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10.0 SITE-SPECIFIC EVALUATIONS

10.1 SWMU 161, Vehicle Maintenance Shop, Naval Annex

SWMU 161 consists of a gravel parking lot, a vehicle maintenance and wash bay with grease pit,
and Building 2505 (Figure 10.1.1). Building 2505 was constructed in 1960; some minor
improvements were made in 1982 and 1989. The vehicle maintenance and wash bay and grease
pit were added in 1993. This area is equipped with a drainage system and collection sump pumped
to an 800- gallon oil-water separation unit. Waste oil from the separation process is stored in a
275 gallon AST. The Marine Corps has used the facility as a vehicle maintenance shop since the
Navy took possession of the building from the Air Force in 1981. It is probable that the Air Force

used the facility in a similar manner.

The gravel parking area adjacent to the south side of building is periodically occupied by heavy
equipment such as backhoes and trucks. The parking area is stained with oil in places. Waste oil
from the oil-water separation process was stored in fifteen 55-gallon drums on pallets during the

Phase I site assessment.

According to the SWMU 161 RFA report water from the oil-water separator is discharged into
the Naval Annex storm sewer. Based on a records review, it was determined that water from the
separator discharges to the sanitary sewer system. Before the wash bay roof was constructed, the
oil-water separator’s contents would have overflowed into the storm water drainage system during
heavy precipitation. The site’s CSI status is justified by evidence of past releases to the storm
water drainage system, the presence of the oil-water separator and associated sump and tank, the
use of solvents to clean automotive parts, along with the presence of stained gravel/soil in the

parking area.
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Materials of concern identified in the approved final RFI work plan for SWMU 161 were solvents,
metals, and petroleum products. Potential receptors are current and future site users involved in

invasive activities.

To fulfill CSI objectives and confirm the presence of any contamination from onsite activities, soil
and groundwater were sampled in accordance with the approved final RFI work plan and Section 3

of this report.

10.1.1 Soil Sampling and Analysis

Soil was sampled in one event at SWMU 161 from the locations shown on Figure 10.1.1. The
final RFI work plan proposed collection of eight soil samples from the upper-interval (0 to 1 foot)
and eight for the lower-interval (3 to 5 feet) for the SWMU 161 investigation area. All proposed
samples were collected. First-round samples were submitted for analysis at DQO Level III for
VOCs, SVOCs, metals, pesticides, PCBs, TPH, and cyanide. One duplicate was collected from
boring 161SB02's lower-interval and submitted for Appendix IX analyses at DQO Level IV.
Table 10.1.1 summarizes soil sampling for SWMU 161.

Table 10.1.1
SWMU 161
Soil Sampling Summary
Sampling Sampling Samples Sample
Round Date Collected Analyses Comments
1 : 11/20/96: Upper - 8(8) Standard Suite, TPI-I,‘
: : Lower - 8(8) Standard Suite, TPH
Duplicate - 1 Appendix-IX, TPH
Note:

)
Standard Suite
Appendix IX

Parentheses indicate number of samples proposed in the RFI Work Plan.
VOCs, SVOCs, metals, cyanide, pesticides and PCBs at DQO Level III.
Standard Suite, plus hex-chrome, dioxins, herbicides, and OP pesticides at DQO Level IV.
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10.1.2 Nature and Extent of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.1.2. Inorganic analytical
results are summarized in Table 10.1.3. Table 10.1.4 summarizes all analytes detected in soil at
SWMU 161. Analyte concentrations which exceeded their screening concentrations (the
applicable residential soil RBC or SSL and, when available, the associated background
concentration) are listed in bold type. Appendix F is a complete analytical data report for all

samples collected in Zone K, including SWMU 161.

Table 10.1.2
SWMU 161
Organics Detected In Soil (ug/kg)
Sample Detection RBC (upper) Number of Samples
Parameter Interval Detection Range Mean SSL (lower) Exceeding RBCs or SSL

Volatile Organic Compounds
(16 Samples collected, 8upper-interval, 8 lower-interval, 1 lower-interval sample duplicated)

Acetone - Upper 0/8 ND ND 780,000 0.
- Lower 278 1.08.0 7.5 8,000+ 0
1,2 Dichloroethane Upper 0/8 ND ND 7,000 0
Lower 1/8 4.00 4.00 10 0
Semivolatile Organic Compounds
(16 samples collected, 8 upper-interval, 8 lower-interval, 1 lower-interval sample duplicated)
Di-n-butylphthalate . Upper o8 L ND ND 780,000 0
= e Lower 1/8 100 o 1600 2,300,000 0
Pesticides/PCBs
(16 samples collected, 8 upper-interval, 8 lower-interval, 1 lower-interval sample duplicated)
44 -DDE Upper 38 430 - 6.83 555 1,900 0
Lower 0/8: ND ND 27,000 0
4,4 -DDT Upper 2/8 10.80 - 13.50 12.15 1,900 0
Lower 0/8 ND ND 16,000 0
Total Petroleum Hydrocarbons - Diesel Range Organics (mg/kg)
(16 Samples collected, 8 upper-interval, 8 lower-interval, 1 lower-interval sample duplicated)
TPH-DRO : Upper 2/8 11.8 =314 1629 100"‘ L 1
Lower 2/8 o831 9.65 100* : 0
Dioxin (ng/kg)
(1 lower-interval duplicate sample)
TCDD TEQ Upper, 0/0 NA: NA 43 NA
: Lower 171 .4637 4637 1:600 0
Notes:
a = Charleston Naval Complex project screening level.
ug/kg = Micrograms per kilogram
ng/kg = Nanograms per kilogram
NA = Not applicable/not available/not analyzed
ND = Not detected/not determined
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Table 10.1.3
SWMU 161
Inorganics Detected In Soil (mg/kg)

Number of Samples
Exceeding: RBC &
Background (upper) or

Sample Detection Detection Background RBC (upper) SSL &
Parameter Intervalal Frequency Range Mean _ Concentration  SSL (lower) Background (lower)

Inorganics

16 Samples Collected; 8 Upper-interval, 8 Lower-interval, and One Lower-interval Duplicate

Aluminum Upper 88 5130 - 6630 5963 11,200 7800 0
Lower 818 2750 - 5470 4134 10,500 560,000 0
Arsenic Upper 8/8 069 - 19 1.0 3.00 0.43° 0
Lower 48 041 - 073 056 1.98 15 0
Barium Upper B8 55 - 168 100 e sm 0
Lower - 88 18 - 15 33 683 8 0
Beryllium Upper 6/8 003 - 007 005 0.17 16 0
Lower 1/8 0.03 0.03 0.12 32 0
Cadmium Upper 1/8 oo omn 0.13 .39 0
Lower 0/8 ND - ND ¥ .4 0
Calcium Upper 8/8 2490 - 67400 16,719 NA NL NA
Lower 8/8 64.8 - 22700 3,742 NA NL NA
Chromium = Uppér .. = 88 35 - 56 4.6 8.4 n 0
Lower #8031 . 47 38 876 19 0
Cobalt Upper 4/8 017 - L5 0.6 0.34 470 0
Lower 78 017 - 042 031 0.62 990 0
Copper Upper /8 027 - 15 0.9 386 %10 0
Lower 8 023 - 7088 041 034 5600 0
Iron Upper 8/8 2470 - 3250 2,864 7060 2300 0
Lower 8/8 421 - 1710 990 5130 NL 0
Lead" . Upper 88 26 - 195 8.6 96 400° 0
Lower g8 2 -10 3 643 400" 0
Magnesium Upper 8/8 11 - 1220 381 NA NL NA
Lower 8/8 235 - 519 124 NA NL NA
Manganese Upper ; 8/8 56584 18.5 26.4 160 . - 0
Lower 88 32 . 256 6.6 5.93 . 480 0
Mercury Upper 1/8 0.15 0.15 ** 2.3 0
Lower 0/8 ND ND * 1.0 0

10.1.6



Zone K RCRA Facility Investigation Report
Charleston Naval Complex
Section 10 — Site-Specific Evaluations

Revision No: 0

Table 10.1.3

SWMU 161
Inorganics Detected In Soil (mg/kg)

Number of Samples
Exceeding: RBC &
Background (upper) or

Sample Detection Detection Background  RBC (upper) SSL &
Parameter Intervalal __ Frequency Range Mean __ Concentration _SSL (lower) Background (lower)
Nickel Upper 8/8 13 - 36 22 470 160 0
' Lower 8/8 08t - 27 1.9 264 65 0
Potassium Upper 8/8 333 - 246 94 NA NL NA
Lower 8/8 172 - 100 42 NA NL NA
Selenium Upper A8 0.44 0.44 0.84 39 0
 Lower o8 ND NA 0.52 260 0
Silver Upper 1/8 0.25 0.25 0.44 39 0
Lower 0/8 ND ND 0.42 17 0
Sodium Upper 8/8. 182 - 85 304 NA . NL NA
Lower 818 127 - 3 2 NA NL NA
Vanadium Upper 8/8 6.6 - 84 7.6 15.8 55 0
Lower 8/8 22 - 76 4.4 12.2 3,000 0
Zinc Upper 148 5 5 14:8 2,300 0
Lower 018 ND ND » 6,200 0
Notes:
a = RBC for arsenic as a carcinogen.
b = RBC not available for lead. USEPA residential soil cleanup level used for comparison (OSWER Directive 9355.4-12).
** = Number of nondetects prevented determination of reference concentration.
NA = Not applicable/not available/not analyzed
ND = Not detected/not determined
NL = Not listed
mg/kg = Milligrams per kilogram
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Table 10.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background

Volatile Organic Compounds (:g/kg)

1,2-Dichloroethane 161SB004 ND 7,000 NA -4 10 NA

Acetone 161SB002 ND 780,000 NA 8 8,000 NA

161SB006 ND 7

Semivolatile Organic Compounds (.g/kg)

Di-n-butylphthalate 161SB005 _ND 780,000 NA 100 2,300,000 NA

Pesticides/PCBs (ug/kg)

4,4-DDE 161SB00S 43 1,900 NA © SND ‘27,000' NA

1615B006 6.83 ND oo
1615B008 5.51 S ND:i

4,4-DDT 161SB006 10.8 1,900 NA ND 16,000 NA

161SB008 13.5 ND

Dioxin Compounds (ng/kg)

TCDD TEQ 161$B002 NT 43 NA 0 1,600 NA
1234678-HpCDD 161SB002 NT 430 NA 4.97 110,000 NA
OCDD : 161SB002 NT -4.300 NA . 414 - 13,100,000 NA

TPH-DRO (mg/kg)

Diesel 161SB005 ND 100 NA 8.3 100 NA

161SB006 11.8 11
161SB007 =314 ND -
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Table 10.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Inorganics (mg/kg)
Aluminum (Al) 161SB001 6,220 7,800 11,200 2,800 560,000 S 10,500

1615B002 6,000 - 3,830

161SBO03 5;450 5,470

161SB004 6,630 4,850

161SB0O0S 5,970 2,750

161SB006 5,130 4.680

161SBO07 6,460 4,050

161SB0O0O8 5,840 4,940 :
Arsenic (As) 161SBO01 0.85 0.43 3 ~ND 15.0. 1.98

161SB002 0.69 0.6

161SB003 0.7 0.8

161SB004 1 ND

161SB005 0.94 =ND

161SB006 1.1 . ND

161SB007 1.1 0.41

161SB008 1.9 0.73.
Barium (Ba) 161SB001 10.5 550 25.6 1.8 820 6.83

161SB002 8 2.2

161SB003 5.5 2.6

161SB004 9.2 3.4

161SB005 13.7 1.8

161SB006 16.8 4.5

161SB007 7.2 2.5

161SB008 9.1 7.5
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Table 10.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Beryllium (Be) 161SB001 0.04 16 0.17 -~ ND 32 0.12
161SB004 0.06 : END
1618B005 0.07 ND
161SB006 0.03 ND
161SB007 0.04 ND
161SB008 0.07 0.03 :
Cadmium (Cd) 161SB008 0.11 39 0.13 ND 4 NA
Calcium (Ca) 161SB001 2,490 NL NA : 4.8 NL:-. NA
161SB002 7.770 2,030 :
161SB003 2,860 2,620
161SB004 9,390 772
161SB005 31,000 195
161SB006 2;990 384
161SB007 9,850 .614
161SB008 67,400 22,700
Chromium (Cr) 161SB001 4.7 23 8.4 3.7 19 8.76
161SB002 4 3.2
161SB003 43 3.7
161SB004 5 3.6
161SB005 4.5 3.1
161SB006 35 4.4
161SB007 4.8 4
161SB008 5.6 4.7
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Table 16.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Cobalt (Co) 161SB001 1.5 470 0.34 0.42 990 0.62

161SB002 ND 0.17

161SB003 ND 0.25

161SB004 0.18 0.4

161SB00S 0.17 ND

161SB006 ND 0.22

161SB007 ND 0.42

161SB008 0.51 0.28
Copper-(Cu) 161SB001 0.94 310 3.86 0.28 5600 : 0.34

: 161SB002 0.27 0.33

1615B003 ND =0:35

161SB004 05 023

161SB00S 0:92 - 0.56

161SB006 1.3 ‘ND

161SB007 - 0.68 0.27

161SB0O08 1.5 - 0.88
Iron (Fe) 161SB001 2,830 2,300 7060 467 NA 5130

161SB002 2,650 666

161SB003 2,470 739

161SB004 3,090 1,480

161SB005 2,890 421

161SB006 2,960 1,610

161SB007 3,250 828

161SB008 2,770 1,710
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Table 10.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Lead (Pb) 161SB001 5.8 400° 39.6 2.9 400° 6.43 g

161SB002 4.1 2 :

161SB003 2.6 2.3

161SB004 6.2 2.5

161SB005 14.1 23

161SB006 19:5 3

161SB007 4 235

161SB008 12.3 10
Magnesium (Mg) 161SB001 196 NL NA 23.5 NL NA

161SB002 219 62.5

161SB003 111 66.1

161SB004 309 89.3

161SB005 517 67.2

161SB006 171 95.9

161SB007 304 68.5

161SB008 1,220 519
Manganese (Mn) 161SB001 10:1 160 26.4 3.8 480 ; 5.93

161SB002 10.6 3.2

1615B003 5.6° 35

161SB004 14 3.8

16158005 29.5 33

1615B006 7.4 5.7

1615B007 12.2 3.3

161SB008 584 25.6
Mercury (Hg) 161SB003 0.15 2.3 NA ND 1 NA
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Table 10.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Nickel (Ni) 161SB001 2.7 160 1.7 0.81 65 2.64

1615B002 1.7 1.4

161SB003 1.3 2.5

161SB004 2.2 2.7

161SB00S 2.6 0.89

161SB006 1.4 2.3

161SB007 2 2.2

161SB008 3.6 2.4
Potassium (K) 161SB001 95.8 NE = “NA 17.2 NL : NA

161SB002 60 23.4

161SB003 ©33.3 29.6

161SB0D4 73.9 49.6

161SB00S 124 “31.3

161SB006 43.4 39.7

161SB007 771 421

161SB00OS 246 100
Selenium (Se) 161SB006 0.44 39 0.84 ND 2.6 0.52
Silver (Ag) 161SB004 0.25 39 0.44 ND 17.0 0.42
Sodium (Na) 161SB001 27.5 NL NA 12.7 NL NA

161SB002 27.9 13.3

161SB003 25.5 25.2

161SB004 27.3 22.3

161SB005 29.4 15.1

161SB006 18.2 27.1

161SB007 29.1 20.6

161SB008 58.5 36
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Table 10.1.4
SWMU 161
Analytes Detected in Surface and Subsurface Soil

Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc, (DAF=10) Background
Vanadium (V) 1618B001 77 55 158 - 2.9 0 3,000 c 122
o 161SB002 7 2.9 i

161SB003 6.6 o 3.6

161SB004 84 6

161SB005 71 z S22

161SB006 7.5 S Te

161SB007 8 43

1618B008 7:1 6.1
Zinc (Zn) 161SB001 5 2300 14.8 ND 6,200 NA

Notes:
Bold concentrations exceed the RBCs, SSL, and the zone background
All background values for Zone K are based on twice the means of the grid sample concentrations.

DAF = Dilution attenuation factor
NA = Not applicable/not available
ND = Not detected/not determined
NT = Not taken

RBC = Risk-based concentration
SSL = Soil screening level

THQ = Target hazard quotient
uglkg = Micrograms per kilogram
mg/kg =  Milligrams per kilogram
ng/kg =  Nanograms per kilogram
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Volatile Organic Compounds in Soil
Two VOCs (acetone and 1,2-dichloroethane) were detected in soil samples collected at
SWMU 161. Neither one exceeded its RBC screening concentration. All VOC detections were

in lower-interval soil samples.

Semivolatile Organic Compounds in Soil

One SVOC (di-n-butylphthalate) was detected in a lower-interval soil sample collected at
SWMU 161. No SVOCs were detected in the upper-interval soil samples. The concentration of
di-n-butylphthalate was four orders of magnitude less than its RBC.

Pesticides/PCBs in Soil
Two pesticides (4,4'-DDE and 4,4'-DDT) were detected in upper- interval soil samples at
SWMU 161. No pesticides were detected in the lower-interval soil samples. All pesticide

concentrations were below their RBC screening concentrations.

No PCBs were detected in the SWMU 161 soil samples.

Other Organic Compounds in Soil

TPH-Diesel Range Organics (DROs) were detected in two of eight upper-interval and two of eight
lower-interval samples. One TPH-DRO concentraion, 314 mg/kg, which was collected from a
surface soil sample location (161SB007) exceeded the CNC screening level (100 mg/kg). TPH-
DRO concentrations below the screening level were detected in the upper-interval and lower-

interval samples at 161SB006 and the lower- interval sample at 161SB00S.

Dioxin was detected in the one duplicate sample. The TCDD TEQ for the dioxin detection was

several orders of magnitude below the RBC screening concentration.
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Inorganics in Soil
Several inorganic analytes were detected in SWMU 161 soil samples. Arsenic and iron exceeded
their RBCs. However, all arsenic and iron concentrations were below their respective surface and

subsurface soil background concentrations.

10.1.3 Groundwater Sampling and Analysis
The final RFI work plan proposed the installation of one shallow monitoring well for SWMU 161.
This well (NBCK161001) was installed adjacent to the oil-water separator in the northeastern

corner of the property (Figure 10.1.1).

This monitoring well was developed in December 1996, and the first round of groundwater
samples was collected from in January 1997 and analyzed for VOCs, SVOCs, metals, pesticides,
PCBs, and TPH at DQO Level III. A duplicate sample was also collected from NBCK161001 and
submitted for herbicide, dioxin, organophosphorus pesticide, and hexavalent chromium analyses,

in addition to the standard suite of analyses.

Second-round groundwater for SWMU 161 was also analyzed for VOCs, SVOCs, metals,
pesticides, PCBs, and TPH at DQO Level III. Second-round samples were collected by the
CEERD in April 1997. Third-round and fourth-round samples were collected in July and
October 1997, and analyzed for VOCs, SVOCs, metals, cyanide, pesticides, and PCBs. Duplicate
samples were also collected from NBCK 161001 during each of these rounds. Fifth-round samples
were collected for dioxins and TSS to confirm the dioxin detection in the first-round duplicate
sample. Filtered and unfiltered samples were analyzed to determine the potential effects of
suspended solids on groundwater dioxin results. Table 10.1.5 summarizes groundwater sampling

at SWMU 161.
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Table 10.1.5
SWMU 161
Groundwater Sampling Summary
Sampling
Sampling Round Date Wells Sampled Sample Analyses Comments
L 13097 161001* Standard Suite and TPH
2 4/18/97 161001° Standard Suite and TPH
3 7125097 161001°  Standard Suite
4 10/22/97 161001° Standard Suite

5 1999 161001 Dioxins, TSS _ Filtered and unfiltered
' o L : g : ~samples taken for dioxins

Notes:

a = Duplicate sample collected and analyzed for Appendix IX parameters and TPH.

b = Duplicate sample collected and analyzed for same parameters.

