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1 1.0 Introduction 

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

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

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

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

6 NAVBASE on April 1, 1996. 

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

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

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

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

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

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

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

14 162 in Zone K of the Naval Complex. The site is recommended for No Further Action 

15 (NFA). Figure 1-1 illustrates the location of SWMU 162 within Zone K. The insert on 

16 Figure 1-1 sho\-vs t.~e location of Zone K \-"lithin the CI'-.JC. 

17 1.1 Background 
18 SWMU 162, a former sludge drying field at the CNC Annex, was used for de-watering 

19 wastewater treatment sludge from an Air Force-operated sewage treatment plant. A soccer 

20 field has been constructed on the former sludge drying field, which is located between Fifth 

21 and Sixth Streets, and between Air Street and Avenue D. 

22 No information is available to characterize the waste stream. Interviews, conducted by 

23 EnSafe Inc. (EnSafe), wit.h l'~avy and Air Porce persorulel indicate that a liner :lnay have been 

24 installed in the unit prior to use. No records or other evidence were found that support the 

25 presence of a liner. The sewage treatment plant that generated the sludge was located 

26 adjacent to the sludge drying field at the intersection of Fifth Street and Avenue D. 

27 Materials of concern identified in the Final Zone K RFI Work Plan Addendum were paint 

28 residue, metals, and decomposition gases (EnSafe, 1999). 
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1 1.2 Purpose of the RFI Report Addendum 
2 This report provides information about SWMV 162 that documents the conclusions from the 

3 Revision 0 RFI Report, provides the results of some limited additional sampling performed 

4 . after the RFI, and supports a recommendation of NFA for SWMU 162. 

5 Prior to changing the status of any site to NFA in the CNC RCRA CA permit, the BRAC 

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

7 • Status of the RFI 

8 • Presence of metals (inorganics) in groundwater 

9 • Potential linkage to 5VvlvftJ 37, Inve~tigated Sanitary Sewers at the Ci..JC 

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

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

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

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

14 • Relevance or need for land use controls at the site 

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

16 evaluation of closure of the site. 

17 Provided that the information presented in this work plan is adequate to address these site 

18 closeout items, it is expected that the BCT will concur that NFA is appropriate for the site. 

19 At that time, a Statement of Basis will be prepared that will be available for public comment, 

20 in accordance with SCDHEC policy. This will allow for public participation in the final 

21 remedy selection. 

22 1.3 Report Organization 
23 

24 introductory section: 

25 

26 

1.0 Introduction - Presents the purpose of and background information relating to this RFI 

Report Addendum. 

27 

28 

2.0 Summary of RFI Conclusions for SWMU 162 - Summarizes the conclusions from the 

RFI investigations and risk evaluations for SWMU 162. 
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1 3.0 Interim Measures -Summarizes any IMs conducted at the site and/ or USTs removed 

2 from the site. 

3 4.0 Summary of Additional Information - Summarizes information collected after 

4 . completion of the RFI Report. 

5 5.0 COPClCOC Refinement-Summarizes data collected during and after the completion 

6 of the RFI and refines copc/cae list. 

7 6.0 Summary of Site Closeout Issues-Discusses the various site closeout issues that the 

8 BCT agreed to evaluate prior to site closeout. 

9 7.0 Recommendations-Provides recommendations for proceeding with site closure. 

10 8.0 References - Lists the references used in this document. 

11 Appendix A contains Figure 2.7 (shallow groundwater potentiometric contours) of the 

12 Revision 0 Zone K RFI Report. 

13 Appendix B contains analytical data from sampling subsequent to the Revision 0 Zone K 

14 RFI Report. 

15 Appendix C contains validation reports from the data from sampling subsequent to the 

16 Revision 0 Zone K RFI Report. 

17 Appendix D provides complete screening tables for all detected chemicals in soils and risk 

18 summary tables. 

19 Appendix E provides responses to SCDHEC Comments on the Draft Zone K RFI Report, 

20 December 10, 1997. 

21 All tables and figures appear at the end of their respective sections. 
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1 2.0 Summary of RFI Conclusions for SWMU 162 

2 . As part of the Zone K RFI, soil investigations were conducted in the former sludge drying 

3 field area. Figure 2-1 illustrates the site and RFI sample locations within this area. Figure 2-1 

4 also indicates the locations of samples collected subsequent to the RFI. Two soil sampling 

5 events were conducted at SWMU 162, as part of the RFI. Initially, soil borings were made for 

6 collection and analysis of five surface and five subsurface soil samples (KI62SBOOl, 

7 K162SB002, K162SB003, K162SB004, and K162SB005) to determine if site activities impacted 

8 the surrounding soil. The second sampling event included four additional surface soil 

9 samples (KI62SB006, K162SB007, KI62SB008, and KI62SB009). 

10 The Revision 0 Zone K RFI Report presented the analytical results of these soil samples and 

11 conclusions concerning contamination and risk. Soil borings KI62SB02S/T, KI62SB09S/T, 

12 and K162SBOI0 through K162SB021 were installed subsequent to the RFI Report and are 

13 discussed in Section 4.0 of this addendum. Conclusions from the RFI regarding site soil are 

14 summarized below. 

15 2.1 Soil 
16 Results of soil analyses were compared in the Revision 0 Zone K RFI Report to applicable 

17 screening criteria (U.5. Environmental Protection Agency [EPA] Region III residential risk-

18 based concentrations [RBCs], EPA soil screening levels [SSLsj, DAF=lO) and the Zone K 

19 background reference concentrations (BRCs). 

20 Analytes that exceeded the screening criteria were considered chemicals of potential 

21 concern (COPCs) and were further evaluated in the risk assessment to determine which of 

22 these parameters were considered chemicals of concern (COCs). 

23 2.1.1 Surface Soil 
24 The nature and extent of contamination section, Section 10.2.2 of the RFI, concluded that 

25 although total petroleum hydrocarbons (TPH), diesel range organics (DRO), and dioxins 

26 were detected, they were present at concentrations below CNC screening values (EnSafe, 

27 1999). Polynuclear aromatic hydrocarbons (P AHs), expressed as benzo(a)pyrene equivalents 

28 (BEQs), were detected above the residential RBC for BEQs in three surface soil samples 

29 (KI62SBOOI0l, K162SB00201, and K162SB00301). Mercury and arsenic were detected above 
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1 their respective screening concentrations. Arsenic exceeded both its RBC (0.43 milligrams 

2 per kilogram [mg/kg)) and its BRC (3.0 mg/kg) at K162SB00901 (3.4 mg/kg)_ Mercury 

3 exceeded its RBC of 2.3 mg/kg at KI62SBOOI01 (10.3 mg/kg) and at K162SB00201 (58.2 

4 mg/kg). 

5 The fate and transport section, Section 10.2.5, concluded that, although dieldrin and 

6 mercury were detected in site surface soil above applicable SSls, they were not detected in 

7 subsurface soil nor in site groundwater, indicating that existing soil concentrations of these 

8 constituents are protective of surficial groundwater. 

9 The human health risk assessment (HHRA) section, Section 10.2.6, identified BEQs, arsenic, 

10 mercury, and aluminum as COPCs in surface soil at SWMU 162 due to exceedance of 10-6 

11 risk level to the future residential receptors for unrestricted land use. Only BEQs were 

12 identified as a COPC for industrial land use. Analytical results for copes are presented in 

13 Table 2-1. 

14 2.1.2 Subsurface Soil 
15 The nature and extent of contamination section, Section 10.2.2, concluded that, although 

16 dioxins were detected in subsurface soil samples, they were present at concentrations below 

17 CNC screening values (EnSafe, 1999). No volatile organic compounds (VOCs) or semi-

18 volatile organic compounds (SVOCs) were detected in subsurface soil. TPH was also not 

19 detected in subsurface soil. Pesticides were detected in subsurface soil samples, but at 

20 concentrations below their SSLs. Several inorganic compounds were detected in subsurface 

21 soil above their respective BRCs; however, no subsurface detection exceeded its SSL, except 

22 iron, which has no reported SSL. 

23 The fate and transport section, Section 10.2.5, concluded that no subsurface soil sample 

24 reported concentrations of any constituent above its SSLs. 

25 The HHRA section, Section 10.2.6, did not identify any COPCs in subsurface soil at 

26 SWMU162. 

27 2.2 Groundwater 
28 Groundwater was also investigated at this site. Figure 2-2 illustrates the locations of monitor 

29 wells that were used in the investigation of SWMU 162. The shallow groundwater flow 

30 direction is generally to the south at SWMU 162, based on water level measurements 

31 obtained during the RFI. Figure 2.7 of the Revision 0 Zone K RFI Report illustrates the 
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1 shallow groundwater potentiometric contours based on the water level measurements and 

2 is provided in Appendix A. 

