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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 (BRAC) Act, which regulates 

the 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 presents an Interim Measure 

Completion Report (IMCR) and a Corrective Measures Study Work Plan (CMSWP) for Solid 

Waste Management Unit (SWMU) 166 in Zone K at the CNC This IMCR/CMSWP 

summarizes the activities conducted as part of the interim measure (1M) at SWMU 166, and 

describes the process to be used to evaluate corrective measure alternatives proposed for 

remediating the groundwater contamination at the site. 

1.1 Background 

1.1.1 Site History 
20 SWMU 166, located in Zone K at the CNC Naval Annex, includes areas west of Avenue B 

21 and south of Fifth Street to just east of Interstate 26. The Naval Annex is a flat-lying area, 

22 approximately 40 feet above mean sea level (rnsl). The U.s. Marine Corps currently uses 

23 portions of the Naval Annex as a reserve training center, with administrative and 

24 classroom-type buildings and a heavy vehicle storage and maintenance/ small repair 

25 facility. 

26 SWMU 166 includes a former automotive service rack (ASR) area that is unpaved and 

27 located at the southwest corner of the intersection of Avenue B and Fifth Street immediately 

28 north of Building 22. Figure 1-1 shows the location of SWMU 166 and Zone K within the 

29 CNC The former ASR area was identified in the Zone K RCRA Facility Investigation (RFI) 

30 Report, Revision 0 (EnSafe Inc. [EnSafe], 1999a) as the suspected source area for chlorinated 

SWMU166ZKIMCRCMSWPREVO.DOC 1·1 
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1 volatile organic compounds (CVOCs) in groundwater at SWMU 166. An RFI was 

2 implemented over an approximate 5-year period by the Navy I EnSafe team and 

3 CH2M-Jones to assess the nature and extent of contamination at SWMU 166. A chlorinated 

4 solvent plume in groundwater, comprised primarily of trichloroethene (TCE), was 

5 identified as originating from the vicinity of SWMUs 163 and 166. The results of the RFI 

6 were previously presented in the Zone K RFI Report, Revision 0 (EnSafe 1999a) and RFI Report 

7 Addendum, SWMU 166, Zone K, Revision 0 (CH2M-Jones, 2002). 

8 Based on the identification of several apparent source areas within the groundwater plume, 

9 a decision was made to implement an 1M to treat the most concentrated portions of the 

10 groundwater plume. The objective of the 1M was to reduce TCE source area concentrations 

11 significantly and decrease the size and longevity of the TCE plume. The results of the 1M are 

12 described in this report. 

13 1.1.2 General Source Area Description 
14 The Interim Measure Work Plan, SWMU 166, Zone K, Revision 0 (CH2M-Jones, 2002) identified 

15 target treatment areas (TIAs) within the groundwater-contaminated area near and 

16 downgradient of SWMU 166. In addition to TCE, low levels of 1,2-dichloroethene (1,2-DCE) 

17 were found in some of the areas targeted for treatment as part of the 1M, and one area in 

18 SWMU 163 showed detections of low levels of tetrachloroethene (PCE). The areas 

19 contaminated with TCE include SWMU 163, the former ASR area at SWMU 166, and areas 

20 downgradient from SWMU 166 extending to the eastern boundary of the Naval Annex. For 

21 brevity, the term "SWMU 166" is used in this document to refer to all areas targeted for 

22 subsurface treatment by the 1M Work Plan, although several of these areas fall outside the 

23 original footprint of the SWMU 166 boundary indicated in the Zone K RFI Report, Revision 0 

24 (EnSafe, 1999a). 

25 Previous RFI groundwater investigations conducted at Zone K, along with the Phase I and 

26 Phase II Membrane Interface Probe (MIP) Pilot Studies, were incorporated into the 1M Work 

27 Plan and used to delineate the approximate lateral and vertical extents of the TCE TI As. 

28 Groundwater elevations at SWMU 166 vary seasonally, ranging from 5 to 7 feet below land 

29 surface (ft bls). In general, shallow and deep groundwater at SWMU 166 flows eastward 

30 toward Interstate 26. Near SWMUs 163 and 166, groundwater flow direction tends to be 

31 somewhat more to the south-southeast. However, the overall direction of TCE migration in 

32 groundwater has been eastward towards Interstate 26. Figures 1-2 and 1-3 present 

33 potentiometric surface maps of the shallow and deep zones of the aquifer at Zone K, using 

34 groundwater elevation data collected in July 2000. 

GNV310038511563.DOCJ050980002 ,., 
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1 The IT As represent the approximate lateral and vertical extent of portions of the TCE plume 

2 with TCE concentrations greater than approximately 1,000 micrograms per liter ()lg/L), as 

3 determined during various investigations prior to the 1M. During the groundwater 

4 investigations conducted at Zone K, concentrations of TCE up to 51,800 )lg/L were detected 

5 in groundwater. The maximum solubility of TCE in water is approximately 1,100 milligrams 

6 per liter (mg/L). Concentrations of TCE greater than 1 percent of the maximum solubility 

7 (i.e., greater than 11 mg/L or 11,000 )lg/L) may indicate the presence of a dense non-

8 aqueous phase liquid (DNAPL) near the monitored location. TCE concentrations detected at 

9 a few locations during previous investigations at SWMU 166 exceed these potential 

10 DNAPL-indicator levels. As a conservative measure, a target TCE concentration of 

11 approximately 1,000 )lg/L was used to delineate the boundaries of the ITAs. This approach 

12 resulted in the treatment of a larger area than the limited area with suspected DNAPL 

13 presence, but it significantly increased the likelihood that any potential DNAPL-containing 

14 areas would be treated. It was anticipated that any low-level PCE or 1,2-OCE present in the 

15 ITAs would also be treated during this 1M implementation. 

16 Based on the distribution of TCE concentrations measured during the RFI and membrane-

17 interface probe (MIP) investigations, potential DNAPL source areas within the TIAs at 

18 SWMU 166 include the shallow zone of the aquifer at 11 to 17 ft bls at one location near the 

19 former ASR area; the interface between the clayey sand unit and overlying sandy unit (at 

20 approximately 23 to 28 ft bls) in several areas; and a deeper zone at the top of the Ashley 

21 Formation (approximately 31 to 37 ft bls) in most ITAs. An area near SWMU 163 also 

22 indicated elevated concentrations of PCE in one shallow monitoring well at a depth of 

23 approximately 11 ft bls and was included as part of TTA 7. 

24 Eight TTAs, numbered ITA 1 through TIA 8, were identified at SWMU 166. ITA 4 and 

25 ITA 5 each include two small treatment areas, combined due to their close proximity. 

26 Figure 1-4 shows the general locations of the IT As within Zone K. Figures 1-5 through 

27 Figure 1-11 show individual ITAs and sample locations with baseline groundwater TCE 

28 concentrations above 1,000 )lg/L at different depths below land surface. In these figures, the 

29 lateral and vertical extents of the ITAs were derived by including all sample locations that 

30 showed a TCE concentration greater than 1,000 )lg/L, including analytical results of 

31 groundwater samples collected from direct-push technology (OPT) borings, estimations 

32 from the MIP electrical conductivity data (ECD) response readings, vertical profiler borings, 

33 and monitoring wells. 
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1 This 1M to treat the suspected source areas was not necessarily intended to be the final 

2 remedy for the SWMU 166 area. However, abatement of the source areas was expected to be 

3 compatible with the final remedy selected for SWMU 166. 

4 1.2 
5 

Purpose of the Interim Measure Completion 
Report/Corrective Measures Study Work Plan 

6 This document contains two RCRA submittals: (1) the IMCR, and (2) CMSWP. The IMCR, 

7 presented in Sections 2.0 and 3.0, documents the results of the 1M using the FeroxSM 

8 treatment process and summarizes the data collected during monitoring of the 1M. 

9 Section 4.0, the CMSWP, identifies the remedial action objectives (RAOs) and proposed 

10 media cleanup standards (MCSs) for VOCs in groundwater and presents corrective measure 

11 alternatives to be evaluated in the CMS for SWMU 166. 

12 In addition to the IMCR and CMSWP, Section 5.0 contains a Pilot Study Work Plan (PSWP) 

13 for assessing the effectiveness of a biostimulation system for further treatment of the 

14 chlorinated solvent plume at SWMU 166. 

15 

16 

1.3 Organization of the Interim Measure Completion 
Report/Corrective Measures Study Work Plan 

17 This IMCR/CMSWP consists of the following sections: 

18 1.0 Introduction-Presents the purpose of the IMCR/CMSWP, as well as relevant 

19 background information. 

20 2.0 Summary of Interim Measure Activities at SWMU 166-Provides a description of 

21 major events that occurred during implementation of the 1M. 

22 3.0 Results of the Interim Measure at SWMU 166--Summarizes the results from the 

23 monitoring events conducted before and after the 1M implementation at SWMU 166. 

24 4.0 Corrective Measures Study Work Plan for SWMU 166--Presents the CMSWP for 

25 SWMU 166 and defines the RAOs and associated MCSs for the chemicals of concern (COCs) 

26 that are identified in Section 3.0. This section also presents the current extent and 

27 configuration of the TCE and total VOC plume at SWMU 166, along with the CMS 

28 procedures that will be used to evaluate and compare relevant remedial approaches for 

29 achieving RAOs and MCSs for the COCs. 

GNV31 0038511563. 000050980002 
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1 5.0 Pilot Study Work Plan for Enhanced Reductive Dechlorination at SWMU 166-

2 Presents a pilot study approach to evaluate the effectiveness of enhanced reductive 

3 dechlorination for treating further the chlorinated solvents in groundwater at SWMU 166. 

4 This PTWP will allow this alternative to be better evaluated during the CMS. 

5 6.0 References - Lists the references used in this document. 

6 Appendix A contains validated analytical reports and data validation summaries for the 

7 environmental media samples collected during the Phase 11M. 

8 Appendix B contains copies of boring logs and well construction diagrams for monitoring 

9 wells installed as part of the 1M. 

10 Appendix C contains copies of figures showing the layout of zero-valent iron (ZVI) injection 

11 locations for Phase I and Phase II injections. 

12 Appendix D contains the analytical data for environmental media samples collected during 

13 and after the Phase II 1M at SWMU 166. 

14 Appendix E contains CH2M-Jones's responses to SCDHEC comments on the Interim 

15 Measure Completion Report/Corrective Measures Study Work Plan/pilot Study Work Plan, SWMU 

16 166, Zone K, Revision a (CH2M-Jones, 2005). 

17 All tables and figures appear at the end of their respective sections. 
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APRIL 2005 

2.0 Summary of Interim Measure Activities at 
SWMU 166 

This section provides a summary of the 1M implementation activities conducted at SWMU 

166, including an overview of the FeroxSM technology employed during the 1M and how this 

technology was implemented at each ITA. 

2.1 Description of Interim Measure Activities 

2.1.1 Treatment Technology Description 
8 The treatment technology selected for remediation of CVOCs in groundwater at SWMU 166 

9 was in situ chemical reduction through the injection of highly reactive ZVI powder using 

10 the proprietary FeroxSM technology. The subcontractor selected to implement the 1M using 

11 this treatment technology was ARS Technologies, Inc. (ARS) of New Brunswick, New 

12 Jersey. The Interim Measure Work Plan, SWMU 166, Zone K, Revision 0 (CH2M-Jones, 2002) 

13 outlined the proposed construction and implementation approach. 

14 ARS employs a patented subsurface in situ remediation process called the FeroxSMprocess. 

15 The process treats chlorinated solvents and some dissolved metals. The FeroxSM technology 

16 involves the subsurface injection and dispersion of specific quantities of highly reactive ZVI 

17 powder into saturated or unsaturated contamination zones. The ZVI incorporated in the 

18 FeroxSM application is a 98+ percent pure, reduced-iron powder. The powder's particle size, 

19 shape, and carbon content result in a highly reactive material. The small particle size of this 

20 ZVI powder provides more surface area per unit weight, resulting in the powder being 

21 more reactive in the subsurface than other forms of iron powder. 

22 The FeroxSM field application involved the injection of targeted doses of highly reactive ZVI 

23 into the subsurface as a means to chemically reduce contaminants present in the 

24 groundwater and soils at SWMU 166. The ZVI was delivered into the subsurface through 

25 ARS's patented Liquid Atomized Injection (LAI) Technology. In conjunction with the LAI 

26 process, pneumatic fracturing of the subsurface formation was applied when required, prior 

27 to introducing the ZVI into the subsurface, to provide a pathway for ZVI dispersion in the 

28 subsurface. 

GNV31 0038511563 DOC/OS09BOOO2 
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The injectIon process consisted of a skid-mounted gas pressure module with an injection 

control manifold and a digital datalogger used to monitor various operational parameters. 

Due to the large quantity of compressed gas needed for the FeroxSM injections, a bulk 

nitrogen "tube" trailer was mobilized to the site. 

The compressed nitrogen was routed through the gas module's control manifold and 

connected by a high-pressure hose to the downhole packer/nozzle assembly. When the 

equipment was in place, the outer drive casing was raised, exposing the injector nozzle to 

the formation. The packers were inflated and the formation was pneumatically fractured. 

Frachlfing consisted of applying pressurized nitrogen for approximately 15 seconds within 

a 20- to 36-inch interval isolated by the use of a double pneumatic straddle packer assembly. 

Ferox5M injections were performed immediately following pneumatic fracturing at each 

injection interval within the borehole. The ZVI powder was injected into the subsurface 

ust."1g a nitrogen gas srrearrl as the carrier t1uid, The gas rrtanifold systern provided accurate 

control over the injection pressures, which enabled ARS to achieve the optimal iron powder 

dispersion. 

The iron slurry-nitrogen mixture was injected through the pneumatic packer assembly and 

performed in approximately 20- to 36-inch intervals. The duration and number of injections 

in each borehole were directly dependent upon the quantity of iron desired within the 

specific zone. Each borehole was addressed starting at the deepest interval and working 

upward, ensuring borehole stability. When the targeted dosage of iron was emplaced into 

the formation, the packers were deflated, and the nozzle assembly was raised to the next 

injection location. Where appropriate, the injection operations were initiated at the 

periphery of the ITA and moved inward within the ITA. 

2.1.2 Interim Measure Implementation Summary 
The objective of the 1M was to implement the Ferox5M technology for source control and 

reduction of the existing chlorinated solvent source areas at SWMU 166. 

The 1M at SWMU 166 was implemented through a two-phase approach. Phase I activities 

included the installation of 20 new groundwater monitoring wells within and immediately 

downgradient of ti,e TTAs to monitor growldwater contamination and geochemical 

parameters before and after injection of the ZVL These wells were sampled for VOCs and 

geochemical parameters to enable the baseline groundwater characterization. This sampling 

was followed by a pilot test injection of ZVI at ITA 4 to determine site-specific parameters 

GNV31 0038511563 00CI050980002 ,., 



1M COMPLETION REPORT/CMS WORK PlAN/PILOT STUDY WORK PlAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

1 for ZVI delivery. The pilot test at TTA 4 was followed by full-scale implementation of the 

2 1M at the remaining ITAs. 

3 Phase II activities consisted of a re-injection of ZVI in select areas two years after Phase 1. 

4 These activities are briefly described in the following paragraphs. 

5 Phase I Activities 

6 Installation of Monitoring Wells 

7 A total of 26 new monitoring wells were installed at the eight ITAs and the areas 

8 immediately adjacent to the TTAs during February 2002 and May 2002. The new wells and 

9 the existing wells installed during the RFI provide a network to monitor the effectiveness of 

10 the ZVI injections and the migration of contaminants as a result of the ZVI injection 

11 pressures. The new wells were screened to coincide with the depth of contamination near 

12 the wells and the corresponding treatment depth intervals. Figures 2-1, 2-2, and 2-3 show 

13 the locations of the new wells and the RFI wells used for baseline groundwater 

14 characterization. Figures 2-4 through 2-11 show the locations of the ZVI injection boring 

15 locations at each ITA. 

16 Prior to ZVI injection, the wells were sampled and the groundwater samples were analyzed 

17 at an offsite laboratory for VOCs, dissolved hydrogen, dissolved methane, and nitrate (as 

18 nitrogen). Field measurements of pH, temperature, specific conductance, oxidation-

19 reduction potential (ORP) and dissolved oxygen (DO) were also performed at each well. 

20 These analytical parameters were chosen to provide a baseline characterization of 

21 groundwater conditions prior to injection of the ZVI, so that changes in groundwater 

22 characteristics as a result of the FeroxsM treatment could be measured after full-scale 

23 implementation of the 1M. A summary of the analytical results from the pre-injection 

24 sampling event is included in Tables 2-1 through 2-8. Copies of the validated analytical 

25 reports and data validation summaries are included in Appendix A. Appendix B contains 

26 boring logs and well construction diagrams for wells installed as part of the 1M. 

27 ZVllnjections 

28 Phase I served as the initial treatment phase and resulted in the emplacement of 169,021 

29 pounds of ZVI within the eight designated ITAs. Phase I injections were conducted under 

30 three separate injection events. The first injection event was the pilot test performed at 

31 ITA 4 during the week of February 25,2002. The second injection event was performed 

32 within ITA 1, ITA 2, ITA 5, ITA 6, ITA 7, and ITA 8 from May 2002 to July 2002. The 

33 third injection event was performed at ITA 3 during October 2002. Details of the number of 

GNV310036511563.00CI050980002 '·3 



1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

1 injection borings, depths of borings, number of injection intervals, and quantities of ZVI 

2 injected within each boring during Phase I are shown in Appendix C. The appendix also 

3 includes drawings showing the layout of the injection borings used during the Phase I 

4 injections at each of the eight IT As. 

5 As indicated in these figures, the injection points were spaced approximately 60 feet apart 

6 (center to center), with the objective of achieving an estimated radius of influence (ROI) of 

7 injection of 30 feet from each injection point. 

8 Post-Injection Groundwater Monitoring 

9 The treatment monitoring network of wells were sampled during three sampling events 

10 after Phase I injections were completed in July 2002, December 2002, and June 2003. A 

11 summary of the analytical results from the pre-injection sampling event is included in 

12 Tables 2-1 through 2-8. Copies of the validated analytical reports and data validation 

13 summaries are included in Appendix A. 

14 Phase II Activities 

15 Phase II operations were implemented within regions of SWMU 166 where significant TCE 

16 concentrations persisted after the Phase I implementation. Phase II injections entailed the 

17 emplacement of 39,500 lbs of ZVI within five TT As (TTA 1, ITA 3, ITA 4, IT A 5, and 

18 TT A 6). The Phase II injection program involved a more conservatively spaced injection 

19 point network (resulting in an ROI of approximately 12 to 15 feet around each well) and the 

20 use of a newly developed, enhanced ZVI powder. Another modification was the use of a 

21 proprietary four-port sand nozzle with the capability of being driven and/ or vibrated to 

22 target depths, which eliminated the need for the down-hole injection packers used during 

23 Phase I. 

24 Details of the number of injection borings, depths of borings, number of injections in each 

25 boring, and quantities of ZVI injected are shown in Appendix C. The appendix also includes 

26 drawings showing the layout of the injection borings used during the Phase I injections at 

27 each of the eight TT As. 

28 Minor field problems encountered during injection activities were addressed satisfactorily. 

29 Due to the introduction of nitrogen under high pressure, slow release of nitrogen ("off-

30 gassing") was observed at the surface in a few locations. 

31 Wear and tear of packers due to repeated use resulted in some packers not providing a 

32 perfect seal within the well, or in some cases, slipping out of the wells due to pressure build-

SWMU166ZKIMCRCMSWPPSWPREV1 DOCI050980002 '·4 
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1 up within the well. When this occurred, injection was stopped and the packers were 

2 replaced. Injection of ZVI was resumed in these wells at a lower pressure. 

3 Compressed nitrogen, which is pumped into the subsurface before the ZVI slurry is 

4 introduced, sometimes finds a vertical path of high permeability (often around the annular 

5 space of a nearby historic well) and escapes to the ground surface. This occurrence is termed 

6 "day-lighting," and was observed near some wells. Since the nitrogen is introduced under 

7 significant pressure to create a pathway for the ZVI slurry, small amounts of ZVI slurry 

8 were also noticed at the ground surface in a few locations shortly after injection occurred. 

9 The amount of water and ZVI slurry surfacing to the ground as a result of day-lighting was 

10 minor and insufficient to allow collection. No monitoring wells were dislodged from their 

11 boreholes or damaged as a result of the pressure influence from the injection operations. 

12 Groundwater Monitoring following Phase II Activities 

13 Groundwater samples were collected during November 2004 from 50 monitoring wells 

14 encompassing the eight TTAs as part of the annual base wide groundwater monitoring 

15 program. Appendix D includes copies of the analytical results. 

SWMU166ZKIMCRCMSWPPSWPREVl DOCI050980002 '-5 
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TABLE 2-8 

1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

Summary of CVOC Detections during Pre-injection and Post-Injection Sampling Events 
ITA-B, SWMU 166 1M, Zone K, Charles/on Naval Complex 

StationlO K166GW33D 
PRE-INJECTION POST-PHASE I POST-PHASE II 

SamplelD 166GW33DM4 166GW33DN1 166GW33DP2 

DaleColiecled OS/20/2002 OS/27/2003 10/15/2004 

OateExtracted OS/2412002 06/05/2003 10/27/2004 

OateAnalyzed OS/2412002 06/05/2003 10/27/2004 

SDGNumber 60789 81287 123724 

Parameter Units 
Vinyl chloride ugiL 10 U 10 U 10 U 

1 , 1 ~Dichloroethene ugiL 0.43 J 5 U 5 U 

trans~ 1 ,24 Dichloroethene ugiL 6.9 ~ 2.3 J 5 U 

cis·l,2-Dlchloroethylene ugiL 18.2 ~ 9.3 ~ 1.5 J 
1 ,2·Dichloroethene (total) ugiL 25.1 ~ 11.6 ~ 1 5 J 
Trichloroethylene (TeE) ugiL 110 ~ 70.3 ~ 10.1 ~ 

Telrachloroethylene (peE) ugiL 5 U 5 U 5 U 

Concentrations Used to Calculate Total CVOC Concentrations. 
Vinyl chloride ugiL 5 5 5 
1,1·Dlchloroethene ugiL 0.43 2.5 2.5 
1 ,2-Dichloroethene (total) ugiL 25.1 11.6 1.5 

Trichloroethylene (TCE) ugiL 110 70.3 10 1 

Tetrachloroethylene (PCE) ugiL 25 25 2.5 

Total CVQC Conc ugiL 143.03 91.9 21.6 

ugiL micrograms per liter 

U Indicates analyte not detected above laboratory detection limit. 
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. 

GNV310038511563.DOC/0509BO002 2·16 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166. ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

3,0 Results of Interim Measure at SWMU 166 

This section provides a perforn1ance summary and evaluation of the effectiveness of the 1M 

treatment activities at SWMU 166 by comparing the groundwater data before and after 

injections performed as part of the 1M. 

5 3.1 Groundwater Sampling and Analysis 

6 3.1.1 Baseline Monitoring for Full-Scale Interim Measure Implementation 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

In order to establish pre-treatment (baseline) conditions at TTAs 1 through 8, existing and 

newly installed monitoring wells were used to conduct groundwater sampling. Monitoring 

locations were selected both within the TTAs and immediately downgradient of the IT As to 

measure pre- and post-treatment concentrations of CVOCs and monitored natural 

attenuation (MNA) parameters. Table 3-1 shows the parameters that were monitored during 

pre- and post-treatment monitoring. 

3.1.2 Post-Treatment Monitoring for Full-Scale Interim Measure Implementation 
The overall objective of the 1M implementation was to achieve substantial reductions (target 

treatment efficiency of 95-percent reduction) in the TCE concentrations in the eight ITAs at 

SWMU 166. Tables 3-2 through 3-9 show a comparison of total and average TCE and CVOC 

concentrations detected during the baseline and post-injection sampling events, along with 

the percent reductions in concentrations of total CVOCs and TCE, the primary groundwater 

COC, at SWMU 166. Based strictly on concentration reductions as indicated in Table 2-10, 

varying degrees of success were achieved in the various TTAs. Figures 3-1 to 3-8 present 

TCE and total DCE concentrations before and after injection in a graphical format. 

The total TCE concentrations for the baseline (May 2002) sampling event and the most 

recent sampling event (November 2004) for each IT A were calculated by summing up the 

TCE concentrations detected in the wells within the TT A. The total CVOC concentrations 

were calculated by summing up the concentrations of 1,I-DCE, 1,2-DCE (total), TCE, PCE 

and vinyl chloride. For those results showing a "U" qualifier (signifying that detections 

were below laboratory detection limits) during both the pre-injection and post-injection 

sampling events, a value of zero was used in calculating the percent removal. Vinyl chloride 

and PCE were the two chemicals that most commonly showed detections below laboratory 

detection limits in both the pre-injection and post-injection samples. 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

1 The following sections dLscuss the treatment effectiveness of the FeroxSM injections at each of 

2 the ITAs at SWMU 166. 

3 TIA1 
4 Table 3-2 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

5 May 2002, the third sampling event after Phase 1 injections in Tune 2003 and the fourth 

6 sampling event following Phase II injections in November 2004. 

7 The percent reduction in total TCE concentrations as a result of the Phase I injections was 38 

8 percent. TCE concentrations in two of the four wells monitored in this ITA decreased 

9 substantially and increased slightly in the remaining two wells. 

10 The percent reductions in the total CVOC concentrations as a result of the Phase I injections 

11 was 8 percent. This number is lower than the percent reduction in TCE concentrations 

12 because the post-injection concentration of 1,2-DCE increased. 1,2-DCE is a breakdown 

13 product of TCE. 

14 After the Phase II treatment in this area, the TCE reduction increased to approximately 84 

15 percent. While this did not meet the 95 percent reduction that was the goal of the 1M, this 

16 reduction is substantial. Total VOC reduction increased from only 8 percent after the Phase 1 

17 treatment to 38 percent. The total VOC reduction was not as great as the reduction for TCE 

18 because DCE was produced as part of the TCE reduction. 

19 The concentrations of CVOCs in this ITA after treatment indicate that the FeroxSM treatment 

20 has been reasonably successful in reducing the source area TCE concentrations and 

21 initiating dechlorination of TCE. Some additional treatment of groundwater in this area may 

22 be required. 

23 TIA2 
24 Table 3-3 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

25 May 2002 and the fourth sampling event following injections in November 2004. TCE and 

26 CVOC concentrations increased significantly between the pre-injection and November 2004 

27 sampling events. TCE concentrations decreased in the second and third post-injection 

28 sampling events in well K166GW39D. However, the most recent sampling event shows a 

29 spike in TCE and 1,2-DCE concentrations in well K166GW040. The increase may be due to a 

30 previously undetected minor source of TCE toward well K166GW040. This IT A is the 

31 location where an 1M was performed previously to remove TCE-impacted soiL This area 

32 will likely require additional corrective measures to address groundwater contamination. 

GNV31003851156300Cl050960002 3·2 
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1M COMPlETION REPOAT/eMS WORK PLANfPlLOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

2 Table 3-4 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

3 May 2002, the third sampling event after Phase I injections in June 2003, and the fourth 

4 sampling event following Phase II injections in November 2004. 

5 The percent reduction in totai TCE concentrations as a result of the Phase i injections was 37 

6 percent. The percent reductions in total CVOC concentrations in TTA3 was 8 percent after 

7 Phase I. This number is much lower because some TCE converted to DCE. 

8 After the Phase II injections, the reduction in TCE concentration increased to 92 percent and 

9 the reduction in total VOCs increased to 46 percent. These results indicate a significant 

10 decrease in TCE concentrations. Some additional groundwater treatment may be needed in 

11 this area. 