Standard suite = VOCs, SVOCs, metals, cyanide, pesticides, and PCBs, at DQO Level III.

Appendix IX = Standard Suite plus hex-chrome, dioxins, herbicides, and OP Pesticides at DQO Level IV.

The monitoring well was installed at 16 feet bgs in the water table aquifer. The well was installed

as described in Section 3.3 of this report.

10.1.4 Nature and Extent of Contamination in Groundwater

Table 10.1.6 summarizes organic groundwater analytical results and Table 10.1.7 summarizes
groundwater inorganic analytical results for SWMU 161. Table 10.1.8 summarizes all analytes
detected in shallow groundwater at SWMU 161. Appendix F is a complete analytical data report
for all samples collected in Zone K, including those collected at SWMU 161.
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Table 10.1.6
SWMU 161
Organics Detected In Groundwater (pg/L)

Number of Samples

Sampling Detection Exceeding RBC or
Parameter Round Detection Range Mean Tap-water MCL
Dioxins
TCDD:TEQ First i 0.0069 NA 0.45/30 0
Second 7 20/ NA CONAG NA
Third NA NA - NA o NAE
Fourth - NA S NA o NA CeNACEE
Fifth:o: 00 0/1 : ND i NA Qo
Notes:
NA -  Not applicable/not available/not analyzed
pg/L -  Picograms per liter
Table 10.1.7
SWMU 161
Inorganics Detected In Groundwater (ug/L)
Number of
Samples
Tap-water Shallow Exceeding Lower
Detection Detection RBC/ Groundwater of RBC or MCL
Parameter  Sampling Round _ Frequency Range Mean MCL Background and background
Inorganics
(1 Shallow groundwater sample collected during each event)
Aluminum ~ First (Jan. 97) 11 540 540 3,700/50 471 1
Second: (April 97) 01 ND “ND 0
< Third (Quly-97) 1/1 381 381 0
“Fourth (Oct: 97) 11 674 674 1
Barium First (Dec. 95) 171 16.4 16.4 260/2,000 31.2 0
Second (April 97) 1/1 17.5 17.5 0
Third ((July 97) 1/1 14.15 14.15 0
Fourth (Oct. 97) 11 13.75 13.75 0
Calcium First (Dec. 95) ‘ 171 50,3001 50,300 : NL/NE NA NA
Secorid (April:97) 171 30;800 - - 30,800 “NA
Third ((July 97) i1 48,600 48;600 NA
Fourth{Oct.:97) 171 45,750 45,750 NA
Copper First (Dec. 95) 0/1 ND ND 150/1,000 2.81 0
Second (April 97) 0/1 ND ND 0
Third ((July 97) 1/1 1.7 1.7 0
Fourth (Oct. 97) 0/1 ND ND 0
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Table 10.1.7
SWMU 161
Inorganics Detected In Groundwater (ug/L)
Number of
Samples
Tap-water Shallow Exceeding Lower
Detection Detection RBC/ Groundwater of RBC or MCL
Parameter  Sampling Round __ Frequency Range Mean MCL Background and background
Inorganics
(1 Shallow Eoundwater samEle collected during each event)
Iron First (Dec.:95) AL 150 150 -15100/300 235 NA
Second (April 97 171 L2285 285 : NA
Third: ((July 97) 1. -38.45 3845 NA
Fourth {Oct:- 97) 111 - B8Y 88:1 NA
Lead First (Dec. 95) 0/1 ND ND NL/15 1.94 0
Second (April 97) 0/1 ND ND 0
Third ((July 97) 1/1 2.1 2.1 0
Fourth (Oct. 97) 071 ND ND 0
Magnesium First:{Dec. 95) 11 - 806 806 o NL/INL NA NA
‘Second (Aprit 97) sYA R 1,730 1730 500 e NA
Third ((July 97) -1 820.5 = 820.5 -NA
Fourth (Oct. 97) =17 685 685 NA
Manganese First (Dec. 95) mn 6.9 6.9 73/50 9.33 0
Second (April 97) 0/1 ND ND 0
Third ((July 97) 1/1 1.1 1.1 0
Fourth (Oct. 97) 0/1 ND ND 0
Potassium First (Dec. 95) 1/1 085 <985 NL/NL NA NA
Second (April:97) 0/1 Nb ND : NA
Third ((July 97). 11 447.5 447.5 NA
Fourth (Oct; 97):: 1/1 S650.5 650:5 NA
Silver First (Dec. 95) 171 1.6 1.6 18/100 NA NA
Second (April 97) 0/1 ND ND NA
Third ((July 97) 0/1 ND ND NA
Fourth (Oct. 97) 0/1 ND ND NA
Sodium First (Dec..95) 1 2,185 2,185 NL/NL NA NA
Second (Aprit 97) 0/1 ND ND NA
Third ((July 97) A 3,380 3,380 NA
Fourth (Oct. 97) “0/1 ND ND NA
Zinc First (Dec. 95) 0/1 ND ND 1,100/5,000 NA NA
Second (April 97) 0/1 ND ND NA
Third ((July 97) 1/1 26.75 26.75 NA
Fourth (Oct. 97) 0/1 ND ND NA
Notes:
NA =  Not applicable/not available/not analyzed
NL = Not Listed
ND = Not detected/not determined
pg/L =  Micrograms per liter
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Table 10.1.8
SWMU 161
Analytes Detected in Shallow Groundwater

1 2 3 4" Tap-water Shallow
Parameter Location Quarter Quarter Quarter Quarter RBC/MCL Background
Inorganics (.g/L) -
(1 Shallow groundwater sample collected during each event)

Alumimm 161001 55  ND B 6B 370050 an
Barium 161001 16.35 17.5 14.15 13.75 260/2,000 31.2
Calcium 161001 - 50300 30,800 48,600 45750 . NA ' NL/NL
Copper 161001 ND ND 1.7 ND 150/1,000 2.81
Iron - 161001 149.5 285 3845 - 88:1 ©1,100/300 235
Lead 161001 ND ND 2.1 ND NL/15 1.94
Magnesium 161601 : 806 1,730 820.5 685 NA NL/NL
Manganese 161001 6.85 ND 1.1 ND 73/50 9.33
Potassium 161001 9845 ND 4475 650.5 . NLINL . NA
Silver 161001 1.55 ND ND ND 18/100 NA
Sodium : 161001 2,185 ND 3,380 ‘ND NL/NL NA
Zinc 161001 ND ND 26.75 ND 1,100/5,000 NA
Dioxins (pg/L) _
oCDD , 161001 69 ND ND ND 450/NL NA

Notes:

ug/L = Micrograms per liter

pg/L =  Picograms per liter

NA = Not applicable/not available/not analyzed
ND = Not detected/not determined

NL = Not listed

Volatile Organic Compounds in Groundwater

No VOCs were detected in groundwater samples collected at SWMU 161.

Semivolatile Organic Compounds in Groundwater

No SVOCs were detected in groundwater samples collected at SWMU 161.
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Pesticides/PCBs in Groundwater

No pesticides or PCBs were detected in the groundwater sample collected at SWMU 161.

Other Organic Compounds in Groundwater

No herbicides, organophosphorus pesticides, or TPH concentrations were detected in the
groundwater samples collected at SWMU 161. One dioxin congener(OCDD) was detected in the
first-round groundwater sample at a concentration of 6.9 pg/L. The TEQ calculated for this

location was 0.0069 pg/L

Inorganics in Groundwater

Several inorganics were detected in each of the four rounds of SWMU 161 groundwater samples.
Only aluminum exceeded its SMCL and background concentrations. Aluminum concentrations
ranged from 381 to 673 ng/L.. However, all inorganic detections were below the applicable RBCs

during all groundwater sampling rounds.

10.1.5 Fate and Transport Assessment for SWMU 161

Environmental media sampled as part of the SWMU 161 RFI are surface soil, subsurface soil, and
shallow groundwater. Potential constituent migration pathways investigated for SWMU 161 are
soil-to-groundwater, groundwater-to-surface-water, and emission of volatiles from surface

soil-to-air.

10.1.5.1 SWMU 161 Soil to Groundwater Cross-Media Transport

Tables 10.1.9 and 10.1.10 compare maximum detected organic and inorganic constituent
concentrations in surface soil and subsurface soil samples to risk-based soil screening levels
considered protective of groundwater. To provide a conservative screen, generic soil screening
levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 10:1, with no

attenuation of constituents in soil (DAF=10).
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Table 10.1.9

Organic Compounds Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater
Comparison to Soil to Groundwater SSLs, Tap Water RBCs, and Soil to Air SSLs

Charleston Naval Complex, Zone K, Naval Annex: SWMU 161

Charleston, South Carolina

Maximum Concentration Screening Concentration * Ground-
Soil to Soil to Water  Volatil-
Surface Subsurfac  Shallow GW Tap Water  Air Soil Water|Leaching Migration ization
Parameter Soil Soil GW SSL RBC SSL | Units Units | Potential Concern Potential
Volatile Organic Compounds
Acetone ND 8 ND 8000 3700 1E+08| vekc ueL NO NO NO
1,2-Dichloroethane (EDC) ¢ ND 4 ND 10 0.12 400{ uGKG  UGL NO NO NO
Semivolatile Organic Compounds
IDi-n-butylphthalate ND 100 ND| 2300000 3700 2300000 uakG uGL NO NO NO
Pesticides/PCB Compounds
4.4-DDE ¢ 6.83 ND ND 27000 02 NA| vaxG uaL NO NO NO
4,4-DDT c 13.5 ND ND 16000 02 1.0EH09|uexGc ueL NO NO NO
Dioxin Compounds
2378-TCDD Equivalents (TEQs) NA 0.464| 0.0069 1600 a 045 NA|NGKG  PGL NO NO NO
1234678-HpCDD ¢ NA 497 ND| 110000 a 45 NA|[NGKG  PoL NO NO NO
OCDD c NA 414 6.9] 1100000 a 450 NA| NGKG  PGL NO NO NO
TPH - Diesel Range Organics
Diesel 314000 11000 ND NA NA NA|uGkG uUGL NO NO NO

Notes:

Sources of screening concentrations appear in Table 5.6
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.1.2 and 10.1.6.

a - Calculated soil to groundwater SSL value (See Table 6.x)
b - Based on surrogate compound, see table 5.6

¢ - Carcinogen

NA - Not available/Not applicable
ND - Not detected

RBC - Risk-based concentration

SSL - Soil screening level

MG/KG - Milligrams per kilogram
NG/KG - Nanograms per kilogram
UG/KG - Micrograms per kilogram
PG/L - Picograms per liter

UG/L - Micrograms per liter




Table 10.1.10

Inorganic Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater
Comparison to Soil to Groundwater SSLs, Tap Water RBCs, Soil to Air SSLs, and Background Reference Values
Charleston Naval Complex, Zone K, Naval Annex: SWMU 161

Charleston, South Carolina

Maximum Concentration Screening Concentration Ground- Fugitive
Soil to Soil Soil to GwW Water Particulate}
Surface Subsurface Shallow GW Background  Air  Tap Water Background| Soil Water{Leaching Migration Inhalation
Parameter Soil Soil GW SSL Reference SSL RBC Reference |Units Units|Potential Concern Concern
Inorganics
Aluminum 6630 5470 674| 560000 a 11200 NA 37000 471|MGKG uGL NO NO NO
|Arsenic ¢ 1.9 0.73 ND 15 3 750 0.045 NA([mexG ueL NO NO NO
16.8 7.5 17.5 820 25.6 690000 2600 31.2|MaKG ucL NO NO NO
0.07 0.03 ND 32 0.17 1300 73 NAlmGxG ueL NO NO NO
0.11 ND ND 38 0.13 1800 18 NA|MaxG ueL NO NO NO
5.6 4.7 ND 19b 8.76 270 110 NA{MGKG uGL NO NO NO
1.5 0.42 ND 990 a 0.62 NA 2200 NA|lmcxe ueL NO NO NO
1.5 0.88 1.7 5600 a 3.86 NA 1500 28|mMcxG uGL NO NO NO
19.5 10 2.1 400 d 39.6 400 15 1.9(mexG oL NO NO NO
58.4 25.6 6.9 480 a 26.4 NA 730 9.3|MakG L NO NO NO
0.15 ND ND 1 NA 10 11 NAlmarG ueL NO NO NO
3.6 27 ND 65 2.64 13000 730 NA|MGKG uGL NO NO NO
0.44 ND ND 2.6 0.84 NA 180 NA|MGkG ueL NO NO NO
0.25 ND 1.6 17 0.44 NA 180 NA|mexG ueL NO NO NO
8.4 7.6 ND 3000 15.8 NA 260 0.8{MakG UL NO NO NO
5 ND 26.8 6200 14.8 NA 11000 NA|MexG  veL NO NO NO

Notes:

Sources of screening concentrations appear in Table 5.7
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.1.3 and 10.1.7.

Background reference values for soil are shown for comparison purposes only.
Maximum groundwater concentrations are screened against the greater of tap water RBCs or corresponding background reference values to determine groundwater migra

a - Calculated soil to groundwater SSL value (See Table 6.4)

b - Assumes hexachrome
¢ - Carcinogen

d - USEPA de facto residential soil level

GW - Groundwater
NA - Not available/Not applicable

ND - Not detected

RBC - Risk-based concentration
SSL - Soil screening level
MG/KG - Milligrams per kilogram
UG/L - Micrograms per liter
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No SWMU 161 soil organics or inorganics exceeded their groundwater protection SSLs.

Therefore, this pathway is considered invalid at SWMU 161.

10.1.5.2 SWMU 161 Risk-based Groundwater Transport

Table 10.1.9 and 10.1.10 also compare maximum detected organic and inorganic concentrations
in shallow groundwater samples to risk-based concentrations for drinking water. To provide a
conservative screen, no attenuation or dilution of in groundwater is assumed before comparison

to the relevant standards.

No organics or inorganics in SWMU 161 groundwater exceeded risk-based drinking water

concentrations. As a result, this pathway is not considered valid at SWMU 161.

10.1.5.3 SWMU 161 Soil-to-Air Cross-Media Transport
Table 10.1.9 also compares VOCs detected in SWMU 161 surface soil samples to corresponding
soil-to-air volatilization screening levels. No VOC exceeded its soil-to-air volatilization screening

level. As a result, the soil-to-air migration pathway is not expected to be valid at SWMU 161.

10.1.5.4 SWMU 161 Fate and Transport Summary

No contaminant fate and transport concerns were identified at SWMU 161.

10.1.6 Human Health Risk Assessment for SWMU 161

10.1.6.1 Site Background and Investigative Approach

SWMU 161 is the location of a vehicle maintenance shop at the Naval Annex. Materials released
or disposed at the SWMU, which consists of a vehicle wash bay and an oil-water separator,

include, petroleum products, metals, and solvents.

10.1.24

10

11

12

13

14

15

16

17

138

19

20

21



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

During the RFI, eight soil samples were collected from the upper and lower-intervals to identify
potential impacts from the activities listed above. Surface and subsurface soil samples were
analyzed for VOCs, SVOCs, metals, cyanide, pesticides, PCBs, and TPH. Surface soil data were
used to quantitatively assess soil pathways. One monitoring well was installed in the shallow
aquifer and sampled for the same parameters as soil. Data from the four quarterly sampling events
were used to quantitatively assess groundwater exposure pathways. Sections 10.1.1 and 10.1.3

summarize the sampling effort for SWMU 161 soil and groundwater.

10.1.6.2 COPC Identification

Soil

Based on the screening comparisons described in Section 7 of this RFI and presented in
Table 10.1.11, no COPCs were identified in surface soil samples collected at SWMU 161.
However, diesel range TPH was detected at a concentration exceeding 100 mg/kg in one surface
soil sample at SWMU 161 (161SB007). Arsenic was detected in surface soil samples at
concentrations exceeding its RBC, but lower than its background concentration. As a result,
arsenic was eliminated as a COPC based on comparison to its background concentration.
Wilcoxon rank sum test analysis did not result in the inclusion of any parameter that had been

screened out on the basis of background concentration.

Groundwater

Based on the screening comparisons described in Section 7 of this RFI and presented in
Table 10.1.12, no COPCs were identified in four quarters of groundwater samples collected at
SWMU 161. Wilcoxon rank sum test analysis did not result in thé inclusion of any parameter that

had been screened out on the basis of background concentration.
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Table 10.1.11

Chemicals Present in Site Samples
SWMU 161 - Surface Soll
Charleston Naval Complex, Zone K
Charleston, South Carolina

Freguency Range Average Range Screening Concentration Number
of of Detected of Residential Exceeding
Parameter Detection Detection Conc. SQL RBC Reference | Units | RBC Ref
TPH - Diesel Range Organics
Diesel 2 8] 118 314 1628 261 275 100 NA| MG/KG
Inorganics
Aluminum (Al) 8 8] 5130 6630 5963 NA NA 7800 11200| MG/KG
Arsenic (As) 8 8| 0.69 1.9 1.04] NA NA 0.43 3]|MG/KG| 8
Barium (Ba) 8 8 55 16.8 10 NA NA 550 25.6| MG/KG
Beryllium (Be) ] 8] 0.03 0.07 0.052] 0.01 0.01 16 0.17{ MG/KG
Cadmium (Cd) 1 8 011 0.11 0.11] 0.02 0.02 39 0.13| MG/KG
Calcium (Ca) 8 8| 2490 67400 16719] NA NA NA NA| MG/KG
Chromium (Cr) 8 8 35 5.6 455] NA NA 23 8.4] MG/KG
Cobalt (Co) 4 8| 047 1.5 0.59] 0.06 0.065 470 0.34| MG/KG 2
Copper (Cu) 7 8| 027 1.5 0.87] 0.085 0.085 310 3.86| MG/KG
Iron (Fe) 8 8] 2470 3250 2864] NA NA NA NA| MG/KG
Lead (Pb) 8 8 26 195 8.58] NA NA 400 39.6| MG/KG
Magnesium (Mg) 8 8 111 1220 381 NA NA NA NA| MG/KG
Manganese (Mn) 8 8 56 584 18.5| NA NA 1100 26.4| MG/KG 2
Mercury (Hg) 1 8| 015 0.5 0.15| 0.025 0.03 23 NA| MG/KG
Nickel (Ni) 8 8 13 36 219 NA NA 160 1.7| MG/KG 6
Potassium (K) 8 8] 1333 248 9421 NA NA NA NA] MG/KG
Selenium (Se) 1 8| 044 044 0.44| 0.19 0.205 39 0.84] MG/KG
Silver (Ag) 1 8 025 025 0.25] 0.09 0.1 39 0.44| MG/KG
Sodium (Na) 8 8/ 182 585 304 NA NA NA NA| MG/KG
Vanadium (V) 8 8 6.6 8.4 7.58] NA NA 55 15.8| MG/KG
Zinc (Zn) 1 8 5 5 5| 1.85 6.7 2300 14.8| MG/KG
Pesticides
4,4'-DDE 3 8 43 683 555 172 1.80 1900 NA{ UG/KG
4,4'-DDT 2 8| 108 13.5 12.2{ 172 1.80 1900 NA] UG/KG
Notes:

SQL - Sample quantitation limit
RBC - Risk-based concentration
UG/KG - micrograms per kilogram
MG/KG - milligrams per kilogram
NA - Not applicable or not available




Table 10.1.12

Chemicals Present in Site Samples
SWMU 161 - Shallow Groundwater
Charleston Naval Complex, Zone K

Charleston, South Carolina

Frequency Range Average Range Screening Concentration Number

of of Detected of Residential Exceeding

Parameter Detection Detection Conc. SQL RBC Reference |Units| RBC Ref

TCDD Equivalents
Dioxin Equiv. 1 2| 0.0069 0.0068 0.0069| 0.003 0.003 0.45 NA| PG/L
OCDD 1 2 6.9 6.9 6.9| 3.273 3.273 450 NA| PG/L
Inorganics
IAluminum (Al) 3 4} 3045 6735 506] 153 153 3700 NA| UG/L
Barium (Ba) 4 4] 13.75 17.5 154! NA NA 260 31.4{UG/L
Calcium (Ca) 4 4] 30800 50300 43863 NA NA NA NA| UG/L
Copper (Cu) 1 4 1.7 1.7 1.7} 0.89 43 150 NA| UG/L
Iron (Fe) 4 4| 38.45 285 140] NA NA NA NA| UG/L
Lead (Pb) 1 4 2.1 21 2.1] 0.89 1.9 15 NA| UG/L
Magnesium (Mg) 4 4 685 1730 1010 NA NA NA NA| UG/L
Manganese (Mn) 2 4 1.1 6.85 40 22 8.5 73 15.5| UG/L
Potassium (K) 3 4| 4475 9845 694 661 661 NA NA| UG/L
Silver (Ag) 1 4 155 1.55 1.6 1.7 3.2 18 NA| UG/L
Sodium (Na) 2 4| 2185 3380 2783| 2500 7500 NA NA| UG/L
Zinc (Zn) 1 4| 26.75 26.75 268 46 602 1100 NA| UG/L
Notes:

SQL - Sample quantitation limit

RBC - Risk-based concentration

UGIL - micrograms per liter

NA - Not applicable or not available
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10.1.6.3 Risk Uncertainty

Soil Screening

A conservative screening process was used to identify COPCs for SWMU 161. The potential for
eliminating CPSSs with the potential for a cumulative HI greater than 1 was addressed for
noncarcinogens through the use of RBCs that were reduced one order of magnitude, equating with
an HQ of 0.1. For carcinogens, the RBCs are based on a conservative target risk of 1E-06. Use
Combining conservative RBCs with maxium detected concentrations minimizes the likelihood of
a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and
eliminated from formal assessment, only arsenic was reported at concentrations exceeding its RBC
(0.43 mg/kg), but was below its background reference value (3 mg/kg). No other soil constituent

was reported at a concentration within 10% of its RBC.