3 Results of groundwater analyses were compared in the RFI to BRCs and tap water RBCs as 

4 . screening criteria. 

5 Analytes that exceeded the screening criteria were considered COPCs and were further 

6 evaluated in the risk assessment to determine which of these parameters were considered 

7 COCs. 

8 The Revision 0 Zone K RFI Report presented the analytical results of four groundwater 

9 samples collected from two monitor wells (K162GWOOl and K162GW002). Additional 

10 groundwater samples were collected from these wells after completion of the RFI in 

11 December 1999. The analytical results of these samples are discussed in Section 4.0 of this 

12 RFI Report AddendtL1l1. Conclusions fr0111. the RFI regardL11g site groundwater are 

13 summarized below. 

14 • The nature and extent of contamination section, Section 10.2.4, reported that no organic 

15 compounds were detected in SWMU 162 groundwater samples. Aluminum exceeded its 

16 secondary maximum contaminant level (MCL) and background concentration in two of 

17 four samples collected from monitor well K162GWOOl. Iron exceeded its secondary 

18 MCL and background concentration in all eight samples collected from monitor wells 

19 K162GWOOI and K162GW002. No other parameters were detected in groundwater at 

20 concentrations exceeding screening criteria. 

21 • The fate and transport section, Section 10.2.5, concluded that, although aluminum and 

22 iron were detected above their screening levels in site groundwater, they did not pose a 

23 groundwater-to-surface water cros~-tnedia transport issue, as they Were both detected 

24 below their respective tap water RBCs. Section 10.2.5.2 states that "no organics or 

25 inorganics were detected in SWMU 162 groundwater at concentrations exceeding risk-

26 based drinking water concentration. As a result, the grotmdwater-to-suriace water 

27 migration pathway is not expected to be Significant at SWMU 162." 

28 • The HHRA section, Section 10.2.6, concluded that no COPCs, or COCs were present in 

29 SWMU 162 groundwater. 
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2 The Revision 0 Zone K RFI Report concluded that, based on the analytical results and the 

3 HHRA, COCs requiring further investigation through the CMS process were identified only 

4 . for the surface soil; no COCs were identified in subsurface soil or groundwater. The 

5 Revision 0 Zone K RFI Report identified the following surface soil COCs: 

6 • Aluminum 

7 • Arsenic 

8 • Mercury 

9 • BEQs 

10 Table 2-1 presents a summary of the surface soil COC data identified in the Revision 0 Zone 

11 K RFI Report for surface soil sanlples collected at 5VVlvllJ 162; Figure 2-1 illustrates the 

12 sample locations. Each of the analytes identified as COCs are discussed in Section 5.0 of this 

13 RFI Report Addendum. 
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TABLE 2·1 
Surface Soil Analytical Results lor COCs Identilied in the Revision 0 Zone K RFI Report 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Region III Surface Background 
Residential Soli Reference 

Parameter Location Concentration Units Qualifier RBC (HI=O.l) Concentration (BRC) 

Aluminum K162SBOOl B,590 mg/kg 7,BOO 11,200 

K162SB002 5,190 

K162SB002 7,720 

K162SB003 B,330 

K162SB004 6,930 

K162SB005 7,940 

K162SB006 B,160 

K162SB007 9,450 

K162SBOOB 7,350 

K162SB009 6,910 

Arsenic" K162SBOOl 1.B mg/kg J 0.43 3 

K162SB002 1.4 J 

K162SB002 1.5 

K162SB003 1.4 J 

K162SB004 1.5 J 

K162SB005 1.4 J 

K162SB006 1.2 J 

K162SB007 1.4 J 

K162SBOOB 0.61 J 

K162SB009 3,4 

Mercury K162SBOOl 10.3 mg/kg 2.3 NA 

K162SB002 58.2 

K162SB002 6 

K162SB003 0.12 

K162SB004 0.09 J 
K162SB005 0.08 J 

K162SB006 0.4 J 
K162SB007 0.05 UJ 

K162SB008 0.06 J 
K162SB009 0.05 UJ 

BEQs K162SBOOl 371.6 mg/kg 87 88 

K162SB002 760.9 

K162SBOO2 402.5 

K162SB003 383.0 = 

K162SB004 416.0 U 
K162SB005 439.1 U 
K162SB006 404.4 U 

K162SBOO7 427.5 U 
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Surtace Soil Analylical Results for GOGs Identified In the Revision a Zone K RFI Report 
RFt Report Addendum, SWMU 162, Zone K, GNG 

Parameter Location 

K162SBOOB 

K162SB009 

Concentration 

416.0 

427.5 

Units 

mglkg 

Qualifier 

U 

U 

Balded and outlined values indicate exceedances of RBC and BRC. 

Constituent is considered carcinogenic. 

Region III 
Residential Soil 

RBC (HI=O.l) 

Surface Background 
Reference 

Concentration (BRC) 

Compound was detected and the reported value is equal to the concentration. 

BRC 

HI 

J 
mg/kg 

NA 
NO 
NS 

U 

UJ 

background reference concentration 
hazard index 

Compound was detected and the concentration is an estimated value. 

milligrams per kilogram 

Information is not available. 

Not detected. 

Sample was not collected andior not analyzed for that constituent. 

Compound was not detected. 

Compound was not detected and the value provided is estimated. 
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1 

2 

3 

3.0 Interim Measures 
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CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

. No interim measures have been performed at SWMU 162. Also, no underground storage 

tanks (USTs) are known to have been located at SWMU 162. 
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1 4.0 Summary of Additional Investigations 

2 . During the latter part of 1999, additional field activities were conducted subsequent to the 

3 Revision 0 Zone K RFI Report, in general accordance with the Zone K RFI Work Plan 

4 Addendum (EnSafe, 1999). Additional soil samples (K162SB002S and K162SB009S) were 

5 collected to determine synthetic precipitation leaching procedure (SPLP) ratios for metals. 

6 From these results, site- specific SSL values could be calculated. These samples (K162SB002T 

7 and K162SB009T) were also analyzed for totals metals, PCBs, pesticides, and SVOCs. These 

8 new sample locations were co-located with previously collected RFI samples (K162SW002 

9 and K162SB009). 

10 Additional field activities were conducted for contamination delineation purposes. Twelve 

11 soil borings (K162SB010 through K162SB021) were installed. A surface (0-1 ft below land 

12 surface [his]) and subsurface (3-5 ft bls) sample was collected from each boring. Locations of 

13 these borings are shown on Figure 2-1. The data from the additional investigations are 

14 summarized in this section; analytical data results and validation reports are provided in 

15 Appendices B and C, respectively. 

16 An additional groundwater sampling event was conducted from the existing monitor wells 

17 at SWMU 162 after the completion of the RFI. The samples were collected and analyzed for 

18 metals, PCBs, and SVOCs in December of 1999. 

19 Additionally, in May 2001, CH2M-Jones collected six surface and three subsurface 

20 background soil samples from Zone K for PAHs, arsenic, and copper analysiS (CH2M-Jones, 

21 2001). Results of this analysis are included in the screening evaluation of the more recent soil 

22 sampling data. 

23 4.1 Soil Sampling Results - EnSafe RFI Work Plan Addendum 
24 Analytical results from the additional soil samples were compared to appropriate screening 

25 criteria. Surface soil results were compared to Zone K BRCs, SSLs, and EPA Region III 

26 residential RBCs. When both the BRC and either the RBC or SSL are exceeded, the chemical 

27 was selected as a COpe. Subsurface soil results were compared to Zone K BRCs and SSLs 

28 (OAF = 10). When both were exceeded, the chemical was selected as a COPC for the soil to 

29 groundwater leachability pathway. Tables 4-1 and 4-2 present the analytical result 

30 summaries of the additional samples for surface and subsurface soils, respectively. 

8162 ZK RFIA 62201 DOC 4·' 
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1 Analytical results that exceed the appropriate screening criteria appear in bolded text within 

2 the tables. 

3 4.1.1 Surface Soil 
4 . Comparison of the additional surface soil data to the screening criteria indicated 

5 identification of arsenic as exceeding its screening criteria. A summary of surface soil data 

6 collected during EnSafe's additional fieldwork is presented in Table 4-1. 

