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1.0 Introduction 

RFI REPORT ADDENDUM, SWMU 57, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

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

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

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

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

NAVBASE on April 1, 1996. 

Corrective Action (CA) activities are being conducted under the Resource Conservation and 

Recovery Act (RCRA) with the South Carolina Department of Health and Environmental 

Control (SCDHEC) as the lead agency for CA activities at the CNC All RCRA CA activities 

are performed in accordance with the Final Permit (Permit No. SCO 170 022 560). 

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

and remediation services at the CNC This submittal has been prepared by CH2M-Jones to 

complete the RCRA Facility Investigation (RFI) for Solid Waste Management Unit (SWMU) 

67 in Zone E of CNC The location of this site in Zone E is shown on Figure 1-1. Figure 1-2 

shows an aerial photograph of the site. 

1.1 Background 
SWMU 67 consists of a former mercury gauge rOom and a mercury storage area, each in 

separate locations within Building 3. Building 3 was constructed in 1905, with additions 

constructed in 1939 and 1943. The mercury gauge room was used to calibrate and test 

gauges for leaks. A room near the middle of the northwest wall of the ground floor was 

originally intended to serve as the gauge room, but it is not known whether mercury gauges 

were ever handled in this room. Mercury gauge operations are known to have been 

conducted for 25 years in this building. Currently the building is being used as a machine 

shop by CMMC Machine, Inc. 

The only material of concern at SWMU 67 indicated in the Final Zone E RFI Work Plan, 

Revision 1 (EnSafe Inc. [EnSafeJl Allen & Hoshall, 1995) was mercury. The Final RCRA 

Facility Assessment (RF A) recommended a confirmatory sampling investigation (CSI) for 

this site. This area of Zone E is proposed to be zoned M2 (industrial). 

The RFI was initially conducted by the Navy I EnSafe Inc. (EnSafe) team. RFI activities were 

documented in the Zone E RFl Report, Revision 0 (EnSafe, 1997) submitted during 1997. 
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1 Regulatory review was conducted on this document and a response to the comments from 

2 SCDHEC were prepared by the Navy /EnSafe team. 

3 During a review of historical Public Works maps of the CNC, it was determined that the 

4 correct location of former Building 1025, which was identified as Area of Concern (AOC) 

5 546 during the Zone E RFI, overlaps a portion of SWMU 67. This area was investigated by 

6 the CH2M-Jones/Navy team during 2002, as described in Section 4.0 of this report. 

7 1.2 Purpose of the RFI Report Addendum 
8 The purpose of this RFI Report Addendum is to document the results of previous RFI 

9 investigations conducted at SWMU 67 and the more recent soil sampling conducted at the 

10 former location of Building 1025 (AOC 546). This RFI Report Addendum also discusses 

11 various closeout issues and the findings of previous investigations, existing site conditions, 

12 and surrounding area land use. 

13 Prior to changing the status of any site in the CNC RCRA CA pennit, the BRAC Cleanup 

14 Team (BCT) agreed that the following issues should be considered: 

15 • Status of the RFI 

16 • Presence of metals (inorganics) in groundwater 

17 • Potential linkage to SWMU 37, Investigated Sanitary Sewers at the CNC 

18 • Potential linkage to AOC 699, Investigated Storm Sewers at the CNC 

19 • Potential linkage of AOC 504, Investigated Railroad Lines at the CNC 

20 • Potential linkage to surface water bodies (Zone J) 

21 • Potential contamination associated with oil/water separators (OWSs) 

22 • Relevance or need for land use controls (LUCs) at the site 

23 Information regarding these issues is provided in this RFI Report Addendum to expedite 

24 evaluation of closure of the site. 

25 1.3 Report Organization 
26 This RFI Report Addendum consists of the following sections, including this introductory 

27 section: 

28 1.0 Introduction - Presents the purpose of the report and background information relating 

29 to the RFI Report Addendum. 
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1 2.0 Summary of RFI Conclusions for SWMU 67 - Summarizes the conclusions from the 

2 RFI investigations and risk evaluations for SWMU 67 as presented in the RFI report. 

3 3.0 Interim Measures and UST/AST Removals - Summarizes any interim measures (IMs) 

4 or underground storage tank (UST)/aboveground storage tank (AST) removal activities 

5 conducted at the site. 

6 4.0 Summary of Additional Investigations - Summarizes any information collected after 

7 completion of the RFI report. 

8 5.0 COPClCOC Refinement - Identifies and evaluates chemicals of potential concern 

9 (COPC) based on current screening criteria using all RFI and additional data. 

10 6.0 Summary of Information Related to Site Closeout Issues - Discusses the various site 

11 closeout issues that the BCT agreed to evaluate prior to site closeout. 

12 7.0 Recommendations - Provides recommendations for proceeding with site closure. 

13 8.0 CMS Work Plan for SWMU 67 - Presents a CMS Work Plan for addressing BEQ 

14 exceedances in site surface soil. 

15 9.0 References - Lists the references used in this document. 

16 Appendix A - Contains excerpts from the RFI report, including a summary of detections of 

17 chemicals. Also included are a groundwater contour map for the site vicinity and a copy of 

18 Figure 10.7.3 from the RFI report showing wipe sample locations. 

19 Appendix B - Contains Figures Bl and B2 showing the correct location of former Building 

20 1025 (AOC 546) in Zone E. 

21 Appendix C - Contains copies of field logbook pages documenting the ambient air 

22 sampling for mercury. 

23 Appendix D - Includes the analytical results reports and data validation summaries for the 

24 2002 soil sampling conducted by the Navy ICH2M-Jones team. 

25 Appendix E - Includes COPC screening tables used for the human health risk assessment 

26 (HHRA). 

27 Appendix F - Contains figure showing the locations of surface soil samples with BEQ 

28 exceedances collected during the investigation of SWMU 37. 

29 All figures and tables appear at the end of their respective sections. 
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1 2.0 Summary of RFI Conclusions for SWMU 67 

2 This section summarizes the results and conclusions from the soil, groundwater, air, and 

3 wipe sample investigations conducted at SWMU 67 as part of the Zone E RFI during 1995 

4 and 1996. The results and conclusions concerning contamination and risk were reported in 

5 the Zone E RFI Report, Revision a (EnSafe, 1997) and are summarized in the following 

6 sections. Figure 2-1 shows soil and groundwater sampling locations. A further evaluation of 

7 any chemicals of concern (COCs) at this site is provided in Section 5.0. 

8 2.1 Soil Sampling and Analysis 
9 During the soil sampling event, seven surface (0 to 1 foot below land surface [ft bls]) soil 

10 samples and seven co-located subsurface (3 to 5 ft bls) soil samples were collected at SWMU 

11 67. All areas at SWMU 67 are under asphalt or concrete pavement. These boring locations 

12 were identified as E067SBOOI through E0675B007. All samples were analyzed for mercury. 

13 Two subsurface soil samples were selected as duplicates. One duplicate sample was 

14 analyzed for mercury only. The other duplicate sample was analyzed for an extended list of 

15 parameters which includes herbicides, hexavalent chromium, organo-phosphorus (OP) 

16 pesticides, and dioxins. Figure 2-1 shows the soil sampling locations. 

17 2.1.1 Surface Soil Results 
18 During the RFI, surface soil detections of mercury were evaluated against the U.S. 

19 Environmental Protection Agency (EPA) Region III industrial risk-based concentrations 

20 (RBCs) and the Zone E background reference concentrations (BRCs). 

21 • Mercury: Mercury detections did not exceed the screening criteria in surface soil. 

22 2.1.2 Subsurface Soil Results 
23 During the RFI, subsurface soil detections of mercury were compared with generic soil 

24 screening levels (SSLs) (using a dilution attenuation factor [DAF]=lO) and the Zone E BRCs. 

25 Detections of organic analytes in the duplicate sample were compared with S5Ls (DAF=lO), 

26 and Zone E BRCs. 

27 Detected concentrations of inorganic analytes from subsurface soil samples were as follows: 

28 • Mercury: Mercury detections did not exceed their respective screening criteria in 

29 subsurface soil. 
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1 • Herbicides: Herbicides were not detected above their laboratory detection limits. 

2 • Hexavalent Chromium: Hexavalent chromium was not detected above its laboratory 

3 detection limits. 

4 • OP Pesticides: OP pesticides were not detected above their laboratory detection limits. 

5 • Dioxins: The RFI report identified a TCDD Equivalent (TEQ) value of 0.0303 nanograms 

6 per kilogram (ng/kg) for the duplicate sample in subsurface soil. This value is below the 

7 dioxin detections in the background grid samples at the CNC, which range from 0.29 

8 ng/kg to 14.11 ng/kg. The RFI indicated that no industrial RBCs exist for dioxins. 

9 Because this sample is a subsurface soil sample, human exposure is not a health concern. 

10 2.2 Groundwater Sampling and Analysis 
11 During the RFI for SWMU 67, two shallow groundwater monitoring wells, identified as 

12 E067GWOOI and E067GW002, were installed. Groundwater in these wells was sampled 

13 during four sampling events from the period of 1996 to 1997. During the first and second 

14 sampling events, shallow groundwater was analyzed for mercury, chlorides, sulfates, and 

15 total dissolved solids (IDS). During the third and fourth sampling events, shallow 

16 groundwater was analyzed for the Zone E RFI standard list of inorganic analytes. Figure 2-1 

17 shows the monitoring well locations at SWMU 67. 

18 During the RFI, detections in groundwater samples were compared with the EPA Region III 

19 tap water RBCs, maximum contaminant levels (MCLs), and the Zone E BRCs for shallow 

20 aquifers. 

21 2.2.1 Shallow Groundwater Results 
22 The detections in the shallow groundwater samples were as follows at this site: 

23 • Inorganics: No detected inorganics exceeded their screening criteria. 

24 2.3 Wipe Sampling and Analysis 
25 The Zone E RFI Work Plan, Revision 1 proposed to collect seven wipe samples at SWMU 67. 

26 During the RFI, these seven proposed wipe samples and one additional wipe sample were 

27 collected and analyzed for mercury. Sample locations were determined in the field to 

28 identify areas of the heaviest possible mercury contamination. The samples were collected 

29 in an area where lead ingots and weights had been stored. The RFI reported that the results 

30 from the wipe samples showed that mercury was present in all eight samples, ranging from 
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1 0.05 milligrams per wipe (mg/wipe) to 0.30 mg/wipe. The RFI reported that no residential 

2 or industrial RBCs exist for wipe samples, 

3 2.4 Air Sampling and Analysis 
4 During the RFI, air was sampled at SWMU 67. A Jerome Mercury Vapor Analyzer was used 

5 to screen for ambient mercury vapor in the mercury gauge rooms at SWMU 67. Each room 

6 was assessed for the presence of mercury vapor by sampling the air at floor level. The 

7 baseboards of each room were frisked with the mercury vapor analyzer and the vinyl floor 

8 tiles were disturbed to assess the floor area. 

9 The air analysis identified two areas in SWMU 67 with detectable mercury vapor in ambient 

10 air. The classroom area in the old mercury gauge area had mercury concentrations ranging 

11 from 0.006 milligrams per cubic meter (mg/m3) to 0.024 mg/m3. These concentrations were 

12 obtained by removing a section of floor tile and immediately sampling the exposed area; 

13 however, no mercury was detected in the classroom when the floor tiles were undisturbed. 

14 The office area in the mercury gauging area also had detectable quantities of mercury 

15 vapor. The mercury vapor was detected in the west end of the office area and 

16 concentrations ranged from 0.003 mg/m3 to 0.044 mg/m3. These values are below the range 

17 of National Institute of Occupational Safety and Health (NIOSH) time-weighted average 

18 (TWA) values of 0,050 to 0.100 mg/kg, considered acceptable for industrial worker 

19 exposure. 

20 2.5 RFI Human Health Risk Assessment (HHRA) 
21 The RFI report used a fixed-point risk evaluation (FRE) approach at this site. The FRE 

22 considered site resident and site worker scenarios during the FRE. The detailed risk 

23 assessment for SWMU 67 site is presented in Section 10.7.10 of the RFI report. 

24 2.5.1 Soils 
25 No COCs were identified in soils. 

26 2.5.2 Groundwater 
27 No COCs were identified in shallow groundwater. 

28 2.6 RFI Conclusions and Recommendations 
29 No COCs were identified for soil or groundwater at SWMU 67. Therefore, the RFI report 

30 recommended No Further Action (NFA) at SWMU 67. 
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3.0 Interim Measures and UST/AST Removals 

3.1 UST/AST Removals 
There are no known USTs or ASTs associated with SWMU 67. 

3.2 Interim Measures 
There were no IMs conducted at the site. 
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1 4.0 Summary of Additional Investigations 

2 No additional investigations had been conducted related to SWMU 67 since the RFI field 

3 investigations conducted by EnSafe during the period of 1995 to 1997. 

4 In response to conunents from SCDHEC on the RFI Report Addendum for SWMU 67, Revision 

5 a (CH2M-Jones, 2002), ambient air and soil samples were collected at SWMU 67 to verify 

6 the presence of mercury and its current concentrations. Additional soil sampling was also 

7 conducted in the vicinity of SWMU 67 to complete the investigation for the former location 

8 of Building 1025 (AOC 546). Responses to comments for the RFI Report Addendum for SWMU 

9 67, Revision 0 are presented in Appendix B. 

10 4.1 Air Sampling 
11 Ambient air sampling using a Jerome Mercury Vapor Analyzer was conducted by CH2M-

12 Jones in Building 3 on October 10, 2002. Samples were collected at approximately 5 feet 

13 above the floor, as requested by SCDHEC, in the former mercury gauge room on the first 

14 floor and the former mercury storage rooms on the first and second floors. Appendix C 

15 includes copies of field sampling logs showing the air sampling locations and readings 

16 from the Jerome Mercury Vapor Analyzer that was used for real-time air sampling. As 

17 indicated in these field sampling logs, there was only one detection of mercury vapor out of 

18 60 readings at a concentration of 0.006 mg/m3. This detection is below the NIOSH TWA 

19 range of 0.05 mg/m3 to 0.10 mg/m3 that is acceptable for industrial worker exposure, 

20 indicating that this single concentration is not a threat to industrial workers in this building. 

21 This building is not expected to undergo residential use. 

22 4.2 Soil Sampling and Analysis 

23 December 2002 Sampling 

24 In response to SCDHEC conunents on the RFI Report Addendum for SWMU 67, Revision 0 

25 (CH2M-Jones, 2002), a Sampling and Analysis Plan (SAP) to collect additional soil samples 

26 was prepared by CH2M-Jones. This SAP was reviewed and approved by SCDHEC during 

27 October 2002. In accordance with the SAP, surface and subsurface soil samples were 

28 collected during December 2002 in two areas north of SWMU 67 (within AOC 542) to 

29 delineate the concentrations of mercury around two soil borings LE037SB006 and 

30 LE037SBOI0, which were sampled as part of the RFI for SWMU 37 (Zone L sanitary sewer 
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1 investigation). These historical RFI surface soil mercury detections were 44.8 mg/kg and 9 

2 mg/kg at LE0375B006 and LE0375B010, respectively. Both detections exceeded the EPA 

3 Region III residential RBC (with a Hazard Index [HI] = 0.1) for mercury of 2.3 mg/kg and 

4 the generic 55L of 1 mg/kg. 

5 During the December 2002 sampling, samples were collected from two locations near 

6 E0375B006, identified as E5425B008 and E5425B009. Additional samples were collected at 

7 three locations around E0375B01O, identified as E5425B01O, E5425B011, and E5425B012. 

8 These sampling locations are shown on Figure 4-1. At each of these five locations, one 

9 surface soil sample (at 0 to 1 ft bls) and two subsurface soil samples (at 1 to 3 ft bls and 3 to 

105ft bls), were collected and analyzed for total mercury. 

11 Detected mercury results for these samples are presented in Table 4-1 and discussed further 

12 in 5ections 4.2.1 and 4.2.2. 

13 AOC 546 Area Soil Sampling 
14 During the preparation of the RFI Report Addendum for 5WMU 65, AOC 544, and AOC 

15 546 (Combined 5WMU 65), attempts to verify the location of Building 1025 (AOC 546, 

16 former galvanizing shop) prior to its relocation next to Building 221 indicated that the Zone 

17 E RFA and the Zone E RFI Report, Revision 0, showed an incorrect former location for 

18 Building 1025. A review of the historical Public Works Map, Charleston Naval Base, dated 

19 June 30,1937, showed the correct former location of Building 1025 to be approximately 160 

20 feet northwest of the location shown in the RFI. Figure B-1 included in Appendix B of this 

21 report shows the actual former location of Building 1025 in relation to the location shown in 

22 the RFI. A copy of an excerpt from the Public Works map is included as Figure B-2 in 

23 Appendix B of this report. The legend confirms the operation at Building 1025 as a 

24 galvanizing shop. Former Building 1025 was demolished before the existing Building 3 was 

25 built over its footprint. 

