long-term 

17 effectiveness of the 1M is to evaluate total chlorobenzenes removed, and compare removal 

18 reported with different sampling efforts. This comparison is depicted in Figure 1-11. 

19 Evaluation of the total chlorobenzenes percent reductions presented in Table 1-1 and Figure 

20 1-11 show the overall mass reduction changed from 82 percent in September 2002 to 57 

21 percent in December 2002. Closer examination of this data shows that the rebound observed 

22 in the overall mass is primarily attributed to several wells. The rebound at 196GW013 alone 

23 accounts for approximately 62 percent of the total rebound reported between September 

24 and December 2002. Monitoring wells 196GW014 and 196GW015 account for another 

25 approximately 26 percent of this rebound. These three wells alone account for 88 percent of 

26 the total rebound. 

27 Monitoring wells that were influenced by the Phase II-A injection event (196GW004, 

28 196GW005, 196GW006, 009GW020, 196GWOI0, 009GEL15, 196GWoo7) have not shown 

29 substantive rebound, indicating the source was effectively removed in this area. 

30 The overall results of the 1M conducted at SWMU 196 show substantive mass removal of 

31 chlorobenzene and dichlorobenzenes, especially in the central portion of the treatment grid. 

32 Though a significant amount of mass has been removed as a result of conducting this 1M, 

33 additional treatment is required to achieve site specific MCSs. 

SWMU196ZHCMSRPTREVO.OOC 1-7 
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The locations where the greatest rebound occurred were specifically targeted in the Phase U­

Band U-C injection applications. The fact that rebound has occurred, despite the focused 

application of treatment reagents in the rebound areas, indicates the practical limit of 

Fenton's reagent has been achieved in these areas of the injection grid. 

1.5 Report Organization 
This CMS report consists of the following sections, including this introductory section: 

1.0 Introduction -Presents the purpose and scope of the CMS, as well as relevant 

background information including site history, site hydrogeology, nature and extent of 

contamination, and overview of the risk assessment presented in the RFI Addendum for 

ZoneR. 

2.0 Remedial Action Objectives and Proposed Media Cleanup Standards -Presents the 

remedial action objectives (RAOs) of this CMS and the criteria used in evaluating the 

corrective measure alternatives for the site. 

3.0 Overall Approach for Evaluating Focused Alternatives for SWMU 196 -Describes the 

alternative development process and presents the detailed evaluation criteria. 

4.0 Description of Candidate Corrective Measure Alternatives -Describes each of the 

candidate corrective measure alternatives for source and plume control at SWMU 196. 

5.0 Detailed Analysis of Corrective Measure Alternatives-Presents a detailed analysis of 

the alternatives developed in Section 4.0. 

6.0 Recommended Corrective Measure Alternative-Describes the preferred corrective 

measure alternative to achieve the MCSs and remedial goal options (RGOs) for source and 

plume control at SWMU 196 based on a comparison of the alternatives. 

7.0 References - Lists the references used in this document. 

Appendix A contains the complete analytical data summary for groundwater samples 

collected at SWMU 196. 

Appendix B contains the pre- and post-1M groundwater plume configurations for the key 

chlorobenzene and dichlorobenzene contaminants (Figures 6-5 through 6-9 of the Phase III 

RFlRA/CMSWP /IMCR [GUM-Jones, 2002]). 

Appendix C contains the calculation of dilution of groundwater in Shipyard Creek. 

SWMUl96ZHCMSRPTREVO.DOC 1-8 
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1 Appendix D contains figures showing the aerobic biodegradation pathway for 

2 chlorobenzene and l,4-dichlorobenzene. 

3 Appendix E contains Iso-Gen™ infonnation. 

4 Appendix F contains the cost estimates for the corrective measure alternatives proposed for 

5 consideration at SWMU 196. 

6 All tables and figures appear at the end of their respective sections. 
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Figure 14 
April 2002 Shallow Groundwater Potentiometric Contours 

SWMU 196, Zone H 
~ Charleston Naval Complex 
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1 2.0 Remedial Action Objectives and Proposed 
2 Media Cleanup Standards 

3 This section discusses the RAOs of this CMS and presents the proposed MCSs for COCS in 

4 groundwater. Once the RAOs and MCSs are established, candidate remedial technologies 

5 and alternatives can be developed to meet these objectives. The following section identifies 

6 the evaluation criteria used in comparing the CMS alternatives. 

7 2.1 Remedial Action Objectives 
8 RAOs are environmental medium-specific goals that are created to protect human health 

9 and the environment by preventing or reducing exposures under current and future land 

10 use conditions. The RAOs identified for the groundwater at SWMU 196 are: 1) to prevent 

11 ingestion and direct/ dermal contact with groundwater having unacceptable carcinogenic or 

12 non-carcinogenic risk, 2) to restore the aquifer to beneficial use, and 3) to control offsite 

13 migration of the cae plume in groundwater to preclude unacceptable impacts to ecological 

14 receptors in Shipyard Creek. 

15 2.2 Remedial Goal Options and Proposed Media Cleanup 
16 Standards 
17 Throughout the process of remediating a hazardous waste site, a risk manager uses a 

18 progression of increasingly acceptable site-specific media levels in considering remedial 

19 alternatives. RGOs and MCSs under RCRA are developed at the end of the risk assessment 

20 in the RFI/Remediallnvestigation (Rl)/State programs. 

21 RGOs can be based on a variety of criteria, such as specific Incremental Lifetime Cancer 

22 Risks (ILCRs) (e.g., 1E-04, 1E-05, or 1E-06), hazard index (HI) levels (e.g., 0.1, 1.0, 3.0), or site 

23 background concentrations. For a particular RGO, specific MCSs can be determined as 

24 target concentration values. Achieving these MCSs is accepted as demonstrating that RGOs 

25 and RAOs have been achieved. Achieving these goals results in the protection of human 

26 health and the environment, while achieving compliance with applicable state and federal 

27 standards. 

SWMU196ZHCMSRPTREVO.OOC ,., 
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2.2.1 Site Selection of Areas A and B at SWMU 196 
Prior to developing MCSs, SWMU 196 was divided into two separate areas. Each area was 

assigned different MCSs, based on the specific RCO for that area. These areas, labeled Areas 

A and B, are depicted in Figure 2-1. Area A includes the portion of the area of groundwater 

contamination at which MCSs are assigned to be protective of human health. This area 

includes the upland portion of the site on which Building 1838 is located, as well as the area 

around and behind the building where VOC-impacted groundwater has been identified. 

Area B is intended to protect surface water quality in Shipyard Creek. This area includes the 

lower-elevation area east of Building 1838 within the tidally impacted boundaries of the 

creek beneath which VOC-impacted groundwater has been identified. Because this area is 

within the creek boundaries, it is expected that no future drinking water wells would be 

installed in this area. 

2.2.2 MeSs Selected for Areas A and B 
For COCs within Area A, prelirninary MCSs were selected from the U.5. Envirorunental 

Protection Agency (EPA) Region III risk-based concentration (RBC) tables (EPA, 2000) and 

established drinking water maximum contaminant levels (MCLs). For COCs within Area B, 

MCSs are based on chronic aquatic saltwater criteria. Table 2-1 contains a summary of 

potential MCSs identified for the various COCs, as was presented in the CMSWP (CH2M­

Jones, 2002). 

As previously indicated, a variety of MCSs can be based on target carcinogenic risk levels 

ranging between 10E-06, lOE-OS, and 10E-04; target HIs ranging between 0.1, 1, and 3; or 

background concentrations. These target MCSs are estimated for industrial or unrestricted 

(i.e., residential) land use. It is also important to specify the assumed land use and exposure 

conditions in the RCOs. For SWMU 196, the future land use is industrial. 