7 4.1.2 Subsurface Soil 
8 Comparison of the additional subsurface soil data to the screening criteria revealed 

9 identification of iron and thallium as exceeding their respective screening criteria. A 

10 summary of surface soil data collected during EnSafe's additional fieldwork is presented in 

11 Table 4-2. 

12 4.2 Groundwater 
13 An additional groundwater sampling event was performed at two monitor wells 

14 (K162GWOOl and K162GW002) at SWMU 162. Groundwater analytical results were 

15 compared to BRCs and MCLs. In the absence of MCLs, the RBC was used. Table 4-3 

16 presents a summary of the analytical results of the additional groundwater samples. Results 

17 that exceed the appropriate screening criteria appear in bolded text within the tables. 

18 A comparison of the additional groundwater data to the screening criteria indicated that no 

19 compounds exceed their respective screening criteria. The groundwater data from the 

20 samples collected after completion of the RFI concur with the RFI conclusion that no COCs 

21 are present in SWMU 162 groundwater. 

22 4.3 COPC Evaluation 
23 This section discusses samples that were collected after completion of the RFI. The samples 

24 showed concentrations of individual constituents that exceeded their appropriate screening 

25 criteria. 

26 4.3.1 Surface Soil 

27 Arsenic 

28 Arsenic was detected in one sample (KI62SB009T1) collected after completion of the RFI. It 

29 was detected at a concentration of 74.7 mg/kg, which is well above other samples collected 
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2 (K162SB009) reported a much lower level of arsenic concentration of 3.4 mg/kg. No SMWU 

3 operations have occurred in this area since completion of the RFI sampling effort. As such, 

4 the observed arsenic concentration is considered anomalous and likely the results of either 

5 . general facility maintenance activities or sporadically occurring natural minerals in soil. 

6 Recent background sampling results indicate that the presence of arsenic throughout Zone 

7 Kin unimpacted (background) areas is between 0.6 and 92.3 mg/kg. These data were 

8 presented in the technical memorandum Preliminary Results for Additional Background P AH 

9 Sampling from CNC Main Base Railroad Lines and Annex (Zone K) (CH2M-Jones, 2001). All 

10 samples collected at SWMU 162 had reported concentrations of arsenic within this range of 

11 background concentrations. Arsenic in surface soil is further evaluated in Section 5.0 of this 

12 RFI Report Addendum. 

13 

14 Iron 
15 Iron was detected above its background reference concentration of 5,130 mg/kg in one of six 

16 subsurface soil samples collected after completion of the RFI. The highest iron concentration 

17 in the grid-based samples collected in Zone K was 10,900 mg/kg. The detected iron 

18 concentrations at the site were all within the range of background values. Therefore, iron in 

19 subsurface soil does not pose a leachability concern above background levels and therefore 

20 does not warrant further investigation. 

21 Thallium 
22 Thallium was detected above both its SSL of 0.356 mg/kg and its background reference 

23 concentration (ND) in two (K162SBOlO, 0.47 J mg/kg and K162SBOll, 0.42 J mg/kg) of six 

24 subsurface soilsampies collected after the completion of the RFI. Tnallium was not detected 

25 in the grid samples collected within Zone K. Detected thallium concentrations in site 

26 samples are estimated and near the detection limit, as indicated by the T' qualifier. 

27 Tnallium was not detected in site groundwater during any sampling event. 

28 Point exceedances of individual compounds do not necessarily represent a risk to 

29 groundwater. Average site concentrations provide a better measure of a constituent's 

30 potential to migrate to groundwater. The mean thallium concentration at SWMU 162 is 

31 calculated to be 0.27 mg/kg, which is below the SSL. The mean thallium concentration is 

32 based on the six samples collected after the RFI, using half of the detection limit for "U" 

33 flagged data. 
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1 Based on these considerations, existing thallium concentrations are considered protective of 

2 surficial groundwater and further investigation of thallium in SWMU 162 subsurface soil is 

3 not warranted. 

4 . These data agree with the conclusion of the RFI that no cacs are present in SWMU 162 

5 subsurface soil. 

6 4.3.3 Groundwater 
7 No compounds were identified in samples collected after completion of the RFI that 

8 exceeded their respective screerung criteria. 
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TABLE 4-1 
Surface Soil Analytical Results (post-RFI) for Detected Compounds 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Surface 
Background 

Region III Reference 
Residential Soil Concentration 

Class Parameter Location Concentration Units Qualifier RBC (HI=O,l) (BRC) 

SVOCs 

Benzo(a)anthracene' K162SB002 0.046 mg/kg J 0.87 NA 

K162SB013 0.024 J 

K162SB021 0.025 J 

R~n7n{;::!\nvrpn~c K162SB020 0.025 mn/kn J 0.087 NA -_ .. _-,-, .... /._ .. - ... .., ... .., 
K162SB021 0.021 J 

Benzo(b)fluoranthene' K162SB020 0.027 mg/kg J 0.87 NA 

K162SB021 0.025 J 

Benzolg,h,i)perylene K162SB020 0.029 mg/kg J 160 NA 

K162SB021 0.021 J 

Benzolk)fluoranthene' K162SB020 0.023 mg/kg J 8.7 NA 

K162SB021 0.021 J 

Benzoic acid K162SB019 0.041 mg/kg J 31,000 NA 

K162SB020 0.Q78 J 

K162SB021 0.077 J 

Bis(2-ethylhexyl) K162SB019 0.035 mg/kg J 46 NA 
phthalate 

K162SB020 0.052 J 

K162SB021 0.056 J 

Chrysene' K162SB002 0.052 mg/kg J 87 NA 

K162SB020 0.027 J 
K162SB021 0.033 J 

Fluoranthene K162SB019 0.019 mg/kg J 310 NA 

K162SB020 0.029 J 
K162SB021 0.040 J 

Indeno(1,2,3- K162SB020 0.024 
c.d)pyrene' 

mg/kg J 0.87 NA 

Naphthalene K162SB021 0.021 mg/kg J 1,600 NA 

Phenanthrene K162SB021 0.023 mg/kg J 160 NA 

pyrene K162SB002 0.068 mg/kg J 230 NA 

K162SB019 0.019 J 
K162SB020 0.039 J 

K162SB021 0.043 J 
Dioxins 
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TABLE 4-1 
Surface SOil Analytical Results (post-RFI) for Detected Compounds 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Surface 
Background 

Region III Reference 
Residential Soil Concentration 

Class Parameter Location Concentration Units Qualifier RBC (HI=O_1) (BRC) 

1,2,3,4,6,7,8- K162SB017 3.922 ng/kg 430 NA 
Heptachlorodibenzo-
furanc 

K162SB018 23.429 

1,2,3,4,6,7,8- K162SB017 23.025 ng/kg 430 NA 
Heptachlorodibenzo-p-
Dioxinc 

K162SB018 100.756 

1,2,3,4,7,8- K162SB017 1.135 ng/kg J 43 NA 
Hexachlorodibenzo-
furanc 

K162SB018 6.085 J 

1,2,3,6,7,8- K162SB018 2.969 ng/kg J 43 NA 
Hexachlorodibenzo-p-
Dioxinc 

Octachlorodibenzo- K162SB017 18.888 ng/kg 4,300 NA 
furanc 

K162SB018 77.154 = 

Octachlorodibenzo-p- K162SB017 356.618 ng/kg 4,300 NA 
Dioxinc 

K162SB018 1,243.480 

Total Hepta-Dioxins K162SB017 44.847 ng/kg NA 

K162SB018 196.594 

Total Hepta-Furans K162SB017 3.922 ng/kg NA 

K162SB018 23.429 

Total Hexa-Dioxins K162SB018 18.355 ng/kg NA 

Total Hexa-Furans K162SB017 1.165 ng/kg NA 

Total Penta-Furans K162SB018 3.150 ng/kg NA 

Pesticides 

ALPHA-Chlordane' K162SB017 0.028 mg/kg 1.8a NA 
K162SB018 0.041 

Endrin Aldehyde K162SB002 0.00049 mg/kg J 2.3b NA 

Endrin Ketone K162SB002 0.00021 mg/kg J 2.3b NA 

GAMMA-Chlordane' K162SB002 0.00033 mg/kg J 1.8' NA 

S162ZKRF1A62201 DOC 
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TABLE 4·1 
Surtace Soil Analytical Aesults (post·AFI) for Detected Compounds 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Surface 
Background 

Region III Reference 
Residential Soil Concentration 

Class Parameter Location Concentration Units Qualifier RBC (HI=O.l) (BRC) 

K162SB017 0.020 = 
Pesticides 

GAMMA· Chlordane' K162SB018 0.024 = 

Methoxychlor K162SB002 0.00027 mg/kg J 39 NA 

__ , ,...,...,...c 
K162S8002 0,0035 mg/kg J 2.7 NA J-I,J-I-uuu 

K162SB017 0.019 J 
K162SB018 0.022 J 

p,p'·OOE' K162SB002 0.022 mg/kg = 1.9 NA 

K162SB017 0.024 J 
K162SB018 0.073 = 

p,p'·OOl" K162SB017 0.082 mg/kg J 1.9 NA 

K162SB018 0.100 

PCBs NO NO NO ND NO NO 

Metals 

Aluminum K162SB002 7,720 mg/kg = 7,800 11,200 

K162SB009 8,150 = 
K162SB010 7,330 = 
K162SB011 7,030 = 
K162SB017 9,120 

K162SB018 8,380 = 

Antimony K162SB017 0.31 mg/kg J 3.1 0.45 

Arsen!cc K162S8002 1.50 rnn'll'n = 0,43 3.0 "'::l!'''::l! 