26 The actual former location of Building 1025 overlaps one part of 5WMU 67, as shown on 

27 Figure A-2. Although soil samples were collected within the footprint of former Building 

28 1025 as part of 5WMU 67, the samples were analyzed only for mercury, the material of 

29 concern identified in the RF A for 5MWU 67. Therefore, additional sampling for organics 

30 and inorganics (as part of the AOC 546 RFI activities) was warranted at the correct former 

31 location of Building 1025. A 5AP Addendum was prepared by CH2M-Jones outlining this 

32 additional soil sampling. The 5AP Addendum was approved by 5CDHEC during 

33 November 2002 and the soil sampling was conducted during December 2002. The soil 

34 samples were collected from four locations at the former location of Building 1025 and 
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analyzed for VOCs, SVOCs and metals. The subsurface sample at boring location 

E546SB004 could not be collected due to water intrusion into the boring. Figure 4-1 shows 

the soil sampling locations. Appendix D contains copies of the analytical results reports and 

data validation summaries for this sampling event. 

The analytical results from the two soil sampling efforts are discussed below. 

4.2.1 Surface Soil 
Surface soil detections of VOCs were compared with the EPA Region III residential and 

industrial RBCs (with a HI=O.l for noncarcinogens) and generic SSLs (with a DAF =1). 

Surface soil detections of SVOCs were evaluated against the EPA Region III residential and 

industrial RBCs (HI=O.l for noncarcinogens) and generic SSLs (DAF = 10). BEQs were 

evaluated against the CNC BEQ sitewide reference concentration for surface soils of 1.304 

mg/kg. Surface soil detections of inorganic compounds were evaluated against the EPA 

Region III residential and industrial RBCs (HI=O.l for noncarcinogens), SSLs (with a DAF= 

10), and the range of Zone E background concentrations from grid samples. Surface soil 

detections of lead were compared with the EPA action level for unrestricted land use of 400 

mg/kg and with the target cleanup goal for industrial land use of 1,218 mg/kg, which was 

developed for CNC using the EPA's Adult Lead Model (ALM). 

Detected concentrations of various analytes from the 2002 sampling events are shown in 

Table 4-1 and summarized as follows: 

VOCs: None of the detections exceeded COPC screening criteria. 

SVOCs: None of the detections exceeded COPC screening criteria. 

Inorganics: 

• Antimony detections in samples from two locations, E546SBOOl and E546SB002, with 

concentrations of 9.66 mg/kg and 8.95 mg/kg respectively, exceeded the EPA Region III 

residential RBC (at HI = 0.1) for antimony of 3.1 mg/kg and the maximum Zone E 

surface soil background antimony concentration of 7.4 mg/kg. These detections are 

below the EPA Region III industrial RBC (at HI = 0.1) for antimony of 82 mg/kg. 

• One detection of cadmium at 46 mg/kg in the sample from E546SB002 exceeded the 

residential RBC (at HI = 0.1) of 7.8 mg/kg and the maximum Zone E surface soil 

background cadmium concentration of 1.5 mg/kg. This detection is below the EPA 

Region III industrial RBC (at HI = 0.1) for cadmium of 200 mg/kg. 

• One detection of lead at 629 mg/kg in the sample from E546SB002 exceeded the EPA 

target cleanup goal of 400 mg/kg for unrestricted land use for lead. This detection is 
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1 below the target cleanup goal of 1,218 mg/kg for industrial land use for lead (based on 

2 theALM). 

3 • One detection of zinc at 24,800 mg/kg in the sample from E546SB002 exceeded the 

4 residential RBC (with a HI = 0.1) for zinc of 2,346 mg/kg and the maximum Zone E 

5 surface soil background zinc concentration of 855 mg/kg. This detection is below the 

6 EPA Region III industrial RBC (with a HI = 0.1) for zinc of 61,320 mg/kg. 

7 • Three detections of mercury at 2.36 mg/kg, 3.99 mg/kg, and 12.20 mg/kg in the 

8 samples from E542SB009, E542SB012, and E542SBOlO, respectively, exceeded the 

9 residential RBC (with a HI = 0.1) for mercury of 2.3 mg/kg and generic SSL of 1 mg/kg. 

10 Two of these detections also exceeded the maximum Zone E surface soil background 

11 mercury concentration of 2.7 mg/kg. All of the mercury detections are below the EPA 

12 Region III industrial RBC (with a HI = 0.1) for mercury of 61.3 mg/kg. 

13 4.2.2 Subsurface Soil 
14 Subsurface soil detections of VOCs were compared with generic SSLs (using a DAF=l). 

15 Subsurface soil detections of SVOCs and inorganic chemicals were compared with generic 

16 SSLs (using a DAF=lO). Detections of inorganic chemicals were also compared with the 

17 maximum background concentrations in Zone E grid samples. BEQs were evaluated against 

18 the CNC BEQ sitewide reference concentration for subsurface soils of 1.40 mg/kg. 

19 Detected concentrations of various analytes from the 2002 sampling events are shown in 

20 Table 4-2 and summarized as follows: 

21 VOCs: None of the detections exceeded COPC screening criteria. 

22 SVOCs: None of the detections exceeded COPC screening criteria. 

23 Inorganics: 

24 • One detection of cobalt from E546SB003 of 2.75 mg/kg exceeded the maximum Zone E 

25 subsurface soil background concentration for cobalt of 1.5 mg/kg. No generic SSL or 

26 related parameters to enable calculation of a site-specific SSL have been published for 

27 cobalt. This chemical has very low solubility in water. 

28 • A1llO subsurface samples from the five sample locations in the AOC 542 area showed 

29 detections of mercury above the generic SSL of 1 mg/kg and the maximum Zone E 

30 subsurface soil background concentration for mercury of 0.9 mg/kg. These detections 

31 range from 1.1 mg/kg to 7.29 mg/kg. 
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2 Based on a comparison of detected concentrations of chemicals in surface and subsurface 

3 soils from the 2002 sampling, the following chemicals were identified as cOPCs: 

4 Surface Soil: Antimony, cadmium, lead, mercury and zinc for the unrestricted land use 

5 scenario. No COPCs were identified for the industrial land use scenario. 

6 Subsurface Soil: Mercury above the generic SSL (with a DAF=10). 
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TABLE 4-1 
Suriace Soil Detections, 2002 Sampling 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

EPA EPA 
Region III Region III 

Resid. Industr. Range of 
RBC RBC ZoneE 

Result Date (HI=O.I) (HI=O.I) SSL Bkgd. Cone. 
Parameter Sample 10 Station 10 (mg/kg) Qual. Sampled (mglkg) (mglkg) (mglkg) (mglkg) 

VOCs 

1,1- E546SB0010l E546SBOOI 0.001 J 12/1212002 1.1 9.5 0.003' NA 
Dichloroethene 

Methyl isobutyl E546SB00201 E546SB002 0.005 J 1211212002 630 16,000 0.0065" NA 
ketone (4-
Methyl-2-
pentanone) 

m+p Xylene E546SBOO I 0 I E546SBOOI 0.002 J 1211212002 16,000 41,000 10' 

E546SB00201 E546SB002 0.001 J 12/1212002 

E546SB00301 E546SB003 0.001 J 1211212002 

E546SB00401 E546SB004 0.001 J 1211212002 

XyJenes, TolaJ E546SB0010l E546SBOOI 0.002 J 1211212002 16,000 41,000 10' NA 

E546SB00201 E546SB002 0.001 J 12/1212002 

E546SB0030 I E546SB003 0.001 J 1211212002 

E546SB00401 E546SB004 0.001 J 12112/2002 

SVOCs 

Acenaphlhene E546SB0030 1 E546SB003 0.080 J 12/1212002 470 12,000 290 NA 

E546SB00401 E546SB004 0.025 J 1211212002 

Anthracene E546SBOO I 0 1 E546SBOOI 0.019 J 12112/2002 2300 61,000 5900 NA 

E546SB0030 1 E546SB003 0.234 J 12/1212002 

E546SB0040 I E546SB004 0.047 J 1211212002 

Benzo(g,h,i)- E546SBOOIOI E546SBOOI 0.068 J 12/1212002 230' 6,100' NA NA 
perylene 

E546SB00201 E546SB002 0.041 J 1211212002 

E546SB00301 E546SB003 0.436 = 1211212002 

Carbazole E546SB00301 E546SB003 0.150 J 1211212002 32 290 0.3 NA 

E546SB00401 E546SB004 0.068 J 1211212002 

Dibenzofuran E546SB00301 E546SB003 0.037 J 12112/2002 31 820 0.38 NA 

E546SBOO401 E546SB004 0.049 J 12/1212002 
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TABLE 4·1 
Surface Soil Detections, 2002 Sampling 

'-'"" RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

EPA EPA 
Region III Region III 

Resid. Industr. Range of 
RBe RBe ZoneE 

Result Date (HI=O.1) (HI=O.1) SSL Bkgd. Cone. 
Parameter Sample 10 Station 10 (mg/kg) Qual. Sampled (mglkg) (mglkg) (mg/kg) (mg/kg) 

Fluoranthene E546SBOOt01 E546SB001 0.191 J 1211212002 310 8,200 2,100 NA 

E546SB00201 E546SB002 0.106 J 12/1212002 

E546SB0040 1 E546SB004 0.153 J 1211212002 

Fluorene E546SB00301 E546SB003 0.083 J 1211212002 310 8,200 280 NA 

E546SB00401 E546SB004 0.058 J 1211212002 

Naphlhalene E546SB00301 E546SB003 0.030 J 1211212002 160 4,100 42 NA 

Phenanthrene E546SB0010l E546SBOOl 0.128 J 1211212002 NA NA NA NA 

E546SB00201 E546SB002 0.043 J 1211212002 

E546SB0040 1 E546SB004 0.300 J 1211212002 

Pyrene E546SBOO 1 0 1 E546SBOOl 0.122 J 1211212002 230 6,100 2,100 NA 

E546SB0020 1 E546SB002 0.069 J 1211212002 

E546SB00301 E546SB003 1.300 J 1211212002 

E546SB00401 E546SB004 0.076 J 1211212002 

BEas E546SB0010l E546SBOOl 0.473 = 1211212002 NA NA NA 1.304 

E546SB00201 E546SB002 0.283 = 1211212002 

E546SB0030 1 E546SB003 1.276 = 1211212002 

E546SB00401 E546SB004 0.458 = 1211212002 

Inorganics 

Antimony E546SB00101 E546SBOOl ~ J 1211212002 3.1 82 3 0.50·7.4 

E546SB0020 1 E546SB002 8.95 J 12/1212002 

Arsenic E546SB0010l E546SBOOl 3.26 = 1211212002 0.43 3.8 14.5 0.95·68 

E546SB00201 E546SB002 9.42 = 1211212002 

E546SB00301 E546SB003 1.88 J 1211212002 

E546SB00401 E546SB004 0.623 J 1211212002 

Beryllium E546SB0010l E546SBOOl 0.357 J 1211212002 15.6 409 31.5 0.13·1.6 

E546SB00201 E546SB002 1.18 1211212002 

E546SB00301 E546SB003 0.218 J 1211212002 

E546SB0040 1 E546SB004 0.126 J 1211212002 
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TABLE 4·1 
Surface Soil Detections, 2002 Sampling 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

EPA EPA 
Region III Region III 

Resid. Industr. Range of 
RBC RBC ZoneE 

Result Date (HI.,(J.l) (HI.,(J.l) SSL Bkgd. Cone. 
Parameter Sample 10 Station 10 (mg/kg) Qual. Sampled (mglkg) (mglkg) (mglkg) (mglkg) 

Cadmium E546SB0010l E546SBOOl 1.58 = 1211212002 7.8 204 4 0.06·1.5 

E546SB0020 1 E546SB002 ~ = 1211212002 

E546SB00301 E546SB003 1.21 = 1211212002 

Chromium, E546SB0010l E546SBOOl 11.7 = 1211212002 23.5 613 19 2.3·567 
Total 

E546SB00201 E546SB002 12.3 = 1211212002 

E546SB0030 1 E546SB003 26.8 = 1211212002 

E546SB00401 E546SB004 7.58 = 1211212002 

Coball E546SB00101 E546SBOOl 2.32 J 1211212002 469 12,264 NA 0.35· 111 

E546SB00201 E546SB002 5.5 J 1211212002 

E546SBOO301 E546SB003 1.95 J 1211212002 

E546SB0040 1 E546SB004 1.16 J 12/1212002 

Copper E546SB00101 E546SBOOl 210 = 1211212002 312 8,176 550 0.47·866 

E546SB00201 E546SB002 78.9 = 1211212002 

E546SB00301 E546SB003 62.6 = 1211212002 

E546SB00401 E546SB004 14.5 = 1211212002 

Lead E546SBOO 10 1 E546SBOOl 244 = 1211212002 400 1,218 400 1.0·400 

E546SB00201 E546SB002 ~ = 1211212002 

E546SB00301 E546SB003 73.2 1211212002 

E546SB00401 E546SB004 6.46 = 1211212002 

Site Average 238.16 238.165 
Concentration 

Mercury 542SB00801 542SB008 1.37 12111/2002 2.3 61.3 0.03·2.7 

542SB00901 542SB009 2.36 = 12111/2002 

542SB0100l 542SB010 ~ = 12111/2002 

542SBOll01 542SB011 1.92 = 12111/2002 

542SB01201 542SB012 ~ = 1211112002 

E546SBOO101 E546SBOOl 0.158 1211212002 

E546SB00201 E546SB002 0.066 J 1211212002 
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TABLE 4·1 
Surface Soil Detections, 2002 Sampling 
RFI Reporf Addendum, SWMU 67, Zone E, Charleston Naval Complex 

EPA EPA 
Region III Region III 

Resid. Industr. Range of 
RBC RBC ZoneE 

Result Date (HI=O.I) (HI=O.I) SSL Bkgd. Cone. 
Parameter Sample 10 Station 10 (mglkg) Qual. Sampled (mglkg) (mg/kg) (mglkg) (mg/kg) 

E546SB00301 E546SB003 0.103 J 1211212002 

E546SB0040 1 E546SB004 0.006 J 1211212002 

Nickel E546SB0010l E546SBOOI 33.1 J 1211212002 156 4,088 65 0.6·72 

E546SB00201 E546SB002 26.9 J 12/1212002 

E546SB00301 E546SB003 25.4 = 1211212002 

E546SB00401 E546SB004 3.1 J 12/1212002 

Selenium E546SB0010l E546SBOOI 0.595 J 1211212002 39 1,022 3 0.57·4.0 

E546SB00201 E546SB002 0.898 J 1211212002 

E546SB00301 E546SB003 1.4 = 1211212002 

Silver E546SB0010l E546SBOOI 0.148 J 1211212002 39 1,022 17 0.75·0.91 

Tin (Sn) E546SB0010l E546SBOOI 73.2 = 1211212002 4,692 122,640 NA 0.77·45 

E546SB00201 E546SB002 135 = 1211212002 

E546SB00301 E546SB003 5.95 = 1211212002 

Vanadium E546SB00101 E546SBOOI 12.5 = 1211212002 55 1,431 3,000 1.1 ·60 

E546SB00201 E546SB002 22.3 = 1211212002 

E546SB0030 1 E546SB003 23 1211212002 

E546SB00401 E546SB004 10.9 J 1211212002 

Zinc E546SB0010l E546SBOOI 1490 = 1211212002 2,346 61,320 6,000 1.9·855 

E546SB00201 E546SB002 124,8001 1211212002 

E546SB0030 1 E546SB003 425 1211212002 

E546SB00401 E546SB004 9.84 1211212002 

NOTES: 
SSLs used for VOCs are wilh a DAF=1 

No generic SSLs published in the EPA SSL Guidance Document. 
RBC Tables of Oclober 2000. 

SSLs cited are from the EPA Region III 

a 
No RBCs published for benzo(g,h,i)perylene. Values for pyrene used instead, for comparison. 

HI Hazard index 

= Indicates that the analyte is detected at the concentration shown. 
J Indicates an estimated value. A "J" qualifier may signify that the concentration is below the POL, or that the 'J" 

has been applied as a result of the data validation. 
U Indicates analyte not detected above laboratory detection limit. 

1 
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TABLE 4-2 
Subsurface Soil Detections, 2002 Sampling 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

EPA 
EPA Region 

Region III Range 
III Resid. Industr. 01 Zone 

RBC RBC E Bkgd. 
Result Date (HI=O.1) (HI=O.1) SSL Cone. 