Nineteen compounds (1,2-OCB, 1,2-dichlorethene [1,2-DCE] [total], 1,3-OCB, 1,4-OCB, 1,2,4-

trichlorobenzene [1,2,4-TCB], 2-chlorophenol, acetone, benzene, carbon disulfide, cadmium, 

chlorobenzene, chloroform, dibromochloromethane, methylene chloride, naphthalene, PCE, 

toluene, TCE, and vinyl chloride) were identified as COCs in groundwater at SWMU 196.ln 

Area A, MCLs are the primary MCSs for groundwater RCOs.ln the absence of an MCL, the 

EPA Region III tap water RBCs and CNC background levels were selected as MCSs, with 

target cancer risk ranges between 10E-06 and 10E-04, and HI ranges between 0.1 and 3.0, for 

residential (potable) use. MCLs are applied to public water supply wells, which are typically 

completed in deeper aquifers. Table 2-1 provides a preliminary list of the groundwater RCO 

SWMUl96ZHCMSRPTREVO.DOC 2·2 
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1 values that were presented in the CMSWP portion of the RFIRA/IMCR/CMSWP. MCSs 

2 were selected from this list of RGOs. 

3 For Area A, the following rationale was used to select an MCS: 

4 • For constituents with a promulgated primary MCL, the MCL will be the MCS for that 

5 constituent. 

6 • For constituents without a promulgated MCL (acetone, carbon disulfide, and 2-

7 chlorophenol), the MCS was the value which corresponds to an HI of 3.0. This HI value 

8 was considered protective of human health because the site is, and is projected to 

9 remain, an industrial site. Because the site will be used for industrial purposes, land use 

10 controls (LUCs) can be implemented to prevent installation of potable groundwater 

11 wells. 

12 Table 2-2 presents the proposed MCSs for groundwater for Area A. 

13 The data from the most recent round of groundwater samples, collected from SWMU 196 in 

14 December 2002, are referenced in Table 1-1. Many COCs were not detected, possibly due to 

15 the high concentrations of chlorobenzene and dichlorobenzene isomers reported. 

16 ChIorobenzene and dichlorobenzene were reported in the highest concentrations in SWMU 

17 196. 

18 The remaining COCs were present at concentrations exceeding MCSs at a smaller number of 

19 wells. Two COCs (cadmium and 2-chlorophenol) were only target analytes at wells where 

20 their concentrations previously exceeded screening criteria. In the December 2002 sampling 

21 data, these COCs were not detected above their MCSs for Area A. 

22 For Area B, the following rationale was used to select an MCS: 

23 • Area B represents a marsh-type area that is inundated daily with tidal water. Given this, 

24 it is impractical to consider that this area could be used for installation of a potable 

25 groundwater well. As a result, the MCSs in Area B should be established to prevent 

26 surface water in Shipyard Creek from being contaminated at levels above chronic 

27 saltwater toxicity criteria. 

28 The calculations presented in Appendix C indicate that the initial dilution rate of 

29 groundwater discharging from Area B into Shipyard Creek (within a O.l-ft-deep mixing 

30 zone at the creek bottom) is approximately 0.01 percent, or for every gallon of groundwater 

31 discharged to Shipyard Creek, it is initially diluted by about 10,000 gallons of surface water 

32 in Shipyard Creek. It should be noted that substantial additional dilution occurs quickly 

SWMUl96ZHCMSRPTREVO.DOC 2·3 
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after the initial dilution as the water in the mixing zone is further mixed with the much 

greater volume of surface water that flows through the creek. Based on this initial dilution 

rate, the chronic saltwater criterion presented in Table 2-2 was multiplied by the dilution 

factor (Le., 10,000) to derive an MCS for groundwater in Area B. Basing the MCS on the 

initial dilution that occurs only in the mixing zone is a conservative approach and may over­

estimate potential surface water concentrations from the slow discharge of groundwater 

into Shipyard Creek. For constituents with no chronic saltwater toxicity criteria, no MCS is 

recommended. 

Table 2-2 presents the proposed MCS for groundwater for Area B. None of the VOC 

concentrations measured in groundwater for SWMU 196 exceed any of the MCSs for Area B. 

Therefore, active remediation of groundwater in Area B is not recommended. However, 

corrective measures conducted to address VOC contamination within Area A are expected 

to lead to a decrease in VOC concentrations over time in Area B. 

SWMU196ZHCMSRPTREVO.DOC 24 
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3.0 Overall Approach for Evaluating Focused 
Alternatives for SWMU 196 

3.1 Corrective Measure Alternatives Evaluation Criteria 
According to the RCRA permit issued by SCDHEC (SCDHEC, 1998), corrective measure 

alternatives are evaluated based on the following five criteria: 

1. Protect human health and the environment. 

2. Attain MCSs, which will generally be the RGOs. 

3. Control the source of releases to minimize future releases that may pose a threat to 

human health and the environment. 

4. Comply with applicable standards for the management of wastes generated by remedial 

activities. 

5. Other factors include (a) long-term reliability and effectiveness; (b) reduction in toxicity, 

mobility, or volume of wastes; (c) short-term effectiveness; (d) implementability; and (e) 

cost. 

The five criteria are discussed below: 

3.1.1 Protect Human Health and the Environment 
The alternatives were evaluated on the basis of their ability to protect human health and the 

environment. The ability of an alternative to achieve this criterion mayor may not be 

independent of its ability to achieve the other standards. For example, an alternative may be 

protective of human health, but may not be able to attain the Mess if the MeSs are not 

directly tied to protecting human health. 

3.1.2 Attain MCSs 
The alternatives were evaluated on the basis of their ability to achieve the RGOs defined in 

the eMS Work Plan for SWMU 196 (CH2M-Jones, 2002b). Another aspect of this criterion is 

the time frame to achieve the RGOs. 

3.1.3 Control the Source of Releases 
This standard deals with the control of releases of contamination from the source (the area 

in which the contamination originated). 
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3.1.4 Comply with Applicable Standards for Management of Wastes 
This criterion deals with the management of wastes derived from implementing the 

alternatives; for example, treatment or disposal of well cuttings, contaminated groundwater, 

or excavated material from a source area. 

3.1.5 Other Factors 
Five other factors are to be considered if an alternative is found to meet the four criteria 

described above. These other factors are as follows: 

a. Long-term reliability and effectiveness 

The various alternatives are evaluated on the basis of their reliability, and the 

potential impact should the alternative fail. In other words, a qualitative assessment 

is made as to the chance of the alternative's failing and the consequences of that 

failure. 

b. Reduction in the toxicity, mobility, or volume of wastes 

Alternatives with technologies that reduce the toxicity, mobility, or volume of the 

contamination are generally favored over those that do not. Consequently, a 

qualitative assessment of this factor is performed for each alternative. 

c. Short-term effectiveness 

Alternatives are evaluated on the basis of the risk they create during 

implementation. Factors that may be considered include fire, explosion, and 

exposure of workers to hazardous substances. 

d. Implementatiblity 

The alternatives are evaluated by considering any difficulties associated with 

implementation (such as the construction disturbances they may create), operation of 

the alternatives, and the availability of equipment and resources to implement the 

technologies comprising the alternatives. 

e. Cost 

A net present value of each alternative is developed. These cost estimates are used 

for the relative evaluation of the alternatives, not to bid or budget the work. The 

estimates are based on information available at the time of the CMS and on a 

conceptual design of the alternative. They are "order-of-magnitude" estimates with a 

generally expected accuracy of -30 percent to +50 percent for the scope of action 

described for each alternative. The estimates are categorized into capital costs and 

operations and maintenance costs for each alternative. 
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4.0 Description of Candidate Corrective 
Measure Alternatives 

3 This section presents the identification and description of candidate corrective measure 

4 alternatives for remediation of groundwater at SWMU 196. 

5 4.1 Evaluation Approach 
6 Currently available groundwater remedial technologies were screened for applicability to 

7 contaminants and physical conditions present at SWMU 196; only viable remedial 

8 technologies known for effective treatment of the COCs were selected for consideration. 