K162SB0091 74.7 = 

K162SB010 0.95 J 
K162SB011 0.89 J 
K162S8017 i.40 

K162SB018 1.80 = 

Barium K162SB002 12.6 mg/kg = 550 25.6 

K162SB009 13.1 = 
K162SB010 14.5 = 
K162SBOll 19.3 = 

K162SB017 10.0 = 
K162SB018 16.8 = 

Beryllium K162SB002 0.040 mg/kg J 16 0.17 
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TABLE 4-1 
Surtace Soil Analytical Resulls (post-RFI) for Delected Compounds 
RFt Report Addendum, SWMU 162, Zone K, CNC 

Surface 
Background 

Region Iff Reference 
Residential Soil Concentration 

Class Parameter Location Concentration Units Qualifier RBC (HI=D.l) (BRC) 

K162SB009 0.060 J 

K162SB010 0.100 J 

K162SBOll 0.190 J 
Metals 

Beryllium K162SB017 0.070 J 

K162SB018 0.100 J 

Cadmium K162SB002 0.170 mg/kg J 7.8 0.13 

K162SB009 0.080 J 

K162SBOll 0.060 J 

Calcium K162SB002 353 mg/kg J NA NA 
K162SB009 1,770 J 

K162SB010 440 

K162SBOll 924 

K162SB017 597 

K162SB018 1,790 

Chromium, Total K162SB002 8.5 mg/kg 23' 8.4 

K162SB009 7.3 

K162SB010 5.2 

K162SBOll 6.0 

K162SB017 9.4 

K162SB018 9.1 

Cobalt K162SB002 0.61 mg/kg J 470 0.34 

K162SB009 0.60 J 

K162SB010 0.40 J 
K162SBOll 0.82 J 
K162SB017 0.55 J 

K162SB018 0.62 J 

Copper K162SB002 6.60 mg/kg 310 3.86 

K162SB009 1.90 J 

K162SB010 1.50 J 
K162SB011 3.40 = 
K162SB017 1.60 J 

K162SB018 6.50 = 

Iron K162SB002 2,880 mg/kg 2,300 7,060 

K162SB009 3,240 = 
K162SB010 3,020 = 
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TABLE 4-1 
Surtace Soil Analytical Results (post-RFI) for Detected Compounds 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Surface 
Background 

Region III Reference 
Residential Soil Concentration 

Class Parameter Location Concentration Units Qualifier RBC (HI=O,t) (BRC) 

K162SBOll 2,420 

K162SB017 4,770 

K162SB018 4,760 

Metals 

Lead K162SB002 11.5 mg/kg 400 39.6 

K162SB009 9.8 

K162SB010 17.4 

K162SB011 19.1 

K162SB017 6.6 

K162SB018 18.7 

Magnesium K162SB002 240 mg/kg NA NA 

K162SB009 262 

K162SB010 173 

K162SBOll 269 

K162SB017 211 = 
K162SB018 227 

Manganese K162SB002 12.0 mg/kg 160 26.4 

K162SB009 10.7 

K162SB010 7.2 

K162SBOll 14.1 

K162SB017 12.9 

K162SB018 11.0 = 

Mercury K162SB0021 6.0 I mg/kg = 2.3 NA 

K162SB009 0.D7(} = 
K162SB010 0.030 = 
K162SB011 0.030 

K162SB017 0.040 

K162SB018 0.060 = 

Nickel K162SB002 2.40 mg/kg J 160 1.7 

K162SB009 2.40 J 

K162SB010 1.50 J 

K162SBOll 2.30 J 

K162SB017 2.90 J 

K162SB018 3.20 J 

Potassium K162SB002 243.0 mg/kg = NA NA 

K162SB009 165.0 = 
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Region III 
Residential Soil 

Class Parameter Location Concentration Units Qualifier RBC (HI=D.l) 

Surface 
Background 
Reference 

Concentration 
(BRC) 

Sodium 

Thallium 

Vanadium 

Zinc 

K162SB010 89.5 

K162SB011 136.0 

K162SB017 127.0 

K162SB018 131.0 

K162SB009 

K162SB017 

K162SB018 

K162SB002 

60.1 

0.40 

0.55 

8.6 

K162SB009 10.3 

K162SB010 7.5 

K162SB011 7.9 

K162SB017 13.2 

K162SB018 12.8 

K162SB002 

K162SB009 

24.3 

463.0 

K162SB010 12.6 

K162SBOll 18.7 

K162SB017 8.1 

K162SB018 19.0 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

= 

= 

J 

J 

J 

J 

J 

J 

J 

J 

General Chemistry 

Total Organic Carbon K162SB002 

K162SB009 

K162SB019 

11,000 

13,000 

12,100 

mg/kg 

= 
Bolded and outlined values indicate exceedances of RBC and BRC. 

= 

b 

d 

J 
mg/kg 
NA 
ND 
ng/kg 
NS 
U 
UJ 

Compound was detected and the reported value is equal to the concentratIon. 
Chlordane used as a surrogate. 
Endnn used as a surrogate. 
Constituent is considered carcinogsmc. 
RBC is based on Cr+6. 

Compound was detected and the concentration is an estimated value. 
milligrams per kilogram 
Information is not available or not applicable. 
Not detected. 
nanograms/kilogram 
Sample was not collected andlor not analyzed for that constItuent. 
Compound was not detected. 
Compound was not detected and the value provided is estimated. 

5162 ZK RFIA 62201 DOC 

NA 

0.55 

55 

2,300 

NA 

NA 

NA 

15.8 

14.8 

NA 
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1 5.0 COPC/COC Refinement 

RFI REPORT ADDENDUM, SWMU 162. ZONE K 
CHARLESTON NAVAL COMPLEX 

REVI510NO 
JUNE 2001 

2 . This section discusses compounds requiring further evaluation that were identified in 

3 previous sections. The discussion includes data that was collected during and after 

4 completion of the RFI. 

5 5.1 Surface Soil 
6 Based on the data collected during and after completion of the RFI, site surface soil 

7 concentrations of several metals and BEQs require further evaluation. Constituents 

8 requiring additional evaluation are: 

9 • Aluminum 

10 • Arsenic 

11 • Mercury 

12 • BEQs 

13 Results of surface soil sarrtples for these a...Tlalytes are provided in Table 5-1. 

14 5.1.1 Aluminum 
15 A conservative screening process was used to identify COPCs in the Zone K RFI. Non-

16 carcinogenic compounds were compared to RBCs that were reduced one order of 

17 magnitude (hazard index [HI]=0.1). Aluminum was identified as a COC, based on a hazard 

18 index of 0.12. No samples collected during the RFI or from subsequent sampling events 

19 reported aluminum concentrations above the residential RBC of 78,000 mg/kg (HI of 1) or 

20 the BRC of 11,200 mg/kg. On this basis, aluminum is not considered a COC and does not 

21 warrant further evaluation. 

22 5.1.2 Arsenic 
23 Arsenic was detected above the BRC value developed for the Zone K RFI (3.0 mg/kg) in one 

24 surface soil sample (K162SB009, 3.4 mg/kg). It was also detected above its BRC in sample 

25 K162SB009T at 74.7 mg/kg, which was collected after the RFI. These two sample locations 

26 were co-located. Seven sample locations (K162SB001; K162SB002; K162SB006; K162SB007; 

27 K162SB008; K162SB010; and K162SB011) within a radius of approximately 65 feet of 
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AFI REPORT ADDENDUM. SWMU 162. ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 K162SB009 reported arsenic concentrations of less than 2 mg/kg, including two locations 

2 (K162SB002 and KI62SBOlO) within approximately 30 feet of soil boring K162SB009. The 

3 recent arsenic background samples collected within Zone K showed background arsenic 

4 concentrations ranging between 0.6 and 92.3 mg/kg (CH2M-Jones, 2001). Since the arsenic 

5 . concentrations in co-located samples differed significantly, and the extent is limited, the 

6 presence of arsenic is not considered to represent a source area, as background samples 

7 have shown similar or higher concentrations of arsenic. Groundwater has not been 

8 impacted by arsenic, which further confirms that a significant source area of arsenic in soil is 

9 not present at this site. Based on these data, arsenic is not considered a COC and further 

10 evaluation is not warranted. 