12 TTA4 
13 Table 3-5 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

14 May 2002, the third sampling event after Phase I injections in June 2003, and the fourth 

15 sampling event following Phase II injections in November 2004. 

16 The percent reduction in total TCE concentrations as a result of the Phase I injections was 47 

17 percent. The percent reductions in the total CVOC concentrations in the ITA as a result of 

18 the Phase I injections was 43 percent. 

19 After the Phase II injections, the reduction in TCE concentration increased to 81 percent, 

20 while the reduction in total VOCs increased to 63 percent. These reductions are considered 

21 significant. Some additional treatment may be needed in this area. 

22 TTA5 
23 Table 3-6 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

24 May 2002, the third sampling event after Phase I injections in June 2003, and the fourth 

25 sampling event following Phase II injections in November 2004. 

26 TIle percent reduction in total TCE concentrations as a resuit of the Phase I injections was 27 

27 percent. The total CVOC concentrations in the ITA showed an increase of 7 percent after the 

28 Phase I injections. This increase is primarily due to a higher rate of 1,2-OCE formation and a 

29 localized increase of TCE in well K166GW45D. 

30 After the Phase II treatment, the reduction in TCE concentration increased to 86 percent and 

31 the reduction in total VOCs increased to 28 percent. The reduction in TCE is considered 

32 significant. Some additional treatment may be required in this area. 
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1M COMPLETION REPORT/eMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

1 ITA 6 

2 Table 3-7 ShO"V5 the CVOC concentrations of Lhe baseli..ne (pre-Lnjection) sampling event of 

3 May 2002, the third sampling event after Phase I injections in June 2003, and the fourth 

4 sampling event following Phase II injections in November 2004. 

5 Total CVOC and TCE concentrations increased after Phase I. This increase appears to be 

6 primarily due to a higher rate of 1,2-DCE formation and a localized increase of TCE in some 

7 wells. The concentrations of CVOCs in this ITA indicate that the FeroxSM treatment was 

8 largely unsuccessful in reducing the TCE concentrations during Phase I. 

9 After the Phase II treatment, overall reductions in both TCE and total VOC were still not 

10 observed in this area. The treatment appears to have been ineffective and the reason for the 

11 lack of success in this area is unknown. Additional treatment will be required to address 

12 VOCs in this area. 

13 ITA 7 

14 Table 3-8 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

15 May 2002 and the third sampling event after Phase I injections in June 2003 for the wells in 

16 this ITA. Based on the final concentrations of total CVOCs and TCE, this IT A has been 

17 successfully treated. The final TCE concentrations were below the maximum contaminant 

18 level (MCL) of 5 )1g/L, and there were either no MCL exceedances or no detections above 

19 laboratory detection limits for the remaining CVOCs. 

20 ITAB 

21 Table 3-9 shows the CVOC concentrations of the baseline (pre-injection) sampling event of 

22 May 2002, the third sampling event after Phase I injections in June 2003, and the fourth 

23 sampling event in November 2004 for the wells in this TT A. Based on the final 

24 concentrations of total CVOCs and TCE, this ITA has been successfully treated. The final 

25 TCE concentrations are close to the MCL of 5 )1g/L, and there were either no MCL 

26 exceedances or no detections above laboratory detection limits for the remaining CVOCs. 

27 3.2 Conclusions for Interim Measures at SWMU 166 
28 Overall, significant reductions in TeE concentrations were achieved at most of the TT As. At 

29 most locations, TeE concentrations have not "rebounded," indicating that at those locations, 

30 either any minor amounts of DNAPL that may have been present originally were effectively 

31 treated or that the TeE was present at those locations only in dissolved foml. 

GNV31 003851 1 563 DOClO50980002 3-4 



1M COMPLETION REPORT/CMS WORK PLANIPILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHAHLESTON NAVAL COMf'LI::X 

REVJSIONO 
APRIL 2005 

1 The reduction in total VOCs was not as significant as the reduction in TCE due to the partial 

2 conversion of TCE to DCE at several IT As. However, DCE can be treated using a variety of 

3 technologies and treatment of the remaining VOCs above the target cleanup levels will be 

4 the focus of the CMS and subsequent remediation efforts. 

5 Potential methods to address the remaining VOC contamination are discussed in Section 4.0 

6 of this report. 
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TABLE 3-9 

1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISIDNn 
APRIL 2005 

Comparison of Pre-fnfection and Post-fnjection Concentrations of Selected CVOCs at Target Treatment Area 8 
1M Completion Report/CMS Work Ptan/Pilot Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 

StationlD K166GW33D 

PRE-INJECTION POST-PHASE I POST-PHASE II 

166GW33DN 
SamplelO I 66GW33DM4 1 166GW33DP2 

DateCoUected 5/20/2002 05/27/2003 10/15/2004 

DateExtracted 5/24/2002 06/05/2003 10/27/2004 
OateAnalyzed 5/24/2002 06/05/2003 10/27/2004 

SDGNumber 60789 81287 123724 

Parameter Units 

Vii !yi chiorid~ j.Jy/L 10 U 10 U 10 
1,I-Dichloroethene ~g/L 0.43 J 5 U 5 

trans-1,2-Dichloroethene ~g/L 6.9 2.3 J 5 

cis-l,2-Dlchloroethylene ~g/L 18.2 9.3 1.5 

1 ,2-Dlchloroethene (total) ~glL 25.1 11.6 1.5 

T nchloroethylene (TeE) ~g/L 110 70.3 10.1 

Tetrachloroethylene (peE) ~g/L 5 U 5 U 5 

Concentrations Used to Calculate Total CVOC Concentrations_ 

Vinyl chloride ~g/L 5 5 5 

1,I-Dichloroethene ~g/L 0.43 2.5 2.5 

1,2-Dichloroethene (total) ~g/L 25.1 11.6 1.5 

Trichloroethylene (TeE) ~g/L 110 70.3 10 1 

Tetrachloroethylene (peE) ~g/L 2.5 2.5 2.5 

Total CVOC Cone ~!1/L 143.03 91,9 21.6 

PERCENT REDUCTIONS OF GROUNDWATER CONTAMINANTS AFTER 1M 

Average Total 

" u 

U 

U 

J 
J 

U 

ITA 8 Pre-Injection cope Conc: 143 143 

ITA 8 Oct '04 cope Conc: 22 22 

Percent reduction of CO PC 85% 85% 

nA8 Pre-Injection TCE Conc 110 110 

nA8 Oct '04 TCE Conc 10 10 

Percent reduction in TCE 91% 91% 

GNV31003851156300CKI50980002 3-19 



FIGURE 3·1 

1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

Trends of TCE and DCE Concentrations Belore and After ZVI Injections at TIA·1 
1M Completion Report/CMS Work Plan/Pilo! Siudy Work Plan, SWMU 166, Zone K, Charleslon Naval Complex 
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FIGURE 3·1 (CONTINUED) 

1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

Trends ofTCE and DCE Concentrauons Before and After ZVllnjections at TIA·1 
1M Completion Repo11lCMS Work Plan/Pilol Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PlAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

FIGURE 3·2 
Trends of TCE and DCE Concentrations Before and After ZVllnjections at TTA·2 
1M Completion Report/CMS Work Plan/Pilot Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN. SWMU 166. lONE K 
CHARLESTON NAVAl COMPLEX 

REVISION 1 
NOVEMBER 2005 

FIGURE 3-3 
Trends of TCE and DCE Concentrations Before and After ZVllnjections at TTA-3 
1M Completion Report/CMS Work Plan/Pilot Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

FIGURE 3·3 (CONTINUED) 
Trends of TCE and DCE Concentrations Before and After ZVi injections at TTA-3 
1M Completion Report/CMS Work Plan/Pilot Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 
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FIGURE 3-4 

1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 1 
NOVEMBER 2005 

Trends of TCE and DCE Concentrations Before and After ZVI Injections at n A-4 
1M Completion Report/CMS Work Plan/Pilot Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 
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FIGURE 3·7 
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1 4.0 eMS Work Plan for SWMU 166 

2 

3 

4 

5 

6 

This section presents a CMSWP for SWMU 166. The current extent and configuration of the 

VOC plume is discussed herein. The RAOs for the CMS and RGOs for COCs in 

groundwater are proposed. The MCSs are identified for the COCs, potential remedies are 

presented for evaluation, and the overall approach to evaluating the potential remedies is 

discussed. 

7 4.1 Current Extent of Volatile Organic Compound Plume 
8 The 1M conducted at the TI As to address the portions of the VOC plume with the highest 

9 concentrations had a significant impact in reducing overall TCE concentrations and 

10 reducing total VOC concentrations to a lesser degree as well. Analytical data from the 

11 October 2004 basewide sampling event were plotted to assess the current TCE and total 

12 VOC plume extent and are representative of post-1M VOC concentrations in grOlUldwater. 

13 Figures 4-1 and 4-2 show the TCE and total VOC plume configuration for shallow 

14 groundwater (wells screened up to 20 ft bls), respectively, based on the November 2004 

15 data. Figures 4-3 and 4-4 show the TCE and total VOC plume configuration for deeper 

16 groundwater (wells screened greater than 20 ft bls), respectively, based on the November 

17 2004 data. 

18 These latest data show a small, localized area of high VOC concentration in shallow 

19 groundwater in the vicinity of well K166GW040. A downgradient plume of VOCs consisting 

20 primarily of DCE is present in the groundwater closer to Interstate 26. Other than the 

21 vicinity of K166GW040, significant concentrations of TCE are generally not present in 

22 shallow groundwater. The data suggest that TCE may have been released to land surface in 

23 the vicinity of well K166GW040, migrated downward to the deeper portion of the shallow 

24 aquifer, and created a dissolved plu.llle that has rnigrated laterally in a generally east-ward 

25 direction toward Interstate 26. 

26 The greatest concentrations of total VOCs in the deeper aquifer occur in the vicinity of 

27 TI A 1 near the location of SWMU 166, which suggests that some release of TCE may have 

28 occurred at SWMU 166, migrated downward into the deeper portion of the shallow aquifer, 

29 and created a dissolved plume that is migrating laterally eastward toward lnterstate 26. 
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1 An area of elevated TCE concentration in deeper grotmdwater also occurs near well 

2 K166GW50D. This area may represent another location where a small quantity of TCE was 

3 released or it may simply be an area of higher dissolved-phase TCE that migrated 

4 downgradient from SWMU 166. 

5 Overall the data indicate that the general VOC plume morphology and extent are 

6 reasonably well-defined. The data provide a suitable basis for developing and evaluating 

7 corrective measure alternatives. 

8 4.2 Remedial Action Objectives 
9 The RAOs for SWMU 166 are to: 

10 • Prevent exposure of receptors to hazardous concentrations of COCs in grotmdwater, 

11 • Mitigate the migration of COCs, and 

12 • Restore the aquifer to its highest beneficial use by reducing concentrations of COCs in 

13 grotmdwater. 

14 4.3 Remedial Goal Options and Proposed Media Cleanup 
15 Standards 
16 Throughout the process of remediating a hazardous waste site, a risk manager uses a 

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

18 alternatives. RGOs and MCSs tmder RCRA are developed at the end of the risk assessment 

19 in the RFl/Remediallnvestigation (Rl) programs. 

20 RGOs can be based on a variety of criteria, such as specific incremental lifetime cancer risks 

21 (ILCRs) (e.g., 1E-04, 1E-05, or 1E-06), Hazard lndex (HI) levels (e.g., 0.1, 1.0,3.0), or site 

22 backgrotmd concentrations. For a particular RGO, specific MCSs can be determined as 

23 target concentration values. These target MCSs are estimated for industrial or residential 

24 (unrestricted) land use. It is also important to specify the assumed land use and exposure 

25 conditions in the RGOs. Achieving these MCSs is accepted as demonstrating that RGOs and 

26 RAOs have been achieved. Achieving these goals results in the protection of human health 

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

28 standards. 

29 CVOC compotmds (PCE, TCE, cis-1,2-DCE, 1,l-DCE, and vinyl chloride) were identified as 

30 COCs in grotmdwater at SWMU 166. Each of these chemicals has a drinking water MCL. As 

31 a result, MCLs are the primary MCSs for grotmdwater RGOs. The areas of grotmdwater 
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1 with contaminant concentrations greater than the MCS will be addressed in the CMS. In the 

2 absence of an MCL, the US. Environmental Protection Agency (EPA) Region 1II tap water 

3 risk-based concentrations (RBCs) and CNC background levels would be selected as MCSs, 

4 with a target cancer risk ranges between 10-6 to 10-1 and HI ranges between 0.1 to 3.0 for 

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

6 completed in deeper aquifers. Table 4-1 provides a prelinUnary list of the groundwater 

7 MCSs. 

8 4.4 Identification of Potential Corrective Measure 
9 Technologies 

10 Corrective measure technologies that have the potential to achieve the MCSs at SWMU 166 

11 will be identified and screened. Based on the current extent of contamination as described in 

12 this section, progress in remediating the site during the 1M, and the hydrogeologic setting of 

13 the site, the following remedial technologies are considered potentially most suitable for 

14 SWMU 166: 

15 • Enhanced In Sihl Anaerobic Biodegradation 

16 • Monitored Natural Attenuation (MNA) 

17 • Permeable Reactive Barriers (PRBs) 

18 • Air Sparging 

19 In addition to these remedial technologies, other ancillary remedial approaches such as land 

20 use controls are expected to be required until the MCSs are achieved. Each of the remedial 

21 technologies is discussed briefly below. 

22 4.4.1 Enhanced In Situ Anaerobic Biodegradation 
23 Anaerobic biodegradation has been shown to be an effective remediation technology for 

24 chlorinated solvents at the main portion of the CNC. In addition, a brief pilot test of 

25 enhanced in situ biodegradation followed by air sparging was performed at the CNC Annex 

26 by the Navy /EnSafe team in 1999. The pilot test approach combined anaerobic reductive 

27 dechlorination to convert TCE to DCE and an aerobic process (air sparging) to physically 

28 strip the VOCs from groundwater or convert DCE to carbon dioxide and water via aerobic 

29 respiration. Initial results from this test were reported to be favorable. For these reasons, 

30 enhanced in situ anaerobic biodegradation is an approach that warrants consideration at 

31 SWMU 166. 

GNV310038511563 OOC/050980002 4·3 



1M COMPLETION REPOAT/CMS WORK PLAN/PILOT STUDY WORK PLAN. SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

1 The main CVOC biodegration mechanism in anaerobic-reducing environments is reductive 

2 dechlorination. Chlorinated ethenes serve as electron acceptors in the degradation reactions, 

3 and carbon compounds such as sugars, alcohols, and fatty acids serve as electron donors. To 

4 implement this technology at SWMU 166, the enhanced in situ biodegradation approach 

5 selected would be biostimulation, wruch involves injection of an organic substrate to 

6 stimulate anaerobic bacteria within the contaminant plume to accelerate the naturally 

7 occurring process of reductive dechlorination. A variety of substrates could be used for this 

8 process. Potassium lactate has been used at other CNC sites. 

9 In order to better assess requirements for full-scale implementation of this technology, a 

10 pilot test similar to the one conducted as previously mentioned would be beneficial. 

11 4.4.2 Monitored Natural Attenuation 
12 Natural attenuation is the reduction of CVOC concentrations by natural processes that occur 

13 in aquifers, including volatilization, hydrolysis, dilution, dispersion, adsorption, and biotic 

14 and abiotic degradation. MNA is a careful evaluation of natural attenuation mechanisms 

15 using monitoring and could be a single component or part of a remediation strategy for the 

16 dissolved plume. 

17 In general, the MNA alternative consists of three major features: 

18 • A designed monitoring program, 

19 • A tracking and data evaluation program, and 

20 • A contingency response plan in the event that monitoring indicates an unacceptable 

21 degree of downgradient migration of dissolved CVOCs. 

22 Under the MNA alternative, low-level CVOC plumes in the non-source portions of the 

23 surficial aquifer would be evaluated using a monitoring system designed to track the plume 

24 location and magnitude. Monitoring data would be compared to the predicted transport 

25 and fate of the CVOCs to check the accuracy of predictions. 

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

27 plan, and possibly, with a more active remedial measure for the residual source areas. The 

28 purpose of the plan would be to monitor plume migration over time and to verify that 

29 adequate natural attenuation is occurring. The plan would specify monitoring wells located 

30 within, upgradient to, crossgradient to, within, and downgradient of the portions of the 

31 dissolved-phase plume for which MNA is intended. 
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1 The monitoring plan would include CVOCs and other parameters that can be used to aSSess 

2 the effectiveness of MNA, such as DO, nitrate, ferrous iron, sulfate/sulfide, common cations 

3 and anions, and dissolved hydrocarbon gases (ethene, ethane, and methane). The data 

4 would provide characterization of plume extent, native groundwater quality, ORP 

5 indicators, and indicators of biological degradation products of the CVOCs. 

6 A complete evaluation of the potential for MNA to be effective has not yet been conducted 

7 at SWMU 166. Prior to or in conjunction with its use, collection of additional MNA data 

8 would be beneficial. 

9 MNA at SWMU 166 may be best-suited as a remedy for portions of the plume that have 

10 relatively low VOC concentrations, such as the most downgradient portion of the plume, 

11 and as an ancillary approach used in conjunction with one of the other more active 

12 remedies, such as enhanced in situ bioremediation or PRBs. 

13 4.4.3 Permeable Reactive Barriers 
14 A PRB typically involves the placement of a reactive treatment medium into the saturated 

15 zone of the aquifer across the flow path of contaminated groundwater. PRBs are considered 

16 passive remediation systems in that they rely on the natural flow of groundwater to bring 

17 dissolved contaminants in contact with the material in the PRB. Contaminated groundwater 

18 is treated as it passes through the PRB; treated groundwater passes out of the PRB and 

19 continues to flow in a downgradient direction. PRBs have been used to effectively cut off 

20 migra tion of plumes and are often considered for use along site boundaries as a means to 

21 preclude offsite migration of contaminated groundwater. 

22 A variety of reactive materials have been used in PRBs. Many of the initial PRBs installed in 

23 the 1990s at chlorinated solvent plume sites used granular ZVI. Over the past 10 years, a 

24 variety of materials have been found to be suitable for use in PRBs, depending on the 

25 particular contaminant being used. Activated carbon, limerock, and various mixtures such 

26 as mulch! gravel! compost and other materials have been found to be effective for particular 

27 applications. 

28 An additional PRB approach that has been used increasingly during recent years is the 

29 "biobarrier." A biobarrier typically consists of a row of injection points or wells into which 

30 an organic substrate (such as hydrogen release compound [HRCTM] or lactate) is injected to 

31 stimulate in situ biodegradation of contaminants. The substrate is periodically re-applied as 

32 needed to maintain reducing conditions and the appropriate biological environment. 
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1 A variety of construction and implementation approaches have been used to install effective 

2 PRBs. These methods include conventional trenching, one-pass trenching, cofferdam, 

3 hydrofracturing, and jetting methods. Like the reactive material selected for the PRB, the 

4 particular construction method is dependent on the site conditions and chemicals of 

5 concern. For biobarriers, construction methods can include direct push methods such as a 

6 Geoprobe for delivery of HRC'" in a series of injections or conventional injection wells for 

7 injection of soluble substrates. 

8 The implementability and most appropriate type of PRB is determined based on the 

9 presence or absence of subsurface utilities and obstructions, overhead utilities, and the 

10 termination depth of the barrier. Conventional PRBs can be constructed to a depth of up to 

11 approximately 35 ft bls using conventional construction equipment, such a' a one-pass 

12 trencher, provided that no interfering underground utilities are present. For deeper PRBs, 

13 alternate construction methods can be used. The barrier width can be reduced by 

14 constructing low-permeability wings or funnels on the sides of the PRB to direct 

15 groundwater flow through the reactive media. The thickness of a PRB is governed by the 

16 residence time needed for reaction (i.e., treatment of the CVOCs). 

17 Conceptually, a PRB could be used at SWMU 166 as a site boundary treatment method to 

18 mitigate the offsite migration of VOC-impacted groundwater. Potential PRB alternatives 

19 that rnay be effective for this application L'1.clude a conventional PRE contairJ...~g ZVI or a 

20 biobarrier using an organic substra te. 

21 A PRB at SWMU 166 could be combined with other treatment alternatives, such as source 

22 area treatment using enhanced in situ bioremediation and MNA for downgradient portions 

23 of the dissolved plume. 

24 Because of the presence of various structures and facilities in the vicinity of the boundary of 

25 the Navy property and Interstate 26 in the general area where a PRB might be beneficially 

26 installed, the use of a biobarrier may the preferred approach for implementing a PRB as a 

27 Inethod for providing treaullent at the site bOlm.dary. A pilot test of the biobarri~r may be 

28 advantageous prior to full-scale construction to better assess its viability for the site. 

29 4.4.4 Air Sparging 
30 Air sparging involves the introduction of air into the saturated zone of the aquifer via air 

31 injection wells for the purpose of physically stripping VOCs out of groundwater. The degree 

32 to which air sparging is effective in stripping volatile contaminants depends on a variety of 

33 factors, including the target chemical's Henry's Constant (air to water partition coefficient), 
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1 the hydrogeologic setting, and air sparging rate. Because the groundwater COCs at SWMU 

2 166 consist of VOCs, air sparging would be expected to be a potentially effective remedy. 

3 The upper portion of the shallow aquifer is comprised of generally sandy material, which 

4 provides a setting generally conducive to implementing air stripping. 

5 4.5 Approach to Evaluating Corrective Measure Alternatives 
6 The CMS will consist of the following tasks that will be performed in the order presented 

7 below: 

8 1. Review existing and new site data and technical literature to identify and screen the 

9 various corrective measure alternatives for applicability. In addition to t.."'ose listed 

10 above, other corrective measure alternatives may also be evaluated in the CMS. 

11 2. Evaluate the most feasible corrective measures. 

12 3. Identify the preferred corrective measure alternative. 

l3 The CMS methods and the preferred corrective measure alternative will be documented in 

14 the CMS report. 

15 According to the RCRA permit issued by SCDHEC (SCDHEC, 1998), the alternatives will be 

16 evaluated v.Tit.'" the follov,ring five criteria: 

17 1. Protect human health and the environment. 

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

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

20 human health and the environment. 

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

22 activities. 

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

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

25 cost. 

26 Each of the five criteria is defined in more detail below: 
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4.5.1 Protect Human Health and the Environment 1 

2 

3 

4 

5 

6 

The alternatives will be evaluated on the basis of their ability to protect human health and 

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

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

protective of hlunan health; but m_ay not be able to attain the MeSs if the MeSs are not 

directly tied to protecting human health. 

4.5.2 AUain Media Cleanup Standards 7 

8 

9 

The alternatives will be evaluated on the basis of their ability to achieve the RGOs defined in 

this CMS Work Plan and the overall time frame to achieve the RGOs. 

10 4.5.3 Control the Source of Releases 
11 This criterion deals with the control of releases of contamination from the source (the area in 

12 which the contamination originated). 

13 4.5.4 Comply with Applicable Standards for Management of Wastes 
14 This criterion deals with the management of wastes derived from implementing the 

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

16 or excavated material from a source area. 

17 4.5.5 Other Factors 
18 Five other factors are to be considered if an alternative is found to meet the four criteria 

19 described above. These other factors are as follows: 

20 a. Long-term reliability and effectiveness 

21 The various alternatives will be evaluated on the basis of their reliability, and the 

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

23 will be made as to the chance of the alternative's failing and the consequences of that 

24 failure. 

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

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

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

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

29 c. Short-term effectiveness 
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1 Alternatives will be evaluated on the basis of the risk they create during the 

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

3 explosion, and exposure of workers to hazardous substances. 

4 d. Implementatiblity 

5 The alternatives will be evaluated for their implementability by considering any 

6 difficulties associated with conducting the alternatives (such as the construction 

7 disturbances they may create), operation of the alternatives, and the availability of 

8 equipment and resources to implement the technologies comprising the alternatives. 

9 e. Cost 

10 A net present value of each alternative will be developed. These cost estimates will 

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

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

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

14 with a generally expected accuracy of -30 percent to +50 percent for the scope of 

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

16 costs and operations and maintenance costs for each alternative. 

17 At:. .... u Corrective fv1easures Study Report 
18 The CMS report will present the identification, development, and evaluation of potential 

19 corrective measures for SWMU 166. A proposed outline of the report, as shown in Table 4-2, 

20 provides an example of the report format and content organization. 
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TABLE 4-1 

1M COMPLETION REPORT/eMS WORK PLANJPILOTSTUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRil 2005 

Proposed MCSs for VOCs in Groundwater at SWMU 166 
1M Completion ReporVCMS Work Plan/Pilot Study Work Plan, SWMU 166, Zone K, Charlesion Naval Complex 

Chemical 
--------

Tetrachloroethene (PCE) 

Trichloroethene (TCE) 

Cis-l ,2-Dichloroethene (cis-l ,2-DCE) 

1, 1-Dichloroethene (1, 1-DCE) 

Vinyl Chloride (VC) 

~g/L Micrograms per liter 

GNV31 0038511 563 OOC/OS0980002 

Proposed MCS 
(~g/L) 

5 

5 

70 

7 

2 
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1M COMPLETION REPORT/eMS WORK PLAN/PILOT STUDY WORK PlAN, SWMU 166, ZONE K 

TABLE 4·2 
Outline of Focused eMS Report for SWMU 166 

CHARLESTON NAVAL COMPLEX 
REVI$IONO 
APRIL 2005 

1M Complelion Report/CMS Work Pian/Piiol Study Work Plan, SWMU 166, Zone K, Charleston Naval Complex 

Section No. 

1.0 

1.1 

1.2 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

1.2.5 

1.3 

2.0 

2.1 

2.2 

2.3 

2.3.1 

2.3.2 

2.3.3 

2.3.4 

2.3.5 

3.0 

3.1 

3.2 

4.0 

4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.2 

5.0 

6.0 

Appendix A 

Lisl of Tables 

List of Figures 

Section Title 

Introduction 

Corrective Measures Study Purpose and Scope 

Background Information 

Facility Description 

Site History 

Site Hydrogeology 

Nature and Extent of Contamination 

Summary of Risk Assessment 

Report Organization 

RAOs, Proposed MCSs, and Alternative Evaluation Criteria 

Remedial Action Objectives 

Remedial Goal Options and Proposed Media Cleanup Standards 

Evaluation Criteria 

Protect Human Health and the EnVironment 

Attain MCSs 

Control the Source of Releases 

Comply with Applicable Standards for Management of Wastes 

Other Factors 

Description of Candidate Corrective Measure Alternatives 

Evaluation Approach 

Description of Alternatives 

Detailed Analysis of Alternatives 

Analysis of Alternativesa 

Alternative 1: Enhanced In Situ Anaerobic Biodegradation 

Alternative 2: Monitored Natural Attenuation (MNA) 

Alternative 3: Permeable Reactive Barriers (PRBs) 

Aiternative 4: Air Sparging 

Comparative Analysis of Alternatives 

Recommended Corrective Measure Alternative 

References 

Corrective Measure Alternative Cost Estimatesb 

, 
b 

Additional alternatives Will be analyzed as found necessary. 