9 Detailed analyses of these technologies provide the rationale to support the selection of the 

10 recommended corrective measure alternatives. A detailed analysis of corrective measure 

11 alternatives is presented in Section 4.0 of this report. Each alternative was analyzed using 

12 the evaluation criteria outlined in Section 2.3. 

13 

14 

15 

16 

17 

18 

19 

20 

4.2 Description of Alternatives 
The CMSWP for SWMU 196 (CH2M-Jones, 2002) presented the following as candidate 

technologies for remediation of groundwater at SWMU 196: 

• Land Use Controls (LUCs) 

• Monitored Natural Attenuation (MNA) with LUCs 

• In Situ Chemical Oxidation 

• In Situ Enhanced Biological Treatment 

• Some Combination of the Above 

21 

22 

Based on the above candidate technologies, the following three alternatives were developed 

for evaluation in this CMS: 

23 

24 

25 

26 

27 

Alternative I-MNA with LUCs 

Alternative 2 - In Situ Chemical Oxidation with LUCs 

Alternative 3 - In Situ Enhanced Biological Treatment with LUCs 

LUCs are an integral component of all three alternatives, as none of the candidate 

alternatives alone can immediately reduce contaminant levels to MCSs. 
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4.3 Alternative 1 - Monitored Natural Attenuation with Land 
Use Controls 

Natural attenuation is the reduction of chlorinated volatile organic compound (CVOC) 

concentrations by the natural processes present in the aquifer, including volatilization, 

hydrolysis, dilution, dispersion, adsorption, and biotic and abiotic degradation. The 

collective effect of these processes is termed "natural attenuation. MNA is a careful 

evaluation of natural attenuation mechanisms using monitoring. EPA has issued a Draft 

Final Office of Solid Waste and Emergency Response (OSWER) Directive on Monitored 

Natural Attenuation (EPA, 1998), in which the agency recognizes that MNA is appropriate 

as a remedial approach "where it can be demonstrated capable of achieving a site's remedial 

objectives within a time frame that is reasonable compared to that offered by other methods, 

and where it meets the applicable remedy selection criteria for that particular OSWER 

program." EPA clearly states its expectation that "monitored natural attenuation will be 

most appropriate when used in conjunction with active remediation measures (e.g., source 

control) or as a follow-up to active remediation measures that already have been 

implemented." 

4.3.1 Description of the Alternative 
In general, the MNA alternative consists of three major features: 

• A designed monitoring program; 

• A tracking and data evaluation program; and 

• A contingency response plan in the event that the monitoring indicates downgradient 

migration of dissolved CVOCs. 

Assuming that the source of the contamination is controlled or being treated, it is expected 

that the COC plume would slowly decrease in concentration as a result of natural 

attenuation. Because of the low contaminant migration velocity, declines in concentrations 

from the source control areas may not be seen immediately. Additional contingency 

remedies would be considered if natural attenuation indicates low performance as 

evidenced by non-declining concentrations over time. 

4.3.2 Key Uncertainties 
The key uncertainty for MNA for SWMU 196 is whether sufficient oxygen would be able to 

diffuse into the shallow aquifer to provide adequate electron acceptor for biodegradation. 

Based on available information, the shallow aquifer is generally oxygen-deficient. Thus, 

natural attenuation may take significant time to be effective. 
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4.4 Alternative 2 -In Situ Chemical Oxidation Using Fenton's 
Reagent with Land Use Controls 

Oxidative treatment is advantageous as a remedial technology for chlorinated benzenes and 

ethenes because it is rapid and aggressive. In situ chemical oxidation is achieved by 

delivering chemical oxidants to contaminated media, resulting in the contaminants being 

completely oxidized into carbon dioxide (CO,) or converted into innocuous compounds 

(such as chloride) commonly found in the subsurface. The most widely used oxidants 

include hydrogen peroxide (Fenton's reagent), potassium permanganate, and ozone. 

4.4.1 Description of the Alternative 
For SWMU 196, hydrogen peroxide is the preferred oxidant due to its successful application 

at the site previously and its pressure-delivery method. The chemistry involved is based 

upon Fenton's reagent. Fenton's reagent oxidizes organic contaminants to Co, and water, 

plus chloride (in the case of chlorinated compounds). A detailed description of Fenton's 

reagent chemistry was provided in the IMWP (CH2M-Jones, 2001) for the site. 

During the previous IMs at SWMU 196, in situ chemical oxidation using Fenton's reagent 

was successfully applied. Therefore, the effectiveness of this process has been proven in the 

subsurface environment of SWMU 196. The chemical oxidation delivery method used for 

the IMs was the Geo-Cleanse® Process, which is a patented technology that simultaneously 

injects hydrogen peroxide and trace quantities of metallic salts under pressure to the 

subsurface to destroy organic contaminants in soil and groundwater. U.s. patents 5,525,008 

and 5,611,642 protect the technology. The Geo-Cleanse® Process delivers a calculated charge 

of hydrogen peroxide and catalyst to the contaminated region via specially designed 

injection equipment consisting of mixing heads and subsurface injectors. The injection 

methodology and equipment are the keys to the Geo-Cleanse® Process. 

Typically, multiple applications of this process are required to reduce contaminants to MCSs 

at sites with high levels of organic compounds in groundwater. This was the case with the 

IMs previously implemented at SWMU 196. Given that the MCSs will not likely be achieved 

immediately with this alternative, LUCs will be required to limit access to groundwater at 

the site. 

Even after successive additional applications of chemical oxidation, residual contaminants 

not amendable to treatment by Fenton's reagent could remain in groundwater above MCSs. 

In this event, biological enhancements may be added to the system to promote microbial 

activity, thus reducing contaminant concentrations to levels that achieve the MCSs. For this 
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analysis, it has been assumed that this additional treatment will not be necessary. Rather, it 

would be considered a contingency in the alternative should it be required at some later 

time. 

4.4.2 Key Uncertainties 
The key uncertainty for in situ chemical oxidation is the degree to which rebound in the 

dissolved-phase concentration occurs at some time after implementation of the remedy. 

Rebound may be caused by several factors but is often associated with displacement of the 

dissolved contaminants or residual non-aqueous phase liquid (NAPL), which may continue 

to release dissolved contaminants. The degree to which rebound may occur is difficult or 

impossible to predict. Based on the previous rebound that occurred after implementation of 

the 1M, additional rebound after further in situ chemical oxidation treatment must be 

considered possible. 

4.5 Alternative 3: In Situ Enhanced Biological Treatment with 
Land Use Controls 

In enhanced in situ biodegradation, electron donors, electron acceptors, or nutrients are 

introduced into the subsurface to accelerate the natural breakdown of organic compounds 

in groundwater by indigenous microbial populations. Enhanced biodegradation depends on 

the availability of the appropriate microbes in situ in sufficient quantities to respond to the 

introduction of nutrients at the treatment location. 

4.5.1 Description of the Alternative 
Chlorobenzene and dichlorobenzene, the major COCs present in groundwater at SWMU 

196, are all naturally biodegradable via aerobic biological processes. Research has shown 

that chlorobenzene and dichlorobenzenes may biodegrade aerobically by a mechanism 

(metabolic pathway) similar to that of benzene, via formation of intermediate catechol 

compounds with subsequent ring cleavage and continued biodegradation of subsidiary 

breakdown products. Figures showing an aerobic biodegradation pathway of 

chlorobenzene and lA-dichlorobenzene are provided in Appendix D. These figures are from 

the University of Minnesota Biocatalysis/Biodegradation Database (see Section 6.0 for full 

reference). Other biodegradation pathways may also occur. 

The in situ activity of aerobic microbes can be increased by the addition of dissolved oxygen 

(00) into the site groundwater, stimulating rapid population growth of the microbes, which 

in turn increases the destruction rates of dissolved-phase hydrocarbon contaminants in the 

SWMU196ZHCMSRPTAEVO.DOC 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
'-.• 19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

CORRECTIVE MEASURES STUDY REPORT, SWMU 196, ZONE H 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2003 

groundwater. In some cases, concentrations of other nutrients (such as phosphorus or other 

chemicals) also have to be increased, though many enhanced aerobic biodegradation 

projects have been successful with effective addition of 00 alone. 