Groundwater Screening

The same conservative screening process used for soil was also used for groundwater. Of the
CPSSs screened and eliminated from formal assessment, none was reported at a concentration
within 10% of its RBC.

Background-related Risk

Arsenic was detected in SWMU 161 surface soil at concentrations exceeding its RBC. This
element was eliminated from consideration in the risk assessment, however, based on comparison
to its background concentration. It is not unusual for naturally occurring or background
concentrations of some elements to exceed risk-based concentrations. It is the risk assessment’s
function to identify excess risk and/or hazard, or that which exceeds background levels. The
following discusses of the residential scenario risk/hazard associated with background arsenic

concentrations.
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The maximum arsenic surface soil concentration (1.9 mg/kg) for SWMU 161 equates with an
ILCR of 6E-06 for the site resident and 7E-07 for the site worker. Projected hazard quotients

were estimated to be 0.09 and 0.004 for the residential child and site worker, respectively.

10.1.6.4  Risk Summary
No COCs were identified in surface soil or four quarters of groundwater samples at SWMU 161,
indicating that there is no threat to human health at SWMU 161 via the surface soil or shallow

groundwater exposure pathways.

10.1.7 Corrective Measures Considerations

For SWMU 161, the upper-interval and lower-soil intervals and shallow groundwater were
investigated. In all, eight soil samples were collected to identify potential impact from activities
conducted at the site. One groundwater monitoring well was installed from which four quarters
of samples were collected. Based on the analytical results and the human health risk assessment,
no COCs were identified as requiring further evaluation through the CMS process for the upper-

soil interval or shallow groundwater.

10.1.29

10

1

12

13

14



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

This page intentionally left blank.

10.1.30



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

10.2 SWMU 162, Sludge Drying Field, Naval Annex

SWMU 162, a former sludge drying field at the Naval Annex, was used to dewater wastewater
treatment sludge from an Air Force-operated sewage treatment plant. No information is available
to characterize the Air Force waste stream. A soccer field has been constructed on the former
sludge drying field area, which is bounded by Fifth and Sixth Streets, Air Street and D Avenue.
Based on interviews with Navy and Air Force personnel, a liner may have been installed in the
unit prior to use. No records or other evidence confirming this possibility have been located.
Drawings reviewed at the CNC Public Works Department identified a sewage treatment plant
adjacent to the sludge drying field at Fifth Street and D Avenue. Figure 10.2.1 identifies the
location of the sludge drying field and the former sewage treatment facility, which was determined
from CNC Maps #25713-24, March 6, 1968, and #25713-21. All Naval Annex records were
throughly searchied and no additional information pertinent to SWMU 162 was identified.

Materials of concern identified in the final RFI work plan for SWMU 162 are paint residue, heavy
metals, and decomposition gases. Potential receptors are current and future site users involved

in invasive activities.

To fulfill CSI objectives, soil and groundwater were sampled in accordance with the final RFI
work plan and Section 3 of this report to confirm whether any contamination has resulted from

onsite activities at SWMU 162.

10.2.1 Soil Sampling and Analysis

Soil was sampled in two rounds at SWMU 162 from the locations shown on Figure 10.2.1 as
proposed in the final RFI work plan, that is five soil samples from the upper-interval (0 to 1 foot)
and 5 from the lower-interval (3 to 5 feet).
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The first round of sampling occurred during the field investigation for Zone K. Mercury was
detected in two of the upper-interval soil samples collected at the site during the first round. As
part of the Zone K second-round RFI sampling effort, four additional upper-interval soil samples
were collected at SWMU 162.

First-round samples were submitted for analysis at DQO Level III for VOCs, SVOCs, metals,
pesticides, PCBs, TPH, cyanide, nitrates, and sulfides. Two duplicates each were collected from
borings 162SB03's and 162SB05's upper and lower-intervals, and submitted for Appendix IX
analyses at DQO Level IV. Second-round samples were submitted for SVOC and metals analysis
at DQO Level III. Table 10.2.1 summarizes first and second-round sampling for SWMU 162.

Table 10.2.1
SWMU 162
First and Second-Round Soil Sampling Summary
Sampling Samples Sample
Round Samples Date Collected Analyses Comments
1 11/21/96 Upper - 5(5) Standard Suite Four additional samples were collected for
Lower - 5(5) site characterization.
Duplicates - 2 Appendix IX
2 2139 Upper-4(®)  SVOCsandmemls
Note:

O
Standard Suite
Appendix IX

Parentheses indicate number of samples proposed in the RFI Work Plan.
VOCs, SVOCs, metals, cyanides, pesticides, and PCBs at DQO Level III ,
Standard Suite plus hex-chrome, dioxins, herbicides, and OP pesticides at DQO Level IV.

10.2.2 Nature and Extent of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.2.2. Inorganic émalytical
results are summarized in Table 10.2.3. Table 10.2.4 summarizes all analytes detected in soil at
SWMU 162. Concentrations are listed in bold type if they exceeded their respective screening
concentrations (the applicable residential soil RBC or SSL and, when available, the associated
background concentration). Appendix F is a complete analytical data report for all samples

collected in Zone K, including SWMU 162.

10.2.2



) “’%
Y, / T(\\ o
d‘\._: g\*»‘@ /\/ \\)’ / \
%, & %,
NAVAL ANNEX N\ s \,
6‘48' Q’VV\% // 4 K3
‘Fg/égéﬁGP026 L(f“w
@\ ~
\V‘@ Neacnni 2530
) . w ,(.,A:H
/ . _pUMPPIT AND V
162SB009 " o & CoNTROL PANEL
T 162SB0O0I R\\ 9
S ; ; [
& e \
s ® 6258002 N
57162002 m \\\ e
DRAINAGE CULVERT i
o 057027 Sezspoor
\\\ @’/ l62sBoo8 o ¥
S e :
- o G e %

LEGEND:

~—— —«—— DRAINAGE DITCH
——sANS—— SANITARY SEWER LINE
—sTMS— STORM SEWER LINE
16200lg MONITORING WELL W/ ID NUMBER

162SB003g

l666F’OZ7®

ANXMOOOM‘”

SOIL SAMPLE W/ ID NUMBER
DPT SAMPLE W/ ID NUMBER

SEDIMENT SAMPLE W/ ID NUMBER

7 =0 190 200 FIGURE 10.2.1
ey ——— STE MAP
SCALE IN FEET SWMU 162

Date: 06/02/99 | DWG Name: 2911C055

oo




Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

Table 10.2.2
SWMU 162
Organics Detected In Soil

Sample Detection Detection RBC (upper) Number of Samples
Parameter Interval uen Mean SSL (lower Ex ing RBC or SSL

Semivolatile Organic Compounds (ug/kg)
14 samples collected, 9 upper-interval, 5 lower-interval, and 2 duplicate samples for Appendix IX analysis.

Benzo(a)anthracene Upper 3/9 170 - 480 348 870 0
Lower 0/5 ND ND 800 0

Benzo(b)fluoranthene Upper 3/9 250 - 710 467 870 0

Chrysene

| Indeno(1.2.3cd)pyrene

Benzo(g,h,i) perylene

Fluorénﬂ;ehe ,

Phenanthrene

6o oo oo oo BE oo

Pyrene

Pesticides (ug/kg)

30.9 - 450
4.79 - 8.67
279-600 o
4154003 L 1000
5.87-70.1 30.5 1,800°
247 247 5,000
22123 630 L8000
END = ND 5,000 o
6.96 - 14.3 10.6 40
ND ND 2.0
424 - 424 . 23000
ND _ND 340
2.56 - 16.8 8.35 70
ND ND 330

4,4'-DDE

44007

alpha-Chlordane

i _— 0 : :

Dieldrin

Endrin aldehyde

Heptachlor expoxide

co Sh o0 S 00 S8 oo
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Table 10.2.2
SWMU 162
Organics Detected In Soil
Sample Detection Detection RBC (upper) Number of Samples
Parameter Interval gueng g Mean SSL !gnwer! Excg‘ RBC or SSL

Total Petroleum Hydrocarbons (mg/kg)
10 samples collected, 5 upper-interval, § lower-interval, 2 duplicates for Appendix IX analysis.
TPH-DRO L

Dioxin (ng/kg)
2 Samples collected, 1 upper-interval duplicate, and 1 lower-interval duplicate.

Notes:
: = RBC for Endrin was used a surrogate for Endrin Aldehyde.
" = RBC for chlordane was used as a surrogate for alpha-Chlordane.
¢ Charleston Naval Complex project screening level
NA = Not applicable/not available/not analyzed
ND = Not detected/not determined
NL = Not listed

Table 10.2.3

SWMU 162

Inorganics Detected In Soil
Number of Samples
Exceeding: RBC &
Background (upper) or
Sample Detection Background RBC (upper) SSL &
Parameter Interval Frequency Detection Range Mean Concentration  SSL (lower)  Background (lower)
Inorganics (mg/kg)
14 samples collected; 9 upper-interval, 5 lower-interval, and 2 duplicates for Appendix IX analysis
Alumimm - Upper 9 ; L 0
Arsenic 0.61-3.4 1.56 1
0.45-2.50

Barium .

Beryllium Upper 5/9

Lower 1/5
Codmium . Upper = 29 o3 0
Calcium Upper 9/9 267 - 2,390 971 NA NA
Lower 5/5 34-133 89 NA NA
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Table 10.2.3
SWMU 162
Inorganics Detected In Soil
Number of Samples
Exceeding: RBC &
Background (upper) or
Sample Detection Background RBC (upper) SSL &
Parameter Interval Frequency Detection Range Concentration SSL (lower)  Background (lower)

Iron Upper 9/9 2,220 - 4,710

2,300 0
Lower 5/5 1,700 - 7,170 NL 2
Lead ‘ 0
Magnesium Upper 9/9 132 - 337 210 NA NL NA
Lower 5/5 102 - 282 222 NA NL NA
Manganese
Mercury 0.06 -58.2
0.12 0.13
Potassium 81.5 -203

66.2 -142.5

Notes:

a - RBC for arsenic as a carcinogen

b ~ RBC not available for lead. USEPA residential soil cleanup level used for comparison (OSWER Directive 9355.4-12)
NA - Not applicable/not available/not analyzed

NL - Not listed

ND - Not detected/not determined

*x - Number of nondetects prevented determination of background reference concentrations.

b - SSL value not based on target leachate concentration
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. =0.1 Background Conc. AF =10 Background
Semivolatile Organic Compounds (ug/kg)

BEQs

16258003

Benzo(a)anthracene 162SB001 170 870 NA ND 800 NA
1625B002
162SB003

- : . 1625B003 ! o
Benzo(b)fluoranthene 162SB001 250 870 NA ND 2,300 NA

1625B002 710 ND
162SB003 -

1625B00!

1625B002 510 ND
1625B003 35 ND
 Indeno(1,2,3-cdpyrene

1625B002 200 160,000 NA ND 57,000,000 NA
162SB003 250 ND

Benzo(g,h,i)perylene
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background

Phenanthrene 162SB001
162SB002
162SB003

4,4-DDE 1625SB001 3% 1,900 NA 5.01 27,000 NA

1625B002 ND
162SB003 8.67
1625B004 ND

162SB005
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
alpha-Chlordane 162SB001 18.5 1,800 NA ND 5,000 NA
162SB002
162SB003
162SB004

1625B005

Dieldrin

16258003 9% NA ND
1625B00S 4.24 2,300 NA ND 340 NA

Heptachlor epoxide 162SB001 16.8 70 NA ND 330 NA

1625B003 2.555 ND
1625B005 5.68 ND

Dioxin Compounds (ng/kg)

1234678-HpCDD
1234678 HpCDF
1234789-HpCDF
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
123478-HxCDF 162SB003 8.13 NA NA
123678-HXCDD 162SB 435 ONA NA
123789-HxCDD 1.38
ocDD - 813
o ND
QOCDF 35
TPH-DRO (mg/kg)
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) _ Background Conc. AF=10 Background
Inorganics
—r
Arsenic (As) 162SB001 1.8 0.43 3 24 15 1.98
162SB002 1.4 045
162SB003 1.35 2.5
162SB004 1.5 0.98
162SB00S 1.4 0.965
162SB006 1.2 NT
162SB007 1.4
162SB008 0.61
162SB009
Barium (Ba) 62SBOX

10.2.12



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc., (THQ=0.1) Background Conc, AF=10 Background
Beryllium (Be) 162SB003 0.09 16 0.17 ND 32 0.12
162SB00S ND 0.12
162SB006 0.07 NT
162SB007
162SB008
162SB009
Cadmium (Cd) g e | 002

, 1625003 . . N . _ ;
Calcium (Ca) 162SB001 981 NL NA 67 NL NA
162SB002 1,050 34
162SB003 877 133
162SB004 533 83.1
162SB005 2,390 127
162SB006 1,920 NT
162SB007 304 NT
162SB008 267 NT

. 162SB00S
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc, (DAF=10) Background

. Cobalt (Coy

: . 16258009 081 , : v .
Copper (Cu) 1625B001 6.9 310 3.86 ND 5,600 0.34

1625B002 k7 ND
1625B003 7.9 0.48
1625B004 1.8 0.75
1625B005 5.8 0.36
1625B006 7.5 NT
1625B007 29

1625B008 1.6
1625B009
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc, =0.1 Background Conc. AF=10 Background
Lead (Pb) 162SB001 12.9 400" 39.6 5.6 400* 6.43
162SB002 234 33
1625B003 12.4 4.2
162SB004 9.2 39
162SB005 16.5 32
162SB006 6.9 NT
162SB007 11.2 NT
162SB008 49 NT

5.1

1625B009

Manganese (Mn) 162SB001 7.3 160 26.4 8.3 480 5.93

1625SB002 9.3 4.8
1625B003 6.4 8.7
1625B004 5 22
162SB005 9.3 8.05
1625B006 15.2 NT
162SB007 6.1 NT
1625B008 7.4 NT

162SB009 59 NT
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THO=0.1) Background Conc. (DAF=10) Background

Nickel (Ni) 162SB001

1625B002 1.2 0.72
1625B003 22 29
162SB004 1.9 44
162SB005 2 1.9
1625B006 3.6 NT
162SB007 3 NT
162SB008 2 NT

162SB009 1.9 NT
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Sofl
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. =0.1 Background Conc. AF =10 Background
Sodium (Na) 162SB006 49.7 NL NA NT NL NA
162SB007 NT
162SB008 NT

Vanadium (V) 162SB001 12.5 55 15.8 19.2 3,000 12.2

1628B002 6.2 7.5

162SB003 11.65 11.6
162SB004 10.6 5.1

162SB005 98 4.75
162SB006 9.4 NT
162SB007 11.9 NT
162SB008 7.6 NT
162SB009 6.7 NT
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Table 10.2.4
SWMU 162
Analytes Detected in Surface and Subsurface Soil

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL# Subsurface

Parameter
Zinc (Zn)

RBC not available for lead, USEPA residential soil cleanup level used for comparision (OSWER Directive 9355.4-12).
Residential RBCs (THQ=0.1) were used as a reference concentration for upper-interval samples. Generic soil-to groundwater SSLs (DAF= 10) from Soil Screening Guidance: Technical
Background Document (USEPA, 1996b) were used as a reference concentration for lower-interval samples.

*
o

Bold concentrations exceed the RBCs, SSL, and the zone background.
All background values for Zone K are based on twice the means of the grid sample concentrations.

DAF = Diluation attenuation factor

NA = Not applicable/not available/not analyzed
ND = Not detected/not determined

NT = Not taken

RBC = Risk-based concentration

SSL = Soil screening level

THQ = Target hazard quotient

pgkg = Micrograms per kilogram

mglkg = Milligrams per kilogram

ng’lkg = Nanograms per kilogram

Number of nondetects prevented determination of background concentration.
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Volatile Organic Compounds in Soil
No VOCs were detected in soil at SWMU 162.

Semivolatile Organic Compounds in Seil

During the first round of soil sampling, 10 SVOCs were detected in the upper-interval while none
were detected in the lower sample interval. All the SVOCs were detected in the three
upper-interval samples (162SB001, 002, and 003). Two of these sample locations (162SB001 and
002) are near the former sewage treatment facility. Sample location 162SB003 is in the sludge

disposal area.

Benzo(a)pyrene [B(a)P] was the only SVOC to exceed a screening concentration. B(a)P exceeded
its 87 ug/kg RBC in each of the three samples that contained positive detections.

The BEQs computed for each of the three samples exceeded B(a)P’s RBC: 162SB001, 190 ng/kg;
162SB002, 581 ng/kg, and 162SB003, 196 ng/kg. Seventy-five percent of each of the BEQs was
attributable to the B(a)P concentration in each sample. Figure 10.2.2 shows BEQ values

calculated for surface soil sample locations.

During the second round of soil sampling, four surface soil samples (162SB006, 007, 008, and
009) were collected around the 162SB001 and 002 sample locations. No SVOCs were detected

in these samples.

Pesticides/PCBs in Soil

Eight pesticides were detected in soil samples at SWMU 162, primarily in the upper-interval
sample. However, two pesticides, DDE and DDT, were also detected in lower-interval samples.
Each first-round sample, except for 162SB00202, contained at least one pesticide detection. All

pesticide detections were below their RBCs or SSL screening concentrations.
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Other Organic Compounds in Soil
TPH-DRO was detected in two of five first-round, upper-interval soil samples. Each TPH-DRO

concentration was below the CNC TPH 100 mg/kg screening concentration.