Parameter Sample 10 Station 10 (mg/kg) Qual. Sampled (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

VOCs 

1,1· E546SB00102 E546SBOOl 0,001 J 1211212002 NA NA 0,003' NA 
Dichloroethene 

E546SB00302 E546SB003 0,001 J 1211212002 

m+p Xylene E546SB00202 E546SB002 0.001 J 1211212002 10 NA 

Xylenes, Total E546SB00102 E546SBool 0,001 J 1211212002 10 NA 

E546SB00202 E546SB002 0,001 J 1211212002 

SVOCs 

2· E546SB00302 E546SB003 0,024 J 1211212002 160 4,100 11 NA 
Methylnaphthal 
ene 

Acenaphthene E546SB00302 E546SB003 0.Q78 J 1211212002 470 12,000 290 NA 

Anthracene E546SB00302 E546SB003 0.169 J 1211212002 2,300 61,000 5,900 NA 

Benzo(g,h,i)- E546SB00302 E546SB003 0,290 J 1211212002 230' 61,00' NA NA 
perylene 

Carbazole E546SB00302 E546SB003 0.114 J 1211212002 32 290 0.3 NA 

Dibenzofuran E546SB00302 E546SB003 0,034 J 1211212002 31 820 0.38 NA 

Fluorene E546SB00302 E546SB003 0.059 J 1211212002 310 8,200 280 NA 

Naphthalene E546SB00302 E546SB003 0,026 J 1211212002 160 4,100 42 NA 

Pyrene E546SB00302 E546SB003 0.717 J 1211212002 230 6,100 2,100 NA 

BEQs E546SB00302 E546SB003 0.913 = 1211212002 NA NA NA 1.4 

Inorganics 

Arsenic E546SB00102 E546SBOOI 0.881 J 1211212002 NA NA 14.5 0.83 - 26 

E546SB00202 E546SB002 1.01 J 1211212002 

E546SB00302 E546SB003 2,2 J 1211212002 

Beryllium E546SB00102 E546SBOOI 0,178 J 12/1212002 NA NA 31,5 0,15 -
1,6 

E546SB00202 E546SB002 0,144 J 1211212002 
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TABLE 4-2 
Subsurface Soil Detections, 2002 Sampling 
RFI Reporf Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Result 
Parameter Sample 10 Station 10 (mg/kg) Qual. 

Date 
Sampled 

Cadmium 

Chromium. 
Total 

Cobalt 

Copper 

Lead 

Mercury 

E546SB00302 E546SB003 

E546SB00202 E546SB002 

E546SB00302 E546SB003 

E546SBOO 1 02 E546SBOO 1 

E546SB00202 E546SB002 

E546SB00302 E546SB003 

E546SB00102 E546SBOOl 

E546SB00202 E546SB002 

E546SB00302 E546SB003i 

E546SB00102 E546SBOOl 

E546SB00202 E546SB002 

E546SB00302 E546SB003 

E546SB00102 E546SBOOl 

E546SB00202 E546SB002 

E546SB00302 E546SB003 

E542SB00802 E542SBOOB 

E542SB00803 E542SB008 

E542SB00902 E542SB009 

E542SB00903 E542SB009 

E542SB01002 E542SB010 

E542SB01003 E542SB010 

E542SB01102 E542SBOll 

E542SB01103 E542SBOll 

E542SB01202 E542SB012 

E542SB01203 E542SB012 

SWM1J67ZERFIRAREVI.OOC 

0.231 J 1211212002 

0.613 J 12112/2002 

1.6 = 1211212002 

6.24 = 1211212002 

5.45 = 1211212002 

14.4 = 12/1212002 

0.467 J 1211212002 

0.502 

2.751 

3.41 

21.4 

83.5 

6 

46.2 

74.4 

1.1 

1.69 

2.09 

3.37 

2.12 

7.29 

3.35 

3.03 

2.65 

5.16 

J 

J 

J 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

J 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

12111/2002 

12111/2002 

12111/2002 

12111/2002 

12111/2002 

12111/2002 

12111/2002 

12111/2002 

1211112002 

12111/2002 
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EPA 
EPA Region 

Region III 
III Resid. Industr. 

RBC RBC 
(HI=O.l) (HI=O.l) 
(mg/kg) (mg/kg) 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

SSL 
(mg/kg) 

4 

19 

NA 

550 

400 

4-11 

Range 
of Zone 
E Bkgd. 
Cone. 

(mg/kg) 

0.13 -
0.96 

1.6 - 75 

0.41-
1.5 

1.3 -192 

1.8 - 322 

0.04 -
0.90 



TABLE 4-2 
Subsurface Soil Detections, 2002 Sampling 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Result 
Parameter SamplelD Station ID (mglkg) Qual. 

E546SB00102 E546SBOOI 0.022 J 

E546SB00202 E546SB002 0.015 J 

E546SB00302 E546SB003 0.094 J 

Nickel E546SB00102 E546SBOOI 3.05 J 

E546SB00202 E546SB002 14.6 = 

E546SB00302 E546SB003 27.8 = 

Selenium E546SB00202 E546SB002 0.495 J 

TIn (Sn) E546SB00102 E546SBOOI 0.427 J 

E546SB00202 E546SB002 J 

E546SB00302 E546SB003 5.88 = 

Vanadium E546SB00102 E546SBOOI 6.86 J 

E546SB00202 E546SB002 5.92 J 

E546SB00302 E546SB003 14.4 = 

Zinc E546SB00102 E546SBOOI 53.1 = 

E546SB00202 E546SB002 159 = 

E546SB00302 E546SB003 432 = 

NOTES: 
SSLs used for VOCs are with a DAF= 1 

Date 
Sampled 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

1211212002 

RFI REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 1 
JUNE 2003 

EPA 
EPA Region 

Region III Range 
III Resid. Industr. of Zone 

RBC RBC E Bkgd. 
(HI=O.l) (HI=D.1) SSL Cone. 
(mglkg) (mglkg) (mglkg) (mg/kg) 

NA NA 65 0.85 - 20 

NA NA 3 0.59 -
2.4 

NA NA NA 2.8 - 24 

NA NA 3,000 1.6 - 71 

NA NA 6,000 5.8 - 438 

a 
No RBCs published for benzo(g,h,i)perylene. Values for Pyrene used instead, for comparison. 

HI Hazard index 

= Indicates that the analyte is detected at the concentration shown. 
J Indicates an estimated value. A "J" qualifier may signify that the concentration is below the POL, or that the "J" 

has been applied as a result of the data validation. 
U Indicates analyte not detected above laboratory detection limit. 
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DECEMBER 2003 

5.0 COPC/COC Refinement 

The Zone E RFI Report, Revision 0 (EnSafe, 1997) did not identify any COCs for soil or 

groundwater at SWMU 67. In response to comments on the RFI Report Addendum for SWMU 

67, Revision 0 (CH2M-]ones, 2002), additional soil sampling was conducted during 2002 by 

the Navy /CH2M-]ones team at areas north of SWMU 67 and at the former location of 

Building 1025 (see Section 4.0). Based on the analytical results from this sampling effort, 

antimony, cadmium, lead, mercury, and zinc were identified as COPCs in surface soil for 

the unrestricted land use scenario. No COPCs were identified for the industrial land use 

scenario. 

Mercury was identified as a COPC in subsurface soil, based on exceedance of its generic 

SSL (OAF = 10). 

Because of the presence of several chemicals above the EPA residential RBC (with a HI=O.I), 

a HHRA was conducted to determine which of these copes pose a risk at the site. As part 

of this HHRA, surface soil detections of COPCs were evaluated for exposure under both the 

future unrestricted (residential) and industrial land use scenarios. Surface and subsurface 

soils were also evaluated for the construction worker scenario. This HHRA is discussed in 

the sections below. 

The BCT has agreed to rescreen soil VOC data using generic SSLs based on a OAF of 1. The 

results of this rescreening are presented below. 

The nature of occurrence and the relevance of detected chemicals at the site are also 

discussed below. 

5.1 Soil voe Screening using SSL at DAF=1 
During the initial RFI, soil samples at SWMU 67 were not analyzed for VOCs since the only 

material of concern was mercury. Ouring 2002 sampling at the former location of AOC 546, 

three VOCs, 1,1-dichlorothene, methyl isobutyl ketone, and xylenes, were detected in 

surface soil samples above laboratory detection limits. In subsurface soil samples, 1,1-

dichloroethene and xylenes were detected above laboratory detection limits. These 

detections are shown in Table 4-1. None of the VOC detections in surface or subsurface soil 

samples exceeded the generic SSL (with a DAF=I). Detections of methyl isobutyl ketone 

SWMU67ZERFIRACMSWPREV2 ~1 
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1 were compared with EPA Region III risk-based SSL (with a DAF=l), since no generic SSLs 

'~_ 2 have been published for this chemical. No exceedances of the SSLs were identified. 

3 5.2 COCs in Surface Soil 

4 5.2.1 Antimony 
5 During the initial RFI for SWMU 67, antimony was not identified as a COe. During the 

6 December 2002 sampling for AOC 546 at the former location of Building 1025 near Building 

7 3, antimony was detected in surface soil samples from two locations, E546SB001 and 

8 E546SB002, at 9.66 mg/kg and 8.95 mg/kg, respectively. The detections are above the EPA 

9 Region III residential RBC (with a HI = 0.1) for antimony of 3.1 mg/kg and the maximum 

10 Zone E surface soil background antimony concentration of 7.4 mg/kg. These detections are 

11 below the EPA Region III industrial RBC (with a HI = 0.1) for antimony of 82 mg/kg. Table 

12 4-1 shows the detections of antimony from the December 2002 sampling. 

13 Soil sampling locations within a I-acre area (as shown on Figure 5-1), which includes soil 

14 boring locations from the Zone E RFI, the SWMU 37 (Zone L RFI) sewer investigations, and 

15 the December 2002 soil sampling, were targeted to provide data for the HHRA. Based on 

16 exceedances of the unrestricted land use criteria, antimony was included as a COPC for the 

17 HHRA as presented in Section 5.4 below. 

18 5.2.2 Cadmium 
19 During the initial RFI for SWMU 67, cadmium was not identified as a COe. During the 

20 December 2002 sampling for AOC 546 at the former location of Building 1025 near Building 

21 3, one detection of cadmium at 46 mg/kg in the sample from E546SB002 exceeded the 

22 residential RBC (with a HI = 0.1) for cadmium of 7.8 mg/kg and the maximum Zone E 

23 surface soil background cadmium concentration of 1.5 mg/kg. This detection is below the 

24 EPA Region III industrial RBC (with a HI = 0.1) for cadmium of 200 mg/kg. Table 4-1 

25 shows the detections of cadmium from the December 2002 sampling. 

26 Soil sampling locations within a I-acre area (as shown on Figure 5-1), which includes soil 

27 boring locations from the Zone E RFI, the SWMU 37 (Zone L RFI) sewer investigations, and 

28 the December 2002 soil sampling, were targeted to provide data for the HHRA. Based on 

29 exceedances of the unrestricted land use criteria, cadmium was included as a COPC for the 

30 HHRA as presented in Section 5.4 below. 
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During the initial RFI for SWMU 67, lead was not identified as a COCo During the 

September 2002 sampling for AOC 546 at the former location of Building 1025 near Building 

3, one detection of lead at 629 mg/kg in the sample from E546SB002 exceeded the EPA 

target cleanup goal of 400 mg/kg for unrestricted land use for lead. This detection is below 

the EPA target cleanup goal of 1,218 mg/kg for industrial land use for lead (based on the 

ALM). The site average for surface soil lead is 238.16 mg/kg, which is below the target 

cleanup goal of 400 mg/kg for unrestricted land use. 

Based on these observations, lead is not considered a surface soil COC at this site for 

unrestricted land use. Lead is discussed further in the HHRA section below. Soil sampling 

locations within a I-acre area (as shown on Figure 5-1), which includes soil boring locations 

from the Zone E RFI, the SWMU 37 (Zone L RFI) sewer investigations, and the December 

2002 soil sampling, were targeted to provide data for the HHRA. 

5.2.4 Mercury 
Mercury was not identified as a COC in the RFI for SWMU 67. Based on elevated detections 

in soil borings introduced north of SWMU 67 as part of the SWMU 37 (Zone L RFI) sewer 

investigations, additional delineation sampling was conducted during December 2002. The 

elevated detections from the SWMU 37 RF1 were 44.8 mg/kg at LE037SB006 and 9 mg/kg 

at LE037SBOlO. 

In surface soil samples from the SWMU 67 RFI, the SWMU 37 (Zone L RFI) sewer 

investigations, and the December 2002 sampling at SWMU 67, mercury was detected in 12 

out of 16 samples, with concentrations ranging from 0.006 mg/kg to 44.8 mg/kg. Eight 

surface soil samples showed detections above the Zone E maximum surface soil 

background concentration for mercury of 2.7 mg/kg, the EPA Region III residential RBC 

(with a HI = 0.1) for mercury of 2.3 mg/kg, and the generic SSL of 1 mg/kg. The mercury 

detections above these criteria ranged from 2.36 mg/kg to 44.8 mg/kg. 

Table 5-1 lists detected mercury concentrations detected in surface and subsurface soil 

samples collected in this area from these sampling events. Mercury in surface soil was 

included as a COPC for a risk assessment. Soil sampling locations within a I-acre area (as 

shown on Figure 5-1) which includes soil boring locations from the Zone E RFI, the SWMU 

37 (Zone L RFI) sewer investigations, and the December 2002 soil sampling were targeted to 

provide data for the HHRA. 
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1 5.2.5 Zinc 
2 Zinc was not identified as a COC during the RFI. During the December 2002 sampling, one 

3 detection of zinc at 24,800 mg/kg in the sample from E546SB002 exceeded the EPA Region 

4 III residential RBC (with a HI ~ 0.1) for zinc of 2,346 mg/kg and the maximum Zone E 

5 surface soil background zinc concentration of 855 mg/kg. This detection is below the EPA 

6 Region III industrial RBC (with a HI = 0.1) for zinc, of 61,320 mg/kg. Based on exceedances 

7 of the unrestricted land use criteria, zinc was included as a COPC for a risk assessment. Soil 

8 sampling locations within a I-acre area (as shown on Figure 5-1), which includes soil boring 

9 locations from the Zone E RFI, the SWMU 37 (Zone L RFI) sewer investigations, and the 

10 December 2002 soil sampling, were targeted to provide data for the HHRA. 

11 

12 
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5.3 Subsurface Soil COCS 
In subsurface soil samples from the SWMU 67 RFI, the SWMU 37 (Zone L RFI) sewer 

investigations, and the December 2002 sampling, mercury was detected in 15 out of 20 

subsurface soil samples, with concentrations ranging from 0.015 mg/kg to 729 mg/kg. 

Several samples exceeded the generic SSL of 1 mg/kg. 

The site average concentration for mercury in subsurface soil was calculated to be 1.62 

mg/kg, as shown in Table 5-1. This value is above the generic SSL (with a DAF = 10) for 

mercury. 

Site-specific SSLs were calculated for mercury for this area, with 0.536 mg/kg for the 

unpaved scenario and 5.43 mg/kg for the paved scenario, as shown in Table 5-3. The site 

average concentration of 1.62 mg/kg for mercury in subsurface soil is above the site-specific 

SSL for the unpaved scenario and below the site-specific SSL for the paved scenario. This 

area of Zone E is expected to remain paved under a future industrial land use scenario. 