For the key COCs at this site (chlorobenzene and dichlorobenzenes), the rate-limiting factor 

for aerobic biodegradation is likely the concentration of 00 in groundwater. The DO 

measured in site wells suggests that DO is generally low in site groundwater. 00 

concentrations in groundwa ter can be increased by a variety of technologies, including air 

sparging, placement of Oxygen Release Compounds in the subsurface or in wells, or other 

methods. 

In order to estimate representative costs for implementing an enhanced in situ 

biodegradation process based on an aerobic biodegradation pathway, a 00 delivery 

technology was selected as a basis for a conceptual approach. The selected 00 delivery 

method is one that delivers high levels of 00 to the groundwater via electrolytic cells 

placed in the wells. This process, referred to as Iso-Gen™ Technology, was developed by 

EnvironmentalH20, Inc. The Iso-Gen™ system also includes a recirculation pump which 

pulls water from the aquifer into the well, forces it through the electrolytic ceil, then back 

into the aquifer through the well screen. The electrolytic cell dissociates site water into 

hydrogen and oxygen. The hydrogen off-gas generated in the process is treated by a Raney 

nickel filter cap placed at the top of the well casing, and the oxygen generated goes into 

solution in the groundwater. A remote master controller unit converts alternating current 

(AC) to direct current (DC), which is used to power the pumps and electrolytic cells. Some 

manufacturer information about the Iso-Gen™ process is included in Appendix E. 

The system can be utilized in existing monitoring wells with diameters of 2 inches or 

greater, or in new wells. Iso-Gen™ uses no chemical additives, does not generate water 

discharge at the surface, has minimal site impacts, requires no treatment area footprint, and 

has minimal operating costs. 

The Iso-Gen™ units require a minimum 10-ft screen length in the wells, and good hydraulic 

connection to the aquifer materials to allow sufficient aquifer DO saturation levels. The 

radius of influence of the Iso-Gen™ system also depends on site-specific aquifer 

characteristics and hydraulic gradients, well characteristics, and horizontal well spacing. 

The typical radius of influence of the Iso-Gen™ system is approximately two times the 

available well screen length. 
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1 Of the 18 monitoring wells at SWMU 196, most have 10-ft screen lengths. It is anticipated 

2 that the current monitoring well system will be adequate to deliver the required oxygen 

3 throughout the contaminated area. 

4 The prevailing water quality conditions in the aquifer will impact the effectiveness of the 

5 Iso-Gen™ system. If conditions are not favorable, scaling and corrosion of the electrolytic 

6 cell, pump, and screen can occur, resulting in downtime and increased operating costs. For 

7 sufficient DO saturation of the aquifer to be attained and maintained, the following aquifer 

8 conditions are preferred: 

9 • Silica < 10 milligrams per liter (mg/L) 

10 • Iron < 50 mg/L 

11 • Total dissolved solids (TDS) < 2,000 mg/L 

12 • Chemical oxygen demand (COD) < 500 mg/L 

13 • Sulfate < 1,000 mg/L 

14 • Chloride < 300 mg/L 

15 • Hardness < 600 mg/L 

16 A review of the available groundwater data for wells at SWMU 196 indicates that most of 

17 the inorganic parameters listed above have not been analyzed for. Given the proximity of 

18 Shipyard Creek to this site, some potential exists for the groundwater to have elevated 

19 levels of TDS and other parameters. Water quality samples should be collected from existing 

20 monitoring wells prior to implementation of this remedy to verify that site conditions are 

21 suitable for use of the Iso-Gen™ system. 

22 Periodic groundwater monitoring will also be required as part of the Iso-Gen™ system 

23 alternative, and LUCs will be required to prevent exposure to groundwater until the MCS is 

24 met. 

25 4.5.2 Key Uncertainties 
26 Key uncertainties for this corrective measure include the potential radius of influence of the 

27 oxygen delivery system and the potential for clogging of the wells over time, with 

28 associated maintenance costs. The uncertainty related to radius of influence can be 

29 addressed by implementing the remedy in a phased manner or pilot testing. The potential 

30 for clogging can be assessed only after a period of operating the system. 
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5.0 Detailed Analysis of Corrective Measure 
Alternatives 

3 This section presents the detailed analysis of corrective measure alternatives for 

4 groundwater at SWMU 196. 

5 5.1 Alternative 1 - Monitored Natural Attenuation with Land 
6 Use Controls 
7 MNA would consist of the periodic monitoring of key monitoring wells at SWMU 196 for 

8 VOCs and selected MNA parameters. Because of the natural reaeration of groundwater that 

9 occurs via diffusion of atmospheric oxygen through the soil, DO is expected to slowly 

10 replenish the DO in groundwater and provide for biodegradation of the VOCs. 

11 The MNA alternative would be implemented in conjunction with a long-term monitoring 

12 plan and source control alternative (which has already been implemented as part of an 1M). 

13 The purpose of the monitoring plan is to monitor plume migration over time and to verify 

14 that natural attenuation is occurring. Assuming that the source of the contamination is 

15 controlled or has been treated, it is expected that the COC plume would slowly decrease in 

16 concentration as a result of natural attenuation. The selection of contingency remedies, in 

17 case natural attenuation indicates low performance, would be an integral part of the plan. 

18 MNA is the easiest alternative to implement and also the least expensive. 

19 The assumptions for Alternative 1 include the following: 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

• 

• 

A basewide LUC Management Plan (LUCMP) will be developed for the CNC. The plan 

will allow for restrictions on the use of groundwater at SWMU 196 and other areas, and 

will be developed outside the scope of this CMS. 

Periodic groundwater monitoring will be performed until results indicate that the 

natural attenuation is considered complete and COC concentrations are below MCLs, 

estimated at approximately 15 to 20 years at this site. Samples will be collected from as 

many as six groundwater wells on an annual basis, and will be analyzed for COCs. 

Selected MNA parameters will be analyzed as needed in the groundwater samples. 

Standard field parameters (DO, ORP, turbidity, temperature) will also be monitored. For 

cost estimating purposes, monitoring will be planned for a 20-year period. 
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5.1.1 Protection of Human Health and the Environment 
This alternative would be effective at protecting human health because it would incorporate 

LUes to prevent the ingestion of and direct contact with groundwater. 

5.1.2 Attain MCS 
This alternative could potentially attain the Mess. However, the most Significant 

contaminants at the site (chlorobenzene and dichlorobenzene isomers) can best be 

attenuated under aerobic conditions. The amount of oxygen in upgradient groundwater is 

expected to be limited and may not be adequate to induce substantive microbial 

degradation. Therefore, the time to achieve MeSs could be longer than typical sites where 

MNA is applied. For the purposes of this alternative, it has been assumed that 20 years 

would be required to achieve MeSs. 

5.1.3 Control the Source of Releases 
There are no ongoing sources of releases at SWMU 196. 

5.1.4 Compliance with Applicable Standards for the Management of Generated 
Wastes 

This alternative would not generate any wastes that require special management. The 

primary generated waste would be purge water from monitoring wells, which could be 

easily managed to applicable standards. 

5.1.5 Other Factors (a) Long-term Reliability and Effectiveness 
This alternative would have adequate long-term reliability and effectiveness, provided that 

adequate oxygen is available in upgradient groundwater to induce aerobic microbial 

degradation. In the event that there is inadequate oxygen to achieve substantive reduction 

in VOCs, additional corrective measures may be considered. 

5.1.6 Other Factors (b) Reduction in the Toxicity, Mobility, or Volume of Wastes 
This alternative relies on natural attenuation to reduce the toxicity, mobility, and volume of 

the contaminants via biodegradation. 

