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Dodds, David P 
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Larry (E-mail); Thaverkost (E-mail) 
Hunt, M A (Tony) 
Zone H , SWMU 14 CMS Report comments 

1) Where you state a risk calculation for a site or point, you need to either present the calculation(in an appendix?), 
reference the RFI section where it can be found, etc. We should expect DHEC to duplicate these calculations so they 
should be able to find the equations and default values we used. 
2) Any data not in the RFI should be presented in detail. We should state what additional sampling was taken and 
present the data in full, data sheets, chain of custody, and validation reports. All supporting information for the data that 
was required for the RFI should be presented in the CMS if that is the first time anyone will see it. Otherwise, we will not 
have this supporting information in the record. 
3) When an 1M has been done, as it has with this site, the risk assessment should be redone and presented in the CMS 
report and that should be the basis for alternative evaluation. 

Comments: 
1) Page 1-1. Please identify in parenthesis what Combine SWMU 14 is the first time you state it as opposed to waiting 
until section 2. 
2) page 2-3. After the RFI discussion please identify any post-cms sampling and any sample locations which were 
"removed" as a result of the 1M. This is a good location to present any addiliDnal post-RFI data collected and reference 
supporting information. Also, make a statement indicating whether "removal"/addition of these samples changes the risk 
assessment performed in the RFI and if so, how? 
3) Page 2-4. SWMU 14 discussion. Please reference the supporting information which justifies Lead being added as a 
COC. 
4) Page 2-8. AOC 670 and 684 paragraph. This seems to be the place to discuss the elimination of beryllium. Also, 
you need to explain, provide supporting information as to why Lead was added. 
5) Page 2-17. Please make sure that this section takes into account all points removed by 1M and added by CMS 
sampling. The text of this section does not discuss risk numbers but the figures show point risks. It would seem 
appropriate to discuss 95% UCL site wide risk in this section as the basis for selecting the No Further Action. Based on 
informal discussions with DHEC it appears that they will request/require us to cleanup or justify no-action for any site in 
the risk range. Therefore, we should be laying the ground now for showing that there is only minimal risk above 
background presented by certain compounds at sites where that is the case. This may be used for reducing the number 
of COCs we need to address. For example, if the site -wide Arsenic UCL for Combined SWMU 14 is below background, 
it should be eliminated from further consideration in the CMS. So, I recommend presenting 95 % UCL in this section and 
looking at UCLs as Combined UCLs not per AOC or SWMU within the Combined 14. 
6) Page 2-20. Aroclor 1260. I suggest that when we talk about exceedences of the PCB we add the statement. 
"However, none of the sample locations exceeded the preliminary remediation goal (40 CFR 761.120)" We might as 
well start covering this to acknowledge that we would not cleanup concentrations less than that for PCBs. Please include 
the Combined SWMU 1495% UCL for all compounds. 
7) Page 2-25, Corrective Measures Investigation. I suggest that you add a statement in this paragraph that the DET is 
completing an ISM to remove Lead shot "hot spots" and the berm and reference a schedule and the workplan title/date. 
This is so that the reader immediately sees the solution to this problem instead of waiting until later in the document. 
Also, please include all data support information here or in an appendix. 
8) Page 2-32. The paragraph on well sampling is not clear as to which wells correspond to which samples. We should 
acknowledge here that the first round of Well NBCH014006 had exceedences of MCLs and RBCs for Vinyl Chloride but 
that the next round of sampling was non detect for these. We should really consider another VOC round here in that 
well. A bigger deal should be made that fOllow-up rounds were non-detect for VOCs. Also, additional data support 
information should be provided and referenced. 
9) Page 2-33. Second paragraph. I suggest that you use the words "would not be expected" instead of "can not be 
predicted". You can add The Navy's opinion is .. " if you wish. 
10) Page 2-34. Second paragraph. I suggest that on the last line you change may to "was thought to have" because we 
should know by know whether the DANC containers did or did not impact the media. Please make sure you reference 
the specific DET report discussing the DANC removal. In the Third full paragraph I suggest you add "as stated above, 
confirmation sampling has demonstrated that all residuals in soil have since been removed from the site." after the third 
sentence. I am assuming that this is the case. If the DET did not pump-out the hole prior to backfill or take another 
action that would eliminate these detected compounds in ground water we may very well be open to criticism. I suggest 



the forth sentence be revised to read "Furthermore, groundwater samples from wells within the former burial location 
collected during the CMS ... " 
11) Page 2-37. Please refer to the specific DET Workplan for this action. The W/P was passed out at the June 99 PT 
mtg. Also, indicate in the paragraph that all lead above 400 ppm will be removed. 
12) Page 3-1 Arsenic discussion. Based on recent discussions w/ DHEC they will want to know when the "release" 
occurred to make a judgment whether it is likely it will migrate to groundwater. Use best information/judgment to state 
when a release is likely to have occurred. Something like, "Operations on the site which are likely to be the source of an 
arsenic release occurred on the site from approximately 19xx to 19xx." Perhaps section 3.1 is where we should make 
our case that Combined SWMU 14 Site Wide UCLs, not per AOC/SWMU are less than reference/screening levels and 
eliminate them. To do this we need to give the 95% UCL numbers, not just state it is less than the reference as we did 
for Thallium. Again, if we are going to use the argument that groundwater has not been impacted "in all this time" we 
need to be prepared to state how long it has been. 
13) Page 3-3. For PCBs please add the statement that they are below preliminary cleanup goals. The last paragraph on 
this page covers "antimony contamination". Should we refer to "detections" vs. "contamination". Also, is it likely that 
there is an antimony plume? I am assuming we are looking at low flow sampling to address groundwater. This last bullet 
does not take away any of my concern for Thallium. Instead, it causes me to wonder where I'm going to see antimony 
addressed. I suggest deleting this last bullet on page 3-3, second of three. 
14) Page 3-4, Section 3.2. Again, I suggest getting another round of VOC data from well 006. 
15) Page 3-5. I like the reduction of risk presentation, but isn't reduction of hazard as relevant? 
16) Table 3-1. I suggest inserting the background risk levels as you did on the figure for presentation. It has a strong 
impact. 
17) Table 3-2. Please Bold or other indication of the proposed RGOs so we can let the PT know what we want to use. 
18) Section 4. At the end of Section 4 please add a summary table presenting the alternatives which passed the 
screening process. 
19) Section 5. Throughout section 5 HQ should be considered when determining acceptance of risk and attainment of 
cleanup goals. For instance I don't agree that Alternative 1 is acceptable because it presents un acceptable exposure 
based on Hazard. 
20) Page 5-18, Section 5.2.3. Shouldn't Landfarming be screened out in section 4 because it is not effective for 
inorganics? At least this weakness should be acknowledged throughout section 5.2.3. I see where inorganics are 
"immobilized". We would need to show that this occurred and that the situation would remain constant in perpetuity, I 
suppose, for this to be an effective remedy for inorganics. I am skeptical. I do not suggest any changes except that HQ 
discussions be included. 
21) Figure 5.2. What is the difference between Excavation Areas and Areas ReqUiring Excavation? 
22) Page 5-44. Attainment of Cleanup Goals. Based on my understanding of HQ at the site All. 1 would not be 
acceptable. 
23) Table 5-10a. I would give All. 1 a) for Protection since HQ is exceeded and state that in the Comment section. In 5-
1 ~b, I would give AI\,2 a 1 for attainment since it is questionable whether the cleanup objectives would be met. In 5-1 Dc, 
I would give Landfarming a 1 for Attainment since it is questionable whether the inorganic levels would be demonstrated. 
Also, at the end of this section I suggest adding a summary table with the final scores bolding the proposed alternative. 
24) I question how All. 1 can be proposed when the HQ is exceeded. But we will need to demonstrate clearly that there 
is not significant risk above background or this will never fly. I suggest emphasis on risk above background, on a per 
compound basis if necessary. Also, section 5 seems to emphasize the score as being the criteria but All. has the lowest? 
Some clarification will be needed_ 

Feel free to call to discuss any of these. Thanks, David 
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1.0 INTRODUCTION 

Purpose and Organization of Report 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section I -Introduction 
Revision: 0 

This Corrective Measures Study (CMS) identifies, screens, develops, evaluates, and compares 

remedial action alternatives to mitigate hazards and thre~human health and the environment 
- ~ 

from soil and groundwater contamination at C bined SWMU at the Charleston Naval 

Complex (CNC) Charleston, South Carolina. 

The CMS is being performed under the Resource Conservation and Recovery Act of 1976 

(RCRA), based on findings reported in the Zone H RCRA Facility Investigation Report, 

NAVBASE Charleston, North Charleston, South Carolina (EnSafe, 1998). As required by RCRA, 

the CNC Restoration Advisory Board (RAB) provides a focus for community input to the remedial 

decision making process. The RAB, which regularly holds open public meetings, consists of 

community members, regulators, Navy Southern Division (SOUTHDIV) representatives, and 

other CNC project team representatives. 

When the CMS is complete, a Statement of Basis (SOB) that documents the CMS process and 

presents the preferred site alternatives will be made available for public comment to ensure that 

decision makers are aware of public concerns. The selection of the final remedy for the site could 

be affected by public input. The primary CNC decision makers include SOUTHDIV, the 

South Carolina Department of Health and Environmental Control (SCDHEC), and the 

United States Environmental Protection Agency (USEPA). 

This CMS report has been organized according to the format in the Office of Solid Waste and 

Emergency Response (OSWER) Directive 9902.3-2A, RCRA Corrective Action Plan 

(Final. May 1994): 

1-1 



Zone H Combined SWMU 14 Correcllve Measures Study Report 
Charleston Naval Complex 

Section 1 - Introduction 
Revision: 0 

• Section 1, Introduction: This section presents the report's purpose and summarizes the 

project. 

• Section 2, Site Description: This section presents Combined SWMU 14' s history and 

background and the results of previous investigations, including the RCRA Facility 

Investigation (RFI), baseline risk assessment (BRA), interim stabilization measures (ISM) 

performed by the Navy Environmental Detachment (DET) , and supplemental eMS 

sampling. 

• Section 3, Remedial Objectives: To improve the CMS's focus, this section summarizes 

the contaminants of concern (COCs) to be directly addressed by this CMS and their 

remedial objectives. In some cases, this section justifies the inclusion or removal COCs 

identified in the RFI based on the compound's contribution or lack thereof to significant 

risks, hazards, or other regulatory standards applicable to this site. In other cases, 

remedial objectives have been modified in response to calculated Zone H background risk 

and hazard. 

• Section 4, Identification and Screening of Technologies: This section outlines response 

actions and identifies and screens remedial tect-..... '1o!cgies that may be used to achieve 

remedial action objectives. 

• Section 5, Development and Evaluation of Alternatives: This section evaluates potential 

remedial alternatives according to the nine evaluation criteria identified in OSWER 

Directive 9902.3-2A, RCRA Corrective Action Plan (Final, May 1994), presenting 

strengths and weaknesses to prioritize or rank them relative to the nine evaluation criteria. 

1-2 



Zone H Combined SWMU 14 Correcllve Measures Study Report 
Charleston Naval Complex 

Section 1 -Introduction 
Revision: 0 

• Section 6, Recommendations: This section assesses the relative performance of the 

alternatives and presents recommendations. 

• Section 7, Public Involvement Plan: This section summarizes the public involvement plan 

as it relates to the eMS. 

• Section 8, References: This section lists applicable references used to prepare the eMS. 

• Section 9, Signatory Requirement: This section provides the applicable signatory 

requirements for the eMS. 

1-3 



2.0 SITE DESCRIPTION 

2.1 General 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2 - Site Description 
Revision: 0 

Combined SWMU 14 encompasses SWMUs 14 and 15, and AOCs 670 and 684 as shown on 

Figure 2-1. SWtv1U 14 is ail abandoned chemical disposal area where miscellatieous chemicals, 

warfare decontaminating agents, and possibly industrial wastes are reported to have been buried. 

SWMU 15 is the site of a former propane-fired incinerator reported to have been used to destroy 

classified documents. Only the concrete slab and concrete propane tank saddles remain. AOC 670 

is a former outdoor trap and skeet range in use from approximately 1960 until the late I 970s. Lead 

shot and clay targets were not recovered during its operation. AOC 684 is a former outdoor pistol 

range that operated from the early I 960s until 1981. Firearms were discharged into a soil berm; 

spent ammunition was not recovered. The discussion of nature and extent of contamination in the 

RFI included all samples collected in the Combined SWMU 14 area prior to ISM and the CMS. 

Current and Future Use 

The Combined SWMU 14 site is not currently used by either federal or nonfederal tenants. 

According to the Charleston Naval Complex Redevelopment Authority, this area may be used for 

industrial or recreational purposes in the future. 

2.2 Sampling Results 

2.2.1 Soil Sampling and Analysis 

Geophysical and SoH .. Gas Survey 

A 1992 geophysical and soil-gas survey (E/A&H, 1994) investigated the presence of buried 

containers and/or contaminant plumes in the Combined SWMU 14 area. Geophysical and soil-gas 

samples were collected on a I OO-by-l OO-foot grid, with some additional samples taken to detail plan­

view anomalies. Geophysical anomalies identified during the geophysical survey were used 

2-\ 
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Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2 - Site Description 
Revision: 0 

as a basis for subsequent RFI and ISM sampling. Most of the soil-gas stations returned below­

detection concentrations for individual analytes and total volatiles. As such, the soil-gas data 

suggest that the contaminants in the soil itself were not significant; several explanations were 

provided: 

• Spills may have never occurred. 

• Substances not analyzed for were spiiled. 

• Contamination is deeper than the soil gas sampling. 

• Contaminants had migrated or diffused. 

• Contaminants are bound up in silty, clayey soils. 

The geophysical and soil-gas investigation report was included in Appendix E of the Final RFI 

Report for Zone H. 

RCRA Facility Investigation 

Soil was sampled during the RFI to identify whether contamination resulted from chemicals and 

other waste disposal in the Combined SWMU 14 area and whether residual chemical 

contamination resulted from small arms activities nearby. One hundred and thirty-five (72 upper-

interval and 63 lower-interval) soil samples were collected during the first round of soil sampling 

near SWMU 14. Most of the contamination detected in RFI soil samples at Combined SWMU 14 

was apparently related to the former incinerator (SWMU 15) and the former skeet range , . 
~O~d~d.~ t:#~~ ~t,,~~~!~Z; f S~/I"J 
~. . Cctvp . . . Va-l.ol~ 0,," p .... ck..ru=~ -0411-:. Identification of Contammants of Concern m SOlI / rr-

COCs in the Combined SWMU 14 area were based on the soil sampling results, fate-and-transport 

analysis, and risk-based calculations conducted during the RFI. 
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Six COCs were identified in the samples collected from the SWMU 14 portion of the Combined 

SWMU 14 sampling area: 1 ,2,3-trichloropropane, benzo(a)pyrene equivalents (BEQs) , aluminum, 

arsenic, beryllium, and vanadium. The primary contributors to surface soil risk were arsenic, 

BEQs, and beryllium. The primary hazard contributors were aluminum, arsenic, and vanadium. 

However, after the RFI was completed, the residential soil RBC for beryllium changed from 

0.15 milligrams per kilogram (mg/kg) to 160 mg/kg (USEP A Region III Risk-Based Concentration 

(RBC) Table, 1998) since it is no longer considered a carcinogenic compound except for ambient 

air. As a result, beryllium was no longer considered a COC for SWMU 14. Following the 

corrective measures investigation~as classified as an additional COC for SWMU 14. 

SWMU 14 COC data are summari~~1J"'. ~~ ~ 

SWMU 15 Contaminants of Concern ~ 
Arsenic and BEQs were identified as COCs in the SWMU 15 portion of the Combined SWMU 14 

sampling area. The primary contributors to surface soil risk were arsenic and BEQs. The sole 

hazard contributor was arsenic. Following the corrective measures investigation (see Section 2.3), 

lead was classified as an additional COC for SWMU 15. SWMU 15 COC data are summarized 

in Table 2-2. 

2-4 
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Sample 1D 

RBC 

Surface Soil 
Background 

Subsurface Soil 
8ackground 

SSL 

Zone H Combined SWMU J 4 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2 - Site Description 
Revision: 0 

Table 2-2 
Zone H Soil Data for COC. at SWMU 15 

Arsenic Lead 8EQ,' 
(mg/kg) (mglkg) (j.lg/kg)b 

0.43 400 87 

15.6 118 424 

22.5 68.7 NA 

15 400 1.600 

Upper-interval Soil Samples 

OlS-S-B..QOI.Ql ·6;;1' 21":0' 1. .1'1.j 

O15><S'lJ.0Qt-n1· :1.6 • 1.3 <U 92.1 U . 
. 0IS;S~Jl.im:ot 

.. >:zb·.··· 4+U· ' ... 11M) 

. 015-S-B~1 S1.4 '83,7 .. 1 1,,)1!).4 

OiS-C-l!-OO4-01 54.8 11.8· 2,137.4 

015-S-8-OO5-01 NS' NS 293.5 

015-S-8-OO6-01 NS NS 447.8 

015-S-8-007-01 NS NS 156.0 

o 15-S-8-008-0 1 NS NS 92.1 U 

Lower-interval Soil Samples 

013-S-lJ.OOI-Ol 12.1 23.6 92.1 U 

o 15-8-B-OOO-Ol IlA .29.5 92.1 U 

0IS-S·lJ.OO3-Ol 12.~ ·Za.1 . 92.1 U 

015·S·1H)04.(l2; u.4 33.0. J. 98.6 

015-8-B-008-01 NS NS 92.1 U 

Notes: 
Ca) 

Cb) 
(e) 

Cd) 

Ce) 

BEQs are calculated by multiplying the carcinogenic polycyclic aromatic hydrocarbons (cPAR) by their respective 
toxicity equivalence factors (TEF) and assummg that noodeteet values are estimated according to the memo from Barry 
Doll. EnS.fe.lnc. to Johnny Tapia. SCDHEC, CNC Background Ca/cu/ationsforCarcinogenic PAHs in Terms ofBEQs, 
February 5, 1999. 
,ug/kg = micrograms per kilogram 
NS: Not sampled. 
Data Qualification: 
U Undetected. The analyte was analyzed but not detected. 
J Estimated value One or more quality control (QC) parameters were outside control limits or the value was 

detected below the laboratory's quantification limit. 
Bold concentrations Indicates upper-interval soil samples with concentrations exceeding the greater of the 

folJowmg: RBC or surface soil background AND lower-interval soil samples with 
concentrations exceedmg the greater of the following: subsurface background 
concentration or SSL. 

2-7 
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AOCs 670 and 684 Contaminants of Concern 

Aluminum, antimony, thallium, beryllium, arsenic, oc1or-1254, Aroc1or-1260, ndBEQs wer~U"". 
identified as COCs in the AOC 670 and 684 portion of the om 1 14 sampling area. -e~h.li 

The primary contributors to surface soil risk were arsenic and BEQs. The hazard contributors hi II/A... 

were arsenic, antimony, and thallium. Following the corrective measures investigation (see aJ"l:" 
Section 2.3), lead~c1aSSified as an additional COC for AOCs 670 and 684. COC data are V'rrQ),'A I 

summarized in Table -3. AOCs 670 and 684 COC data are summarized in Table 2-4. 

v--> 'h.~;{. Table 2-3 

Zone H Soil Data For COCo at AOC 670 

Aroclor- Aroclor-
Antimony Arsenic Aluminum Lead Thallium 1254 1260 BEQ" 

Samele ID (mg/kg) (mgLkg) (m21la!) (mg/kg) (mg/kg) (1!g/kg)' (1!g/kg) (1!gi!!g) 

RBC 3.1 0.43 7.800 400 0.55 320 320 87 

Surface Soil NA 15.6 26.000 Jl8 l.l NA NA 424 
Background 

Subsurface Soil NA 22.5 46.200 68.7 1.3 NA NA NA 
Background 

SSL 2.7 15 560,000 400 0.35 1,000 1,000 1,600 

U22er-interval Soil Sam21es 

6711·S·&OOI4)1 iA VR .15:6 14,200.0 21;0 ··2.3 U SO.oU 50-1) V·· 9:l.t U 

{;1O-S-B4)OZ-0l U UR 9;7 11,400.0 94.2 2.7 U 51),0 U 50.0 U .35L2 

670,S-1I4)O)4)1 .NS NS .NS'. NS . NS. /SO;O·U . S(U)U 7762;0 
..• »,0 tj 33.0 Ii 

." .,": ' 

61il-C-1I4)03-01 7.fi n, 9:9 U NS ... U·W 1.$ U ..• 141;4 .... 