Based on observations of mercury detections in groundwater in three shallow wells in this 

area, E542GW003, E542GW004 and LE037GW002, only two detections of mercury were 

observed above laboratory detection limits. These detections were observed in samples 

from well E542GW004 during the second and fourth sampling events and are both at 0.29 

!!g/L, which is below the MCL for mercury of 2 !!g/L. These detections were preceded and 

followed by detections below laboratory detection limits, as shown in Table 5-2. The 

infrequent detections of mercury in groundwater in this area indicate that soil 

concentrations of mercury at the site are not a leaching threat to groundwater. Based on 

these observations, mercury is not considered a subsurface soil COC at this site. 
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5.4 Human Health Risk Assessment (HHRA) for Site Soils 
Using the data presented in Sections 2,0 and 4,0, a HHRA was conducted to evaluate the 

cumulative risks and hazards from the COPCs discussed above, The HHRA was conducted 

in accordance with the Risk Assessment Guidance for Superfund (RAGS) and EPA Region 4 

supplemental guidance (EPA, 1989, and EPA, 1994), 

5.4.1 Selection of COPCs 
The detected concentrations of organic and inorganic chemicals detected in surface and 

subsurface soils were screened by comparing the maximum detected soil residual 

concentration against RBCs (HI=0,1 for noncarcinogens) and background concentrations 

range, Chemicals detected above RBCs and maximum background levels are included for 

risk estimation as COPCs, Though only five of the inorganic chemicals were identified as 

COPCs based on the results of analysis presented in Section 2,0 and 4.0, all the existing data 

were rescreened for identification of COPCs. Although no organic chemicals were 

identified as COPCs at the end of Sections 2,0 and 4.0, all the organic and inorganic 

chemicals were rescreened to determine whether any cumulative risks and HI could occur, 

since these soils are still in place at the site. Soil sampling locations within a I-acre area (as 

shown on Figure 5-1), which includes soil boring locations from the Zone E RFI, the SWMU 

37 (Zone L RFI) sewer investigations, and the December 2002 soil sampling, were targeted 

to provide data for the HHRA, 

Additionally, the area around SWMU 67 is extensively paved with asphalt material and the 

surficial soils have been periodically disturbed over the life of the site. One sample collected 

at the underground sewer investigations, 037SB012El, had an elevated BEQ concentration 

(-74 mg/kg), which significantly biases the 95% Upper Confidence Limit calculations and 

risk estimation, No other samples near this sample location had elevated P AHs (see 

Appendix E Table-3), Therefore this sample was not included for risk and HI calculation, as 

it was identified as likely due to having been impacted by asphalt material. 

Appendix E presents a detailed listing for all detected chemicals in surface and soils, 

compared with the RBC and background values. Table 5-4 below presents list of COPCs 

selected for surface soil and subsurface soil. The surface soils were evaluated for industrial 

workers and residential receptors and subsurface soils were evaluated for construction 

workers, as discussed in the exposure assessment section below, 
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Based on anticipated future land use considerations, the following potentially exposed 

populations were identified: 

• Industrial workers 
• Residential receptors (both, adult and child) 
• Utility workers 

Other potentially exposed populations could occur; however, their likely exposure will be 

lower than those receptors listed above. It assumed that if the listed receptors are protected, 

all other potentially exposed populations will also be protected. Exposure assumptions 

were selected to be conservative representations to estimate the possible upper-bound 

exposures, using the reasonable maximum exposure (RME) levels from the EPA guidance. 

Also, when multiple exposure factors are available, a more conservative factor was selected 

to ensure conservatism in the exposure assessment. 

Table 5-5 presents the exposure factors assumed for the receptors evaluated below. 

Industrial Worker 
This scenario was evaluated assuming the site would be converted into a future industrial 

facility where a worker spends his/her entire work day at the site and in direct contact with 

soils. Depending on site-specific conditions, future use for these sites could potentially 

allow for light industrial! commercial use, which would bring industrial workers into 

contact with site media. The industrial worker assumptions include soil ingestion rate (IR) 

of 50 mg/ day, exposure frequency (EF) of 250 days/yr, and exposure duration (ED) of 25 

years. The dermal exposure and inhalation route exposure assumptions are listed in Table 

5-5. 

Construction Worker 
A future utility worker scenario was evaluated for subsurface soil exposure at various sites 

where COPCs were identified in subsurface soil. The subsurface soil COPCs were selected 

by comparing detected concentrations in subsurface soil samples against residential RBC 

values. The typical construction work is assumed to last for an ED of 1 year, with an EF of 

250 days. The soil ingestion rate for a construction worker is conservatively assumed to be 

480 mg/ day, which is higher than any other worker scenario. All other exposure factors are 

similar to those of an industrial worker scenario as included in risk tables in Appendix E. 

Exposure point concentrations (EPCs) for a construction worker were calculated by 

combining surface and subsurface soil, as construction activities tend to mix both of these 

layers of soils. 
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To offer the most flexible future land use considerations for the site, future residents were 

assumed to have direct contact with surface soils and to use site groundwater as their 

potable source. It is highly unlikely that SWMU 67, which is located within Zone E, will be 

used for residential land use. However, this scenario was evaluated to provide the most 

conservatively protective risk estimation and it offers the most flexible future land use. If 

the risks for this scenario are within acceptable limits, the site can be used for unrestricted 

land use. The default exposure assumptions for an adult and a child were used. A child is 

assumed an EF of 350 days/yr and an ED of 6 years, and an adult is assumed an EF of 350 

days/yr and an ED is 30 years. 

5.4.3 Toxicity Assessment 

Table 5-7 present the toxicity criteria used in this HHRA and the source from which these 

toxicity factors were obtained. 

5.4.4 Risk Characterization 
Table 5-8 presents the HHRA summary by receptor and by the medium. 

Industrial worker: The estimated combined ELCR for an industrial worker exposed to area­

wide soil is 1.5E-6, which is less than the acceptable risk range of 1E-4 to 1E-6. The 

noncarcinogenic HI is 0.065, which is much less than the target HI value of 1.0. For this 

reason, SWMU 67 does not present unacceptable risks or hazards to a future industrial 

worker in this area, 

Construction worker: A construction worker was chosen over a utility worker as being a 

more conservative representative of both groups, due to the higher soil ingestion rate 

assumed for the construction worker scenario. Construction worker exposure was 

evaluated for both surface soil and subsurface soil. The ELCR estimated for exposure to 

surface and subsurface soils is 5.2E-7, which is less than the acceptable risk range of 1E-4 to 

1E-6. The estimated HI for exposure to surface soils is 0.33, which is less than the target HI 

of 1.0 for noncarcinogenic exposure. Thus, site surface and subsurface soil do not present 

unacceptable health risks to future construction/utility workers. 

Residential Receptors: The a residential adult ELCR is 1.3E-5, which is within the EPA 

acceptable risk range of 1E-4 to 1E-6. The carcinogenic risk is estimated based on age­

adjusted scenario where continuous exposure is assumed for a 6-year-old child and a 24-

year-old adult. The HI for an adult is 0,19, which is less than the target value of 1.0. 
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The residential child HI is estimated at 1.6, mostly from metals; however, no single target­

organ-specific HI exceeded a value of 1.0 (see Table 5-8). For this reason, no excessive 

hazards are expected from exposure to soils at the site. 

Lead: Average concentration (see Table 5-6) of lead is 112 mg/kg in site surface soil and 80 

mg/kg in site subsurface soil, which are both lower than the conservative residential-land­

use-based screening value. For this reason, lead is not considered a COC for future land use 

atSWMU67. 

In summary, there are no soil COCs for future industrial or unrestricted land use at SWMU 

67. One sample near the utility lines had elevated BEQs, which are common to this area of 

Zone E and not considered to be associated with the past site operations. Rather, the 

elevated BEQ detection is likely from asphalt pavement in this area, since all nearby 

samples have BEQ levels similar to site background levels. 

13 5.5 cae Summary 
14 Based on the HHRA, no COCs are identified for soil at SWMU 67. Additionally, no COCs 

15 are identified in subsurface soil or groundwater at this site. 

16 However, consistent with previous agreements made by the BCT for similar sites at the 

17 CNC, BEQs are retained as a surface soil COC because BEQ concentrations in several 

18 surface soil samples within the general investigation area exceeded the CNC sitewide 

19 reference concentation for surface soil of 1,304 JLg/kg. The locations of surface soil samples 

20 with BEQ exceedances of the reference concentration are just west and adjacent to Building 

21 226, near AOC 542. These soil samples were collected as part of the investigation of SWMU 

22 37, the sanitary sewer system. All of these samples are located beneath asphalt pavement. 

23 Figure 1 in Appendix F presents the locations of these samples. 

24 Because this site is located in Zone E, which will be subject to LUCs. Consequently, this site 

25 is suitable for its intended industrial future land use, and LUCs to restrict the site to 

26 industrial land use only will be applied. However, it is not expected that additional 

27 remediation activities will be necessary. A CMS will be prepared to address the BEQs in 

28 surface soil. 
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RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

EPA 
Region EPA 

III Region 
Resid. III Range of 
RBC Industr. Zone E 
(HI = RBC (HI SSL Bkgd. 

Result Dale 0.1) = 0.1) (DAF=10) Cone. 
Parameter SamplelD Station ID (mg/kg) Qual. Sampled (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Mercury 

Surface Soil E067SB00701 E067SB007 0.11 U 09/0611995 2.3 61.3 0.03 - 2.7 

E067SB00601 E067SB006 0.04 J 09110/1995 

E067SB00501 E067SB005 0.21 = 09/06/1995 

E067SB00401 E067SB004 0.11 U 09/06/1995 

E067SB00301 E067SB003 0.11 U 09/06/1995 

E067SB00201 E067SB002 0.07 = 10/13/1995 

E067SB0010l E067SBOOI 0.11 U 09106/1995 

E542SB00801 E542SB008 1.37 = 12111/2002 

E542SB00901 E542SB009 ~= 12/11/2002 

E542SB0100l E542SB010 12.2 = 12/11/2002 

E542SBOll0l E542SBOll 1.92 = 12111/2002 

E542SB01201 E542SBOI2 ~= 12/11/2002 

E546SB0010l E546SBOOI 0.158 = 12/1212002 

E546SBOO201 E546SB002 0.066 J 12/12/2002 

E546SB00301 E546SB003 0.103 J 1211212002 

E546SB00401 E546SB004 0.006 J 12/12/2002 

E542SB00401 ' E542SB004 0.98 = 08/30/1995 

E542SB00701 E542SB007 1.10 U 08/30/1995 

LE037SB005El LE037SB005 1.50 = 06/07/1997 

LE037SB006El LE037SB006/ 44.80/= 06/07/1997 

LE037SB007El LE037SB007 2.70 = 06/07/1997 

LE037SB008El LE037SB008 2.20 = 06/09/1997 

LE037SB009El LE037SB009 ~= 05/20/1997 

LE037SB010El LE037SB010 9.00 = 06109/1997 
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_ Surface and Subsurface Soil Concentrations of Mercury 

',,,,,,-><. 

RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Result Date 
Parameter Sample 10 Station 10 (mglkg) Qual. Sampled 

LE037SBOll El LE037SBOll 06/09/1997 

LE037SB012El LE037SB012 I.BO = 06/09/1997 

Subsurface 
Soil 

EPA 
Region EPA 

III Region 
Resid. III 
RBC Industr. 
(HI = RBC (HI 
0.1) = 0.1) 

(mglkg) (mglkg) 

E067SB00302 E067SB003 0.11 U 09/06/1995 NA NA 

E067SB00702 E067SB007 

E067SB00602 E067SB006 

E067SB00502 E067SB005 

E067SB00202 E067SB002 

E067SB00102 E067SBOOI 

E067SB00402 E067SB004 

E542SBOOB02 E542SBOOB 

E542SBOOB03 E542SBOOB 

E542SB00902 E542SB009 

E542SB00903 E542SB009 

E542SB01002 E542SB010 

E542SB01003 E542SB010 

E542SBOll02 E542SB011 

E542SB01103 E542SB011 

E542SB01202 E542SB012 

E542SB01203 E542SB012 

E546SB00102 E546SBOOI 

E546SB00202 E546SB002 

E546SB00302 E546SB003 

0.11 U 

O.OB J 

0.11 U 

0.02 = 

0.11 U 

0.11 U 

1.1 

09/06/1995 

09/10/1995 

09/06/1995 

1011311995 

09/06/1995 

09/06/1995 

1211112002 

1.69 = 12111/2002 

2.09 = 12111/2002 

3.37 = 12111/2002 

2.12 = 12111/2002 

7.29 = 12111/2002 

3.35 12111/2002 

3.03 = 12/11/2002 

2.65 = 1211112002 

12/11/2002 5.16 J 

0.022 J 

0.015 J 

0.094 J 

LE037SBOOBE2 LE037SBOOB ~= 

1211212002 

1211212002 

1211212002 

06/09/1997 

05/20/1997 LE037SB009E2 LE037SB009 0.17 = 

SWMU67ZERFJRACMSWPREV2 

SSL 
(DAF=10) 
(mglkg) 

Range of 
ZoneE 
Bkgd. 
Cone. 

(mglkg) 

0.04· 
0.90 
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1 

TABLE 5·1 
Surface and Subsurface Soil Concentrations of Mercury 

RFI REPORT ADDENDUM AND eMS WORK PlAN, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 2 
DECEMBER 2003 

RFI Report Addendum, SWMU 67, Zone E. Charleston Naval Complex 

Result 
Parameter Sample 10 Station 10 (mglkg) Qual. 

lE037SB010E2 lE037SB010 

lE037SB011 E2 LE037SBOll 0.38 = 

Subsurface 1.62 
Soil Average 
Conc. 

SWMU67ZERFlRACMSWPREV2 

Date 
Sampled 

06/09/1997 

06/09/1997 

EPA 
Region EPA 

III Region 
Resid. III 
RBC Industr. 
(HI = RBC (HI 
0.1) = 0.1) 

(mglkg) (mg/kg) 

SSL 
(DAF=lD) 
(mg/kg) 

Range of 
ZoneE 
Bkgd. 
Cone. 

(mglkg) 

5-11 



RR REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 1 
JUNE 2003 

1 

TABLE 5-2 
Detections of Mercury and Thallium in Groundwater 
RFI Reporl Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Result Date Mel 
Parameter Sample (pgll) Qual. Station 10 Sample (pgIl) Range of Zone E 

Background 
Concentration 
(pglL) 

Mercury 037GW002E1 0.10 UJ LE037GW002 08/0411997 2.0 0.14 - 0.64 

542GW00101 0.20 U E542GW001 04/23/1996 

542GW00102 0.10 U E542GW001 08/05/1996 

542GW00103 0.10 U E542GW001 12104/1996 

542GW00104 0.12 U E542GW001 02119/1997 

542GW00201 0.20 U E542GW002 04/23/1996 

542GW00202 0.10 U E542GW002 08/05/1996 

542GW00203 0.10 U E542GW002 12104/1996 

542GW00204 0.12 U E542GW002 02120/1997 

542GW00301 0.20 U E542GW003 04/2211996 

542GW00302 0.10 U E542GW003 08/05/1996 

542GW00303 0.10 U E542GW003 12104/1996 

542GW00304 0.12 U E542GW003 02/20/1997 

542GW00401 0.20 U E542GW004 04/2211996 

542GW00402 0.29 = E542GW004 08/06/1996 

542GW00403 0.20 U E542GW004 12105/1996 

542GW00404 0.29 = E542GW004 02120/1997 

Thallium 

067GW00103 2.7 UJ E067GW001 12104/1996 2.0 3.2 - 5.8 

067GW00104 5.0 U E067GW001 02119/1997 

067GW00203 4.0!J E067GW002 12103/1996 

067GW00204 5.0 U E067GW002 02119/1997 

2 

3 

SWMU67ZEAFIRAREV1_00C ~12 
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2 

TABLE 5-4 
COPCs in Surface Soil and Subsurface Soil 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Surface Soil (0 - 1 tt) 

Antimony 

Cadmium 

Copper 

Lead 

Mercury 

Zinc 

PCS1254 

Senzo(a)pyrene equivalents (SEQ) 

SWMU67ZERF1RAREV1.DOC 

Soil Column (0 - 5 tt) 

Antimony 

Cadmium 

Copper 

Lead 

Mercury 

Zinc 

PCS1254 

Senzo(a)pyrene equivalents (SEQ) 

AFt REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

,.'4 



RFI REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

1 

TABLE 5-5 
Exposure Factors for Surface and Subsurface Soil at SWMU 67 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Industrial Construction Residential Residential 
Parameter Worker Worker Adult Child 

Exposure Frequency (day/year) 250 250 350 350 

Exposure Duration (years) 25 30 6 

Averaging Time -Carcinogenic (days) 25,550 25,550 25,550 

Averaging Time - Noncarcinogenic (days) 9,125 365 10,950 2190 

Body Weight (kg) 70 70 70 15 

Ingestion 

Ingestion Rate (mglday) 50 480 100 200 

Age-adjusted Ingestion Rate [(mg-day)/(kg-year)]' NA NA 114 NA 

Fraction Ingested 

Dermal 

Surface Area (cm') 2,679 2,679 5,049 2351 

Age-adjusted Skin Surface Area [(cm'-yr)/kgr NA NA 2671 NA 

Soil-to-Skin Adherence Factor (mg/cm') 0.03 0.1 0.03 0.15 

tnhalation 

Particulate Emission Factor (m'/kg) 1.32E+09 1.32E+09 1.32E+09 1.32E+09 

Inhalation Rate (m'/day) 20 20 20 15 

Age-adjusted Inhalation Rate [(m'-yr)/(kg-day)]' NA NA 13 NA 

• For carcinogenic scenarios only 

2 

SWMusnERFIRAREV1.00c ~15 



RFI REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 1 
JUNE2Q03 

1 

TABLE 5-6 
Exposure Point Concentrations Estimated for Surface and Subsurface Soil at SWMU 67 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