5.1.7 Other Factors (c) Short-term Effectiveness 
Through the implementation of LUes, this alternative would have short-term effectiveness 

in preventing ingestion of or contact with the contaminated groundwater. No significant 

short-term risks would be created using this alternative. 
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1 5.1.8 Other Factors (d) Implementability 
2 Alternative 1 would be easily implemented since it only requires the implementation of 

3 LUCs and an appropriate monitoring program. 

4 5.1.9 Other Factors (e) Cost 
5 Alternative 1 would be the least costly to implement since it requires no construction of 

6 treatment facilities or disposal of wastes. The significant component of cost for this 

7 alternative would be for the collection and analysis of samples during groundwater 

8 monitoring. 

9 Using the assumptions described earlier, the total present value of this alternative is 

10 $113,000. Appendix F presents the overall cost estimate for implementing this remedy. 

11 

12 

13 
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15 
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5.2 Alternative 2 - In Situ Chemical Oxidation Using Fenton's 
Reagent with Land Use Controls 

With the exception of acetone and cadmium, all of the COCs at SWMU 196 are amendable 

to treatment using in situ chemical oxidation via Fenton's reagent. Cadmium was reported 

at a concentration less than the MCS in the last sampling event. Acetone can be removed as 

a result of any temporary aerobic conditions that would remain at SWMU 196 for the 

following months after treatment. 

Application of in situ chemical oxidation for the designated source area would involve 

injection of Fenton's reagent into approximately the same area where the 1M was completed. 

The IM was conducted between October 2001 and July 2002. A detailed discussion of the 1M 

is presented in Section 6.0 of the Phase III RFIRA/1MCR/CMSWP (CH2M-Jones, 2002). 

The existing injection system would be used at the site. This injection system includes 46 

injection wells and 18 monitoring wells. Approximately 300 gallons would be injected per 

location with an anticipated duration of injection of 3 weeks. In situ chemical oxidation with 

its rapid reaction has a short residence time within the environment, creating a potential for 

auxiliary "polish" treatments. Typically, the oxidant remains in the environment for only a 

few hours once injected. As a result, the entire target treatment area could require additional 

polishing. Based on the Significant rebound in dissolved-phase concentrations observed 

since implementation of the IMs using in situ chemical oxidation, it is expected that multiple 

applications would be required to achieve the target MCSs. The cost estimate assumes that 

up to three in situ chemical oxidation injection events would be required the first year 

followed by a "polishing" event annually for each of the following 3 years. 
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5.2.1 Protection of Human Health and the Environment 
This alternative would be effective at protecting human health and the environment because 

it would incorporate LUCs to prevent the ingestion of and direct contact with groundwater 

during the period when groundwater VOC concentrations are greater than the MCS. 

5.2.2 Attain MCS 
This alternative may eventually achieve the MCS, though the time required cannot be 

determined. Three full-scale injections have been completed to date as part of 1M activities. 

Overall, approximately 55 percent of the pretreatment chlorobenzene and dichlorobenzene 

concentrations have been reduced as measured in the dissolved phase. It is possible that a 

greater percentage of the total VOC mass, much of which may have been present as dense 

non-aqueous phase liquid (DNAPL), has also been destroyed. However, the practical extent 

of treatment achievable using this technology may have been achieved already; in this case, 

further applications of oxidant would yield limited permanent reduction in dissolved-phase 

concentrations. 

If this alternative is implemented and does not achieve the MCSs for all constituents, 

additional remedial measures may be warranted. 

5.2.3 Control the Source of Releases 
There are no ongoing sources of releases at SWMU 196. 

5.2.4 Compliance with Applicable Standards for the Management of Generated 
Wastes 

This alternative would not generate any wastes that require special management. The 

primary generated waste would be purge water from monitoring wells, which could be 

easily managed to applicable standards. 

5.2.5 Other Factors (a) Long-term Reliability and Effectiveness 
This alternative would have adequate long-term reliability and effectiveness, provided that 

it is effective in permanently reducing dissolved-phase concentrations. 

5.2.6 Other Factors (b) Reduction in the Toxicity, Mobility, or Volume of Wastes 
This alternative would reduce the toxicity, mobility, and volume of the contaminated 

groundwater via oxidation of the VOCs. 
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1 5.2.7 Other Factors (c) Short-term Effectiveness 
2 Because of the LUCs, this alternative would have short-term effectiveness in preventing 

3 ingestion of or contact with the contaminated groundwater. No unmanageable short-term 

4 hazards would be created during implementation. 

5 5.2.8 Other Factors (d) Implementability 
6 This alternative would be easily implemented. 

7 5.2.9 Other Factors (e) Cost 
8 Appendix F presents the overall cost estimate for implementing this remedy. The total 

9 present value of the alternative is $530,000. 

10 

11 
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5.3 Alternative 3: In Situ Enhanced Biodegradation with Land 
Use Controls 

Most of the COCs at SWMU 196, including chlorobenzene and dichlorobenzenes, are 

amendable to aerobic biological treatment. Those that are not (carbon disulfide, chloroform, 

dibromochloromethane, methylene chloride, and TCE) are present at only one or two wells. 

It is expected that after aerobic treatment is completed, the system would return to its 

natural anaerobic conditions, which would facilitate reduction of these constituents. 

Cadmium, though not amendable to aerobic treatment, was reported at a concentration less 

than the MCS for the December 2002 sampling event. 

EnvironmentaIH20's Iso-Gen 1M process to deliver additional 00 to the aquifer was 

assumed for evaluating this alternative. Existing monitoring wells at the site can be used to 

install the electrolytic cells of the Iso-Gen 1M technology. The installation of several 

additional wells was included in the cost estimate. 

Each Iso-Gen 1M controller can operate up to four oxygen-generating units. For this 

application, it is assumed that two controllers with up to eight oxygen-generating units in 

eight wells would provide an adequate increase in 00 to facilitate accelerated 

biodegradation of the VOCs. The oxygen-generating units would be deployed across the 

VOC plume in a configuration that would achieve as broad an increase in groundwater 00 

as feasible. These units can be relocated during site operations, if necessary, to optimize 

treatment results. 

Because of some uncertainties regarding the radius of influence achievable, it may be 

advisable to install one controller with four oxygen-generating units initially, determine the 
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effective radius of influence, and then confinn the system's applicability for the site. After 

the system is installed and started up, DO measurements in the vicinity of the wells would 

indicate the radius of influence of the system. Changes in VOC concentrations would show 

the effectiveness of the system for its intended purpose. Once the system is optimized, an 

additional controller with additional oxygen-generating units would be installed. 

Operation of the 00 delivery system and groundwater monitoring are assumed to be 

performed for a duration of up to 10 years. Samples would be collected from as many as six 

groundwater wells on an annual basis, and would be analyzed for the COCs. Selected MNA 

parameters would be analyzed as needed in the groundwater samples. Standard field 

parameters (00, ORP, turbidity, temperature) would also be monitored. 

A basewide LUCMP would be developed for the CNC. The plan would allow for 

restrictions on the use of groundwater at SWMU 196 and other areas, and would be 

developed outside the scope of this CMS. 

5.3.1 Protection of Human Health and the Environment 
This alternative would be effective at protecting human health and the environment because 

it would incorporate LUCs to prevent the ingestion of and direct contact with groundwater 

during the period when groundwater VOC concentrations are greater than the MCS. 

5.3.2 Attain MCS 
This alternative would be expected to eventually achieve the MCS, probably within 5 to 10 

years. This alternative includes a contingency in case the MCSs were not achieved for all 

COCs. Biological enhancements would be added to the groundwater to facilitate microbial 

destruction of the remaining COCs. 

5.3.3 Control the Source of Releases 
There are no ongoing sources of releases at SWMU 196. An in situ treatment measure, 

conducted as an 1M, using in situ oxidation, has also been applied to the contaminated area. 