1i,({)'s'B4lO4-01 7.4 VI 1l.3 ···13,700,0 ~,S ut .. 0,$ V .41).0 U 40.1) U iO~l. 
670-S-B-005-01 1.6 UJ 15.2 21.700.0 35.3 J 0.5 U 50.0 U 50.0 U 1,590.9 

670-S-B-006-01 1.6 UJ 13.8 19,100.0 39.6 J 0.5 U 50.0 U 50.0 U 92.1 U 

670-S-B-007 -01 7.8 UJ 8.9 6,150.0 10.1 UJ 0.5 20.0 U 20.0 U 96.2 

670-S-B-008-01 7.7 UJ 9.7 10,800.0 20.4 J 0.5 U 50.0 U 50.0 U 962.5 

670-S-B-009-01 9.5 J 9.1 6.740.0 18.2 J 0.5 U 50.0 U 50.0 U 92.1 U 

67{)'S-B-OI04)l .8.6 .. VI HI.4 14,300.0 26.8 J 0.8 j SO.O U. 50_11 U 92.1 U 

611)·S·1Hll! 4)1 . 6.1> UR &.9 3,220.0 7.1 Ul Z.O U SO.I> U 50.0 U 92.1 U 
1i7{)'s'B4)12'()1 11.4 :I 23.7 9.190.0 1171.0 J 

.. 
1.3 U 51),0 U sO.b U 1ll4.8 .. 

67{).s..B-013-OJ 7.2 DR 10.1, 9,940.0 9.2 ·U 1.7 U SO.O U 50.11 U 9U U 

610-C-B4)134)1 16S U 9.3 U NS 20.6U1 L9 U 3~.1> U 33.1) U 107.8 

2-8 
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Table 2-3 
Zone H SoU Data For COC, at AOC 670 

Aroclor- Aroclor-
Antimony Arsenic Aluminum Lead Tballiwn 1254 1260 

Sample ID (mg/kg) (mg/kg) (mglkg) (mglkgl (mglkgl (~g/kg)' (f;g/kgl 

670-S-B-014-01 17.2 UJ 9.5 11,200.0 44.0 J 0.5 U 20.0 U 20.0 U 

670-S-B-015-01 6.6 UJ 8.5 NS 18.6 J 1.6 UJ 33.0 U 33.0 U 

670-C-B-0I5-01 8.4 UJ 10.9 NS 14.4 2.0 UJ NS NS 

670-S-B-016-01 1.9 U 12.1 J 20,200.0 68.8 0.6 U 50.0 U 50.0 U 

670-S-B-017-01 12.6 U 8.2 J 6,630.0 16.3 U 0.6 U 50.0 U 50.0 U 

670--S-S-llU!-ll1 . UU . 10.1 r .. '. . . 1l,ll!XW ." 4$.Q 

670-S-114119-1l113JtU .1,01 N8$6.8· 

Q.SU 3D.O<U 

1.3.U1.'3.0 .. 11 

:50.0 If 

1M U 
61Q.S<B4204j9":~ .siNS . 12.1; url.~lir .lio.n· ~3.~ V. 

61O-&:li,bli,.i)I··· .. IUi .il> .• 1;91 .s;S40-.6.' 14.2U~.SlJ> .iMJ;OI,l .M/.O If 

67O:S"~i.iij·io.lu9,3 1 IO,80(W' St;2 . 0.5U40,o.UJ4lf.Ous 
670-S-B-023-01 167.0 R 

670-S-B-D24-01 1.2 U 

670-S-B-025-Dl 1.6 UJ 

670-S-B-026-01 12.0 UJ 

670-S-B-027-01 10.9 U 

67o.S-B"1l28-~t 

670-S-B4liiHlI 

61Q·S-li-OOO.Ql 

N~' .... 

.NS • 
NS 

69.0 

13.0 J 

13.7 UJ 

12.3 

8.3 J 

MS ... 
NS 
I'S 

14,900.0 20,900 

20,800.0 63.1 

133.0 

1,690 J 

1.4 

0.4 U 

0.6 UJ 

0.2 UJ 

14.0 UJ 0.2 U 

;NS.. NS 

. !'IS .... "NS 

NS NS 

50.0 U 

50.0 U 

NS 

33.0 UJ 

33.0 U 

/!IS . 

\liS 

NS 

50.0 U 

50.0 U 

NS 

33.0 UJ 

33.0 U 

I'll! 

JIl8 

NS 

BEQs' 
leg/kg) 

96.8 

148.4 

NS 

258.9 

96.7 

%.6 

·m.l 
~,l 

%.3 . 

%:4 

u 

92.1 U 

92.1 U 

NS 

762.6 

92.1 U 

lIZ,! U 

7.S2S~1 

UZ·O 
61o.S-B-ll31-ll1 NS' MI 

NS 

NS 

NS 

NS 

.lIIS 

NS 
NS. 

NS 
NS 

NS 

NS 

NS 

I'll! 

36.S 

44.4 

NS 

NS 

NS 

. I'll! .MI. Nl! li7ijU' 

670·C·1H)31.()1 1.6 If . iU 

670-S-B-032-01 1.3 UJ 

670-S-B-033-01 NS 

670-S-B-034-01 NS 

670-S-B-035-01 NS 

17.2 

NS 

NS 

NS 

2-9 

OOS If . 3:t.O 1:1 
I.5U 

NS 

NS 

NS 

33.0 U 

NS 

NS 

NS 

33.1) U' 51,134$ 

33.0 U 

NS 

NS 

NS 

1,231.1 

92.1 U 

2,136.3 

92.1 U 
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Table 2-3 
Zone H Soil Data For COCo at AOC 670 

Aroclor- Aroclor-
Antimony Arsenic Aluminum Lead Thallium 1254 1260 BEQ.· 

Sam!!le lD (mgLkgl (mg/kll (mg!!!gl (mgLkgl (mg/kgl (~g/kglb (~g/kgl (~g/kgl 

Lower-interval Soil Saml!les 

J>70-S-8.oo1-1l2 1.9 UR .. 14:2 IS,200.G·· 34.R. MU ro.O U ro.O U 92.1 U 

670-S'B.oo2-OO Z.O Ull. 14~O 11.100.0 iOA J O.S U ro.O U /liM U 92.1 U 

671H'·B.oo3.Ql JilS NS NS .NS. 60.0 U «1.0 U 92.1 U .. 
ll7()"s-8-004-02 .. Z.O Ul 19.5 19,400,0 . ·35;0 J O,6U· ro.OU ro.OU 92,1 U 

67lJ-S-B-OOS-Ol 2.1 UJ 18.0 22.100.0· 39.3 J 0:7 U 6(l.O U «l.0 U 92.1 U 

670-S-B-006-02 1.2 U 13.6 J 20,SOO.0 16.0 0,4 U ro.O UJ 60.0 UJ 97.6 

670·S-B-007-02 2.1 UJ 29.4 IS,Soo.O 33,2 J 0.7 U 30.0 U 30.0 U 9S.1 

670-S-8-OOS-02 1.9 UJ 22.7 15,300.0 36,1 J 0.6 U 60.0 U 60.0 U 9S.3 

670-S-8-OO9-02 2.0 UJ 20,4 27,400,0 35.6 J 0.6 U 30.0 U 30.0 U 92.1 U 

670-S-B-01O-02 2.3 J 19.5 30,100.0 40.S J 0.7 U 70.0 U 70.0 U 92.1 U 

670<S·B-CU.oi 2.1 1 . !:k8· 19.100.0 :n.ll r ~,lIU . 60i0U . «l.U U 91.5 

ll70-S-8-012-1l2 1.9 UR ISa 20,000.0 31,2 M.U . SO.O U 50.0 U 92,1 U 

67lJ-S-B-01 !l-02 . U) UJ 23,0 19,100.0 35.4 J MU 30.0 U 30.0 U 91.') 

J>10,s.1!-014-Oi . 1;!lUJ 1).0 13,100.0 lUJ >. MU 30.0 U 30.0 U 98.1 

~7{)'-S-B-OI5-W ZJ Ul 19.2 NS 3U 0.6 uf .. n,Ou 3;1.0 U 5411.1 

670-5-B-016·02 I.S U 16.2 J 31,200.0 39.3 0.6 U 60.0 U 60.0 U 97.S 

670-S-B-O 17-02 2.1 U 23.3 J 30,200.0 46.5 0.6 U 60.0 U 60.0 U 9S.4 

670·S·B-OI S·02 1.9 U 21.6 J 24,400.0 3S.3 0.6 U 60.0 U 60.0 U 9S.3 

670·S·B-O I 9·02 I.S UJ 16,4 NS 39.S 1.2 U 33.0 U 33.0 U 92.1 U 

670·S·B·020-02 1.4 U 20.S NS 42.0 2.9 U 33.0 U 33.0 U 137.1 

61lJ-S·B-Oil-Ol 2.2 U 25.4 J 28.100.0 41.2 0.7 U 6O.G UJ ro.O UI 91.7 

61Q..S-1!.{)22-Oi 1.9 U 18.4 1 19,5OO.0 31.0 0.6 U 60.0 U1 60.0 OJ ·91.1 

ll7{).S.B~ .. ,,~ U 18.1 J 26,SOM 47.4 . MU ·60,OU 6IU) U 9:1:.1 U 
67{1·S·B-Oi4-Oi 2.3 U 23.1 J 18.700,(, 46.3 MU 60,0 U «l.0 U 9z.t . u: 
670-S-B-025-Oi 1.7 UJ ZO.O U1 NS 53.1 U1 0.5 UJ NS !'IS NS 
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Antimony 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2 - Site Description 
Revision: 0 

Table 2-3 
Zone H Soil Data For COCs at AOC 670 

Aroclor- Aroclor-
Arsenic Aluminum Lead Thallium 1254 1260 BEQs' 

Samele lD (mgikg) {mg/lilI! (mg/kgl (mg/!!g) !mgikg) !!!g/!!glb (lOg/kg) !!!gikgl 

670-S-B-026-02 1.8 U 19.7 J NS 46.1 0.3 U 33.0 U 33.0 U 92.1 U 

670-S-B-027-02 8.5 U 4.4 J NS 14.3 J 0.7 U 33.0 U 33.0 U 92.1 U 

670-S-B-028-02 NS NS NS NS NS NS NS 92.1 U 

670-S-B-030-02 NS NS NS NS NS NS NS 92.1 U 

670-S-B-032-02 1.5 UJ 24.9 NS 41.8 1.9 U 33.0 U 33.0 U 114.1 

671)..S-B-illS-OZ NS , .... NS NS NS NS :NS NS 92.1 U 
. - .. 

t\11)..S·:l!.;034.Q2 . NS ··NS NS .. NS: .. ')018 ... '1'1$ NS 92.1' a 
; . .. '. , 

1>7o.s:.s<Q$Wi Ns " '.NS> ':Nl;' NS . !!IS . 'i4s' illS 9U U 

Notes: 
(a) 

(b) 
(c) 
(d) 

(e) 

BEQs are calculated by multiplying the carcinogenic polycyclic aromatic hydrocarbons (cPAH) by their 
respective toxicity equivalence factors (TEF) and assuming that nondetect values are estimated according to 
the memo from Barry Doll, EnSafe, Inc. to Johnny Tapia, SCDHEC, CNC Background Calculations for 
Carcinogenic PAHs in Terms of BEQs, February 5, 1999. 
I'g/kg = micrograms per kilogram 
NS: Not sampled. 
Data Qualification: 
U Undetected. The analyte was analyzed but not detected. 
J Estimated value. One or more quality control (QC) parameters were outside control limits or 

the value was detected below the laboratory's quantification limit. 
UJ Undetected and estimated. The analyte was analyzed but not detected and the quantitation limit 

is estimated because at least one QC parameters was outside control limits. 
R/UR Unusable data. One of more QC parameters grossly exceeded control limits. 
Bold concentrations Indicates upper-interval soil samples with concentrations exceeding the greater 

of the following: RBC or surface soil background AND lower-interval soil 
samples with concentrations exceeding the greater of the following: subsurface 
background concentration or SSL. 

2-11 
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Compounds in Combined SWMU 14 Soil 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2 - Site Description 
Revision: 0 

1,2,3-trichloropropane exceeded its RBe (91 /-lg/kg) in only one of 10 upper-interval locations 

(14SB008). 

BEQs were the only semivolatile organic compound (SVOC) detected at concentrations that 

exceeded surface soil background reference concentrations in the upper-interval. The exceedances 

were in samples collected south, southeast, and east of the incinerator pad of SWMU IS, roughly 

located at sample locations 684SB035, 684SB044, and 670SB031. Elevated BEQs concentrations 

were also detected southeast of former Building 8881. BEQs exceeded their RBC (87 /-lg/kg) and 

surface soil background reference concentration (424 /-lg/kg) in upper-interval soil samples as 

shown in Table 2-5. 

Location 

SWMV 14 

SWMU 15 

AOC 670 

AOC 684 

Combined SWMU 14 

Table 2-5 
BEQs Surface Soil Contamination Distribution 

Number of Total Number of Range of Concentrations 
Exceedances Samples Collected Exceeding BEQs Criteria Vtg/kg) 

1 II 1.415.2 

3 8 444.8 - 2,137.4 

l{} 33 7{)4.1! - 51.734_& 

15 44 544.5 - 29,871 

29 96 444.8 - 51,734.8 

The distribution of BEQs in the upper-interval is shown in Figure 2-2. Lower-interval BEQs 

contamination was confined to a small area centered around former Building 1897. The 

distribution of BEQs in the lower-interval is shown in Figure 2-3. SWMU 15 was a paper 

incinerator, which may account for the presence of high concentrations of BEQs in the AOCs 670 

and 684 sampling areas. 

2-17 
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Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

SeCTion 2 - Site Description 
Revision: 0 

Aroclor-1254 did not exceed its RBC (320 /-lg/kg) at any of the 39 upper-interval sample 

locations. 

Aroclor-1260 exceeded its RBC (320 ,ug/kg) in one of the 39 upper-inteival sample locations 

(684SB007). I#~HV(ft... I t:. 1"" _ --r5/"':J ~ .t...c:ho ... ~o., X el'-

I~s ~ ".a, ~ ~ Cleo...lJ~ '>-rP. of 1Pt>1I.t.. 
Aluminum exceeded its RBC (7,800 mg/kg) and background reference concentration 

(26,000 mg/kg) in one of three upper-interval sample locations (14SBOI0). 

Arsenic exceeded its RBC (0.43 mg/kg) and background reference concentration (15.6 mg/kg) at 

one of four upper-interval location (15SBOO4) at SWMU 15, three of 28 upper-interval locations 

at AOC 670 (670SBOI2, -023, and -032), and one of 32 upper-interval location (684SB026) at 

AOC 684. The distribution of arsenic in the upper-interval is shown on Figure 2-4. Arsenic 

exceeded its RBC and subsurface soil background concentration in seven lower-interval AOC 670 

soil samples: 670SBOO7, -008, -013, -017, -021, -024, and -032. Arsenic's distribution in the 

lower-interval is shown on Figure 2-5. It exceeded its RBC and background reference 

concentrations in only one upper- and lower-intervallocation:::x.-2~e.,! r::!;!{ ~ 
Antimony exceeded its RBC (3.1 mg/kg) in two of 28 upper-interval soil samples at AOC 670 

(670SB009 and -012) and eight of 32 upper-interval soil samples at AOC 684 (684SB009, -012, 

-013, -014, -015, -017, -016, and -018). The distribution of antimony in the upper-interval is 

shown in Figure 2-6. It exceeded its protection of groundwater soil screening level (SSL) 

(2.7 mg/kg) at seven of 49 lower-interval sample locations in AOCs 670 and 684 (684SB007, 

-011, -013, -014, -015, -016, -018). Its distribution in the lower-interval is shown on Figure 2-7. 

Cl ~ c-- JL 
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Lead exceeded its residential RBC (400 mg/kg) and surface soil background reference 

concentration (118 mg/kg) at three of 13 upper-interval soil samples at SWMU 14 (014SBOO5, 

-06, and -010) and two of 28 upper-interval soil samples at AOC 670 (670SB012 and -023). 

Lead's distribution in tbe upper-interval is shown on Figure 2-8. 

Thallium exceeded its RBC (0.55 mg/kg) and surface soil background reference concentration 

(1.1 mg/kg) at one of 28 upper-interval soil samples at AOC 670 (670SB023) and four of 32 soil 

samples at AOC 684 (684SBOO9, -014, -015, and -016). Thallium's distribution in tbe 

upper-interval is show on Figure 2-9. None oftbe lower-interval soil samples exceeded tballium's 

subsurface soil background concentration. 

Vanadium exceeded its RBC (55 mg/kg) in nine of 12 upper-interval soil sample locations at 

SWMU 14. However, none of the concentrations exceeded vanadium's surface soil background 

reference concentration (73 mg/kg). None of the lower-interval soil samples exceeded vanadium's 

subsurface soil background concentration. 

Corrective Measures Investigation 

Because the initial RFI investigation focused on residual chemicals, surface soil was not 

mechanically screened to determine approximate quantities and type of residual lead shot material 

remaining at tbe pistol and skeet ranges. Therefore, soil was sampled in this investigation to 

estimate the area/volume of particulate lead-impacted soil due to nearby firearm discharge in tbe 

vicinity. 

Thirty-three surface soil samples were collected from the former outdoor trap and skeet range as 

indicated on Figure 2-10. Samples were collected in three rounds: (1) samples one to 16 

(June 23, 1998), (2) samples 17 to 22 (July 28, 1998), and (3) samples 23 to 33 

(October 21, 1998) in an attempt to delineate the extent of lead-shot-impacted soil. Initially, 
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sample locations were based on the areas thought to be impacted by firearm discharge in the 

southern portion of Combined SWMU 14 and along the dike around the area. Additional sampling 

locations were ~~n ~r~ ~ ~~ 

One-foot by I-foot by 4-inch surface soil samples were collecte each location and placed in 

plastic bags. All soil samples were sieve-analy~z ........ u.u,~ .. shot concentration and particle-size 

distribution by Soil Consultants, Inc. Table 2f summarize~he analytical data for the soil samples 

collected from Combined SWMU 14. The O.~hot size is equivalent to the commonly 

known number 7'h or 8 shot, which were fired with shotguns at the skeet range. Lead shot 

distribution is also shown on Figure 2-10. 

2.2.2 Groundwater Sampling and Analysis 

RCRA Facility Investigation 

Groundwater was sampled during the RFI to identify whether contamination resulted from 

chemicals and other waste disposal in the Combined SWMU 14 area, and whether residual 

chemical contamination resulted from small arms activities nearby. 

Five monitoring well pairs (shallow/deep wells) were installed to sample groundwater at 

Combined SWMU 14. The deep monitoring wens were designed to allow groundwater directly 

above the Ashley Formation to be sampled. First-round groundwater samples were analyzed for 

all Appendix IX parameters. Second-round groundwater samples were analyzed for volatile 

organic compounds (VOCs), pesticides, herbicides, and metals. 

2-29 

L. __ 



Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2 - Site Description 
Revision: 0 

Table 2-6 
Lead Shot Analysis Summary for Combined SWMU 14 

Initial Wet Initial Dry Shot Size: Sieve and Lead Shot Lead Concentration 
Sam!!le IV Mass (kgl Mass (kill Inches Mass (mill (mil/kill 

o 14L5OO101 1.0974 4.9989 0 0 

014LS00201 8.3175 7.5204 0 0 

014LS00301 9.2996 7.2959 0 0 

014LSOO401 8.4644 7.2947 0 0 

014LS00501 7.2644 6.2344 0 0 

014LSOO601 9.7939 7.3786 0 0 

o 14L5OO701 1.4900 5.3723 0 () 

014LS00801 8.7151 6.9537 0 0 

{)l4LSD0901 8.3601 6.1162 No. 161;!eve; 0.0469 inches 300 49.05 

014LS01001 9.5173 8.1275 0 0 

014L501101 11.5510 8.1426 0 0 

014LSDl201 6.2177 5.3266 0 0 

O14LSDl30l 8.4801 7.8432 0 0 

014LS01401 10.5655 8.2790 0 0 

014LSD1501 11.1710 8,4280 0 0 

014LSDl601 8.8273 7.0453 No. 16 sieve; 0.0469 inches 6,300 894.21 

0141501701 6.6222 5.3399 No, 16 sieve; 0,0469 inches 300 56.18 

014LS01801 6.6898 5.3886 No. 16 sieve; 0.0469 inches 1,600 296.92 

014LSDI901 7,2834 6.0519 0 0 

014LS02001 5.8627 4.8622 0 0 

D14LSD2101 6.97M 5.7990 No. 16 sieve; 0.0469 inches 17,000 2,931.54 

o 14LS02201 7.0476 5.3642 0 0 

o 14LSD2301 4. Hi65 3.7163 0 0 

014LS02401 3.2431 2.3389 0 0 

014LSD2501 2.7209 UU22 No. 16 sieve; O.Q469 inches 10 5,52 

014LS02601 4.2111 2.9215 0 0 

014L502701 3.3593 2.4085 0 0 

014LS02801 4.1724 2.8367 0 0 
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Table 2-6 
Lead Shot Analysis Summary for Combined SWMU 14 

Initial Wet 
Sample lD Mass (kg) 

Q141502901 4.1486 

OI4LSD3001 4.4923 

O14LS03101 3.8257 

Ol4LSD3201 3.0422 

Ol4LSD3301 5J)878 

Notes: 
mg milligram 
kg kilogram 

Initial Dry 
Mass (kg) 

1.0434 

3.5398 

2.8:192 . 