Addillonal appendixes will be added, if necessary. 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLeSTON NAVAL COMPLex 

REVISION 0 
APRIL 2005 

1 5.0 Pilot Study Work Plan for SWMU 166 

2 As noted in Section 4.0, enhanced in situ anaerobic biodegradation is a potentially effective 

3 technology for addressing the VOCs at SWMU 166 and has been shown to be a cost-effective 

4 method for addressing VOC contamination at the main CNC base. However, because the 

5 hydogeologic setting at the Naval Annex is somewhat different than that of the main CNC 

6 base, a pilot stud y for this method is recommended to determine belter optimal conditions 

7 for its implementation at SWMU 166. Therefore, CH2M-Jones proposes to implement a pilot 

8 study of enhanced in situ anaerobic biodegradation at SWMU 166 prior to, or concurrent 

9 with, the development of the CMS for SWMU 166. 

10 In addition, as noted in Section 4.0, the use of a biobarrier near the site boundary has the 

11 potential to be an effective means for mitigating the potential for offsite migration of VOCs 

12 in groundwater. A pilot study of a biobarrier is recommended to provide more detailed 

13 information regarding its applicability and potential effectiveness at SWMU 166. Therefore, 

14 CH2M-Jones also proposes to implement a pilot study of a biobarrier for the site. 

15 5.1 Proposed Pilot Study Approach 
16 The pilot study approach proposed for SWMU 166 is similar to that previously conducted at 

17 AOC 607 at the CNC. Several injection wells will be used to inject an organic substrate into 

18 the aquifer, and the effect of the substrate on VOC concentrations, hydrogeologic and 

19 geochemical conditions, and the native bacterial consortium will be evaluated over a 4 to 

20 6-month period. The data collected during the pilot study will allow for better assessment of 

21 the likely performance of this remediation approach on a full-scale basis. 

22 Two areas are proposed for the pilot study. One area will include two of the TT As where 

23 IMs to address high VOC concentrations were previously conducted using the FeroxSM 

24 method, as described in Section 2.0. TwonAs wiil be selected for which the data indicate 

25 that further reduction in total voe concentrations is desired. The pilot study in these areas 

26 will evaluate the degree to which enhanced in situ bioremediation can be used as a residual 

27 source area treatment method at SWMU 166. In addition, an area near the downgradient 

28 Navy property boundary near Interstate 26 (in the vicinity of TTA 6) will be selected for 

29 pilot testing the use of a biobarrier. A biobarrier in this area would be used to altenuate 

30 potential offsite migration of VOC-impacted groundwater. 
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1M COMPLETION REPORT/CMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
APRIL 2005 

1 The overall approach for implementing these pilot studies is presented in the following 

2 sections. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

5.2 Pilot Study Approach 

5.2.1 Pilot Study Locations 
A pilot study of enhanced in situ bioremediation will be conducted at IT As 1 and 2. At IT A 

1, the most recent monitoring data indicate fhat TCE concentrations have been reduced by 

the 1M by approximately 84 percent, while total VOC concentrations were reduced by 

approximately 26 percent. Much of fhe TCE in this ITA appears to have been converted to 

cis-l,2-DCE. In well K166GW34D, for example, TCE concentrations were reduced from 

42,300 pg/L before the 1M to 1,680 pg/L after the 1M. While this reduction is significant, the 

DCE in this well increased from 456 pg/L to 40,500 pg/L Therefore, additional remediation 

is recommended in this area. 

At TTA 2, TCE and total VOC concentrations measured in the one of the monitoring wells 

are higher than prior to initiation of the 1M. The TCE concentration in groundwater 

collected from well K166GW040 was 1,950 jlg/L prior to the 1M and 79,500 jlg/L during 

October 2004, indicating the likely presence of a small residual DNAPL source area near this 

welL This well is a shallow well, screened from 8 to 13 ft bLq, near the top of fhe saturated 

zone of fhe shallow water aquifer. This TT A is also the location at which an 1M was 

previously conducted to remove soil impacted with TCE. It is likely that pneumatic 

injections of the FerOx process conducted as part of the groundwater 1M disturbed a small 

amount of residual DNAPL in the shallow saturated zone of fhe aquifer in this area, thus 

causing fhe dissolved TCE concentrations in the immediate vicinity of the well to increase. 

The pilot study at each of these TTAs will provide valuable information regarding optimal 

conditions for achieving enhanced in situ bioremediation. 

At each of these IT As, two new injection wells will be installed to allow delivery of an 

organic substrate to the target treatment zone. At ITA 1, two injection wells will be installed 

within approximately 10 feet upgradient of well KI66GW34D. The injection wells will be 

screened in fhe same zone as well K166GW34D (22 to 27 ft bls). 

At TT A 2, two injection wells will be installed within approximately 10 ft upgradient of well 

K166GW040. The wells will be screened in the same zone as well K166GW040 (8 to 13 ft bls). 

The proposed loca tions of the new injection wells are shown in Figure 5-1. 

GNV31003851156300C/0509800Q2 5-2 



1M COMPLETION REPORT/eMS WOAK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 
CH . .a.RLESTON NAVAL COMPLEX 

REVISION 0 
APRil. 2005 

1 For the biobarrier pilot study, several existing injection wells that were used during the 

2 previous anaerobic-aerobic biodegradation pilot test are available for use for the pilot shlLiy 

3 of enhanced reductive dechlorination. These wells (KI66GWINl, KI66GWIN2, 

4 KI66GWIN3, and KI66GWIN4) are located in a manner conducive to use as a biobarrier, 

5 aligned perpendicular to the direction of groundwater flow (see Figure 5-2). The well 

6 screens for these wells are located such that they intercept the sandy zone just above the top 

7 of the Ashley formation, in the zone where VOC migration in the deeper portion of the 

8 surficial aquifer has been found to be occurring. Existing monitor wells downgradient of 

9 these injection wells can be used to assess the performance of the biobarrier. Depending on 

10 specific groundwater flow rates in this area, it may take some period of time to assess the 

11 performance due to the location of these wells approximately 15 to 30 ft downgradient of 

12 the injection wells. For this reason, one additional new injection well is proposed to be 

13 installed approximately 10 ft upgradient of well K166GWTM4 to allow a rapid assessment 

14 of the effectiveness of the injected substrate for application as a biobarrier. 

15 For the pilot study of a biobarrier, CH2M-Jones proposes to inject substrate into the four 

16 existing injection wells and one new injection well located as noted above. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

5,2.2 Pilot Study Objectives and Approach Goals 
The objectives of the pilot study are: 

L Assess the effectiveness of soditun lactate and EOS as electron donors (organic substrate) 

for stimulating the native bacterial consortium to reductively dechlorinate the COCs, 

2. Assess the approximately longevity of sodium lactate and EOS as electron donors, and 

3. Assess whether the native bacterial consortium is capable of completely degrading the 

COCs to ethene or whether bioaugmentation should be considered. 

5.2.3 Overall Approach to Pilot Study 
As part of the project scope, several individual tasks will be performed to meet the goals of 

the pilot study. 111e overall general approach will involve the following activities. 

1. Injection well installation; 

2. Baseline characterization (sampling and analysis) of microbiological and geochemical 

indicators and groundwater VOC concentrations; 

3. Injection of electron donor; and 

4. Post-injection performance monitoring. 
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1 Well Installation, Construction, and Development 

2 Prior to installation of new injection wells, the approximate location will be staked or 

3 flagged, and underground utilities in the area will first be identified by a utilities location 

4 contractor. Final well installation will then be adjusted in the field to maintain proper 

5 distances from buried utilities. 

6 Hollow-stem auger or rotosonic drilling techniques will be used to install the injection wells 

7 through a minimum borehole diameter of approximately 6 inches. Injection wells will be 

8 screened from 8 to 13 ft bls in IT A 1 and from 26 to 31 ft bls in IT A 2. These depths are in 

9 alignment with the downgradient wells K166GW40D (at ITA 1) and K166GW34D (at TTA 

10 2) which will be monitored to assess the effectiveness of the treatment process. The new 

11 injection well installed upgradient of well K166GWTM4 will be screened from a depth of 

12 approximately 27 to 32 ft bls, just above the top of the Ashley Formation. 

13 Well installation activities will be performed in accordance with the approved EnSafe Final 

14 Comprehensive Sampling and Analysis Plan, Volume II, Revision 2 (CSAP) dated July 30, 1996 

15 (EnSafe 1996), and the general requirements of the EPA Elll'irol1lJ1ental Services Divisioll 

16 Environmental Investigations Standard Operating Procedures and Quailly Assurance Manual 

17 (EPA, 2001). Well installation procedures and materials will also conform to the 

18 requirements of the South Carolina Well Standards and Regulations (R.61-71), and 

19 appropriate well record forms will be provided after well installation and development, as 

20 required by SCDHEC. 

21 The coordinate locations of the installed wells will be determined by a land surveyor 

22 registered in South Carolina. The mean sea level (msl) elevation of the top of the well casing 

23 will also be determined. 

24 The monitoring and injection wells will be constructed using a 2-inch-diameter polyvinyl 

25 chloride (PVC) screen with threaded couplings and bottom plug/ point, and a threaded 2-

26 inch PVC riser pipe to reach the land surface. The well will be completed with a locking 

27 cover and cement pad, flush with grade. Appropriate sand filter pack and bentonite seal 

28 material will be installed, and the annular space will be grouted to the land surface with 

29 Portland cement grout. 

30 The newly installed wells will be developed after the annular space grout has been allowed 

31 to cure for a minimum of 24 hours. The development procedures will comply with the 

32 approved CSAP, including monitoring of development water parameters. One or more of 

33 the approved CSAP development techniques (i.e., pumping, surging, bailing) may be used 

34 to develop the well. 
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1 The wells will be sampled no sooner than 48 hours after development to allow for 

2 groundwater to equilibrate after development, but no later than one week after the well has 

3 been completed. 

4 In accordance with R.61-79.265 Subpart F of the South Carolina Hazardous Waste 

5 Management Regulations and R.61-71 of the South Carolina Well Standards and 

6 Regulations, a request for well installation must be submitted to SCDHEC two weeks prior 

7 to the scheduled activity. The written request will include the purpose of the well and the 

8 details of the well construction, and a map of the proposed location. 

9 In addition to these activities, the four existing injection wells to be used for the biobarrier 

10 wiil be purged and an assessment of their condition and suitability for use as injection weils 

11 for a biobarrier will be conducted. If necessary, these wells may be redeveloped. 

12 Baseline Characterization 
13 Baseline characterization will include collection of groundwater samples from the new 

14 injection wells and analysis for field parameters (DO, ORP, pH, temperature, specific 

15 conductance), YOCs, dissolved iron, sulfate, sulfide, TOe, dissolved gases (methane, 

16 ethane, and ethene), and alkalinity. In addition, groundwater samples will be collected for 

17 several bacteria logical indicators, induding phospholipids fatty acid (PLFA) analysis and 

18 dehalococcoides ethanogenes (DHE) using real-time PCR methods. 

19 In addition to these groundwater samples, one soil sample collected from the target depth 

20 interval for the well screen will be analyzed for TOC, PFLAs, and the presence of DHE 

21 using real-time PCR methods. DHE is a bacterium that has been shown to be capable of 

22 completely reductively dechlorinating PCE and TCE to ethane. Its presence has been found 

23 to be a good indicator of the potential success of enhanced in situ bioremediation. 

24 A summary of the baseline monitoring is presented in Table 5-1. 

25 Substrate Injection 
26 At TTA 1, sodium lactate win be used as the organic substrate to stimulate bioremediation. 

27 Lactate is a readily-fermentable soluble substrate that has been successfully used at a variety 

28 of sites to stimulate reductive dechlorination. At AOC 607, the potassium form (potassium 

29 lactate) was used due to the presence of clays at the site. Sodium may cause some clays to 

30 swell. However, at which SWMU 166, the aquifer has much less clay and impacts from 

31 sodium on clay at SWMU 166 is less likely to be an issue of concern. 
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1 the first 4 months, a determination will be made as to whether to switch to bi-monthly 

2 monitoring for some or all of the parameters and whether to eliminate some monitoring 

3 parameters. 

4 CVOCs, TOe, and VFAs are the key parameters that will be used to evaluate the 

5 effectiveness of the lactate injections. Dissolved gases will also be evaluated to assess 

6 dechlorination to ethene and ethane and the presence of methane. The presence of methane 

7 demonstrates strong anaerobic conditions. The increase in biodegradation may stimulate 

8 bacteria growth, thereby increasing the dissolved iron, manganese, and sulfide in the 

9 groundwater. These parameters, along with DHE and PLFA, will be monitored during the 

10 periodic monitoring events, twice a year, starting 6 months after the initial injection. 

11 Secondary performance monitoring events for parameters that can be measured with field 

12 instruments will be completed quarterly following monthly monitoring during the first 

13 quarter after the initial injection. In addition to the VFA results, trends in decreasing TOe 

14 and increasing ORP levels will be used to schedule additional lactate injections. DO and 

15 ORP results will also be used to evaluate the degree of reducing conditions achieved in thE' 

16 aquifer. 

17 Groundwater Monitoring Procedures 

18 Groundwater monitoring will be completed using a low-flow groundwater sampling 

19 technique to collect accurate field parameters (particularly DO and ORP) and less disturbed 

20 groundwater samples for the evaluation of dissolved gases. The intake of the low-flow 

21 pump will be placed in the middle of the screened interval and purging will continue until 

22 after at least three well volumes have been removed and the basic groundwater parameters 

23 (pH, temperature, and specific conductance) are deemed to have stabilized (when three 

24 consecutive measurements of these parameters are within ten percent of each other). 

25 The groundwater analysis will follow the procedures found in the approved 

26 Comprehensive Sampling and Analysis Plan (CSAP) portion of the RFI Work Plan (EnSafe, 

27 Inc./ Allen & Hoshall, 1994). The eSAP outlines all monitoring prOCedureS to be performed 

28 during the 1M to characterize the environmental setting, source, and releases of hazardous 

29 constituents. In addition, the CSAP includes the Quality Assurance Plan (QAP) and Data 

30 Management Plan (DMP) to verify that all information and data are valid and properly 

31 documented. Unless otherwise noted, the sampling strategy and procedures will be 

32 performed in accordance with the EPA Environmental Services Division Standard Operating 

33 Procedures {lIld Quality Assurance Manual (ESDSOPQAM) (1996). 
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1 Field parameters to be measured and recorded during the sampling activities at the well 

2 include the following: 

3 • Purge volume 

4 • Turbidity 

5 • DO 

6 • pH 

7 • Conductivity 

8 • Water temperature 

9 • ORP 

10 • Depth to water prior to purging 

11 Unless otherwise noted, the sampling strategy and procedures will be performed in 

12 accordance with the EPA Environmental Services Division Standard Operating Procedures and 

13 Quality Assurance Manual (ESDSOPQAM) (1996a). A copy of the ESDSOPQAM will be kept 

14 onsite to supplement the CSAP during all field operations. Sample analyses will be 

15 conducted in accordance with the guidance in EPA Test Methods/or Evaluating Solid Waste, 

16 SW-846, 3rd ed., Office of Solid Waste and Emergency Response (SW-846) and in the EPA 

17 Environmental Services Division Laboratory Operations and Quality Control Manual 

18 (ESDLOQCM) (1996). Sample analysis and data collection efforts will satisfy EPA DQO 

19 Level II protocol. 

20 Investigation-Derived Waste 

21 Investigation-derived waste (rDW) that is generated during the injection well installation 

22 activities will include groundwater from well development, sampling purge water, sample 

23 collection tubing, well cuttings, and personal protective equipment (PPE). Each waste type 

24 will be collected in labeled 55-gallon drums or a portable tank, as appropriate for proper 

25 handling. Contained rDW will remain at each site until work is completed, and will then be 

26 sampled for waste characterization by EPA TCLP methods, and transported to the short 

27 term (90 days or less) hazardous waste storage facility located at Building 1824/1846. Once 

28 analytical results have been obtained, the waste will be labeled and transported, as required, 

29 to a licensed and permitted facility for proper treatment and! or disposal. 
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TABLE 5-1 
Baseline Characterization Sampling and AnalysiS for Pilot Study In TTAs at SWMU 166 
Intenm Measures Completion Report/Corrective Measures Study Work Plan/Pilot Study Work Plan, SWMU 
166, Zone K, Charleston Naval Complex 

Location 

5 Injection Wells 

3 Monitoring Wells 

5 Injection Wells 

GNV31 0038511563 OOCJ050980002 

Media Parameters 

Groundwater VOCs, dissolved iron and manganese (field 
filtered), sulfate/sulfide, TOC, DHE (via Real 
Time PCR), PFLAs, alkalinity 

Groundwater VOCs, dissolved iron and manganese (field 
filtered), sulfate/sulfide, TOC, DHE (via Real 
Time PCR), PFLAs, alkalinity 

Soil (one sample TOC, DHE (via Real Time PCR), PFLAs 
collected from screened 
interval dunng well 
installation) 

REVISION 0 
APRil 2005 

", 



1M COMPLETION REPORTfCMS WORK PLAN/PILOT STUDY WORK PLAN, SWMU 166, ZONE K 

TABLE 5-2 
Post-Injection Pertormance Monitoring for Pilot Study at n As at SWMU t 66 

CHARLESTON NAVAL COMPLEX 
REVISION 0 
APRIL 2005 

Jntenm Measures CompJetlon Report/Corrective Measures Study Work PJan/Piiot Study Work PJan, SWMU t66, Zone 
K, CharJeston Naval Complex 

Parameter Method Wells 

Monthtf~a[~I1~~ duJ.ing~ First Quartef;ibilowing_l~'ojecllon 
~'".-::::;,07;;/' '""' "">"~'" - ~",,""!<+xy __ ~ 

DO, ORP, pH, temperature, and Field K t 66GW040 
specific conductance Kt66GW34D 

Bi-Monthly Pal'l!meters:' 

DO, ORP, pH, temperature, and 
specific conductance 

VOCs 

Methane, ethane, and ethene 
(MEE) 

Volatile latty acids (VFA) 

Total Organic Carbon (TOC) 

~miannual.r~riteters , 

K166GWTM4 

Field Same as above 

SW846-8260B Same as above 

SW8015M Same as above 

Lab method Same as above 

SW9060 Same as above 

All BI-Monthly Parameters (see above) 

Sulfate 

Sulfide 

Dissolved iron (field filtered) 

Dissolved manganese (field 
filtered) 

Alkalinity 

OHE 

PFLAs 

GNV31003B511563 OOC/050980002 

EPA 300.0 

EPA 376 

SW -846 601 OB 

SW-8466010B 

EPA 310.1 

Real-time 
PCR/Microb,al 
InsIghts 

Same as above 

Same as above 

Same as above 

Same as above 

Same as above 

Same as above 

Microbial Insights Same as above 

Sample Volume, 
Container, and 
Preservative 

Standard field 
instruments 

Standard field 
instruments 

3-40 ml VOA vial 
(Teflon lined cap), pH 
<2 HCI, cool to 4°C 

2-40 ml VOA vial 
(Teflon lined cap), pH 
<2 HCI, cool to 4° C 

2-40 ml VOA vial 
(Teflon lined cap), 
cool to 4°C 

250mL HOPE, pH <2 
H2S04, cool to 4°C 

1 L HOPE, cool to 4°C 

1 L HOPE, pH >9 
NaOH, Zn Acetate, 
cool to 4°C 

250 or 500 mL in 
HOPE, preserved wi 
HN03 (pH <2) 

250 or 500 mL in 
HOPE, preserved wi 
HN03 (pH < 2) 

1L HOPE, cool to 4°C 

1 L poly (alcohol 
rinsed), cool to 4°C 

2 1 L poly (alcohol 
rinsed), cool to 4°C 
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MEMORANDUM 

Data Validation Summary - Charleston Naval 
Complex - Zone K, SWMU 166 
TO: 

FROM: 

DATE: 

Sam Naik/CH2M HILL/ A TL 

Amy Juchem/CH2M HILL/GNA 

Herb Kelly / CH2M HILL/ GNA 

June 30, 2003 

CH2MHILL 

The purpose of this mcmorandtL""11 is to present the results of the data validation process for 
the samples collected at Zone K, SWMU 166. The samples were collected between the dates 
of May 27 and May 30, 2003. 

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 Envirorunental Protection Agency (EPA) National Functional 
Guidelines for Inorganic Data Review (EPA 2002) and National Functional Guidelines for Organic 
Data Review (EPA 1999). Quality assurance/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 Volatile Organic Compounds (VOC). 

Samples were submitted to Microseeps Laboratory, in Pittsburgh, Pennsylvania, for the 
following analyses: AM20GAX Hydrogen. 

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. 

No data were qualified based upon the validation process for this sampling event. 



DATA QUAlITY EVAWATION SUMMARY 

The following primary flags were used to qualify the data: 

[=1 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. 

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

[Rl Rejected. The data is not useable. 

Secondary Data Validation Qualifiers 

Code 
2S 
2C 
BL 
BD 
BS 
CC 
DL 
FD 
HT 
IB 
IC 
IS 
LD 
LR 
MD 
MS 
OT 
PD 
PS 
RE 
SD 
SS 
TD 
1N 

Definition 
Second Source 
Second Column Confirmation 
Blank 
Blank Spike/Blank Spike Duplicate or (LCS/LCSD) Precision 
Blank Spike/LCS 
Continuing Cahbration Verification 
Dilution 
Field Duplicate 
Holding Time 
In-Between (metals - B·s -t J's) 
Lnitial 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 



DATA QUALITY EVALUATION SUMMARY 

Table 1 - Chemical Analytical Methods - Field and Quality Control Samples 

81287 K166GW33D 166GW33DN1 81287001 WG N 05/27/03 X 

81287 K163GW003 163GW003N1 81287002 WG N 05/30/03 X 

81287 K163GW03M 163GW03MN1 81287003 WG N 05/30103 X 

81287 K166GW040 166GW040N1 81287004 WG N 05/30/03 X 

81287 K166GW053 166GW053N1 81287005 WG N 05/27/03 X 

81287 K166GW054 166GW054N1 81287006 WG N 05/27/03 X 

81287 K166GW055 166GW055N1 81287008 WG N 05/27/03 X 

81287 K166GW07D 166GW07DN1 81287009 WG N 05/28/03 X 

81287 K166GW07D 166HW07DN1 81287010 WG FD 05/28/03 X 

81287 K166GW13D 166GW13DN1 81287011 WG N 05/27/03 X 

81287 K166GW16D 166GW16DN1 81287012 WG N 05/30/03 X 

81287 K166GW25D 166GW25DN1 81287013 WG N 05/28/03 X 

81287 K166GW26D 166GW26DN1 81287014 WG N 05/27/03 X 

11287 K166GW26D 166HW26DN1 81287015 WG FD 05/27/03 X , 

81287 K166GW27D 166GW27DN1 81287016 WG N 05/28/03 X , 

181287 K166GW28D 166GW28DN1 81287017 WG N 05/28/03 X 1 

181287 K166GW29D 166GW29DN1 81287018 WG I N 05/28/03 X i 

I 
81287 K166GW30D 166GW30DN1 81287019 WG N 05/28/03 X I 

I 
81287 K166GW31D 166GW31DN1 81287020 WG N 05/28/03 X I 

.: 
I 

, 
81287 99999 1200434684 1200434684 WQ I LB X I 

199999 
I I 81287 1200434685 1200434685 WQ BS X 

I 

81287 K166GW33D 166GW33DN1 MSM 1200434686 WG 
, 

MS 05/27/03 ! X 
I 

81287 K166GW33D 166GW33DN1MSS 1200434687 WG I SD 05/27103 1 X I 

I I 

81287 199999 1200435862 1200435862 WQ I LB X I , I 

81287 99999 1200435863 1200435863 WQ I BS X I 

181288001 
, 

81288 K166GW32D 166GW32DN1 WG N 05/28/03 X 

81288 K166GW34D I 166GW34DN1 81288002 WG N 05/30/03 X 
, 

181288 , K166GW35D 166GW35DN1 81288003 WG N 05/30/03 I X I I .-.~-' 

81288 ! K166GW36D i 166GW36DN 1 81288004 WG N 05/30103 X . , 
t 166GW37DN1 

I 
1288 IK166GW37D 81288005 WG N 05/30/03 X 

i 
81288 IK166GW37D I 166HW37DN1 81288006 WG FD 05/30/03 X 

81288 K166GW39D 166GW39DN1 81288007 WG N 05/30/03 X 

3 



DATA QUALm' EVALUAnOH SUMMARY 

,.-" 

81288 K166GW41D 166GW41DN1 81288008 WG N 05/29/03 X '. 

81288 K166GW42D 166GW42DN1 81288009 WG N 05/29/03 X 

81288 K166GW43D 166GW43DN1 81288010 WG N 05/29/03 X 

81288 K166GW44D 166GW44DN1 81288011 WG N 05/29/03 X 

81288 K166GW45D 166GW45DN1 81288012 WG N 05/28/03 X 

81288 K166GW46D 166GW46DN1 81288013 WG N 05/28/03 X 

181288 K166GW48D 166GW48DN1 18128801' WG N 05/29/03 X 

\81288 K166GW49D 166GW49DN1 IV"'VUV 5 WG N 05/29/03 X 

181288 K166GW50D 166GW50DN1 181 2880.u WG N 05/29/03 X 

81288 K166GW51D 166GW51DN1 81288017 WG N 05/29/03 X 

\81288 K166GW52D 166GW52DN1 81:Cvuv.v WG N 05/29/03 X 

181288 K166GWIN3 166GWIN3N1 81288019 WG N 05/29/03 X 

81288 K166GWTM3 166GWTM3N1 81288020 WG N 05/29103 X 

181288 99999 1200435696 1200435696 WQ LB X 

181288 99999 1200435697 1200435697 WQ BS X 1 

81288 99999 1200435701 1200435701 WQ LB X 

81288 ,99999 1200435702 1200435702 WQ BS X , 

181288 ,K166GW32D 166GW32DN1MS 1200435703 WG MS 05/28/03 X 
, 

81288 K166GW32D 166GW32DN1SD 1200435704 WG SD 05/28/03 X i 
81288 00000 , 1200438722 1200438722 WQ LB X ! i .... "'~ ....... 

81288 99999 1200438723 1200438723 WQ BS X i , 
81289 K166GWTM4 166GWTM4N1 81289001 WG N 05/29/03 X I 
81289 FIELDQC 166EW33DN1 81289002 WQ EB 05/28/03 X 

, , 

i 81289 99999 I 166TW33DN1 81289003 WQ TB I 05/30/03 X 

81289 FIELDQC i 166EW34DN1 81289004 WQ EB I 05/29103 X 
I 
I 

81289 FIELDQC 166EW003N1 81289005 WQ EB 05/30/03 X ~ , 
81289 99999 i 1200436535 1200436535 WQ LB X 

81289 99999 , 1200436536 1200436536 WQ BS X 
, 

81289 99999 !166GWTM4N1 MS 1200436537 WG MS , 05/29/03 X 
1--

!166GWTM4N1SD I I 81289 199999 1200436538 WG SD 05/29/03 X 
, _______ ~L ________________ 

I 

P01.0R01.1. K1RRr,WOA.O . 1 RRr,WO.dON 1 P0306033-01 WG N I 05/30103 X : ,- ------- ,"'------'- t--------.. · , I 
P03060331K1;'GW27~ 166GW27DN1--- P0306033-02 WG N 05/28/03 

I 

X ! :----- _____ --l._ --- ---.------1-.---~--. --- --,-.---

I K166GW30D 166GW30DN1 P0306033-03 WG N 05/28/03 
, 

X P0306033 I , 

P0306033 iK166GW32D '166GW32DN1 P0306033-04 WG N ' 05/28/03 , X i 



DATA QUALITY EVAlUATION SUMMARY 

P0306033 K166GW37D 166GW37DN1 P0306033-05 WG N 05130103 X 

P0306033 K166GW37D 166HW37DN1 P0306033-06 WG FD 05130103 X 

P0306033 K166GW39D 166GW39DN1 P0306033-07 WG N 05130103 X 

P0306033 K166GW41D 166GW41DN1 P0306033-0B WG N 05129103 X 

P0306033 K166GW43D 166GW43DN1 P0306033-09 WG N 05129103 X 

P0306033 K166GWTM3 166GWTM3N1 P0306033-10 WG N 05129103 X 

CODE 

- Ground Water 
- Water ac Samples 

TYPE CODE 

- Blank Spike 
- Equipment Blank 
- Field Duplicate 
- Laboratory Blank 
Native Sample 
- Matrix Spike 
- Matrix Spike Duplicate 
- Trip Blank 



DATA QUAUTY EVALUATION SUMMARY 

Organic Parameters 

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

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

• Blank samples - Method blanks, trip 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. 