Dioxin was detected in the two duplicate soil samples. The TCDD TEQ for each sample was
below the CNC 4.3 ng/kg screening concentration.

No other organic compounds were detected in SWMU 162 soil samples.

Inorganics in Soil

Mercury and arsenic were the only two inorganics in SWMU 162 surface soil that exceeded their
screening concentrations. Arsenic exceeded both its RBC and background concentrations at
162SB00901. Mercury, which exceeded its RBC at 162SB00101 and 162SB00201, had no
background concentration at Zone K due to a lack of detections in the background data set.

Figures 10.2.3 and 10.2.4 show arsenic and mercury concentrations detected in surface soil.

The following exceeded their subsurface background concentrations in the lower-interval:
aluminum, arsenic, barium, chromium, cobalt, copper, manganese, mercury, nickel, and
vanadium. However, no lower-level detection exceeded its SSL, except for iron, which has no

reported SSL.

10.2.3 Groundwater Sampling and Analysis

The final RFI work plan proposed the installation of two shallow monitoring wells for
SWMU 162. One of the wells (NBCK162001) is near the former sewage treatment facility and
the other (NBCK162002) is near the sludge dewatering pits. Both well locations are shown on
Figure 10.2.1.
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After installation and development of the two wells, the first-round RFI samples were collected

and analyzed for VOCs, SVOCs, metals, pesticides, PCBs, and TPH at DQO Level III.

Second-round SWMU 162 groundwater samples were also analyzed for VOCs, SVOCs, metals,
pesticides, PCBs, and TPH at DQO Level IIl. Second-round samples were collected by the
CEERD in April 1997. Third and fourth-round samples were collected in July and October 1997,
respectively, and analyzed for VOCs, SVOCs, metals, pesticides, and PCBs at DQO Level III.
Table 10.2.5 summarizes groundwater sampling at SWMU 162.

Table 10.2.5
SWMU 162
Groundwater Sampling Summary

Sampling Roun: Sampling Date Wells Sampled Sample Analyses Comments

= jfj;::j'".:None e
2 4/171197 162GW00102 Standard Suite and TPH None
4/17/97 162GW00202
3 . o9 16GW00103  SmndardSwe . Nome
4 10/20/97 162GW00104 Standard Suite None
10/20/97 162GW00104
Note:
Standard Suite = VOCs, SVOCs, metals, cyanide, pesticides and PCBs,

The shallow monitoring wells were installed at 15 feet bgs in the water table aquifer, as described

in Section 3.3 of this report.

10.2.4 Nature and Extent of Contamination in Groundwater

Table 10.2.6 summarizes groundwater inorganic analytical results for SWMU 162. Table 10.2.7
summarizes all analytes detected in shallow groundwater at SWMU 162. Appendix F is a
complete analytical data report for all samples collected in Zone K, including those collected at
SWMU 162.
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Table 10.2.6
SWMU 162
Inorganics Detected In Groundwater
Number of
Samples
Shallow Exceeding Lower
Sample Detection Detection Groundwater Tap-water of RBC or MCL
Parameter Round Frequency _Range Mean Background RBC/MCL Background
Inorganics (ug/L)

Barium First

Copper First
Second

212 9.5-21.3 154 31.2

260/2,000
7] 8.2 8.2
22 9.10-27.2 18.15
22 8.10-29.0 18.55

150/1,000

24.8-30.8 278 9.33

22

22 15.1-21.6 18.4
22 13.0-16.9 14.95
22 14.0-175
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Table 10.2.6
SWMU 162
Inorganics Detected In Groundwater
Number of
Samples
Shallow Exceeding Lower
Sample Detection Detection Groundwater Tap-water of RBC or MCL
Parameter Round Frequency Range Mean Background RBC/MCL Background

Inorganics (ug/L) .

(Two shallow groundwater samples were collected during each event.)

CSilver

Sodium 272 2,100 - 2,320 2,210 NA NL/NL
0/2 ND ND NA
3,950 - 4,100 NA
NA
0
0
NA 1,100/5,000 0
0
0
0
Notes
hd =  Number of nondetects prevented determination of background concentration.
NA = Not applicable/not available
ND = Not detected/not determined
NL = Not listed
ug/L =  Micrograms per liter
Table 10.2.7
SWMU 162
Analytes Detected in Shallow Groundwater
2™ k v Tap-water MCL/ Shallow
Parameter Location 1* Round Round Round Round RBC* SMCL Background
Inorganics (ug/L)
= Aluminnm:(Al) 5162001 . 360, SENDE 881 689 3,700" 50 471
: 162002 END e o ND ND “ND e
Barium (Ba) 162001 213 ND 27.2 29.0 260 2,000 31.2
162002 9.50 8.20 9.10 8.10
‘Calchum (Cay. 162001 5510 7000 6040 - 6040 NL NL NA
2162002 4810 - 5480 4,770 6,080 - ; i
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Table 10.2.7
SWMU 162
Analytes Detected in Shallow Groundwater
™ - ! Tap-water MCL/ Shallow
Parameter Location 1* Round Round Round Round RBC* SMcCL’ Bncglmd
Copper (Cu) ND ND ND ND 150 1,000 2.81

Manganese (Mn) 162001 30.8 21.6 16.9 17.5 73 50 9.33
162002 248 15.1 13.0 14.0

26.1 1,100 5,000 NA

ND ND
162002 ND ND 24.6 ND
Notes:
* =  Tap-water RBCs (THQ=0.1) from Risk-Based Concentration Table (USEPA, October 1998), and MCLs/SMCLs from Drinking

Water Regulations and Health Advisories (USEPA, 1996¢).
Bold concentrations exceed the RBC, and the zone background.
All background values for Zone K are based on twice the means of the grid sample concentrations.

ug/L =  Micrograms per liter
NA = Not applicable/not available/not analyzed
ND =  Not detected/not determined

** Number of nondetects prevented determination of background concentration.

Organics in Groundwater

No organic compounds were detected in SWMU 162 groundwater samples.

Inorganics in Groundwater
Several inorganics were detected in each of the four rounds of SWMU 162 groundwater samples.

Aluminum exceeded its respective SMCL and shallow background concentrations during rounds
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three and four, with detections ranging from 369 to 881 ug/L. Additionally, iron exceeded its
SMCL and background concentration during all four rounds and its RBC during rounds two
through four. Detected iron concentrations ranged from 599 to 1620 ug/L. Figures 10.2.5 and

10.2.6 show aluminum and iron concentrations detected in shallow groundwater, respectively.

10.2.5 Fate and Transport Assessment for SWMU 162

Environmental media sampled as part of the SWMU 162 RFI are surface soil, subsurface soil, and
shallow groundwater. Potential constituent migration pathways investigated for SWMU 162 are
soil to groundwater, groundwater-to-surface-water, and emission of volatiles from surface soil-to-

air.

10.2.5.1 SWMU 162 — Soil to Groundwater Cross-media Transport

Tables 10.2.8 and 10.2.9 compare maximum detected organic and inorganic constituent
concentrations in surface soil and subsurface soil samples to risk-based soil screening levels
considered protective of groundwater. To provide a conservative screen, generic soil screening
levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 10:1, with no

attenuation of constituents in soil (DAF=10).

Only one organic compound — dieldrin — exceeded its groundwater protection SSL in SWMU 162
soil. This compound was detected at only two of five surface soil locations (14.3 ug/kg at
162SB002 and 6.96 wug/kg at 162SB003). The compound was not detected in subsurface soil at

the same or any other locations, nor was it detected in groundwater at the Naval Annex.
Only one inorganic — mercury — exceeded its groundwater protection SSL in soil. Although

mercury was detected in seven of nine surface soil samples and two of five subsurface samples,

screening-level exceedances were limited to surface soil at two locations: 162SB001 (10.3 ug/kg)
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and 162SB002 (58.2 ug/kg). No exceedances were reported in lower-interval soil samples from
any locations. Mercury was not detected in groundwater samples collected at SWMU 162.

10.2.5.2 SWMU 162 — Groundwater-to-Surface-Water Cross-Media Transport

Tables 10.2.8 and 10.2.9 also compare maximum detected organic and inorganic concentrations
in shallow groundwater samples to risk-based concentrations for drinking water. To provide a
conservative screen, no attenuation or dilution of constituents in groundwater is assumed before

comparison to the relevant standards.

No organics or inorganics were detected in SWMU 162 groundwater at concentrations exceeding
risk-based drinking water concentrations. As aresult, the groundwater-to-surface-water migration

pathway is not expected to be significant at SWMU 162.

10.2.5.3 SWMU 162— Seil-to-Air Cross-media Transport
No VOCs were detected in surface soil samples at SWMU 162. However, mercury exceeded its
fugitive particulate inhalation screening value at two locations. As a result, the soil-to-air

migration pathway is considered valid at SWMU 162.

10.2.5.4 SWMU 162 — Fate and Transport Summary

Dieldrin and mercury exceeded their groundwater protection screening levels. However, they are
not recommended for further fate and transport assessment because the exceedances were few and
isolated in surface soil, absent in subsurface soil, and because neither chemical was present in

groundwater.

Mercury exceeded its soil-to-air SSL in surface soil, resulting in some concern for this pathway.
The pathway should be considered valid; however, its infrequent and spatially segregated

exceedances suggest that the pathway is not significant.
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Table 10.2.8

Organic Compounds Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater
Comparison to Soil-to-Groundwater SSLs, Tap-Water RBCs, and Soil-to-Air SSLs

Charleston Naval Complex, Zone K, Naval Annex: SWMU 162

Charleston, South Carolina

Maximum Concentration Screening Concentration Ground-
Soil-to- Soil-to- Water  Volatil-
Surface Subsurfac  Shallow GW Tap-water  Air Soil Water|Leaching Migration ization
Parameter Soil Soil GW SSL RBC SSL | Units Units | Potential Concern Potential
Semivolatile Organic Compounds
Benzo(g,h,i)perylene 250 ND ND| 57E+07 a 730 NA|uvaxe uaL NO NO NO
Benzo(a)pyrene equivalents (BEQs) ¢ 581 ND ND NA 0.0092 NA|uexc wvaL NO NO NO
Benzo(a)anthracene ¢ 480 ND ND 800 0.092 NA|uvexc ueL NO NO NO
Benzo(a)pyrene c 440 ND ND 4000 0.0092 NA|uexG ueL NO NO NO
Benzo(b)fluoranthene c 710 ND ND 2300 a 0.092 NAluGxG uGL NO NO NO
Benzo(k)fluoranthene ¢ 420 ND ND 25000 0.92 NA}uaxe ueL NO NO NO
Chrysene ¢ 510 ND ND 80000 9.2 NA|vexe uGL NO NO NO
Indeno(1,2,3-cd)pyrene ¢ 250 ND ND 7000 0.092 NA|uexG uGL NO NO NO
Fluoranthene 740 ND ND| 2100000 1500 NA|uekG uUGL NO NO NO
Phenanthrene 164 ND ND| 660000 a 1100 NA|uekG uGL NO NO NO
Pyrene 610 ND ND| 2100000 1100 NA{ugkG ueL NO NO NO
Pesticides/PCB Compounds
alpha-Chlordane ¢ 70.1 247 ND 5000 b 0.19 20000| vaxe ucL NO NO NO
gamma-Chiordane ¢ 123 ND ND 5000 b 0.19 20000| vaxe uoL NO NO NO
4,4'-DDD ¢ 147 ND ND 8000 0.28 NA|uakG uGL NO NO NO
4.4-DDE ¢ 450 8.67 ND 27000 0.2 NA|vaxG ueL NO NO NO
4,4-DDT ¢ 600 103 ND 16000 02 10E+09|ucxc uor NO NO NO
[Dieldrin ¢ 14.3 ‘ND ND 2 0.0042 1000| vaxG uGL YES NO NO
Endrin aldehyde 424 ND ND 340 a 11 NA|vexc uveL NO NO NO
Heptachlor epoxide ¢ 16.8 ND ND 330 0.0012 5000} vaxG uGL NO NO NO
Dioxin Compounds
2378-TCDD Equivalents (TEQs) ¢ 3.74 0.027 NA 1600 a 045 NA|~Nexe ren NO NO NO
123478-HxCDD ¢ 2.11 ND NA 4100 a 45 NA|NGKG  PGL NO NO NO
123678-HxCDD ¢ 4.55 ND NA 4100 a 45 NA| NGKG PGL NO NO NO
123789-HxCDD ¢ 1.38 ND NA 4100 a 45 NA| NGKG  PGL NO NO NO
1234678-HpCDD c 104 ND NA| 110000 a 45 NA|NexG PoL NO NO NO
OCDD ¢ 813 26.6 NA| 1100000 a 450 NA|NGKG  PGL NO NO NO
123478-HxCDF ¢ 8.13 ND NA| 220000 a 45 NA|NGKG PGL NO NO NO
1234678-HpCDF ¢ 216 ND NA 54000 a 45 NA| NGKG PG NO NO NO
1234789-HpCDF ¢ 222 ND NA 54000 a 45 NA|NGKG  PoL NO NO NO
OCDF ¢ 35 ND NA| 540000 a 450 NA|NGKG  PaL NO NO NO
TPH - Diesel Range Organics
Diesel 22400 ND ND NA NA NA|uaKkG uGr NO NO NO

Notes:

Sources of screening concentrations appear in Table 5.6
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Table 10.2.2.

a - Calculated soil-to-groundwater SSL value (See Table 6.4)
b - Based on surrogate compound; see table 5.6

¢ - Carcinogen

NA - Not available/not applicable
ND - Not detected

RBC - Risk-based concentration

SSL - Soil screening level

MG/KG - Milligrams per kilogram
NG/KG - Nanograms per kilogram
UG/KG - Micrograms per kilogram
PG/L - Picograms per liter

UG/L - Micrograms per liter




Table 10.2.9

Inorganic Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater

Comparison to Soil-to-Groundwater SSLs, Tap-Water RBCs, Soil-to-Air SSLs, and Background Reference Values
Charleston Naval Complex, Zone K, Naval Annex: SWMU 162

Charleston, South Carolina

Maximum Concentration Screening Concentration Ground- Fugitive
Soil-to- Soil Soil-to- GW Water Particulate

Surface Subsurface Shallow GW Background  Air  Tap-water Background| Soil WaterjLeaching Migration Inhalation

Parameter Soil Soil GW SSL Reference SSL RBC  Reference |Units Units|Potential Concern Concern

Inorganics

Aluminum 9450 15700 881| 560000 a 11200 NA 37000 471|mMGKG  UGL NO NO NO
34 25 ND 15 3 750 0.045 NA|MGkG ueL NO NO NO

19.6 93 29 820 256 690000 2600 31.2}mexe veL NO NO NO

0.09 0.12 ND 32 0.17 1300 73 NA|mexG ueL NO NO NO

0.34 ND ND 38 0.13 1800 18 NA|MGxG uGL NO NO NO

13.2 12 ND 19b 8.76 270 110 NA|McxG uGL NO NO NO

1.1 0.91 ND 990 a 0.62 NA 2200 NAlmMexe uoL NO NO NO

32 0.75 8.9 5600 a 3.86 NA 1500 2.8|mMaxG ueL NO NO NO

234 5.6 1.8 400 d 39.6 400 15 1.9|mMexc ueL NO NO NO

15.2 8.7 30.8 480 a 26.4 NA 730 9.3|MaxG uGL NO NO NO

58.2 0.13 ND 1 NA 10 [} NA|MexG veL YES NO YES

3.6 44 ND 65 2.64 13000 730 NA|mMexe usL NO NO NO

ND ND 12.1 17 0.44 NA 180 NA|MoxG uGL NO NO NO

11.5 ND ND 5500 a 19.4 NA 22000 102|mMGxG uGL NO NO NO

12.5 19.2 0.92 3000 15.8 NA 260 0.8|MaxG uGL NO NO NO

442 ND 26.1 6200 14.8 NA 11000 NA|MGxG ueL NO NO NO

Notes:
Sources of screening concentrations appear in Table 5.7
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.2.3 and 10.2.6.

Background reference values for soil are shown for comparison purposes only.
Maximum groundwater concentrations are screened against the greater of tap-water RBCs or corresponding background reference values to determine groundwater

migration concern.

a - Calculated soil to groundwater SSL value (See Table 6.2)

b - Assumes hexachrome
c - Carcinogen

d - USEPA de facto residential soil level

GW - Groundwater

NA - Not available/not applicable

ND - Not detected
RBC - Risk-based concentration
SSL - Soil screening level
MG/KG - Milligrams per kilogram
UG/L - Micrograms per liter
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No other contaminant fate and transport concerns were identified at SWMU 162.

10.2.6 Human Health Risk Assessment for SWMU 162

10.2.6.1 Site Background and Investigative Approach

This former sludge drying field at Naval Annex was used to dewater wastewater sludge from an
Air Force-operated sewage treatment plant. Materials of concern due to past site operations are

paint residues, heavy metals, and decomposition gases. A soccer field now occupies the site.

In all, five soil samples were collected from the upper and lower-intervals to identify potential
impacts resulting from the activities listed above. As part of the Zone K second-round RFI
sampling effort, four additional upper-interval soil samples were collected at SWMU 162. Surface
soil samples from all nine boring locations were used to quantitatively assess surface soil exposure
pathways. Two monitoring wells were installed in the shallow aquifer. Data from the four
quarterly sampling events were used to quantitatively assess groundwater exposure pathways.

Sections 10.2.1 and 10.2.3 summarize the sampling effort for SWMU 162 soil and groundwater.