2.1674 

3.5958 

Shot Size: Sieve and 
Inches 

Lead Shot 
Mass (mg) 

o 
o 

Lead Concentration 
(mg/kg) 

1;U18.6 

o 
o 
o 
o 

The primary contributors to shallow groundwater risk were bis(2-Ethylhexyl)pthalate (BEHP) 

(common laboratory compound) and 2,3,7,8-TCDD equivalents (TEQs - e.g., dioxins); both 

detected in first -quarter sampling only. The hazard contributors were aluminum and vanadium. 

However. due to dioxins' hydrophobic nature, they are not expected to migrate from soil to 

groundwater. Furthermore, TEQ concentrations reported in the shallow groundwater do not 

exceed the maximum contaminant level (MCL). 

The primary contributors to deep groundwater risk were heptachlor epoxide, BEHP, and TEQs; 

each was detected in first-quarter sampling only. The hazard contributors were cadmium and 

thallium, which was also detected exclusively in first quarter samples. Due to hydrophobic nature 

of heptachlor epoxide and dioxins, neither would be expected to migrate from soil to groundwater. 

Furthermore, TEQ concentrations reported in the deep groundwater do not exceed its MCL. 

The fate-and-transport screening process for Combined SWMU 14 identified chromium and lead 

at concentrations exceeding their fate-and-transport screening criteria in both soil and 

groundwater. Shallow groundwater migration is a slow process for Zone H due to low hydraulic 

gradients. As such, sorption is likely to be the dominant process affecting fate and transport for 
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lead and chromium rather than groundwater migration. On a site-specific basis, only lead was 

identified in SWMU 14 for soil-to-groundwater migration concern based on soil concentrations 

and detections in down gradient monitoring wells. No constituents were identified as soil-to­

groundwater migration concerns for SWMU 15, AOC 670, and AOC 684. 

No groundwater COCs were identified for Combined SWMU 14. 

Corrective Measures Investigation 

An additional nested groundwater monitoring well pair (shallow/deep wells) and a single shallow 

well were installed near the decontaminating agent non-corrosive (DANC) container excavation 

area to evaluate the subsurface impact of the formerly buried waste (see Section 2.3 for ISM 

discussion) . 

Wells NBCH014006 and NBCH01406D were installed directly in the excavation area; well 

NBCH014007 was installed approximately 60 to 70 feet downgradient. Table 2-7 summarizes the 

analytical data for the groundwater samples collected from Combined SWMU 14 during 

July 1998. February 1999. and March 1999. No VOCs were detected in groundwater samples 

collected from well NBCHOI4007 in February 1999 and wells NBCHOI4006 and -06D in 

w~~~cye"Jo 7 _I'l~ 0 W Table 2-7 

March 1999. 

y r:A,1I( Comb'iwM~;VM1U 14 Corrective Measures Investigation Groundwater Samples ("'gIL) 

W :..r;: Date Com ouod Concentration MeL Ta Water RBC 

7/98 t,.;.~;;.;;..=,;;",_4-Methyl-2-P.ntanone (MIBK) 3.1l NA 

• tbon disulfide 2.0 NA 

2/99 014GWOO701 ND 

3/99 014GW06D02 NO 

Note: 
ug/L 

Dl4GW00602 ND 

17.0 Z.Q 

290 

100 . 



2.2.3 Sediment Sampling and Analysis 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charles/on Naval Complex 

Section 2 - Site Description 
Revision: 0 

Two sediment sampies were coiiected from an interminent drainage ditch east of Buildings 1896, 

1887, 1893, and former 1897 to measure the potential impact from previous site activities. In 

addition, two samples were collected from the intermittent drainage ditch that divides AOCs 670 

and 684. All sediment samples were collected from 0 to I foot below the sediment surface and 

detections were compared to USEPA Region IV sediment screening values (SSV). 

Contaminant concentrations in sediment were essentially equal to respective concentrations in soil, 

which suggests the potential for surface soil erosion to form a depositional zone within the 

drainage feature. With no apparent outlet from the drainage feature from which the Combined 

SWMU 14 sediment samples wekollected, further migration of sediments beyond Combined 

SWMU 14 can~~. J)/ppu:t-~. 

No sediment COCs were identified in the RFI for Combined SWMU 14. 

2.2.4 Surface Water Sampling and Analysis 

One surface water sample was collected from an intermittent drainage ditch that divides AOCs 670 

and 684 to measure the potential impact from adjacent SWMUs. Detections were compared to 

USEPA chronic marine surface water quality criteria. 

No surface water COCs were identified in the RFI for Combined SWMU 14. 

2.3 Interim Stabilization Measures 

Interim Stabilization Measures (ISM) were performed by the DET as part of the Navy Installation 

Restoration Program (IRP) to eliminate sources of environmental contamination or limit the spread 

of environmental contaminants prior !O the completion of the CMS. Specifically, the ISM's 

primary objective was to investigate and remove anomalies (containers of warfare decontaminating 
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agents (DANC) particularly) and lead contamination identified in the RFI report dated 

July 5, 1996. Anomalies detected during geodetic and EM61 surveys were investigated using a 

trackhoe with personnel in Level B protection. 

Approximately 90 five-gallon empty and partially or fully deteriorated DANC containers were 

removed from a location south of Building 1897. Waste was buried in Combined SWMU 14 from 

the mid 1940s until 1977. Crystallized residual mass (1,1,2,2-trichloroethane) in the buried 

DANC containers ~ have impacted soil and groundwater at the Combined SWMU 14. 

VJOo4 .r~ o,,~\..l. --It> 

After the building and its foundation were demolished and removed, an additional 50 five gallon 

DANC containers were excavated from the area within the building's footprint. Affected soil was 

also excavated during the removal process. Thirty soil samples were collected to confirm the 

removal of all DANC-contaminated materials that exceeded USEPA Region III industrial RBCs. 

Two sample points required further excavation to remove residual contamination. Afterwards, 

the excavated areas were backfilled with clean soil. All other anomalies resulted in construction 

debris. An additional EM61 survey was performed to ensure that all anomalies were cleared from 

the site. (f:e-~ ~ JpUJ f.) c.. Dcl- ~+), 

Water intrusion in the bottom of the excavation was sampled and analyzed for Appendix IX VOCs. 

The following were detected in the groundwater sample: PCE, (92.4 I-lg/L), TCE (85.1 I-lg/L), 

cis-DCE (166 I-lg/L) ra -DCffl..4 I-lg/L), and vinyl chloride (26.0 I-lg/L). However, water 

intrusion samples a;~~ ese~ment-borne contamination released during soil excavatioo II., 
A> ~ g" ~.." ~ .. 'ls V> ,1't'I '" 
dove. , rather than groundwa r contaminatio~ Furthermore, groundwater sampleS'tollected ounng the ~ 

o. .• A1r l",,;/'I''''CMS (see Section 2.2.2) in February and March 1999 did not contain any VOC contamination. ~J~ 
S~/"'~ . I.l all re.stI:I.., .. Is-, ... !,o" ha.l!~ Sf",ce be£.J<. rfUYt,ovd.f~ ... fJ".e.rrfe.. , ~/ .1. 101 
~> J.~+YU'" )O(Slol\·6 

The uppermost 6 inches of soil above the anomalies, assumed to be influenced by lead shot in the 

AOC 670 and 684 area, was required by the ISM work plan to be disposed of as hazardous waste. 
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Approximately 40 cubic yards (yd3
) of soil were accumulated during the anomaly excavations. 

Four grab samples were collected, compcsited into one sa...T..ple, and analyzed for total metals and 

toxicity characteristic leaching procedure (TCLP). Two additional composite samples were 

collected from the lead-shot-impacted areas. Based on the analytical results and an approval letter 

from DHEC (September 25, 1997), the soil was placed back into excavations from which 

miscellaneous non-hazardous metal debris had been removed. 

The ISM implemented by the DET was not intended to be the final remedial action taken at 

Combined SWMU 14; however, it is consistent with the ultimate cleanup of the site. Moreover, 

it is assumed that soil and water samples collected during the ISM activities could be used to 

further define the environmental concerns at Combined SWMU 14. Soil and water samples 

collected during the ISM are summarized in Tables 2-8 and 2-9. 

Table 2-8 
Interim Stabilization Measures for Combined SWMU 14 

Soil Contamination 

Detections! Concentration Background 
Samples Range for Reference 

Compound Collected Detections RBC SSL Concentration 

Screening Samples rrom DANe Excavation (tig/kg) 

1.1,2.2-tej{achloroetfume lII17 1.2.6 - 313,000 3.200 LS NA 

1,I.Z-trichloroethane lil7 480 NA NA NA 

PCE 4111 2.84 - 2,000 12,000 30 NA 
TeE 8i17 1.33 - 27,800 58,000 30 NA 

l,2-trans-DCE 3/17 1.84 - 76.9 '10,000 200 NA 
Vinyl Chloride 1/17 1.66 340 6.7 NA 

2-BtIt"""ne (MEK) 1/11 13.6 4.700,000 3.900 NA 
1.2-dibromo- li17 2.84 NA NA NA 
3-chloropropane 

~ 
, 

Cblorofunn 1m 9.75 105,000 300 NA 
Chlorobenzene 1117 39.2 160.000 650 NA 

Melhyleoe Cliloride 11117 1.25·2l!.l 85.000 10 NA 
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Table 2-8 
Interim Stabilization Measures for Combined SWMU 14 

Soil Contamination 

Detections! Concentration Background 
Samples Range for Reference 

Coml!0und Collected Detections RBC SSL Concentration 

Confirmation Sam21es from DANe Excavation (tiS/kg) 

l.l.2.1-retfacnlomethalloi 6113 2.15 -45.9 3,iOO I..S 

Vinyl Chloride 5/13 1.62 - 239 340 6.7 

~ ..,11:":1 :t~ L; ~,c:1\ . ,..,'tvV'I: <>n 

""'" ·MA-.... "..,.1I . M<AI' , .. ,'\>\IV "~ 

TCE 9/13 1.13 - 6,670 58,000 30 

J ,2·eis-DCE W1l3 1.11-9.810 10.0(1() 200 

1.2-trans-DeE 3113 9.4-1,490 70,000 200 

Acetone 1!1:J 7,16·6,700 780,000 6,000 

2·Butanone (MEK) 7/13 40.8 - 174 4,700,000 3,900 

Methylene Chloride 8/13 . 1.22·29& 8S.000 10 

Ethylbenzene 1113 54 780,000 6,500 

Xylenes (total) lin 65,5 16.000,000 7{),OOO 

Lead Shot Area Som21es (SWMU 14) (ms/kg) 

Antimony 

Arsenic 

Lead 

Thallium 

Vanadium 

Compound 

1.2-cis-DCE 

1,2-trans-DCE 

Tell 

Vinyl Chloflde 

1 ,1.2.2-telra<:hlorael:bane 

Note: 
~g/L micrograms per liter 

111 5_M 3.1 2.1 

3/3 7.96 - 14.5 0.43 15 

~/3 52.2-200 400 400 

III 8.26 0.55 0.35 

III 20 55 3.000 

Table 2-9 
Interim Stabilization Measures for Combined SWMU 14 

Water Intrusion Samples (ug/L) 

Detections! Concentration Range for 
Samples Collected Detections MCL 

Ifl 11>6 70 

111 29.4 100 

111 85.1 S.O 

111 26 2.0 

III 9ZA NA 
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NA 
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NA 

NA 
NA 

NA 
NA 

NA 

NA 

NA 

15.6 

118 

l.l 

13 

Ta2 Water RBC 

NA 

NA 

NA 

NA 

0.053 
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The DET is planning to excavate lead-contaminated soil in 1999 at SWMU 14 (0 14SBOO5, -006, 

-010, and 014LSD16, -18, -21, and -29), AOC 670 (670SB012, -023, and -026), and from the 

(berm around the dike in the southern portion of the site. Soil will be excavated until confirmation 

samples indicate that the contamination has been remove Lead contamination includes residual 

chemical lead and lead particulate matter from Combin SWMU 14 firearms activities. 
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To improve the focus of this CMS, this section summarizes the COCs to be directly addressed and 

their remedial objectives. In some cases, this section justifies the inclusion or removal of COCs 

identified in the RFI based on the compound's contribution or lack thereof to significant risks, 

hazards, or other regulatory standard applicable to this site. In other cases, remedial objectives 

have been modified in response to calculated Zone H background risk and hazard. 

3.1 Soil Contaminants of Concern 

Antimony, arseiuc, leai. ayd l'ttQs are the primary soil COCs at Combined SWMU 14. 

However, 1,2,3-trichlorop/opane, alum~m, Aroclor-1254, Aroclor-1260, thallium, and 

vanadium were also classified as COCs in the RFI because at least one soil sample exceeded 

regulatory, risk-based, or background criteria. 

Surface soil arsenic will be addressed as part of this CMS. However, subsurface soil arsenic will 

not be further addressed in this CMS for the following reasons: 

• Arsenic exceeded its SSL (15 mg/kg) in 24 of 72 soil samples. However, the calculated 

subsurface background reference concentration (22.5 mg/kg) also exceeds the SSL. 

Furthermore, arsenic concentrations in groundwater samples are below MCLs, which 

suggests that subsurface soil-to-groundwater migration is not occurring at a rate that 

threatens groundwater. ~ - -:r~ ~~0v(crc:L), of, .L 
,....--vlL 1-V"S.eJ\n:...- GA~II~ma'1 (ZJ 

ha.f f ~t-'~ ~ Iadt. a fl 
The lower-interval arsenic detections do not correlate to surface soil arsenic detections and ""1~~ • 
are therefore not representative of vertical migration though the soil. Furthermore, the 

results do not indicate the presence of a spill or other arsenic point release. 
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• Only 9 % of arsenic samples exceed subsurface soil calculated background reference 

concentration (22.5 mg/kg), and the maximum subsurface soil concentration (29.4 mg/kg) 

is only 30% higher than the site's calculated subsurface background concentration. 

Lead will be addressed based on USEPA blood-level model protection numbers of 400 mg/kg 

residential and 1,300 mg/kg industrial. 

BEQs in surface soil will be addressed as part of this CMS. However, BEQs will not be 

addressed in subsurface soils. No samples exceeded the SSL for BEQs (1,600 /.ig/kg). and BEQs 

were not detected in any groundwater samples collected at Combined SWMU 14. The maximum 

lower-interval concentration is 1,284.2 ,Ug/kg. 

1,2,,",ri<hloropropa~ ""'''"' ;" ROC (91 ",/kg) ;, m>ly"", o(.;} rod", wB _=,1" C/k. 
(014SB008); it was not detected in the other eight sampless. This lone detection (91.2 ,Ug/kg) was ~q5i? 
essentially equivalent to the residential RBC. Trichloropropane was originally retained as a CDC U(}..; 
because its concentration at soil sampling location o 14SB008 exceeded its soil-to-air volatilization 

screening level (30 ,Ug/kg). However, due to the limited extent of detections, impacts to ambient 

air related to trichloropropane volatilization are unlikely to exceed acceptable risk-based air 

concentrations. Consequently, this compound will not be addressed further in this eMS. 

Aluminum exceeded its RBC (7,800 mg/kg) and background reference concentration 

(26,000 mg/kg) in one of three upper-interval locations (14SBOIO). However, aluminum 

concentrations are essentially equal to background concentrations which suggests that a spill or 

other point release did not impact the site. Furthermore, aluminum soil concentrations are 

typically elevated in the clayey soils like those found at Combined SWMU 14. Consequently, 

aluminum will not be addressed further as part of this CMS. 
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Aroclor-1254 and Aroclor-1260 were originally retained as COCs because two samples contained ~ 

these compounds at concentrations exceeding their risk-based screening levels (RBSLs). qf~ 

However, Aroclor-1254 did not exceed its residential RBC (320 /.ig/kg) at any of the 39 upper- 0 

interval sample locations. Arochor-1260 only exceeded its residential RBC (320 /.ig/kg) in one /XL, 

of39 upper-interval locations (684SB007) at a concentrationof376 /.ig/kg; the industrial RBC for at 
polychlorinated biphenyls (PCBs) is 2,900 /.ig/kg. This sample concentration and frequency of IWl'1t~J 
detection is not reflective of a release. Therefore, Aroclor-1260 will not be further directly 11. /J D f 
addressed in this CMS. ~ 

Thallium exceeded its RBC (0.55 mg/kg) and surface soil background reference concentration~ 

(1.1 mg/kg) at one of 28 upper-interval soil samples at AOC 670 (670SB023) and four out of 

32 soil samples at AOC 684 (684SBOO9, -014, -015, and -016). It did not exceed its subsurface 

soil background concentration in any lower-interval soil samples and will not be addressed for the 

following reasons: 

• 

• 

Thallium exceeded its surface soil background reference concentrations in only 8 % of ~ 

upper-interval samples. Moreover, the 95% upper confidence interval of the site thalliu~ (,J f. 
sample mean is lower than the zone background reference concentration.rTherefore, CJi' 
thallium's frequency and concentrations are not indicative of an acute thallium release at ~ '7 

11.,0 • 
the site. -rr' <> 

All surface soil samples in which thallium exceeded its RBC and surface soil background 

~ . I d' th . ~ re,erence concentrallon are ocate In e same area as anllmony ~RunatIOJl. 

Therefore, thallium contamination in these areas will be indirectly addressed as part of the 

larger antimony plume which IS 'ng addressed in this CMS. 
- -
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• Thallium's hazard at Combined SWMU 14 Hazard (0.1) is less than its Zone H 

background residential hazard (0.2). 

Vanadium exceeded its RBC (55 mg/kg) at nine of 12 SWMU 14 upper-interval soil sample 

locations. However, none of the concentrations exceeded its surface soil background reference 

concentration (73 mg/kg). None of the lower-interval soil samples exceeded the subsurface soil 

background concentration for vanadium. Since vanadium detections do not exceed calculated 

background concentrations, it will not be addressed in this CMS. 

3.2 Groundwater Contaminants of Concern 

No groundwater COCs were identified in the RFI. However, the first round (July, 1998) shallow 

groundwater sample from well 014WOO6, installed in the former DANC excavation area, 

contained a vinyl chloride concentration (17.0 ,ug/L) that exceeded its RBC and MCL. However, 

vinyl chloride was not detected in second round (March, 1999) samples from 014GW006. No 

chlorinated VOCs were detected in wells 014-001 through -005 in four rounds of sampling, and 

no VOCs were detected in first round (February 1999) groundwater samples collected from well 

014W007, which is downgradient Of014W006.)( N~ ~ ... qeA-~~ 
(b\.liMJ,..o~ v6c...... ~r 
~ IN'- Q.M>h C-lpov!t,OV\ O· 

Vinyl chloride is an anaerobic degradation product of 1,1,2,2-trichloroethane which is the main CD~ 
chemical component of the DANC contamination removed by the DET. The presence of vinyl --::::;:::::::: 

chloride following the excavation suggests that the chlorinated hydrocarbon residue had been 

degraded in the biologically active vadose and saturated zones. 

Based on the lack of groundwater contaminants in excess of MCLs or RBCs described above and 

the apparent natural degradation of chlorinated VOCs formerly present at the site, groundwater 

will not be further addressed in this CMS. 
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RFI remedial goal options (RGOs) are based on a 95% UTL site concentration driving a certain 

level of risk or hazard in surface soil. It is important to note that RFI RGOs are not maximum 

allowable residual concentrations. Rather, these RGOs represent the 95 % UTL of the mean 

residual concentration. 