Exposure Point 
Concentration 

Best 
Estimate 

of the 
Chemical N Detects Mean' Maximum UCl., Distribution Value Basis Units 

Surface Soil (0-1 tt) 

Antimony 23 13 10 41 14 NP 14 UCl., - NP mg/kg 

Cadmium 23 15 3.2 46 6.7 NP 6.7 UClo, - NP mg/kg 

Copper 23 23 296 4,590 1,173 l 1,173 UCl" - l mg/kg 

lead 23 23 112 629 156 NP 156 UClg, - NP mg/kg 

Mercury 33 22 2.8 45 5.1 NP 5.1 UCl., - NP mg/kg 

Zinc 23 23 1,466 24,800 6,152 l 6,152 UCl" - l mg/kg 

PCB1254 15 6 0.21 1.2 0.35 NP 0.35 UCl9' - NP mg/kg 

Benzo(a)pyrene 21 21 0.9 2 1.0 NORMAL 1.0 UCl9' - N mg/kg 
equivalents (BEQ) 

Soil Column (0-5 tt) 

Antimony 38 15 7.1 41 9.8 NP 9.8 UCl95 - NP mg/kg 

Cadmium 38 21 2.2 46 4.3 NP 4.3 UCl95 - NP mg/kg 

Copper 38 36 189 4,590 388 NP 388 UCl9' - NP mg/kg 

lead 38 38 80 629 111 NP 111 UClo, - NP mg/kg 

Mercury 63 40 2.1 45 3.3 NP 3.3 UCl95 - NP mg/kg 

Zinc 38 38 959 24,800 2,116 NP 2,116 UC105 - NP mg/kg 

PCB1254 23 7 0.16 1.2 0.25 NP 0.25 UC105 - NP mg/kg 

Benzo(a)pyrene 36 36 0.8 2 
equivalents (BEQ) 

1.0 l 1.0 UClo, - l mg/kg 

, Best estimate of the mean includes non-detects at 1/2 the detection limit 
N Number of samples 
UCl Upper confidence limit 
Basis 
UClo,-NP Nonparametric UCl9, (Bootstrap) 
UClo,-llognormal UCl95 (land's H-statistic) 
UCl9,-N Normal UCl9, (Student's t) 
MAX Maximum detected value 

2 

SWMU67ZERFIRAREV1.DOC 
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TABLE 5-7 
Toxicity Factors for the COPCs at SWMU 67 
RFI Report Addendum, SWMU 67, Zone E, Charleston Naval Complex 

GI Dermal 
Absorption Absorption 

Factor Factor 
Chemical (ABSGI) (OAF) WOE 

Antimony 2% 0.1% 

Cadmium 1% 0.1% B1 

Copper 0.3 0.1% D 

Lead 15% 0.1% B2 

Mercury 7% 0.1% D 

Zinc 20% 0.1% D 

PCB1254 90% 6% B2 

BEQ 31% 1% B2 

BEQ - Benzo(a)pyrene equivalent 
WOE - Weight-ol-Evidence Class definitions: 
A = known carcinogen 
B 1 = probable human carCinogen 
B2 = suspected carCinogen 
D = not classifiable 
Source definition 

Oral Slope 
Factor 

(kg-
day/mg) 

2.00E+00 

7.30E+00 

IRIS = EPA Integrated Risk Information System 
HEAST = Health Effects Assessment Summary Tables 

Inhalation 
Slope 
Factor 

(kg-day/mg) 

1.90E+00 

2.00E+00 

3. 1 OE+OO 

AFI REPORT ADDENDUM, SWMU 67, lONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

Chronic 
tnhalation 

Chronic Oral Reference 
Reference Dose 

Dose (mg/kg-
(mglkg-day) day) Source 

4.00E-04 IRIS 

1.00E-03 5.70E-05 - IRIS! 
-NCEA 

0.04 HEAST 

IRIS 

3.00E-04 1 8.60E-05 IRIS 

3.00E-01 IRIS 

2.00E-05 IRIS 

IRIS 

-NCEA = National Center for Environmental Assessment, Region III RBC tables 
1 Mecuric chloride value used as surrogate 

SWMU67ZERFIRAAEV1.00c 5-17 
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RFt REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

6.0 Summary of Information Related to Site 
Closeout Issues 

6.1 RFI Status 
The Zone E RFI Report, Revision a (EnSafe, 1997) addressed SWMUs/ AOCs within Zone E of 

the CNC, including SWMU 67. In accordance with the RFl completion process, if a 

determination of No Further Investigation (NFl) is made upon completion of the RFl, then a 

site may proceed to either NFA status or to a corrective measures study (CMS). Based on 

sampling conducted at the former location of Building 1025 (AOC 546), and additional 

delineation sampling for mercury in the AOC 542 area, antimony, mercury and zinc were 

identified as COCs in surface soil, as described in Section 5.0. 

The remaining subsections address the issues that the BCT agreed to evaluate prior to site 

closeout. 

6.2 Presence of Inorganics in Groundwater 
For the purpose of site closeout documentation, the inorganics in groundwater issue refers 

to the occasional or intermittent detection of several metals (primarily arsenic, thallium, and 

antimony) in groundwater at concentrations above the applicable MCL, preceded or 

followed by detections of these same metals below the MCL or below the practicable 

quantitation limit. There were no detections of antimony in shallow wells above the 

laboratory detection limits. There were no detections of arsenic above the MCL in samples 

from the shallow groundwater monitoring wells. One detection of thallium exceeded its 

MCL of 2 micrograms per liter (/-!g/L) in well E067GW002 at an estimated concentration of 

4 /-!g/L, but did not exceed its Zone E maximum thallium background concentration in 

shallow groundwater of 5.4 /-!g/L. Thallium detections in groundwater are shown in Table 

5-2. 
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RFI REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

1 Intennittent detections of thallium in groundwater above its MCL have been detected base-

2 wide at CNC and are attributed to natural occurrence. There is no indication at SWMU 67 

3 that thallium was related to site activities, or that a thallium release occurred. Additionally, 

4 the detection of thallium in well E067GW002 was followed by a detection below laboratory 

5 detection limits, thus indicating that there is no persistent presence of thallium in 

6 groundwater at this site. Therefore, thallium is not considered a COC at SWMU 67 and 

7 further evaluation of this issue is not warranted. 

8 6.3 Potential Linkage to SWMU 37, Investigated Sanitary 
9 Sewers at the CNC 

10 The nearest sanitary sewer manhole is located approximately 35 feet north of SWMU 67. 

11 Data indicate that this SWMU was never connected to the sanitary sewer system, and there 

12 were no COCs identified at the site. 

13 Elevated detections of mercury of 9 mg/kg and 44.8 mg/kg in surface soil samples from 

14 two SWMU 37 soil borings, E037SBOlO and E037SB006, respectively, prompted further 

15 delineation soil sampling for mercury. This sampling is described in Sections 4.0 and 5.0 of 

16 this report. Mercury has been identified as a surface soil COC at this site. No additional 

17 evaluation of this issue is warranted. 

18 6.4 Potential Linkage to AOC 699, Investigated Storm Sewers at 
19 the CNC 
20 There is no evidence that past site use or the presence of contamination at the site could 

21 have potentially impacted the storrnwater sewer system. Further evaluation of this linkage 

22 is not warranted. 

23 6.5 Potential Linkage to AOC 504, Investigated Railroad Lines 
24 at the CNC 
25 The closest railroad line is located 140 feet southeast of SWMU 67. There is no known 

26 linkage between SWMU 67 and the investigated railroad lines of AOC 504, so further 

27 evaluation of this issue is not warranted. 
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RFI REPORT ADDENDUM, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
JUNE 2003 

1 6.6 Potential Migration Pathways to Surface Water Bodies at 
2 the CNC 
3 The nearest surface water body to SWMU 67 is the Cooper River, which lies approximately 

4 210 feet southeast of the site. The only potential migration pathway from the site to surface 

5 water is via overland flow via stormwater runoff. The entire site is covered with buildings 

6 and pavement, which eliminates contact of surface soil with stormwater. Similarly, runoff 

7 directed to the storm sewer system, which discharges to the Cooper River, does not contact 

8 the surface soil. No further evaluation of a potential pathway for contaminant migration via 

9 stormwater runoff is warranted. 

10 6.7 Potential Contamination in OillWater Separators (OWSs) 
11 There are no OWSs associated with SWMU 67. In addition, there is no reference to an OWS 

12 at the site in the Oil Water Separator Data report (Department of the Navy, September 2000). 

13 Therefore, further evaluation of this issue is not warranted. 

14 6.8 Land Use Controls (LUCs) 
15 The CNC BCT has agreed that all of Zone E will have at least some LUCs and restrictions. 

16 At a minimum, these LUCs are likely to include restrictions against unrestricted land use. 

17 These LUCs will apply at SWMU 67, due to its location within Zone E. 
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AFI REPORT ADDENDUM AND CMS WORK PLAN, SWMU 67, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 2 
DECEMBER 2003 

1 7.0 Recommendations 

2 SWMU 67 consists of a former mercury gauge room and a mercury storage area, each in 

3 separate locations within Building 3. Currently Building 3 is used as a machine shop. 

4 The CNC RCRA Permit identified SWMU 67 as requiring a CSI. 

5 The Zone E RFI Report, Revision 0 (EnSafe, 1997) did not identify any COCs at SWMU 67 and 

6 concluded that no further corrective measures are necessary for the site. 

7 Based on the identification of the correct location of former Building 1025 (AOC 546) as 

8 overlapping SWMU 67, additional soil sampling was conducted in this area to complete the 

9 investigation for AOC 546. In addition, elevated detections of mercury in soil samples from 

10 soil borings north of SWMU 67 during the SWMU 37 investigation prompted additional 

11 delineation soil sampling for mercury. 

12 Based on the analytical results from the RFI and the December 2002 sampling and an 

13 evaluation of COPC criteria currently used by the CNC BCT, several COPCs were identified 

14 in surface soil. Based on the results of the HHRA, site risks were determined to be below or 

15 within the acceptable risk range for both industrial and residential receptors. Consequently, 

16 no surface or subsurface soil COCs were identified based on the risk assessment. No 

17 groundwater COCs were identified at this site. 

18 However, consistent with previous agreements made by the BCT for similar sites at the 

19 CNC, BEQs are retained as a surface soil COC because BEQ concentrations in several 

20 surface soil samples within the general investigation area exceeded the CNC sitewide 

21 reference concentation for surface soil of 1,304 flg/kg. A CMS is recommended to select the 

22 remedy for the BEQs in surface soil. 

23 This site is suitable for future industrial land use. Because of the site's location within Zone 

24 E, LUCs to restrict the site to industrial land use only will be applied. However, it is not 

25 expected that additional remediation activities will be necessary. 
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8.0 eMS Work Plan for SWMU 67 

2 BEQs were identified as CDCs in surface soils at SWMU 67. Because all locations at which 

3 BEQs in surface soil exceeded the CNC sitewide reference concentration are paved, there is 

4 currently no unacceptable exposure or risk from BEQs. However, it is feasible that in the 

5 future, should site conditions change, some exposure could occur. Therefore, a CMS should 

6 be conducted to evaluate potential corrective measures and identify an appropriate remedy 

7 for the site. 

8 This section presents a focused CMS work plan. Media cleanup standards (MCSs) are 

9 identified for CDCs, and potential remedies that should be evaluated are also presented. 

10 8.1 Remedial Action Objectives 
11 Remedial action objectives (RAOs) are medium-specific goals that the remedial actions are 

12 designed to accomplish in order to protect human health and the environment, by 

13 preventing or reducing exposures under current and future land use conditions. The RAOs 

14 identified for surface soil at SWMU 67 are being chosen to prevent ingestion and 

15 direct/ dermal contact with surface soil containing COCs at unacceptable levels. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

8.2 Remedial Goal Options and Media Cleanup Standards 
Throughout the process of remediating a hazardous waste site, a risk manager uses a 

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

alternatives. Under the RCRA program, remedial goal options (RCOs) and MCSs are 

developed at the end of the risk assessment in the RFI/Remedial Investigation (RI) 

programs, before completion of the CMS. 

RCOs can be based on a variety of criteria, such as specific incremental lifetime cancer risk 

(ILCR) levels (e.g., 1E-04, 1E-05, or 1E-06), HI levels (e.g., 0.1, 1.0, 3.0), or site background 

concentrations. For a particular RCO, specific MCSs can be determined as target 

concentration values. Achieving these MCSs is accepted as demonstrating that RCOs and 

RAOs have been achieved. Achieving these goals should promote the protection of human 

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

standards. 
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1 The exposure medium of concern for SWMU 67 is surface soil impacted by BEQs. Because 

-_ 2 SWMU 67 is located within a highly developed area of the CNC and there are no surface 

3 water bodies in the immediate vicinity of the site, ecological exposures were not considered 

4 applicable for evaluation. 

5 For BEQs, the target MCS for surface soil should be the CNC BEQ sitewide reference 

6 concentration of 1,304 JLg/kg, which was developed by the BCT. Other potential RGOs, 

7 such as the lE-06 ILCR level, were considered but regarded as not applicable because the 

8 site background concentrations of BEQs are significantly greater than this level. No BEQ 

9 reference concentrations for industrial use have been developed for CNC. 

10 8.3 Potential Remedies to Evaluate 
11 Because of the relatively small quantity of contaminated soil and the presence of several 

12 subsurface utilities, vaults, and other unknown obstructions at the site, the list of practicable 

13 remedial alternatives for this site is limited. The two presumptive remedies that will be 

14 evaluated as part of the CMS include: 

15 • Soil excavation and offsite disposal, and 

16 • LUCs. 

17 

18 8.4 Focused CMS Approach 
19 The focused CMS will consist of the following tasks that will be performed in the order 

20 presented below: 

21 1. The corrective measure alternatives described above will be screened using several 

22 criteria and decision factors. 

23 2. A preferred corrective measure alternative will be selected. 

24 3. The CMS and preferred corrective measure alternative will be documented in the CMS 

25 report. 

26 8.5 Approach to Evaluating Corrective Measure Alternatives 
27 According to the RCRA permit issued by SCDHEC (SCDHEC, 1998), the alternatives will be 

28 evaluated with the following five standards: 

29 1. Protecting human health and the environment. 

'_ 30 2. Attaining media cleanup standards (RGOs). 
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1 3. Controlling the source of releases to minimize furore releases that may pose a threat to 

2 human health and the environment. 

3 4. Complying with applicable standards for the management of wastes generated by 

4 remedial activities. 

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

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

7 (e) cost. 

8 Each of the five standards is defined in more detail below: 

9 1. Protecting human health and the environment. The alternatives will be evaluated on 

10 the basis of their ability to protect human health and the environment. The ability of an 

11 alternative to achieve this standard mayor may not be independent of its ability to 

12 achieve the other four standards. For example, an alternative may be protective of 

13 human health, but may not be able to attain the MCSs if the MCSs are not directly tied 

14 to protecting human health. 

15 2. Attaining media cleanup standards (RGOs). The alternatives will be evaluated on the 

16 basis of their ability to achieve the RGOs defined in this CMS Work Plan. Another 

17 aspect of this standard is the time frame to achieve the RGOs. Estimates of the time 

18 frame for the alternatives to achieve RGOs will be provided. 

19 3. Controlling the source of releases. This standard deals with the control of releases of 

20 contamination from the source (the area in which the contamination originated). 

21 4. Complying with applicable standards for management of wastes. This standard deals 

22 with the management of wastes derived from implementing the alternatives, for 

23 example, treatment or disposal of excavated material. The soil removal alternative will 

24 be designed to comply with all applicable standards for management of remediation 

25 wastes. Consequently, this standard will not be explicitly included in the detailed 

26 evaluation presented in the CMS but will be part of a work plan specific to the removal 

27 action should a removal action become the chosen alternative. 

28 5. Other factors. Five other factors are to be considered if an alternative is found to meet 

29 the four standards described above. These other factors are as follows: 

30 a. Long-term reliability and effectiveness 

31 The two alternatives will be evaluated on the basis of their reliability, and the 

32 potential impact should the chosen alternative fail. In other words, a qualitative 
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1 assessment will be made as to the chance of the alternative's failure and the 

2 consequences of that failure. 