10.2.6.2 COPC Identification

Soil

Based on the screening comparisons described in Section 7 and presented in Table 10.2.10, BEQs,
arsenic, and mercury were identified as COPCs in surface soil. Wilcoxon rank sum test analysis

resulted in the aluminum being a COPC on the basis of background concentration comparison.
Groundwater

Based on the same screening comparisons, described in Section 7 of this RFI and shown in

Table 10.2.11, no COPCs were identified in SWMU 166 shallow groundwater.
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Table 10.2.10

Chemicais Present in Site Samples
SWMU 162 - Surface Soll
Charieston Naval Compiex, Zone K
Charieston, South Carolina

Frequency Range Average iango Screening Concentration Number
of of Detacted of Residential Exceeding
Parameter Detection Detaction Conc. SQL RBC Reference Units | RBC Ref
TPH - Diesel Range Organics
Diesel 2 5| 202 224 21.3 275 289 NA NA| MG/KG
Carcinogenic PAHs
B(a)P Equiv. . 3 9 180 581 431 404 439 a7 NA| UG/KG 3
Benzo(a)anthracene 3 9 170 480 348 175 190 870 NA| UG/KG
Benzo(a)pyrene * 3 9 140 440 330 175 180 87 NA| UG/KG 3
Benzo(b)fiuoranthene 3 ] 250 710 467 175 100 870 NA| UG/KG
Benzo(k)fluoranthene 2 9 240 420 330 175 180 8700 NA] UGG
Chrysene 3 9 150 510 328 175 180 87000 NA| UG/KG
Indeno(1,2,3-cd)pyrene 3 9 76 250 172 175 190 870 NA| UG/KG
TCDD Equivalents
1234678-HpCDD 1 1 104 104 104 NA NA NA NA| NG/KG
1234678-HpCDF 1 11 218 216 216 NA NA NA NA| NG/KG
1234789-HpCDF 1 11 222 222 222 NA NA NA NA| NG/KG
123478-HxCDD 1 1 2.1 21 21 NA NA NA NA| NG/KG
123478-HxCDF 1 1 8.13 8.13 8.13 NA NA NA NA| NG/KG
123678-HxCDD 1 1 455 4.55 4.55 NA NA NA NA| NG/KG
123789-HxCDD 1 1 1.38 1.38 1.38 NA NA NA NA| NG/KG
Dioxin Equiv. 1 1] 3.7432 3.7432 3.74 NA NA 1000° NA| NG/KG
OCDD 1 1 813 813 813 NA NA NA NA| NGKG
lOCDF 1 1 35 35 35 NA NA NA NA| NG/KG
inorganics
JAluminum (Al) 9 9] 5180 9450 7634 NA NA 7800 11200) MG/KG 5
JArsenic (As) . 9 9 0.61 34 1.56 NA NA 0.43 3| MG/KG 9 1
Barium (Ba) 9 ] 8.3 196 120 NA NA 550 256] MG/KG
Beryllium (Be) 5 9] 0.07 008 0.084 0.03 0.055 16 0.17] MG/KG
Cadmium (Cd) 2 9 0.09 0.34 0.22 0.02 0.1 3.9 0.13] MG/KG 1
Calcium (Ca) 9 9| 267 2390 971 NA NA NA NA| MG/KG
IChromium (Cr) 9 9 5 13.2 8.89 NA NA 23 84| MG/KG 6
Cobalt (Co) 4 9 0.76 11 087 0.065 0.07 470 0.34f MG/KG 4
Copper (Cu) 9 9 1.2 32 7.51 NA NA 310 3.86] MG/KG 5
iron (Fe) 9 8l 2220 4710 3358 NA NA 2300 7060 MG/KG
Lead (Pb) 9 9 49 234 114 NA NA 400 39.6] MG/KG
Magnesium (Mg) 9 9 132 337 210 NA NA NA NA| MG/KG
Manganese (Mn) a 2 9 5 152 7.99 NA NA 1100 268.4] MG/KG
Mercury (Hg) . 7 9] 008 582 8.90| 0025 0025 23 NA| MG/KG | 2
Nickel (Ni) 9 9 1.2 36 2.24 NA NA 160 17| MG/KG 8
Potassium (K) 9 9 81.5 203 119 NA NA NA NA| MG/KG
Sodium (Na) 4 9| 148 497 27.9 715 248 NA NA| MG/KG
Tin (Sn) 2 2] 10.9 11.5 1.2 5.1 5685 4700 19.4] MG/KG
[Vanadium (V) g 9 62 125 9.59 NA NA 55 15.8] MG/KG
Zinc (Zn) 7 9 204 442 86.9 435 595 2300 14.8] MG/KG 7
Pesticides
4,4-DDD 5 5| 7.33 147 88.1 NA NA 2700 NA| UG/KG
4.4-DDE 5 5 30.8 450 273 NA NA 1900 NA| UG/KG
4,4'-DDT 5 5 279 600 351 NA NA 1800 NA! UG/KG
alpha-Chiordane 5 5| 687 704 31 NA NA 1800 NA| UG/KG
Dieldrin 2 5 6.96 143 106 1.815 36 40 NA| UG/KG
Endrin aldehyde 1 5 424 424 4.24 1.815 3.63 2300 NA| UG/KG
amma-Chlordane 5 5] 212 123 63.0 NA NA 1800 NA| UG/KG
Heptachlor epoxide 3 5| 2.555 16.8 8.35 0.935 1.87 70 NA| UG/KG
Semivolatile Organics
Benzo(g.h,i)perylene 2 9 200 250 225 175 190 160000 NA[ UG/KG
Fluoranthene 3 9 310 740 552 175 190 310000 NA| UG/KG
Phenanthrene 3 9 93 163.5 136 175 190 160000 NA| UG/KG
Pyrene 3 ) 210 810 473 175 190 230000 NA{ UG/KG
Notes:

* - Indicates chemical was identified as a COPC

a - The food RBC was used as a screening value for concentration of manganese reported in soil.
b - Reported soil concentrtions of dioxin (as TEQs) were compared to the project screening level.

SQL - Sample quantitation limit
RBC - Risk-based concentration
UG/KG - micrograms per kilogram
MG/KG - milligrams per kilogram
NA - Not applicable or not available




Table 10.2.11

Chemicals Present in Site Samples
SWMU 162 - Shallow Groundwater
Charleston Naval Complex, Zone K
Charleston, South Carolina

Frequency Range Average Range Screening Concentration | Number |
of of Detected of Tap-Water Exceeding
Parameter Detection Detection Concentration sSQL RBC Reference Units |RBC Ref
Inorganics
Aluminum (Al) 3 8 369 881 646 78 294 3700 NA| UGIL
Barium (Ba) 7 8 8.1 29 16.1 227 227 260 31.4] UG/L
Calcium (Ca) 8 8| 4770 7100 5729 NA NA NA NA| UGIL
Copper (Cu) 2 8 33 8.9 6.1 0.89 47 150 NAl UGL
Iron (Fe) 8 8 599 1620 975 NA NA 1100 2201 UGIL
Lead (Pb) 1 8 1.8 1.8 1.8 0.89 19 15 NA| UG/L
Magnesium (Mg) 8 8 569 1300 874 NA NA NA NA| UG/L
Manganese (Mn) a 8 8 13 308 19.2 NA NA 73 15.6] UGIL 5
Potassium (K) 8 8] 1010 1490 1249 NA NA NA NA| UGIL
Silver (Ag) 1 8 12.1 12.1 12.1 0.89 3.2 18 NA| UG/
Sodium (Na) 4 8| 2100 4100 3118 2360 3930 NA NA| UGL
anadium (V) 1 8] 092 092 0.92 0.56 0.78 26 NA| UG/
Zinc (Zn) 2 8l 246  26.1 254 71 55.9 1100 NA|  UGIL
Notes:

a - The nonfood RBC was used as a screening value for concentrations of manganese reported in groundwater
SQL - Sample quantitation limit
RBC - Risk-based concentration

UGI/L - micrograms per liter

NA - Not applicable or not available
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Wilcoxon rank sum test analysis did not result in any parameter being considered a COPC if it had

been previously screened out on the basis of background concentration.

10.2.6.3 Exposure Assessment

Exposure Setting

SWMU 162 is located between Fifth and Sixth Streets and D Avenue and Air Street. Because the
site has been converted into a soccer field; direct contact with soil is more likely at SWMU 162
than at most other sites at Charleston Naval Complex. All potable water, however, is provided
through the city’s water supply. Shallow groundwater is not currently used as potable or process
water, nor is it likely to be used for this purpose in the future.

Potentially Exposed Populations

Potentially exposed populations are current and future site workers. Additional potentially
exposed populations are hypothetical future site residents and recreational users. Future site
resident and worker exposure scenarios were addressed quantitatively in this risk assessment, as
was a recreational-use scenario. Current exposure to workers is discussed qualitatively in relation
to the future workers and future residents. The hypothetical future site worker scenario assumes
continuous exposure to surface soil conditions. Current site workers' exposure would be less than
that assumed for the hypothetical future site worker scenario because of their limited soil contact.
Therefore, future worker assessment is considered to conservatively represent current site users.
The future site resident scenario was built on the premise that existing buildings would be replaced

with dwellings.

Exposure Pathways 7
- Exposure pathways for the hypothetical future site residents are dermal contact and incidental
ingestion of surface soils. The exposure pathways for current site workers and recreational users

are the same as those for the future site worker with respect to soil. The groundwater pathways
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were excluded because no COPCs were identified. Uniform exposure was assumed for all sample
locations. Table 10.2.12 presents the justification for exposure pathways assessed in this HHRA.
Table 10.2.12

Exposure Pathways Summary - SWMU 162
Charleston Naval Complex - Zone K

Charleston, South Carolina
Potentially Exposed Pgthway Selected
Population Medium and Pathwa for Evaluation? Reason for Selection or Exclusion

Current Land Uses

Air, inhalation of chemicals No This exposure pathway was considered
entrained in fugitive dust insignificant compared to the other pathways

Shallow groundwater, inhalation of No Shallow groundwater is not currently used as a
volatilized shallow groundwater source of potable or process water at SWMU
i 162.

Yes COPCs were 1dennﬁed subsequent to nsk-based
and background screening comparisons.

Air, inhalation of chemlcals No This exposure pathway was considered
entrained in fugitive dust msngmﬁcant compared to the oﬂler pathways

Shallow groundwater, inhalation of No Volatile COPCs were not ldcnnﬁed subsequent

volatilized contaminants during to risk-based screening comparisons.
domestic use B
' Yes
Soil, dermal contact Yes COPCs were |dennﬁed subsequent to nsk based

and background screening comparisons.
= Hunnngltakmg of ‘game nnd/or Taising hvestock

vmgesuonofnssue unpwted by '

7 :media contamination .- : jCarolun, city. lumts :
Fruits and vegelables ingestion of No The potential for significant exposure via this
plant tissues grown in media pathway is low relative to that of other exposure

pathways assessed.
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Exposure Point Concentrations

Since fewer than 10 surface soil samples were collected, maximum detected concentrations were
used as EPCs, as discussed in Section 7 of this RFI.

Quantification of Exposure
Soil
CDIs for ingestion and dermal contact with soils are shown in Tables 10.2.13 and 10.2.14

respectively.

Groundwater
Because no COPCs were identified in four quarterly groundwater samples at SWMU 162, the
groundwater pathways were not addressed further in this HHRA.

10.2.6.4 Toxicity Assessment

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.2.15
presents toxicolbgical information specific to each COPC identified at SWMU 162. This
information was used in the quantification of risk/hazard associated with soil contaminants. Each
COPC’s toxicology is briefly profiled in the following paragraphs.

Aluminum is one of the most abundant metals in the earth’s crust (7% aluminum), and it is
ubiquitous in air and water, as well as soil. The metal is water-soluble, silvery, and ductile, which
suggests its usefulness in many processes. Ingesting aluminum can affect the absorption of other
elements within the gastrointestinal tract and can alter intestinal function. Aluminum can
potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on
the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part
of the neuromuscular system controlling bowel muscles. (The effect could explain why aluminum

containing antacids often produce constipation and indicates aluminum could affect the uptake of
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Table 10.2.13
Chronic Daily Intakes

Incidental Ingestion of Surface Soil

SWMU 162

Charleston Naval Complex - Zone K
Charleston, South Carolina
Fraction Exposure Future Future Future Current Current Current Current
Ingested from Point Resident adult Resident child Resident LWA| Worker adult Worker adult | Recreational Recreational
Contaminated Concentration H-CDI H-CDI C-CDI H-CDI C-CDI H-CDI C-CDI
Chemical Source * (mg/kg) | (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day)
Inorganic
Aluminum (Al) 1 9450 1.3E-02 1.2E-01 1.5E-02 4.6E-03 1.7E-03 6.0E-03 8.5E-04
Arsenic (As) 1 34 4.7E-06 4.3E-05 5.3E-06 1.7E-06 5.9E-07 2.2E-06 3.1E-07
Mercury (Hg) 1 58.2 8.0E-05 7.4E-04 9.1E-05 2.8E-05 1.0E-05 3.7E-05 5.3E-06
Semivolatile Organics
Benzo(a)pyrene equivalents 1 0.58 8.0E-07 7.4E-06 9.1E-07 2.8E-07 1.0E-07 3.7E-07 5.3E-08

NOTES:
LWA
CDl
H-CDI
C-CDI

*

Lifetime-weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B.
Chronic Daily Intake in mg/kg-day

CDI for hazard quotient
CDI for excess cancer risk

Reflects the estimated fraction of the site impacted by the corresponding COPC.




Table 10.2.14

Chronic Daily Intakes

Dermal Contact with Surface Soil
SWMU 162

Charleston Naval Complex - Zone K
Charleston, South Carolina

Exposure Dermal Future Future Future Current Current Current Current
Point Absorption | Resident adult Resident child Resident LWA| Worker adult Worker adult | Recreational Recreational
Concentration  Factor H-CDI H-CDI C-CDI H-CDI C-CDI H-CDI C-CDI
Chemical FI/FC* (mg/kg) (unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day) |(mg/kg-day) (mg/kg-day)
Inorganic
Aluminum (Al) 1 9450 0.001 5.3E-04 1.8E-03 3.3E-04 3.8E-04 1.4E-04 2.8E-04 3.9E-05
Arsenic (As) 1 34 0.001 1.9E-07 6.3E-07 1.2E-07 1.4E-07 4.9E-08 9.9E-08 1.4E-08
Mercury (Hg) 1 582 0.001 3.3E-06 1.1E-05 2.0E-06 2.3E-06 8.3E-07 1.7E-06 2.4E-07
Semivolatile Organics
Benzo(a)pyrene equivalents 1 0.58 0.01 3.3E-07 1.1E-06 2.0E-07 2.3E-07 8.3E-08 1.7E-07 2.4E-08
NOTES:
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quotient
C-CDI CDI for excess cancer risk

* Reflects the estimated fraction of the site impacted by the corresponding COPC.
- The dermal absorption factor was applied to the exposure point concentration

to reflect the ability for transdermal migration of inorganic and organic chemicals.



Table 10.2.15
Toxicological Reference Information
for Chemicals of Potential Concern
SWMU 162
Charleston Naval Complex, Zone K
Charleston, South Carolina

NonCarcinogenic Toxicity Data Carcinogenic Toxicity Data
Oral Uncertainty Inhalation Uncertainty Oral Slope Inhalstion Weight
Reference Dose Confidence Factor Reference Dose Confidence Factor Factor Slope Factor of Tomer

Chemical (mg/kg-day) Level Critical Effect Orat (mg/kg-day) Level Critical Effect Inhalation (kg-day/mg) (kg-day/mg) Evidence Type
Aluminum 1 d NA NA NA NA NA NA NA NA NA NA NA
Arsenic 0.0003 a M hyperpigmentation 3 NA NA NA NA 1.5 15.1 A various
Benzo(a)pyrene Equivalents NA NA NA NA NA NA NA NA 73 6.1 B2 mutagen
Mercury 0.0003 a M hand tremor and memory disturbances 30 NA NA NA NA NA NA D NA

Notes:

a = Integrated Risk Information System (IRIS)

b = Withdrawn from IRIS/HEAST

d = EPA-National Center for Environmental Assessment Cincinnati (Provisional).

A = Known human carcincogen

B2 = Possible human carcinogen based on laboratory animal study data.

D = Carcinogenic potential not classifiable.
NA = Not applicable or not available
M = Medium confidence
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other chemicals.) Aluminum dust is moderately flammable and explosive in heat. Inhaling this
dust can cause fibrosis (aluminosis) (Klaasen, et al., 1986; Dreisbach et al., 1987). No data are
available on an applicable SF or the USEPA cancer group. The USEPA Region IV Office of
Health Assessment suggested using the provisional oral RfD of 1.0 mg/kg/day. The
aesthetic-based secondary MCL for drinking water is 50 to 200 .g/L.

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically
exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and
cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 ug/kg/day as the RfD for arsenic
based on a NOAEL of 0.8 n.g/kg-day in a human exposure study. Arsenic's effects on the nervous

and cardiovascular systems are primarily associated with acute exposure to higher levels.

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation
of these materials can lead to increased lung cancer risk, and ingestion of these materials is
associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen
by USEPA, which set the 1.5 (mg/kg/day)” SF. As listed in IRIS the basis for the classification
is sufficient evidence from human data. An increased lung cancer mortality was observed in
multiple human populations exposed primarily through inhalation. Also, increased mortality from
multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of
skin cancer were observed in populations consuming drinking water high in inorganic arsenic.
Human milk contains about 3 ng/L arsenic. As listed in IRIS the critical effect of this chemical
is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was

determined to be 3 and the modifying factor was determined to be 1.

Mercury occurs in three forms: elemental, organic, and inorganic. The major source of this

element is the degassing of the earth's crust. Organic mercury was not detected at SWMU 162.
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Target organs of inorganic mercury include the kidney, nervous system, fetus, and neonate. In
other words, this inorganic can be toxic to a fetus if the mother is exposed during pregnancy.
Mercury is toxic to all cells in the body — it binds to enzymes in the cells and disrupts their
function, usually causing the cell to become useless or die. Because this inorganic is concentrated
in the kidney prior to excretion, the kidney is a major target organ for mercury ingestion. The
primary target of mercury vapor is the brain. Some forms of mercury are drawn toward fats in
the body (such as the nervous system), where it is changed into its toxic form. This causes the
nervous disorder known as Minimata disease, overexposure to mercury through ingestion of
contaminated fish. The fish ingested inorganic mercury from an industrial discharge, and the
inorganic form was metabolized to organic mercury. USEPA set mercury's RfD to 0.0003 mg/kg-
day (inorganic form). Mercury is liquid at room temperature, and is poorly absorbed in this form
if ingested. Typical daily exposure is less than 1 n.g/l-day (Klaassen, et al., 1986) (Dreisbach, et
al., 1987).

Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons:

TEF
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Dibenz(a,h)anthracene 1.0
Benzo(k)fluoranthene 0.01
Benzo(a)pyrene 1.0
Indeno(1,2,3-cd)pyrene 0.1
Chrysene 0.001

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs
above have not been well established. They have no RfDs due to a lack of data. All PAHs listed
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above are classified by USEPA as B2 carcinogens, and their carcinogenicity is addressed relative
to that of benzo(a)pyrene, having an oral SF of 7.3 (mg/kg/day)”. Toxicity Equivalency Factors,
also set by USEPA, are multipliers that are applied to the detected concentrations, which are
subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been classified
as such due to animal studies using large doses of purified PAHs. There is some doubt as to the
validity of these listings, and the SFs listed in USEPA's RBC table are provisional. However,
these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic
substances (e.g., coal tar, soot, cigarette smoke). As listed in IRIS, the basis for the
benzo(a)pyrene B2 classification is animal studies. @ Human data specifically linking
benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, multiple animal studies

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes.

10.2.6.5 Risk Characterization

Surface Soil Pathways

Exposure to surface soil onsite was evaluated under residential, industrial (site worker), and
recreational scenarios. For these scenarios, the incidental ingestion and dermal contact exposure
pathways were evaluated. For noncarcinogenic contaminants evaluated for future site residents,
hazard was computed separately to address child and adult exposure. Tables 10.2.16 and 10.2.17
present the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and

dermal contact with site surface soils, respectively.

Hypothetical Site Residents
The ingestion ILCR (based on the adult and child lifetime weighted average) for SWMU 162
surface soils is 1E-5. The dermal pathway ILCR is 4E-6. Benzo(a)pyrene equivalents and arsenic

were the sole contributors to ILCR projections for the ingestion and dermal pathways.
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Table 10.2.16

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 162

Charleston Naval Complex - Zone K

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Current Current Current Current
Used Used Resident Adult Resident Child Resident LWA| Worker Adult Worker Adult|{ Recreational Recreational
Chemical (mg/kg-day) (mg/kg-day)! | Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR Hazard Quotient ILCR
Inorganic
Aluminum (Al) 1 NA 0.013 0.12 NA 0.0046 NA 0.0060 NA
Arsenic (As) 0.0003 1.5 0.016 0.14 8.0E-06 0.0055 8.9E-07 0.0072 4.6E-07
Mercury (Hg) 0.0003 NA 0.27 2.5 NA 0.095 NA 0.12 NA
Semivolatile Organics
Benzo(a)pyrene equivalent NA 73 NA NA 6.6E-06 NA 7.4E-07 NA 3.8E-07
[SUM Hazard Index/ILCR 03 3 1E-05 0.1 2E-06 0.14 8E-07 |
NOTES:
NA Not available
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A.
ILCR Incremental Lifetime Cancer Risk



Table 10.2.17

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 162

Charleston Naval Complex - Zone K

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Current Current Current Current
Dermal® Used Used Resident Adult Resident Child Resident LWA| Worker Adult Worker Adult| Recreational Recreational
Chemical Adjustment (mg/kg-day) (mg/kg-day)! | Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR Hazard Quotient ILCR
Inorganic
Aluminum (Al) 0.2 0.20 NA 0.0027 0.0088 NA 0.0019 NA 0.0014 NA
Arsenic (As) 0.2 0.00006 7.5 0.0032 0.011 9.0E-07 0.0023 3.7E-07 0.0017 1.1E-07
Mercury (Hg) 0.2 0.00006 NA 0.054 0.18 NA 0.039 NA 0.028 NA
Semivolatile Organics
Benzo(a)pyrene equivalents 0.5 NA 14.6 NA NA 3.0E-06 NA 1.2E-06 NA 3.5E-07
[SUM Hazard Index/ILCR 0.06 0.2 4E-06 0.04 2E-06 0.03 SE-07 |
NOTES:
NA Not available
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A.
ILCR Incremental Lifetime Cancer Risk

Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based

on oral absorption efficiency, which should not be applied to dermal exposure and dermal CDI).