In addition to these RFI RGOs, alternate RGOs can be calculated by evaluating the incremental 

reduction in site risk as areas of greatest contamination are removed or otherwise remediated. 

Such calculations can be used to estimate the area and volume of soil requiring remediation in 

order to achieve some risk- or hazard-specific goal such as background risk and hazard. RGOs 

under risk reduction-based clean-up scenarios are generally equal to Zone H background 

concentrations. However, risk-reduction based RGOs can be set above background in cases where 

residual site-risk above background IS acceptable and desirable based on site-specific 

characteristics. 

Zone H background risk was calculated by applying the zone-specific background concentration 

of arsenic and BEQs to the risk and hazard formulas. Background arsenic concentrations 

(15.4 mg/kg) generate a Zone H background residential risk of 4.1E-05 Background BEQ 

concentrations (0.42 mg/kg) generate a Zone H background residential risk of 4.8E-05. 

At Combined SWMU 14, residential point risks were ranked in terms of their relative contribution 

to overall site risk. Table 3-1 displays the greatest point contributors to residential risk at each 

site within Combined SWMU 14 excluding lead-contaminated points scheduled for removal by the 

DET. Figure 3-1 shows the reduction in residential site risk as the area associated with each point 

is removed or otherwise remediated. The graph shows which points and the corresponding areas 

of the site which must be remediated in order to achieve a residual site risk equal to or less than 

Zone H background risk. \V ----O~ bv -t-- I S' ~ '+ 
~ ) ('\ dt.l 
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Point to be 
Removed 

None 

670SB031 

684SOO35 

684SB021 

684SB044 

684SBOO3 

61058003 

670SB029 

! 
684SB004 

684SB043 

015SB004 

Note: 
ft2 square feet 

Zone H Combined SWMU 14 Corrective Measures Study Repon 
Charleston Naval Complex 

Section 3 - Remedial Objectives 
Revision: 0 

Table 3-1 
Combined SWMU 14 Residential Point Risk Reduction 

Estimated Cumulative Residential Total Site Risk Remaining 
Area (ft') Area (ftl) Point Risk After Point Removal 

() 0 NA 6.3E-05 

2,338 2,338 9.0E·04 S.7E-OS 

3,268 5,606 4.6E-04 5.3E..05 

2,142 7,747 4.4E-04 S.OE-OS 

4.694 12.441 1.1E'(}4 4.sE·05 

2,496 14,937 1.6E-04 4.7E-OS 

2,115 17,652 1.3E-04 HE·05 

3,732 21,384 1.2E·04 4.4E·OS 

2.616 24,000 1.2E-04 4.3E-05 

3,024 27,023 7.1E·OS 4.2E·OS 

488 27.511 !.1E·Q4 4.QE·05 

Compound·specific surface soil RGGs developed during the RFI and the alternate site risk-based 

RGGs are summarized in Table 3-2 These values present the range from which the final remedial 

objectives will be selected by the project team based on the alternative evaluations discussed in 

Section 5.0. Based on future use plans, the remedial objectives selected from the RGG tables will 

be ",'" ~ "~""~ ,,"dng "'" eMS />ru; <f /lit S + re1:l 

~, 
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Compound 0.1 
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Revision: 0 

Table 3-2 
Surface Soil Remedial Goal Options (rog/kg) 

Point Hazard-Based RGO, 

1 3 Alt. 1£-06 

Point Risk-Based RGO, 

IE-05 IE-04 Alt. 
Background 

Concentration 

Residential Reuse Scenario 

Anlimony 2.92 29.1 NA' NA' 'NA' NA' NA' NA' 

Arsenic 2.19 

Lead NA" 

21.9 66 15.4 0.383 3.83 38.3 15.4 e 
NA' B~ NA1 NA~ 4txr NA'. 118 

~ -, 
BEQ" NA' NA' NA' !'Ii\. ' As 0;,06}' 0.6 6.0 0.42 \. 0.42-d 

Industrial Reuse Scenario 

NAr NAr NA7 NAl NA~ NA' NA' NA' 

435 1.305 15.4 ' , 27.1 270.6 .. , 15.4 .'-' 1.J.'+ Arsenic 43.5 

Lead NA" NA' NA' 1.300' NAi NAi NA' 1,JOO> 118 

BEQ,' NA' NA' NA' NA' 0.30 3.0 29.7 0.42 0.42 

Notes: 
I Combined SWMU 14 Site Hazard (0.9) for Antimony is less than the Background Zone H Hazard (Ll) for 

Antimony. 
2 
3 
4 
5 
6 

7 
NA 

Compound is not a recognized carcinogen and therefore does not contribute to risk. 
Background concentrations for this compound were not possible due to a lack of detections in background samples. 
Compound does not contribute to hazard. 
USEPA soil guidance concentration based on childhood e~posure as predicted by IEUBK model. 
BEQs are calculated by multiplying the cPAHs by their respective TEFs and assuming that non·detect values are 
estimated according to the memo from Barry Doll. EnSafe. Inc. to Johnny Tapia. SCDHEC. CNC Background 
CalculatIOns for Carcemogenic PAHs in Terms of BEQs, dated February 5. 1999. 
No RGO needed because compound was not detected in quantities great enough to drive 0.1 hazard. 
not applicable 

• 
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This section describes the initial steps toward remedy selection: identification and screening of 

applicable technologies. Once technologies are identified, they are reviewed based on site-specific 

conditions and waste constraints. Screening occurs when technologies are either eliminated from 

or retained for further consideration. From the technologies retained, alternatives for remedial 

action at SWMU 14 will be developed and further evaluated in Section 5.0. 

4.1 Potential Response Actions 

Remedial action tecp~nologies can be broadly categorized into general response actions for 

consideration in the CMS. From these generalized categories potentially applicable technologies 

will be selected. The general categories of response actions are summarized below. 

• Institutional controls: Institutional controls often supplement engineering controls as 

appropriate for short- and long-term management to prevent or limit exposure to hazardous 

substances, pollutants, or contaminants. Institutional controls should not supplant active 

response measures as the sole remedy unless active measures are determined to be 

impractical. Institutional controls typically include: 

Site access controls 

Public awareness, education 

Groundwater use restrictions 

Long-term monitoring 

Deed restrictions 

Warning against excavation, soil use 

4-1 
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In situ Physical/Chemical Treatment Technologies 

• In situ and ex situ chemical oxidation were screened from further consideration because 

they treat VOCs and SVOCs more effectively than inorganics and BEQs. Moreover, 

chemical oxidation is typically used to treat soils containing contaminants too concentrated 

or too toxic for bioremediation to be effective. For in situ oxidation, soils must be 

sufficiently permeable for the oxidant solution to reach the contamination and for reaction 

products to move away from the area. Furthermore, background metal concentrations 

would likely interfere with the process by competing for the chemical oxidants. 

• Electrokinetic separation was screened from further consideration because it treats 

consolidated soil contamination more effectively than compounds dispersed over a large 

site such as Combined SWMU 14 

• Fracturing was screened from further consideration because it does not aplly to current 

site conditions. 

• Pressure dewatering was screened from further consideration because vadose zone 

technologies are not being considered for this site. Soil-vapor transport can be severely 

limited in a soil with a high bulk density, Jow porosity, and low permeability. 

• Soil flushing was screened from further consideration because groundwater contamination 

is independent of soil contamination. Soil flushing might cross-contaminate the 

groundwater. 

• In situ soil-vapor extraction (SVE) and thermally enhanced SVE were screened from 

further consideration because vadose zone technologies are not being considered for this 

site. The shallow water table limits the technology'S effectiveness because it is difficult 

4-4 
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to control gases and vapor in the subsurface. The vadose zone should extend at least 10 

feet below the ground surface to provide a sufficient volume of soil for SVE to effectively 

treat soil contaminants. Furthermore, soil-vapor transport can be severely limited in a soil 

with a high bulk density, low porosity, and low permeability. Ex situ SVE was screened 

from further consideration because it effectively treats VOCs and SVOCs, but not 

inorganics and BEQs. 

• In situ solidification/stabilization was screened from further consideration because it may 

interfere with future site use. 

In situ Thermal Treatment Technologies 

• In situ and ex situ aquathermolysis were screened from further consideration because 

they do not effectively treat inorganics and BEQs. The shallow water table limits the 

technology's effectiveness because it is difficult to move the heated water through the 

subsurface without impacting the aquifer. The vadose zone should extend at least 10 feet 

below the ground surface to provide a sufficient volume of soil for aquathermolysis to 

effectively treat soil contaminants. Furthermore, effective transport of the heated water 

can be severely limited in a soil with a high bulk density, low porosity, and low 

permeability. 

• In situ vitrification was screened from further consideration because it may impact future 

use of the site. Ex situ vitrification was screened from further consideration because it 

is primarily used to treat radioactive contaminants. 

Ex situ Biological Treatment Technologies 

• BiopiJes (or composting) was screened from further consideration because it treats VOCs 

and fuel hydrocarbons more effectively than it does inorganics and BEQs. Composting is 

4-5 



Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 4 -Identification and Screening o..fTechn%gies 
Revision: 0 

generally limited to wastes containing smaller hydrocarbon molecules. The presence of 

sails or nietais may inhibit microbial activity. 

• Biosorption was screened from further consideration because it treats dissolved species 

more effectively than it does soil-sorbed constituents. 

• Fungal biodegradation was screened from further consideration because it does not 

effectively treat inorganics and BEQs. Fungal biodegradation is generally limited to 

organopollutants . 

• Ex situ landfarming was screened from further consideration because a significant amount 

of land area is required for treatment. In addition, ex situ landfarming requires a more 

sophisticated (i.e., costly) engineering system than in situ landfarming or bioremediation. 

• Slurry-phase biological treatment was screened from further consideration because it is 

primarily used to treat nonhalogentated VOCs and SVOCs - it does not effectively treat 

inorganics and BEQs. 

Ex situ Physical/Chemical Treatment Technologies 

• Dehalogenation was screened from further consideration because it does not effectively 

treat inorganics and BEQs. Dehalogention is limited to halogenated contaminants. 

• Solar detoxification was screened from further consideration because it primarily targets 

VOCs, SVOCs, and solvents rather than inorganics and BEQs. 

• Supercritical carbon dioxide extraction (SeDE) was screened from further consideration 

because it does not effectively treat inorganics and BEQs. 

4-6 
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Ex situ Thermal Treatment Technologies 

• Distillation was screened from further consideration because it is limited to the removal 

of organic contamination. 

• High-pressure oxidation was screened from further consideration because it does not 

effectively treat inorganics and BEQs. 

• Hot gas decontamination was screened from further consideration because it is primarily 

used for managing explosives. 

• Incineration and pyrolysis were screened from further consideration because they do not 

effectively treat inorganics and BEQs. 

• Thermal desorption was screened from further consideration because it does not 

effectively treat inorganic compounds. BEQs may be treated with thermal desorption; 

however, Combined SWMU 14 BEQs concentrations are too low to supply sufficient 

British thermal units (Btus) to warrant this thermal technology - it would likely be cost 

prohibitive. 

• Open burn and detonation were screened from further consideration because they are 

used primarily to treat munitions rather than inorganics and BEQs. 

Other Treatment Technologies 

• none 

The following technologies are effective for only one of the two principal waste streams 

(inorganics and BEQs) and were therefore screened from further consideration: 

4-7 



Institutional Controls 

• none 

Containment 

• none 
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In situ Biological Treatment Technologies 

• In situ bioremediation was screened from further consideration because it does not 

effectively treat inorganic compounds. BEQs may be treated with this technology, 

although less effectively than lighter hydrocarbons. 

• Monitored natural attenuation (MNA) was screened from further consideration because 

it does not effectively treat inorganics since these compounds are often immobilized during 

the process, but not destroyed. Immobilization may involve adsorption, coprecipitation, 

precipitation, and diffusion into the soil matrix, and may either be reversible or slowly 

reversible. MNA may treat BEQs and other PARs effectively, but institutional controls 

may be required and limit access to the site during remediation. 

In situ Physical/Chemical Treatment Technologies 

• none 

In situ Thermal Treatment Technologies 

• none 

Ex situ Biological Treatment Technologies 

• none 
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Ex situ Physical/Chemical Treatment Technologies 

• Chemical extraction was screened from further consideration because it does not 

effectively treat BEQs (molecular weight = 252). Chemical extraction has been shown 

to be effective in treating soils containing inorganic and organic contaminants, but is 

generally least effective on very high molecular weight organics and very hydrophilic 

substances. 

• Physical separation was screened from further consideration for several reasons: 

Due to dispersed and relatively low concentrations of inorganic contamination at 

Combined SWMU 14, physical separation may not yield cost -effective quantities 

of recoverable metals. 

Lead-shot contamination can be effectively treated with physical separation, 

however, these areas are scheduled to be removed by the DET during additional 

ISM activities before the implementation of corrective measures. 

It does not effectively treat BEQs. 

• Soil washing was screened from further consideration because of potential site constraints. 

Soil washing does treat inorganics and BEQs; however, its effectiveness decreases when 

a soil's clay and silt content of the soil increases. Since the soil at Combined SWMU 14 

is primarily clay, this technology may be impractical since the primary treatment 

mechanism is separation of the fine and coarse soil materials, coupled with the assumption 

that the contaminants adhere to the fine stream. If the fine stream is a substantial portion 

of the soil matrix, then volume reduction is minimal. 
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• Ex situ stabilization/solidification effectively treats inorganics and BEQs; however, it was 

screened from further consideration because it may not be practical for the soil 

concentrations at Combined SWMU 14. There is no current threat to the groundwater via 

migration from soil. As a result, binding the contaminants to the soil matrix would not 

provide a substantial benefit. Furthermore, there would still be a dermal and 

gastrointestinal contact risk if the material remained onsite. 

Ex situ Thermal Treatment Technologies 

• none 

Other Treatment Technologies 

• none 

Soil technologies retained for further consideration are listed below. 

Institutional Controls 

• Institutional controls 

Containment 

• Surface cap 

In situ Biological Treatment Technologies 

• Phytoremediation 

• In situ landfarming 

In situ Physical/Chemical Treatment Technologies 

• none 
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In situ Thermal Treatment Technologies 

• none 

Ex situ Biological Treatment Technologies 

• none 

Ex situ Physical/Chemical Treatment Technologies 

• none 

Ex situ Thermal Treatment Technologies 

• none 

Other Treatment Technologies 

• Excavation and offsite disposal 

4.2.2 Technology Screening Results for Groundwater Remediation 

Groundwater remedial technology identification and screening was not required during the CMS. 

Because the source was removed by the DET and based on the results of additional groundwater 

sampling performed during the CMS, Combined SWMU 14 shallow groundwater complies with 

all MCLs and does not require remedial action. 

4·11 
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5.0 DEVELOPMENT AND EVALUATION OF ALTERNATIVES 

The purpose of the detailed analysis of alternatives is to provide decision makers with adequate 

information to select an appropriate site remedy. During the detailed analysis, each alternative 

is assessed against the evaluation criteria described in the OSWER Directive Number 9902.3-2A. 

Assessment results are then arrayed to compare the alternatives and identify key tradeoffs among 

them. 

5.1 Evaluation Process 

The evaluation process is designed to provide decision makers with sufficient information to 

adequately compare the alternatives. select an appropriate remedy for a site, and satisfy RCRA 

requirements for selecting the remedial action. 

Primary Criteria 

Four evaluation criteria have been developed to address t.lIe RCR .. A requirements and 

considerations and their additional technical and policy considerations. The evaluation criteria 

with the associated statutory considerations that must be met are: 

• Primary Criteria 1 

• Primary Criteria 2 

• Primary Criteria 3 

• Primary Criteria 4 

Secondary Criteria 

Protection of human health and the environment 

Attainment of cleanup standards 

Source control 

Compliance with applicable waste management standards 

The alternatives are scored on their abilities to meet the four primary criteria as well as 

five secondary criteria. These secondary criteria can help rank remedial alternatives that have met 

all four of the primary criteria described above. 

5-\ 



• Secondary Criteria 1 

• Secondary Criteria 2 

• Secondary Criteria 3 

• Secondary Criteria 4 

• Secondary Criteria 5 
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Long-term reliability and effectiveness 

Reduction in waste toxicity, mobiiity, or volume 

Short-term effectiveness 

Implementability 

Cost 

Each remedial alternative is evaluated with respect to the above criteria, as described in the 

following sections. 

5.1.1 Protection of Human Health and the Environment 

Corrective action remedies must be protective of human health and the environment. Each 

alternative must satisfy this criteria to be eligible for selection. Evaluation of this criteria should 

provide a final measure to assess whether each alternative adequately protects human health and 

the envirop ..... 1!lent. The overall assessment of protection draws on the assessments conducted under 

other evaluation criterion, especially long-term reliability and effectiveness, short-term 

effectiveness, and compliance with applicable waste management standards. 

Evaluation of the overall protectiveness of a remedial alternative should gauge whether an 

alternative achieves adequate protection by eliminating, reducing, or controlling the risks each 

pathway poses through treatment. engineering. or institutional controls. This evaluation considers 

whether an alternative poses any unacceptable short-term or cross-media impacts. 

5.1.2 Attainment of Cleanup Standards 

Remedies will be required to attain media cleanup standards set by the implementing agency, 

which may be derived from existing state or federal regulations (e.g. groundwater standards) or 

other standards. The media cleanup standards for a remedy will often play a large role in 

determining the extent of and technical approaches to the remedy. In some cases, certain technical 
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aspects of the remedy, such as the practical capabilities of remedial technologies, may influence 

to some degree the media cleanup standards that are established. 

In addition, this eMS will evaluate whether the potential remedial technologies will achieve the 

preliminary remediation objective identified by the implementing agency, as well as other 

alternative remediation objectives proposed in the eMS. The time frame for each alternative to 

meet these standards wiii be estimated and inciuded in this discussion. 

5.1.3 Source Control 

A critical objective of any remedy must be to stop further environmental degradation by 

controlling or eliminating further releases that may threaten human health and the environment. 

Unless source control measures are taken, efforts to clean up releases may be ineffective or, at 

best, will essentially involve a perpetual cleanup. Therefore, an effective source control program 

is essential to ensure the long-term effectiveness and protectiveness of the corrective action 

program. 

The source control standard is not intended to mandate a specific remedy or class of remedies. 

Instead, the eMS will examine a wide range of options. This standard should not be interpreted 

to preclude the equal consideration of using other protective remedies to control the source, such 

as partial waste removal, capping, slurry walls, in situ treatment/stabilization and consolidation. 

This eMS report will also evaluate whether source control measures are necessary, and if so, the 

type of actions that would be appropriate. Any proposed source control measure will include a 

discussion on estimated effectiveness based on site conditions and history of the specific 

technology. 
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5.1.4 Compliance with Applicable Waste Management Standards 

Cou-ective action remedies must comply wit..'i applicable waste Irulnagement standards. Each 

alternative must satisfy this criteria to be eligible for selection. This criteria is used to evaluate 

whether each alternative will meet all the federal and state waste management standards identified 

in previous stages of the remedial process. 

S.LS Long-Term Reiiabiiity and Effectiveness 

The evaluation of alternatives under this secondary criterion addresses the results of a remedial 

action in terms of the risk remaining at the site after response objectives have been met. The 

primary focus of this evaluation is the extent and effectiveness of the controls that may be required 

to manage the risk posed by treatment residuals and/or untreated wastes. The following should 

be addressed for each alternative: 

• Magnitude of Residual Risk: This factor assesses the residual risk from untreated waste 

or treatment residuals at the conclusion of remedial activities. This risk may be measured 

by numerical standards such as cancer risk levels or the volume or concentration of 

constituents in waste, media, or treatment residuals remaining onsite. 

• Adequacy and Reliability of Controls: This factor assesses the adequacy and suitability 

of any controls used to manage treatment residuals or untreated wastes remaining onsite. 

It may include an assessment of containment systems and institutional controls to determine 

if they are sufficient to ensure thaI any exposure to human and environmental receptors is 

within protective levels. 
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5.1.6 Reduction of Toxicity, Mobility, or Volume 

This criterion addresses the preference for remedial actions employing treatment technologies that 

permanently and significantly reduce the toxicity, mobility, or volume of hazardous substances. 

The evaluation should consider the following specific factors: 

• The treatment processes, the remedies they will employ, and the materials they will treat. 