5.3.4 Compliance with Applicable Standards for the Management of Generated 
Wastes 

This alternative would not generate any wastes that require special management. The 

primary generated waste would be purge water from monitoring wells, which could be 

easily managed to applicable standards. 
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1 5.3.5 Other Factors (a) Long-term Reliability and Effectiveness 
2 This alternative would have adequate long-term reliability and effectiveness. 

3 5.3.6 Other Factors (b) Reduction in the Toxicity, Mobility, or Volume of Wastes 
4 This alternative would reduce the toxicity, mobility, and volume of the contaminated 

5 groundwater via biodegradation. 

6 5.3.7 Other Factors (c) Short-term Effectiveness 
7 Because of the LUCs, this alternative would have short-term effectiveness in preventing 

8 ingestion of or contact with the contaminated groundwater. No unmanageable short-term 

9 hazards would be created during implementation. 

10 5.3.8 Other Factors (d) Implementability 
11 This alternative would be easily implemented. 

12 5.3.9 Other Factors (e) Cost 
13 Appendix F presents the overall cost estimate for implementing this remedy. The total 

14 present value of the alternative is $299,000. 

15 5.4 Comparative Ranking of Corrective Measure Alternatives 
16 The overall ability of each corrective measure alternative to meet the evaluation criteria is 

17 described above. In Table 5-1, a comparative evaluation of the degree to which each 

18 alternative meets a particular criterion is presented. Alternative 3, In Siht Enhanced 

19 Biodegradation with LUCs, is the preferred alternative. It provides a protective and reliable 

20 remedy at a cost lower than that of Alternative 2. Although more costly than Alternative 1, it 

21 has a significantly greater probability of succeeding. 
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6.0 Recommended Corrective Measure 
Alternative 

Three corrective measure alternatives were evaluated using the criteria described in Section 

2.0 of this CMS report. These alternatives included: 

Alternative 1 - MNA with LUCs 

Alternative 2 - In Situ Chemical Oxidation with LUCs 

Alternative 3 - In Situ Enhanced Biological Treatment with LUCs 

The RAOs identified for groundwater at SWMU 196 are: 1) to prevent ingestion and 

direct/ dermal contact with groundwater having unacceptable carcinogenic or non­

carcinogenic risk, 2) to restore the aquifer to beneficial use, and 3) to control offsite 

migration of the cae plume in groundwater to preclude unacceptable impacts to ecological 

receptors in Shipyard Creek. Based on the alternatives evaluation and RAOs for the site and 

current uncertainties associated with each alternative, the preferred corrective measure 

alternative is Alternative 3, In Situ Enhanced Biological Treatment with LUCs. 

Alternative 3 would provide protection of human health and the environment by 

maintaining the current and planned future use of the site as industrial/commercial while 

the contaminants degrade to non-toxic end products. LUes would prevent residential and 

other unrestricted land use, including installation of water supply wells, that could expose 

sensitive populations. 

A LUCMP is being developed for the industrial areas of the CNC, and SWMU 196 will be 

added to the plan. The LUCMP will limit future site activities to those that would limit 

exposure to groundwater. Current data indicate that the contaminants are not migrating, 

likely due to in situ natural biodegradation, and are expected to continue to do so. The 

expected reliability of this alternative is good. Should monitoring data indicate that this 

alternative is not as effective as expected, additional measures could be safely implemented. 

Because of uncertainties related to the actual radius of influence achievable for increasing 

the aquifer DO, it is recommended that this remedial alternative be implemented in a 

phased approach. In the first phase, a single controller with up to four oxygen-generating 

units would be installed and operated to determine the optimal system configuration. 

Additional units would then be added as needed to expand the system to address the 

remaining plume. 
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FIGURE 6-5A 
l ,2-Dichlorobenzene Concentrations (Pre-Treatment) 
SWMU 196, Charleston Naval Complex 

10,000 ugiL 

3,000 ugiL 

1,000 ugiL 

300 ugiL 

100 ugiL 

30 mglL 

10 ugiL 

3 uglL 

1 ugiL 

FIGURE 6-58 
l,2-Dichlorobenzene Concentralions (PosHrealment) 
SWMU 196, Charleston Naval Complex 

10,000 ugiL 

3,000 ugiL 

1,000 ugiL 
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FIGURE6·6A 
Chlorobenzene Concentrations (Pre·Treatment) 
SWMU 196, Charleston Naval Complex 

r-1 UI\,U ug/L 

FIGURE 6·68 
Chlorobenzene Concentrations (Post·Trealment) 

SWMU 196, Charleston Naval Complex 

10,000 ug/L 

3,000 ug/L 

r-1 1.0110 ug/L 

SWMUI96ZHRFtRACMSWPi1EVO.DOC 

RFt REPORT ADDENDU_ COMPlETION REPORTICMS \\QRI( PlAN, SWMU 196, ZONE E 
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REVISION 0 
NOVEMBER 2002 
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FIGURE 6-7A 
1,4-Dichlorobenzene Concentrations (Pre-Treatment) 
SWMU 196, Charleston Naval Complex 

r-1 1.0Il0 ug/L 

FIGURE 6·78 
1,4-Dichlorobenzene Concentrations (Post-Treatment) 
SWMU 196, Charleston Naval Complex 

10,000 ug/L 

3,000 ug/L 

" '.UI'U ug/L 
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FIGURE6-8A 
1 ,3-Dichlorobenzene Concentrations (Pre-Treatment) 
SWMU 196, Charleston Naval Complex 

10,000 ugiL 

3,000 ugiL 

1,000 uglL 

300 ugiL 

100 ugiL 

30 mglL 

10 ugiL 

3uglL 

1 ugiL 

FIGURE6-8B 
1 ,3-Dichlorobenzene Concentrations (Post-Treatment) 
SWMU 196, Charleston Naval Complex 

10,000 ug/L 

3,000 ugiL 

r-1 1.UIJU ugiL 

SWMU196ZHRFIRACMSWPHEVO.DOC 

RFI REPORT ADDENDUMnM COMPlETION REPORT/CMS WORK PlAN, SWMU 196, ZONE E 
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FIGURE 6·9A 
Total Chlorobenzenes Concentrations (Pre·Treatment) 
SWMU 196, Charleston Naval Complex 

SO,OOO ugiL 

r-I <U,UUU ugiL 

...-"u .. UUU ugiL 

FIGURE 6·98 

RFI REPOflT ADoENoLWt.4 COMPlETION REPORTIa.lS WORK PlAN, SWMU 196, ZONE E 
CHARLESTON NAVAl COMPlEX 

REVSlONO 
NCVEMBER 2002 

Total Chlorobenzenes Concentrations (Post·Treatment) 
SWMU 196, Charleston Naval Complex 
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APPENDIXC 

Calculation of Dilution of Groundwater In 
Shipyard Creek 

As groundwater from the SWMU 196 area slowly seeps into Shipyard Creek, it immediately 
undergoes significant dilution with surface water in the creek. The initial dilution occurs 
near the creek bottom, where surface water mixes with the emerging groundwater due to 
advective and dispersive forces. This initial mixing is often conceptualized as a mixing zone. 
The degree of dilution within a mixing zone of this type is significant, on the order of many 
thousand-fold. 

Additional further mixing and dilution occurs as the mixed surface water/groundwater 
within the mixing zone is diluted by the larger flow of surface water within the creek, which 
is driven by tidal forces. This additional mixing provides another many thousand-fold 
dilution such that groundwater seeping into the creek is very quickly indistinguishable from 
the bulk surface water and concentrations of chemicals in the groundwater are quickly 
diluted. 

In order to assess potentially applicable target media cleanup standards for the portion of 
the VOC plume in groundwater beneath the tidally influenced boundaries of Shipyard 
Creek, an initial dilution attenuation factor (DAF) for SWMU 196 was calculated between 
the shallow groundwater and surface water interface of Shipyard Creek within an initial 
mixing zone. The mixing zone would include a volume of surface water contiguous to the 
groundwater discharge where initial dilution of the discharge takes place. The DAF was 
calculated as a ratio of groundwater discharge into the mixing zone to the surface water 
discharge or flux through the mixing zone. Dilution is assumed to be instantaneous. 