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

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

5 contamination will be generally favored over those that do not. Consequently, a 

6 qualitative assessment of this factor will be performed for each alternative. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

c. Short-term effectiveness 

Alternatives will be evaluated on the basis of the risk they create during the 

implementation of the remedy. Factors that may be considered include fire, 

explosion, and exposure of workers to hazardous substances. 

d. lrnplementability 

The alternatives will be evaluated for their implementability by considering any 

difficulties associated with conducting the alternatives (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 will be developed. These cost estimates will 

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

The estimates will be based on information available at the time of the CMS and on a 

conceptual design of the alternative. They will be "order-of-magnitude" estimates 

with a generally expected accuracy of -50 percent to +50 percent for the scope of 

action described for each alternative. The estimates will be categorized into capital 

costs and operations and maintenance costs for each alternative. 

In addition to the criteria described above, the alternatives will be evaluated for their ability 

to achieve all contractual obligations of CH2M-Jones and the Navy. 

26 8.6 Focused eMS Report 
27 A focused CMS Report will be prepared to present the identification, development, and 

28 evaluation of potential corrective measures for SWMU 67. A proposed outline of the report, 

29 as shown in Table 8-1, provides an example of the report format and content. 

SWMU67ZERARACMSWPREV2 8-4 



-------- .. -----

Section 9.0 



1 9.0 References 

RFt REPORT ADDENDUM AND CMS WORK PLAN, SWMU 67, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 2 
DECEMBER 2003 

2 EnSafe Inc. Zone E RFI Report, Revision 0, NAVBASE Charleston. 1997. 

3 EnSafe Inc.! Allen & Hoshall. Final RCRA Facility Assessment, NAVBASE Charleston. July 

4 1995. 

5 EnSafe Inc.! Allen & Hoshall. Final Zone E RFI Work Plan, Revision 1, NAVBASE Charleston. 

6 June 1995. 

7 CH2M-Jones. Technical Memorandum: A Summary of Inorganic Chemical Concentrations in 

8 Background Soil and Groundwater at the CNC. 2001. 

9 CH2M-Jones. Technical Memorandum: Results from Additional Background Sampling of the CNC 

10 Railroad Lines and Naval Annex (Zone K). CNC. August 2001. 

11 South Carolina Deparhnent of Health and Envirorunental Control, Final RCRA Part B 

12 Permit No. SCO 170 022 560. 

SWMl167ZERFIRACMSWPREV2 9-, 



---~------------

Appendix A 



T
ab

le
 1

0.
7.

A
 

C
he

m
ic

al
s 

P
re

se
n

t 
in

 S
ite

 S
am

pl
es

 
S

W
M

U
 6

7 
-

S
u

rf
a

ce
 S

oi
l 

N
A

V
B

A
S

E
 -

C
ha

rl
es

to
n 

C
ha

rl
es

to
n,

 S
ou

th
 C

ar
ol

in
a 

F
re

q
u

e
n

cy
 

R
an

ge
 

o
f 

of
 

P
a

ra
m

e
te

r 
D

et
ec

tio
n 

D
et

ec
tio

n 

M
er

cu
ry

 (
H

g)
 

3 
7 

0.
04

 

M
G

/K
G

 -
m

ill
ig

ra
m

s 
p

e
r 

ki
lo

gr
am

 
S

O
L

 -
S

a
m

p
le

 q
ua

nt
ita

tio
n 

lim
it 

R
B

C
 -

R
is

k-
b

a
se

d
 c

on
ce

nt
ra

tio
n 

0.
21

 

A
ve

ra
g

e
 

D
et

ec
te

d 
C

on
ce

nt
ra

tio
n 

0.
11

 

R
an

ge
 

S
cr

ee
ni

ng
 C

on
ce

nt
ra

tio
n 

N
u

m
b

e
r 

of
 

R
eS

id
en

tia
l 

In
du

st
ri

al
 

E
xc

ee
di

ng
 

S
O

L
 

R
B

C
 

R
B

C
 

R
ef

er
en

ce
 

U
ni

ts
 

R
es

. 
In

d.
 

R
ef

 

0.
11

 
0.

11
 

2.
3 

61
 

2.
6 

M
G

/K
G

 

P
ag

e 
1 

o
f 

1 



• Groundwater Well 
N Shallow Groundwater Contours It bls (Known) 

:\: Fence 
N Railroads 
N Roads - lines 
D AOe Boundary 

D SWMU Boundary 
D Buildings 

Zone Boundary 

o Feet 

1 inch = 93 feet 

Figure A·1 
Shallow Groundwater Contour 

SWMU 67, Zone 
Charleston Naval Complex 



SWMU #67 

067JF006 '" 
067JFOO1 "~ 

1\10 

FOAIoER GAUGE 
FIOOM 

(RRST R...OOR) 

LEGEND 

• - SOIL BORINGS 

© - CORE SAMPLES 

067JF003 

~ 
~ .. 

- DEEP MONITORING WELLS 

CD 
® 
® 

- SHALLOW MONITORING WELLS 
- SEDIMENT SAMPLES 
- THICKNESS SAMPLES 

- WIPE SAMPLES 
- SURF ACE WATER SAMPLES 

'2'26 

I.ERCURY 
STORAGE 
(FIIST R_Clan 

067JFOO7 

U 
WIPE SAMPLE LOCATIONS 

SWMU #67 
GAUGE ROOM 

l~GR~A~PH~'C~11°9~~~!!~O~~::~:1~O!O!!!!!!!!!2?[O~~[]~[§~~B~U]llLJD~IN~G~3~r:~~l:j SCALE 1 .. ~ • DWG DATE: 09 02 97 WG NAME: 10-7-3 



Appendix B 



/
,,

: 
F

en
ce

 
N

 
R

ai
lro

ad
s 

N
 

R
oa

ds
 

o 
A

O
e

 B
ou

nd
ar

y 
o 

S
W

M
U

 B
ou

nd
ar

y 
o 

B
ui

ld
in

gs
 

Z
on

e 
B

ou
nd

ar
y 

A
 

N
 

o 
70

 
14

0 
F

ee
t 

1 
in

ch
 =

 1
00

 fe
et

 

F
ig

ur
e 

B
-1

 
P

re
vi

ou
s 

Lo
ca

tio
n 

o
f B

ui
ld

in
g 

10
25

, 
Z

o
n

e
 E

 
C

ha
rle

st
on

 N
av

al
 C

o
m

p
le

x 

C
H

2
M

H
IL

L
 



La
yo

ut
 fr

om
 P

ub
lic

 W
o

rk
s 

M
ap

, 
Ju

ne
 3

0,
 1

93
7 

h6
06

-3
9 

A
 

N
 

e 
Pa

ltl
: c

:1
18

gl
a\

pl
"o

j.m
IZ

on
e_

lla
w

m
u 

66
 It

O
C

8 
54

4 
54

fk
n

o.
eg

1l
.a

p
r,

 o
.te

: 2
0 

N
ov

 2
00

2 
12

:0
0,

 U
.r

-1
W

IL
E

Y
 

F
ig

u
ra

 B
·2

 
O

rig
in

al
 L

oc
at

io
n 

o
f B

ui
ld

in
g 

1
0

2
5

 
A

O
C

 5
46

, 
Z

o
n

e
 E

 
C

ha
rle

st
on

 N
av

al
 C

o
m

p
le

x 

C
H

2M
H

IL
L

 



\ , 

AppendixC 



{ 
Dzzt;, 

z.b 11 fl. $ ~ 
, ... " ~ 3 
If" I.'" j 

IL ell 8 I 

,II 

Ii 
1"1 

.s:;._" ~b ~ tocJI.... 

t..,~ fl •• ~ 

« 

1.[) 13 
,'I 1'1 
)~ I~ 

17 It. 

)t S' 

JI " I" 7 

q ... 
11 

'i 11> I) fl- ; 
3 ,'" 'If .1 J, 

1. ,9 ,{ 1° 1 
. I 

'I I 'J1 U, ., 
~ ~~'¥1~ h.",,!« ~ l' 

f 
J 

: L! sJ- -FJoN J 
003 

i; N - t) ..". .. -..J C'- '" .t "'" ~ -

o()~ ....... o ... ()~c::.~o~ 
~ () 0 () () 0 ~ ~ ... 0 ~ ~ Q 

N ___ _ 

t:t _.... ...e ..... f""oo 

' 1/4& .... ~:n-



"", 
.... 

..s
 ...

...
 11

 
".,

 
~
1
t
1
V
~
 

t
z
~
 +

:'0
0'

-)
 
~"

6~
4I

r-
.s

 (,
U

 :
;;O

tJIL
. ) 

~!
I!

!"
-

,.,
. 

~L
I"

J 
. 
~
 

1 
, 

I 
III

 ... 
D

 
) 

~.
" 

. 

Z
 

D
.O

 
l 

/J
.e

? 

.3
 

(J
.t

?
 

3 
"
d

)
 _

 

'1 
0.

" 
&.

/ 
(1

.0
 

S
-

0
.
0

0
' 

~
 

0
,(

;)
 

b 
0

·0
 

/,
 

0
,0

 

? 
0

,0
 

., 
"_i

I 
8 

C)
.O

 
t 

(I
.e

? 

~ 
0

.0
 

., 
d 

•. "
 

10
 

1
1

.0
 

1
0

 
0

.0
 

/I
 

C
.O

 
J I

 
"."

 
Il

 
(1

, 
p 

17
 

".D
 

fJ
 

0
.0

 
I
)
 

d.
O

 
1"

1 
0

,0
 

"
(
 

f1.
i I

I 
• 
.
,
 (J

. 0
 

If
 0

.0
 

IJ
-

1
1

,0
 

"., 
(L

O
 

)t
, 

0
.0

 

t'7
 

O
,t

) 
17

 
(J

,O
 

..
 
-.

 

IV
 

0
.0

 
If

' 
d.

t)
 

1*
\ 

0
.0

 
,., 

0
.0

 

'2
0

 
D

.O
 

~
 

O.
~ 



Certificate of Instrument Calibration 
1912W. __ • --. AZ _ • (OG2) 470-1414·..., _74U • ,..~ - .. " • ----

Manufacturers of Computrar! Moisture Analyzers and.Jerome' Toxic Gas Analyzers 

Company TOlliI Slf'l}! 

Address P.O. 90x 421289 

HOUSIon -:"X 77242 

This is to .e,lilY that the JEROME X431.0002 Gold film Mercury Analyzer. I 10 VAC Serial Number 1679 wilh 
Sensor Number 8- i2-1~-S' 8, waSt.librated with standacd units Iraco.ble to NIST 

Calibrarion Status as R .... ived: Our ofC.libotjon 

I.co.; ... : Acw.f CalibmlionGa. 

uvdt . 01. 0107 ....... 3H • 

RSO 6,87 

O_teol",: AccUlI C_lilanlton GAl 

lndl 10<13 o t07 mafnU HI 

RSO 146 

Lc\'C12 N/A 002S ..... ml HI 

SO NII\ 

lewcl) N/A 0.010 mllml HI 

SO NlA 

C':;'br.,(;Slaru':U'[.rt In C'aijimllioo 

Estimared UntoNinty orCalibrarion System: 3.SIl. 
Ambient conditions during cahbrarion: 

AIJowlble Ran~c 

1011- 1124 ( .. ,.,%) 
<3% 

AlIowHtc Rante 

1017-1124 ,.I-S"'I 
<J% 

0020·00)0 mil";} 

<o.oOS mrJml 

o OOS • 0 OIS mlfm) 

<OOO!l m&!m) 

TCfIIIl!!.01IUre degrees F: 74.1 II. R.lative Humidity: lj J 

Colib .. ,iotI 01" 413/02 Re-eolibrltion Dol. 412/03 

._-- ...... --'.-. 

Approved 8y: 4 ... (1", U...(.l~ ___ ._._ 01,,:4 "'/....:4:.::/0:::2 ___ _ 

Tlrle: Jeffrey Chubb. - Qualil}! Auuranee Technician 

Equipm.nr Used 

PertMI!ion Tube SIN: 498-3663 

Calibr41r;on Date: 1;9/02 Calibralion Dare Due: 111103 

DyJIICalibrator SIN: M971 

Calibration Dare: 7123/01 Calibration Date D •• : 7123102 

flowmerer SIN: 1243 

C.Ii""'r;;n Oare: 6/19/01 Calibralion Dale Due~ 6119/02 

DigitaJ MuJrimrfrr SIN: 2376064 

Calibration Oal.: 7f.WOI Calibralion O~r. Due. 7124102 

C.,.bfacion rr<K,dun: Uscd JJ09·t)OO:ti 

NIST: 153337-1 

NIST: 25508'.9';NBS BUI'e1 
N81 and#KIO 

NIST: 8211258030-97: 
8211256504·97: 

NIST: 05076 

,,'It_lont __ eM,," 11M' "" *'Y Il"kd ......... _ .....,. or"<teeh ........ .tw.1 ~,aiu •• ~ .... "" .... _ ~ ........ 110-. tI ............ ¥..aIf...-'- p ,,~~""" .... ,II.; \;\ I"IU.' \1 
INSTill.'T!; Of' S'",""OAIIU,' Tf' . .nINOI.I)(;,' .... _Ih~.,. ........ ftlIo,M·~eIIoIf~"'" "" ... " _~ bwot"-"'M j)_~""'",.t_"''''''-_..I~ ..... ~~ .......... ~ I ... ~., 
lIhi.h,,"-tlw ... " .. IIfIdf"'l:;!IiInt .. "" I~ .. ,"",,-. "' ........ '-_ .... ,.... ..... w" •• , ",ro ~'P\h:.\ ................... , .......... . 
t)lSCL",,'1fA , .... _ ........... *.,_. ,_ .. ·tII .. ~"'''Q<.' teIh. OIl 1'1 ... ' .... 1 ... " "1oI\'oIi..'~ .... , ...... ,_~.,\""-" .. "'ltl "niH "", ',.,h", .""",~,~ ... ~."','''' d .. ~, 
___ 'lII·tIIt~MII,....w~~"ho:~~ ... ;_ .... ..r""""'lhc __ ,Mn'lIfiul't'''"'''''''''''''''''...NI'''','''''''' ,,"-I_t' ................... ;II,1 '4~1'b.: 
~ ..... -~. ,-...t~ ........ I1.".".;"f liorinlO.--- ........... -, ............. .." ...-"" .... __ .00 .. 
~""""' .. """"'t ......... I.' """ " ...... ,"",,' IH 'tf~.~ hi f"" .... fII,1 .. _ -:'" .............. ""MI,. WI ~~ ,110: _" ". ~ eo. ""'-'i_ .~ .. ; ......... '-..:-., ........... '¥ II, 
I"'" prOl.-Huno ........... 'lk> o...:lM.w ~ \I ..... '" , ......... _ •• ~ .. --,,, ...... ~, I iI% .. ", ................ -...., ....... "'...... n.-. .~ .. _ ............ ", .• ., .... ..to ... ,. "."'1"" ,,, 
"J' ........ _ ........ ~" ............. 1 .... ,,,, ..... , .... ".ott'" 

'-~ ~ -,. - .. __ .. 



AppendixD 



MEMORANDUM 

Data Validation Summary - Charleston Naval 
Complex - Zone E, AOCs 546 and 542 
TO: 

FROM: 

DATE: 

Tom Wiley ICH2M HlLLI ATL 

Amy Juchem/CH2M HlLL/GNA 

Herb Kelly ICH2M HILL/GNA 

January 10, 2003 

CH2MHILL 

The purpose of this memorandum is to present the results of the data validation process for 
the samples collected in Zone E, AOCs 546 and 542. The samples were collected on 
December 11 and 12, 2002. 

The specific samples and analytical fractions reviewed are summarized below in _. 

The Quality Control areas that were reviewed and the resulting findings are documented 
within each subsection that follows. This data was validated for compliance with the 
analytical method requirements. This process also included a review of the data to assess 
the accuracy, precision, and completeness based upon procedures described in the guidance 
documents such as the Environmental Protection Agency (EPA) National Functional 
Guidelines for Inorganic Data Review (EPA 2002) and National Functional Guidelines for Organic 
Data Review (EPA 1999). Quality assurance 1 quality control (QA/QC) summary forms and 
data reports were reviewed. 

Samples were submitted to General Engineering Laboratories, Inc., in Charleston, South 
Carolina, for the following analyses: SW-846 8260 Yolatile Organic Compounds (YOC), SW-
8468270 Semivolatile Organic Compounds (SYOC), and Metals following SW-846 
601017000 Series methodology. 

Sample results that were not within the acceptance limits were appended with a qualifying 
flag, which consisted of a single- or double-letter code that indicated a possible problem 
with the data. The qualifying flags originated during the data review and validation 
processes. These also include the secondary, or the two-digit "sub-qualifier" flags. The 
secondary qualifiers provide the reasoning behind the assignment of a qualifier flag to the 
data. The secondary qualifiers are presented and defined below . 

. lists the changes in data qualifiers, due to the validation process. 



DATA QUALITY EVALUATION SUMMARY 

The following primary flags were used to qualify the data: 

[=] Detected. The analyte was analyzed for and detected at the concentration shown. 