• The amount of hazardous materials that will be destroyed or treated, including how 

principal threat(s) will be addressed. 

• The degree of expected reduction in toxicity, mobility, or volume, measured as a 

percentage of reduction (or order of magnitude) when possible. 

• The degree to which the treatment will be irreversible. 

• The type and quantity of treatment residuals that will remain following treatment. 

5.1.7 Short-Term Effectiveness 

The short-term effectiveness of a remedial alternative is evaluated relative to its effect on human 

health and the environment during implementation. Short-term effectiveness is based on four key 

factors: 

• 

• 
• 
• 

Risks to the community during implementation of the remedial action. 

Risks to workers during implementation of the remedial action. 

Potential for adverse environmental impact as a result of implementation. 

Time until remedial response objectives are achieved. 
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This criterion addresses the technical and administrative feasibility of implementing an alternative 

and the availability of various services and materials required during its implementation. It 

involves analysis of the following factors: 

Technical Feasibility 

• Technicai difficuities and unknowns associated with constru.ction and operation. 

• Potential technical problems during implementation that may lead to schedule delays. 

• Ease of remedial action and potential future activities based on technology performance. 

• Ability and ease of remedy effectiveness monitoring, including an evaluation of the risks 

of exposure should monitoring be insufficient to detect a system failure. 

Administrative Feasibility 

Activities needed to coordinate with other offices and agencies. 

Availability of Services and Materials 

• A vailability of adequate offsite treatment, storage capacity, and disposal services. 

• Availability of necessary equipment and specialists, and provisions to ensure any necessary 

additional resources. 

• A vailability of services and materials, plus the potential to obtain competitive bids, which 

may be particularly important for innovative technologies. 

• A vailability of prospective technologies. 
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Detailed cost esti,uates for each remedial alternative are based. on engineeri.~g analyses, suppliers t 

estimates of necessary technology and costs for similar actions (such as excavation) at other RCRA 

and RCRA sites. The cost estimate for a remedial alternative typically consists of four principal 

elements: capital cost, annual operation and maintenance (O&M) costs, costs for evaluation 

reports, and present-worth analysis. Costs are expressed in 1999 dollars. 

Capital Costs 

• Direct costs for equipment, labor, and materials used to develop, construct, and implement 

a remedial action. 

• Indirect costs for engineering, fInancial, and other services that are not actually part of 

construction, but are required to implement a remedial alternative. The percentage applied 

to the direct cost varies with the degree of difficulty associated with construction and/or 

implementation of the alternative. In this CMS, the indirect costs include health and safety 

items, permitting and legal fees, bid and scope contingencies, engineering design and 

services, and miscellaneous supplies or costs. 

Annual O&M Costs 

O&M costs refer to post-construction costs necessary to ensure the continued effectiveness of a 

remedial action. They typically refer to long-term power and material costs (such as the 

operational cost of a water treatment facility), equipment replacement costs, and long-term 

monitoring costs. 

Evaluation Reports 

Those costs are associated with reports prepared to evaluate the results of the selected alternative. 

5-7 



Present-Worth Analysis 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Camp/ex 

Section 5 - Development and Evaluation of Ailernallves 
RevisIOn: 0 

This analysis makes it possible to compare remedial alternatives on the basis of a single cost 

representing an amount that would be sufficient to cover all costs associated with the remedial 

action during its planned life, if invested in the base year and disbursed as needed. A performance 

period appropriate to each alternative is assumed for present-worth analyses. Discount rates of 

6 % are assumed for base calculations. An increase in the discount rate decreases the present 

worth of the altcuidtive. 

The cost elements for each remedial alternative are summarized in the cost analysis section. The 

study estimate costs provided for the alternatives are intended to reflect actual costs with an 

accuracy of minus 30% to plus 50%, in accordance with USEPA guidelines. 

5.2 Development and Evaluation of Soil Remedial Alternatives 

The alternatives include containment, in situ and ex situ treatment, and excavation and disposal. 

Depending on remedial objectives and property reuse considerations, each alternative may include 

institutional controls and monitoring. The following alternatives have been developed from the 

technologies retained from the screening described in Section 4: 

• Alternative 1: No Further Remedial Action 

• Alternative 2: Phytoremediation 

• Alternative 3: In situ Landfarming 

• Alternative 4: Low-Permeability Surface Cap 
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• Alternative 5: Excavation to Residential Zone H Background Inorganic Site Risk with 

Offsite Disposal 

• Alternative 6: Excavation and Offsite Disposal of All Areas Exceeding Zone H 

~ .. . 
;) ••• .1. 

Background Concentrations 

Alternative 1: No Further Remedial Acdon 

No remedial actions would be taken to contain, remove, or treat soil contamination that exceeds 

remedial objectives. Soil would remain in place. This alternative would achieve a site wide 

residential risk of 6.3E-05 above background. W \J-M-11'1/ 
Implementation of no further remedial action is a viable remedia ternative because residual C; 
residential site wide risk is within the USEPA acceptable ran (l.OE-04 to l.OE-06) following 

the DET ISM described in Section 2.3. Furthermore, the DET is scheduled to complete another 

ISM in 1999 - excavation and disposal of lead shot-contaminated soil from SWMU 14 and from 

the berm at the southern end of the Combined SWMU 14. 

5.2.1.1 No Further Remedial Action: Primary Criteria 

Overall Protection of Human Health and the Environment 

No further remedial action provides no additional protection of human health and the environment. 

This alternative assumes that future use would be residential. Under the no further remedial action 

scenario, arsenic-, antimony-, and BEQs-contaminated soil would remain onsite. No institutional 

controls are included in this alternative. 
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This alternative does not comply with the risk -based goals developed in Section 3. Contaminated 

soil would remain above remedial objectives. However, as is, the residential site risk (6.3£-05) 

is within USEPA's acceptable range of 1.0E-04 to 1.0E-06.1fl& ~ 

Source Control 

This alternative does not address source control. ConUh"'llinated soil would remain above remedial 

objectives. 

Compliance with Applicable Waste Management Standards 

No waste will be managed under this alternative. Therefore, waste management standards do not 

apply. 

5.2.1.2 No Further Remedial Action: Secondary Criteria 

Long-term Reliability and Effectiveness 

Long-term reliability and effectiveness of Alternative 1 is minimal. Soil volumes and 

concentrations would remain unchanged and this alternative does not reduce the magnitude of 

current site risk 

Reduction of Toxicity, Mobility, or Volume 

This alternative would not reduce the mobility, toxicity, or volume of soil contaminants. 

Contaminants would remain untreated and in place onsite. 

Short-term Effectiveness 

There are no short-term effects resulting from this alternative. 

5·[0 



Zone H Combined SWMU J 4 Corrective Measures Study Report 
Charleston Naval Complex 

Section 5 - Development and Evaluation of Alternatives 
RevIsion: 0 

Implementability 

The no further remedial action alternative is technically feasible and easily implemented. No 

construction, operation, or reliability issues are associated with this alternative. Administrastive 

coordination, offsite services, materials, specialists, or innovative technologies would not be 

required. No implementation risks are associated with this alternative. 

Cost 

No costs are associated with this alternative. 

5.2.2 Alternative 2: Phytoremediation 

Phytoremediation is an emerging technology that uses specific plant species and their associated 

rhizospheric microorganisms to remove, degrade, or contain chemical contaminants in soil, 

sediments, groundwater, surface water, and even the atmosphere. 

phytoremediation systems would be applicable to Combined SWMU 14: 

Several types of 

• Phytoextraction: Metals, radionuclides, and certain organic compounds (i.e., petroleum 

hydrocarbons) are removed by direct uptake into the plant tissue. Implementation of a 

phytoextraction program involves planting at least one species that hyperaccumulates the 

COCs. 

Hyperaccumulation, a specific technology for the remediation of low-level, widespread 

heavy-metal and radionuclide contamination, is defined as the ability of a plant to uptake 

and store more than 2.5 % of its dry weight in heavy metals. To accomplish 

hyperaccumulation, plants are grown in contaminated soil or water and assimilate the 

contaminants through a process known as translocation. In this process, contaminants 

are absorbed by the root system of a plant and moved to the aboveground parts - the 

stems and leaves - where they can easily be harvested and removed from the site. 
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• Phytostabilization: Certain plant species are used to absorb and precipitate contaminants, 

generally metals, reducing their bioavailability, and so reducing the potential for human 

exposure to these contaminants. Plants used in this process often produce a large root 

biomass that is able to immobilize the COCs through uptake, precipitation, or reduction. 

• Phytotransjormation: Certain plants are used to degrade contaminants through plant 

metaboliS1l1. 

• Phytostimulation: Microbial biodegradation is stimulated in the root zone. The plants 

provide carbonaceous material and essential nutrients through liquids released from roots 

and root tissue decay. In addition, oxygen released from plants increases the oxygen 

content in the microbially rich rhizopheric zone. 

Laboratory and field studies would be used to determine the appropriate plant species required to 

remediate the COCs. In addition, these studies would help in the planting scheme design including 

plant spacing, fertilization frequency, soil amendments, and water requirements. 

During remedial activities, one or more of the following instirutional controls would be installed 

as pan of this alternative: 

• Site access controls: fences, signs, gates, and additional site personnel 

• Public awareness 

• Long-term monitoring of general site conditions 

• Land-use restrictions 

• Excavation warnings and soil-use restrictions 
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5.2.2.1 Phytoremediation: Primary Criteria 

Overall Protection of Human Health and the Environment 

Phytoremediation protects human health and the environment by slowly removing, transforming. 

or immobilizing contaminants in the soil. This alternative, coupled with appropriate institutional 

controls during implementation, would eliminate risk to potential future residents or site workers 

and the environment and drastically reduce the potential for continued contaminant migration. 

Short -term risks from inhalation and dertnal contact during implementation would be minimal and 

could be controlled using common engineering techniques and appropriate PPE. This alternative 

would comply with applicable waste management standards and remedial objectives. 

Phytoremediation is still considered an innovative technology. As such, long-term reliability and 

effectiveness are relatively unknown. However, substantial research has been conducted to 

(I) identify and develop plants that are more effective on target compounds, (2) understand the 

biological processes behind phytoremediation, and (3) increase the number of field-scale 

applications. Phytoremediation, which may be two to three times less expensive than chemical 

and physical remedial technologies, is a passive approach that is effective over a period of months 

and years rather than weeks. 

Finally, public acceptance of phytoremediation can be very high, in part because of the park-like 

aesthetic, which includes bird and wildlife habitats. 

Attainment of Cleanup Standards 

Phytoremediation would attain media cleanup standards as established by the project team. 

Phytoremediation is the one of the least aggressive remedial technology and would likely require 

the most time to attain proposed cleanup standards. Once design plans are approved, this 

alternative would be expected to take several years to satisfy remedial objectives. 
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This alternative would provide effective source control by slowly removing. transforming, or 

immobilizing contaminants in the soil that contribute to site risk. Disposition of resulting affected 

plant material would eliminate the contaminants from the site. Furthermore, institutional controls 

would drastically reduce the likelihood of additional risks to future site workers by eliminating 

potential exposure pathways to residual contamination. 

Compliance with Applicable Waste Management Standards 

Phytoremediation meets remedial objectives which are protective of future residential and 

industrial site users. Transportation of harvested tnaterials offsite may trigger U. S. Department 

of Transportation regulations. Land-disposal restrictions would be triggered if the contaminated 

media were determined to be a hazardous waste. Although it is anticipated that the harvested 

plant materials would be nonhazardous, TCLP analyses would be performed for verification. No 

location-specific regulations would be triggered by this alternative. 

5.2.2.2 Phytoremediation: Secondary Criteria 

Long-term Reliability and Effectiveness 

Phytoremediation is currently limited to research activities and limited field testing. While several 

recent and on-going applications have reportedly been successful in lowering contaminant 

concentrations. complete full-scale applications of this innovative technology projects are scarce. 

Reported results show fair potential for practical applications of these techniques to achieve 

remedial objectives and regulatory approval; however, at least two or three more years of field 

tests are necessary to validate the initial, small-scale field tests. 

Reduction of Toxicity, Mobility, or Volume 

This alternative would provide effective toxicity, mobility, or volume reduction by slowly 

removing, transforming, or immobilizing contaminants in the soil that contribute to site risk. 
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Toxicity would be reduced by phytotransformation and phytostimulation, which use biological 

processes to degrade the contaminants to less toxic forms. However, this alternative may generate 

more toxic treatment residuals. Mobility would be reduced by phytoextraction and 

phytostabilization which either immobilize the contaminants in the subsurface or in the plant 

leaves. Volume would be reduced by phytoextraction. Contaminants, particularly metals, are 

transferred from the soil to the plants, which can be harvested and disposed of in a landfill. 

Typically the volume of plant material requiring disposal is much less than the original quantity 

of contaminated soil. Moreover, with appropriate monitoring and maintenance, the toxicity, 

mobility, or volume reduction processes would be irreversible. 

Short-Term Effectiveness 

The phytoremediation operation would be sufficiently removed from the public to reduce health 

and safety concerns associated with soil remediation. Workers would be exposed to increased 

particulate emissions during planting and grading activities and might also have more dermal 

contact with hazardous constituents. However, worker risks can be reduced by implementing dust 

control technologies and a site-specific health and safety plan that specifies PPE, respiratory 

protection, etc. 

Implementability 

Phytoremediation is technically and administratively feasible at Combined SWMU 14. Areas to 

be remediated are readily accessible. Contaminants are generally in the top 1 to 3 feet of soil, 

which contributes to phytoremedial success. Overall, this alternative is easy to install, maintain, 

and monitor. Only landscaping equipment would be required to implement this technology. 

Confirmatory sampling would be required to monitor its performance of the process. No future 

remedial actions would be required after this alternative is completed. Institutional controls would 

be required during implementation because soil would still represent an exposure threat until the 

contamination above remedial goals was phytoremediated. 

5·15 



Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 5 - Development and Evaluation of Alternatives 
Revision: 0 

Specific methods for application to contaminated sites have not been standardized, but general 

pri..~ciples have been established. The genera! steps followed in the design and Lrnplementation of 

a phytoremediation project for any of the techniques include: 

• Site characterization, including determination of soil and water chemistry/conditions, 

climate, and contaminant distributions. 

• Treatability studies to determine rates of remediation and appropriate plant species, 

density of planting, location. etc. Agricultural analyses and principles are required to 

complete the treatability study. 

• Preliminary field testing at the site to monitor results and refine design parameters. 

• Full-scale remediation 

• Disposal of resulting plant material. 

Phytoremediation would probably take more than 10 years to reduce CDC concentrations to 

background levels. Table 5-1 summarizes its advantages and limitations. 

Costs 

Costs associated with phytoremediation are presented in Table 5-2; however, current estimates 

costs for phytoremediation vary widely. Phytoremediation capital costs would be $315,400, 

annual D&M costs would be $30,000, and long-term monitoring costs would be $22,000 per year. 

As appropriate. the long-term monitoring program can be modified with regulatory approval. The 

total cost for phytoremediation over a 30 year period would be $1,031,020. 
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Table 5-1 
Phytoremediation Advantages and Limitations 

(T\.filler, 1996 ;;ml Ch~ppdlt 1997) 

Advantaees 

In situ leclmology 

Passive treatment with minimal associated O&M 

Solar powered 

Orgamc POiiUlafiiS may be degraded to carbon dioxide and 
water, removing. as opposed to transferring. environmental 
toXicity 

CtlSt·eff"",i~fur latgll WlblilOl5.ot $011 baltii!alow 
-C;:QrH:efttr3tiDn$;. 

Overall costs can be 10% to 20% of traditional ex situ 
systems. 

Transfer IS ro.",r dian monitored _l alU!n""tloB 

Significant public acceptance 

Air emissions are rnilllmal 

Secondary wastes are not generated 

Soil and groundwater remain In pIa.:;, and can be used pO!!­
rreatmem. 

Limitations 

Limiicils:sltallow ;mils, .~; and groundwater -
. ·1~ly,t.i!liricl(idIQ:~wJller within 10 feet ot die 
arowd~ . 
High concentration of hazardous materials can be toxic to 
plants 

Rep)allll't$f~jllatily . 

Climatic i.ild agriculrural conditions may influence growth 
rate and indirectly, treatment system effectiveness 

Only effective for moderately hydrophobic contaminants 

Toxicity :andbioawllability ;if dOgradatinti prooSucts ar~ 
ttl\lal<)wn 

Contaminants may be mobilized into the groundwater (for 
soil applications) 

Contaminanu; may enter fOllll·cltain through animal 
c<m$Ui)JpllOQ 

Table 5·2 

Action 

Capital Costs 

La!)orawrylpilotlfield iNdies 

Mobilization/demobilization 

Planting 

Soil cover and amendments 

Institutional COIltrol. 

Engineering/oversight 

Contii!aeocy/miscellaneous 

Subtotal 

Phytoremediation with Institutional Controls Costs 

Quantitv Cost per Unit 

III $8(),QOO 

LS $5,000 

7 acres SlO,QOOlacre 

7 acres $7,500 

LS $.10,000 

LS 20% 

LS 25% 
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Table 5-2 
Phytoremediation with lnstitutiona1 Controls Costs 

Action Quantity 

Operations and Mainttnance Costs 

Hord<:lllMe (Plaill ~"Itb} 7,~$ 

Pruning 7 acres 

Harvesting '1 JICt1!& ' 

Inspection LS 

Subtotal 

Present worth value at 6% discount rate over 30 years 

Phyloremediation Long-term Monitoring Anllutd Program 

Soil sampling (fie!dwort) " " 

Soil analysis 

E'IIallllltion 

Reporting/engineering 

Misc. equipment. supj,1iBs. iravd ' 
Subtotal 

20 samples per year 

~brs 

LS 

LS 

Present worth value subtotal at 6~ for 30 years 

Total 

Noles: 
COSI eSlimates developed from Miller, 1996 and Chappell, 1997, 
LS lump sum 

5.2.3 Alternative 3: In situ Landfarming 

In situ landfarming is a demonstrated, active treatment 

Cost per Unit 

Sl,l1OOhc~ 

51,OOO/acr. 

.. ' 'Sl,OOOjacre 

52,000 

<$13OJbf/ " 
$200/sampl. 

$~ 

20% cost 

ZS"cmt 

Total Cost 

$1,000 

$7,000 

SI4,OOO 

52,000 

530,000 

$413,000 

$6,SOO 

$4,000 

S4,100 

53,000 

$3.800 

522.000 

$302,800 

$1,031.200 

capacity to degrade, immobilize and transform COCs. Per odic disking or tilling will maintain 

appropriate oxygen levels in the soil while nutrie (Phosphorus and nitrogen) and 

en_hanced/engineered bacteria addition can supplement _e process and LTTIprOVe degradation rates. 

Under certain conditions, land farming has prove 'self to be an effective and economical remedial 

technology. 

During remedial activities, one or more of the following institutional controls would be installed 

as part of this alternative: 
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• Site access controls: fences, signs, gates, and additional site personnel 

• P"ublic awareness 

• Long-term monitoring of general site conditions 

• Land-use restrictions 

• Excavation warnings and soil-use restrictions 

5.2.3.1 in situ LandfarIIling: PrimMY Criteria 

Overall Protection of Human Health and the Environment 

In situ landfarming protects human health and the environment by slowly degrading, transforming, 

or immobilizing contaminants in the soil that contribute to site risk. This alternative, coupled with 

appropriate institutional controls during implementation, would eliminate risk to potential future 

residents or site workers and the environment due to dermal and gastrointestinal contact and 

drastically reduce the potential for contaminant migration. 

Short-term risks from inhalation and dermal contact during implementation (due to tilling and 

disking) may be moderate, but could be controlled using common engineering techniques and 

appropriate PPE. This alternative would comply with applicable waste management standards and 

remedial objectives. 

Finally, public acceptance of bioremediation can be very high. in part because of the "farm-like" 

aesthetic. 

Attainment of Cleanup Standards 

This alternative would attain media cleanup standards as established by the project team. In situ 

landfarming would likely require se eral months to a few years to attain proposed cleanup 

standards. 
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This alternative would provide effective source control by slowly degrading, transfonning, or 

immobilizing contaminants in the soil that contribute to site risk. Institutional controls would 

drastically reduce the likelihood of additional risks to future site workers by eliminating potential 

exposure pathways to residual contamination. 