• 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 sanlples are collected to deternline precision between 
a native and its duplicate. This information can only be determined when target 
compounds are detected. 

Volatile Organic Compounds (VOC) Analyses 
The QA/OC parameters for VOC analyses for all of the samples were within acceptable 
control limits. 

Hydrogen Analyses 
The QA/OC parameters for Hydrogen analyses for all of the samples were within 
acceptable control limits, except as noted below: 

Field Duplicate Samples 
All Field Duplicate Samples were within acceptable quality control limits, except as noted 
below. No flags are applied due to Field Duplicate precision as per EPA National Functional 
Guidelines. 



DATA QUAUTY EVAWATION SUMMARY 

• Field duplicate sample set 166GW37DNl / 166HW37DNl did not meet %RPD criteria 
for Hydrogen, with results of 5700 nM and 4500 nM, respectively. The %RPD was 23.5% 
with a 20% limit. 

Rejected Data 
No data were rejected based upon the validation process for this sampling event. 

Conclusion 
A review of the analytical data submitted regarding the investigation of Zone K, SWMU 

166, at the Charlestun t'laval COlnplex, Olarieston, Suuth. Carolina by CH21vi 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. 

The analytical data had minor QC concerns as indicated above, however, it did not affect 

data usability for those specific results. The validation review demonstrated that the 

analytical systems were generally in control and the data results can be used in the decision 

making process. 



MEMORANDUM 

Data Validation Summary - Charleston Naval 
Complex - Zone K, SWMU 166 
TO: 

FROM: 

DATE: 

Sam Naik/CH2M HILL/ ATL 

Dan Lucas/CH2M HILL/GNV 

Amy Klopper/CH2M HILL/GNV 

March 31, 2005 

CH2MHILL 

The purpose of this memorandum is to present the results of the data validation process for 
the samples collected in Zone K, SWMU 166. The samples were collected between the dates 
of February 14 and December 11, 2002. 

The specific samples and analytical fractions reviewed are summarized below in Table 1. 

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/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: Volatile Organic Compounds (VOC) by method SW-
846 8260B, Metals following SW-846 6010/7000 Series methodology, and Anions by EPA 
method 300.0. Samples were also submitted to Microseeps Laboratories, Inc., in Pittsburgh 
Pennsylvania, for the following analyses: Hydrogen and Methane by method AM20GAX 

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/three-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. 

Attachment 1 lists the changes in data qualifiers based upon the validation process, excluding 
those that were "rejected" due to dilutions or re-runs only, where there is a valid result for that 
parameter. 



OATA QUAUTY 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. 

[1.1J] Detection lLmit estimated. The a.nalyte was a.nalyzed for but qu~ lHied as not 
detected; the result is estimated. 

[R) Rejected. The data is not useable. 

Secondary Data Validation Qualifiers 

Code 
2C 

2SH 
2SL 
BD 
BL 

BSH 
BSL 

CCH 
CCL 
DL 
FD 
HT 
IB 

ICH 
ICL 
ISH 
ISL 
LD 
LR 

MSH 
MSL 
OT 
PD 

PSH 
PSL 
RE 

SSH 
SSL 
TN 

Definition 
Second Column (Confirmation) 
Second Source Accuracy High 
Second Source Accuracy Low 
Blank Spike/Blank Spike Duplicate (LCS/LCSD) Precision 
Blank 
Blank Spike/LCS Recovery High 
Blank Spike/LCS Recovery Low 
Continuing Calibration Verification Accuracy High 
Continuing Calibration Verification Accuracy Low 
Dilution 
Field Duplicate 
Holding Time 
In Between (Metals - B's 0 1's) 
Initial Calibration High 
Initial Calibration Low 
Internal Standard Area Response High 
Internal Standard Area Response Low 
Lab Duplicate 
Linear Range (Exceeded calibration range) 
~ .. 1atrix Spike/?--~1atr1..x Spike Duplicate Precision 
Matrix Spike and/ or Matrix Spike Duplicate Recovery High 
Matrix Spike and/ or Matrix Spike Duplicate Recovery Low 
Other 
Pesticide Degradation 
Post Spike Recovery High 
Post Spike Recovery Low 
Re-extraction 
Spiked Surrogate Recovery High 
Spiked Surrogate Recovery Low 
Tune 

2 
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Organic Parameters 

Quality Control Review 

DATA QUAUTY EVAlUATION SUMMA.RY 

The following list represents the QA/Q<::. 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 CompolUlds 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 compolUlds 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 SpikelMatrix 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 ia"1tcmal st[h~dards are used irl qUw"1titation of the target 
parameters and monitor the instrument sensitivity and response for stability during 
each analysis. 

36 



DATA QUAUTY EVALUATION SUMMARY 

Volatile Organic Compounds (VOC) Analyses 
The QA/Qf: 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 Table 2. 

TABLE 2 
Blank Contamination: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

56223 1200154200 1200154200 LB Methylene Chloride 0.96 Il9/L 9.6 ~g/L 

56223 166EW27DMl 66223004 EB Toluene 0.49 Il9/L 2.5 ~g/L 

56223 166TW27DMl 56223005 TB Methylene Chloride 2.3 Il9/L 23.0 ~g/L 

Methylene Chloride 1.3 Il9/L 13.0 Il9/L 

Trichloroethylene 0.38 J.lg/L 1.9 ~g/L 

56330 1200164175 1200164175 LB Toluene 0.30 ~g/L 1.5 ~g/L 

Tetrachloroethylene 0.85 ~g/L 4.3 ~g/L 

1.2.4-Trichlorobenzene 0.50 ~g/L 2.5 ~g/L 

56330 I 1200166215 1200166215 LB Methylene Chloride 0.68 J.l9/L 6.8 ~g/L 

56330 i 1200166835 1200166835 LB Methylene Chloride 1.3 ~g/L 13.0 ~g/L 

56330 i 166EW28DMl 56330005 EB Methylene Chloride 2.7 J.l9/L 27.0 J.l9/L 

Methylene Chloride 2.2 J.lg/L 22.0 J.lg/L 

56330 166TW28DMl 56330006 TB Trichloroethylene 0.43 J.l9/L 2.2 J.l9/L 

Toluene 0.21 J.l9/L 1.1 J.l9/L 

Methylene Chloride 3.0 J.l9/L 30.0 J.l9/L 
56341 1200168115 1200168115 LB 

1.2.4-Trichlorobenzene 0.59 ~g/L 3.0 Il9/L 

Methylene Chloride 4.6 ~g/L 46.0 J.l9/L 
56341 1200172355 1200172355 LB 

1,2,4-T richlorobenzene 0.46 J.l9/L 2.3 Il9/L 

57725 i 166EW27DM21 

Acetone 4.2 J.l9/L 42.0 ~g/L 

57725008 EB Toluene 0.75 J.l9/L 3.8 J.l9/L 
I 

l.4-Dichlorobenzene 0.21 J.l9/L 1.1 J.l9/L 



DATA QUAlITY EVAlUATION SUMMARY 

TABLE 2 
Blank Contamination: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

57725 1661W27DM2 57725009 TB 1 A-Dichlorobenzene 0.19 ~/l 1.0 ~/l 

Methylene Chloride 1.1 ~g/L 11.0~g/L 

58856 1200201356 1200201356 LB Toluene 0.23 ~/l 1.2 ~g/l 

1 A-Dichlorobenzene 0.27 ~g/L l.4IlQiL 

Methylene Chloride 0.75 I1g/L 7.5 ~Il 

58856 166EW27DM3 58856008 EB Toluene 0.23 I1g/l 1.2 ~/l 

1 A-Dichlorobenzene 0.25 I1g1L 1.311g1L 

Acetone 2.8 I1g/L 28.0~/l 
58856 1661W27DM3 58856009 TB 

1 A-Dichlorobenzene 0.27 ~g/l 1.4 ~/l 

Acetone 5.9 ~g/L 59.011g/L 
60789 1200222719 1200222719 LB 

Methylene Chloride 3.1 ~/L 31.011g/l 

Acetone 5.5 ~g/l 55.011g/L 
60789 ;20022396; ;20022396; LB 

Methylene Chloride 7.7 ~g/l 77.0 ~g/L 

Acetone 4.8 ~/l 48.0 ~g/l 
60789 166EW34DM4 60789008 EB 

Methylene Chloride ' A 
..... 11 ., .. n ..... /1 

~.~ j-I-~/L v....v f-l~/L 

Acetone 4.2 1'9/L 42.01'9/L 
60790 1200221558 1200221558 LB 

Methylene Chloride 2.0 ~g/L 20.0 ~/L 

Acetone 2.5 1'9/L 25.01'g/L 
60790 1200221559 1200221559 LB 

Methylene Chloride 1.9 1'9/L 19.0 ~/l 

Acetone 2.5 1'9/L 25.0 ~g/L 
60790 166EW026M4 60790006 EB 

Methylene Chloride 3.3 1'9/L 33.0 ~g/L 

60790 I 166EW033DM4 60790010 EB Methylene Chloride 2.9 l'g/L 29.0 ~g/l 

60790 1661W026M4 60790007 TB Methylene Chloride 2.8 ~g/l 28.0 ~g/L 

60790 1661W33DM4 607890011 TB Methylene Chloride 1.9 ~g/l 19.0 ~g/L 

60790 1661W34DM4 60790005 TB Acetone 3.2 1'9/L 32.0 ~g/L 

60879 1200226364 1200226363 LB 1,4-Dichlorobenzene 0.3 I1g/L 1.5 ~g/L 

60879 I 166EW035DM4 60879007 EB Acetone 8.3 ~g/L 83.0 ~9/L 
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DATA QUALITY EVAWATION SUMMARY 

TABLE 2 
Blank Contamination: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

60879 166EW035DM4 60879007 EB Methylene Chloride 2.6 1-l9/L 26.0 1-l9/L 

61044 1200226364 1200226364 LB 1,4-Dichlorobenzene 0.3 1-l9/L 1.51-lg/L 

61044 1200227438 1200227438 LB 1,4-Dichlorobenzene 0.28 1-l9/L 1.4 I-'9/L 

1 ,4-Dichlorobenzene 0.36 1-l9/L 1.81-lg/L 
61044 166EW36DM4 166EW36DM4 EB 

Trichloroethylene 0.5 1-l9/L 2.51-lg/L 

61326 166lW21DM4 61326006 TB Styrene 0.38 1-l9/L 1.9 I-'9/L 

64473 163EW003M7 64473002 EB Toluene 0.46 1-l9/L 2.3 I-'9/L 

64473 163lW003M7 64473001 TB Trichloroethylene 0.36 1-l9/L 1.8 I-'9/L 

Acetone 2.8 1-l9/L 28.0 1-l9/L 
64475 166EW017M7 64475020 EB 

Toluene 0.48 1-l9/L 2.4 1-l9/L 

Acetone 3.1 1-l9/L 31.0 1-l9/L 
64550 166EW040M7 64559002 EB 

Toluene 0.53 1-l9/L 2.7 1-l9/L 

Acetone 7.4 1-l9/L 74.0 I-lg/L 

64677 166EW026M7 64677001 EB Toluene 0.56 1-l9/L 2.81-lg/L 

2-Hexanone 3.5 1-l9/L 35.0 1-l9/L 

Toluene 0.43 1-l9/L 2.21-lg/L 
71658 

166EW026M8 71658002 EB O-Xylene 0.30 1-l9/L I 1.5 1-l9/L 
71659 

Xylenes(total) 0.30 I-lg/L 1.5 I-'9/L 

71766 163lW003M8 71766001 TB 1,1-Dichloroethylene 1.5 1-l9/L 7.51-lg/L 

Acetone 6.4 1-l9/L 64.0 1-l9/L 

Toluene 0.58 1-l9/L 2.91-l9/L 
72055 166EB041M8 72055001 EB 

O-Xylene 0.26 1-l9/L 1.3 1-l9/L 

Xylenes(total) 0.26 I-lg/L 1.3 1-l9/L 

Acetone 6.2 1-l9/L 62.0 1-l9/L 
72055 166lW041M8 72055002 TB 

Toluene 0.46 1-l9/L 2.31-lg/L 
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DATA QUALlTY EVALUATIOH SUMMARY 

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 Attachment 1. 

Recoveries - Surrogate, MSIMSD and LCS 
All Surrogate, Matrix Spike (MS), Matrix Spike Duplicate (MSD), and Laboratory Control 
Sample (LCS) recoveries were within acceptable quality control limits, except as noted in 
Table 3 below. 

TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Oul of ac limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

56330 166GW28DM1 Vinyl Acetate 56.8%(low)/56.8%(low) 
MS/MSD 

2·Chloroethyl· O%(low)/O%(low) 
vinylether 

56330 1200166836LCS 2·Chloroelhyl· 166.4%(high) 
vinylelher 

56341 1200172356LCS Vinyl Acetate 65.6% (low) 

57725 , 166GW27DM2 Vinyl Acetate 157%(high)J155%(high) 
I MS/MSD 

2·Chloroelhyl· O%(low)/O%(low) 
vinylether 

57725 ' 1200190186LCS Vinyl Acetate 185%(high) 

57725 1200190589LCS 185%(high) 
Vinyl Acetate 

58856 I 166GW27DM3 2·Chloroethyl· O%(low)/O%(low) 
vinylether 

I 
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70·130 56330001 Detects-J; 
non·detects 
-UJ 

70·130 56330001 DL. Detects - J. 
3DL,4DL, 
and 5. 

70·130 56341001 Detects -J; 
thru 003. non-detecls 

-UJ 

70·130 57725001 Detects - J; 
non-detecls 
-UJ 

70·130 57725001 Detects - J. 
thru 007, and 
009. 

70·130 57725008, Detects -J. 
and 002DL 
Ihru 007DL. 

70..130 58856001 Detects - J; 
non-detects 
-R 



TABLE 3 
Surrogate, MSlMSC, and LCS Recoveiies Out O'f ac Limits: vec 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

60789 166GW33DM4 Vinyl Acetate 54.8%(low)/54.8%(low) 
MS/MSD 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

60790 166GW026M4 2-Chloroethyl- O%(low)/O%(low) 
MS/MSD vinyietner 

61044 166GW38DM4 2-Chloroethyl- O%(low)/O%(low) 
MS/MSD vinylether 

61258 1200229049LCS 2-Chloroethyl- 65.2%(low) 
vinylether 

61326 166GW17DM4 Chloroethane 139.8%high/132.6%high 
MS/MSD 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

161326 1200229049LCS 2-Chloroethyl- 65.2%(low) 
vinylether 

! 

62650 166GW27DM6 4-BFB 124%(high) 

166GW28DM6 119%(high) 

166GW29DM6 118%(high) 

166GW30DM6 118%(hi9h) 

166GW31DM6 115%(high) 

166HW31DM6 119%(high) 

166GW32DM6 116%(high) 

I 64473 166GWSODM7 4-BFB 116%(high) 

166HW50DM7 118%(high) 

166GWTM4M7 116%(high) 

166GW16DM7 116%(high) 

166GW50DM7DL 125%(high) 

166HW50DM7DL 120%(high) 
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DATA aUAUTY EVALUATION SUMMARY 

70-130 60789001 Detects - J; 
non-detects 
-UJ 

Detects -J; 
non-detects 
-R 

70-130 60790013 Detects - J; 
non-deiects 
-R 

70-130 61044001 Detects - J; 
non-detects 
-R 

70-130 61258001, Detects - J; 
002,003,and non-detects 
006 thru 01l. -R 

70-130 61326001 Detects - J. 

Detects - J; 
non-detects 
-R 

70-130 61326001 Detects -J; 
thru 006. non-detects 

- UJ 

86-115 62650002 Detects-J. 

62650003 

62650004 

62650005 

62650006 

62650007 

62650008 

86-115 64473003 Detects-J. 

64473004 

64473009 

64473010 

64473003DL 

64473004DL 



TABLE 3 
Surrogaie, NiSlMSD, and leS Recoveries Out oi ac limits: voe 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC ' 

166GW51DM7 117%(high) 

166GWTM3M7 118%(high) 

64473 166GWSODM7 Vinyl Acetate 65.3%(low)/66.6%(low) 

64475 166GW026M7 2-Chloroethyl- O%(low)/O%(low) 
MS/MSD vinylether 

64475 166GW17DM7 Vinyl Acetate 66%(low)/63.6%(low) 
MS/MSD 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

64475 1200277525lCS 2-Chloroethyl- 56.0%(low) 
vinylether 

64475 1200278543lCS 2-Chloroethyl- 40.8%(low) 
vinylether 

cis-l,3- 62.0%(low) 

I 
Dichioropropane 

i1200279732lCS 

trans-1,3- 66.4%(low) 
Dichloropropane 

64475 2-Chloroethyl- 49.6 %(Iow) 

I 
vinylether 

I cis-l,3- 66.6%(low) 
, Dichloropropane 
I 

I 

trans-"j ,3- 67.6%(iow) 
Dichloropropane 

164550 1200278626lCS 2-Chloroethyl- 135.6%(high) 

! 
vinylether 

, 
1200278627lCS 2-Chloroethyl- 138.8%(high) i 64550 

I 
vinylether 

. 64676 163GW03MM7 Vinyl Acetate 56.8%(low)/56.4%(low) 
MS/MSD 
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DATA QUALITY EVALUAnOH SlluYARY 

64473005 

64473008 

70-130 64473003 Detects- J; 
non-detects 
-UJ 

70-130 64475004 Detects -J; 
non-detects 
-R 

70-130 Detects - J; 
non-detects 
-UJ 

Detects-J; 
non-detects 
-R 

70-130 64475007, Detects - J; 
009,010, non-detects 
011,013, -UJ 
014,015, 
019, and 020. 

70-130 64475001 Detects - J; 
thru 004, 008, I non-detects 
012,016, -UJ 
011Dl, 

' 015DL. 

70-130 64475007DL. Oetects- J: 
008Dl, non-detects 
0090l, -UJ 
0100l, 
013Dl, 
0140l, and 

I 0190l. 

70-130 64550001 Detects -J. 
and 002. 

70-130 64550003, Detects - J. 
004,007, 
009, and 010. 

70-130 64676001 Detects -J; 
non-detects 
-UJ 



TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Out of QC Limits: voe 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

64676 1200278338LCS 2-Chloroethyl- 135.6%(high) 
vinylether 

64677 696G~V001 M7 Viflyi Chioride 132.2%(hi9h )i137%(high 
) 

Vinyl Acetate 62.4%(low)/64.4%(low) 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

64677 1200279409LCS Vinyl Acetate 64.8%(low) 

71658 166GW005M8 Vinyl Acetate 62%(low)/62.8%(low) 
MS/MSD 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

~ 71658 i 166GW026M8 Vinyl Acetate 58.8%(low)/60.8%(low) 
MS/MSD 

'I 

I 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

; 71658 166EW017M8 DBFM 125%(high) 

I T oluene-<l8 121%(high) 

4-BFB 126%(high) 

166EW026M8 DBFM 129%(high) 

Toluene-d8 125%(high) 

4-BFB 126%(high) 
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DATA aUAUTY EVALUATION SUMMARY 

Detects - J; 
non-<letects 
-R 

70-130 64676002, Detects -J. 
004,004, 
006, and 008 
thru 013. 

70-130 64677005 Detects - J. 

Detects - J; 
non-detects 
~ UJ 

Detects - J; 
non-detects 
-R 

70-130 64677001 Detects - J; 
thru 008. non-detects 

-UJ 

70-130 71658005 Detects - J; 
non-detects 
-UJ 

Detects -J; 
non-detects 
-R 

70-130 71658003 Detects - J; 
non-detects 
-UJ 

Detects - J; 
non-detects 
-R 

80-120 71658001 Detects - J. 

88-110 

86-115 

80-120 71658002 

88-110 

86-115 



TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Out of QC Limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

166GW026M8 DBFM 129%(high) 

Toluene-d8 122%(high) 

4-BFB 121%(highj 

166GW001M8 DBFM 130%(high) 

Toluene-d8 123%(high) 

4-BFB 125%(high) 

166GW005M8 DBFM 127%(high) 

Toluene-d8 123%(high) 

4-BFB 124%(high) 

166GW017M8 DBFM 128%(high) 

Toluene-d8 121%(high) 

4-BFB 124%(high) 

166GW053M8 DBFM 124%(high) 

Toluene-d8 122%(high) 

4-BFB 119%(high) 

166GW053M8DL DBFM 125%(high) 

Toluene~d8 1170L n .. ;,. ... \ 
••• IU""~"J 

, 166GW054M8 DBFM 127%(high) 

Toluene-d8 120%(high) 

4-BFB 120%(high) 

166GW054M8DL DBFM 123%(high) 

Toluene-d8 122%(high) 

4-BFB 115%(high) 

166GW055M8 DBFM 126%(high) 

Toluene-d8 119%(high) 

4-BFB 117%(high) 

166GW055M8DL DBFM 126%(high) 

Toluene-d8 120%(high) 

4-BFB 116%(high) 
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DATA QUAUTY EVALUATION SUMMARY 

80-120 71658003 

88-110 

86-1-15 

80-120 71658004 

88-110 

88-115 

80-120 71658005 

88-110 

86-115 

80-120 71658006 

88-110 

86-115 

80-120 71658007 

88-110 

86-115 

80-120 71658007DL 

88-110 

80-120 71658008 

88-110 

86-115 

80-120 71658008DL 

88-110 

86-115 

80-120 71658009 

88-110 

86-115 

80-120 71658009DL 

88-110 

86-115 



TABLE 3 
Surrogaie, n.;SlNiSD, ana LCS Recoveries Out of ac Limits: voe 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

166GW056M8 DBFM 129%(high) 

Toluene-d8 121%(high) 

4-BFB 118%(high) 

166GW056M8DL DBFM 122%(high) 

Toluene-d8 119%(high) 

166GW06DM8 DBFM 123%(high) 

Toluene-d8 125%(high) 

4-BFB 126%(high) 

166GW07DM8 DBFM 126%(high) 

Toluene-d8 119%(high) 

4-BFB 118%(high) 

166GW07DM8DL DBFM 122%(high) 

Toluene-d8 121%(high) 

4-BFB 117%(high) 

i 166GW08DM8 DBFM 127%(high) 

Toluene-d8 121%(high) 

4-BFB 118%(high) 

166GW13DM8 DBFM 124%(high) 

Toluene-d8 119%(high) 

166GW13DM8DL I DBFM 124%(high) 

Toluene-d8 121%(high) 

4-BFB 119%(high) 

166HW13DM8 DBFM 125%(high) 

I T oluene-d8 117%(high) 

4-BFB 116%(high) 

166GW14DM8 DBFM 129%(high) 
, 

Toluene-d8 __ 1- 121%(high) 

i 4-BFB 118%(high) 
.L _________ -- - -~--- ----._--------------
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DATA QUAUTY EVALUATION SUMUARY 

80-120 716580010 

88-110 

86-115 

80-120 71658010DL 

88-110 

80-120 71658011 

88-110 

86-115 

80-120 71658012 

88-110 

86-115 

80-120 71658012DL 

88-110 

86-115 

80-120 71658013 

88-110 

86-115 

80-120 71658014 

88-110 

80-120 71658014DL 

88-110 

86-115 

80-120 71658015 

88-110 

86-115 

80-120 I 71658016 
i 

88-110 

86-115 



TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Out of QC Limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

166GW14DM8DL DBFM 125%(high) 

Toluene-d8 123%(high) 

4-BFB 126%(high) 

71659 166GW17DM8 DBFM 126%(high) 

Toluene-d8 121%(high) 

166GW19DM8 DBFM 123%(high) 

Toluene-d8 121%(high) 

166GW19DM8DL DBFM 123%(high) 

Toluene-d8 120%(high) 

! 166GW21DM8 DBFM 123%(high) 

To!uene-dB 11QOUhinh\ 
. ...... n'\' "!:J' 'J 

I 166GW25DM8 DBFM 122%(high) 
, 

Toiuene-d8 -1-19%(high) I 

166GW25DM8DL DBFM 122%(high) 

Toluene-d8 119%(high) 

166GW26DM8 DBFM 125%(high) 

Toluene-d8 123%(high) 

698GW001M8 DBFM 120%(high) 

Toluene-d8 120%(high) 

i 
I 698HW001 M8 DBFM 123%(high) , 

Toluene-d8 119%(high) 

.. 

DATA QUALITY EVALUATION SUMMARY 

80-120 71658016DL 

88-110 

86-115 

80-120 71659001 Detects -J. 

88-110 

80-120 71659002 

88-110 

80-120 71659002DL 

88-110 

80-120 71659003 

88-110 

80-120 71659004 

88-iiO 

80-120 71659004DL 

88-110 

80-120 71659005 

88-110 

80-120 t 71659006 

88-110 

80-120 ! 71659007 

88-110 



TABLE 3 
Surrogate, MSlMSD, and lCS Recoveries Ot.tl of ac limits: voe 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

71659 166GW17DM8 Chloromethane 64.8(low)/72.8% 
MS/MSD 

2-Chloroethyl- O%(low)/O%(low) 
vinylether 

1.2.3- 136.4%high/132%high 
T,.;"hl"" ...... h ....................... "n ... 'lIv'v", .... ','- .... ,,'" 

, 71659 1200348688lCS 1.2.3- 133.8%(high) 

I 
T richlorobenzene 

I 71766 1200349305lCS 1.2.3- 139.8%(high) 
T richlorobenzene 

71766 1200350000LCS 1.2.4- 136.0%(high) 
Tnchlorobenzene 

1,2,3- 151.6%(high) 
Trichlorobenzene 

, 71766 1200353887LCS Chloromethane 55.0%(low) 

Vinyl Acetate 64.4%(low) 
, 
i 71852 166GW39DM8 2-Chloroethyl- O%(low)/O%(low) , 

MS/MSD vinylether 

i 71852 166EW040M8 DBFM 128%(high) 

Toluene-d8 124%(high) 

!4-BFB 120%(high) 
, 

166TW040M8 I DBFM 128%(high) 

Toluene-d8 121%(high) 

4-BFB 121%(high) 

166GW040M8 DBFM 127%(high) 

Toluene-d8 121%(high) 
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DATA QUALITY EVAlUAnON SUMMARY 

70-130 71659001 Detects -'-J; 
non-detects 
-UJ. 

70-130 Detects - J; 
non-detects 
-R. 

70-130 Detects -J. 

70-130 71659004 Detects - J. 

70-130 71766008. Detects -J. 
013.003DI 
thru 007Dl. 
009Dl. 
010Dl. 
011Dl. and 
014DL. 

70-130 71766012 Detects - J. 

70-130 71766005. Detects -J; 
and 012DL. non-detects 

-UJ. 

70-130 71852009 Detects -J; 
non-detects 
-R. 