11 5.1.3 Mercury 
12 Mercury was detected above the residential RBC (23 mg/kg) in one surface soil sample 

13 (K162SB002, 58.2 IT'tg/kg) collected at S\Nr-vITJ 162. A co-located sarrlple (K162SB002T) 

14 collected later reported a mercury concentration of 6 mg/kg, which is significantly less than 

15 the earlier sample result. Seven sample locations (KI62SBOOl; K162SB006; K162SB007; 

16 K162SB008; K162SB009; KI62SBOlO; and KI62SBOll) within a radius of approximately 80 

17 feet of K162SB002 showed mercury concentrations of 10.3 mg/kg or less, including three 

18 locations (KI62SBOOl, K162SB007, and K162SB009) within approximately 30 feet. Twelve of 

19 15 SWMU 162 samples reported mercury concentrations below 0.5 mg/kg. 

20 The presence of mercury is not considered to represent a source area for the following 

21 reasons: 1) The mercury concentrations in co-located samples differed significantly; 2) The 

22 most recent sample results for mercury are well below the RBC at the location of the 

23 exceedance; and 3) The extent is limited. Based on these considerations, mercury is not 

24 considered a cac and further evaluation is not warranted. 

25 5.1.4 BEQs 
26 Polynuclear aromatic hydrocarbons (PAHs), expressed as BEQs, were identified in the 

27 Revision 0 Zone K RFI Report as a COC at SWMU 162, based on exceedances of the RBC of 

28 88 micrograms per kilogram (/-lg/kg). 

29 The recent sampling for PAHs conducted across Zone K (CH2M-Jones, May 2001) in the 

30 non-impacted areas (background) indicated BEQ levels in the background were near or 

31 below detection limits with estimated BEQ ranges between 0.041 mg/kg to 0.049 mg/kg in 

32 the six samples. Between 1996 and 1999, SWMU 162 was sampled at 19 locations for PAHs; 

33 some locations were sampled multiple times. Six (KI62SBOOI01, 371.6 /-lg/kg; K162SB00201, 

S162 ZK AFIA 62201.00C 



RFr REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 760.8 Ilg/kg; K162SB002T1, 402.5 Ilg/kg; K162SB00301, 383.0 Ilg/kg; K162SB02001, 266.9 

2 Ilg/kg; and K162SB02101, 235.2Ilg/kg) of 19 samples had detected PAHs with calculated 

3 BEQ concentrations that exceeded the RBC and BRC Of the 10 samples analyzed for PAHs 

4 between November and December of 1999, PAHs were detected in three samples with 

5 calculated BEQ concentrations of 0.267 mg/kg and 0.403 mg/kg. P AHs were not detected in 

6 any other sample collected during this time. 

7 5.2 Subsurface Soil 
8 No constituents were identified in subsurface soil at SWMU 162 that require further 

9 investigation. 

10 5.3 Groundwater 
11 No constituents were identified in groundwater at 5VV-lVit.i 162 that require further 

12 investigation. 

13 5.4 Risk Assessment for SWMU 162 

14 5.4.1 Introduction 
15 A risk assessment was previously conducted for this site as part of the RFI. Aluminum, 

16 arsenic, mercury, and BEQs were identified as COCs upon completion of the risk 

17 assessment. After completion of the original RFI field investigation, the high arsenic and 

18 mercury locations were re-sampled, and additional samples were collected to define extent 

19 of BEQs (RFI Addendum). The location of the highest arsenic concentration (K162SB009, 3.4 

20 mg/kg) when resampled showed an even higher concentration (74.7 mg/kg). Conversely, 

21 the location of the highest mercury concentration (K162SB002, 58.2 mg/kg) reported a much 

22 lower concentration (6 mg/kg) at the same location (162SB002T1) during the latter sampling 

23 event. A recent background sampling effort conducted by CH2M-Jones to determine BEQs, 

24 arsenic, and copper in the background at Zone K showed low levels of BEQs in the 

25 background, whereas arsenic was detected at higher levels that what was reported in the 

26 previous background surface soil samples. All available data are combined to assess 

27 potential risks from the site under current contamination conditions. The risk assessment 

28 followed the general EPA Region IV guidance, as described below. 
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1 5.4.2 Constituents of Potential Concern 

RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
SEPTEMBER 2001 

2 A total of 47 soil samples (25 surface and 22 subsurface) from SWMU 162 were collected and 

3 submitted for analysis. Maximum detected concentrations of chemicals in surface and 

4 subsurface soils at SWMU 162 were screened against BRCs and EPA Region III residential 

5 risk-based criteria (RBCs, 4/13/2001) for soil. Carcinogenic compounds were screened at an 

6 excess lifetime cancer risk (ELCR) of 1 x 10-6 while non-carcinogenic compounds were 

7 screened at a HQ=O.l (RBC/10). Background values for all compounds except arsenic, 

8 copper, and cPAHs are those calculated for the original RFI. For arSenic, copper, wLd 

9 cP AHs, additional background samples were collected from Zone K to establish revised 

10 BRCs for these compounds. 

11 Aluminum, arsenic, benzo(a)pyrene, benzo(b)fluoranthene, mercury, and iron exceeded 

12 their respective RBCs. Benzo(a)pyrene, benzo(b)fluoranthene and mercury exceeded the 

13 Zone K BRC and maximum detected background values. Maximum detected concentrations 

14 of arsenic, iron, and aluminum, however, fell within the ranges of d'etected background 

15 concentrations and were not considered to be COPCs. Thus, for surface soils, 

16 benzo(a)pyrene, benzo(b )fluoranthene, and mercury were considered to be COPCs at 

17 SWMU 162, based on the comparison to applicable screening criteria, as summarized in 

18 Table 5-2. The historical maximum mercury concentration of 58.2 mg/kg was not included 

19 for the risk estimation as the more recent sample from the same location indicated a 

20 concentration of 6 mg/kg, thus this later concentration was included in the risk assessment. 

21 There are no subsurface soil COPCs. Table 5-2 lists all the surface soil COPCs included in 

22 this risk assessment. Appendix D provides compiete screening tabies for ali detected 

23 chemicals in soils. Arsenic did not exceed the background reference concentration for 

24 subsurface soils and aluminum, iron, and mercury were within the range of detected 

25 background concentrations for Zone K. No P AHs were detected in subsurface soiL 

26 5.4.3 Exposure Assessment 
27 The Cl",JC AnneX Reuse Plan identifies tIle future lcu"Ld use of this site as corrtlnercial or 

28 industrial. Under this land use scenario, onsite workers may be exposed to soils during 

29 occupational activities. Appropriate exposure assumptions are the default values 

30 representing the Reasonable Maximum Exposure (RME) scenario provided in the Exposure 

31 Factors Handbook (EPA, 1996) and incorporating Region IV common practices. They are 

32 presented in Table 5-3. 
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RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 For conservative risk assessment purposes, a future hypothetical residential scenario for this 

2 site is assumed and represents a "worst-case" scenario for risk estimation. Both adult and 

3 child receptors are evaluated. Exposure assumptions for carcinogenic chemicals are age-

4 adjusted to reflect total exposure duration of 30 years, exposure for 6 years as a child and 24 

5 . years as an adult. 

6 Exposure to soils is assumed to occur via incidental ingestion, dermal contact, and 

7 inhalation of soil particulates. Exposure Point Concentrations (EPCs) for each COPC were 

8 estimated as the normal or lognormal 95% Upper Confidence Limit (UCL 95) of the mean, 

9 depending on the distribution of the sample population. If the appropriate UCL 95 exceeded 

10 the maximum detected concentration, then the maximum detected value was considered the 

11 EPC. Exposure assumptions and EPCs were used to estimate chronic daily intakes for each 

12 pathway and receptor evaluated. EPC calculations for mercury were performed without 

13 sample 162SB00201 (58.2 mg/kg) collected from station K162SB002. This sample was 

14 collected in 1996. In 1999, this station was re-sampled (162SB002T1), and the mercury 

15 concentration was reported to be 6 mg/kg. For this reason, the previous mercury 

16 concentration from this station was removed from risk calculation. Also, it was removed 

17 because all EPCs defaulted to the maximum detected concentrations. The next highest 

18 mercury concentration detected at SWMU 162 was 10.3 mg/kg (162SB00101). 