Compiiance with Applicable Waste IVlanagement Siandards 

In situ land fanning meets remedial objectives that protects future industrial site workers. Since 

the waste will remain onsite and in place, no U.S. Department of Transportation regulations nor 

land-disposal restrictions would be triggered during remedial activities. Furtbennore, no 

location-specific regulations would be triggered by this alternative. 

5.2.3.2 In situ Landfarrning: Secondary Criteria 

Long-term Reliability and Effectiveness 

In situ landfanning has proven itselfto be an effective and economical remediation technology fort: t! 
the treaunent of a wide range of hydrocarbons, inCluding BEQs (PAHs). Inorganics, although not (I--

degraded, are immobilized during the biological transformation of organic compounds. 40t S f,Ji:J 
Contaminants would be degraded to nontoxic elemental compounds through biodegradation. d t (fJtd 

Future risk due to exposure to surface soil would be reduced by land fanning . 

Reduction of Toxicity, Mobility, or Volume 

This alternative would provide effective toxicity, mobility, or volume reduction by slowly 

degrading, transfonning, or immobilizing contaminants in the soil that contribute to site risk. 

Toxicity is reduced by biological processes that degrade the contaminants to less toxic fonns. 

These biological processes would also immobilize inorganic compounds in the treaunent zone 

(upper I to 2 feet). However, soil tilling and disking, while providing oxygen, may volatilize a 

minor fraction of the organic contamination even though heavy BEQs would likely resist 
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volatilization. Volume reduction, though likely to be minimal, would occur due to contaminant 

degradation or volatilization. With appropriate monitoring and maintenance, the toxicity, 

mobility, or volume reduction processes would be irreversible. 

Short-Term Effectiveness 

Implementation of in situ landfarming would have some short-term effects on site workers due 

primarily to soH tining and disking. Short-teuu risks fr01ll inhalation and dermal contact during 

implementation may be moderate but could be controlled using common engineering techniques 

and appropriate PPE. Adverse impacts to the surrounding environment are not anticipated during 

treatment activities; engineering and institutional controls would be applied to manage storm water 

runoff and erosion. Once design plans are approved, this alternative would be expected to take 

several years to satisfy remedial objectives. 

Implementability 

In situ landfarming is technically and administratively feasible at Combined SWMU 14. Areas 

to be remediated are readily accessible. Contaminants are generally in the top 1 to 3 feet of soil 

which contributes to landfarming success. Overall, this alternative is easy to implement, maintain, 

and monitor. Only farming equipment and tanks/accessories to distribute the nutrients would be 

required to implement this technology. Confirmatory sampling would be required to monitor the 

performance of the process. No future remedial actions would be required after this alternative 

is completed. 

Specific methods for application to contaminated sites have not been standardized, but general 

principles have been established. The general steps followed in the design and implementation of 

a landfarming project for any of the techniques include: 
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• Site characterization, including determination of soil and water chemistry/conditions, 

cliJnate, and conta...-nL .... ~-tt distributions. 

• Treatability studies to determine rates of remediation and appropriate nutrient/fertilizer 

and (possible) bacteria addition. Agricultural analyses are required to complete the 

treatability study. 

• Preliminary field testing at the site to monitor results and refme design parameters. 

• Full-scale remediation 

Costs 

Costs associated with in situ land farming are presented in Table 5-3; however, current cost 

estimate for land farming may vary. In situ landfarming capital costs would be $123,300, annual 

O&M costs would be $43,500 including long-term monitoring. As appropriate, the long-term 

monitoring program can be modified with regulatory approval. The total cost for in situ 

landfarming over 30 years would be $722,100. The monitoring period is negotiable - costs were 

evaluated over 30 years for consistency. 

Table 5-3 
In situ Landfarming with Institutional Controls Costs 

Action Quantity Cost Total Cost 

Capital Costs 

Laboralol)'ipilot/fiehl SlWlie5 LS $SO,OOO m,ooo 
MobIlIzation/demobilization LS $5.000 $5.000 

Treatment area preparation LS; $10,000 $10.000 
- Slnrm water 00_ 
- .ite grading 

Irrigation system and piping LS $10.000 $10.000 

Institutional controls LS 110.000 $10,000 

Engmeenng/overslght LS 20% S17.ooo 

Contillgeocyil11isceilane<JUS LS 25% $21,300 

Subtotal $123,300 
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Table 5-3 
In situ Landf.rming with institutional Controls Costs 

Action 

Annual Operations and Maintenance Costs 

Tilling 

Moisture control and site monitoring 

Sampling 

Engineering/oversight 

Contingency 

Subtotal 

Quantity 

2 day/week 

:IOsample$·· 

LS 

Present worth value at 6% discount rate over 30 years 

Total 

Note: 
LS lump sum 

Cost 

./;:st!JOl4ay 
$IOO/day 

... ~ 

20% 

5.2.4 Alternative 4: Low-Permeability Surface Cap 

Total Cost 

$10,000 

$10,000 

$10.000 

$6,000 

543,500 

$598,800 

$722,100 

This alternative uses a physical barrier to cover contaminated soil to eliminate the potential for 

dermal and gastrointestinal contact. It is not intended to prevent leaching (i.e., it is not a RCR.A. 

cap). Land use would be restricted to using institutional controls to minimize uncontrolled 

exposure. The estimated placement of the low-permeability surface cap is shown on Figure 5-1. 

The area to be covered is approximately seven acres, approximately 70% of the site, and 

represents the area of the site in which contaminants exceed their remedial objectives. The actual 

location and size of the cover would be selected after the confirmation samples were collected and 

future land-use requirements better defined. 

Cover construction would consist of two alternatives, depending on future site use: (1) a 24-inch 

thick, low permeability soil layer with a vegetative cover and (2) a combination cover: 60% soil 

cover and 40% 8-inch asphalt concrete pavement, coupled with a drainage system to divert runoff 

from the asphalt concretecover surface, The soil cover would be sloped to manage storm water 
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runoff and prevent erosion. The combination cover would be designed to comply with future site 

needs. 

For either cap system, confirmation sampling would complement current soil data to help delineate 

the extent of soil in which contaminant concentrations exceed the remedial objectives. This would 

ensure that all contaminated soil exceeding remedial objectives is covered. 

One or more of the following institutional controls would be installed as part of this alternative: 

• Site access controls: fences, signs, gates, and additional site personnel 

• Public awareness 

• Long-term monitoring of general site conditions 

• Land-use restrictions 

• Excavation warnings and soil-use restrictions 

5.2.4.1 Low-Permeability Surface Cap: Primary Criteria 

Overall Protection of Human Health and the Enviroument 

The cover(s) would eliminate the threat of dermal and gastrointestinal contact for current and 

future site workers. Contaminated soil would be left onsite indefinitely; however, the cover would 

be maintained to ensure adequate protection. This alternative would protect human health and the 

environment by physically eliminating receptor pathways and controlling access through 

institutional controls. Cover construction and maintenance would be easily implemented and 

current site controls (site security, access control. and fencing) and additional institutional controls 

would be adequate to ensure minimal disturbance of the cover. Short-term risks from inhalation 

and dermal contact during implementation would be minimal, and could be controlled using 

common engineering techniques and PPE. 
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Surface capping would a~L4in media cleanup standards as established by t.i.e project tea..T! by 

eliminating dermal and gastrointestinal contact. As a result. risk-based cleanup standards would 

be achieved. This alternative would minimize the threat to human health and the environment by 

eliminating potential migration and exposure pathways. 

Source Control 

This alternative would provide effective source control by eliminating further releases that might 

threaten human health and the environment by limiting rainwater infiltration and preventing direct 

contact to the contaminants. Furthermore. institutional controls would drastically reduce the 

likelihood of additional risks to future site workers or residents. 

Compliance with Applicable Waste Management Standards 

The cover would isolate or eliminate contaminants exceeding remedial objectives in environmental 

media. but not manage solid or hazardous waste. The potential for contact with soil in which 

contaminants exceed remedial objectives is eliminated by removing the primary pathways. Site 

grading would need to comply with federal. state. and local air emissions and storm water control 

regulations. 

5.2.4.2 Low-Permeability Surface Cap: Secondary Criteria 

Long-term Reliability and Effectiveness 

A cover would effectively reduce site worker contact with the contaminated soil. However. 

institutional controls and routine O&M would be required to ensure that any exposure to human 

and environmental receptors is within protective levels. 
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Soil and combination covers are generally reliable containment controls. If the cover failed, site 

workers could be exposed; however, repairs could be made to re-establish the cover's integrity. 

Future liability may be incurred because the waste is not destroyed. 

Reduction of Toxicity, Mobility, or Volume 

Capping does not remove, treat, or remediate the contaminated soil; it provides containment only. 

The soil and combination covers are considered reversible - since the contaminants exceeding 

remedial objectives remain onsite, they may be exposed if the cover fails due to poor maintenance. 

This alternative would not reduce toxicity, mobility, or volume. 

Short-term Effectiveness 

Adverse impacts to the surrounding environment are not anticipated during cover construction; 

engineering controls would be applied to manage storm water runoff. Once design plans are 

approved, actual cover construction would be expected to take a relatively short period of time 

(less than 6 months). During construction of either cover, there would be a potential risk of 

dermal or gastrointestinal contact and inhalation of particulate emissions; however, this risk would 

be reduced by using proper material handling practices and appropriate PPE. 

It is anticipated that the time frame until remedial objectives are satisfied would be relatively brief. 

Consequently, worker exposure to the contaminants would be minimal. 

Implementability 

A soil or combination cover with institutional controls is technically and administratively feasible. 

This alternative could be readily applied at the site since the proposed areas to be covered are 

easily accessible to site workers. Thus, implementation of this alternative would merely involve 

emplacement of the cover, implementation of institutional controls, and establishment of 

maintenance requirements. Future monitoring and maintenance would involve periodic cover 
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inspections and damage or degradation repair (if required); however, repairs would be easily 

inlplenlented. The cover(s) would not require any extraordinary seivices or materials. 

The cover location and material selection is not intended to interfere with future site use. The 

cover could be designed to serve as a beneficial part of future industrial site operations. 

Cosi 

Costs associated with surface capping are presented in Tables 5-4 (soil cover) and 5-5 (asphalt 

concreteand soil combination cover). The total cost for a 24-inch thick low permeability soil layer 

with a vegetative cover, including institutional controls and long-term monitoring, would be 

$568,500. Alternatively, the total cost for a combination soil/asphalt concretecover, including 

application of institutional controls and long-term monitoring, would be $1,045,700. O&M cosis 

for these covers are $6,OOO/year and $7,OOO/year, respectively. Long-term monitoring would be 

required to maintain the effectiveness and integrity of the surface cover. The monitoring period 

is negotiable - costs were evaluated over 30 years for consistency. 

Action 

Capital Costs 

Mobilization/demobilization 

Grading/site preparation 

24 ... inc:h lull cover 

Vegetative cover 

Institutional controls 

Engineering/oversight 

C<Jntingency/mlscellaneous 

Subtotal 

Table 5-4 
Soil Cover with Institutional Controls Cost 

Quantity Cost per Unit 

LS $5,000 

5,000 yd' $I.50/yd' 
., ....... .,.. ......... 'It 20,000)'0- ~1~.Wtyo-

7 acres $I,800/acre 

LS $10,000 

LS 20% 

LS 25% 
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$7,500 

$12,600 

$10,000 

$67,000 

$83,800 

$485,900 
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Table 5-4 
Soil Cover with Institutional Controls Cost 

Action 

Operation and Maintenance Cost 

Maintain cover (SO yeats) 

Inspection and reponing 

Subtotal 

Quantity 

LS 

Present worth value at 6% discount rate over 30 years 

Total 

Table S-5 

Cost per Unit 

······$5,000 . 

$1,000 

Soil and Asphalt Concrete Combination Cover with Institutional Controls Costs 

Action 

Capital Costs 

Mobilization/demobilization 

Grading/site preparation 

Drainage system 

Asphalt concrete surface (8 inches) 

24-inch soil cover 

Vegetative cover 

Institutional controls 

Engineering/oversight 

ContingencyJrnis\O<!lIaneous 

Subtotal 

Operation and Maintenance Cost 

Maintain drainage and cover (30 years) 

Inspection and reponing 

Subtotal 

Quantity 

5,000 yd3 

LS 

120,000 ft' 

12.000yifl 

4 acres 

LS 

LS 

LS 

LS 

LS 

Present worth value at 6% discount rate over 30 years 

Total 
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Cost per Unit 

·:$"000 . 
$1.50/yd3 

SZSillOO 

$3.50/ft' 

$15'(IO(ydl 

$1,800 / acre 

·$10;000· 

20% 

25$ 

$6,000 

$1.000 

Total Cost 

$5.000 

$1,000 

$6,000 

$82,600 

$568,500 

Total Cost 

$5.000 

$7,500 

$25,000 

$420,000 

$}8G;000 

$7,200 

$lO,OOO 

$130,900 

$163.'700 

$949,300 

$6,000 

.:$1,000 

$7,000 

$96,400 

$1,045,700 



Zone H Combined SWMU J 4 Corrective Measures Study Report 
Charleston Naval Complex 

Section 5 - Development and Evaluation 0/ Alternatives 
RevisIOn: 0 

5.2.5 Alternative 5: Excavation to Residential Zone H Background Inorganic Site Risk 
with Offsite Disposal 

Rather than treating each individual sample point above Zone H background concentrations, total 

site risk at SWMU 14 can be reduced to Zone H background levels by excavating or otherwise 

treating only the areas of greatest contamination at a site. Under this alternative. approximately 

28,000 ft2 of contaminated soil would be excavated to a depth of about 1 foot and disposed of 

offsite at an non-hazardous waste landfill. According to the site risk reduction analysis developed 

and discussed in Section 3.3, this alternative would result in a residual residential site risk of 

4.0E-05, which is slightly less than the residential Zone H background inorganic risk of 4.1E-05. 

L~W'1 
To achieve a site-wide residual residential Zone H arsenic background risk. approximately 

1,000 yd' of soil would require removal, disposal, and replacement with clean backfill 

(Figure 5-2) Excavated soil would be placed in discrete stockpiles for sampling and TCLP 

analysis in order to c1assity the soil as either hazardous or nonhazardous and disposed of 

accordingly. Based on me rule of mumb mat TeLP resuiis wiii be less man or equal to 20 times 

less the total soil concentration of a contaminant and the fact that none of the three TCLP samples 

collected for TeLP analysis by the DET exhibited toxicity characteristics, all excavated soil is 

expected to be non-hazardous. 

5.2.5.1 Excavation to Residential Zone H Background Inorganic Site Risk with 1 
Offsite Disposal: Primary Criteria r &. ) 

~.~~~~~~::~~~~:~ ~: _~:~=_~:~~~~_~~~_:h~_~~~i~~::~~~:~ ___ ~, ___ > __ >_ L.. ___ LL ~_~ 
J..:.A .... aVc1L1Ull LV LUU\!; Cl l'l;;:)1U[;UUal Udl.l\.~lVUllU 11;':)1\ auu Ull'::'IlC UI~1-'U~i1Il-'lULC~l~ llUIU"rlCi11Ul ,UJU 

the environment by removing contaminated soil that contributes to site risk /greater than 

background. This alternative would limit risk to future site residents and the environment due to 

dermal and gastrointestinal contact to no greater level than is already present in non-contaminated 

areas of Zone H as a whole. 
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Short-term risks from inhalation and dermal contact during implementation would be minimal and 

could be controlled using common engineering techniques and appropriate PPE. This alternative 

would comply with applicable waste management standards and remedial objectives. 

Attainment of Cleanup Standards 

Excavation would attain media cleanup standards as established by the project team. Contaminated 

soil would be excavated at select locations until confirmation samples satisfy site-wide risk 

reduction remedial objectives. This alternative is the most aggressive remedial technology and 

would likely require the least time to attain project team cleanup standards. 

Source Control 

This alternative would effectively control the source by eliminating contaminated media which 

contributes to site risk greater than calculated background levels. 

Compliance with Applicable Waste Management Standards 

This alternative would meet site-wide remedial objectives protective of potential future receptors. 

Excavation activities onsite may require compliance with federal, state, and local air emissions and 

storm water control regulations. Transportation offsite would trigger U.S. Department of 

Transportation regulations. Land disposal restrictions would be triggered if the contaminated soil 

were determined to be a hazardous waste. Although it is anticipated that excavated soil is 

non-hazardous (three TCLP samples were collected and analyzed by the DET; none of the samples 

exhibited toxicity characteristics based on the TCLP results), TCLP analysis would be performed 

for verification. No location-specific regulations would be triggered by this alternative. 
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5.2.5.2 Excavation to Residential Zone H Background Inorganic Site Risk with Offsite 
Disposal: Secondary Criteria 

Long-term Reliability and Effectiveness 

This alternative would reduce the quantity of soil in which contaminant concentrations exceed site­

wide risk reduction remedial objectives. A residual site wide residential risk below Zone H 

inorganic background risk would remain following the completion of this remedial alternative. 

Removal to a landfill is an established and reliable option because onsite risks are eliminated. 

However, since the excavated soil would be transferred to a landfill, future liability might be 

incurred because the waste is not destroyed. 

Reduction of Toxicity, Mobility, or Volume 

Excavation would eliminate the source area and therefore, eliminate contaminants affecting 

site-wide remedial objectives. This alternative includes the removal of the most contaminated soil 

from the site and disposal in a secure subtitle C or D landfill (based on TCLP analysis of the 

waste). Because the source would no longer remain onsite after this technology is employed, 

excavation is considered to be irreversible. However, the waste's overall mobility, toxicity, or 

volume would not be reduced with this alternative. 

Short-Term Effectiveness 

The excavation operation would be sufficiently removed from the public to reduce health and 

safety concerns associated with soil removal. Excavation workers would be exposed to increased 

particulate emissions and might also have more dermal contact with hazardous constituents. 

However, worker risks could be reduced by implementing dust control technologies and' a 

site-specific health and safety plan which specifies PPE, respiratory protection, etc. It is 

anticipated that the time frame until remedial objectives are satisfied would be relatively brief 

(less than three months). Consequently, worker exposure to the contaminants would be minimal. 
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Excavation with offsite disposal is technically and administratively feasible at Combined 

SWMU 14. Removal and offsite disposal are common remedial alternatives that have been applied 

at previous sites. The only potential technical problems that might slow removal activities are 

materials handling and disposal (standby time between confirmatory sampling and disposal), and 

potential foundation support measures (if required). The soil volumes are relatively small 

(approximately 1,000 yd3 maxhllum) and removal activities are anticipated to be easily 

implemented. Areas to be excavated are readily accessible. No future remedial actions would be 

required after this alternative is completed. 

This alternative would not require any extraordinary services or materials. The Bee's Ferry Road 

Landfill in Charleston, South Carolina is a Class D facility, which has accepted nonhazardous soil 

from interim removal actions on the base. The Safety-Kleen (Pinewood) Inc. Landfill is a 

Subtitle C facility in Pinewood, South Carolina that would accept hazardous waste. 

Costs 

Costs associated with this alternative are presented in Table 5-6. The total cost for excavation and 

disposal to a nonhazardous, Subtitle D landfill would be $111,000 - alternatively, the total cost 

for excavation and disposal to a hazardous, Subtitle C landfill would be $403,500. If the 

excavated soil were distributed between the nonhazardous and hazardous landfills based on TCLP 

characterization, the actual total cost would fall between these two extremes. There are no O&M 

costs associated with this alternative. 
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Table 5-6 
Excavation to Residential Zone H Background Inorganic Site Risk with Offsite Disposal Costs 

Action Quantity Cost per Unit Total Cost 

Removal Action 

Excavation 

ConfirmationlTCLP samples 

Backfill 

Engineering/oversight 

Coruingencylmlscellaneous " 

Subtotal 

Subtitle D Disposal Facility 

Transponation 

Soil disposal 

Subtotal 

Total (Subtitle D) 

Subtitle C Disposal Facility 

Transportation 

Soil disposal 

Subtotal 

Total (Subtitle C) 

Note: 
LS lump sum 

1,OOOyd3 

50 samples 

l,OOO,yd~ 

L5 

LS' . .: 

1,000 yd' 

'. 1,$00 1\lD$. .' 

l,oooyd~ 

1,500 tons 

$20Iyd.; 

$IOO/sample 

"$lSlyd$ 

20% cost 
". 