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

The ingestion HIs projected for the adult and child receptors are 0.3 and 3, respectively. The
dermal pathway HIs were 0.06 for the adult resident receptor and 0.2 for the child resident
receptor. Mercury was the primary contributor to HI projections at SWMU 162, while aluminum

and arsenic were secondary contributors.

Hypothetical Site Workers
Site worker ILCRs are 2E-6 for both the ingestion and dermal contact pathways. Benzo(a)pyrene

equivalents and arsenic were the sole contributors for each pathway.

Site worker HIs are 0.1 for the ingestion pathway and 0.04 for the dermal pathway. Mercury was
the primary contributor to site worker HI projections at SWMU 162 and aluminum and arsenic

were secondary contributors.

Current Recreational Users
The ingestion ILCR for SWMU 162 surface soil is 8E-7. The dermal pathway ILCR is SE-7.
Benzo(a)pyrene equivalents and arsenic were the only contributors to ILCR projections for the

ingestion and dermal pathways.

The ingestion HI projected for the recreational scenario is 0.1. The dermal pathway HI was 0.03.

Mercury, aluminum, and arsenic contributed to projected hazard indices.
Groundwater Pathways

Since no COPCs were identified in four quarterly groundwater samples, groundwater pathways

were not quantitatively assessed in this HHRA.
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COCs Identified

Identification of chemicals of concern was based on cumulative (all pathway) risk and hazard
projected for this site on a medium-specific basis. USEPA has established a generally acceptable
risk range of 1E-4 to 1E-6, and a hazard index threshold of 1.0 (unity). As recommended by
SCDHEC, a COC was considered to be any chemical contributing to a cumulative risk level of
at least 1E-6 and/or a cumulative hazard index exceeding 1.0, if its individual ILCR exceeds 1E-6
or its hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative,
because a cumulative risk level of 1E4 (and individual ILCR of 1E-6) is recommended by USEPA
Region IV as the trigger for establishing COCs. The COC selection method presented was used
to more comprehensively evaluate chemicals contributing to carcinogenic risk or noncarcinogenic
hazard during remedial goal options development. Table 10.2.18 presents the COCs identified for
SWMU 162 surface soil.

Surface Soils

Future Site Residents

Benzo(a)pyrene equivalents and arsenic were identified as soil pathway COCs based on their
contribution to cumulative residential ILCR projections. Mercury, aluminum, and arsenic were
identified as soil pathway COCs based on their contribution to cumulative residential HI

projections.
Future Site Workers
Benzo(a)pyrene equivalents were identified as the only soil pathway COCs based on their

contribution to cumulative industrial ILCR projections.

Current Recreational Users

No COCs were identified for the recreational exposure pathway scenario.
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Table 10.2.18

Summary of Risk and Hazard-based COCs
SWMU 162

Charleston Naval Complex - Zone K
Charleston, South Carolina

Future Future Future
Exposure Resident Adult Resident Child Resident LW | Current Site Worker Current Recreational | Identification
Medium Pathway Hazard Quotient (HI) Hazard Quotient (HI) ILCR Hazard Quotient ILCR {Hazard Quotient ILCR of COCs
Surface Soil Incidental Inorganic
Ingestion Aluminum (Al) 0.013 0.12 ND 0.0046 ND 0006 ND|I
Arsenic (As) 0.016 0.14 8E-06 0.0055 9E-07 0.0072 5E-07|1 2
Mercury (Hg) 0.27 25 ND 0.095 ND 0.12 ND| 1
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 7E-06 ND 7E-07 NA 4E-07] 2
Dermal Inorganic
Aluminum (Al) 0.0027 0.0088 ND 00019 ND 00014 ND
Arsenic (As) 0.0032 0.011 9E-07 0.0023 4E-07 0.0017 1E-07
Mercury (Hg) 0.054 0.18 ND 0039 ND 0028 ND|1
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 3E-06 ND 1E-06 ND 4E-07| 2 4
[Surface Soil Pathway Sum 0.4 3 2E-05 0.1 3E-06 0.2 1E-06

Notes:

ND indicates not determined due to the lack of available risk information.

ILCR indicates incremental excess lifetime cancer risk
HI indicates hazard index
Identification of COCs

1- Chemical is a COC by virtue of projected child residence noncarcinogenic hazard.
2- Chemical is a COC by virtue of projected future resident lifetime ILCR.
3- Chemical is a COC by virtue of projected site worker noncarcinogenic hazard.

4- Chemical is a COC by virtue of projected site worker ILCR.

5- Chemical is a COC by virtue of projected recreational use noncarcinogenic hazard.

6- Chemical is a COC by virtue of projected recreational use ILCR.
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The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this
discussion of the extent of COC concentrations, residential soil RBCs were compared to each
reported COC concentration. Benzo(a)pyrene equivalents exceeded the residential RBC in three
of nine surface soil samples collected at SWMU 162 (162SB001, 162SB002, and 162SB003).
Aluminum exceeded its RBC (7800 mg/kg) in five surface soil samples, but not its background
reference value (11200 mg/kg). Arsenic exceeded its RBC (0.43 mg/kg) in all nine surface soil
samples. Consequently, arsenic only slightly exceeded its background reference value (3 mg/kg)
in one surface soil sample (162SB009) at a concentration of 3.4 mg/kg. Arsenic’s mean
concentration was less than its background reference value. Mercury exceeded its RBC
(2.3 mg/kg) in two of nine surface soil samples (162SB001 and 162SB002).

10.2.6.6 Risk Uncertainty

Characterization of Exposure Setting and Identification of Exposure Pathways

The potential for high bias is introduced through the exposure setting and pathway selection due
to the highly conservative assumptions (i.e., future residential use) recommended by USEPA
Region I'V when assessing potential future and current exposure. The exposure assumptions made

in the site worker scenario are highly protective and would tend to overestimate exposure.

Residential use of the site would not be expected, based on current site uses and the nature of
surrounding buildings. If this area were to be used as a residential site, surface soil conditions
would likely change - the soils could be covered with landscaping soil and/or a house.
Consequently, exposure to surface soil conditions as represented by samples collected would not
be likely under a true future residential scenario. These factors indicate that exposure pathways
assessed in this HHRA would generally overestimate the risk and hazard posed to current site

workers and future site residents.
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Groundwater is not currently used at SWMU 162 for potable or industrial purposes. A base-wide
system provides drinking and process water to buildings throughout Zone K. This system is slated
to remain in operation under the current base reuse plan. As a result, shallow groundwater would
not be expected to be used under future site use scenarios, and associated pathways are not

expected to be completed in the future.

Determination of Exposure Point Concentrations

The maximum detected soil constituent concentrations were used as the exposure point
concentrations for this site. Use of maximum detected concentrations represent conservative
assumptions when applied as the EPC, such that it is unlikely for the maximum detected

concentration to be representative of all soil constituents throughout the site.

Frequency of Detection and Spatial Distribution

Benzo(a)pyrene equivalent compounds exceeded risk-based concentrations in three of nine surface
soil samples, aluminum exceeded its RBC in five of nine surface soil samples, and arsenic
exceeded its RBC in only one of nine surface soil samples. Additionally, mercury exceeded its
RBC in two surface soil samples. A background reference value has not been established for

mercury at Zone K.

Quantification of Risk/Hazard

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is
great. In addition, many site-specific factors have affected the uncertainty of this assessment that
would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of

uncertainty are discussed below.
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Soil

A conservative screening process was used to identify COPCs for SWMU 162. The potential for
eliminating CPSSs with the potential for cumulative HI greater than 1 was addressed for
noncarcinogens through the use of RBCs that were reduced one order of magnitude. For
carcinogens, the RBCs are based on a conservative target risk of 1E-06. Combining conservative
RBCs with maximum detected concentrations minimizes the likelihood of a significant contribution
to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and eliminated from formal
assessment, no soil constituent was reported at a concentration near its RBC (e.g., within 10%
of its RBC).

Groundwater
The same conservative screening process was also used for groundwater. Of the CPSSs screened
and eliminated from formal assessment, none was reported at a concentration close to its RBC

(e.g., within 10% of its RBC).

Groundwater is not currently used as a potable water source at SWMU 162, nor is it used at
Charleston Naval Complex or in the surrounding area. Municipal water is readily available. As
previously mentioned, it is highly unlikely that the site will be developed as a residential area, and
it is unlikely that a potable-use well would be installed onsite. If residences were constructed
onsite and an unfiltered well were installed, it is possible that the salinity and dissolved solids

would preclude this aquifer from being an acceptabie potable water source.

Background-related Risk

Soil

It is not unusual for naturally occurring or background concentrations of some elements to exceed
risk-based concentrations. It is the risk assessment’s function to identify excess risk and/or

hazard, or that which exceeds background levels.
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Groundwater
No constituents exceeded tap-water RBCs in four quarterly groundwater samples; therefore, no
constituents were eliminated from consideration in the risk assessment based on background

reference values for groundwater.

10.2.6.7 Risk Summary

The risk and hazard posed by contaminants at SWMU 162 were assessed for future site workers,
future site residents, and current recreational users under reasonable maximum exposure
assumptions. In surface soils, the incidental ingestion and dermal contact pathways were assessed
in this HHRA. Table 10.2.19 summarizes risk for each soil pathway/receptor group evaluated for
SWMU 162.

Soil — Residential Scenario

Residential soil pathway COCs identified for SWMU 162 are aluminum, arsenic, mercury and
benzo(a)pyrene equivalents. Figure 10.2.7 illustrates point risk estimates for SWMU 162 based
on surface soil exposure pathways under a future residential scenario. Table 10.2.20 summarizes
the risk and hazard contribution of each COPC at each sample location. This point risk map is
based on the unlikely assumption that a potential future site resident will be chronically exposed
to specific points. Exposure to surface soil conditions is more likely the result of uniform
exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points.
Risk maps help the reader visualize how chemicals driving risk estimates are spatially distributed

across the site.
Arsenic and benzo(a)pyrene equivalents contributed to risk estimates exceeding 1E-06 at all nine

surface soil sample locations. Risk estimates ranged from 2E-06 (162SB008) to 1E-05
(162SB002). The mean risk estimate is 6E-06.
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Table 10.2.19

Summary of Risk and Hazard

SWMU 162

Charleston Naval Complex - Zone K
Charleston, South Carolina

Exposure HI HI ILCR HI ILCR HI ILCR
Medium Pathway (Adult) (Child) (LWA) (Worker) (Worker) |(Recreational) (Recreational)
Surface Soil Incidental 03 3 1E-05 0.11 2E-06 0.14 8E-07
Ingestion
Dermal Contact 0.06 0.2 4E-06 0.04 2E-06 0.03 5E-07
Sum of Soil Pathways 04 29 2E-05 0.15 3E-06 0.17 1E-06

Notes:

ILCR Incremental lifetime cancer risk

HI Hazard index
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Tablel0.2.20

Point Estimates of Risk and Hazard - Surface Soil Pathways
Residential Scenario

SWMU 162

Charieston Naval Complex, Zone K

Charleston, South Carolina

Site Location Psrameter Concentration  Units  Hazard Index  %HI  Risk (E-06) %Risk

162 BO01  Aluminum (Al) 8590 MGKG 01178 17.56 NA
162 B0O1  Asenic (As) 18 MGKG 00823 1226 47016 59.94
162 B0O1  B(a)P Equiv. 18975 UGKG NA 31423 4006
162 B0O1  Merowy (Hg) 103 MGKG 04708  70.18 NA

Total 0.6709 7.8439
162 B002  Aluminum (Al) 5190 MGKG 00712 255 NA
162 BO02  Arsenic (As) 14 MGKG 00640 229 36568 2754
162 B002  B(a)P Equiv. 58091 UGKG NA 9.6201 7246
162 B002  Mercury (Hg) 582 MGKG 26602 95.16 NA

Total 2.7954 132769
162 BO03  Aluminum (Al) 8185 MG/KG 01122 6200 NA
162 B003  Arsenic (As) 135 MGKG 00617  34.09 35262 2893
162 B003  B(a)P Equiv. 523025 UGKG NA 86615 7107
162 B003  Mercury (Hg) 0.155 MGKG 00071 391 NA

Total 0.1810 12.1877
162 B0O4  Aluminum (Al) 6930 MGKG 00950  56.66 NA
162 B0O4  Arsenic (As) 15 MGKG 00686  40.88 39180 100.00
162 B004  B(a)P Equiv. ND UGKG NA NA
162 BOO4 M 009 MGKG 0.0041 245 NA

Total 0.1677 39180
162 B005  Aluminum (Al) 7940 MG/KG 0.1089  61.68 NA
162 BOOS  Arsenic (As) 14 MGKG 00640 3625 3.6568 10000
162 B005  B(a)P Equiv. ND UGKG NA NA
162 BO05  Mercury (Hg) 008 MGKG 00037 207 NA

Total 0.1765 3.6568
162 B006  Aluminum (Al) 8160 MG/KG 01119 60.47 NA
162 B006  Arsenic (As) 12 MGKG 00548  29.64 3.1344 10000
162 B006  B(a)P Equiv. ND UGKG NA NA
162 B006  Mercury (Hp) 04 MGKG 00183 9.8 NA

Total 0.1850 3.1344
162 B007  Aluminum (Al) 9450 MG/KG 0.1296  66.94 NA
162 BOO7  Arsenic (As) 14 MGXKG 00640  33.06 36568 100.00
162 BO07  B(a)P Equiv. ND UGKG NA NA
162 B007  Mercury (Hg) ND MGKG NA NA

Total 0.1936 3.6568
162 B0O0S  Aluminum (Al) 7350 MG/KG 0.1008  76.70 NA
162 B0OS  Arsenic (As) 061 MGKG 00279 2122 15933 100.00
162 B008  B(a)P Equiv. ND UGKG NA NA
162 B008  Mercury (Hg) 006 MGKG 00027 209 NA

Total 0.1314 15933
162 B009  Aluminum (Al) 6910 MGKG 00%8  37.88 NA
162 B009  Arsenic (As) 34 MGKG 0.1554  62.12 8.8808  100.00
162 B009  B(a)P Equiv. ND UGKG NA NA
162 BO09  Mercury (Hp) ND MGKG NA NA

Total 0.2502 8.8808
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Figure 10.2.8 illustrates point hazard estimates for SWMU 162 based on surface soil exposure
pathways under a future residential scenario. Aluminum, arsenic, and mercury contributed to
hazard estimates exceeding unity at only one surface soil sample location (162SB002). Hazard
estimates ranged from 0.13 (162SB008) to 3 (162SB002). The mean hazard estimate is 0.5.

Soil — Site Worker Scenario

Benzo(a)pyrene equivalents were the only site worker soil pathway COCs identified for
SWMU 162. However, benzo(a)pyrene equivalents are considered borderline COCs at
SWMU 162, because they do contribute to a cumulative industrial risk slightly above 1E-06
(1.2E-06), yet the maximum detected concentration of benzo(a)pyrene equivalents (581 ng/kg) is
not greater than the industrial RBC (780 ung/kg). The average detected concentration of
benzo(a)pyrene equivalents is 431 ng/kg, which yields an industrial site worker ILCR of 9E-07.
Hence, point estimates for risk and hazard in surface soil via the industrial site worker scenario were

not computed for SWMU 162.

Soil — Recreational Scenario

No COCs were identified for the recreational scenario.

10.2.6.8 Remedial Goal Options

Soil

RGO:s for carcinogens were based on the lifetime-weighted average site resident or site worker as
presented in Table 10.2.21 for surface soils. Hazard-based RGOs were based on the hypothetical

child resident or site worker, as noted in the table.
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Table 10.2.21

Remedial Goal Options for Soil
SWMU 162

Charleston Naval Complex - Zone K
Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based Risk-Based

Slope Reference Remedial Goal Options® Remedial Goal Options® | Background

Factor Dose EPC 3 1 0.1f 1E-06 1E-05 1E-04|Concentration
Chemical (mg/kg-day)! (mg/kg-day) mg/kg mgkg mgkg mgkg| mgkg mgkg mgkg| mgke

Inorganic
Aluminum (Al) NA 1 9450 218781 72927 7292.7 NA NA NA 11200
Arsenic (As) 1.5 0.0003 34 66 22 2.2 0.38 38 38 9.44
Mercury (Hg) NA 0.0003 58.2 66 22 22 NA NA NA NA
Semivolatile Organic Compounds
Benzo(a)pyrene equivalents 73 NA 0.6 NA NA NA 0.06 0.6 6 NA
Worker-Based Remedial Goal Options
Hazard-Based Risk-Based

Slope Reference Remedial Goal Options* Remedial Goal Options* | Background

Factor Dose EPC 3 1 0.1 1E-06 1E-05 1E-04|Concentration
Chemical (mg/kg-day)! (mg/kg-day) mg/kg mgkg mgkg mgkg| mgkg mgkg mgkg| mgke

Inorganic

Aluminum (Al) NA 1 9450{ 4348936 1449645 144965 NA NA NA 11200
Arsenic (As) 1.5 0.0003 34 1305 435 43 27 27 271 9.44
Mercury (Hg) NA 0.0003 58.2 1305 435 43 NA NA NA NA
Semivolatile Organic Compounds
Benzo(a)pyrene equivalents 73 NA 0.6 NA NA NA 0.30 3.0 30 NA

NOTES:
EPC
NA

Exposure point concentration
Not applicable

Remedial goal options were based on the residential or site worker lifetime-weighted average for

carcinogens and the child resident or site worker for noncarcinogens.
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10.2.7  Corrective Measures Considerations

For SWMU 162, the upper and lower soil intervals and shallow groundwater were investigated.
In all, nine soil samples were collected from the upper and lower-intervals. The area is a grassy
field. Two groundwater monitoring wells were sampled at the site. Based on the analytical results
and the human health risk assessment, COCs requiring further evaluation through the CMS

process were identified for the upper soil interval. The site has been converted to a soccer field.

Benzo(a)pyrene equivalents, aluminum, arsenic, and mercury were identified as COCs in the upper
soil interval. BEQs exceeded the residential RBC in three of nine surface soil samples collected
(162SB001, 162SB002, and 1625B003). Aluminum exceeded its RBC (7800 mg/kg) in five
surface soil samples. Arsenic exceeded its RBC (0.43 mg/kg) in all nine surface soil samples.
Mercury exceeded its screening concentrations at two locations (162SB00101 and 162SB00201).
The soil pathway cumulative residential exposure risk is 2E-05 and the cumulative HI is 2.9
(resident child). Both are between USEPA'’s acceptable range of 1E-06 and 1E-04 for risk and
3 and 0.1 for HI.

Residential risk-based remedial goals for surface soil set for BEQs and arsenic were 0.06 mg/kg
and 0.38 mg/kg, respectively, based on a target risk of 1E-06. Residential hazard-based remedial
goal for surface soil set for aluminum and mercury was 7,293 mg/kg and 2.2 mg/kg respectively
based on a target hazard of 0.1 mg/kg. Potential corrective measures, in addition to no further

action for soil, and respective COCs are presented in Table 10.2.22.