80-120 71852001 Detects -J. 

88-110 

86-115 

80-120 71852002 

88-110 

86-115 

80-120 71852003 

88-110 I 

I I , 
---.I 



TABLE 3 
SUiiOgat&, MS,''''SC, and lCS Reciiveries Out of ac Limits: vae 
Charleston Naval Complex, Zone K, SWIdU 166, Charleston, SC 

166GW040M8DL DBFM 126%(high) 

Toluene-d8 119%(high) 

4-BFB 115%(high) 

166HW040M8 DBFM 126%(high) 

Toluene-d8 120%(high) 

166HW040M8DL DBFM 124%(high) 

Toluene-d8 120%(high) 

4-BFB 115%(high) 

166GW34DM8 DBFM 126%(high) 

T oluene-<l8 121%(high) 

4-BFB 118%(high) 

166GW34DM8DL DBFM 123%(high) 

Toluene-d8 118%(high) 

4-BFB 119%(high) 

166GW35DM8 DBFM 129%(high) 

Toluene-d8 120%(high) 

166GW36DM8 DBFM 122%(high) 

Toluene-<l8 121%(high) 

166GW36DM8Dl DBFM 124%(high) 

Toluene-d8 121%(high) 

166GW37DM8 DBFM 126%(high) 

Toluene-d8 120%(high) 

4-BFB 115%(high) 

166GW37DM8DL DBFM 126%(high) 

Toluene-d8 122%(high) 
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80-120 71852003DL 

88-110 

86-115 

80-120 71852004 

88-110 

80-120 71852004DL 

88-110 

86-115 

80-120 71852005 

88-110 

86-115 

80-120 71852005Dl 

88-110 

86-115 

80-120 71852006 

88-110 

80-120 71852007 

88-110 

80-120 71852007DL 

88-110 

80-120 71852008 

88-110 

86-115 

80-120 71852008DL 

88-110 



TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Out of QC Limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

166GW39DM8 DBFM 125%(high) 

Toluene-d8 121%(high) 

4-BFB 116%(high) 

166GW41DM8 DBFM 124%(high) 

Toluene-d8 122%(high) 

4-BFB 118%(high) 

166GW42DM8 DBFM 125%(high) 

Toluene-d8 122%(high) 

4-BFB 116%(high) 

166GW43DM8 DBFM 124%(high) 

Toluene-d8 122%(high) 

166GW43DM8DL DBFM 127%(high) 

Toluene-d8 124%(high) 

166GW44DM8 DBFM 125%(high) 

Toluene-d8 121%(high) 

4-BFB 117%(high) 

72055 166EB041M8 Toluene-d8 82% (low) 

4-BFB 77% (low) 

166TW041M8 Toluene-d8 80% (low) 

4-BFB 75% (low) 

166GW003M8 Toluene-d8 80% (low) 

4-BFB 75% (low) 

I 166GW003M8DL Toluene-d8 82% (low) 

166GW03MM8 Toluene-d8 82% (low) 

I 166GW16DM8 Toluene-d8 81% (low) 

I 4-BFB 75% (low) 
I 

49 

DATA QUAUTY EVALUATION SUMMARY 

80-120 71852009 

88-110 

86-115 

80-120 71852010 

88-110 

88-115 

80-120 71852011 

88-110 

86-115 

80-120 71852012 

88-110 

80-120 71852012DL 

88-110 

80-120 I 71852013 
! 

88-110 

86-115 

88-110 72055001 Detects - J; 
non-detects 

86-115 - UJ. 

88-110 72055002 

86-115 

88-110 72055003 

86-115 

88-110 I 72055003DL 

! 
88-110 ' 72055004 

88-110 72055005 

86-115 



TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Out of QC Limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

166GW16DM8DL Toluene-d8 79% (low) 

i66GW33DMB Toiuene-dB 79% (low) 

166GW38DM8 Toluene-d8 80% (low) 

4-BFB 74% (low) 

166GW38DM8DL Toluene-d8 78% (low) 

16GW005M8 Toluene-d8 82% (low) 

71766 166GW49DM9DL DBFM 126%(high) 

Toluene-d8 122%(high) 

4-BFB 120%(high) 

166GW5ODM8DL DBFM 127%(high) 

Toluene-d8 123%(high) 

4-BFB 117%(high) 

166i-t"yV50DM8 I DBFM 128%(high) 

Toluene-dB 127%(high) 

4-BFB 119%(high) 

166HW50DM8DL DBFM 127%(high) 

Toluene-d8 124%(high) 

166GW51DM8DL I DBFM 127%(high) 

Toluene-d8 120%(high) 

4-BFB 118%(high) 

166GW52DM8DL DBFM 127%(high) 

Toluene-d8 123%(high) 

4-BFB 119%(high) 

DATA QUALITY EVALUATION SUMMARY 

88-110 72055005DL 

B8-i iO 72055006 

88-110 72055007 

86-115 

88-110 72055007DL 

88-110 72055008 

80-120 71766003DL Detects - J. 

88-110 

86-115 

80-120 71766004DL 

88-110 

86-115 

80-120 71766005 

88-110 

86-115 

80-120 71766005DL 

88-110 

80-120 71766006DL 

88-110 

86-115 

80-120 71766007DL 

88-110 

86-115 



TABLE 3 
Surrogate, MSlMSD, and LCS Recoveries Out of QC Limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

166GWIN3M8 DBFM 127%(high) 

Toluene-d8 122%(high) 

4-BFB 115%(high) 

166GWTM3M8DL DBFM 125%(high) 

Toluene-d8 121%(high) 

4-BFB 117%(high) 

166GWTM4M8DL DBFM 124%(high) 

Toluene-d8 123%(high) 

4-BFB 119%(high) 

166GW45DM8DL DBFM 126%(high) 

Toluene-d8 119%(high) 

4-BFB 118%(high) 
I 
I 166GW46DM8 DBFM 133%(high) 
, 

Toluene-d8 123%(high) I 
I 4-BFB 125%(high) 

166GW46DM8DL DBFM 129%(high) 

Toluene-d8 126%(high) 

4-BFB 119%(high) 

I 166GW47DM8 DBFM 123%(high) 

Toluene-d8 120%(high) 

4-BFB 119%(high) 

I 166GW48DM8DL DBFM 126%(high) 

I Toluene-d8 118%(high) 
I 
I 4-BFB 116%(high) 
i 
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DATA QUALITY EVAWATIONSUMMARY 

80-120 71766008 

88-110 

86-115 

80-120 71766009DL 

88-110 

86-115 

80-120 71766010DL 

88-110 

86-115 

80-120 71766011DL 

88-110 

86-115 

80-120 71766012 

88-110 

86-115 

80-120 71766012DL 

88-110 

86-115 

80-120 71766013 

88-110 

86-115 

80-120 71766014DL 

88-110 

86-115 



DATA QUALITY EVALUATION SUMMARY 

Initial and Continuing Calibration Criteria 

All initial calibration criteria and continuing calibration criteria were met, except as listed in 
Table 4. 

TABLE 4 
Ex~eptions to Initial and Continuing Calibration Criteria: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 
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TABLE 4 
Exceptions to Initial and Continuing Calibration Criteria: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

l,2,3-Trichlobenzene 

VOA2-CCAL-OS/28/02, Chloroethane 
14:4S 

Acetone 

,oj ") ') T .. ;,.,hl .......... h ....... _ ......... 
I .,,-.v- I I 1 .... 1 IIVIVU'VI IL'VIlo;;; 

VOA2-CCAL-OS/28/02, 2-Chloroethyl-vinylether 
14:45 

VOA1-CCAL-05/31102, Bromomethane 
08:20 

Chloroethane 

2-Chloroethyl-vinylether 

VOA 1-CCAL-06/03/o2, Bromomethane 
08:50 

Chloroethane 

2-Chloroethyl-vinylether 

VOA 1-CCAL -06/04/02, Bromomethane 
08:53 

Chloroethane 

Methylene Chloride 

2-Chloroethyl-vinylether 

VOA1-CCAL-05/31102, Acetone 
20:52 '.t,.,n ... I~ __ ,....1-1 __ : ..... _ 

IVltHllylt:a It: vi IIVIIUtl' 

2-Chloroethyl-vinylether 

1,2,4-T richlorobenzene 

VOA 1-CCAL -06/03/02, Bromomethane 
20:15 

Chloroethane 

Acetone 

Methylene Chloride 

2-Chloroethyl-vinylether 
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DATA QUALITY EVALUATION SUMMARY 

37.8% high 

22.3% high 60790001 thru OOS, 008, 
012, and 013. 

20.S% high 

")7 r::OI h; ........ 
LI .v/g I "!::ll I 

21.3% low 60790006,007,009,010, 
011, 00101 thru 00401, and 
0080L. 

23.1% high 60879001 thru 005. 

22.0% high 61044001 and 002. 

RF= 0.045 

28.8% high 60879006,007, and 001DL 
thru 0040L. 

27.7% high 
61044003,006,OO1DL, 

RF= 0.048 0020L, 0040L, 0050L, and 
0070L. 

61170005,006. 

28.8% high 608790050L. 

27.7% high 61134001,003,004,and 
0020L. 

20.1% low 
61170002,003,004,and 

20_5%) low 00lDL 

RF= 0.048 

RF= 0.047 61044004,005,007thru 
011. 

....... -,nl 1_ ... 
£.1.' /0 IUW 

RF= 0.046 

22.4% low 

24.9% high 61134002. 

20.6% high 61170001. 

RF= 0.045 

20.8% low 

RF= 0.045 



TABLE 4 
Exceptions to Initial and Continuing Calibiation CiltEiia: vee 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

l,2,4-Trichlorobenzene 

VOA 1-CCAL -06104/02, Acetone 
20:31 

Methylene Chloride 

2-Chloroethyl-vinylether 

Bromoform 

l,l,2,2-Tetrachloroethane 

l,3-Dichlorobenzene 

l,4-Dichlorobenzene 

l,2-Dichlorobenzene 

1 ,2,4-T richlorobenzene 

1,2,3-Trichlorobenzene 

. VOA1-CCAL-06l05/02, Bromomethane 
08:21 

Methylene Chloride 

2-Chloroethyl-vinylether 

i Bromoform 

i VOA1-CCAL-06/28/02, I Dichlorodifluoromethane 
! 20:19 

Chloromethane 

Methylene Chloride 

Vinyl Acetate 

4-Methyl-2-Pentanone 

Naphthalene 

i VOA1-CCAL-07101/02, Chloromethane 
I 20:19 1-· -

M",th\lleont:> rhlnrirlco , ··· .... ~··7·~·· ......................... 

Vinyl Acetate 
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DATA QUAUTY EVAlUATtON SUMMARY 

23.1% low 

24.0% low 61258004 and 005. 

RF= 0.04 

28.4% low 

22.5% low 

RF= 0.042 

22.0% low 

21.6% low 

21.2% low 

24.8% low 

22.2% low 

24.7% low 

20.5% low 

29.3% high 61258001 thru 003, and 006 
thru 011. 

22.6% low 
61326001 thru 006. 

34.7% low 

RF= 0.035 

21.8% low 

37.3% low 62650001. 

26.1% low 

23.9% low 

34.6% low 

31.2% high 

31.6% high 

25.4% low 62650002 thru 009. 

25.3% low 

37.0% low 



I 
I 

TABLE 4 
Exceptions to Initial and Continuing Calibration Crneria: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

VOA 1-ICAL -07/24/02, 2-Chloroethyl-vinylether 
18:21 

VOA 1-CG.l\L -08/06/02, Vinvl Ar.At::1ltA 
• """J"' "-----

08:11 
2-Chloroethyl-vinylether 

Bromoform 

VOA 1-CCAL -08/06/02, Vinyl Acetate 
19:18 

2-Chloroethyl-vinylether 

2-Hexanone 

Oibromochloromethane 

VOA 1-CCAL -08/07/02, Vinyl Acetate 
OB:21 

2-Chloroethyl-vinylether 

Bromoform 

VOA2-CCAL-OB/05/02, Chloromethane 
06:33 

Vinyl Acetate 

Carbon Tetrachloride 

2-Chloroethyl-vinylether 

VOA2-CCAL-OB!07!02, Chloromethane 
08:20 

2-Chloroethyl-vinylether 

cis-1,3-0ichloropropylene 

trans-l,3-0ichloropropylene 

VOA2-CCAL-OB/OB/02, Chloromethane 
17:39 

Carbon Tetrachloride 

2-Chloroethyl-vinylether 

L._.~_~_~ 
cis-l,3-0ichloropropylene 
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DATA QUAlITY EVALUATION SUMMARY 

RRF= 0.042 64473001 thru 010. 

64550001 thru 010. 

64550001 thru 013. 

27.0%!ow 64473001 and 002. 

35.4% high 64550001 and 002. 

24.5% high 64676004.006.008,009, 
011,012, 0020L, 0030L, 
and OiODL. 

29.4% low 64473003,004,006,009, 
and 010. 

38.8% high 
64550003,004,007,009, 

21.7% high and 010. 

22.0% high 

27.3% low 64473005,007,008,0030L, 
and 0040L. 

29.0% high 
64550005, 006, OOB, 0030L, 

27.3% high and 0040L. 

64676005, 007, OOBOL, 
0090L, 011DL, and 0120L. 

41.9% high 64475007,009,010,011, 
013,014,015, and 019. 

24.7% high 

20.3% low 

31.5% low 

29.5%, high 64475001 thru 004. 008. 
012,016,0110L,and 

53.5% low 0150L. 

31.4% low 

22.7% low 

21.5% high 644750070L,OOBOL, 
0090L, 0100L, 0130L, 

21.7% low 0140L,0190L. 

4B.3% low 

32.4% low 



TABLE 4 
Exceptions to Ini'Jal and Continuing Calibiation Ciiteiia: voe 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

trans-l,3-Dichloropropylene 

VOA 1-CCAL -08/05/02, Vinyl Acetate 
08:17 

2-Chloroethyl-vinylether 

Bromoform 

VOA9-CCAL-08/08/02, Chloromethane 
10:06 

VOA2-CCAL -12/10/02, 1,2,3-Trichlorobenzene 
07:46 

VOA2-CCAL-12111/02, Chloromethane 
08:31 

Acetone 

Vinyl Acetate 

2-Butanone 

1,2-Dichlomethane 

2-Chloroethyl-vinylether 

4-Methyl-2-Pentanone 

2-Hexanone 

VOA2-CCAL-12/12/02, 2-Chloroethyl-vinylether 
07:59 

VOA2-CCAL-12/13/02, Chloromethane 
08:02 

Acetone 

2-Butanone 

2-Chloroethyl-vinylether 

4-Methyl-2-Pentanone 

2-Hexanone 

VOA2-CCAL-12113/02, trans-l,2-Dichloroethylene 
19:38 

1,2,4-Trichlorobenzene 

1 ,2,3-T richlorobenzene 

VOA2-CCAL-12116102, 2-Chloroothyl-vinylether 
11:38 

1 ,2,4-T richlombenzene 

56 

OATAQUAllTY FVAUJATION SUMMARY 

28.8% low 

39.1% high 64676001,002,003,010, 
and 012. 

28.9% high 

25.8% high 

22.8% high 64677001 thru 008. 

25.5% high 71659004 

33.8% low 71659001 thru 003, 005thru 
007, 002DL, and 004DL. 

28.2% low 

22.1% low 

32.5% low 

27.9% low 

32.2% low 

28.4% low 

32.0% low 

23.3% low 71852001lhru 005, 007, 
011, and 012. 

32.9% low 71852006,008,009,013, 
003DL, 004DL, 005DL, 

23.5% low 007DL, and 012DL. 

25.0% low 

36.3% low 

21.3% low 

24.1% low 

21.3% high 71766008, 013, 003DL thru 
007DL, 009DL !hru 011DL, 

35.5% high and 014DL. 

51.0% high 
- -.~ - ----

21.5% low I 71852010. 

37.8% high I 71766012. 



TABLE 4 
Exceptions to Initial and Continuing Calibration Criteria: VOC 
Charleston Naval Complex, Zone K, SWMU 168, Charleston, SC 

V0A2-CCAL-12118/02. 
01:00 

VOA l-CCAL -12/19/02. 
08:46 

VOA l-CCAL -12120102. 
11:36 

1.2.3-Trichlorobenzene 

Chloromethane 

Acetone 

Vinyl Acetate 

2-Butanone 

2-Hexanone 

Dibromochloromethane 

1.2.3-T richlorobenzene 

1.1.1-Trichloroethane 

1.2-Dichloroethane 

2-Chloroethyl-vinylether 

51.6% high 

47.1% low 

26.1% low 

29.1% low 

29.2% low 

24.3% low 

28.8% high 

51.6% high 

20.3% low 

23.1% low 

23.9% low 

DATA QUALITY EVALUATION SUMMARY 

71766005. and 012DL. 

72055004. 006. 008. 003DL. 
005DL. and 007DL. 

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 "U]", 
as estimated. 

• When the percent difference (%D) was high in the continuing calibration standards, 
detected compounds were flagged "]", as estimated. Non-detected compounds were not 
flagged. 

• When the Average Relative Response Factor (RRF) was low in the initial calibration, 
detected compounds were flagged "]", and non-detected compounds were flagged "UJ", 
as estimated. 

• When the Relative Response Factor (RRF) was low in the continuing calibration, 
detected compounds were flagged 'T', and non-detected compounds were flagged "UJ", 
as estimated. 

Internal Standard Area 
All internal standard areas were within QC limits except as noted in Table 5 below. 



DATA QUAUTY EVALUATION SUMMARY 

TABLES 
Intemal Standard Area out of Criteria: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

56431 #001 1S#1= -66.8% 

IS#2= -66.1%, 

1S#3= -69.2% 

Field Duplicate Samples 

Detects- J; 
non-detects - UJ. 

All Field Duplicate Samples were within acceptable quality controllirnits, except as noted in 
Table 6 below. No flags are applied due to Field Duplicate precision. 

TABLE 6 
Field Duplicate RPDs Out of QC Limits: VOCs 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

57725 577250041 trans-1,2-Dichloroethene 38.4 ug/L 51.9% ug/L 29.9% 
57725005 

cis-1,2-Dichloroethene 274 ug/L 504 ug/L 59.1% 

11,2-Dichloroethene (total) 310 ug/L 583 ug/L 61.1% 

I Trichloroethylene 3010 ug/L 2380 ug/L 23.3% 

. - out of control limits 

TCLP Volatile Organic Compounds (VOC) Analyses 
The QA/QC parameters for TCLP VOC analyses for all of the samples were within 
acceptable controllirnits. 

Hydrogen and Methane Analyses 

20% 

20% 

20% 

20% 

The QA/QC parameters for Hydrogen and Methane analyses for all of the samples were 
within acceptable controllirnits. 
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DATA QUAUTY EVALUATION SUUMlRY 

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 (MSfMSD) - Spike recovery is used to evaluate potential 
matrix interferences, as well as accuracy. Precision information is also determined by 
calculatin!!: the reDroducibilitv between the recoveries of each sDiked Darameter. 

.......1../ .I. J. 

• 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 ICP determines 
whether or not significant physical or chemical interferences exist due to the sample 
matrix. 

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. 
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DATAQUAUTY EVALUATION SUMMARY 

TABLE 7 
Blank Contamination: Metals 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

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 contarrtination. 

The results qualified due to blank contamination are listed in Attachment 1. 

General Chemistry Analyses 
The QA/QC parameters for the General Chemistry analyses for all of the samples were 
within acceptable control limits, except as noted below. 

Blanks 
The General Chemistry target parameters detected in blank samples are listed in Table 8. 

TABLES 
Blank Contamination: General Chemistry 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

58856008 EB 52.0 mg/L" 

76.0 mgiLH 

71766 71766002 163EW003M8 EB 2.79 mg/L" 

189.5 mg/L" 

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. 
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DATA QUALITY EVALUATION SUMMARY 

**The concentrations of Chloride, Nitrate and Sulfate reported in the equipment blank 

samples, 166EW27DM3 and 163EW003M8, were significantly above typically contamination 

levels and were determined to be anomalies. Therefore, results less than 5 times the 

concentration in the associated equipment blank sample were not flagged as "U, not 

detected. However, the results for Chloride and Sulfate were qualified 'T', as estimated. 

The results qualified due to blank contamination are listed in Attachment 1. 

Holding Times 
All holding times were met except for samples 163GW003M4, 166GW51DM8, 

166GW52DM8, 166GWTM3M8, and 166GWTM4M8. These samples were analyzed < 24 

hours beyond 48 hour hold time for Nitrate. The Nitrate results were used, but qualified as 

estimated, due to holding time exceedance. Detected compounds were qualified 'T', and 

non-detected compounds qualified "UJ". 

The results qualified due to holding time are listed in Attachment 1. 

Rejected Data 
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 were selected results 

qualified as "R", rejected, due to associated QC parameters out of criteria, such that there is 

not a valid result for that parameter in each sample. The rejected data are summarized in 

Table 9 below. 

TABLE 9 
Rejected Data 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

58856 166GW27DM3 VOA 2-Chloroethyl vinyl ether 5 

60789 166GW33DM4 VOA 2-Chloroethyl vinyl ether 5 

60790 166GW026M4 VOA I 2-Chloroethyl vinyl ether 5 

61044 166GW38DM4 VOA 2-Chloroethyl vinyl ether 5 
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u 5 R ug/L MS 

u 5 R ug/L MS 

u 5 R ug/L MS 

u 5 R ug/L MS 



TABLE 9 
Rejected Data 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

61326 166GW17DM4 VOA 2-Chloroethyl vinyl ether 

64475 166GW026M7 VOA 2-Chloroethyl vinyl ether 

64475 166GW17DM7 VOA 2-Chloroethyl vinyl ether 

64677 696GW001M7 VOA 2-Chloroethyl vinyl ether 

71658 166GWOO5M8 VOA 2-Chloroethyl vinyl ether 

71658 166GW026M8 VOA 2-Chloroethyl vinyl ether 

71659 166GW17DM8 VOA 2-Chloroethyl vinyl ether 

71852 166GW39DM8 VOA 2-Chloroethyl vinyl ether 

Conclusion 

DATA QUALITY EVAWATION SUMMARY 

5 U 5 R ug/L MS 

10 U 10 R ug/L MS 

10 U 10 R ug/L MS 

10 U 10 R ug/L MS 

10 U 10 R ug/L MS 

10 U 10 R ug/L MS 

10 U 10 R ug/L MS 

10 U 10 R ug/L MS 

A review of the analytical data submitted regarding the investigation of Zone K, SWMU 166 

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, t.l-tere were speci.lic results that were rejected, 1...'1 wpic..l-t t..l-te data cannot 

be used. With the exception of these results, the validation review demonstrated that the 

analytical systems were generally in control and the data can be used in the decision maldng 

process. 
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Kelly, Herb/GNA 

From: 
Sent: 
To: 
Cc: 
Subject: 

Herb, 

Anna White lakw@gel.com] 
May 24, 2002 5:15 PM 
Kelly, Herb/GNA 
WendiLane 
Zone K, SWMU 166 

As we discussed, GEL received 2 COCs for this site today, which will be included under 1 
SDG. 

We received 3 VOA vials for Sample ID166TW36DM4, which was not documented on the COCo GEL 
will proceed wilh analysis on this sample. 

Anna K. White 
Federal Project Manager 
General Eng irtee:r-ing Labot--aLoL-ie!:i. Iat:. 
2040 Savage Road 
Charleston, SC 29407 
(843) 556-8171 
(843) 766-1178 (fax) 
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• CH2MHILL .... 
_PROJECT: Charleston Naval Complex 
ELEVATION' 4119 

PROJECT NUMBER 

158814 
IBORING NUMBER 

I 166GW27D SHEET 1 OF 1 

SOIL BORING LOG 

LOCATION: SWMU 166 NORTHING: 388255.9 

DRILLING CONTRACTOR· Columbia Technologies EASTiNG' 2300406 "'ii,·,. DAND HUSED: Ucense # 1485 
WATER LEVELS: 7.5 START: 21512002 END: 21512002 I: Darryl Gate. 

IDEPTH , (Fl SOIL 

'N'" • (FT) PENETRATION 

, (IN) TEST SOil NAME, USCS GROUP SYMBOL, COLOR, DEPlH OF CASING, DRILLING RATE, 

I'!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY. DRIUING FLUID LOSS, 

OR CONSISTENCY. SOil STRUCTURE, TESTS. I 

(N) ~.""n"Y OVM{ •• m): 
su"aco U 

-

5 __ -

0-6 IBrown , , s;ttv """'. roo,.,. dam. 0 

10 _ -
-

-

15 _ -

-

-

-

-

20 ... 6.0-20 IG"v, i 'wi." . weI al 70. roo... 0 

-

20-24 O",oe I •• " ,., ,iHv ,a,d, M'urnmd - 0 
25 _ -

24·26 G"v fi,e ,'''hltv ,ittv ""d, ",tu"led, 100", 0 

'. 

166GW~7Dsbor.x1s 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



166GW27Dsbor.x1s 



• CH2MHILL ..... 
PROJECT NUMBER 

158814 
IBORING NUMBER 

I 166GW28D SHEET OF 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex LOCATION: SWMU 166 NORTHING: 388262.6 

ELEVATION: 41.22 DRILUNG CONTRACTOR: Columbia Technologies EASTING: 2300406.7 
DRILLING METHOD AND EQUIPMENT USED' Ucense # 1485 
WATER LEVELS: 7.52 START: 2/4/2002 END: 2/412002 : Darryl Gates 

IDEPTH '1FT) ,,~U~"U SOIL 

I ,or ·IFl PENETRATION 

( (IN) TEST SOIL NAME, uses GROUP SYMBOL, COLOR. DEPTH OF CASING, DRILLING RATE. 

I"TYPE MOISlURE CONTENT, RELATIVE DENSITY, ORIUING FLUID LOSS, 

OR CONSISTENCY, SOIL STRUCTURE, ! TESTS. 