Z5~COsI 

$8/yd' 
......... ·$3Oiton 

S8/ycf 

$225/ton 

$20,000 

$5,000 

$l5,llOO 

$8,000 

$10,000 

$58,000 

$8,000 

$45.000 

$53,000 

$111,000 

.$8,000 

$337,500 

$345,500 

$403,500 

5.2.6 Alternative 6: Excavation and Offsite Disposal of All Areas Exceeding Zone H 
Background Concentrations 

All soil in which contaminants exceed calculated background reference concentrations would be 

excavated down to one foot below ground surface and disposed of in an offsite landfill. Antimony 

concentrations exceeding 0.1 residential hazard and lead concentrations exceeding 400 mg/kg 

would be excavated as well. 
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To achieve calculated background conditions for all Combined SWMU 14 COCs, approximately 

4,600 yd3 of soil would require removal/disposal. Sample points requiring removal are 

summarized in Table 5-7. Since contaminated soil would be addressed on a point -risk basis, more 

soil would require excavation and disposal (4,600 yd3 vs 1,000 yd3
) than the site risk remedial 

scenario presented in Section 5.2.5 (Alternative 5). Excavated soil would be placed in discrete 

stockpiles for TCLP sampling and analysis. Based on the sampling results, the stockpiles would 

be designated as either hazardous or nonhazardous and disposed of accordingly. It is anticipated 

that all of the excavated soil would be nonhazardous. 

Table 5-7 
Excavation and Offsite Disposal of All Areas Exceeding Zooe H Background Concentrations 

Sample Points Requiring Removal 

Sample Point Estimated Associated Area !ft')' Contaminants 

SWMUI4b 

SWMU 15 

AOC 670 

3 

4 

~ 

3 

4 

S 

8 

9 

11 

12' 

13 

16 

23" 

26' 

29 

30 

31 

32 
34 

·N/A 

162 

488 

1,48t 

2.,715 

2,454 

2,499 

2,438 

2,493 

2.724 

2,486 

2.509 

2..435 

2.580 

2,613 

3.732 

7.056 

2.338 

5,000 

2.942 
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Table 5-7 
Excavation and Oft'site Disposal of All Areas Exceeding Zone H Background Concentrations 

Sample Points Requiring Removal 

Sample Point Estimated Associated Area (ft'). Contaminants 

AOe 684 

1 '5,000 ',', ':lIEQi;'" , 

2 2,407 BEQ, 

3 2;496 ,li.llQS '.' , ' , 
4 2,616 BEQs 

.:' ' , 

11 Z;fJ64 ~> 
12 2,966 Antimony 

l~ 2~77 :~" 
14 2,604 Antimony 

15 M13 '~'fAnlimooy. ' 
17 5,861 Antimony 

18 2;214 •• Amiiiiony 

20 1,882 BEQ, 
: h4i <- .... ".; 

21 ' , 

, , 
23 1,612 BEQ, 

24 2.062 BEQ!! 

26 3,066 BEQ, 
, , , 

27 2,592- BEQs 

35 3,268 BEQ, 

36 ~.468 BEQ.$ 

40 5,000 BEQ, 

4~ ~.(}24 BEQs 
44 4,694 BEO, 

Notes: 
a Associated areas developed using Thiessen polygons. 
b Contamination addressed dunng a DET ISM. 
c BEQ concentration greater than ItS calculated background concentration. 424 ILg/kg. 
d Arsenic concentrations greater than Its calculated background concentration, 15.6 mg/kg. 
e Antimony concentration that exceeds ItS 0.1 residential hazard: no background concentration was calculated. 

After the contaminated soil is removed, clean backfill would be placed in the excavated areas and 

graded, Excavation locations are shown on Figure 5-3, 
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5.2.6.1 Excavation and Offsite Disposal of All Areas Exceeding Zone H Background 
Concentrations: Primary Criteria 

Overall Protection of Human Health and the Enviroument 

Excavation and offsite disposal protects human health and the environment by removing 

contaminated soil posing a risk above calculated background levels. This alternative would 

eliminate risk to human health and the environment due to dermal and gastrointestinal contact. 

Short -term risks from inhalation and dermal contact during implementation would be minimal and 

could be controlled using common engineering techniques and appropriate PPE. This alternative 

would comply with applicable waste HlafJagement standards and remedial objectives. 

Attaiument of Cleanup Standards 

Excavation would attain media cleanup standards as established by the project team. Contaminated 

soil would be excavated at select locations until confirmation samples satisfy remedial objectives. 

Excavation is one of the most aggressive remedial technologies and would likely require the least 

time to attain cleanup standards. 

Source Control 

This alternative would provide effective source control by eliminating contaminated media 

exceeding calculated background concentrations for each of the COCs. 

Compliance with Applicable Waste Management Standards 

Excavation and offsite disposal would meet site wide remedial objectives protective of potential 

residential or industrial site users. Excavation activities onsite may require compliance with 

federal. state, and local air emissions and storm water control regulations. Transportation offsite 

would trigger U.S. Department of Transportation regulations. Land disposal restrictions would 

be triggered if the contaminated soil were determined to be a hazardous waste. Although it is 
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anticipated that excavated soil would be non-hazardous, TCLP analysis would be performed for 

verification. No location-specific regulations would be triggered by this alternative. 

5.2.6.2 Excavation and Offsite Disposal of All Areas Exceeding Zone H Background 
Concentrations: Secondary Criteria 

Long-term Reliability and Effectiveness 

This alternative would eliminate the quantity of soil in which contaminant concentrations exceed 

calculated background concentrations. 

Rernoval to a landfill is an established and reliable option because ousite risks are elilllinated. 

However, since the excavated soil would be transferred to a landfill, future liability might be 

incurred because the waste would not be destroyed. 

Reduction of Toxicity, Mobility, or Volume 

Excavation would eliminate the source area and contaminants in it that exceed remedial objectives. 

This alternative includes the removal of the most contaminated soil from the site and disposal in 

a secure Subtitle C or D landfill (based on TCLP waste analysis). Because the source would no 

longer remain onsite after this technology is employed, excavation is considered to be irreversible. 

However, the waste's overall mobility, toxicity, or volume would not be reduced with this 

alternative. 

Short-term Effectiveness 

The excavation operation would be sufficiently removed from the public to reduce health and 

safety concerns associated with soil removal. Excavation workers would be exposed to increased 

particulate emissions and might also have more dermal contact with hazardous constituents. 

However, worker risks could be reduced by implementing dust control technologies and a site­

specific health and safety plan that specifies PPE, respiratory protection, etc. It is anticipated that 
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the time frame until remedial objectives are satisfied would be relatively brief (less than 

three months). Consequently, worker exposure to the contaminants would be minimal. 

Implementability 

Excavation with offsite disposal is technically and administratively feasible at Combined 

SWMU 14. Removal and offsite disposal are common remedial alternatives that have been applied 

at previous sites. The only potential technical problems that might slow removal activities are 

materials handling and disposal (standby time between confirmatory sampling and disposal), and 

potential foundation support measures (if required). The soil volumes are moderately smal1 

(approximately 4,600 yd3
) and removal activities are anticipated to be easily implemented. Areas 

to be excavated are readily accessible. No future remedial actions would be required after this 

alternative is completed. 

Excavation with offsite disposal would not require any extraordinary services or materials. The 

Bee's Ferry Road Landfil1 in Charleston, South Carolina is a Class D facility, which has accepted 

nonhazardous soil from interim removal actions on the base. The Safety-Kleen (Pinewood) Inc. 

Landfill is a Subtitle C facility in Pinewood, South Carolina that would accept hazardous waste. 

Costs 

Costs associated with excavation and offsite disposal are presented in Table 5-8. The total cost 

for excavation and disposal to a nonhazardous, subtitle D landfil1 would be $499,000. 

Alternatively, the total cost for excavation and disposal to a hazardous, Subtitle C landfill would 

be $1,844,500. If the excavated soil is distributed between the nonhazardous and hazardous 

landfills based on TCLP characterization, the actual total cost would fall between these 

two extremes. No O&M costs are associated with this alternative. 
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Table 5-8 
Excavation and Offsite Disposal of All Areas Exceeding Zone H Background Concentralions Costs 

Action Quantity Cost per Unit Total Cost 

Removal Action 

Excavation 
ConfirmationlTCLP samples 

Backfill 

Engineering/oversight 

CuntiogenCYlmisceUane<!1lS 

Subtotal 

Subtitle D Disposal Facility 

T ransponation 

Soildispo&al 

Subtotal 

Total (SubtitleD) 

Subtitle C Disposal Facility 

Transportation 

Soil disposal 

Subtotal 

Total (Subtitle C) 

<I $Xi·:d)··· , '1.. .. : ..•.. 
150 samples 

4;600yi!' .' 

LS 

LS •. 

4,600 yd' 

6,900tons 

4,600yd) 

6,900 tons 

$2OJyd~ 

$IOO/sample 

:$151yd' 

20% cost 

Z5%cost 

$8/yd' 

··$3Olton 

'8/yd' 

$225/ton 

5.3 Development and Evaluation of Groundwater Remedial Alternatives 

$92,000 

$15,000 

$69,000 

$35,200 

$44,000 

$255,200 

$36,800 

S201,(lOQ 

$243,800 

$499,000 

536,800 

$1,552,500 

$1,589,300 

$1,844,500 

Development and evaluation of groundwater remedial alternatives was not required during the 

CMS. Because the source was removed by the DET and based on the results of additional 

groundwater sampling performed during the CMS, Combined SWMU 14 shallow groundwater 

is in compliance with all MCLs and requires no further remedial action. 

5.4 Comparison of Alternatives 

After the alternatives have been fully described and individually assessed against the nine criteria, 

each alternative's performance relative to the evaluation criteria is assessed. The purpose of the 
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comparative analysis is to identify the advantages and disadvantages of each alternative relative 

to one another. This section highlights differences between alternatives as they meet each of the 

criteria, especially the secondary criteria. The focus should help determine which options are 

cost -effective and which remedy uses permanent solutions and treatment to the maximum extent 

practicable. 

5.4.1 Comparative Anaiysis of SoH Aiternaiives 

This section comparatively analyzes soil remedial alternatives, examining potential advantages and 

disadvantages according to each of the nine criteria. All the alternatives evaluated in Section 5.3 

are technically feasible, implementable, and have been developed and used at other sites. All 

alternatives generally protect human health and the enviromnent except no further remedial 

actions, which provides no additional protection. State and community acceptance are determined 

in the same manner for each alternative. The key criteria that distinguish the soil alternatives 

focus are long-term reliability and effectiveness, reduction of mobility, toxicity, or volume, short­

term effectiveness, implementability, and cost. 

5.4.1.1 Primary Criteria 

All alternatives considered for selection must comply with the primary criteria: protection of 

human health and the environment, attainment of cleanup standards, source contro!, and 

compliance with applicable waste management standards. 

Overall Protection of Human Health and the Environment 

This criterion evaluates the overall degree of protectiveness afforded to human health and the 

environment. The overall assessment of protection draws on the assessments conducted under 

other evaluation criteria, especially the other three primary criteria. 

5-43 



Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 5 - Development and Evaluation of Alternatives 
RevisIOn: a 

Alternative I, no further remedial action, provides no additional protection of human health and 

the environrnent. 

Alternatives 2 and 3, phytoremediation and in situ landfarming, protect human health and the 

environment by slowly removing, transforming, or immobilizing contaminants that contribute to 

site risk. Coupled with minor institutional controls, these alternatives eliminate dermal contact 

and ingestion pathways over time. 

Alternative 4, the low-permeability surface cap, protects human health and the environment 

through containment and land-use restrictions and prevents completion of dermal and 

gastrointestinal pathways. 

Alternatives 5 and 6, both excavation alternatives, protect human and health and the environment 

through removal of affected soil media. Alternative 5, excavation to residential Zone H 

background inorganic site risk with offsite disposal aims to efficiently reduce site risk and achieve 

remedial objectives by maximizing contaminant removal and minimizing soil removal. 

Alternatively, alternative 6, excavation and offsite disposal of all areas exceeding Zone H 

background concentrations aims to remove point risk to remedial objectives. 

Attainment of Cleanup Standards 

Alternative I does not comply with the risk-based goals developed in Section 3. However, as is, _I 
the residential site risk (6.3E-05) is within USEPA's acceptable range of 1.0E-04 to 1.°6 rf4. ~ 
Alternatives 2 and 3 comply with remedial objectives; however, these technologies would require 

months or years to attain cleanup standards. 
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Alternative 4 complies with remedial objectives for protection of human health and the 

environment because the risk pathway is eliminated by capping the contaminated soil. However, 

the contaminated soil would remain onsite. 

Alternatives 5 and 6 comply with remedial objectives by removing the affected soil. Alternative 5 

reduces site risk by removing the most contaminated areas. Alternatively, Alternative 6 addresses 

point risk by eiiminating all points (and their associated areas) that exceed fCHJcdial objectives. 

Source Control 

Alternative 1 does not address source control. Contaminated soil would remain above remedial 

objectives selected by the project team. 

Alternatives 2 and 3 would provide effective source control by slowly removing, transforming, 

or immobilizing contaminants in the soil that contribute to site risk. For Alternative 2, 

phytoremediation, disposal of resulting affected plant material would eliminate the contaminants 

from the site. 

Alternative 4 does not remove the source. However, this alternative would provide effective 

source control by limiting further exposure that might threaten human health or the environment. 

However, the contaminated soil would remain onsite. 

Alternative 5 would provide effective source control by eliminating media which contributes to 

site risk greater than calculated background levels. Alternative 6 would effectively control the 

source by eliminating contaminated media exceeding calculated background concentrations for 

each of the COCs. 
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Compliance with Applicable Waste Management Standards 

No waste would be nlanaged under Alternative 1. Therefore, waste management standards do not 

apply. 

Alternative 2. phytoremediation. meets remedial objectives. Transportation and land disposal 

restrictions might be triggered if contaminated harvested materials required offsite disposal. 

Alternative 3. in situ landfarming. meets remedial objectives. No waste would be managed under 

this alternative; therefore. waste management standards do not apply. 

The cover implemented as Alternative 4 would isolate or eliminate contaminants exceeding 

remedial objectives in environmental media. but not manage solid or hazardous waste. Site 

grading would need to comply with federal. state. and local air emissions and storm water control 

regulations. 

Alternatives 5 and 6 meet specific medial objectives. Excavation activities on-site might require 

compliance with federal. state. and local air emissions and storm water control regulations. 

Transportation and land disposal restrictions would be triggered by disposal of contaminated soil 

offsite. Although it is anticipated that excavated soil is non-hazardous. TCLP analysis would be 

performed for verification to determine proper disposal options. 

5.4.1.2 Secondary Criteria 

Five secondary criteria typically highlight the major differences between the alternatives: 

long-term reliability and effectiveness. reduction of toxicity, mobility, or volume, short-term 

effectiveness, implementability, and cost. 
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Long -term reliability and effectiveness or Alternative 1 is minimal. Soil volumes and 

concentrations would remain unchanged and this alternative does not reduce the magnitude of 

current site risk. 

Alternative 2 is limited to research and limited field testing. However, only institutional controls 

would be required to prevent exposure to human and environmental receptors during tJie 

application of phytoremediation. 

In situ landfarming, Alternative 3, has proven itself to be an effective and economical remediation 

technology. Contaminants would be degraded to nontoxic elemental compounds through 

biodegradation. Future risk due to exposure to surface soil would be reduced by landfarming. 

A cover would effectively reduce site worker contact with the contaminated soil during 

Alternative 4. However, institutional controls and routine O&M would be required to ensure that 

any exposure to human and environmental receptors is within protective levels. 

Alternative 5 would reduce the quantity of soil in which contaminant concentrations exceed 

site-wide risk reduction remedial objectives. Alternative 6 would reduce the quantity of soil in 

which contaminant concentrations exceed calculated background concentrations. As such, 

background residual risk on a point-by-point basis would remain following the completion of this 

remedial alternative. 

Reduction of Toxicity, Mobility, or Volume 

Alternative 1 does not reduce contaminant toxicity. mobility, or volume. 
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Alternatives 2 and 3 effectively reduce toxicity, mobility, or volume reduction by slowly 

removing, transfOfII1ing, or iUlillobilizing conwuinants in u'ie soil u1.atcontribute to site risk. "Vitli 

appropriate monitoring and maintenance, these processes would be irreversible. 

Alternative 4, capping, does not remove, treat, or remediate the contaminated soil; it provides 

containment only. The soil and combination covers are considered reversible since the 

contaminants exceeding remedial objectives remain onsite. Regular maintenance is required w 

ensure that the integrity of the cover is sustained. 

Alternatives 5 and 6, excavation and offsite disposal eliminates the contaminants that affect site 

remedial objectives. However, the waste's overall toxicity, mobility, or volume would not be 

reduced with this alternative since the contaminated soil would merely be transferred to another 

location (Subtitle C or D landfill). 

Short-Term Effectiveness 

No short-term effects are associated with Alternative 1. 

Alternatives 2, 3, 4, 5, and 6 include exposure to workers, which can be effectively controlled 

using engineering controls and appropriate PPE during planting, grading, tilling, capping, or 

excavating activities. Remedial time frames for Alternatives 2 and 3 are relatively long since they 

rely on biological and assimilative processes. However, worker exposure during O&M activities 

would be minimal. Remedial time frames for Alternatives 4, 5, and 6 are relatively short (likely 

less than three to four months). 

Implementability 

All six alternatives can be implemented at Combined SWMU 14 and are technically and 

administratively feasible. 
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Costs 

Capital (indirect and direct), O&tyf, and net piesent worth fOi all six alternatives are presented in 

Table 5-9. Alternatives range in cost from $0 for no further remedial action to $1,844,500 for 

excavation and offsite disposal at a Subtitle C landfill. 

Table 5-9 
Soil Alternatives Cost ComparisoD 

Alternative Capital Costs Annual O&M 

I No Further ReinediaI. Action none·'. 

2 Phytoremediation $372,000 

3 In situ landfarmin,g . ·$1$1,300 . 

4a Low-permeability soil cap 

4b Low-permeability soil and 
asphalt concrete cap 

Sa Excavatlcm to RJilJdtltllal Zone 
H Backgro1lll4JnQl'ganic Site 
Risk withOffsile Disposal 
(SUbtitleD) 

5h Excavatil)D to.Residl:lIIial Zone 
H Backgroumllnorgame Site 
Risk with Offsite Dlsposti 
(SuhtitleC} 

$543.900 

$1,007,300 

. $111,(01) . 

$403.500 

6a Excavation and Offsite $499,000 
Disposal of All Areas 
Exceeding Zone H Background 
Concentrations (Subtitle D) 

6b Excavation and Offsite $1,844,500 
Disposal of All Areas 
ExceedL'lg Zone H Background 
Concentrations (Subtitle C) 

.....•..•... ~ ....... . 
$52,000 

. ••• $43;Soo .. 
$6,000 

$7,000 

. none 

none 

none 

5.4.2 Comparative Analysis of Groundwater Alternatives 

There are no groundwater remedial alternatives to compare. 
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5.5 Summary and Ranking of Alternatives 

Per the projects team's request, each soil alternative was assigned a score for each of the primary 

and secondary criteria based on the comparative analysis of alternatives in Section 5.4. For 

primary criteria, the scoring methodology is presented as: 

• 
• 
• 
• 

o 
1 

2 

3 

criteria not met 

criteria may be met 

criteria met 

criteria exceeded 

For secondary criteria, the scoring methodology is presented as: 

• 
• 

• 

• 

o 
1 

2 

3 

poor 

below average 

average 

above average 

The primary criteria scores are multiplied by a larger weighting factor to emphasize their 

importance compared to the secondary criteria. A comment is included to justify each score and 

summarize the comparative analysis discussion in Section 5.4. Finally, the scores for each criteria 

are summed to develop an overall score for each alternative, which is used to rank the six remedial 

alternatives and provide a tool for selecting the final site remedy. The results are summarized in 

Table 5-10. 

The recommended final site remedy is discussed in Section 6. 
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Table 5-108 
Summary of Evaluation of Soil Ahernatives: No Further Remedial Action 

Weighting 
Evaluation Criteria Factorl 

Primary Criteria 

Protection<>f hullWl 
health and the 
environment 

Attainment of 
cleanup standatds 

Source <:OnU'Ol 

Compliance with 
applicable waste 
management 
standards 

Secondary Criteria 

Long-term reliabililjr 
and effectiveness . 

Reduction in 
toxiclly. mobility. or 
volume 

Shan-term 
effectiveness 

Implementability 

Ranking Score 

2 

2 

2 

Comments 

.Does.I1Q1addtess lIQUl'<:e como" . 

No waste is managed under this alteroative. 
Therefore. waste management standards do not 
apply. 