Ul Estimated. The analyte was present but the reported value may not be accurate or 
precise. 

[U] Undetected. The analyte was analyzed for but not detected above the method 
detection limit. 

[UJ] Detection limit estimated. The analyte was analyzed for but qualified as not 
detected; the result is estimated. 

[R] Rejected. The data is not useable. 

Secondary Data Validation Qualifiers 

Code 
2S 
BL 
BD 
BS 
CC 
DL 
FD 
HT 
IB 
IC 
IS 
LD 
LR 
MD 
MS 
aT 
PO 
PS 
RE 
SO 
SS 
TO 
TN 

Definition 
Second Source 
Blank 
Blank Spike/Blank Spike Duplicate or (LCS/LCSD) Precision 
Blank Spike/LCS 
Continuing Calibration Verification 
Dilution 
Field Duplicate 
Holding Time 
In-Between (metals - B's --> J's) 
Initial Calibration 
Internal Standard 
Lab Duplicate 
Concentration exceeded Linear Range 
MS/MSD or LCS/LCSD Precision 
Matrix Spike/Matrix Spike Duplicate 
Other (see DV worksheet) 
Pesticide Degradation 
Post Spike 
Re-extraction/Re-analysis 
Serial Dilution 
Spiked Surrogate 
Total vs. Dissolved 
Tune 

2 
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DATA QUAUTY EVALUATION SUMMARY 

Organic Parameters 

Quality Control Review 
The following list represents the QA/QC measures that were reviewed during the data 
quality evaluation procedure for organic data. 

• Holding Times - The holding times are evaluated to verify that samples were extracted 
and analyzed within holding times. 

• Blank samples - Method blanks, equipment blanks, and trip blanks were provided for 
this project. Blank samples enable the reviewer to determine if an analyte may be 
attributed to sampling or laboratory procedures, rather than environmental 
contamination from site activities. 

• Surrogate Recoveries - Surrogate Compounds are added to each sample and the 
recoveries are used to monitor lab performance and possible matrix interference. 

• Lab Control Sample (LCS) - This sample is a "controlled matrix", either laboratory 
reagent water or Ottawa sand, in which target compounds have been added prior to 
extraction/ analysis. The recoveries serve as a monitor of the overall performance of each 
step during the analysis, including sample preparation. 

• Matrix Spike/Matrix Spike Duplicate (MSIMSD) Samples - Spike recovery is used to 
evaluate potential matrix interferences, as well as accuracy. Precision information is also 
determined by calculating the reproducibility between the recoveries of each spiked 
parameter. 

• Field Duplicate Samples - These samples are collected to determine precision between 
a native and its duplicate. This information can only be determined when target 
compounds are detected. 

• GClMS Tuning - The mass spectrum of the tuning compound is evaluated for method 
compliance. The criteria are established to verify the proper mass assignment and mass 
resolution. 

• Initial Calibration - The initial calibration ensures that the instrument is capable of 
producing acceptable qualitative and quantitative data for the compounds of interest. 

• Continuing Calibration - The continuing calibration checks satisfactory performance of 
the instrument and its predicted response to the target compounds. 

• Internal Standards - The internal standards (retention time and response) are evaluated 
for method compliance. The internal standards are used in quantitation of the target 
parameters and monitor the instrument sensitivity and response for stability during 
each analysis. 
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OATA QUAlITY EVALUATION SUMMARY 

Volatile Organic Compounds (VOC) Analyses 
The QA/Qt2 parameters for VOC analyses for all of the samples were within acceptable 
control limits, except as noted below: 

Blanks 
The VOC target parameters detected in blank samples are listed in II1II. 

TABLE 2 
Blank Contamination: VOGs 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

8.4 Jl9/L 84.0 ~g1L 

0.44 ~g/L 2.2 ~g1L 

0.26 ~g/L 1.3 ~g/L 

IXvllsm,s (total) 0.26 ~L 1.3~g1L 

Ml EB 8.4 ~g1L 84.0 ~g1Kg 

0.44 Jl9/L 2.2~Kg 

0.26 ~glL 1.3 ~g/Kg 

IXyllenE'S (total) 0.26 ~g1L 1.3~Kg 

If a target parameter determined to be a common contaminant was reported in a field 
sample, and the concentration was below the level determined to be due to blank 
contamination, the following actions were taken: 

• If the concentration was above the reporting limit, the numeric result was unchanged, 
but it was flagged "U", as undetected. 

• If the concentration was below the reporting limit, the numeric result was changed to 
the value of the reporting limit, and it was flagged "U", as undetected. 

The results qualified due to blank contamination are listed in .. 

Recoveries - Surrogate, MS/MSD and LCS 
All Surrogate, Matrix Spike (MS), Matrix Spike Duplicate (MSD), and Laboratory Control 
Sample (LeS) recoveries were within acceptable quality control limits, except as noted in 
f~below. 

8 



TABLE 3 
Surrogate, MSiMSD, and LeS Recoveries Out of QC Limits: voe 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

72084 546EB001M1 Toluene-d8 (surrogate) 80· 
i 
I Bromofluorobenzene 78· 
I (surrogate) , 

72084 I 546TB001 M1 Toluene-d8 (surrogate) 82· 

i Bromofluorobenzene 77" 
, (surrogate) 

72086 1 5468B001 01 Toluene-d8 (surrogate) 143· 

Bromofluorobenzene 160· 
(surrogate) 

72086 5468B00201 Bromofluorobenzene 123· 
(surrogate) 

72086 i 5468B002~ Bromofluorobenzene 126· 
(surrogate) 

72086 , 5468B00301 Bromoftuorobenzene 134· 
(surrogate) 

72086 546CB00302 Bromofluorobenzene 123· 
(surrogate) 

, 72086 5468B00401 Bromofluorobenzene 117" 
(surrogate) 

72086 5468B00102 Bromofluorobenzene 120· 
(surrogate) 

72086 5468B00302 Dibromofluoromethane 130· 
(surrogate) 

Bromofluorobenzene 133· 
(surrogate) 

72086 1200353740 LC8 2-Chloroethyl vinyl ether 68· 

1,2,3-Trichlorobenzene 131.2· 

72086 5468B00401 Bromomethane 140·/123.2 
. M8/M8D 

T rans-1 ,2-Dichloroethylene 147,6·/126.6 
-----------

Cis-1,2-Dichloroethylene 142·/123 
I I Chloroform 134.6·/120 
I 

! 1,1,1-Trichloroethane 139· 1125.2 

9 

DATA QUAUTY EVALUAIDN SUMMARY 

88-110 546EB001M1 No Flags 
Applied (field 

86-115 blank) 

88-110 546TB001M1 No Flags 
Applied (field 

86-115 blank) 

84-138 5468B00101 Detects only-J 

59-113 

59-113 5468B00201 Detects only-J 

59-113 5468B00202 Detects only-J 

59-113 5468B00301 Detects only-J 

59-113 546CB00302 Detects only-J 

59-113 5468B00401 Detects only-J 

59-113 5468B00102 Detects only-J 

70-130 5468B00302 Detects only-J 

59-113 

70-130 5468B001 01, Detects-J, non-
5468B00201, detects-UJ 
5468B00202, 

70-130 5468B00301 , Detects only-J 
546CB00302 

70-130 5468B00401 Detects only-J 

70-130 

70-130 

70-130 

70-130 



TABLE 3 
Surrogate, MS/MSD, and LGS Recoveries Out of QC Limits: VOG 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

72086 5468600401 Carbon tetrachloride 137.2'/124.6 
MSlM8D 

Trichloroethylene 161.4'/133.4' 

I 8romodichloromethane 133.6'/117 

I Cic-1,3-Dichloropropane 133.2' 1120.2 

Toluene 131'/112.2 

I Trans-1,3-Dichloropropane 139.4'/119.6 

1 ,1 ,2-Trichloroethane 141.2'/122.2 

Tetrachloroethylene 150.8'/127 

I Dibromochloromethane 157.2'/135.6' 

! Chlorobenzene 134.2' 1116.4 

o-Xylene 134'/116.6 
I-
I i m,p-Xylenes 133'/113 

Xylenes (total) 133.3'/114 

8tyrene 134.8' 1119.6 

I I Bromoform 152'/132.2' 

! 1 ,3-Dichlorobenzene 131'/112.2 

I 1,2,4-Trichlorobenzene 158.6'/131.6' 

1 1,2,3-Trichlorobenzene 182.8' 1156' 

72086 5468800401 Vinyl acetate 8.4' 18.4' 
MSlM8D 

, - out of control limits 

10 

DATAQUAUTY EVALUATION SUMMARY 

70-130 5468800401 Detects only-J 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 

70-130 5468800401 I Detects-J, non-
I detects-R 



DATA aUAUTY EVAlUATION SUMMARY 

Initial and Continuing Calibration Criteria 

All initial calibration criteria and continuing calibration criteria were met, except as listed in 

TABLE 4 
Exceptions to Initial Calibration Criteria and Continuing Calibration Criteria: VOC 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

VOA l-CCAL-I2119/02, 
0846 

V0A2-CCAL-I2117/02, 
1402 

V0A2-CCAL-12119/02, 
1000 

1,1,1-Trichloroethylene 

1,2-Dichloroethane 

Chloromethane 

Vinyl acetate 

2-6utanone 

2-Chloroethyl vinyl ether 

2-Hexanone 

Dibromochloromethane 

6romoform 

1,2,3-Trichlorobenzene 

Chloromethane 

Vinyl acetate 

2-6utanone 

2-Chloroethyl vinyl ether 

2-Hexane 

Bromoform 

1,2,3-Trichlorobenzene 

20.3% low 

23.1% low 

28.6% low 

26.4% low 

23.7% low 

31.9% low 

23.9% low 

21.4% high 

21.2% high 

31.1% high 

23.3% low 

26.5% low 

25.6% low 

20.3%1 ow 

25.5% low 

22.2% high 

26.6% high 

72084 - All (Field blanks 
only) 

5465600101, 
5465600201, 
5465600202, 
5465600301, 
546C600302 

5465600102, 
5465600302, 
5465600401 

Flags were applied to the compounds in the associated samples in the following manner: 

• When the percent difference (%D) was low in the continuing calibration standards, 
detected compounds were flagged "J" and non-detected compounds were flagged "UJ", 
as estimated. 

• When the percent difference (%D) was high in the continuing calibration standards, 
detected compounds were flagged "J", as estimated. Non-detected compounds were not 
flagged. 
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DATA QUAUTY EVALUATION SUMMARY 

Internal Standard Area 
All internal standard areas were within QC limits except as noted below. 

• 1,4-Dichlorobenzene-d4 in sample 72086002 (5465BOO101) had a 60.1 % low recovery. 
Detects were qualified as "J" and non-detects were qualified "UJ". 

Semivolatile Organic Compounds (SVOC) Analyses 
The QA/QC parameters for the 5VOC analyses for all of the samples were within 
acceptable control limits, except as noted below. 

Blanks 
The 5VOC target parameters detected in blank samples are listed in ~. 

TABLES 
Blank Contamination: SVOCs 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

1546EB001M1 EB 5.9 J.lll/L 

M1 EB 5.9 J.tg/L 

59.0 J.lll/L 

59.0 J.l9IL 

If a target parameter determined to be a common contaminant was reported in a field 
sample, and the concentration was below the level determined to be due to blank 
contamination, the following actions were taken: 

• If the concentration was above the reporting limit, the numeric result was unchanged, 
but it was flagged "U", as undetected. 

• If the concentration was below the reporting limit, the numeric result was changed to 
the value of the reporting limit, and it was flagged "U", as undetected. 

No results were qualified due to blank contamination. 
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DATA aUAUTY EVALUATION SUMMARY 

Initial and Continuing Calibration Criteria 

All initial calibration criteria and continuing calibration criteria were met, except as listed in ... 
TABLE 6 
Exceptions to Initial Calibration Criteria and Continuing Calibration Criteria: SVOC 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

546EBOOl Ml (Field blank 
- no flags) 

546EBOOl Ml (Field blank 
- no flags) 

72086· All 

72086· All 

Flags were applied to the compounds in the associated samples in the following manner: 

• When the percent Relative Standard Deviation (%RSD) or correlation coefficient (R2) was 
out in the initial calibration, all associated samples were qualified. Detected compounds 
were flagged 'T and non-detected compounds were flagged "UJ", as estimated. 

• When the percent difference (%0) was low in the continuing calibration standards, 
detected compounds were flagged "J" and non-detected compounds were flagged "UJ", 
as estimated. 
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DATA QUAUTY EVALUATION SUMMARY 

Inorganic Parameters 

Quality Control Review 
The following list represents the QA/QC measures that are typically reviewed during the 
data quality evaluation procedure for inorganic parameters. 

• Holding Times - The holding times are evaluated to verify that samples were extracted 
and analyzed within holding times. 

• Blank samples - Sample preparation, initial calibration blanks/ continuing calibration 
blanks, and equipment blanks were provided for this project. Blank samples enable the 
reviewer to determine if an analyte may be attributed to sampling or laboratory 
procedures, rather than environmental contamination from site activities. 

• Lab Control Sample (LCS) - This sample is a "controlled matrix", in which target 
parameters have been added prior to digestion/ analysis. The recoveries serve as a 
monitor of the overall performance of each step during the analysis, including sample 
preparation. 

• Field Duplicate Samples - These samples are collected to determine precision between 
a native and its duplicate. This information can only be determined when target 
compounds are detected. 

• PreIPost Digestion Spike (MSIMSD) - Spike recovery is used to evaluate potential 
matrix interferences, as well as accuracy. Precision information is also determined by 
calculating the reproducibility between the recoveries of each spiked parameter. 

• ICP Interference Check Sample - This sample verifies the lab's interelement and 
background correction factors. 

• Initial Calibration Verification - This parameter ensures that the instrument is capable 
of producing acceptable quantitative data for the target analyte list to be measured. 

• Continuing Calibration Verification - This one-point, mid-range parameter establishes 
that the initial calibration is still valid by checking the performance of the instrument on 
a continual basis. 

• ICP Serial Dilution - The serial dilution of samples quantitated by rep determines 
whether or not significant physical or chemical interferences exist due to the sample 
matrix. 

14 



DATA QUAlITY EVAlUAnoN SUMMARY 

Metals Analyses 

The QA/QC parameters for the Metals analyses for all of the samples were within 
acceptable control limits, except as noted below. 

Blanks 
The Metals target parameters detected in blank samples are listed in 

TABLE 7 
Blank Contamination: Metals 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

Cadmium 

Lead IU.OO/O mg/Kg 

CCB 

LB 

LB 1.025 mg/Kg 

If a target parameter was reported in a field sample, and the concentration was below the 
level determined to be due to blank contamination (5 times the concentration in the 
associated QC blank samples), it was flagged as "U", not detected. Initial and continuing 
calibration blanks were also evaluated for possible contamination. 

No results were qualified due to blank contamination. 

Recoveries - Matrix Spike/Matrix Spike Duplicate (MSlMSD) and Laboratory 
Control Sample (LCS) 
All Matrix Spike (MS), Matrix Spike Duplicate (MSD) and Laboratory Control (LCS) 
recoveries were within acceptable quality control limits, except as noted in I I !! below. 

15 



',-" TABLE8 
MSIMSD and LCS Recoveries Out of QC Limits: Metals 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

72084 1200351219 LCS Silver 

72086 546S80040 1 MS/MSD Cobalt 

• - out of control limits 

Rejected Data 

19.6' 80-120 

96/124.5' 80-120 

DATA QUAUTY EVALUATION SUMMARY 

I 72084-AII 

72086 - All 

No flags applied 
(field blanks only) 

Detects only - J 

The majority of rejected data were associated with re-runs and dilutions (there can only be a 

single valid result per parameter per sample). However, there was a selected result qualified 

as "R", rejected, due to associated QC parameters out of criteria. The rejected data is 

summarized in below. 

TABLE 9 
Data Qualijication Summary: Rejected Data 
Charleston Naval Complex, Zone E, AOCs 546 and 542, Charleston, SC 

16 



DATA QUAUTY EVALUATION SUMMARY 

Conclusion 
A review of the analytical data submitted regarding the investigation of Zone E, AOCs 546 

and 542 at the Charleston Naval Complex, Charleston, South Carolina by CH2M HILL has 

been completed. An overall evaluation of the data indicates that the sample handling, 

shipment, and analytical procedures have been adequately completed, and that the 

analytical results should be considered usable as qualified. 