No COPCs were identified in groundwater samples at SWMU 162.
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Table 10.2.22
Potential Corrective Measures for SWMU 162

Medium Comgunds Potential Corrective Measures
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10.3 SWMU 163, Concrete Pit Area, Naval Annex

SWMU 163 consists of a 10-foot x 10-foot x 2-foot uncovered concrete pit, approximately 100 feet
north of Building 2513 at Naval Annex (Figure 10.3.1). The pit was used as a less-than-90-day
accumulation area for hazardous waste generated at the facility. According to the June 1995
RFA, the unit's concrete base and walls are heavily cracked. The pit was apparently constructed
without a cover. No information regarding rainwater handling at this facility was available. No
drains or sumps were observed in the pit. Accumulated waste at SWMU 163 included spent
solvents and paint wastes containing heavy metals, including arsenic, barium, cadmium, lead,
mercury, silver, and chromium. Hazardous waste was accumulated in the unit from the mid-1980s
until the spring of 1994, when MOMAG 11 was reclassified as a small quantity hazardous waste
generator and a new less-than-180-day accumulation area (SWMU 167) was placed in service.
Naval Annex records were thoroughly searched and no additional information pertinent to SWMU
163 was identified. In particular, no information was found concerning when the unit was

constructed or any uses of the unit prior to the mid-1980s.

Materials of concern identified in the final RFI work plan for SWMU 163 include solvents, paint
wastes, and heavy metals. Potential receptors are current and future site users involved in invasive

activities.

To fulfill CSI objectives, soil and groundwater were sampled in accordance with the final RFI
work plan and as described in Section 3 of this report to confirm whether any contamination

resulted from onsite activities at SWMU 163.

10.3.1 Soil Sampling and Analysis

Soil was sampled in two rounds at SWMU 163 from the locations shown on Figure 10.3.1. The
final RFI work plan proposed collection of five soil samples from the upper-interval (0 to 1 foot)
and five from the lower-interval (3 to 5 feet) for the SWMU 163 investigation area. These

samples were collected during round one in December 1996. Five additional upper- and lower-
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interval samples were collected during round two in January 1999 to further evaluate round one

organic detections.

First-round samples were submitted for analysis at DQO Level III for VOCs, SVOCs, metals,
pesticides, PCBs, and cyanide. One duplicate was collected from boring 163SB005's
upper-interval and submitted for Appendix IX analyses at DQO Level IV. Round two samples
were analyzed only for VOCs and SVOCs, which included one duplicate from boring 163SB008's
lower-interval, which was analyzed for the same parameters. Table 10.3.1 summarizes soil

sampling for SWMU 163.

Table 10.3.1
SWMU 163
Soil Sampling Summary
Sampling Round Sampling Date Samples Collected Sample Analyses Comments
1 12/2/96 Uppet = 5(3) Standard Suite None
st Lower = 5:(8)
Duplicate: = 1 Appendix IX
2 1/25/99 Upper - 5 (0) VOCs and SVOCs. None
Lower - 5 (0)
Duplicate - 1 VOCs and SVOCs

Notes:

Q)

Standard Suite
Appendix IX

Parentheses indicate number of samples proposed in RFI Work Plan.
VOCs, SVOCs, metals, cyanide, pesticides and PCBs.
Standard Suite plus hex-chrome, herbicides, OP pesticides, and dioxins at DQO Level IV.

[t

10.3.2  Nature and Extent of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.3.2. Inorganic analytical
results are summarized in Table 10.3.3. Table 10.3.4 summarizes all analytes detected in soil at
SWMU 163. Analyte concentrations are listed in bold type if they exceed their respective
screening concentrations, the applicable residential soil RBC or SSL and, when available, the
associated background concentration. Appendix F is a complete analytical data report for all

samples collected in Zone K, including SWMU 163.
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Table 10.3.2
SWMU 163
Organics Detected in Soil

Number of Samples

Sample Detection RBC (upper) Exceeding
Parameter Interval Frequency Detection Range Mean SSL (lower) RBC or SSL
vOCs(ug/kg)
20 samples collected; 10 upper-interval, 10 lower-interval, 1 duplicate for Appendix IX analysis
Acetone Upper 1/10 2700 ' 2.700 780,000 0
: Lower 0/10 ND 8.000 0
Carbon disulfide Upper 1/10 1 1 780,000 0
Lower 0/10 ND 16,000 4}
Tetrachloroethene CUpper 4710 14 - 990 262 12,000 0
Lower 110 6 6 o 0
Trichloroethene Upper 3/10 5-22 11 58,000 0
Lower 0/10 ND NA 30 0
SVOCs (ug/kg)
20 samples collected; 10 upper-interval, 10 lower-interval, 1 duplicate for Appendix IX analysis
BEQs Upper 610 - 15:38958 133.83 87 2
‘ Lower 10 i 312:29 312.29 “4;000: Q
Benzo(a)anthracene Upper 3/10 39 - 280 159.67 870 0
Lower 1/10 300 - 300 300 8,000 0
Benzo(@pyrene  Upper 30 37180 . 100 87 1
= o Lower me 230 : 230: S 4000 0
Benzo(b)fluoranthene Upper 4/10 52-190 90.25 870 0
Lower 1/10 210 2,300 0
. Benzo(k)fluoranthene Upper 56180 8,700 oy
o L Lower i , 200: 25,000~ B
Chrysene Upper 5/10 43 - 400 148 87,000 0
Lower 1/10 290 290 80,000 0
© Dibenz(ajanthracene Upper - 1410 o0 180 g7 1
S o - Lower =019 . ND ~NA 806} 0
Indeno(1,2,3-cd)pyrene Upper 5/10 150 - 230 172 870 0
Lower 1/10 ] 290 290 7,000 0
ZLMemymaphdialvénev Upper  1/10 280 v 160,000 0
o . Lower : 0410 ‘ NA 18,000 L
Acenaphthene Upper 1/10 46 46 470,000 0
Lower 1/10 140 140 290,000 0
Acenaphthylene Upper 1/10 8 88 160,000 0
Lower 0/10 ND NA H47,000 0
Anthracene Upper 1/9 65 65 2,300,000 0
Lower 1/10 220 220 6,000,000 0
Benzo(eti;)petylene. - Upper 1/10 ' 78 78 160,000 0
' - ~ Lower Vg 110 ; {10 57,000,000 0
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Table 10.3.2
SWMU 163
Organics Detected in Soil

Number of Samples

Sample Detection RBC (upper) Exceeding
Parameter Interval Frequency Detection Range Mean SSL (lower) RBC or SSL
bis(2-Ethylhexyl)phthalate  Upper 3/10 41 - 440 179 46,000 0
(BEHP) Lower 0/10 ND NA 1,800,000 0
Butylbenzylphthalate Upper 1710 160 160 1,600,000 0
Lower 0/10 ND NA 930,000 0
Di-n-butylphthalate Upper 1/9 39 39 780,000 0
Lower 0/10 ND NA 2,300,000 0
Dibenzofuran Upper - 1/10 54 54 31,000 0
Lower 1/10 75 75 6,800 0
Fluoranthene Upper 5/10 53 - 600 226.4 310,000 0
Lower 1/10 740 740 2,100,000 0
Fluorene Upper 1710 42:2 42 42 310,000 0
Lower 1710 9898 98 280,000 0
N-Nitroso-di-n-propylamine Upper 0/10 ND NA 91 0
Lower 2/10 2.3-330 166.15 024 2
Naphthalene Upper 1/10 140 146 160:000 0
Lower 0410 ND NA 31,000 4]
Phenanthrene Upper 2/9 150 - 210 180 160,000 0
Lower 1/10 760 760 660,000 0
Phenol Upper 2/10 120 - 240 1800 47700,000 0
Lower 200 260300 280 50,000 0
Pyrene Upper 5/10 54 - 400 171 230,000 0
Lower 1/10 480 480 2,100,000 0
Pesticides (ug/kg)
10 samples collected; 5 upper-interval, 5 lower-interval, 1 duplicate for Appendix IX analysis
4,4'-DDD - Upper 25 659 -831 7 2,700 0
Lower 075 ND NA 8,000 0
4,4'-DDE Upper 3/5 5.1-533 21.8 1,900 0
Lower 0/5 ND NA 27,000 0
4,4'-DDT Upper = 35 912553 299 1,900 0o
Lower o5 ND _NA 16,000 0
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Table 10.3.2
SWMU 163
Organics Detected in Soil

Number of Samples

Sample Detection RBC (upper) Exceeding
Parameter Interval Frequency Detection Range Mean SSL (lower) RBC or SSL

Dioxin (ng/kg)

1 upper-interval sample was collected for dioxin (duplicate sample).

Lo :Upp'e'[:

= NA . ]
Notes:
NA = Not Applicable/not available/not analyzed
ND = Not detected/not determined
NL = Not listed
uglkg = Micrograms per kilogram
ng/kg = Nanograms per kilogram
Table 10.3.3
SWMU 163
Inorganics Detected in Soil
(all concentrations in mg/kg)
Number of Samples
Exceeding: RBC and
Sample Detection Background RBC (upper) Background (upper) or SSL
Parameter Interval Frequenc Detection Range Mean __ Concentration SSL (lower) and Background (lower,
Metals

10 Samples Collected, 5 upper-interval, 5 lower-interval, 1 duplicate for Appendix IX analysis

Antimony Upper 1/5
Atsenic

Barium 49.4 25.47 25.6 550

Cadmium Upper 3/5 053 - 1 0.75 0.13 3.9

¥k 4.0
Cagcium NA: NL
NA NL
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Table 10.3.3
SWMU 163
Inorganics Detected in Soil
(all concentrations in mg/kg)

Number of Samples
Exceeding: RBC and

Sample Detection Background RBC (upper) Background (upper) or SSL
Parameter Interval Frequency Detection Range Mean Concentration SSL (lower) and Background (lower)
Chromium Upper 5/5 56 - 215 12.43 8.4 23 0
Lower 5/5 29 - 84 4.98 8.76 19.0 0
Cobalt Upper 515 05 - 54 2.0 0.34 470 0
Lower 515 025513 0:85 0.62 990 0
Copper Upper 3/5 42 - 144 7.7 3.86 310 0
Lower 0/5 ND NA 0.34 5,600 0
Tron Upper  5/5 2,820 - 5430 - 4,076 7,060 2,300 0
Lower 5/5 659 - 20070 1,562 5,130 NL 0
Lead Upper 5/5 855 - 149 48.9 39.6 400 0
Lower 5/5 21 - 41 33 6.43 400" 0
Magrnesium Upper 59 72.6. - 324 2403 NA NE NA
Lower s/ 355 - 160 1277 NA NL NA
Manganese Upper 5/5 46 - 339 17.85 26.4 160 0
Lower 5/5 087 - 128 6.4 5.93 480 0
Mercury Upper /5 0.07 NAG oo 23 0
© Lower o wmp NAw 1.0 0
Nickel Upper 5/5 1.6 - 4.7 2.87 1.70 160 0
Lower 5/5 081 - 23 1.5 2.64 65.0 0
Potassium Upper 55 55 - M4 114 NA NL NA
Lower 45 46 - 101 748 NA NL : NA
Selenium Upper 2/5 05 - 0.56 0.53 0.84 39 0
Lower 0/5 ND NA 0.52 2.6 0
Sodium' - Upper /5 Y497 . 968 . 684 . NA NL 0
v Lower os ND NA .~ NA NL 0
Vanadium Upper 5/5 79 - 138 11.5 15.8 55 0
Lower 5/5 27 - 6.6 4.4 12.2 3,000 0

10.3.8



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

Table 10.3.3
SWMU 163
Inorganics Detected in Soil
(all concentrations in mg/kg)

Number of Samples
Exceeding: RBC and

Sample Detection Background RBC (upper) Background (upper) or SSL
Parameter Interval Frequency Detection Range Mean _ Concentration SSL (lower) and Background (lower)
Zinc Upper 5/5 10:7 - 268 9.9 14:8 2,300 0
Lower: . 15 18,1 ___NA £ 6200 0
Notes:
a RBC for arsenic as a carcinogen
b = RBC not available for lead. USEPA residential soil cleanup level was used for comparison (OSWER Directive 9355.4-12).
*kx = SSL value was not based on target leachate concentration.
ND = Not detected/not determined
NA = Not applicable/not available/not analyzed
NL = Not listed
** = Number of nondetects prevented determination of reference concentration.
mg/kg = Milligrams per kilograms.
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Volatile Organic Compounds (ug/kg)
Acetone - 163SB01O 2,700 780,000 NA ND 8,000 NA
Carbon Disulfide 163SB010 1 780,000 NA ND 16,000 NA
Tetrachloroethene -1635B001 14 12,000 NA 6 30 NA
16358002 e 16 ND
1638B003 990 ND,
163 i 28 ND
Trichloroethene 163SB002 5 58,000 NA ND 30.0 NA
163SB003 22 ND
163SB004 6 ND
Semivolatile Organic Compounds (1g/kg)
BEQs o 16358001 87 NA ND 4,000 NA
1638B006 ND .
163SB007 ND
1635B008 312.29
163SB00Y ND
163SB“0:1,_0’ : ND
Benzo(a)anthracene 1635SB001 280 870 NA ND 8,000 NA
163SB008 160 300
163SB009 39 ND
Benzo(a)pyrene 163SB00T 83 gy NA ND 4,000 NA
1635B008 180 : 230
1635B009: 37 “ND
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Benzo(b)fluoranthene 163SB007 57 870 NA ND 2,300 NA
163SB008 190 210
163SB009 62 ND
163SB010 52
Benzo(k)fluoranthene 1635B001 180 8,700 NA ND 25,000 NA
163SB008 C o140 : 200
163SB00Y 56 ND
Chrysene 163SB001 400 87,000 NA ND 8,000 NA
163SB007 52 ND
163SB008 180 290
163SB009 65 ND
163SB010 43 ND
Dibenz(a,hyanthracene 1635B008 150 87 NA ND 800 ' NA
Indeno(1,2,3-cd)pyrene 163SB006 150 870 NA ND 7,000 NA
163SB007 160 ND
163SB008 230 290
163SB009 160 ND
163SB010 160 ND
2-Methylnaphthalene 1635B0O07 280 160;000 NA ND 18,000 NA
Acenaphthene 163SB008 46 470,000 NA 140 290,000 NA
Acenaphthylene 1638001 88 160,000 NA ND 47,000 NA
Anthracene 163SB008 65 2,300,000 NA 220 6,000,000 NA
~ 1638B008 73 160,000 NA <110 57,000 NA

Ben}.d(g',h;.i)p,erylene :
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
bis(2-EthylhexyDphthalate(REHP) 16358007 41 46,000 NA ND 1,800,000 NA
: 163SBO08 36 ND '
163SB00Y 440 ND
Butylbenzylphthalate 163SB009 160 1,600,000 NA ND 930,000 NA
Dibenzofuran 163SB007 54 31,000 NA ND 6,800 NA
163SB008 ND 75
Di-n-butylphthalate 163SB009 39 780,000 NA ND 2,300,000 NA
Fluoranthene 163§B001 6()0 310,000 NA ND 2,100,000 NA
1635B007 53 ND
163SB008 330 740
163SB009 92 ND
1635B010 57 ND
Fluorene 163SB008 42 310,000 NA 98 280,000 NA
Naphthalene  163SB00T. 140 160,000 NA ND 31,000 NA
N-Nitroso-di-n-propylamine 163SB002 ND 91 NA 330 024 NA
163SB003 ND 620
Phenanthrene 16358007 150 160,000 NA ND 660,000 NA
: 163SB00S 210 : 760
Phenol 163SB004 120 4,700,000 NA 300 50,000 NA
163SB005 240 260
Pyrene 1635]}00_1" 400 230,000 NA ND 2,100,000 NA
1635B007 - 54 ND
163SBO03 250 480
1635B00Y - =93 ND
1635BO10: - 58 ND
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Pesticides/PCBs (ug/kg)
44DDD 821 2,700 NA ND 8.000 NA
- S 6.59 ND
4,4-DDE 163SB001 5.1 1,900 NA ND 27,000 NA
163SB002 53.3 ND
163SB004 7.02 ND
4,4-DDF BOO 9.12 1,900 NA ND 16,000 NA
. 253 ND: :
55.3 = ND

Dioxin Compounds (ng/kg)

TCDD TEQ ' 0.067 4.3 NA NT 1,600 NA
1234678-HpCDD 163SB005 1.76 430 NA NT 110,000 NA
1234678-HpCDE 1638B00S 0.58 430 NA NT 54,000 NA
234678-HxCDF 163SB005 0.24 43 NA NT 220,000 NA
0CDD 1635B00S 198 4300 NA NT 1,100,000 NA
OCDF 163SB005 0.692 4,300 NA NT 540,000 NA
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Parameter Location

Table 10.3.4
SWMU 163

Analytes Detected in Surface and Subsurface Soil

Residential
Surface RBC*
Conc. (THQ=0.1)

Surface
Background

Subsurface
Conc.

Soil-to-
Groundwater
SSL*
(DAF=10)

Subsurface

Background

Antimonoy (Sb) 163SB002

 Arsenic (As)

Barium (Ba) 1635B001
163SB002
1635B003
163SB004
163SB005

Cadmium (Cd) 163SB001
163SB002
163SB003

Calcium

L 77%

7.970
5210

3.1

550

16
3.9

0.45

25.6
0:17

0.13

DA

4300
4540
5,260 -

6,690
3,430

ND

70:8
173
95.4
61t
130

T 0000

2.7
15

820

32

NA

——

NA

6.83

on

NA

NA
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Chromium (Cr) 163SB001 13.3 23 8.4 4.2 19 8.76

163SB002 21.5 4.6

163SB003 5.6 4.8

163SB004 14.4

163SB005 7.35

' 66 40 oM 990

163SB001 4.5 310 3.86 ND 5,600 0.34

163SB002 14.4 ND

163SB004 42 ND

’ 70600 65 NA  sp0

Lead (Pb) 163SB001 20.1 400 39.6 3 400" 6.43

163SB002 149 3.5

163SB003 41.7 3.8

163SB004 253 4.1

163SB005 8.55 2.1
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Manganese (Mn) 163SB001 10 160 26.4 0.87 480 5.93
163SB002 33.9 34
163SB003 4.6 11.2
163SB004 27.4 12.8
163SB005 13.35 3.6
Mercury (Hg) 16358002 0.07 2.3 NA ND 1 NA
Nickel (Ni) 163SB001 2.3 160 1.7 0.81 65 2.64
163SB002 4.7 1.9
163SB003 1.6 1.7
163SB004 3.2 2.3
163SB005 2.55 0.86
Potassium (K) 163SB00L : 110 NL NA ND NA NA
: 1635§B002 134 52.3
163SB003 i 53 101
1635B004 - 130 100
163SBO0S - 144 46
Selenium (Se) 163SB002 0.5 39 0.84 ND 2.6 0.52
163SB004 0.56 ND
Sodium (Na) . 1635B001 o 96:8 NL NA ND NA NA
o1e3sBooz 924 ND
16358004 - 54.9 ND
1635B005 49:65 ND
Vanadium (V) 163SB001 13.8 55 15.8 2.7 3,000 12.2
163SB002 12.1 4.4
163SB003 7.9 4
163SB004 12.5 6.6
163SB005 11.25 4.4
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Table 10.3.4
SWMU 163
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC#* Surface Subsurface SSL* Subsurface

Parameter Location

Background

(THQ=0.1) Background

Notes:

a = RBC for arsenic as a carcinogen

b = Charleston Naval Complex project screening level

* = Residential RBCs (THQ = 0.1) were used as a reference concentration for upper-interval samples. Generic soil-to-groundwater SSLs (DAF=10) from Soil Screening Guidance: Technical
Background Document (USEPA, 1996b) were used as a reference concentration for lower-interval samples.

ok = SSL not based on Target leachate concentration

Bold concentrations exceed the RBCs, SSL, and the zone background.
All background values for Zone K are based on twice the means of the grid sample concentrations.