19 5.4.4 Toxicity Assessment 
20 Toxicity values used in this risk assessment were obtained from the Integrated Risk 

21 Information System (IRIS) or, if unavailable from IRIS, the Health Affects Assessment 

22 Summary Tables (HEAST). Oral slope factors and reference doses were modified by oral-to-

23 dermal adjustment factors to obtain dermal toxicity factors. Toxicity factors for COPCs are 

24 listed in Table 5-4. 

25 5.4.5 Risk Characterization 
26 The risk characterization process combines the results of the exposure and toxicity 

27 assessments to yield ELCRs for carcinogenic COPCs and a cumulative hazard index (HI) for 

28 noncarcinogenic COPCs. Table 5-5 presents the risks and HIs for receptors evaluated in this 

29 risk assessment. Complete risk summary tables can be found in Appendix D. 

30 For a hypothetical future industrial worker, the ELCR for surface soils is 5 x 10.7 and the 

31 HI=0.02. These risks and the HI are well below the acceptable risk range of 1 to 100 in a 

32 million and HI of 1.0. 
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RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CH.4.RLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 For a hypothetical future residential adult, the ELCR for surface soils is 4 x 10.6 and the HI 

2 is 0.05. The calculated risks are within acceptable risk limits of 1 to 100 in a million, and the 

3 HI is well below the acceptable value of 1.0. 

4 . For a hypothetical future residential child, the HI for exposure to surface soils 0.5. 

5 

6 

Ingestion and dermal exposure to arsenic is the primary source of non-carcinogenic risk to 

this receptor. 

7 Risks for a future industrial worker and residential adult exposed to surface soil fall within 

8 the acceptable risk range of 1 to 100 in a million and HIs are well below the target level of 

9 1.0. Non-carcinogenic health risk for a residential child is below the target level of 1.0. 

10 Therefore, !:Pis site does not present a..l1Y lL.T'lacceptable ri..sk or health hazard to fuhlre 

11 hypothetical workers or residents. 

12 5.5 ~ .. ---..... 
~Ulllllial y 

13 Based on the evaluation of data collected as part of and following the RFI, no COCs are 

14 present in environmental media (soil [surface and subsurface) and groundwater) at SWMU 

15 162. This site is recommended for NFA. 
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TABLE 5-2 
COPCs for SWMU 162 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Frequency Maximum 
of Detected 

Chemical Detection Concentration 

Surface Solis 

Arsenic 15/15 74.7 

Benzo(a) yrene 5/20 0.44 

Benzo(b) 5/20 0.71 
fluoranthene 

Mercury 13/15 10.3 

Subsurface 
Soils 

None 

All units in mg/kg. 
NA not available 

8162 ZK RFIA 62201 DOC 

Risk-Based 
Concentration 

0.39 

0.062 

0.62 

2.3 

RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

Maximum 
Background Detected 
Reference Background 

Concentration Concentration COPC 

35.9 92.3 No 

0.038 0.022 Yes 

0.0037 0.0025 Yes 

NA ND Yes 

5-11 



TABLE 5-3 
Exposure Factors for S\A!MU 162 
RFI Report Addendum, SWMU 162, Zone K, CNC 

Parameter 

Exposure Frequency (day/year) 

Exposure Duration (years) 

Averaging Time -Carcinogenic (days) 

Averaging Time - Noncarcinogenic (days) 

Body Weight (kg) 

Ingestion 

Ingestion Rate (mg/day) 

Age-adjusted Ingestion Rate [(mg-day)/(kg­
yearn' 

Fraction Ingested 

Dermal 

Surface Area (cm2
) 

Age-adjusted Skin Surface Area [(cm2-yr)/kg)' 

Soil-to-Skin Adherence Factor (mglcm2
) 

Inhalation 

Particulate Emission Factor (m3/kg) 

Inhalation Rate (m3/day) 

Age-adjusted Inhalation Rate [(m3-yr)/(kg-day))' 

* For carcinogenic scenarios only. 

5162 ZK RFIA 62201 DOC 

Industrial Worker 

250 

25 

25,550 

9,125 

70 

50 

NA 

2,679 

NA 

0.03 

1.32E+9 

20 

NA 

RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

Residential Adult Residential Child 

350 350 
30 6 

25,550 

10,950 2,190 

70 15 

100 200 

114 NA 

7,612 3,690 

4,086 NA 

0.Q3 0.15 

1.32E+9 1.32E+9 

20 15 

13 NA 

5-12 



TABLE 5-4 
Toxicity Factors lor SWMU 162 COPCs 
RFI Report Addendum, SWMU 162, Zone K, GNG 

Chemical Weight of Oral Dermal 
Evidence Reference Reference 

Dose Dose 

mg/kg/day 

8enzo(a)pyrene 82 

8enzo(b) 82 
luoranthene 

Mercury D 3.0E-04 

5162 ZK RFIA 62201 DOC 

Inhalation 
Reference 

Dose 

RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

Oral Dermal Inhalation 
Slope Slope Slope 
Factor Factor Factor 

1/(mg/kglday) 

7.3E+OO 1.46E+O 3.1E+OO 
1 

7.3E-Ol 1.46E+O 3.1 E-Ol 
0 

5-13 



TABLE 5-5 
Summary of Risks for Receptors at SWMU 162 
RFf Report Addendum, SWMU 162, Zone K, CNC 

Receptor 

Future Industrial Worker 

Fulure Residential Adult 

Future Residential Child 

5162 ZK RFIA 62201 DOC 

ELCR 

RFI REPORT ADDENDUM, SWMU 162. ZONE K 
CHARLESTON NAVAL COMPLEX 

HI 

0.02 

0.05 

0.5 

REVISION 0 
JUNE 2001 

5-14 
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Summary of Site Closeout Issues 



RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 

2 

6.0 Summary of Information Related to Site 
Closeout Issues 

3 6.1 RFI Status 
4 The Revision 0 Zone K RFI Report addressed SWMUs/ AOCs within the Naval Complex, 

5 including AOC 162 (EnSafe, 1999). The subsequent Zone K RFI Report Work Plan Addendum 

6 recommended collecting additional samples to delineate BEQs detected at 162SB003 and 

7 arsenic at 162SB009 (EnSafe, 1999). This additional sampling has been completed. The Work 

8 Plan Addendum also recommended installing an additional downgradient monitor well. 

9 This monitor well has not been installed. However, CH2M-Jones considers the data from the 

10 existing monitor wells adequate to determine the nature and extent of groundwater 

11 contamination at SWMU 162. Therefore, additional soil or groundwater samples are not 

12 required and further investigation is not recommended for SWMU 162. 

13 In accordance with the RFI completion process, if a determination of no further 

14 investigation (NFl) is made, then a site may proceed to either NFA status or to a corrective 

15 measures study (CMS). Because no COCs were identified at this site, CH2M-Jones 

16 recommends NFA for this site. 

17 6.2 Presence of Inorganics in Groundwater 
18 For the purpose of site closeout documentation, the inorganics in groundwater issue refers 

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

20 antimony) in groundwater at concentrations above the applicable maximum contaminant 

21 level (MCL), preceded or followed by detections of these same metals below the MCL or 

22 below the practical quantitation limit. 

23 Two groundwater wells (KI62GWOOI and K162GW002) are present at SWMU 162. Each of 

24 these wells were sampled five times between January 1997 and December 1999 and the 

25 samples analyzed for metals. The analytical results for monitor wells K162GWOOI and 

26 K162GW002 are presented in Table 6-1. Antimony, arsenic, and thallium were not detected 

27 in any samples collected from these two wells. Therefore, the presence of inorganics in 

28 groundwater does not warrant further investigation. 

S162 ZK RFIA 62201 DOC 6-, 



RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 6.3 Potential Linkage to SWMU 37, Investigated Sanitary 
2 Sewers at the CNC 
3 Within Zone K, the investigation of the sanitary sewer system was conducted as SWMU 185. 

4 . The SWMU 185 investigation did not identify any COPCs. 

5 Additionally, SWMU 162 was used to dry wastewater treatment sludge from the 

6 wastewater treatment plant located adjacent to the sludge drying field. As such, SWMU 162 

7 was the collection point for all wastewater generated within the Naval Station Annex during 

8 the operational period of SWMU 162. Therefore, evaluation of SWMU 162 is an extension of 

9 the SWMU 185 investigation and significant contamination was not identified at the site. 