As discussed above, there was a specific result that was rejected, in which the data cannot be 

used. With the exception of this result, the validation review demonstrated that the 

analytical systems were generally in control and the data can be used in the decision making 

process. 
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Appendix E. Table 3 

BEQ Screening Table· SWMU 67 RFIRA. Zone E. GNG 

SamplelD DateColiected BEQ RBC' BACKGROUND COPC 
Surface Soil (0-1 tt) 

RFI RevO 
037SB005El 06/07/1997 1.07975 0.087 1.304 FALSE 
037SB006El 06/07/1997 0.9782 0.087 1.304 FALSE 
037SB007El 06/07/1997 1.23389 0.087 1.304 FALSE 
037SB008El 06/09/1997 0.45825 0.087 1.304 FALSE 
037SB009El 05/20/1997 1.48672 0.087 1.3041 TRUE I 
037SB010El 06/09/1997 1.37513 0.087 1.304 TRUE 
037SBOllEl 06/0911997 0.59197 0.087 1.304 FALSE 
538SB00401 08/28/1995 0.843515 0.087 1.304 FALSE 
538SB00501 08128/1995 0.820405 0.087 1.304 FALSE 
538SB00601 08/28/1995 1.27105 0.087 1.304 FALSE 
541SB0010la 08/30/1995 0.8496 0.087 1.304 FALSE 
542SB0010l 08129/1995 0.427535 0.087 1.304 FALSE 
542SB00201 08/29/1995 0.404425 0.087 1.304 FALSE 
542SB00301a 08/30/1995 0.81822 0.087 1.304 FALSE 
542SB00501 08/2911995 1.706 0.087 1.304/ TRUE / 
542SB00601 08/29/1995 0.403066 0.087 1.304 FALSE 
542SB00701 08/30/1995 0.843515 0.087 1.304 FALSE 

December-02 
546SB0010l 1211212002 0.295717 0.087 1.304 FALSE 
546SB00201 1211212002 0.2828745 0.087 1.304 FALSE 
546SB00301 12/1212002 1.27603 0.087 1.304 FALSE 
546SB00401 12/1212002 0.4583818 0.087 1.304 FALSE 
Subsurface Soil (1-5 tt) 

RFI RevO 
037SB008E2 06/09/1997 0.96981 0.087 1.4 FALSE 
037SB009E2 05/20/1997 1.61716 0.087 1.4/ TRUE / 
037SB010E2 06/09/1997 0.6375 0.087 1.4 FALSE 
037SBOllE2 06/09/1997 0.90129 0.087 1.4 FALSE 
538SB00402 08/28/1995 0.83196 0.087 1.4 FALSE 
538SB00502 08/28/1995 0.797295 0.087 1.4 FALSE 
538SB00602 08128/1995 0.820405 0.087 1.4 FALSE 
542SB00102 08/29/1995 0.427535 0.087 1.4 FALSE 
542SB00202 08/29/1995 0.80885 0.087 1.4 FALSE 
542SB00302a 08/3011995 0.714 0.087 1.4 FALSE 
542SB00502 08/29/1995 1.05939 0.087 1.4 FALSE 
542SB00602 08129/1995 0.450645 0.087 1.4 FALSE 

December-02 
546SB00102 1211212002 0.4402455 0.087 1.4 FALSE 
546SB00202 1211212002 0.4055805 0.087 1.4 FALSE 
546SB00302 1211212002 0.913125 0.087 1.4 FALSE 

• As Benzo(a)pyrene 







Surface Soil -Hypothetical Future Industrial Worker Scenario 
ChaJfeston Navy Complex -Zone E, SWMU 67 

Ingestion: 
COl = Cs'IR'FI' EF'EO'CF 

Cs= 
IR= 
FI= 
EF= 
EO= 
CF= 
BW= 
AT= 

Dermal: 
COl = 

Cs= 
SA= 
AF= 
ABS= 
ET= 
EF= 
EO= 
CF= 
BW= 
AT= 

BW'AT 
Concentration in soil (mg/kg) 
Ingestion Rate (mglday) 
Fraction Ingested (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

Cs 'SA' AF' ABS' ET'EF' EO'CF 
BW'AT 

Concentration in soil (mglkg) 
Surlace Area (cm') 
Soil-Skin Adherence Factor (mglcm') 
Absorption Factor (unitless) 
Exposure Time (8 hours per 8 hour workday) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

Inhalation: 
COl = Cs ' 11IPEFl 'IR 'ET' EF ' ED 

Cs= 
PEF= 
VFind= 
IR= 
ET= 
EF= 
EO= 
BW= 
AT= 

BW'AT 
Concentration in soil (mglkg) 
Particulate Emission Factor (m3/kg) 
Volatilization Factor (m'/kg) 
Inhalation Rate (m'/day) 
Exposure Time (8 hours per 8 hour workday) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

References: 

Carcinogenic 

EPC 
50a 

1 
250 a 
25 a 

1.00E-06 
70 a 

25550 a 

EPC 
2679 c,d 
0.03 c,e 

(Chemical Specific) f 
1 b 

250 a 
25 a 

1.00E-OS 
70 a 

25550 a 

for volatiles: 

Noncarcinogenic 

EPC 
50 a 

1 
250 a 
25 a 

1.00E-06 
70 a 

9125 a 

EPC 
2679 c,d 
0.03 c,e 

(Chemical Specific) f 
1 b 

250 a 
25 a 

1.00E-06 
70 a 

9125 a 

Cs ' «lNFindl+llIPEFlI 'IR 'ET' EF ' ED 
BW'AT 

EPC EPC 
1.32E+09 g 

(Chemical Specific) h 
20 a 
1 b 

250 a 
25 a 
70 a 

25550 a 

1.32E+09 g 
(Chemical Specific) h 

20 a 
1 b 

250 a 
25 a 
70 a 

9125 a 

a = U.S. EPA, Human Hearth Evaluation Manual, Supplemental Guidance: MStandard Default Exposure Factors" OSWER Directive 9285.6-03, March 25,1991. 
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the activity. c = U.S. EPA Exposure Factors Handbook, August 1997. 
d = Surface area of 112 head, forearms and the hands of an adult worker. 
e = Groundskeeper N02 (exposure scenario similar to urban horticulture center, campus grounds, arborteum), Exposure Factors HandbOOk, August 1996 
f = In the absence of chemical specific data, EPA Region IV default values: 1 % for organics, 0.1% for inorganics g = Particulate emiSSion factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background Document, May 1996. 
h = Industrial volatilization factor (VFind) adapted from FDEP Brownfields Table 4, Chapter 62-777, FAC., 

GNV/set 2- SS_SWMU67 JndWrkr - all data 037SBOt2Elremoved.xls 
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SurfaceSoi!· Future Residential Adult Scenario 
Charleston Navy Complex -Zone E, SWMU 67 

Ingestion: 
Intake for non·carcinogenic compounds: Age-adjusted intake for carcinogenic compounds onty: 
COl = Cs'lR'Fl' EF'EO'CF 

BW'AT 
CDI.,;jj =Cs .. IR.rt! .. FI'" EF .. CF 

AT 
Carcinogenic Noncarcinogenic 

Cs= 
IR= 
IRadj= 
FI= 
EF= 
EO= 
CF= 
BW= 
AT= 

Dermal: 

Concentration in soil (mglkg) 
Ingestion Rate (mg/day) 
Age-adjusted Ingestion Rate [(mg-yr)/(kg-day)] 
Fraction Ingested (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kg/mg) 
Body Weight (kg) 
Averaging TIme (days) 

RME 

114 a 
100% 

350 a 
30a 

1.ooE-06 
70 a 

25550 a 

RME 
100 a 

100% 
350 a 
30a 

1.ooE-06 
70 a 

10950 a 

Intake for non-carcinogenic compounds: Age-adjusted dose for carcinogenic compounds only: 
COl = Cs'SA'AF'ABS' EF'EO'CF 

BW'AT 

Cs= Concentration in soil (mg/kg) 

SA= Surface Area (cm2
) 

COl ... , = Cs 'SA"'" AF' ABS' EF' CF 
BW 

RME 

SAadj= Age-adjusted Skin Surtace Area [(cm'-yr)/(kg-day)] 4086 c 
AF= Soil-Skin Adherence Factor (mglcm2

) 0.03 d 

RME 
7612 c 

0.03 d 
ABS= Absorption Factor (unitless) (Chemical Specific) e (Chemical Specific) e 
EF= Exposure Frequency (day/year) 350 a 350 a 
EO= Exposure Duration (year) 30a 30a 
CF= Conversion Factor (kglmg) l.ooE-06 1.ooE-06 
BW= Body Weight (kg) 70 a 70 a 
AT= Averaging Time (days) 25550 a 10950 a 

ParticulateNolatlle Inhalation: 
Intake for non·carcinogenic compounds: Age·adjusted intake for carcinogenic compounds only: 
COl = Cs ' «IIPEF)+(INFl) 'IR ' EF' ED 

BW'AT 

Cs= Concentration in soil (mglkg) 

COI",,= Cs' «lIPEF)+llNFll 'IR,d, ' EF 
BW 

RME RME 
PEF= Particulate Emission Factor (m3/kg) 1.32E+09 f 1.32E+09 f 
VF= Volatilization Factor (m3Ikg) (Chemical Specific) g (Chemical Specific) g 
IR= Inhalalion Rate (m'/day) 

1Radl = Age-adjusted Inhalabon Rate [(m'-yr)/(kg-day)] 13 a 
EF= Exposure Frequency (day/year) 350 a 
EO= Exposure Duration (year) 30a 
BW= Body Weight (kg) 70 a 
AT= Averaging Time (days) 25550 a 

References: 
a = U.S. EPA. Human Health Evaluation Manual, Supplemental Guidance: ·Standard Defauft Exposure 

Factors- OSWER Directive 9285.6·03, March 25, 1991. 
c = Surface area of hands, anns and legs of an aduft (average of male and female mean SA), adapted from 

U.S.EPA, Exposure Factors Handbook, Vol. 1,11,111, August 1996. 
d = Groundskeeper No2 (exposure scenario similar to urban horticulture center, campus grounds, arborteum), 

Exposure Factors Handbook, August 1996 
e = In the absence of chemical specific data, EPA Region IV default values: 1 % organics, 0.1% inorganics 
f = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background 

Document, May 1996. 
g =- Residential volat~ization factor (VFres) adapted from FOE? Brownfields Table 4, Chapter 62·n7, F.A.C., 

December 1998. 

GNV/set 3· SS_SWMU67 _ResAduIt· aH data 037SB012Elremoved.XlS 

20a 

350 a 
30a 
70 a 

10950 a 
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Surface Soil - Future Residential Child Scenario 
Charleston Navy Complex -Zone E, SWMU 67 

Ingestion: 
COl = Cs·JR·FI· EF*EO"CF 

Cs= 
IR= 
FI= 
EF= 
ED= 
CF= 
BW= 
AT= 

Dermal: 
COl = 

Cs= 

SA= 
AF= 
ABS= 
EF= 
ED= 
CF= 
BW= 
AT= 

BW"AT 

Concentration in soil (mglkg) 
Ingestion Rate (mglday) 
Fraction Ingested (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

Cs "SA" AF " ABS" EF" ED " CF 
BW"AT 

Concentration in soil (mglkg) 

Surface Area (cm') 
Soit-Skin Adherence Factor (mglcm') 
Absorption Factor (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight(kg) 
Averaging Time (days) 

ParticulateIVolatile Inhalation: 
COl = Cs " «1IPEFl+l1NFlI "IR " EF" ED 

Cs= 

PEF= 

VF= 

IR= 
EF= 
ED= 
BW= 
AT= 

BW"AT 

Concentration in soil (mglkg) 

Particulate Emission Factor (m'/kg) 

Volatilization Factor (m'/kg) 

Inhalation Rate (m'/day) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

References: 

Carcinogenic 

RME 
200 a 

100% 
350 a 

Sa 
1.00E-OO 

15 a 
25550 a 

RME 

3S90 c 

0.15 d 
(Chemical Specific) e 

350 a 
Sa 

1.00E-OS 
15 a 

25550 a 

RME 

1.32E+09 f 
(Chemical Specific) g 

15 a 
350 a 

Sa 
15 a 

25550 a 

Noncarcinogenic 

RME 
200 a 

100% 
350 a 

Sa 
1.00E-OO 

15 a 
2190 a 

3690 c 

0.15 d 
(Chemical Specific) e 

350 a 
Sa 

1.00E-OS 
15 a 

2190 a 

RME 

1.32E+09 f 

(Chemical Specific) g 

15 a 
350 a 

Sa 
15 a 

2190 a 

a,:: u.s. EPA, Human Health Evaluation Manual, Supplemental Guidance: UStandard Default Exposure 
Factors·' OSWER Directive 9285.S-03, March 25, 1991. 

c = Surface area of hands, arms, legs, and feet of a child (1-6 year average), adapted from U.S. EPA, Exposure 
Factors Handbook, Vol. 1,11,111, August 1996. 

d = Daycare Kids No1 b (indoor exposure to linoleum, outdoor exposure to grass, bare earth, no shoes), 
Exposure Factors Handbook, August 1995 

e = In the absence of chemical specific data, EPA Region IV default values: 1% for organics, 0.1% inorganics 
f = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background 

Document, May 1995. 
g: Residential child volatilization factor (VFchild) adapted from FDEP Brownfields Table 4, Chapler S2-777, FAC., 

December 1998. 

GNVlset 4· SS~SWMU67 _ResChlld . all data 037SB012E1removed.xlS 
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Surface Soil -Hypothetical Future Utility Worker Scenario 
Charleston Navy Complex -Zone E, SWMU 67 

Ingestion: 
COl = Cs'IR'FI' EF'EO'CF 

Cs= 
IR= 
FI= 
EF= 
EO= 
CF= 
BW= 
AT= 

Dermal: 
COl = 

Cs= 

SA= 
AF= 
ABS= 
ET= 
EF= 
EO= 
CF= 
BW= 
AT= 

BW'AT 
Concentration in soil (mglkg) 
Ingestion Rate (mglday) 
Fraction Ingested (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

Cs ·SA * AF* ASS" ET*EF* ED ·CF 
BW'AT 

Concentration in soil (mglkg) 

Suriace Area (cm') 
Soil-Skin Adherence Factor (mglcm') 
Absorption Factor (unitless) 
Exposure Time (8 hours per 8 hour workday) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging TIme (days) 

Inhalation: 
COl = Cs • (tIPEFl 'IR • EP EF • ED 

Cs= 
PEF= 

VFind = 

IR= 
ET= 
EF= 
EO= 
BW= 
AT= 

BW'AT 
Concentration in soil (mg!kg) 
Particulate Emission Factor (m3Ikg) 

Volatilization Factor (m'lkg) 

Inhalation Rate (m'/day) 
Exposure Time (8 hours per 8 hour workday) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

References: 

Carcinogenic 

EPC 
480 a 

1 
250 a 

1 a 
1.00E-06 

70 a 
25550 a 

EPC 

2679 c,d 
0.1 c,e 

(Chemical Specific) f 
1 b 

250 a 
1 a 

1.00E-06 
70 a 

25550 a 

for volatiles: 

Noncarcinogenic 

EPC 
480 a 

1 
250 a 

1 a 
1.00E-06 

70 a 
365 a 

EPC 

2679 c,d 
0.1 C,e 

(Chemical Specific) f 
1 b 

250 a 
1 a 

1.00E-OS 
70 a 

365 a 

Cs • ((lNFindl+lllPEF» • IR • ET • EF • ED 
BW'AT 

EPC EPC 

1.32E+09 g 

(Chemical Specific) h 

20 a 
1 b 

250 a 
1 a 

70 a 
25550 a 

1.32E+09 g 

(Chemical Specific) h 

20 a 
1 b 

250 a 
1 a 

70 a 
365 a 

a:;:; U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: ·Standard Default Exposure 
Factors" OSWER Directive 9265.6-03, March 25, 1991. 

b :;:; Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the activity. 
c = U.S. EPA Exposure Factors Handbook, August 1997. 
d = Surface area of 1/2 head, forearms and the hands of an adult worker. 
e = Groundskeeper N02 (exposure scenario similar to urban horticulture center, campus grounds, arborteum), 

Exposure Factors Handbook, August 1996 
f = In the absence of chemical specific data, EPA Region IV default values: 1% for organics, 0.1% for inorganics 
9 = Particulate emission factor (PEF), adapted from U.S.EPA. Soil Screening Guidance: Technical Background 

Document, May 1996. 
h = Industrial volatilization factor (VFind) adapted from FDEP Brownfields Table 4, Chapter 62-777, FAC., 

GNVlset 5· SS_SWMU67 _UtIfWorker· all data 037SB012E1removed.xls 
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Figura 1 
Soil BEQs at SWMU 67 

Near Sample LE037SB012 
Charleston Naval Complex 
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