(N) 

~ 
IOVM (ppm): ; 

sunace u 
-

-

5_ -

- D-6 ,sllahllY slttv sand. loose. damp 0 

10 _ -
-

-

- -

-

15 _ -

- -

- -

- -

- -

20 _ 6.0-20 Gmvllna "" '"' I blaok mica. wet "70. 'x"a 0 

- -

-

-

-
20-24 Omnaa . " I I. sa,"mted 0 

25 _ -

-
Gmv r I, silty sand, sa'um'ad, loose 0 

- -

-

166GW280sbor.xls 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



PROJECT NUMBER IBORING NUMBER 

• CH2MHILL ...... 
PROJECT: Charleston Naval Complex 
ELEVATION: 
DRILUNG METHOD AND EQUIPMENT USED: 

SHEET OF 

SOIL BORING LOG 

LOCATION: SWMU 166 

DRllUNG CONTRACTOR: Columbia Technologies 

WATER LEVELS· 7 52 START· 21412002 END· 21412002 LOGGER· Danyl Gates 

DEPTH BELOW SURFACE (FT) STANDARD SOil DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 

RECOVERY (IN) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 
#flYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY, DR1UING FLUID LOSS, 

6"-6"-6"-6" OR CONSISTENCY. SOIL STRUCTURE. TESTS, AND INSTRUMENTATION. 
IN\ MINERALOGY. DVM (oom\: Breathing Zone Headsnace 

- -

--

- -

- -

30 - -
- -

24-32 Grav fine sliahtJv siltv sand saturated loose 

- End of Boring -

- -

--

35 - -

--

- -

- -

- -

40 - -

--

- -

--

- -

45 --

--

--

--

--

50 --

--

--

--

166GW2BOsbor.xJs 

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



• CH2MHILL ...... 
PROJECT NUMBER 

158814 rBORING NUMBER 

166GW29D SHEET OF 1 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex LOCATION: SWMU 166 NORTHING: 388259.2 

ELEVAnON: 41.03 DRILUNG CONTRACTOR: Columbia Technologies EASnNG: 2300438.9 
DRILLING METHOD AND EQUIPMENT USED: Ucense # 1465 

WATER LEVELS' 7 37 START' 211/2002 END' 21112002 LOGGER' Darryl Gates 
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL 1FT] PENETRATION 

RECOVERY (IN) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

./TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY. DRILLING FLUID LOSS, 

6"-6--6"-6" OR CONSISTENCY. SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 

IN) MINERAlOGY. OVM (ppm: Breathing Zone Headspace 
sunace "'ss u 

- -

- -

- -

- -

5 - -

- -

- 0-6 Brown fine slightly silty sand, loose damp 0 

- -

- -

10 - -
-

-

- -

- -

- -

15 - -

- -

- -

- -

- -

20 - 6.0-20 Gray fine silty sand wi black mica, wet at 7.0, loose 0 

- -

- -

- -

- -
20-24 Orange fine to medium sJjQhttv silty sand, saturated 0 

25 - -

- -
24-27 Gray fine slightly silty sand, saturated loose 0 

- End ot Boring -

- -

166GW29Dsbor .x1s 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



• CH2MHILL ..... 
PROJECT: Char1eston Naval Complex 
ELEVATION: 40.89 

PROJECT NUMBER 

158814 rBORING NUMBER 

166GW30D SHEET 1 OF 1 

SOIL BORING LOG 

LOCATION: SWMU 166 NORTHING: 388264.4 
DRllUNG CONTRACTOR: Columbia Technologies EASTING: 2300434.7 

DRILUNG METHOD AND EQUIPMENT USED . Ucense # 1485 

WATER LEVELS: 7.49 START: 21412002 END: 21412002 . Darryl Gales 

IDEPTH ,1FT) SOIL I 

.IFl PENETRAnON 

(/IN) TEST SOil NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 
,#!TYPE MOISTURE CONTENT. RELATIVE DENSITY, DRILLING FLUID LOSS. 

OR CONSISTENCY, SOIL STRUCTURE, i TESTS, AND I"""" 
(N) 

~ 
iOVM (oom): ... alhlnq Zone 

sunace u 

-

-

-

5_ -

- ()-6 'sllohltv ~Itv sand. loa",. dam. 0 

-

10 _ 
-

-

-

-

15 _ 
-

- -

20_ 6.0-20 G".fine, . black m<a, . '.1000' 0 

-

-

-

-
20·2' IOrange' I ( '11tv "'nd, """,,>1ed 0 

25 _ 
-

-
IG". fine ,"ohltv ~'" ",nd. ",turaled, loa", 0 

-

-

166GW30Dsbor .xls 

-

-

-

-

-

-

-

-

-



• CH2MHILL ..... 
~ 

PROJECT: Charleston Naval Complex 
ELEVATION: 

DRILLING METHOO AND EQUIPMENT USED: 

., 
I SHEET 2 UF 2 

SOIL BORING LOG 

LOCATION: SWMU 166 
DRllUNG CONTRACTOR: Columbia Technologies 

WATER LEVELS· 7 49 START· 21412002 END· 21412002 LOGGER' Darryl Gates 
DEPTH BELOW SURFACE (FT). STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL 1FT) PENETRATION 
RECOVERY (IN) TEST SOIL NAME, uses GROUP SYMBOL. COLOR. DEPTH OF CASING, DRILLING RATE, 

#!TYPE RESULTS MOISTURE CONTENT, RElAnVE DENSITY, DRILLING FlUID LOSS, 

6"-6"·6"·6" OR CONSISTENCY. SOIL STRUCTURE, TESTS, AND INSTRUMENTATION. 

IN) MINERALOGY. OVMJppm): Breath~Zone Headspace 

- -

- -
- -

- -

30 - -

- -

- -

- -

- 24·34 G~ fine sliOhtlv siltv sand saturaled loose 
End of Boring -

35 - -

- -

- -

- -

- -

40 - -

- -

- -

- -

- -

45 - -

- -

- -

- -

- -

50_ -

- -

- -

- -

166GW30Dsbor .xls 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-



• CH2MHILL ..... 
PROJECT: Charleston Naval Complex 

ELEVATION: 41.26 

PROJECT NUMBER 

158814 rBORING NUMBER 

166GW310 SHEET OF 2 

SOIL BORING LOG 

LOCATION: SWMU 166 NORTHING: 388313.5 

DRILLING CONTRACTOR: Columbia Technologies EASTING: 2300495.2 
DRILLING METHDD AND EQUIPMENT USED: Ucense # 1485 
WATER LEVELS· 8 27 START· 1l30l2002 END· 1l30l2002 LOGGER· Darryl Gates 

DEPTH BELOW SURFACE (Fl) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 

RECOVERY (IN) TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 
#!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILUNG FLUID LOSS. 

6"-6",6"·6" OR CONSISTENCY> SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 
(N) MINERALOGY. OVM (ppm): Breathing Zone Headspace 

SUnace "'ss U 

- -

- -

- -

- -

5 - -

- -

Q.<; - Brown fine slighHy silty sand loose damp 0 

- -

- -

10 - -
-

-

- -

- -

- -

15 - -

- -

- -

- -

- -

20 6.0-20 - Gray fine silty sand wI black mica, wet at 7.0, loose 0 

- -

- -

- -

- -
20-24 Oranae fine to medium sliohttv siltv sand, saturated 0 

25 - -

- -
Gray fine sliQhllv silty sand, saturated loose 0 

- -

- -

166GW31Dsbor.xls 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



• CH2MHILL 
"... ...... 

PROJECT: Charleston Naval Complex 

ELEVATION: 

DRILUNG METHOD AND EQUIPMENT USED: 

r SHEET UF 

SOIL BORING LOG 

LOCATION: SWMU 166 
DRILLING CONTRACTOR: Columbia Technologies 

WATER LEVELS· 8 27 START· 1130/2002 END· 1l30l2002 LOGGER· Darryl Gales 
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 
RECOVERY IN TEST SOil NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

'!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY. DRILLING FlUID LOSS, 

6"·6"·6"·6' OR CONSISTENCY. SOIL STRUCTURE, TESTS, AND INSTRUMENTATION. 

(NI MINERALOGY. QVM(ppm): Breathing Zone Headspace 

- -

- -

- -

- -
30 - 24-30 Gray fine slightly silty sand sabJrated loose 

End of Boring -

- -

- -

- -

-

35 - -
-

- -

- -

- -

- -

40 - -

- -

- -

- -

- -

45 - -

- -

- -

- -

- -

50 - -

- -

- -

- -

166GW31DsOOr.xls 

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



PROJECT NUMBER IBORING NUMBER 

• CH2MHILL 
158814 166GW32D SHEET 1 OF 2 ..... SOIL BORING LOG 

': ( , Naval Como lex l< I: SWMU 166 ODoonn n 

R ;-:- --.,-;a ~ .-:-
[ >AND USED: ~ l5 
~ ~!2002 ENO:2i1120 02 -Le I:~ 
iDEi'TH TF'il " ·SOIL 

I , ''''' PENETRATION 

, "N' TEST SOil NAME. uses GROUP SYMBOL. COlOR. DEPTH OF CASING, DRILLING RATE, 

I#/lYPE MOISTURE CONTENT, RELATIVE DENSITY, DRIUING FLUID lOSS, 

o ,.:: ~S~,ENCY. SOIL STRUCTURE. 
TO~O un 

OVM 'oomt 
SuifiiCe U 

-

-

-

5_ - -

-
~ > .,~ .. " . 0 

- -

- -

10 _ - -

-

-

-

- -

15 _ 
- -

-

-

- -

-

20_ 6.0·20 lG",v I "" '. weI a170. ~"'" 0 -

-

- - -

-

-
hanne n .IIn"" "Hv ,ann. ~I"rn''''' -

-
20·24 0 

25 _ - -

-
hay fine ,IInhllv ,IHv ~nd. ~I"","d. "",,, 0 

-

-

- -

166GW32Dsbor.x1s 



PROJECT NUMBER IBORING NUMBER 

• CH2MHILL ..... 
PROJECT: Charleston Naval Complex 

ELEVATION: 
DRIWNG METHOD AND EQUIPMENT USED: 

SHEET 2 OF 2 

SOIL BORING LOG 

LOCATION: SWMU 166 

DRILUNG CONTRACTOR: Columbia Technologies 

WATER LEVELS' 8 05 START' 21112002 END' 21112002 LOGGER' Darryl Gates 
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 

RECOVERY tiM TEST SOil NAME. uses GROUP SYMBOL, COLOR. DEPTH OF CASING, DRILLING RATE. 
#!TYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRILLING FLUID lOSS, 

6"·6"-6"-6" OR CONSISTENCY. SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 

IN) MINERAlOGY. OVMlppm): Breathing Zooe Headspace 

- -

- -

- -

- -

30 -
-

- -

- -

- -
34 24-34 Grav fine sliQhtIv silty sand, saturated loose 

- -
Gray fine slightly silty sand with day stringers, med 

35 34-35 dense. -
End of Boring 

- -

- -

- -

- -

40 - -

- -

- -

- -

- -

45 - -

- -

- -

- -

- -

50 - -

- -

- -

- -

166GW32Dsbor.x1s 

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-



Sheet 1 af20 

• CH2MHILL ..... 
PROJECT NUMBER 

158814.ZA.E)('07 
IBORING NUMBER 

I 166GW033D 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex· Zone K SWMU 166 LOCATION: Charleston, SC NORTHING: 3B8093.~ 

ELEVATION : 41.57 feet MSL 
DRILLING METHOD AND EQUIPMENT USED: 

WATER LEVELS • Not Measured START' 

DEPTH BELOW SURFACE (FT) STANDARD 

INTERVAL{P PENETRATION 

RECOVE~ TEST 

#/TYPE RESULTS 

6"-6'-6'-6' 
(N, 

1 u·".o 1 ~=~u=~ , 1 no penetration tes1 
1 1 results 

-I 1 
_I 1 
~ 

...J 
1 

5 -I 
1 

-I 
_io-~.o 

1 
-I 
1 -
1 

10 - 1 
1 

-I 
1 

-I 
1 

-I 
1 

-I 
15 1 --, 

1 
-I 
_I 

1 
-I 
1 

-I 
20 1 -I 

1 
-I 

1 
-I 
1 -
1 

-I 
1 

25 -I 
1 

-I 
1 

-I 
1 

-I 
1 -
1 

30 1 -
1 

_I 
1 

-I 
1 

-I 
1 

35 
i~o.o51 

DRILLING CONTRACTOR: Prosonic Corporation LicElrlse # 1435~ __ --,EAS"",,,n,,,N,,,G,,, -,2299506"""",!,­
Rotosonic (standard 4- and &-inch casings) 

511&'2002 END' 511&'2002 LOGGER' 0 Beverly 
SOIL DESCRIPTION COMMENTS 

SOIL NAME, uses GROUP SYMBOl, COLOR, DEPTH OF CASING, DRIWNG RATE, 

MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID LOSS, 

OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 

MINERAlOGY 
Silt (ML) trace Ine sand, lOOSe, OlY, dark gray (2.SY;311) 

-

-

-
Sand (SP) line grained, some sWl, rOOst 01 wet, very dark grayish brown 
(10YR;3I7) -

-

-
Sand (SW) fine grained, loose, wet, light gray (2.5Y;7t2) -

-

-

-

-

-

-

-

-

-
pale yellow (2.5Y;616) 

-

-

-

brownish yeKow (I OYR;616) -

-

-

-

-

-
pale yellOVt' (2.SYR;7/4) 

-

-

-

-

-

-

-

-

-

cla~cirESand 1(6~)lf~~ 10 coarsl~ grained, black limestone fragments, wet, 
dark reenish ray 11 GlEY;-4I1 

BOling Termmated at 35 Feet 



• CH2MHILL 
~ 

PROJECT NUMBER 

158814.ZA.EX.07 

Sheel2 of 20 

(BORING NUMBER 

I 166GW034D 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex - Zone K SWMU 166 LOCATION: Charleston, SC NORTHING: 38805U 
ELEVATION: 40.81 feet MSL DRILLING CONTRACTOR: Prosonlc Corporation LicerJse .1435",-~~-"EA""S"T"IN"G"'-,2"3002""",,1,,,6,,.8 
DRILLING METHOD AND EQUIPMENT USED: Hollow Stem Auger (7 1/4-indl) 
WATER LEVELS - Not Measured START - 511612002 END- 511612002 LOGGER - 0 Beverly 
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 

RECOVE~ TEST SOIL NAME, uses GROUP SYMBOL, COlOR, DEPTH OF CASING, DRIWNG RATE, 

#!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID LOSS, 

6'-6"-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 

N) MINERALOGY. 

I I 
-I I See Boring tog from 166GW035D 

-
I 

-I -
_I 
I 

-I -
I 

5_1 -
I 

-I 
I 

-I -
I 

-I -
I - -
I 

10 _I -
I 

-I -
I 

-I -
I 

-I I -
I 

-I -
15 I ..., -

I 
-I -
_I -
I 

-I -
I 

-I -

20 I -I -
I 

-I -
I 

-I -
I - -
I 

_I -

I 
25 -I -

I 
-I -

I 
Boring T erminaled at 27.5 ,~ 



Sheet 3of20 

PROJECT NUMBER IBORING NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW035D • .... SOIL BORING LOG 

" ,I C~D~" z~. K SWMU 166 .. ~.", .SC NORTHING: 388048,( 

~~ I . ,""'"_ 41435 EASTING: 23002142 
OTHODAND I START;~ END, ~ WATER LI 'ELS No1 Me.","", LOGGER D BeveOy , .. SOIL 

I'NTI PENETRATION 

o:;,~TT< SOiL NAME, uses GROUP SYMBOL. COLOR, DEPTH OF CASING, DRIWNG RATE, 

I#iiYPE MOISTURE CONTENT, RELATIVE DENSITY, DRJWNG FLUID LOSS, 

~ 
OR CONSISTENCY, SOIL STRUCTURE, I TesTS. 

~ I",pnal~ ~""''''~. (>ILL) 0,,"''''''' 

~ 
-F resuHs ~ , ."" 
_I 
1 

-I 
1 

5-.1 -
1 

-I 
gmy(5Y;611) 1 

"1 
1 

-I 
1 -
1 

10 - 1 -
1 

-I 

- -

115_ -

: 
_ 7.5 - 30,S ISa,d (SP) n" ,of'y, miCa, wo!. "",f" gmy" GLEY;5I') 
1 1 

-I 1 
20 1 

-I -
1 

-I 
1 

-I 
1 -
1 

_I 
1 

25 -I -
1 

-I 
lincrease clay with depth, medium sliH 1 

-I -
1 

-I 
1 - 1 

30_ -

I~ ~ ;;:.,,~' ''''' , while 

j'32'35 
!wet: '"",.h ,my" GLEY;",) ,"d·n,"I.""gmy~~;~me,., 

! 35i 
Bollrtg Terminated at 35 Feet 



PROJECT NUMBER 

158814.ZA.EX.07 rBORING NUMBER 

166GW036D 
• CH2MHILL .... SOIL BORING LOG 

/166 I I: sc 

~N: 40.48-'~~~ USED: Hollo»' 
WATEI lEVEL STARl END lOGGER: 0 Seve", 
DEPTH 0 ~~v SOL I 

I PENETRATION 

1 -. 
1 

-I 
_I 
1 

-I 
1 

5-1 
1 

-I 
1 

-I 
1 

-I 
_I 
1 

10 1 
-I 
-I 
1 

-I 
1 

-I 
1 

-I 
15 1 -I 

-

-

-

I TEST SOIL NAME, uses GROUP SYMBOL. COlOR, 

!"iYPE-I-....:R=ES,uU",'t;t;r=S_-I MOISTURE CONTENT, RELATIVE DENSITY, 

6" -6~_~' -6" OR CONSISTENCY. SOIL STRUCTURE, 

tN) ",N<"'''''''. 
See Boring log from 166GW037O 

i:lonng I errmnalea al;!' t-ee' 

DEPTH OF CASING, DRIWNG RATE, 
DRILLING FLUID LOSS, 

T«" .Nn 'N""" 

Sheet 4 01"20 

-

-

-

-

-

-



• CH2MHILL ..... 
PROJECT NUMBER 

158814.ZA.EX.07 

Sheet 5 of 20 

I'BORING NUMBER 

166GW037D 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex· Zone K SWMU 166 LOCATION: Charleston, SC NORTHING: 388058.1 

ELEVATION: 40.48 feet MSL DRILLING CONTRACTOR: Prosonic Corporation License # 14.,35"'--. __ -,EAS"",,,T,,IN,,G,,-,-'.2,,3002,,,,,,,,50,,,,2 
DRILLING METHOD AND EQUIPMENT USED: Rotosonic (standard 4- and 6-inch casings) 

WATER LEVELS· Not Measured START' 511512002 END· 511512002 LOGGER· 0 Beverty 
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAl(FT) PENETRATION 

RECOVE~ TEST SOiL NAME, uses GROUP SYMBOl., COLOR, DEPTH OF CASING, DAIWNG RATE, 

#!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID lOSS, 

6"-6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 

(N) MINERAlOGY. 

1 V·V.' ~~ ro~oSOOlC Silty sand (SM) fill, very dalk brown (5, ;:y I) 
drilling method 

i u .• • '0, no penetratton test Sand (SW) very fine grained, loose, dry, yePow (lOYR;7/8) 
results --I 

_I -
1 

-I -
1 

5_1 
~ 

1 
-I 

wet, color change with depth from yellow (5Y;718) to light gray (5Y;712) 
-

1 
-I -
1 

-I -
1 -
1 -

10 1 - -
1 

-I -
1 

-I -
1 

-I -
1 

-I -
15 1 

~ -I 
1 

-~ ------ 5and(SP) fine grained, trace clay, mica, wet, greenish gray (1 GLEy;57~ --rro.~5: 
_I -
1 

-I -
1 

-I -
20 1 

~ --t 
1 

-I -

1 
-I -
1 -
1 -

-I -

1 
25 ---I -

1 
-I 

increase clay and sQt with depth, medium stiff 
-

1 
-I -
1 

-I -

1 - 1 -
30 1 --I 

_i~l'S:-32',3 Clayey Sand (SC) fine 10 coarse grained, black limestone lragments, white -
1 1 shell fragments, still, wet, greenish gray (1 GLEY;5I1) 

-I ! -

132.3 -""i Clayey Sill (ML) some fine sand, stiff, low plasticity,sheD fragments, -
1 1 wet, greenish gray (1 GlEY;511) and lig,1 olive gray (5Y;6t1) 

-I 1 
black limestone fragments from 32.3 to 32.8 -

35 1 1 
Bonng T erminateu at ,,5 ,," 



Sheet 6of2Q 

PROJECT NUMBER IBORING NUMBER 

• CH2MHILL 
158814..lA.EX.07 166GW038D ... SOIL BORING LOG 

,Naval Comp~x • Zoo. K SWMU 166 I, O~ NOffiHING: 388009 

40.85~USED' ~ 
, , p""",,~ , #1435 EASTlNG: 2300293.5 

DRILLIN. ~ WATER I LEVElS : START 51" DBeve"" 
IDEPTH N~ I 

PENETRATION 

TEST SOIL NAME, uses GROUP SYMBOL,. COLOR, DEPTH OF CASING, DRIWNG RATE, 
fiiYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIl1.ING FLUID LOSS, 

6·";~·"· OR CONSISTENCY, SOIL STRUCTURE, I TESTS. 

~~ •• _"'~\<',"'MI i 9-'M d~ingro~ -
no penetration test 

,"",Us 

5_ -

-, , 1i~1 gray (2.SY;712) 

-I -
1 1 -. 1 
1 -
1 

10 _I -
1 

-I -
1 

-I 
1 

-I 
1 

-I 
15 1 --I 

-

,,0.' -<g , Q'.""". m'ca. we,. I 

! 20_ -

i204 . 2 ' '.'.""". ,,"'" "". m<,. W". ""'~." .'''Y(' """."1 
-

-

1
25 - -

2" -JU.\ >ana ('WI rio., "I". ""'>'" """~'I 

-

30 _ ! white shell fragments -

"".D-'<.' Wei g ... "':'(~ ~;"G~'51\) 1 
1 

_!32.7 - 35 :~~r,;;'~~\\ ~~'51') 
. '.IOW I -

35j 
,,~ " .. 



• CH2MHILL 
.~ 

PROJECT NUMBER 

158814.ZA.EX.07 

r, .1 Complex· Zone K SWMU 166 

~, 41.05fee'MSL 
DRILLING METliOD AND I <T USED, ~ 

I~:"~:,~, i;FAc; Not Measured START 5113.'2002 

Sheet 7 of 20 

IBORING NUMBER 

I 166GW039D 

SOIL BORING LOG 

NORTHING: 388061.£ 

# 1435""-____ "EAST""""'N"'G'''''2'''300254'''''''''''.4 

LOGGER D. 

jiNTL ... ~ PENETRATION 
-.... -(.~~!i(illii: IINlj TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH Of CASING, DRIWNG RATE, 

Fl'EI--= RES"UU"U",-S-I MOISTURE CONTENT, RElATIVE DENSITY, DRIWNG FLUID LOSS, 

~ __ ~~~ __ ~ __ ~r,~~~~(~Nl~·~~~~~,~~S~'~ST:~E.~::;.~~L;ST:R~~~UR=E~'~r.r ____________ 1==~==="==nl======::======~ U"4.~ I d=;~~ ~ 
- I no penetmtion test -

results 

-

-!~"<>~.f-!-t--r------ts~~;~~G,w~"~,~"~.,.~,,,~"~------i 

-: 
10 ~l 

1 
-I 
1 

-I 
1 

-I 
1 

-I 
15 1 

-I 

-

-

-

color change 10 greenish gray (lGLEY; 7/1) 

""" cl,y 

Bo'"" T,~;"""''' 37 F," 

I I " WO<, 

-

-

-

-

-

-

-

-

-

-



Sheet 8 of 20 

• CH2MHILL .... 
PROJECT NUMBER 

158814ZA.EX.07 rBORING NUMBER 

166GW040D 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex" Zone K SWMU 166 LOCATION: Charleston, SC NORTHING: 388009 

ELEVAnON: 40.65 feet MSL 
DRILLING METHOD AND EQUIPMENT USED: 
WATER LEVELS' Not Measured START' 

DEPTH BELOW SURFACE (FT) STANDARD 

INTERVAL (FT) PENETRATION 

RECOVE~ TEST 

./TYPE RESULTS 

6"-6"-6"-6" 

(N) 

1 'O~""-"""'~ 
- , drilli'lg method 

no penetration test 
- 1 results 

-I 

- _I 
1 

- -I 
1 

S - S_I 
1 

- -I 
1 - -I 
1 - -I 
1 - -
1 

10 _ 10 1 -
1 

- -I 
1 

- -I 
1 

DRILLING CONTRACTOR: Prosonic Corporation License • 14"35'--__ -'EA""'S"T"'N,,G!o:-'2"'300293""''''',,,S 
Hollow Stem Auger (7 1/4-inch) 

511412002 END' 5/1412002 LOGGER' D Bever1y 
SOIL DESCRIPTION COMMENTS 

SOIL NAME, uses GROUP SYMBOL. COLOR, DEPTH OF CASING, DRlWNG RATE, 

MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS, 

OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 

MINERALOGY. 

-
See Boring log lrom 166GW039D 

-
-

-

-
-

-

-

-

-

-

Bonn TenTllllated at 13 Feel g 



• CH2MHILL 
~ 

PROJECT NUMBER 

158814.ZA.EX.07 

PROJECT· Char1eslon Naval Complex Zone K SWMU 166 . 
ELEVATION, 41.03 feet MSl 

IBORING NUMBER 

I 166GW041D 

SOIL BORING LOG 

LOCATION· Charleston SC 
, p""",,~, ,Lice""" #1435 

~LlNG METHOD ANe USED, j4- and' 

TER 'LS Not Me"","" STARL 511412002 ::Bfu ~ o Beverly 

,DEPTH I , (FT) 

IINTERV AL (FT) PENETRATION 

Sheet 9 of20 

NORTHING· 388203 ~ 

EASTING: 2300363.7 

TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRlWNG RATE, 

iIiYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID LOSS, 

'.-6;~.'" OR CONSISTENCY, SOIL STRUCTURE, I TESTS, , 
u- u .• ~~:oc.~'.: 

;0 .• -0.0 no, . test , '",,0"', mOot, r , (5Y;614) 
resuits 

_I 1 -
1 1 

1 
1 

5_ -

M-" 

-

-

10 _ -

-I 
1 1 

-I 1 

-

15_ -

1 '0-<0 i CO'" 

1 
-I 
1 

-I 
20 1 -I -

1 
-I 
1 

-I 
1 -
1 

_I 

25 _ -

,<0- 00 .• I"no{,e, i , g,~ooo. , "'""~" 
-

30_ -
,30.5 - 32 

:::.:,'~ 
, 

,(1 GLEY,511) 
.. ' 

,0<.£ - 00 
greenish gray (1 GLEY;511) 

i ~~ slignuy I 

1 35_: 1 -1 
1 

Bonng Terminated at 36 Feet 



• CH2MHILL .... 
PROJECT NUMBER 

158814.ZA.EX.07 

PROJECT - Charleston Naval complex Zone K SWMU 166 

ELEVAllON' 40.83 feel MSL 
.LING METHOD AND I DRIL I ) , I ,Auge, 

WAl ERLEVI cS' r, 511412002 

, SURFACE (m 
INTERV At (m PENETRATION 

Sheel10 of 20 

rBORING NUMBER 

166GW042D 

SOIL BORING LOG 

LOCATION - Charleston sc NORTHING- 388051' .. 
, Prnson~1 , License #1435 EASTING: 2300216.8 

END, ~ LOGGER )Beverty 
SOtLOESC I 

I TEST SOIL NAME, uses GFKXJP SYMBOl, COLOR, DEPTH OF CASING, DRILUNG RATE, 

itITYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRJWNG FLUID LOSS, .... ;: ... OR CONSISTENCY, SOIL STRUCTURE, . =" ANn IN"R" 

-See Boring logs from 166GW041 D and 166GW043D 

_I 
1 

-I 
1 

5~1 -
1 

-I 
1 

-I -
1 

-I 
1 -
1 

10_1 
~ 

1 
-I 

1 
-I 

1 
-I 

1 
-I -

15 1 -, -
1 

-I 
_I 

1 
-I 

1 
-I 

20 1 
--l -

1 
-I 

1 
-I 
_I 

1 
-I 

1 
25 _I -

1 
-I 

1 
-I 

1 1 
-I 1 

1 1 
-I 1 

30 ~I 1 
~ 

1 1 
-

~""11 133.5 Fool 



• CH2MHILL ..... 
PROJECT NUMBER 

158814.ZA.EX.07 

PROJECT- Charieston Naval Complex Zone K SWMU 166 

IBORING NUMBER 

I 166GW043D 

SOIL BORING LOG 

LOCATION - Charleston SC 

, L<ense • 1435 ~N' 41 
; METHOD ~AND I USED' Ro105on~ (standa'" 4~ and 6-inch casings) 

I LEVEL,;: START, 

~ 
) Beverty 

DEPTH I , (FT) 

PENETRATION 

Sheel 11 of 20 

NORTHING- 388111' .. 
EASTING: 2300361.5 

I TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRIWNG RATE, 

l'fTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRilliNG FWID lOSS, 

6'-6~-6' OR CONSISTENCY, SOil STRUCTURE, I 

v ~ D.H 
~::':;"'m= -

. test I:: ~~6ne grained, some silt, loose, dry 10 moisl with depth, 
1 results daJk i brown (2.5Y;412) 
1 

5_ -

-

D.H. '" ' ........ , voc, "", '''''"'' ,tin,' :., 

1 
10 _ 1 -

1 
-I 1 -
1 

-

! 15_ -

."~= 10'"' (!N;"') "" m~"m V" 
:,Iignl 

-

-I 
1 

-I 
20 1 -I -

1 

25 _ -

"V' greenish gray (1 GLEY;611) 

-

30_ -

0< ~ ~~< ;..;;: . ~ '>0',(1 GLEY;6Il; , ...... ,"~ ,,~'oo, '"""",nm, 
-

!""<' '" ~:o'~''''h 0'" (I GLEY;6Il) 
lliragments, 

35.1 
Bo"ng"~na'~.',, "~, 



• CH2MHILL ..... 
PROJECT NUMBER 

158814.ZA.EX.07 

PROJECT: Charleston Naval Complex. Zone K SWMU 166 

IBORING NUMBER 

I 166GW044D 

SOIL BORING LOG 

LOCATION: Charleston, SC 

ELEVATION: 40.55 feet MSL DRILLING CONTRACTOR: Prosonic Corporation License # 1435 
DRILLING METHOD AND EQUIPMENT USED: Rotosonlc (standard ~ and fl..1nch casingS) 

WATER LEVELS· Not Measured START' 5/1512002 ENO' 511512002 LOGGER· 0 Beverly 
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAl (FT) PENETRATION 

Sheet 12 of 20 

NORTHING: 388162.l 

EASTtNG: 23004272 

RECOVE~ TEST SOIL NAME. uses GROUP SYMBOl, COLOR, DEPTH OF CASING. DRIWNG RATE. 