The groundwater flux into the mixing zone was calculated using site specific porosity and 
the darcy velocity based on parameters listed in Zone H RFI report. A unit area of 1 ft2 was 
assumed. The surface water flux into the mixing zone is assumed to be equal to the velocity 
at the bottom of the creek times the depth of the mixing zone (0.1 ft). A small thickness was 
selected to be conservative. Surface water flux parameters for Shipyard Creek are based on 
data from the Zone J RFI Storm Water Effluent Evaluation Report. All input parameters are 
summarized in Table C-l. 

The estimated dilution is 0.009 percent. Thus, the groundwater seeping into the bottom of 
Shipyard Creek would be expected to be immediately diluted to 0.009 percent of its original 
concentration. Expressed another way, each gallon of groundwater seeping into the creek 
would be expected to be immediately diluted with approximately 11,000 gallons of surface 
water. Additional dilution with the bulk surface water in the creek would then occur very 
quickly. 

APP C SY CREEK DlllJTlON.OOC c·, 



APPENDIX C: CMS REPORT, SWMU 196, ZONE H 

TABLEC-1 
Summary of Dilution Attenuation Factor Input Parameters 
Corrective Measures Study Report, SWMU 196, Zone H, Charleston Naval Complex 

Parameter Value Unit Assumption 

Groundwater' 

Groundwater Flow Velocity 0.005 fIIday K = 1 fIIday; hydraulic gradient = 0.005 fIIft 

Porosity 0.37 

Darcy Velocity 0.014 fIIday 

Unit Area Groundwater 1.56E-07 ft'/s 
Discharge 

Surface Water b 

Average Velocity 0.05 fils Shipyard Creek entrance channel 

Velocity at Bottom of Creek 0.017 fils Assume 1/3 of Average Velocity 

Thickness of mixing zone 0.1 ft Conservative Estimate 

Width of Mixing Zone ft Estimate 

Length of Mixing zone ft Estimate 

Discharge into Mixing Zone 1.67E-03 ft'/s Bottom Velocity 'Depth 

"T 

Instantaneous Dilution 0.009 Percent 
Flow (groundwater) I Flow(river) in 
mixing zone 

• Zone H RFI Report, Revision 0, EnSafe, 1996 
b Zone J RFI Storm Water Effluent Evaluation Report, Revision 0, September 2002 
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APPENDIX D: AEROBIC BIODEGRADATION PATHWAYS FOR CHLOROBENZENE AND 1,4-DICHlOROBENZENE 

o I Chlorobenzene I 
~CI 

FIGURE D-l 

\ I chlorobenzene diollJ/llenose I 

Cc" """'"''-'~-''.'"''' 
\ 

Cg -1,2-dihydrobenzene-1,2-diol dehydrogenase 

OH 

~OH 
lvJlCI 

3-Chiorocatechol 

\ I cotechol1,2-diollJ/llenose I 

COO-a-
1....-:: 12-ChlorO~C;S.Cis-muconate 

CI ! I chloromueonote CJ/Cloisomerose I 

-OO~O trans -4-Carboxymethylene­
bul-2-en-4-olide 

_ /1 dieneloctone hydrolase I 

YI-
~ m:eylace1ote reductase I 

y/COOCOO-,-___ --, 

3-Oxoadipate 

o 

Aerobic Biodegradation Pathway of Chlorobenzene 
Source: The University of Minnesota BiocatalysislBiodegradation Database. 
htto:llumbbd.ahc.umn.edu (March 11.20031. 
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APPENDIX D: AEROBIC BIODEGRADATION PATHWAYS FOR CHLOROBENZENE AND 1,4-DICHlOROBENZENE 

Cl 

Il,4-Dichlorobenzene I 

3,6-Dichloro-cis-
1,2-dihydroxycyclohe>:a-
3,5-diene 

Cl 

"/'~H 
. OH 
''''''H chlorobenzene cis'-dihydroiliol 

~~genase 

~ Cl 

OH 

13,6-DichiorocatE 
OH 

chloromuconare ~ COO-

coo-
12,5-Dichloro-cis,cis-muconatel 

Cl 

FIGURED-2 
Aerobic Biodegradation Pathway of 1,4-Dichlorobenzene 
Source: The University of Minnesota 8iocatalysis/Biodegradation Database. 
httD:llumbbd.ahc.umn.edu (March 11.20031. 
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COMPARISON OF TOTAL COST OF REMEDIAL SOLUTIONS! 

Site: Charleston Naval Complex 
Location: AOe 613 
Phase: Corrective Measures Study 
Base Year: 2003 
Date: 01110/03 

Alternative Number 1 Alternative Number 2 Alternative Number 3 
Monitoring! ISCO via Fenton's 

Natural Attenuation Reagent In-Situ Blo Sparglng 

Total Assumed Project Duration (Years) 20 5 10 

Capital CosIIO&M Cost $13,300 $488,000 $242,000 
Annual Monitoring Cost $6,800 $530,349 $6,800 

Total Present Worth 01 Solution $113,000 $530,000 $299,000 

Disclaimer: The information in this cost estimate is based on the best available information regarding the anticipated 
scope of the remedial alternatives. Changes in the cost elements are likely to occur as a result of new information 
and data collected during the engineering design of the remedial alternative. This is an order-of-magnitude cost 
estimate that is expected to be within -30 to +50 percent of the actual project costs. 
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Alternative 1 : Monitoring/Natural Attenuation COST ESTIMATE SUMMARY 

Site: Charleston Naval Complex Description: 
Location: SWMU 196 Monitoring/natural attenuation of the surficial aquifer. 
Phase: Corrective Measures Study 
Base Year: 2002 
Date: 04/02103 

CAPITAL COSTS 

UNIT 
DESCRIPTION QTY UNIT COST TOTAL 

Monitoring/NaturaJ Attenuation Work Plan 
Groundwater Contingency Plan 

Labor - Project Manager 12 HR $125 $I,5OC 
labor - Engineer/Hydrogeologisl 40 HR $90 $3,60C 
labor - Edftor 16 HR $65 $I,04C 
labor - CAD Technician 16 HR $65 $I,04C 

Inmal Groundwater Sample Collection 1 EA $3,359 $3,35. 
SUBTOTAL $10,53S 

Project Management 5% of $10,539 $52 
Technical Support 5% of $10,539 $52' 
SUBTOTAL $11,593 

Contingency 15% of $11,593 $1,73. 

TOTAL CAPITAL COST I $13,300 

OPERATIONS AND MAINTENANCE COST 
UNIT 

DESCRIPTION QTY UNIT COST TOTAL 

yrsl-20 Annual Groundwater Sample Collection 1 EA $3,400 $3,400 

Annual Report 
Labor - Project Manager 6 HR $125 $750 
Labor - Engineer/Hydrogeologist 16 HR $90 $1,440 
Labor - Editor 6 HR $65 $390 
Labor - CAD Technician 12 HR $65 $790 

SUBTOTAL $3,360 

yrsl-20 TOTAL ANNUAL O&M COST I $6800 

PRESENT VALUE ANALYSIS Discount Rate = 3.2% 
TOTAL 

TOTAL COST PER PRESENT 

End Year COST TYPE COST YEAR WORTH 

1 FIRST YEAR CAPITAL COST $13,300 $13,300 $13,3OC 
1 - 20 ANNUAl O&M COST (Year 1 - 20) $136,000 $6,800 $99,321 

$112,621 

TOTAL PRESENT WORTH OF ALTERNATIVE I $113000 

SOURCE INFORMATION 

1. Unfted States Environmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates 
During the Feasibility Study. EPA 54Q-R-OD-OO2. (USEPA,2OOO). 
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Alternative 2: Enhanced In Situ Biodegradation COST ESTIMATE SUMMARY 