·LCilg~termrcli8bili!yaDd.!ffeCliv~ or .. 
Alternative 1 is minimal. 

Does not reduce toxicity. mobility. or volume of 
waste. 

There afe no .hol'Henn effects associated with 
this alternative. 

Technically and administratively feasible. Most 
rapid alternative to implement. 

PW = $0 

Score x 
Score' WF 

o 
2 

o 

3 

3 

2 

o 

o 
4 

1 

o 

3 

3 

16 

Notes: 
PW 
1 
2 

present worth 
Weightmg factor assigned by project team consensus 
Criteria-specific evaluation score: 
Primary: Secondary: 
o - criteria not met 0 - poor 
1 - critena may be met I - below average 
2 - critena met 2 - average 
3 - critena exceeded 3 - above average 

5-51 



Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 5 - Development and Evaluation of Alternatives 
Revision: 0 

Table 5-10b 
Summary of Evaluation of Soil Alternatives: Pbytoremediation 

Weigbting 
Evaluation Criteria Factor' 

Primary Criteria 

Ptotecuon Ocfhumau 
Healtbaml 
Enviromnent 

Allainment of 
cleanup standards 

Sourc:ewntIOl 

Compliance with 
applicable waste 
management 
standards 

Secondary Criteria 

Long·term fdiabllilY· . 
and efkcti1limess . 

Reduction in 
toxicity, mobility, or 
volume 

Short·term 
effectiveness 

lmplementability 

Cost 

Ranking Score 

2 

2· 

2 

1 

Comments 

. P.totecrs human heallhamllhe environment by 
·slowly .removil1g •. trilMfotming, Of immobilizing 
cootaminants. CClUpled with:institutlonaleontrols. 

Complies with remedial objectives. Requires 
relatively lengthy treatment period. 

. Slowly. TemoVU Ocr inunobi1izes source. 

Meets remedial objectives. Transponation and 
land disposal restrictions might be triggered if 
contaminated harvested materials require offsite 
disposal. 

Effective reduction of toxicity, mobility, or 
volume. With appropriate monitoring and 
maintenance, process should be irreversible. 

MinimahvDrker exposure, whichcaobe 
effewvely ~ontroJlc4 witb engineedng ~ol:! 
andPPE. 

Technically and administratively feasible. 
Potentially one of the slowest alternatives to 
implement. 

PW = $1,089.200 

Score x 
Score' WF 

2. 

tX 
I 

2 

2 

1 

2 

2. 

2 

1 

4 

4 

4 

4 

t 

2 

2. 

2 

1 

24 

Notes: 
PW 
1 
2 

present worth 
Weighting factor assigned by project team consensus 
Criteria-specific evaluation score: 
Primary: Secondary: 
o - criteria not met 0 - poor 
1 - criteria may be met I - below average 
2 - criteria met 2 - average 
3 - criteria exceeded 3 - above average 
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Table 5-1Oc 
Summary of Evaluation of Soil Ahematives: In situ Landfarming 

Weighting 
Evaluation Criteria Factor' 

Primary Criteria 

Protection of human 
health and 
environment . 

Attainment of 
cleanup standards 

Source 00IlI:r0l 

Compliance with 
applicable waste 
management 
standards 

Secondary Criteria 

Long·1emI reliabUlty .. 
and eftectivene!l$ 

ReductIon in 
toxicity, mobility, or 
volume 

Short-term 
effectiveness 

Implementability 

Cost 

Ranking Score 

2 

l 

2 

Comments 

Pto!eClS humanheallh and.lheen~tmt by. 
. $l()Wlyr~moving.trMid'Onniog.lm_Wi:ing 
comainjnants.· Coupled with institutionalllOntrols. 

. . . -. 

Complies with remedial objectives. Requires 
relatively lengthy treatment period. 

SI()Wly remove!> ot Jmmobilizeasmln:c. •. 

Meets remedial objectives. No waste would be 
managed under this alternative. Therefore, waste 
management standards do not apply. 

Effective reduction of toxicity. mobility, or 
volume. With appropriate monitoring and 
maintenance, process should be irreversible. 

Minimal worker ~xpo!IUre. whic/t.can be 
effectively controlled with engineering controls 
and PPE. 

Technically and administratively feasible. 
Potentially one of the slowest alternatives to 
implement. 

PW ~ $780,100 

Score x 
Score' WF 

2 4 

2 4 

····2 

2 2 

2 

2 2 

2 2 

26 

Notes: 
PW 
I 
2 

present worth 
Weigbting factor aSSigned by project team consensus 
Criteria-specific evaluation score: 
Primary: Secondary: 
o - criteria not met 0 - poor 
1 - criteria may be mel 
2 - criteria met 
3 - criteria exceeded 

I - below average 
2 - average 
3 - above average 
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Table 5-10d 
Summary of Evaluation of Soil Alternatives: Low-permeability Surface Cap 

Evaluation Criteria 

Primarv Criteria 

Protection of htunmt 
health ana Imvi:t_t 

Attainment of cleanup 
standards 

Source (:O!IIml 

Compliance with 
applicable waste 
management standards 

Secondary Criteria 

Loog4emt rciiability 
and ;,l'feetivlm<!n 

Reduction in toxicity, 
mobility, or volume 

Shot1~term 

effectiveness 

Implementability 

COst 

Ranking Score 

Notes: 

Weighting 
Factorl 

2 

:z 

2 

I 

present worth 

Comments 

. Pro_human heaWta'nd lItC,onvironmeJltthrougll 
eomaillmem a!ld~~trlctiDn$; e~ 
paIhw.Y~ e1imina!ed •. 

Complies with remedial objectives for protection of 
human health and the envirorunent. However, 
contaminated soil remains onsile . 

. $<MeeDOt~,,«Cji~, file. ¢II' wOuId·Fqyid~ 
effeclivesOutl:e eonIrOIo/ ellmlllaliug tutIheT reiea$e5. 

Solid or hazardous waste would not be managed under 
this alternative. However. site grading activities must 
comply with air emissions and storm water regulations. 

lnstilllliollaloontrols and 1'OIItin4 O&M would be 
nqWl'edW_long-mrm nilliibUitYof caP- .. 
Does not reduce toxicity. mobility. or volume. Soil 
exceeding remedial objectives remains onsite. 

Mi!'l.i!l"..a! worker·eT..posare. 'which can beeff~ ... t.'vely 
COIIttolled with ;,ngillt£l'lng wntrol$ and PPE.. . 

Technically and administratively feasible. Soil and 
asphalt concrete cover is amenable to industria) reuse 
scenarios. 

PW .. .$626,500 {soil en_er) 
pW : $).J (}3.;lOII ($liil and a$Jlhalt CDn¢~ <;over) 

PW 
I 
2 

Weighting Factor assigned by proJeclteam consensus 
Criteria-specific evaluation score: 
Pdma.ry: 
o - criteria not met 
1 - criteria may be met 
2 - criteria met 
3 - criteria ex.ceeded 

Secondary: 
0- poor 
I - below average 
2 - average 
3 - above average 
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2 
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2 

4 
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2 
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Table 5-10. 
Summary of Evaluation of Soil Alternatives: Excavation to Residential Zone H Background Inorganic Site Risk with 

Offsite Disposal 

Evaluation Criteria 

Primary Criteria 

:\'rQtectinn nt huQwt 
health and ~virorunew 

Attainment of cleanup 
standards 

Source OOfIuol 

Compliance with 
applicable waste 
management standards 

Secondary Criteria 

LoIIg-lmlt reliability 
arid elfl!ctjmtes! • 

Reduction in toxicity. 
mobility. or volume 

SkOIt-letm 
e~iveJ1C$$ 

Implememability 

Ranking Score 

Weighting 
Factor l 

2 

:2. 

2 

! 

Comments 

. B,emQ_1lilil'w.a resti'i •. aCc:Us.alilll.(Wldflll) 
wlie", ~pom'e; J*bwt.)ltllill'ri.ii.um.t, . . 
Complies with site risk reduction remedial objectives. 

I!\llili:ti~ aOurce-~_byillim"iiui~ .. . 
~inaIc6~,S41lwlJli~ili$~ rl$k' wOuld mnalu ouilt.o, . ... . . . . . .. 

Meets remedial objectives. Remedial activities must 
comply with air emissions and storm water regulations. 
and transportation and land disposal restrictions. 

• ·l!imduOl· sill! risIr: wwld t'OIItli¥i..bCJow.ca1euh1te1l . 
~.tl$k'i ;,' . . 
Eliminates soil that exceeds site risk remedial 
objectives. However. overall toxicity. mobility. or 
volume would not be reduced . 

.• . Mlnimlll WO_~.";'hk:beanbe l\ffeed>iely 
~lI1!lledwlth ~"i~iili~!i\~ ~1I¢·ppa •.•• 
Technically and administratively feasible. Potentially 
most rapid alternative. 

PW .. $111.000 (IIOOhazardoils JOil) 
pW "" $403.soo~JOn}· 

3 

3 

2 

Z 

3 

~. 
2 

Score x 
WF 

6 

6 

.4 

4 

.2 

3 

. c1. . ... 
1 

30 or 31 

Notes: 
PW 

2 

present worth 
Weighting factor assigned by project team consensus 
Criteria-specific evaluation score: 
Primary: 
o - critena not met 
1 - critena may be met 
2 - critena met 
3 - criteria exceeded 

S~':Gndiiiry: 

0- poor 
1 - below average 
2 - average 
3 - above average 
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Table S-IOf 
Summary of Evaluation of Soil Alternatives: Excavation and Offsite Disposal of All Areas Exceeding Zone H 

Background Concentrations 

Evaluation Criteria 

Primary Criteria 

Prot"cti"" of 1wtrwt 
heallh anu enV'tOlUl1tnl 

Attainment of cleanup 
standards 

Compliance with 
applicable waste 
management standards 

Secondary Criteria 

Long-term reliability 
"ltd elfeeti_! 

Reduction in toxicity, 
mobility. or volume 

Short-t"nn 
-effectiv~Jless. 

Implementability 

COst 

Ranking Score 

Weighing 
Factor' 

2 

2 

1 

J 

Comments 

. :Remom$!ilt(ja ~et<!il_lIti!Ili (lUJdt'llI) 
. ~~POSInp*d!W.YJ:a~/ooiUil>*l. 

Complies with p01nt~risk reduction remedial objectives. 

.'. ;:::~~:;~~=~m:~ 
"Iiii~~~'wciuJdlie",mo'll1d,' . .. 

Meets remedial objectives. Remedial activities must 
comply with air emissions and storm water regulations. 
and transportation and land disposal restrictions. 

, ~nlSidiIaliisl(,wouldf~main.QD.a.pOiaI:-by. 
pi>iI!t~>. . ... ...... .. 

Eliminates soil that exceeds site risk remedial 
Objectives. However. overall toxicity. mobility. or 
volume would not be reduced. 

Mlnilll4lwolter el!pll$1l"". wbiclt eatt'be llfiecli';ely. 
C<lJl1rill1ed wiIh ~"'~ c:OOlrob ana WE. • , , ; , 

Technically and administratively feasible. Will 
require 4,400 yd' clean fill. 

:!'W .. $499,lIOO <;m~ st!~) 
PW"·$I.844~ (b~$ $Oil) 

Score2 

3 

2 

1 

2 

Score x 
WF 

6 

6 

4 

2 

29 to 31 

Notes: 
PW 
I 
2 

present wonh 
Weighting factor aSSIgned by project team consensus 
Criteria-specific evaluatIon score: 
Primary: Secondary: 
o - critena nOl met 0 - poor 
1 - criteria may be met 1 - below average 
2 - criteria met 2 - average 
3 - criteria exceeded 3 - above average 
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6.0 RECOMMENDATIONS 

Recommendations for the soil and groundwater remedial alternatives are outlined here. Selection 

of the final alternatives was selected based on primary and secondary criteria evaluation, remedial 

alternative comparative analysis, and professional judgment. 

6.1 Soil Remedial Alternative 

Based on the rationale and decision factors in the previous sec~lIS; no f r remedial action 

is the recommended remedial alternative for Combined Sw. 4. This alternative was selected 7 
for several key reasons: p~~ Id Q.hu.~ I 

~ pl1e:c. £,..>111 rtA- ~i.J!= 
• Residual residential site risk would be 6.3E-05 (inorganic compound background 

residential risk of COCs at Combined SWMU 14 is 4.1E-05) - residual risk is in 

USEPA's acceptable residential risk range (1.0E-06 to 1.0E-04) 

• It would be the least expensive alternative ($0). 

• The DET has performed an ISM at the Combined SWMU 14 (empty DANC container and 

affected soil removal as well as construction debris removal) and is scheduled to remove 

lead-contatninated soil from SWivIU 14 and the bertn in the southern portion of the site in 

summer 1999. Therefore, residential site risk will be further reduced. 

• No O&M would be required - no remaining liabilities. 

It allows for unrestricted reuse and redevelopment of the site - a Navy preference. 
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If site risk reduction is required by the project team, then excavation to residential Zone H 

background inorganic site risk with offsite disposal is the recommended remedial alternative 

for Combined SWMU 14. This alternative was selected for several key reasons: 

• It achieved the highest score on the Project Team Evaluation Table. 

• Residual residential site risk would be 4.0E-05 - all points with a point risk exceeding 

1.0E-04 would be removed. 

• It would be the least expensive alternative, other than no further remedial action, for 

managing nonhazardous soil ($111,000), 

• It would be the most rapid active remedial alternative - least site impact. 

• No O&M would be required - no remaining liabilities once initial remedial activities are 

completed. 

• It protects human health and the environment overall, 

• No institutional controls and encumbrances on the property would be required because 

impacted media exceeding site background risk will be removed from the site. 

• It allows for unrestricted reuse and redevelopment of the site - a Navy preference. 

6.2 Groundwater Remedial Alternative 

Based on the rationale and decision factors in the previous sections, there is no groundwater 

contamination which requires remedial action, 
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7.0 PUBLIC INVOLVEMENT PLAN 

7.1 General 

The following Public Involvement Plan (PIP) is included as part of this report in accordance with 

the EPA's guidance on RCRA CMS. This PIP reflects and summarizes information prepared and 

presented in the Navy's Community Relations Plan (CRP), prepared for Naval Base Charleston 

in 1995. 

Under RCRA, no interaction is required with the community during the Corrective Measures 

Study process. Public input is required to be solicited only at the beginning of the permitting 

process, or during certain permit modifications. Therefore, the Navy has outlined a voluntary 

program of informing local communities throughout the entire RCRA Corrective Action process. 

Activities are detailed in the 1995 CRP for the Naval Base Charleston. 

However, because the CMS process results in a modification to the facility's RCRA permit, 

certain provisions are made to solicit the public's input on the preferred alternative (as the reason 

for the modification). The requirements are identical to those required for a draft permit. 

Two primary objectives are stated in the CRP: (1) to initiate and sustain community involvement 

and (2) to provide a mechanism for cot!l .. rnupjcating to the public. 

7.2 RFI Public Involvement Plan 

To achieve these objectives, the CRP identifies public involvement and outreach activities at each 

step of the Corrective Action process. For example, the following activities have been designated 

for the completion of the RFI. All have been accomplished. 
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• Update and publicize the infonnation repository. 

• Continue to publicize the point of contact. 

• Update the mailing list. 

• Distribute fact sheets andlor write articles to explain RFI findings. 

• Infonn community leaders of the completion and results of the RFI. 

• Update and continue to provide presentations for infonnal community groups whenever 

possible. 

• Update the community on results of the RFI through public Restoration Advisory Board 

meetings. 

7.3 CMS Public Involvement Plan 

During the Corrective Measures Study, the following activities will be carried out as part of the 

Navy's current and ongoing conununity involvement program. 

• Distribute a fact sheet and/or write articles for publication that report CMS 

recommendations. 

• Continue to update the mailing list. 

• Continue to respond to requests for speaking engagements. 
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• Update the community on CMS status through public Restoration Advisory Board 

meetings. 

7.4 Statement of Basis Public Involvement Plan 

Upon completion of the Corrective Measures Study (when the preferred alternative has been 

selected) the following activities are required: 

• A Statement of Basis will be prepared, explaining the proposed remedy and the method by 

which it was chosen. 

• A 45-day comment period will be provided to allow community members the opportunity 

to review and comment on the preferred alternative. 

• The availability of the comment period and Statement of Basis will be announced in a 

public notice. 

• The community will be updated on the preferred remedy through the informal and 

publicized Restoration Advisory Board meetings. 

In addition, the following activities will be carried out, as identified in the CRP: 

• Updating and publicizing the information repository. 

• Publicizing the environmental point of contact. 

• Continuing to update the mailing list. 

7-3 



7.5 Restoration Advisory Board 

Zone H Combined SWMU 14 Corrective Measures Study Repon 
Charleston Naval Complex 

Section 7 - Public Involvement Plan 
Revision: 0 

The RAE is a key component of this community outreach program. It is through the RAB that 

the Navy has a regularly scheduled and publicized forum for interfacing with community members 

on the progress of the environmental program, including the CMS. In addition, RAB members 

are key instruments in measuring community interest in specific issues and knowledge of them. 

A Community Relations Subcommittee to the RAB has been tasked with identifying issues and 

information to be addressed by the Navy. 

7-4 



8.0 REFERENCES 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Sec/ion 8 - References 
Revision: 0 

Black, H. (1995) Absorbing Possibilities: Phytoremediation, Innovations. Vol. 103, No. 12, 

December, Environmental Health Perspectives, National Institute for Environmental 

Health Sciences. 

Cauwenberghe, L.V. (1997) Technology Overview Repon: Electrokinetics, Groundwater 

Remediation Technologies Analysis Center, Pittsburgh, PA. 

Chappell, J. (1997) Phytoremediation o/TeE using Populus, prepared for the USEP A Technology 

Innovation Office. 

EnSafe, Inc. (July 5, 1996) ReRA Facility Investigationjor Zone H, NAVBASE Charleston. 

EnSafe, Inc. (June 18, 1998) Zone H ReRA Facility Investigation Repon, NAVBASE Charleston. 

EnSafe/Allen & Hoshall, Inc. (July 28. 1995) Final Technical Memorandum Preliminary 

RFI Field Activity Soil-gas and Geophysrics Surveys, SWMU 9 and SWMU 14, 

Naval Base Charleston, Charleston. South Carolina. 

Fountain, J.C. (1998) Technology Overview Repon: Technologies/or Dense Nonaqueous Phase 

Liquid Source Zone Remediation, Groundwater Remediation Technologies Analysis 

Center, Pittsburgh, PA. 

Miller, R.R. (1996) Technology Overview Repon: Air Sparging, Groundwater Remediation 

Technologies Analysis Center. Pittsburgh, PA. 

8-1 



Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 8 - References 
Revision: 0 

Miller, R.R. (1996) Technology Overview Report: Phytoremediation, Groundwater Remediation 

Technologies Analysis Center, Pittsburgh, PA. 

Remedial Technology Network: Remediation Information Management System (1999). 

Navy Enviromnent Detachment Charleston (DET) (April 4, 1998) Interim Measure Completion 

Reportfor Solid Waste Management Unit 14, Charleston Naval Complex, Charleston, SC. 

United States Enviromnental Protection Agency (USEPA). (May 1994) RCRA Corrective Action 

Plan (Final), Office of Waste Programs Enforcement Office of Solid Waste. 

Q IT 0291Zonc H\SWMUI41l4Sc:ctS ""'" 

8-2 



9.0 SIGNATORY REQUIREMENT 

Zone H Combined SWMU 14 Corrective Measures Study Report 
Charleston Naval Complex 

Section 9 - Signatory Requirements 
Revision: 0 

Condition I.E. of the Hazardous and Solid Waste Amendments (HSWA) portion ofRCRA Part B 

Permit (EPA SCO 170022560) states: All applications, reports, or information submitted to the 

Regional Administrator shall be signed and cert~lied in accordance lvitk 40 CFR §270.11. The 

certification reads as follows: 

I certify under penalty of law that this document and all attachments were prepared under my 

direction or supervision in accordance with a system designed to assure that qualified personnel 

properly gather and evaluate the iriformation submitted. Based on my inquiry of the person or 

persons who manage the system, or those persons directly responsible for gathering the 

information is, to the best of my knowledge and belief, true, accurate, and complete. I am aware 

that there are significant penaltiesfor submittingjalse information, including the possibility offine 

and imprisonment for knowing violations. 

Henry N. Sheppard II, P.E. 

Caretaker Site Office, Charleston 
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