.fTYPE RESUlTS MOISTURE CONTENT. RELATIVE DENSITY. DRIWNG FLUID LOSS. 

6" -S" -6'-6" OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION. 

INl MINERAlOGY. 

';!~~oson~ " M ""'" • b,~ 41' 
i v .• = drillWlQ method lsand (SW) fine grained, dry. light yellowish brown (2.5YR;6f4) -no penetration test 
1 resuHs -
1 -

_I 
1 -

-I 
1 

5_1 -
1 

-I wet. color change with depIh from grayish brown (2.5Y;&'2) 
-

1 
-I 10 olive gray (2.5Y;6.I6) 10 light gray (SY;7/1) -
1 

-I 
1 -
1 -

1o_1 
1 -

-I -
1 

-I -
1 

-I -
1 

-I -
'5 1 .., -

1 --I greenish gray (1 GLEY;511) 
_I -
1 

-I -
1 

-I -
20 1 -I -

1 
-I -

1 
-I -

1 - -
1 

-l -

1 
25 -I -

1 
-p.=3l>r.-- -_._. 

Sand (SP) fine grained. someday. wei,greenish gray (1 GLEY;6fl) ----
-

-I 1 -
1 1 

-I 1 -
1 1 -
1 

-
1 

30 1 1 -
~I=:arl" Iayey Sand (SC) line grained, black bmestone fragments. wei. -

J ! greenish gray (1 GLEY;511) 

-
1' .. ··""1 Clayey Sill (ML) some fine sand, stiff, low plasticity.shell fragments, 

-I 1 ~greeniSh gray (1 GLEY;511) and lighl olive gray (5Y;&'2) -
1 1 

-I 1 -

35 1 1 
Bo, Terminated al35 Feet 



PROJECT NUMBER 

158814.ZA.EX.07 [

BORING NUMBER 

Sheet 13 of 20 

166GW045D 
• CH2MHILL ..... SOIL BORING LOG 

Dun rj;~T: Charleston Naval Complex - Zone K SWMU 166 , nc:AT,n~ : ' 
ELEVATION: 40.53 feel MSL 

~ THOO AND I , Auge' (7 "4-inch) 
'TER LEVELS: Nol Me suoed START: 

IDEPTH 

I'"" PENETRATION 
((IN) TEST SOIL NAME, uses GROUP SYMBOl, COLOR, 

iiiiYPE I---,R:=,:ESU",'LLT;:::,S_-i MOISTURE CONTENT, RELATIVE DENSITY. 

6'-6;~'-6' OR CONSISTENCY, SQllSTAUCTURE, 

,sc NORTHING: 388051.! 

_License # 1435"'-__ -"EASTI="'N"'G"-:-'23002=o.''''6''' .• 

OGGER: 0 Be"""" 

DEPTH OF CASING, DRIWNG RATE, 
DRlLUNG FLUID LOSS, 

I TESTS, 

1 
-I 

See Boring logs Irom 166GW025D and t66GW0290 

_I 
1 

-I 
1 

5_1 
1 

-I 
1 

-I 
1 

-I 
_I 
1 10_: 

-I 
1 

-I 
1 

-I 
1 

-I 
15 1 

-I 
1 

-I 
_I 
1 

-I 
1 

-I 
1 

'-

-

-

-

-

-

-

-

-

OUlillY 1 erlTHmllelJ iii J<::_~ r-eer 



Sheet 14 of 20 

PROJECT NUMBER lORING NUMBER 

• CH2MHILL 
158814ZA.EX.07 166GW046D 

...... SOIL BORING LOG 

" I C~nIA •. 70ne K SWMU 166 '~AT~", ,.SO NORTHING: 388155.! 

~ ~ I :o;;;;;;,nl. , , Ucense #1435 EASTING: 2300489.4 
,'ANC ITlJSE[). ~ 

R ELS Not Measu"", START: 511 102 END: 511512002 LOGGER: D Beve'" 

PENETRATION 

"'M R::'~~TS 
SOIL NAME, uses GROUP SYMBOl. COLOR, DEPTH OF CASING. DRIWNG RATE, 

[iijYPE MOISTURE CONTENT, RELATIVE DENSITY, DRIUING FLUID LOSS, 

6·~·:"· ~; ~'ST~NCY' SO'L STRUCTURE, I I 

-0'1::'-
dnlrlog method 

" d;y, 
, ' (5Y,3/1) 

no penetration test 
~.23. resuHs ?'.;Y ""., (2.;YR'614) ., doy 10 """'" 

'- -

-I 
~~ .:~.~ depth Irom light ye"owish brown (2.5Y;&3) 1 

-I "''''Y . 
1 

-I 
J , 

1 
10 1 - -

1 
-l 

1 
-I 

1 
-I 

1 
-I 

15 1 -..., 
1 

-I 
_I 

1 
-l 
1 ~ne 10 medium grained, yellow (10YR;718) 10 brownish yellow (10 YR;6f6) -I , 

20 1 -I -
1 

-I 
1 

! 
, -I 
, 

_123.5 c3IJ.7 1,',-aEv.";" ,.wnod, ".ne 
,(5V1514) 10 g~nl'" ,ffi, 

1 1 
25 -I 1 -

1 1 
-I 1 

1 1 
-I 1 

1 1 
-I 1 

. 

30 _ -
_!30.7.3\, I:!''% San?J:"'J.!"" 10 =e • j, GLEY"'" "'" ' while . 

-J3lT-35I I~'i";'';;h''''' (I'GlEY,;;;'-i ,"".ght ~'e ,m, (5~,~~"'" 
, 

~, 

""'no F~I 



• CH2MHILL 
~ 

PROJECT NUMBER 

158814.ZA.EX.07 

PROJECT' Charleston Naval Complex Zone K SWMU 166 

41.02_MSL 

IBORING NUMBER 

I 166GW047D 

SOIL BORING LOG 

LOCATION' Charleston SC 

1 Ucense • 1435 
I Rot"""'~ (standa'" 4- and .. _ ,"s".s) 

STARl . END: 
~ 

LOGGER: D Be""",, 

~w: 
PENETRATION 

Sheet 15 of 20 

NORTHING- 388186 l ." 
EASTING: 2300528.1 

I TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRIWNG RATE, 

I#lTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRilliNG FLUID LOSS, 

6'~'~'-6" OR CONSISTENCY, SOIL STRUCTURE. I TESTS. 

See Boring log from 166GW048D 

5_ -

J 
-J 
J 

-J 
J -
J 

10 _I -
1 

-I 
1 

-J -
1 

-I 
1 

-I 
15 1 --I 

1 - 1 
_I -
1 

-I 
1 

-I -
20 1 

--I 
1 

-I 
1 

-I -

1 -
1 

-I 
1 

25 --I -
1 

-I 
J 

ou,j,'Y ,,,,,,,,in"'.,.j at 28 Feet 



• CH2MHILL ..... 
PROJECT NUMBER 

158814.ZA.EX.07 

PROJECT: Char1eston Naval Complex - Zone K SWMU 166 

I'BORING NUMBER 

166GW048D 

SOIL BORING LOG 

LOCATION: Charleston, SC 
ELEVATION: 40.85 feet MSL 
DRILUNG METHOD AND EQUIPMENT USED : 

DRilliNG CONTRACTOR : Prosonic Corporation License # 1435 
Aotosonic (standard 4- and 6-inch casings) 

WATER LEVELS . Not Measured START' 511412002 END' 511412002 LOGGER' D Beverty 
DEPTH BELOW SURFACE (FT) STMOAAD SOIL DESCRIPTION COMMENTS 

INTERVAl 1FT) PENETRATION 

Sheel 16 of 20 

NORTHING: 388181.~ 
EASTING: 2300531.3 

RECOVE~ TEST SOIL NAME, uses GROUP SYMBOL. COLOR, DEPTH OF CASING, DRIWNG RATE, 

'!TYPE RESULTS MOISTURE CONTENT, RElATIVE DENSITY, DRIWNG FlUID LOSS, 

6'-6"-6'-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 
(N) MINERALOGY. 

f v- '-0 f d~~=: 
;:,ano (;:,P) line grBllleo, some 5/11, dry, VefY dafk brown (7.5YR;2.512) 

-f f no penetration test -
.~.~ resu .. Sand (SW) fine grained, slightly moist, yellow brown (10VR;514) -f 

- f -
f 

-f -
f 

5~f 
~ 

f 
-f .. , -

f 
-f -

f 
-f -

f - -
f 

10 ~: ~ 

_f 
f 

-f -
f 

-f -
f lace sill, mica, color change to Nght greenish gray (1 GLEY;7I1) -f -

15 f 
~ ~f 

f - -
f some medium grained with depth 

_f -
f 

_f -
f 

-f -
20 f 

~f -
f 

brownish yellow (IOYR,616) 

-f -
f 

-f -
_f -
~ Clayey Sand (SC) fine to medium grained, wei, olive (5Y;513) 

_f f -

25 -~ ~ -
?49 - OU! Sand (SP) line 10 medium grained, some clay, wei, olive (10YR:6f3) 

-f f 
increase clay with depth, color change to greenish gray (1 GLEY:511) 

-
f f 

-f f -
f f 

-f f -
f f 

-f f 
-

30 f f 
~ 

~~ ~ 
30.8- 32.0 Clayey Sand (SC) fine 10 coarse grained, black limestone fragments, 

-f ! wet, {1eenish gray (1 GLEY;5I1) -

f~o·=f Clayey Silt (ML) some fine sand, stiff, low plasticity,shell fragments, -

f f 
wet, greenish gray (1 GLEY;511) and pale olive (5V;613) 

-f f -

35 f f 
Bonng ermll)3ted al35 Feel 



• CH2MHILL ..... 
PROJECT NUMBER 

158814.ZA.EX.07 

Sheet 17 of 20 

IBORING NUMBER 

I 166GW049D 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex - Zone K SWMU 166 LOCATION: Charleston. SC NORTHING: 388051.! 

ELEVATION: 41.56 feet MSL DRIUING CONTRACTOR: ProsoniC Corporation License # 1435"'-___ EAS"""T"'N,,G"-'-'2,,3002""""' •• "".B 
DRILLING METHOD AND EQUIPMENT USED· Hollow Stem Auger (7 1/4-inch) 

WATER LEVELS: STAAl . END ~ LOGGER' ) Be""", 

"""'H , (FT) SOIL DESC >T'ON 

I'NTERVAl (FT) PENETRATION , TEST SOIL NAME, uses GROUP SYMBOL, COLOR, DEPTH OF CASING, DRIWNG RATE, 
I#!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID LOSS, .... ;~ .... OR CONSISTENCY, SOIL STRUCTURE, TC<" ANn, , 

-, See Boring logs from 166GW0140 and 166GW031O , 
-. _. 
• -. 
• 5_. -
• -. 
• -. -

• -. 
• -
• '0 - • -
• j 

• -. -, 
-. 
• -. .5 • -. -

• -. _. 
• -. 
• -. 

20 • -. -, 
-. 
• -. 
• -, -, , 

25 _I -, 
-. , -, , -, . , -, 

30 • - -

• _. 
• -. 
• -. 

"" ,'''''', ... 



• CH2MHILL ... PROJECT NUMBER 

158814.ZA.EX.07 

Sheet1S of 20 

IBORING NUMBER 

I 166GW050D 

SOIL BORING LOG 

PROJECT: Charleston Naval Complex· Zone K SWMU 166 LOCATION. Charleston, SC NORntING: 388051.~ 

ELEVATION: 41.18 feet MSL DRILLING CONTRACTOR: Prosonic Corporation license.jJ 1435~ __ ~EASTJ==N"G"-:-,2,,,3002=,,1,,6.,,8 
DRILLING METHOD AND EQUIPMENT USED: Hollow Stem Auger (7 1/4-inch) 
WATER LEVELS· Not Measured START' 5/1612002 END· 5/1612002 LOGGER' D Beverly 

DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAL(FT) PENETRATION 

RECOVE~ TEST SOIL NAME, uses GROUP SYMBOl, COLOR, DEPTH OF CASING, DAIWNG RATE. 

'!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID LOSS, 

6'-6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTAnON. 

eN) MINERAlOGY 

1 1 
-I 1 See Boring logs from 166GW0100 and 166GWAS2 

-
1 1 

-I -
_I 
1 

-I -
1 

5 -I -
1 

-I -
1 

-I -
1 

-I -
1 - -
1 

10 _I -
1 

-' -
1 

-I -
1 

-I -
1 

-I 
15 1 --. 

1 
-I -

-' -
1 

-I 
1 

-I -
20 1 

-I -
1 

-I -

1 
-I -

_I -
1 

-I -

1 
25 ---I -

1 
-I -
1 

-I -
1 

-I -
1 

-I -
30 1 --

1 
-I 
1 

-I -
1 

-I -
Boring Terminaleu al33.5 Feel 



Sheet 19 of 20 

PROJECT NUMBER IBORING NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW051D 

~ SOIL BORING LOG 

r, I ,KSWMU 166 ,~'~n'I' .•. ~ NORTHING: 388422.j 

" 42.11"~ I I " I License. 1435 EASTING: 2300703.9 

~METHODAND EC ,~ 
, oasings) 

1 LEVELS' I M-" " . ..0 END, 

~ ) Beve"" 
I 

'N" .(~ PENETRATION 

TEST SOIL NAME, uses GROUP SYMBOl, COLOR, DEPTH OF CASING, DRIWNG RATE, 

IIIfTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWNG FLUID LOSS, 

U~ 
OR CONSISTENCY, SOIL STRUCTURE, T«n. ,"n, I 

~.~ u,~.; "", "'Y, ",",. 0,1.5 

-leS1 
1.5· 6 re,,11s 

~:::' '.~_Iop to bottom, 
) to, brownish yellow (lOYR;6I6) to very pale brown 

_I ",-
I I 

I 
1 

5_ I -
I 

6·30.' • ",hI,,,,, (2.5VI2)· , , .. , 
(1' -

10 _ -

-I -
I 

-I 
I 

-I 
I 

-I 
15 I --, 

I -
I Itrace clay, mica 

_I 
I 

-I 
I 

-I 
20 I --I 

I 
-I 
I 

-I 
I -
I 

-I 
!yellOW" (5YR;717) I 

25 -I -
I 

-I 
I 

-I 
I 

-I -
I 

30 -=1 
j -

1>0.' '32,5 ,,,,,e'''' I , GLEY,511) "~e",,. , we" 
-

,"".5,"" ~~~~~een~h gray (1 GL£Y;5Il) and light olive' i , 
~,~mee., 

-

..l'5..! 1. 
oonng 'ermlnale!l al <l::> ,.eel 



PROJECT NUMBER 

158814.zA.EX.07 

Sheet 20 of 20 

rBORING NUMBER 

166GW052D 
• CH2MHILL ..... SOIL BORING LOG 

PROJECT: Charleston Naval Complex· Zone K SWMU 166 LOCATION: Charleston, SC NORTHING: 388438.; 
EASTING: 2300738.5 ELEVATION: 41.99 feet MSL DRILLING CONTRACTOR: Prosonic Corporation License # 1435 

DRILLING METHOD AND EQUIPMENT USED: Rotosonic (standard 4- and 6-inch casings) 
WATER LEVELS· Not Measured START· 5116/2002 END· 5/1612002 LOGGER· 0 Beverly 

DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS 

INTERVAl(FT) PENETRATION 

RECOVE~ TEST SOIL NAME, uses GROUP SYMBOl, COLOR, DEPTH OF CASING, DRIWNG RATE, 

'!TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS, 

6'-6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION. 

(N) MINERALOGY. Corrected AD (ppm): 

1 ~~~~~oson~ ,~ .. 
drilling method , 

no penetration test See Boring log from 166GW051O 
-

1 results -I -
- 1 -
1 

-I -
1 

5-1 -
1 

-I -
1 

-I -
1 

-I 
_I -
1 

10 - 1 -
1 

-I -
1 

-I -
1 

-I -
1 

-I -

15 1 --I 
1 

-I -
_I -

1 
-I -
1 

-I -
20 1 

-I -
1 

-I -
1 

-I -

1 - -
1 

-I -
1 

25 _I -
1 

-I -

1 
-I -

1 
-I -
1 --I 

30 _I -
1 

-! i 
-

Bonng TellTllnated at 32.5 Feet 



• CH2MHILL ...... 
PROJECT: Charleston Naval Complex 

3b 

I, 'I 
8.25' 

166GW270 _ weD.xls 

PROJECT NUMBER 

158814 rWELL NUMBER 

166GW27D SHEET OF 1 

WELL COMPLETION DIAGRAM 

LOCATION: SWMU '66 NORTHING 388255.9 
I 2300406.0 

1 1- Ground elevation at well not measured 

2- Top of casing elevation _-"-4!c1.c!',,9 __________ _ 

3- Wellhead protection cover type Bolt-down manhole 

4- Dia.ltype of well casing _....::2-.::;n"c"h"P-'V"C::.... ________ _ 

5- Type/slot size of screen _--'--PV-'-=C"I.O:.'"O:.;-::SI:::O''-_______ _ 

6- Type screen filter _-=:20:;:/.:::30::,::S:::lica:::._· ________ _ 
a) Quantity used _-"-4-"b"a"gs'--_________ _ 

7- Type of seal _-"Ba"'"ro";"d-"b"'e"n''''o,,n,,ite'-______ _ 
a) Quantity used _--"""'2"b"u"'c"ke,,' _________ _ 

5 8- Grout 
a) Grout mix used Type II Portland wI 5% bentonite 
b) Method of placement Trimme 

Development method Swab and submersible pump 
6 

xxxxxx.xx.xx 



PROJECT NUMBER 

158814 rWELL NUMBER 

166GW28D SHEET OF 1 

• CH2MHILL 
~ WELL COMPLETION DIAGRAM 

PROJECT: Charleston Naval Complex LOCATION: SWMU 166 NORTHING 388262.6 

EASTING: 2300406,7 DRILLING CONTRACTOR: Columbia Technologies 
DRILLING METHOD AND EQUIPMENT USED: Hollow-Stem Auger 

WATER LEVELS: 7.52 START: 214/02 END: 215/02 LOGGER: Darryl Gates 

3 

3b 2 '~ 1- Ground elevation at well not measured 

2- Top of casing elevation _--"4,,'.=2,,2 __________ _ 

3- Wellhead protection cover type Bolt-down manhole 

4- Dia./type of well casing 2-inch PVC 

5- Type/slot size of screen PVCI.OlO-slot 

6- Type screen filter 20/30 Slica 
a) Quantity used 3OOg5 

7- Type of seal Barroid bentonite 

a) Quantity used 1/2 bucket 

5 8- Grout 
a) Grout mix used Type II Portland w/5% bentonite 

b) Method of placement Trimme 

Development method Swab and submersible pump 

6 

I, 'I 
825" I 

166GW28D _ weD.xls xxxxxx.xx.xx 



• CH2MHILL ..... 
PROJECT NUMBER 

158814 rWELL NUMBER 

166GW29D SHEET 

WELL COMPLETION DIAGRAM 

PROJECT: Charleston Naval Complex LOCATION: SWMU 166 

DRILLING CONTRACTOR: Columbia Technologies 
DRILLING METHOD AND EQUIPMENT USED: Hollow-Stem Auger 
WATER LEVELS: 7.37 START: 2/1/02 END: 2/1/02 

3 

3b 2 1", 1- Ground elevation at well 

NORTHING 388259.2 

EA$TING: 2300438.9 

LOGGER: Darryl Gates 

not measured 

OF , 

2- Top of casing elevation _-'4::.'".0,,3'-__________ _ 

3- Wellhead protection cover type Bolt-down manhole 

4- Dia./type of well casing 2-inch PVC 

5- Type/slot size of screen PVC1.010-s1ot 

6- Type screen filter 20/30 SHea 

a) Quantity used 3 bags 

7- Type of seal Barrold bentonite 

a) Quantity used 1/2 bucket 

5 8- Grout 

a) Grout mix used Type II Portland wI 5% bentonite 

b) Method of placement Trimme 

Development method Swab and submersible pump 

6 

'-8-.2-5-' , 

166GW29D_WCD.xJs xxxxxx.xx.xx 



PROJECT NUMBER 

• CH2MHILL ...... 
158814 rWELL NUMBER 

166GW30D SHEET 

WELL COMPLETION DIAGRAM 

PROJECT: Char1eston Naval COl'l1llex LOCATION: SWMU 166 

DRILLING CONTRACTOR: Columbia Technologies 
DRILLING METHOD AND EQUIPMENT USED: Holiow·Stem Auger 

WATER LEVELS: 7.49 START: 214102 END: 214102 

3 

3b 2 1", 1- Ground elevation at well 

2- Top of casing elevation 

NORTHING 368264.4 

EASTlNG: 2300434.7 

LOGGER: Darryl Gates 

not measured 

40.89 

OF 1 

3- Wellhead protection cover type,---,8ol1~!:-_~!!n.!..!!ma~nh~o:!!le"--_____ _ 

5 

6 

825" I 

166GW30D _ WCD.xls 

4- Dia.1type of well casing 

5- Type/slot size of screen 

6- Type screen filter 

a) Quantity used 

7- Type of seal 

a) Quantity used 

8- Groul 
a) Grout mix used 

b) Method of placement 

Development method 

2-inch PVC 

PVC/'010-slot 

20/30 SHca 
3 bags 

Sarroid bentonite 

1/2 bucket 

Type II Portland wI 5% bentonite 

Trimme 

Swab and submersible pump 

xxxxxx.xx.xx 



PROJECT NUMBER 

158814 

"

WELL NUMBER 

166GW31D SHEET 

• CH2MHILL .... WELL COMPLETION DIAGRAM 

PROJECT: Charleston Naval Complex LOCATION: SWMU 166 

DRILLING CONTRACTOR: Columbia Technologies 
DRILLING METHOD AND EQUIPMENT USED: Hollow-$tem Auger 
WATER LEVELS: 8.27 START: 1130/02 END: 1130/02 

3b 1 1· Ground elevation at well 

NORTHING 388313.5 

EASTING: 2300495.2 

LOGGER: Darryl Gates 

not measured 

OF 1 

2· Top of casing elevation _..:4~1~.2",6,-_________ _ 

3-- Wellhead protection cover type Bolt·down manhole 

4· Dia./type of well casing 2·inch PVC 

5· Type/slot size of screen PVC/.010-slot 

6· Type screen filter 20/30 Slica 

a) Quantity used 3 bags 

7- Type of seal Barroid bentonite 

a} Quantity used 112 bucket 

5 8- Grout 

a) Grout mix used Type 11 Portland wI 5% bentonite 

b) Method of placement Trimme 

Development method Swab and submersible pump 

6 

166GW31D_WCD.XIS xxxxxx.xx.xx 



PROJECT NUMBER 

158814 rWELL NUMBER 

166GW32D SHEET OF 1 

• CH2MHILL 
~ WELL COMPLETION DIAGRAM 

PROJECT: Chaneston Naval Complex LOCATION: SWMU 166 NORTHING 388309.2 

EASTING: 2300498.7 DRILLING CONTRACTOR: Columbia Technologies 
DRILUNG METHOD AND EQUIPMENT USED: Hollow-Stem Auger 
WATER LEVELS: 8.05 START: 2/1102 

3 

3b 2 

5 

6 

I· 'I 
8.25" I 

166GW32D_WCD.xls 

END: 211102 LOGGER: Darryl Gates 

1- Ground elevation at well nol measured 

2- Top of caSing elevation 41.24 

3- Wellhead protection cover type,--,Bo=~:..-do=w"n-,-"m=a"nh"o"le=---_____ _ 

4- DiaJtype of well casing 

5- Type/slot size of screen 

6- Type screen filter 

a) Quantity used 

7- Type of seal 

a) Quantity used 

8- Grout 

a) Grout mix used 
b) Method of placement 

Development method 

2-inch PVC 

PVC,-01O-sI01 

20130 Slica 

3 bags 

Barroid bentonite 
1/2 bucket 

Type II Portland w/ 5% bentonite 

Trimme 

Swab and submersible pump 

J()()()(XXJ(X.xx 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW033D SHEET 1 OF 1 .... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charleston Naval Complex LOCATION: Charleston, South Carolina 

DRILLING CONTRACTOR: Prosonic Corporation License # 1435 

DRILLING METHOD AND EQUIPMENT USED: Rotosonic 4· and 6·inch 
NORTHING: 388093.3 
EASTING: 2299508 

3 

2 3a 

1- G round elevation at well 

2- Top of casing elevation 

3- Protective cover tty~~p::e:nsions~~~Ei~~~~~2====~ a) concrete pad d 

4- DiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen O.01D-inch dia. machine slotted PVC 

6- Type filter pack 20/40 Sieve Size Silica Sand 

7- Type of seal 3/8-inch bentonite 

8- Borehole diameter 6-inch 

9- Grout Portland Cement/Bentonite 

Note: Diagram not to scale. 

I • • I 
I 6-inch 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.E)('07 166GW034D SHEEr 1 OF 1 ..... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166. Zone K. Charleston Naval Complex 

3 

1 2 

7 

S 

..... _-6 

I ' • I 
I 7.25·;noh I 

3a 

8 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 
a) concrete pad 

4- DiaJtype of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

8- Borehole diameter 

9- Grout 

LOCATION: Charleston. South Carolina 

.5 

dia. machine 

Note: Diagram not to scale. 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
1S8814.ZA.EX.07 166GW035D SHEET 1 OF 1 

~ WELL COMPLETION DIAGRAM 

LOCATION: Charleston, South Carolina 

NORTHING: 38804B.6 

3 

1 2 3. 