Site: Charleston Naval Complex Description: Use lso-Geo system to increase Do in 
Location: SWMU 196 groundwater 
Phase: Correcliv9 Measures Study 
Base Year: 2003 
Date: 04102/03 

CAPITAL COSTS AND FIRST YEAR SAMPLING UNIT 
DESCRIPTION OTY UNIT COST TOTAL 

Subcontractor - Geocleanse-Injectlons 6 EA $72,000 $432,000 
Field oversight 380 HR $5S $20,900 

Sample Analysis 
(VOCs - EPA 8260 - level II) 120 SAMPLE $110 $13,200 
Sampling Supplies 6 EA $200 $1,200 

Groundwater Sampling Equipment Rental 6 WK $600 $3,600 
Sample Shipment 6 EA $200 $1,200 

Labor - Technicians 120 HR $55 $6,600 

SUBTOTAL $478,700 

Summary Report 
Labor - Project Manager 20 HR $125 $2,500 
Labor - EngineerIHydrogeologist 60 HR $90 $5,400 
Labor - Editor 8 HR $65 $520 
Labor - CAD Technician 12 HR $65 $780 

SUBTOTAL $9,200 

TOTAL CAPITAL COST I $488,000 

OPERAnONS AND MAINTENANCE COST ¥ Monitoring 
UNIT 

DESCRIPTION OTY UNIT COST TOTAl 

YRS 1-5 Annual Groundwater Sample Collection 1 EA $5,900 $5,900 

Annual Report 
Labor - Project Manager 6 HR $125 $750 
Labor - EngineerlHydrogeologist 16 HR $90 $1,440 
Labor· Editor 6 HR $65 $390 
Labor - CAD Technician 12 HR $65 $780 

SUBTOTAL· Annual Report $3,360 

yrs1-5 TOTAL ANNUAL O&M COST I $9.300 

PRESENIT VALUE ANALYSIS Discount Rate "" 3.2% 

TOTAL 
TOTALCQST PRESENT 

End Year COST TYPE TOTAL COST PER YEAR VALUE 

FIRST YEAR FIRST YEAR CAPITAL COST $488,000 $488,000 $488,000 

64 hoofs per evenl 

1 6 wells with 2QA, 6 events 

I ncludes MultiRAE and Peristaltic 
urnp P 

3 
d 

CH2M-Jones Estimate 
hrslwell, 2 people, includes 

ala validation 

YAS 1-5 ANNUAL O&M COST (Year 1 - 5) $46,500 $9,300 $42,3491 

TOTAL PRESENT WORTH OF ALTERNATIVE I $5301000 

SOURCE INFORMATION 

1. United States Environmental Protection Al;]eocy. July 2000. A Guide to Preparing and Documenting Cost Estimates 
During the Feasibility Study. EPA 540-R-OO-OO2. (US EPA, 2000). 
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Alternative 2: Enhanced In Situ Biodegradation COST ESTIMATE SUMMARY 

Site: Charleston Naval Complex Description: Use Iso-Gen system to increase Do in 
Location: SWMU 196 groundwater 
Phase: Corrective Measures Study 
Base Year: 2003 
Date: 04102103 

CAPITAL COSTS AND ISOGEN SYSTEM OPERATION UNIT 
DESCRIPTION QTY UNIT COST TOTAL 

InstalVoperate Isogen System for 10 years 1 EA $222,200 $222,200 
SUBTOTAL $222,200 

Baseline Groundwater Sample Collection 1 EA $3,400 $3,400 
Groundwater Sample during pilot test 2 EA $3,400 $6800 

SUBTOTAL $10,200 

Summary Report 
Labor - Project Manager 20 HR $125 $2,500 
Labor - EngineerlHydrogeologist 60 HR $90 $5,400 
Labor - Editor 8 HR $65 $520 
Labor - CAD Technician 12 HR $65 $780 

SUBTOTAL $9,200 

TOTAL CAPITAL COST I $242,000 

OPERATIONS AND MAINTENANCE COST - Monitoring 
UNIT 

DESCRIPTION QTY UNIT COST TOTAL 

yrsl-2 annual Groundwater Sample Collection 1 EA $3,400 $3,400 

Annual Report 
Labor - Project Manager 6 HR $125 $750 
Labor - Engineer/Hydrogeologist 16 HR $90 $1,440 
Labor - Editor 6 HR $65 $390 
Labor - CAD Technician 12 HR $65 $780 

SUBTOTAL~AnnuaIReport $3,360 

yrsl-l0 TOTAL ANNUAL O&M COST I $6,800 

PRESENT VALUE ANALYSIS Discount Rate = 3.2% 

TOTAL 
TOTAL COST PRESENT 

End Year COST TYPE TOTAL COST PER YEAR VALUE 

1 FIRST YEAR CAPITAL COST $242,000 $242,000 $242,000 
1 - 10 ANNUAL O&M COST (Year 1 -10) $13,600 $6,800 $57,418 

TOTAL PRESENT WORTH OF ALTERNATIVE l $299,000 

SOURCE INFORMATION 

1. United States Environmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates 
During the Feasibility Study. EPA 54Q-R-00-002. (USEPA, 2000). 



COST ESTIMATE SUMMARY - INSTALL ISOGEN SYSTEM/10 YEARS O&M 

Site: SWMU 196 Prepared By: PJF 

Location: Charleston Naval Complex Date: 
Phase: CMS 

Base Year: 2003 

Date: 02-Apr-03 

CAPITAL COST 

DESCRIPTION QTV UNIT COST TOTAL NOTES 

SUBCONTRACTOR SERVICES 

New Well Installation 4 wells $1,500 $6,000 
IsOoGen Units; 2 controller, 8 units 2 unit $6,000 $16,000 
Two Man Construction Crew 6 days $750 $4,500 
Sawcut, Trenching, Backfill, Disposal 25 LF $45 $1,125 
Piping and Mise Materials 1 LS $1,500 $1,500 
Site Restoration 1 LS $1,000 $1,000 
MobilizationiDemobilzation 1 LS $1,000 $1,000 
System Start-Up 1 LS $1,500 $1,500 
Electrical (Power Drop and Installation) 1 LS $1,500 $1,500 

SUBTOTAL $34,125 

PROFESSIONAL SERVICES DURING 
CONSTRUCTION 

Project Management 40 hr $ 128 $6,114 
Work Plan, VIC Pennit, Reporting (Engr) 60 hr $ 95 $5,721 
Installation Oversight (Tech) 40 hr $ 59 $2,353 
Slart-Up (Tech) 40 hr $ 59 $2,353 
Per-DiemIMisc 5 LS $ 750 $3,750 

SUBTOTAL $19,290 

TOTAL CAPITAL COST $53,415 

OPERATIONS COST (10 YEARS) 

CONSUMEABLES 

Electrical Usage (estimated) 35000 kW-hr $0.07 $2,450 Engineers estimate 
SUBTOTAL $2,450 

MISC SERVICES 

Mise Iso Geo Support 1 LS $ 5,000 $5,000 
Equipment Rental 10 yr $500 $5,000 $SOO/yr 
Operation and Maintenance 1200 hr $60 $72,000 10 hours/rna 
Contingency Mechnical Repairs 1 LS $10,000 $10,000 Engineers estimate 

SUBTOTAL $92,000 

PROFESSIONAL SERVICES 

Project Management 240 hr $ 128 $30,682 2 hrs/mo 
Operations· Engineering Support 240 hr $ 95 $22,884 2 hrslmo 
Per·DierntMisc 1 Is $ 1,000 $1,000 Engineer's estimate 

SUBTOTAL $54,566 

OTAL OPERATIONS COST $149,016 

!TOTAL COST W/10%CONTINGENCY I $222,200 I 

Notes: 
1. Add sampling costs after first 3 months 
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