10 Significant contamination has not been identified at SWMU 162 or SWMU 185. As such, no 

11 information or data exist to suggest that further investigation of this issue is warranted. 

12 6.4 Potential Linkage to AOC 699, Investigated Storm Sewers 
13 at the CNC 
14 Investigated segments of the storm sewer, AOC 699, were identified in the Zone L RFI 

15 (EnSafe, 1998). No investigated segments of the storm sewer were identified in Zone K. 

16 Stormwater at SWMU 162 follows a ditch around the perimeter of the site. Near the 

17 southern comer of the site is a drainage culvert where storm water flows out of SWMU 162. 

18 A sediment sample (ANXMOOOl) was collected near the culvert. Arsenic was the only 

19 constituent detected above surface soil screening criteria in this sample. The reported 

20 arsenic concentration was 6.9 mg/kg, which is within the range of background 

21 concentrations (0.6 - 92.3 mg/kg) in Zone K surface soil. Comparison of sediment results to 

22 surface soil screening criteria is appropriate for this sample, because the sample was 

23 collected from the bottom of a drainage ditch that does not appear capable of supporting 

24 aquatic species due to the fact that drainage ditches are only intermittently wet. 

25 There is no data or information to suggest that SWMU 162 has impacted stormwater. 

26 Therefore, further investigation of a linkage between the storm sewer system and SWMU 

27 162 is not warranted. 

S162 ZK RFIA 62201 DOC &-2 



RF! REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

1 6.5 Potential Linkage to AOC 504, Investigated Railroad Lines 
2 at the CNC 
3 Investigated railroad lines were identified in the Zone L RFI Report (EnSafe, 1998). No 

4 . investigated railroad lines were identified in Zone K. The nearest investigated railroad line 

5 to SWMU 162 is on the main CNC campus nearly 3 miles to the east-southeast. There is no 

6 known linkage between SWMU 162 and the investigated railroad lines of AOC 504. 

7 Tl"lerefore, furt..l-ter evaluation of t..l-tis issue is not 'Narranted. 

8 6.6 Potential Migration Pathways to Surface Water Bodies at 
9 tneCNC 

10 Two potential migration pathways from the site to surface water are overland flow via 

11 storm water nmoff, and subsurface flow via groundwater. No COCs were identified in 

12 surface soil at SWMU 162; therefore, further evaluation of a potential pathway for 

13 contaminant migration via stormwater nmoff is not warranted. 

14 No COCs were identified in groundwater at SWMU 162, which eliminates the possibility of 

15 contaminated groundwater plume migration to a surface water body. Therefore, further 

16 evaluation of potential migration of contaminated groundwater to a surface water body is 

17 also not warranted. 

18 6.7 Potential Contamination in OWSs 
19 The issue of potential contamination of OWSs refers to the possible presence of an OWS that 

20 has not yet been investigated at a SWMU or an AOC as part of the RCRA or underground 

21 storage tank (UST) process. 

22 Neither the RF A nor the RFI refer to the presence or possible presence of an OWS at SWMU 

23 162. Therefore, further evaluation of this issue at SWMU 162 is not warranted. 

24 Also, there is no reference to an OWS at this facility in the basewide OWS report prepared 

25 by the Navy in 2000 (SOUTHDIV, 2000). Based on this information, further investigation is 

26 not warranted for the presence of OWSs at SWMU 162. 

27 6.8 Land Use Control Management Plan 
28 Evaluation of data collected during and after the RFI did not identify any COCs in site soil 

29 at SWMU 162. Therefore, land use restrictions are not warranted. 
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SECTION 7.0 

Recommendations 



1 

2 

3 

4 

5 

6 

7 

8 

RFI REPORT ADDENDUM, SWMU 162, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
JUNE 2001 

7.0 Recommendations 

. Based on evaluation of data collected during and after completion of the RFI, COCs were 

not identified in environmental media at SWMU 162. Based on this information, further 

investigation or corrective action is not considered necessary at SWMU 162. Therefore, 

CH2M-Jones recommends that the status of SWMU 162 be changed to NFA. 

Once the BCT concurs that NFA is appropriate for the site, a Statement of Basis will be 

prepared that will be made available for public comment, in accordance with SCDHEC 

policy. This will allow for public participation in the final remedy selection. 

S162 ZK RFIA62201,DOC 7·1 
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APPENDIX A 

Figure 2.7 from the Zone K RFI Report 
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APPENDIXB 

Analytical Data from Samples Collected after 
RFI Completion 
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APPENDIXC 

Validation Reports from Samples Collected after 
RFI Completion 



Appendix C is provided in .pdf format on the CDROM provided in the front pocket of this 
notebook. It contains data validation reports from the sampling subsequent to the Revision 0 
Zone K RFI Report (EnSafe, 1999). 
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APPENDIXD 

Risk Summary Tables 
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Appendix 0-2. Surface Soil - Hypothetical Future Industrial Worker Scenario 
Charleston Navv Complex - ZoneK, SWMU 162 

Ingestion: 
COl = Cs .. IB .. EI" EF" ED .. CF 

Cs= 
IIj = 
FI= 
EF = 
ED= 
CF= 
BW= 
AT= 

Dermal: 
COl = 

Cs= 
SA= 
AF= 
ABS= 
ET= 
EF= 
ED= 
CF= 
BW= 
AT= 

BW'AT 
Concentration in soil (mg/kg) 
Ingestion Rate (mglday) 
Fraction Ingested (uniUess) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

Cs "SA" AE .. ABS .. ET .. EF .. ED .. CF 

BW'AT 
Concentration In soil (mglkg) 
Surface Area (cm') 
Soil-Skin Adherence Factor (mg/cm') 
Absorption Factor (unltless) 
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: 

Carcinogenic 

EPC 
50 a 

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-06 
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 

COl = Cs' (l/PEE)' IB 'ET' EF' ED 
BW'AT 

Cs '«lNFind)±(lIPEF»' IB 'ET' EE' ED 
BW'AT 

Cs= 
PEE= 
VEind = 
IB= 
ET= 
EE= 
ED= 
BW= 
AT= 

Concentration in SOil (mglkg) 
Particulate Emission Factor (m3/kg) 
Volatilization Factor (m3/kg) 
Inhalation Rate (m'/day) 

EPC EPC 

Exposure Time (8 hours per 8 hour workday) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

References: 

1.32E±09 9 
(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 Health Evaluation Manual, Supplemental Guidance: "Standard 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 1/2 head, forearms and the hands of an adult worker. 
e = AF for soil adherence is default value recommended by EPA Region IV 1 Supplemental Guidance to RAGS 
f = In the absence of chemical specifiC data, EPA Region IV default values: 80% for VOCs, 50% for SVOCs, 

and 20% for Inorganlcs were used 
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 Brownflelds Table 4, Chapter 62-777, F.A C., 

December 1998. 

GNVlAppendix D-2.xls 
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Appendix 0-3 Surface Soil - Future Residential Adult Carcmogemc Scenario 
Charieston Navy Comptex -ZoneK. SWMU 162 

Ingestion: 
Intake for non-carcinogenic compounds: Age-adjusted Intake for carclnDgenlC compounds only: 
COl = Cs • 18 * EJ· EE· ED • CE 

BW·AT 

Cs= Concentration In soil (mg/kg) 
IR= Ingestion Rate (mglday) 

COl.." = \;$ • IAMlI • EI * EE· CE 

AT 
Carcinogenic 

RME 

IRad/ = Age-adjusted Ingestion Rate [(mg-yr)/(kg-day)/ 114.29 a 
FI= FractIon Ingested (unitless) 100% 
EF= Exposure Frequency (day/year) 350 a 
ED= Exposure Duration (year) 30 a 
CF= Conversion Factor (kglmg) 1.00E-D6 
BW= Body Weight (kg) 70 a 
AT= Averaging Time (days) 25550 a 

Dermal: 

Noncarcinogenic 

RME 
100 a 

100% 
350 a 
30 a 

1.00E-D6 
70 a 

10950 a 

Intake for non-carcinogenic compounds: Age-adjusted dose for carcinogenic compounds only: 
COl = Cs "SA· AF • ASS· EE· EO • CE 

Cs= 

BW·AT 

Concentration In soil (mg/kg) 

Surface Area (cm2
) 