1 M Ground elevation at well 

2- Top of casing elevation 40.81 

3- Protective cover type 8-ich dia. flush mount manhole vault 

a) concrete pad 

4- Oia.ltype of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

8- Borehole diameter 

9- Grout 

8 

Note: Diagram not to scale. 

I' • 1 
~ 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW036D SHEET 1 OF 1 ..... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166. Zone K. Charleston Naval Complex LOCATION: Charfeston, South Carolina 

DRILLING CONTRACTOR: Prosonlc Corporation Ucense # 1435 
DRILLING METHOD AND EQUIPMENT USED: HSA and Rolosonic 4~ and 6-inch 

3 

1 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cov,::e~r.~ty~p::ensi<'ns;iJG:~~~~~~~====j a) concrete p; 

4- DiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen O.01O-inch dis. machine slotted PVC 
7 

6· Type filter pack 20/40 Sieve Size Silica Sand 

7- Type of seal 318-inch bentonite 

8- Borehole diameter a) 725-inch 

8a b)~~ ______________ -1 

9- Grout 

8b 

Note: Diagram not to scale. 

, . . , 
I 6-;nch I ,. ~ , 
7.25--inch 



PROJECT NUMBER WELL NUMBER 

• 158814.ZA.EX.07 166GW037D SHEET 1 OF 1 

CH2MHILL • WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K. Charleston Naval Complex LOCATION: Charleston, South Carolina 

DRILLING CONTRACTOR: Ucense # 1435 

3 

2 3. 

1 ~ Ground elevation at well 

2- Top of casing elevation 41.05 

3- Protective co:v~e;jr ,dty;,~p,e;ns;'Jns.~8j.ich~d~i~a.~fl~u~sh~mo~un~t~ma~n~hO:I~e~v:au:It~:::1 
a) concrete "'. 

4- DiaJtype of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

8- Borehole diameter 

9- Grout 

Note: Diagram noll0 scale. 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
1S8814.ZA.EX.07 166GW038D SHEET 1 OF 1 ..... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charieston Naval Complex 

3 

2 3. 

7 

8 

5 

6 

,- • I 
I·-inch I 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 
a) concrete pad 

4- Dia./type of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

8- Borehole diameter 

9- Grout 

LOCATION: Charieston, South Carolina 

I 

inside diameter schedule 40 PVC 

O.OlO-inch dia. machine slotted PVC 

20140 Sieve Size Silica Sand 

3/S-inch bentonite 

6-inch 

Bentonite 

Note: Diagram not to scale. 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW039D SHEET 1 OF 1 .... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charleston Naval Complex LOCATION: Charleston, South Carolina 

DRILLING CONTRACTOR: Prosonic Corporation Ucense # 1435 
DRILLING METHOD AND EQUIPMENT USED: Rotosonic 4· and &inch 

NORTHING: 388061.6 
EASTING: 2300254.4 

3 

2 3. 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover ~ty~p::enSi,on,,~~~~~~~~~====I a) concrete pad di 

4- DiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen O.OlD-inch dis. machine slotted PVC 

6- Type filter pack Sieve Size Silica Sand 

7- Type of seal 

8- Borehole diameter 

9- Grout 

Note: Diagram not to scale. 

I' 'I I B·inch I 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
1S8814.ZA.EX.07 166GW040D SHEET 1 OF 1 ..... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166. Zone K, Charleston Naval Complex LOCATION: Cha~eston. South Carolina 

3 

2 3_ 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a) concrete pad 

4- DiaJtype of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

7 8- Borehole diameter 

9- Grout 

8 

Note: Diagram not to scale. 

S 

6 

I ' , I 
7.25-inch I 



PROJECT NUMBER 

1S8814ZA.EX.07 I'WELL NUMBER 

166GW041D SHEET 10F 1 

• CH2MHILL .,... 
WELL COMPLETION DIAGRAM 

SWMU 166, Zone K. Charleston Naval Complex LOCATION: Charleston. South Carolina 

3 

2 3. 

1· Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 
a) concrete pad 

4- DiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen slotted PVC 

6- Type frlter pack 

7· Type of seal 

7 8- Borehole diameter 

9- Grout 

8 

Note: Diagram not to scale. 

5 

6 

I' • I 
ry:tiiChJ 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZK.EX.07 166GW042D SHEET 1 OF 1 

~ WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charleston Naval Complex LOCATION: Charleston, South Carolina 

DRILLING CONTRACTOR: Prosonic Corporation Ucense # 1435 NORTHING: 388154.7 
DRILLING METHOD AND EQUIPMENT USED: Hollow stem augers (7 1/4·inch outside diameter) EASTING: 2300362.2 

WATER LEVELS: START: 5114/2002 END: 5/1412002 LOGGER: David Beverly 

3 

1 2 3. 

7 

1----- 8 

5 

'. _.1.--- 6 

I- 'I 
I 7.25-;oc" I 

1- Ground elevation at well 

2- Top of casing elevation .:!4!!0.~80!3 __________ -J 

3- Protective cover type 8-ich dis. flush mount manhole vault 

a) concrete pad dimensions 2 ft x 2 ft x 6-inches dee 

4- Dia./type of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen 0.01 G-inch dis. machine slotted PVC 

6- Type filter pack 20/40 Sieve Size Silica Sand 

7- Type of seal 318-inch bentonite chips 

8- Borehole diameter 

9- Grout Bentonite grout 

Note: Diagram not to scale. 



PRDJECT NUMBER WELL NUMBER 

• CH2MHILL 
1S8814.ZK.EX.07 166GW043D SHEET 1 OF 1 

...... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charleston Naval Complex LOCATION: Charleston, South Carolina 

DRILLING CONTRACTOR: Prosonic Corporation Ucense # 1435 NORTHING: 388111.3 
DRILLING METHOD AND EQUIPMENT USED: Rolosonic (standard 4· and 6-inch casings) EASTING: 2300361.5 
WATER LEVELS: START: 5114/2002 END: 5/14/2002 LOGGER: David Beverly 

3 

1- Ground elevation at well 

2- Top of casing elevation ~4,-,1".1,,2'-__________ ---i 

3- Protective cover type a-ich dis. flush mount manhole vault 

a) concrete pad dimensions 2 ft x 2 ft x 6-inches deep 

4- OiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen O.01D-inch dis. machine slOHed PVC 

6- Type filter pack 20/40 Sieve Size Silica Sand 

7- Type of seal 318-inch bentonite pellets 

8- Borehole diameter 6-inch 

9- Grout Bentonite grout 

Note: Diagram not to scale. 

,. • I 
ry:;iiChJ 



PROJECT NUMBER WELL NUMBER 

• 1S8814.ZA.EX.07 166GW044D SHEET 1 OF 1 

CH2MHILL • WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charleston Naval Complex LOCATION: Charleston, South Carolina 

3 

1 2 3. 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 
a) concrete pad I 

4- Dia.ltype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen 0.010-inch dia. machine slotted PVC 

6- Type filter pack 20140 Sieve Size Silica Sand 

7- Type of seal 3/8-inch bentonite 

7 6- Borehole diameter 

9- Grout Bentonite 

8 

Note: Diagram not to scale. 

5 

6 

I 6-inch 

, I 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW045D SHEET 1 OF 1 ..... WELL COMPLETION DIAGRAM 

SWMU 166, Zone K. Charleston Naval Complex 

3 

Ucense # 1435 

2 

7 

5 

-l--- 6 

I • • I 
I 7.25-;"ch I 

3. 

8 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a) concrete pad 

4- Dia./type of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

8- Borehole diameter 

9- Grout 

LOCATION: Charleston, South Carolina 

I 

40.53 

8-ich dia. flush mount manhole 

Note: Diagram not to scale. 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW046D SHEET 1 OF 1 .,... 

WELL COMPLETION DIAGRAM 

SWMU 166. Zone K. Charleston Naval Complex 

1435 

3 

2 3a 

I' , I 
~ 

1- Ground elevation at well 

2- Top of casing elevation 

LOCATION: ChaMeslon, Solllh Carolina 
I 

40.6 

3- Protective cover~ty::~p;e~.nSi.ons,j8b-i~cIl~di~a~. fljU~S~h~mo~u~nt~ma~n~h:o:Ie~V~a:UI~t =~ 
a) concrete pad UI 

4- DiaJtype of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

s- Borehole diameter 

9- Grout 

Note: Diagram not to scale. 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW047D SHEET 1 OF 1 

~ WELL COMPLETION DIAGRAM 

LOCATION: Charleston. South Carolina 

NORTHING: 388186.5 

3 

1 2 3. 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a) concrete pad 

4- DiaJtype of well casing inside diameter schedule 40 

5- Type/slot size of screen dia. machine slo"ed PVC 

6- Type filter pack 20/40 Sieve Size Silica Sand 

7- Type of seal 3/8-inch bentonite 

7 8- Borehole diameter 6-inch 

9- Grout 

8 

Note: Diagram not to scale. 

5 

:J.-- 6 

I • , I 
I 6-inch I 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW048D SHEET 1 OF 1 .,... 

WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charleston Naval Complex 

DRILLING CONTRACTOR: 

3 

2 3. 

7 

8 

5 

6 

I ' • I 
I 6-inch I 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a) concrete pad 

4- Dia.!type of well casing 

5- Type/slot size of screen 

6· Type fi~er pack 

7- Type of seal 

6- Borehole diameter 

9- Grout 

LOCATION: Charleston, Soulh Cerolina 

NORTHING: 388181.7 
EASTING: 2300531.3 

O.010-inch dia. machine slotted PVC 

20/40 Sieve Size Silica Sand 

3/S-inch bentonite 

6-inch 

Bentonite 

Note: Diagram not to scale. 



• CH2MHILL .,... 

3 

I' 'I I 7.25-inch I 

PROJECT NUMBER WELL NUMBER 

158814.ZA.EX.07 166GW049D SHEET 10F 1 

WELL COMPLETION DIAGRAM 

LOCATION: Charleston. South Carolina 

NORTHING: 388292.1 

2 3. 

1- Ground elevation at well 

2- Top of casing elevation ..:4.:.1.:::5,,6 __________ --1 

3- Protective cover~typ:,,;;e;nsi'Dn',~8b·i~ch~d~i~a.~~~mo~un~t~ma~n~h:OI:.~V:aU:H~:1 
a) concrete pad ui 

4- DiaJtype of well casing 

5- Type/slot size of screen 

6- Type filter pack 

7- Type of seal 

8- Borehole diameter 

9- Grout 

Note: Diagram not to scale. 



PROJECT NUMBER WEll NUMBER 

• 1S8814.ZA.EX.07 166GW050D SHEET 1 OF 1 

CH2MHILL • WELL COMPLETION DIAGRAM 

SWMU 166, Zone K, Charleston Naval Complex LOCATION: Charleston, South Carolina 

3 

2 3. 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a} concrete 

4- DiaJtype of well casing 2-inch Inside diameter schedule 40 PVC 

5- Type/slot size of screen O.01D-inch dm. machine slotted PVC 

6- Type filter pack 20/40 Sieve Size Silica Sand 

7- Type of seal 3/8-inch bentonite 

7 8- Borehole diameter 7.25-inch 

9- Grout 

8 

Note: Diagram not to scale. 

5 

-l--- 6 

I • • I 
7.25-inch I 



PROJECT NUMBER WELL NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW051D SHEET 1 OF 1 

...... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166, Zone K, Charteston Naval Complex LOCATION: Charleston, South Carolina 

DRILLING CONTRACTOR: 

3 

1 2 3. 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a) concrete pad 

4- DiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/slot size of screen dia. machine slotted PVC 

6- Type filter pack 20/40 Size Silica Sand 

7- Type of seal 

7 8- Borehole diameter 

9- Grout 

8 

Note: Diagram not to scale. 

5 

6 

I • • I 
I 6-inch I 



PROJECT NUMBER WEll NUMBER 

• CH2MHILL 
158814.ZA.EX.07 166GW052D SHEET 1 OF 1 ..... WELL COMPLETION DIAGRAM 

PROJECT: SWMU 166. Zone K. Charleston Naval Complex LOCATION: Charleston, South Carolina 

3 

1 2 3. 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 

a) concrete pad 

4- OiaJtype of well casing 2-inch inside diameter schedule 40 PVC 

5- Type/sJot size of screen O.01Q-inch dis. machine slotted PVC 

6- Type filter pack 20140 Silica Sand 

7- Type of seal 

7 8- Borehole diameter 6-inch 

9- Grout Bentonite 

8 

Note: Diagram not to scale. 

I • • I 
I 6-lnch I 
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Phase II 1M Data Validation Reports 



MEMORANDUM 

Data Validation Summary - Charleston Naval 
Complex - Zone K, SWMU 166 
TO: 

FROM: 

DATE: 

Sam Naik/CH2M HILL/ ATL 

Dan Lucas/CI-I2M HILL/GNV 

Herb Kelly /CH2M HILL/GNV 

January 14, 2004 

CH2MHILL 

The purpose of this memorandum is to present the results of the data validation process for 
the samples collected in Zone K, SWMU 166. The samples were collected between the dates 
of October 11 and 29, 2004. 

The specific samples and analytical fractions reviewed are summarized below in ';lit •. 
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 Organic Data Review (EPA 1999). Quality assurance/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: Volatile Organic Compounds (VOC) by method SW-
8468260B. 

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/three-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. 

~itil~h.tt Jists the changes in data qualifiers based upon the validation process, excluding 
those that were "rejected" due to dilutions or re-runs only, where there is a valid result for that 
parameter. 



DATA QUAUTY 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 Definition 
2C Second Column (Confirmation) 

2SH Second Source Accuracy High 
2SL Second Source Accuracy Low 
BD Blank Spike/Blank Spike Duplicate (LCS/LCSD) Precision 
BL Blank 

BSH Blank Spike/LCS Recovery High 
BSL Blank Spike/LCS Recovery Low 

CCH Continuing Calibration Verification Accuracy High 
CCL Continuing Calibration Verification Accuracy Low 
DL Dilution 
FD Field Duplicate 
HT Holding Time 
IB In Between (Metals - B's 0 J's ) 

ICH Initial Calibration High 
ICL Initial Calibration Low 
ISH Internal Standard Area Response High 
ISL Internal Standard Area Response Low 
LD Lab Duplicate 
LR Linear Range (Exceeded calibration range) 
MD Matrix Spike/Matrix Spike Duplicate Precision 

MSH Matrix Spike and/ or Matrix Spike Duplicate Recovery High 
MSL Matrix Spike and/ or Matrix Spike Duplicate Recovery Low 
aT Other 
PO Pesticide Degradation 
PSH Post Spike Recovery High 
PSL Post Spike Recovery Low 
RE Re-extraction 

SSH Spiked Surrogate Recovery High 
SSL Spiked Surrogate Recovery Low 
1N 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 SpikelMatrix 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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DATA QUALITY EVALUATION SUMMARY 

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

Recoveries - Surrogate, MS/MSD and LCS 
All Surrogate, Matrix Spike (MS), Matrix Spike Duplicate (MSD), and Laboratory Control 
Sample (LCS) recoveries were within acceptable quality control limits, except as noted in 
'l[1l!l~ below. 

TABLE 2 
Surrogate and MSIMSD Recoveries Out of ac Limits: VOC 
Charleston Naval Complex, Zone K, SWMU 166, Charleston, SC 

124548 166GW22DP3 2-Chloroethyl vinyl ether 0%* 10%* 
MS/MSD 

123470 166GW07DP2 Toluene-d8 85% Low 

123470 166GW31DP2 Toluene-d8 86% Low 

123470 166GW42DP2 Toluene-d8 85% Low 

123470 166GW48DP2 Toluene-d8 86% Low 

123470 166GW49DP2 Toluene-d8 85% Low 

I 123470 166GWTM4P2 Toluene-d8 85% Low 

123470 166GW52DP2 Toluene-d8 87% Low 

• - out of control limits 

------~----

9 

70-130 166GW22DP3 Detects -J; 

I non-detects -
R 

88-110 166GW07DP2 Detects -J; 
non-detects -
UJ 

88-110 166GW31DP2 Detects - J; 

I 
non-detects -
UJ 

88-110 i 166GW42DP2 Detects - J; 

! non-detects -
UJ 

88-110 i 166GW48DP2 Detects - J; 
I non-detects-
, UJ 

88-110 ' 166GW49DP2 Detects - J; 
! non-detects-

UJ 
, 

88-110 I 166GWTM4P2 Detects - J; 

! 

non-detects -
UJ 

88-110 166GW52DP2 Detects - J; 
non-detects -
UJ 



DATA QUAUTY EVALUATION SUMMARY 

Holding Times 
In SDG 124548, sample 166HW016P3DL was analyzed 1 day beyond the 14 day sample 

analysis holding time. The reported results were flagged "I" and non-detected results "UJ" 

for exceeding holding time, as estimated. 

Rejected Data 
As discussed in the sections above, there was only a single result rejected for 2-CEVE, in 

sample 166GW22DP3, such that there is not a valid result. 

Conclusion 
A review of the analytical data submitted regarding the investigation of Zone K, SWMU 166 

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 were specific results that were rejected, in which the data cannot 

be used. With the exception of these results, 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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Phase II 1M Analytical Data 
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APPENDIXE 

Responses to SCDHEC Comments 



RESPONSES TO SCDHEC COMMENTS 
IMCR/CMSWP /PSWP, SWMU 166, ZONE K, REVISION a 

CHARLESTON NA VAL COMPLEX 
DATED APRIL 19, 2005 

This document presents CH2M-Jones' responses to the South Carolina Department of 
Health and Environmental Control's (SCDHEC's) comments on the Interim Measure 
Completion Report/Corrective Measures Study Work PlanjPilot Study Work Plan, SVVMU 166, 
Zone K, Revision a (CH2M-Jones, 2005). 

Responses to Engineering Comments Prepared by Jerry Stamps 

1. Table 3-2: 
The Department recommends presenting the information contained within this table in 
graphical format. This will facilitate review of the overall performance of the zero-valent 
iron injections. Furthermore, please present the performance data for the proposed pilot 
study in graphical format in the pilot study report. 

CH2M-Jones Response: 
Figures 3-1 to 3-8 present the information contained in Tables 3-2 to 3-9 in chart 
format. These figures will be included in the Revision 1 document. 

2. Section 4.1: 
This section states, " ... the general VOC plume morphology and extent are reasonably 
well defined." The Department agrees with this statement for the purpose of this pilot 
study. However, the RFI Report for SWMU 166 has not yet been approved; therefore, 
additional investigation may be necessary contingent upon review of the RFI Report. 

CH2M-Jones Response: 
Comment noted. However, we believe that SCDHEC's focus for reviewing the RFI 
Report should be evaluating the responses we provided to SCDHEC's most recent set 
of comments on the RFI report, and whether these comments have been adequately 
addressed rather than providing new and additional comments on the RFI report. 

3. Section 5.2.1: 
As stated in the text, the significant increase in contaminant concentrations in 
monitoring well K166GW040 (screened from 8 to 13 feet bgs) may be attributed to a 
residual DNAPL source near this well. The Department is aware of the soil removal 
conducted by the Navy in the past to remove contaminated soils in this area. However, 
given the possibility of residual DNAPL present in this shallow well, additional soil 
investigation may be necessary to identify the location and extent of this DNAPL. 
Additionally, please describe the effect of the injections on residual DNAPL that may 
exist in the soil column. 

CH2M-Jones Response: 
We don't believe that additional soil investigation is required or necessary at this 
time. The previous soil removal (Interim Measure) by the Navy successfully removed 
potentially impacted soil in this area down to the water table. Investigation of 
saturated zone soil in an attempt to identify chlorinated solvent contamination in 
shallow saturated soil at SWMU 166 would not be efficient or very effective since the 
site data suggest that the volume of DNAPL-impacted soil at the site is very small; it 
would therefore be difficult, perhaps nearly impossible, to find. In addition, activities 
to delineate DNAPL in satorated soil in this area have already been completed. An 
extensive Membrane Interface Probe (MIP) investigation was conducted in two 
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RESPONSES TO SCDHEC COMMENTS 
IMCRJCMSWPIPSWP, SWMU 166, ZONE K, REVISION 0 

CHARLESTON NAVAl COMPLEX 
DATED APRIL 19, 2005 

phases (Phase I and Phase II) by the Navy-CH2M-Jones team during 2000 and at 
SWMU 166. The MIP utilizes an electron capture detector which detects VOC gases 
captured from soil and groundwater as the downhole tool is advanced. The horizontal 
and vertical extent of the elevated TCE concentrations (which indicated a potential 
DNAPL source) were adequately delineated at all Target Treatment Areas (IT As) at 
SWMU 166, including the area around K166GW040 which is part of IT A2. Details of 
the MIP study are included in two reports: CMS Work Plan, MIP Phase II Pilot Study, 
Revision 1 (CH2M-Jones, February 2001) and CMS Report, MIP Phase II Pilot Study, 
SWMU 166, Zone K (CH2M-Jones, January 2002). For these reasons, no further 
delineation of soil contamination is deemed necessary at this site. 

The small amount of DNAPL in the shallow saturated soil in this area is expected to 
be in the form of small, immobile residual ganglia or isolated droplets. The FerOx 
injections likely slightly changed the physical configuration of these ganglia or 
droplets, allowing greater contact between groundwater moving through this zone 
and the TCE ganglia, thus increasing the rate of TCE dissolution. The observed 
increase in TCE concentrations is likely a result of increased dissolution of these 
ganglia. The best way to remediate this small TCE source area is to inject a soluble 
substrate slightly upgradient of it and allow the substrate migrate into this area and 
stimulate natural bacteria to degrade the TCE. Biodegradation of the TCE will further 
accelerate its dissolution and the remediation process. The proposed pilot test in this 
area is intended to begin this biodegradation process and to assess the optimal 
conditions for TCE biodegradation in this area. 

4. Section 5.2.1: 
Please be advised that the Department has received several requests from the 
Department of Transportation (DOT) regarding the location of wells in the vicinity of 
the planned 1-26 expansion. The Department suggests that the Navy coordinate with the 
DOT regarding the expansion of 1-26 and its impact to the wells proposed for the 
biobarrier. 

CH2M-Jones Response: 
The Navy/CH2M-Jones team will coordinate the biobarrier installation activities with 
the DOT as necessary. 

5. Section 5.2.3, Well Installation, Construction, and Development: 
The Navy must ensure that the appropriate permit is obtained prior to commencing 
injections. 

CH2M-Jones Response: 
The Navy/CH2M-Jones team will obtain the appropriate permits from SCDHEC prior 
to commencing injections, as done before for injections performed at other CNC sites. 
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Hydrogeology Comments Prepared by Donald C. Hargrove 

1. Interim Measure Completion Report: 

RESPONSES TO SCDHEC COMMENTS 
IMCRlCMSWP/PSWP, SWMU 166, ZONE K, REVISION 0 

CHARLESTON NAVAL COMPLEX 
DATED APRIL 19, 2005 

a) Pilot Study, Baseline Characterization, Page 5-5, Line 16: The dissolved gases 
"ethane" are redundant. The text should be revised to include ethene. 

CH2M-Jones Response: 
The inadvertent typographical error will be corrected, and the revised text will be 
included in the Revision 1 document. 

b) Pilot Study, Well Installation, Construction, and Development, Page 5-4, Line 19: 
This reviewer is not familiar with Well Record Form HOI (9-77). Please provide a 
copy of this form for review. 

CH2M-Jones Response: 
The text will be revised to say that" appropriate well record forms will be provided 
after well installation and development." 

c) Pilot Study, Groundwater Monitoring Procedures, Page 5-7: This section states 
"( ... purging will continue until the basic groundwater parameters stabilize (pH, 
temperature, and specific conductance) or until the well has been purged for 30 
minutes)." The proposed purging procedure is not acceptable. The basic 
groundwater parameters typically used to judge when purging is complete are 
specific conductance, temperature, pH, and turbidity. Purging is considered 
complete after the following: 

i) at least three (3) well volumes have been removed. 
ii) specific conductance, temperature, pH, and turbidity readings have 

stabilized (3 consecutive measurements within ten percent of each other). 
It is preferred that the final turbidity is less than ten nephelometric 
turbidity units (NTUs). The EPA SOPQAM, section seven, has more 
information about purging. It does not specify a time limit for purging, 
but rather says that three to five well volumes are usually sufficient. The 
text should be revised to include purge procedures that are dependant 
upon meeting the measurement criteria, rather than simply specifying 
purging time limits. 

CH2M-Jones Response: 
The text will be revised to omit the words" or until the well has been purged for 30 
minutes" to clarify that the purging will take place until after at least three well 
volumes have been removed and specific conductance, pH, and turbidity readings 
have stabilized. This procedure has been followed during all sampling events at the 
CNC so far. 

d) The text does not elaborate on any specific problems that were encountered during 
this 1M. Appendix C lists numerous observations where mounding and heaving 
occurred, "daylighting" was observed, packers were blown out of the casings, and 
off-gassing was observed around well casings. Each of these observations should be 
explained. The term" day lighting" should be explained. A possible remedy for the 
observations should also be proposed. The text should also discuss the possibility 
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RESPONSES TO SCDHEC COMMENTS 
IMCRlCMSWP/PSWP, SWMU 166, ZONE K, REVISION 0 

CHARLESTON NAVAL COMPLEX 
DATED APRIL 19, 2005 

that the integrity of the wells that experienced mounding and heaving are now in 
question. Each of the wells should be inspected and repaired or replaced as 
necessary. Since all of the wells were installed essentially the same way that a 
permanent monitoring well would be installed, the surveyed elevations should be 
reviewed. After a new survey has been performed, the current pad elevations should 
be compared to the pad elevations surveyed after installation. Any discrepancies 
between the original and current elevations will require further scrutiny. 

There are wells listed in Appendix C where water was observed being emitted from 
the monitoring wells (e.g.: Table C-ll, TTA-4 IW-l). This phenomenon should be 
explained. In addition, an explanation is required concerning how the emitted water 
(lOW) was collected and properly disposed. 

CH2M-Jones Response: 
The term "daylighting" describes a situation where compressed nitrogen, which is 
pumped into the subsurface before the ZVI slurry is introduced, finds a vertical path 
of high permeability, often around the annular space of a nearby historic well and 
escapes to the ground surface. Since the nitrogen is introduced under significant 
pressure to create a pathway for the ZVI slurry, small amounts of ZVI slurry were 
noticed at the ground surface at a few locations shortly after injection occurred. Off­
gassing refers to the slow release of the injected nitrogen from the subsurface. 

Packers were attached with a pressure gauge and placed in monitoring wells located 
around injection wells, to measure pressure influence around injection wells and to 
prevent groundwater from escaping to the surface. Due to wear and tear, these packers 
occasionally do not seal perfectly and allow a small quantity of gas or water to allow 
leak through or in some cases the packer to blowout of well. When this occurred, 
injection was stopped and the packers were replaced. Injection of ZVI was then 
resumed at a lower pressure. 

No monitoring wells were dislodged from their boreholes or damaged as a result of 
the pressure influence from the injection operations. The amount of water emitted 
from a few wells was minor and insufficient to allow collection. 

Based on verification with CH2M-Jones personnel who oversaw the injection work, 
the day lighting, ground surface heaving, and off-gassing were not as dramatic as 
described by subcontractor field personnel in the Comments column of Tables CI-C13 
of Appendix C. 

No repairs or surveys are deemed necessary for the site monitoring wells since as 
indicated above, none of the permanent monitoring wells were damaged. 

These clarifications will be added to the Revision 1 document. 
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