CDI.1 = Cs· SAadl. AF· ASS· EE· CF 

BW 

RME 
SAo 
SAadj= 
AF= 
ABS= 
EF= 
ED= 
CF= 
BW= 
AT= 

Age-adjusted Skin Surtace Area [(cm'-yr)/(kg-day)/ 
Soil-Skin Adherence Factor (mglcm2

) 

4086 c 
0.03 d 

(Chemical Specific) e 
350 a 
30a 

1.00E-D6 

Absorption Factor (unltless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

PartlculateiVolatile Inhalation: 

70 a 
25550 a 

7612 c 

0.03 d 
(Chemical Specific) e 

350 a 
30a 

1.00E-D6 
70 a 

10950 a 

Intake for non-carcmogenic compounds: Age-adjusted Intake for carcinogenic compounds only: 
COl = Cs· ((l/PEF)t(lNE)) ·IR • EP ED 

BW·AT 
CDI",,= Cs· «(1/PEF)t(1NE) ·IR •• EF 

BW 

Cs= 

PEF= 
VF= 
IR= 
IR.dJ = 
EF= 
ED= 
BW= 
AT= 

Concentration in soil (mg/kg) 
Particulate Emission Factor (m3/kg) 
Volatllizal1On Factor (m3/kg) 
Inhalation Rate (m3/day) 

RME 
1.32E+09 f 

(Chemical SpecifiC) g 

RME 
1.32E+09 f 

(Chemical SpeCific) g 
20 a 

Age-adlusted Inhalallon Rate [(m'-yr)/(kg-day)/ 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Bocy Weight (kg) 
Averaging Time (days) 

13 a 
350 a 
30a 
70 a 

25550 a 

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard 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 per NASA 1997 workplan. 

c = Surtace area of hands, arms and legs of an adult (average of male and female mean SA). adapted from 
U.S.EPA, Exposure Factors Handbook, Vol. 1,11,111, August 1996. 

350 a 
30 a 
70 a 

10950 a 

d = U.S.EPA, Supplemental GUIdance to RAGS' Region 4 Bulletins Human Health Risk Assessment, November 1995 
e = In the absence of chemical specifIC data, EPA Region IV default values' 80% for VOCs, 50% for SVOCs, 

and 20% for Inorganics were used 
f = PartIculate emission factor (PEF), adapted from U.S.EPA, SOil Screening GUidance: Technical Background 

Document, May 1996. 
9 = Residential volatilization factor (VFres) adapted from FDEP Brownfields Table 4, Chapter 62-777, F.A.C., 

December 1998. 

GNVfAppen(b 0.3 xis 
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Appendix 0-4. Surface SOil - Future Residential Child Non-carcinogenic Scenario 
Charleston Navy Complex - ZoneK, SWMU 162 

Ingestion: 
COl = Cs " 18 " FI" EE" ED " CE 

Cs = 
IR = 
FI= 
EF= 
ED= 
CF= 
BW= 
AT= 

Dermal: 

BW·AT 

Concentration in soil (mg/kg) 
Ingestion Rate (mg/day) 
Fraction Ingested (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

CDi = Cs "SA ., At ., Bas" EF" ED ., CF 

Cs= 
SA= 
AF= 
ABS= 
EF= 
ED= 
CF= 
BW= 
AT= 

BW·AT 
Concentration in soil (mglkg) 
Surface Area (cm') 
Soil-Skin Adherence Factor (mg/cm2) 
Absorption Factor (unitless) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Conversion Factor (kg/mg) 
Body Weight (kg) 
Averaging Time (days) 

ParticulateiVolatlle Inhalation: 
COl = Cs • ((l/PEF)+(lNF» 'lB· EF· EO 

Cs= 
PEF= 
VF= 

IR = 
EF= 
ED= 
BW= 
AT= 

BW·AT 

Concentration In soil (mglkg) 
Particulate Emission Factor (m3/kg) 
Volatilization Factor (m'/kg) 
Inhalation Bate (m'/day) 
Exposure Frequency (day/year) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

References: 

Carcinogenic 

RME 
200 a 

100°1c, 
350 a 

Sa 
1.00E-OS 

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 

6a 
15 a 

25550 a 

Noncarcinogenic 

RME 
200 a 

100% 
350 a 

Sa 
LOOE-OS 

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: "Standard Default Exposure 
Factors" OSWEB Directive 9285.S-03, March 25, 1991. 

b = Time spent outdoors in the contaminated areas using best profess10nal judgement, based on the 
nature of the activity per NASA 1997 workplan. 

c"" Surface area of hands, arms, legs, and feet of a child p·6 year average}, adapted from U.S. EPA, Exposure 
Factors Handbook, Vol. 1,11,111, August 1996. 

d = U.S.EPA, Supplemental Guidance to RAGS: Region 4 Bulletins Human Health Risk Assessment, November 1995. 
e = In the absence of chemical specific data, EPA Region IV default values: 80% for VOCs, 50% tor SVOCs, 

and 20% for Inorganics were used 
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, Chapter S2-777, F.A.C., 

December 1998. 
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APPENDIXE 

Response to SCDHEC Comments on the 
Draft Zone K RFI Report 



Comment 19: 

SCDHEC 
CommelllS on the Draft Zone K RFI Repon 

DQ/ed December /0. 1997 

All site-specific discussions should include the data for all four rounds of groundwater sampling 
in the fmal report. The additional data will confirm or refute the presence of contaminants at each 
individual site. 

Response 19: 
Ail four rounds of groundwater data have been included in the revised report. 

Comment 20 
SWMU 161 
Table 10.1.3, page 10.1.5: 

• The value for the soil screening level for copper is listed in table 6.4 as 457 mg/Kg. Please 
correct this value on table 10.1.3 and the number of detections exceeding the soil screening 
level. 

Response 20: 
The table has been revised. 

Comment 21: 
SWMU162 
Section 10.2.2 "Nature and Extent of Contamination", Page 10.2.8: 

• This section should correct the text of the "Semi volatiles Organic Compound in Soil" to 
replace TEQs by BEQs. Additionally, correct the heading of figure 10.2.2. 

Response 21: 
The heading and text have been revised. 

Comment 22: 
The ecological risk assessment related to Ecological Subzone K-4, which includes the area of 
SWMU 162, found that further evaluation is required for the protection of ecological receptors 
at subzone K-4. This conclusion should be acknowledged in section 10.2.7 ·Corrective Measures 
Considerations' which summarizes risk posed by media and receptors. Please modify this section. 

7 



Response 22: 

SCDHEC 
CommenlS on the Draft Zane K RFI Repon 

Dared December 10, 1997 

Becanse muitipie sites may be encompassel1 ID each ecoiogical subzone, any further 
evaluations recommended in the Zone K ERA are included in the Conclusions and 
Preliminary Recommendations Section 11. 

Comment 23: 
SWMU163 

due to the potential leaching problem posed by peE in soil boring 163SBOO3 and N-nitroso-di-n­
propylamine in soil boring 163SBOO2. Please include these data in the fmal report. 

Response 23: 
As stated above all four quarters of groundwater data will be provided in the revised report. 
Additional soil sampling and monitoring well installation/sampling were completed at this site 
based on new information regarding site history. The new data have been included in the 
revised report as well. 

Comment 24: 
SWMU164 
The investigation has demonstrated that isolated areas at SWMU 164 have soil contamination, 
however it is not clear why samples were not taken closer to the blasting operation. There are no 
samples within 50 feet of the operation. Please justify this approach, or more samples should be 
collected closer to the blasting operation, since it is obviously expected that the area next to the 
blasting operation would be more likely impacted. 

Response 24: 
The reason samples were not collected closer is that the blast booth is an enclosed structure 
sitting on a concrete slab within the corumes of a building. The sample locations were chosen 
1.. ........... ""' ................... _ ............. __ ................ AI_ ..... : ....... n-........... 4-+ ... ..,.. ........... ...t ...... 1 ........ : ........ 1.. .... _"' ..... _ ......... • ___ ............ ~ ....... _# ....... ,. .. 
UQ,3f;;U uu. .,Luau. "0 ...... 1. ... UUUI.& UI.~aD"" pAI.I. .... I.IL3 AUU ., .... u;\..Lu .. 5 UJ.'I;' U1;;d..l~L UIlI'AY-C;U "Ul.I.""'~ 

that would receive the runoff since this is believed to be the primary migration pathway. Per 
the December 1998 project team meeting, the floor of the building was checked to determine 
if cracks or other potential migration pathways exist to determine if any additional samples 
are warranted. 

A survey of the floor was completed in March 1999 and no cracks or other potential 
migration pathways for the blast media were noted. 
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