DAF = Dilution attenuation factor
NA = Not Applicable/not available/not analyzed
ND =  Not detected/not determined
NT = Not taken

NL = Not listed

RBC = Risk-based concentration
SSL = Soil screening level

THQ =  Target hazard quotient
pg/kg =  Micrograms per kilogram
mg/kg = Milligrams per kilogram
ng/kg =  Nanograms per kilogram
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Volatile Organic Compounds in Soil

Tetrachloroethene and trichloroethene, the only VOCs detected during round one soil sampling
at SWMU 163, did not exceed their screening levels. The majority of the VOC detections were
from the upper-interval, with one tetrachloroethene detection in the lower-interval. The highest
tetrachloroethene detection was from the upper-interval sample directly below the base of the
concrete pit. Tetrachloroethene and trichloroethene were not detected in round two samples.
However, concetrations of acetone and carbon disulfide, also below applicable screening levels,

were detected during round two.

Semivolatile Organic Compounds in Soil

Twenty-three SVOCs were detected in soil at SWMU 163. Most SVOCs were detected in upper-
interval samples, generally during round two. All round one SVOC detections occurred in the
upper-interval, except for one compound (n-nitroso-di-n-propylamine) detected in two lower-
interval samples (from locations 163SB002 and 003). No round one upper-interval detections
exceeded their RBCs. However, the lower-interval detections of n-nitroso-di-n-propylamine
exceeded the SSL for that compound. Several additional SVOCs were detected during round two;
most of were again were in the upper-interval. Two upper-interval rounds two detections
[benzo(a)pyrene and dibenz(a,h)anthracene] exceeded applicable RBCs. Both exceedances were
in the sample from location 163SB008. Several SVOCs were also detected in the lower-interval
sample from location 163SB008. However, no round two lower-interval detection exceeded an

applicable SSL.

BEQs were calculated for all samples (one round one sample [163SB001] and all round two
samples) that contained carcinogenic PAHs. BEQs for two samples (163SB001 and 163SB008)
exceeded the applicable RBC for benzo(a)pyrene (87..g/kg). Figure 10.3.2 shows BEQ values

calculated for surface soil sample locations.
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Pesticides/PCBs in Soil
Three pesticides were detected in round one soil samples. DDD, DDE, and DDT were detected
in upper-interval samples. None exceeded its respective RBC screening levels. Round two

samples were not analyzed for pesticides.

No PCBs were detected in the soil samples from SWMU 163.

Other Organic Compounds in Soil
Several dioxin compounds were detected in the round one duplicate sample. The calculated

TCDD TEQ was three orders of magnitude less than the 2,3,7,8-TCDD RBC of 4.3 ng/kg.

Inorganics in Soil

Only two inorganics in surface soil exceeded their RBC and background concentrations. Both
antimony and arsenic exceedances (3.3 xg/kg) occurred in the upper-interval sample from location
163SB002. Aluminum and iron also exceeded their RBCs, but did not their the surface

background concentration.

Cobalt, barium, and manganese in subsurface samples exceeded applicable background
concentrations; however, none exceeded its SSL. All soil exceedances were within an order of

magnitude of their reference concentration.

10.3.3 Groundwater Sampling and Analysis

The final RFI work plan proposed the installation of one shallow monitoring well and one DPT
sampling location for SWMU 163. The permanent monitoring well is located on the northeast side
of the concrete pit, where the pit would have overflowed if a large volume of liquids was released
inside it. The DPT sampling location is on the southwest side of the pit. Two additional wells

were installed adjacent to the pit for a fifth groundwater sampling event in 1999. Only shallow
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groundwater was sampled at each location. Groundwater sample locations are illustrated on

Figure 10.3.1.

NBCK163001 was developed in December 1996 and sampled in January 1997. After installation
and development of the monitoring well proposed in the final RFI work plan, the first-round
samples were collected and analyzed for VOCs, SVOCs, metals, pesticides, PCBs, and TPH at
DQO Level III. The DPT sample was collected November 1996 and analyzed for VOCs.

Second-round samples were collected by the CEERD in April 1997. Third- and fourth-round
samples were collected in July and October 1997, respectively. Second- through fourth-round
groundwater samples were also analyzed for VOCs, SVOCs, metals, pesticides, PCBs, and TPH
at DQO Level IlI. Fifth-round samples were collected in March 1999 and analyzed only for VOCs
and SVOCs. Table 10.3.5 summarizes groundwater sampling at SWMU 163.

The shallow monitoring wells were installed at 15 feet bgs in the water table aquifer as described
in Section 3.3 of this report. The screening level sample was collected from approximately 10 feet

bgs. The screening sample was collected as described in Section 3.2.6.

Table 10.3.5
SWMU 163
Groundwater Sampling Summary

Sampling Round Sampling Date Wells Sampled Sample Analyses Comments
1 , 11/21/96 - 163GPO03 VOCs:and metals . 163GP0OL was a screening.
: S _ L o sample (DPT). :
1/3/97 163GW0O01 Standard:Suite and TPH: o
2 4/17/197 163GW001* Standard Suite and TPH None
3 : 7128197 163G W001" Standard: Suite : None
4 10/23/97 163GW001° Standard Suite None
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Table 10.3.5
SWMU 163
Groundwater Sampling Summary

Sampling Round Sampling Date Wells Sampled Sample Analyses Comments
5 3/24/99 163GW002 VOCs and SYOCs Two additional wells installed
163GW003 : and sampled-only during round
: five, 3 .
Notes:
a = Duplicate sample collected and analyzed for Appendix IX analyses at DQO Level IV (Standard Suite plus hex-chrome, dioxins, OP
pesticides, and herbicides).

b = Duplicate sample collected and analyzed for the same parameters.

10.3.4 Nature and Extent of Contamination in Groundwater

Table 10.3.6 summarizes organic groundwater analytical results and Table 10.3.7 summarizes
inorganic analytical results for SWMU 163. Table 10.3.8 summarizes all analytes detected in
shallow groundwater at SWMU 163. Analyte concentrations are listed in bold type if they
exceeded their screening concentrations, the lower of the applicable tap-water RBC or MCL and,
when available, the associated shallow groundwater background concentration. Appendix F is a
complete analytical data report for all samples collected in Zone K, including those collected at

SWMU 163.

Volatile Organic Compounds in Groundwater

No VOCs were detected in groundwater samples collected at SWMU 163 during rounds one
through four. However, three VOCs were detected in samples from the two additional welis
during round five: 1,2-dichloroethene, tetrachloroethene, and trichloroethene. At least one
concentration of each exceeded an applicable RBC and MCL. Figure 10.3.3 shows VOCs

concentrations detected in shallow groundwater during round five.
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Table 10.3.6
SWMU 163
Organics Detected In Groundwater

Number of Samples

Tap-water Shallow Exceeding Lower of
Sampling Detection  Detection RBC/ Groundwater RBC or MCL and
Parameter Round Frequency Range Mean MCL Background Background
Volatile Organic Compounds (ug/L)
1,2 Dichloroethene Mar® 2.480 oM 55/70 . NA -
Tetrachloroethene Mar. 99 2/2 2-47 24.5 1.1/5 NA 2
_ Thichloroethene Mar.99 - % 170 170 - 165/S . NA 1
Semivolatile Organic Compounds (.g/L)
Benzoic Acid ooy 1 65 65 IS00/NL . NA 0
bis(2-EthylhexyDphthalate Mar. 9 A 41 41 48/6 NA 1
butylbenzylphthalate ~ Mar.99 % 0.6 06 7300/NL  NA. .0
Di-n-butylphthalate Mar. 99 2/2 0.7 0.7 3,700 / NL NA
Dioxin (pg/L)
TCDDTEQ Apil97 UL 00617 NA 045730 NA 0
Notes
NA = Not applicable/not available/not analyzed
NL = Not listed
ug/L = Micrograms per liter
Table 10.3.7
SWMU 163
Inorganics Detected In Groundwater
Number of Samples
Tap-water Shallow Exceeding Lower of
Sampling Detection Detection RBC/ Groundwater RBC or MCL and
Parameter Round Frequency Range Mean MCL Background Background

Inorganics (1 monitoring well sampled during Rounds 1 through 4)

1A

Arsenic 171 1.8 1.8 0.045/50 NA 1
April 97 0/1 NA NA 0
July 97 0/1 NA NA 0
Oct. 97 01 NA NA 0
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Table 10.3.7
SWMU 163

Inorganics Detected In Groundwater

Number of Samples

Tap-water Shallow Exceeding Lower of
Sampling Detection Detection RBC/ Groundwater RBC or MCL and
Parameter Round Frequency Range Mean MCL Background Background
Inorganics (1 monitoring well sampled during Rounds 1 through 4)
Barium . - Jan, 97 11 9.7 9.7 260/2,000 312 0
’ April 97 1/1 11.8 11.8 0
- July 97 1/1 15.10 15.10 240
:0ct..97 1/1 12.65 12.65 0
Cadmium Jan. 97 0/1 NA 1.8/5 NA 0
April 97 1/11 0.35 0
July 97 11 0.40 0
Oct. 97 0/1 NA 0
Calcium Jan 97 i 7330 NL/NL NA NA-
April 97 e 6,950 ~NA
Tuly-97 11 6,585 NA
Oct. 97 i/ o 7135 NA
Tron Jan. 97 171 168 168 NL/NL 235 0
April 97 11 244 244 1
July 97 0/1 NA NA 0
Oct. 97 11 137.5 137.5 0
Lead o Jan. 97 0/l NA 1.94 0
v April 97 Wl 14 0
July 97 o1 “NA 0
Oct. 97 o1 NA : 0
Magnesium Jan. 97 1/1 498 498 NL/NL NA

April 97

Potassium

Sodium

933

NA

Notes:
NA
NL

Not applicable/not available/not analyzed
Not listed
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Table 10.3.8
SWMU 163
Analytes Detected in Shallow Groundwater

Tap-water
1" 2™ i 4" s RBC/ Shallow
Parameter Location Round Round Round _ Round _ Round MCL Background
Dioxin(pg/L)
OCDD. . 1636W00L NT 617 NT NT NT . 45010 NA
Volatile Organic Compounds (:g/L)
1.2-Dichloroetheni (fotal)  1636WC02. ' NT  NT  NT 2 5570  NA
Lo - 163GWC03 NT  NT 'NT 480 o
Tetrachloroethene 163GWC02 NT NT NT 2 1.1/5 NA
163GWCO03 NT NT NT 47
Trichloroethene  163GWC03 _ NT NI NT 170 165 NA
Semivolatile Organic Compounds (ug/L)
Benzoic acid | 163GW0L  ND ND  ND ND  I5.000/NL NA
bis(2-Ethylhexyl)phthalate 163GWC02 NT NT NT 41 4.8/6 NA
(BEHP)
Butylbenzylphthalate ~ 163GWC02  NT NT NT  NT 0.6 7,300/NL NA
Di-n-butylphthalate 163GWCO03 NT NT NT NT 0.7 3,700/NL NA
Inorganics (ug/L)
Alumimm | 163GW001 248 ND  ND 54 NT  3TONL 471
Arsenic 163GW001 1.8 ND ND ND NT 0.045/50 NA
Barum 163GW001 97 - 135 151 3 NT 2602,000 312
Cadmium 163GW001 0.35 0.4 NT 1.8/5
. v 6950 6585 _NT  NLNL NA
Iron 163GW001 168 244 ND NT NL/NL 235
Lead . ieGWOOL  ND . 14 ND ND NT NS 194
Magnesium 163GW001 498 466 392 408 NT NL/NL NA
Potassium 163GW001 594 ND ND 730.5 NT NL/NL NA
Sodium . 163GWOOL : ND NT NLNL L NA
Notes:
NT = Not taken
NA = Not applicable/not available/not analyzed
ND = Not detected/not determined
NL = Not listed
pg/L = Picograms per liter
pg/l = Micrograms per liter

Bolded concentrations exceed the lower of the RBC/MCL, and when available, the shallow groundwater background concentrations.
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Semivolatile Organic Compounds in Groundwater
Only one SVOC in groundwater samples exceeded an applicable RBC and/or MCL. BEPH
(41 ng/L) was detected in the fifth-round samples from well 163GW002.

Pesticides/PCBs in Groundwater

No pesticides or PCBs were detected in the permanent monitoring well groundwater samples

collected at SWMU 163.

Other Organic Compounds in Groundwater
A single dioxin compound (OCDD) was detected in the second-round groundwater sample
collected at SWMU 163. This detection (6.17 pg/L) is three orders of magnitude lower than this

dioxin compound’s 450 pg/L. RBC screening concentration.

Inorganics in Groundwater

Eleven inorganics were detected in groundwater samples collected at SWMU 163 during rounds
one through four. Only arsenic and iron exceeded their applicable RBC/MCL and/or background
screening concentrations. Single exceedance concentrations of both parameters were detected in
well 163GW001. The arsenic exceedance (1.8 wg/L) occurred during round one; the iron

exceedance (244 ug/L) occurred during round two.

10.3.5 Fate and Transport Assessment for SWMU 163

Environmental media sampled as part of the SWMU 163 RFI are surface soil, subsurface soil, and
shallow groundwater. Potential constituent migration pathways investigated for SWMU 163 are
soil to groundwater, risk-based groundwater migration, and emission of volatiles from surface

soil-to-air.
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10.3.5.1 SWMU 163 — Soil-to-Groundwater Cross-media Transport

Tables 10.3.9 and 10.3.10 compare maximum detected organic and inorganic concentrations in
surface soil and subsurface soil samples to risk-based soil screening levels considered protective
of groundwater. To provide a conservative screen, generic soil screening levels are used; leachate

entering the aquifer is assumed to be diluted by a ratio of 10:1, with no attenuation of constituents

in soil (DAF=10).

Two organic compounds in SWMU 163 soil exceeded above their groundwater protection SSLs:

PCE and N-nitroso-di-n-propylamine .

PCE was detected in four of the five upper-interval soil samples and one of the five lower-interval
samples. The groundwater protection screening level was exceeded at only one location
(990 n.g/kg in the upper-interval sample at 163SB003). The lower-interval PCE detection was also
at the 163SB003 location, the only boring that was within the concrete pit, which had been placed
in an area where cracks were apparent. PCE was also detected in groundwater above its RBC,

therefore the pathway is considered valid at the SWMU.

N-nitroso-di-n-propylamine was detected in two SWMU 163 subsurface soil samples: 330 ng/kg
at 163SB002 and 620 n.g/kg at 163SB003. Both detections exceeded the groundwater protection
screening level; however, the compound was not detected in the SWMU 163 groundwater sample.
Of the two subsurface detections, the highest was under the base of the concrete pit. Due to its

absence in groundwater, the pathway is considered invalid for this constituent.
Two inorganics — antimony and chromium — were detected in soil above their respective generic

SSLs. The antimony exceedance (3.3 mg/kg) was in the upper-interval sample collected at

163SB002 and only slightly over the screening concentration (3 mg/kg). This was the only
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Table 10.3.9

Organic Compounds Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater
Comparison to Soil to Groundwater SSLs, Tap-water RBCs, and Soil to Air SSLs

Charleston Naval Complex, Zone K, Naval Annex: SWMU 163

Charleston, South Carolina

Maximum Concentration Screening Concentration * Ground-
Soil to Soil to Water  Volatil-
Surface Subsurfac Shallow GW Tap Water Air Soil Water|Leaching Migration ization
Parameter Soil Soil GW SSL RBC SSL Units Units | Potential Concern Potential
Volatile Organic Compounds

Acetone 2700 ND ND 8000 3700 1IE+H08| ueke  uon NO NO NO
Carbon disulfide 1 ND ND 16000 1000  720000| kG UGL NO NO NO
1,2-Dichloroethene (total) ND ND 480 200 b 55 1200000| vgkG uGL NO YES NO
Tetrachloroethene (PCE) ¢ 990 6 47 30 1.1 11000§ uKkG  UGL YES YES NO
Trichloroethene (TCE) c 22 ND 170 30 1.6 5000{ vekG  uGL NO YES NO

Semivolatile Organic Compounds
Acenaphthene 46 140 ND| 290000 2200 NA|uexe ucn NO NO NO
Acenaphthylene 88 ND ND 47000 a 730 NA( vexG ucL NO NO NO
Anthracene 65 220 ND| 6000000 11000 NA| vk uen NO NO NO
Benzoic acid ND ND 6.5] 200000 150000 NA| UGKG  UGL NO NO NO
Benzo(g,h,i)perylene 78 110 ND| 5.7E+07 a 730 NA| uGkG uGL NO NO NO
Benzo(a)pyrene equivalents (BEQs) ¢ 390 312 ND NA 0.0092 NA|uGekG ueL NO NO NO
Benzo(a)anthracene ¢ 280 300 ND 800 0.092 NA| UGKG uGL NO NO NO
Benzo(a)pyrene ¢ 180 230 ND 4000 0.0092 NA| uGKG uGL NO NO NO
Benzo(b)fluoranthene ¢ 190 210 ND 2300 a 0.092 NA| UGKG UGL NO NO NO
Benzo(k)fluoranthene ¢ 180 200 ND 25000 0.92 NA{uGkG uGL NO NO NO
Chrysene ¢ 400 290 ND 80000 92 NA| uGkG ucGL NO NO NO
Dibenzo(a,h)anthracene ¢ 150 ND ND 800 0.0092 NA|veke uGL NO NO NO
Indeno(1,2,3-cd)pyrene ¢ 230 290 ND 7000 0.092 NA| uGKG UGL NO NO NO
Butylbenzylphthalate ¢ 160 ND 0.6] 930000 7300  930000| uske ucGL NO NO NO
Dibenzofuran 54 75 ND 6800 a 24 120000| vekG ueL NO NO NO
Di-n-butylphthalate 39 ND 0.7] 2300000 3700 2300000} uekG uonL NO NO NO
bis(2-Ethylhexyl)phthalate (BEHP) ¢ 440 ND 41} 1800000 4.8 3.1E+07{ vexG ucL NO YES NO
Fluoranthene 600 740 ND| 2100000 1500 NA| vk ucL NO NO NO
Fluorene 42 98 ND| 280000 1500 NA|uGkG ucL NO NO NO
2-Methylnaphthalene 280 ND ND 18000 a 120 NA([uvekG ucn NO NO NO
[Naphthalene 140 ND ND 31000 a 730 NA| uGKG UGL NO NO NO
IN-Nitroso-di-n-propylamine ¢ ND 620 ND 0.024 a 0.0096 NA| uGkG UGL YES NO NO
Phenanthrene 210 760 ND| 660000 a 1100 NA|uekG uon NO NO NO
Phenol 240 300 ND 50000 22000 NA|veke ucL NO NO NO
Pyrene 400 480 ND| 2100000 1100 NA| uekG UGL NO NO NO

Pesticides/PCB Compounds
4,4-DDD ¢ 821 ND ND 8000 028 NA} uGKG uGL NO NO NO
4,4'-DDE ¢ 53.3 ND ND 27000 02 NA|veke ueL NO NO NO
4,4-DDT ¢ 553 ND ND 16000 02 1.0EH)9]uexke ucL NO NO NO
Dioxin Compounds
2378-TCDD Equivalents (TEQs) ¢ 0.067 NA| 0.00617 1600 a 045 NA|NGKG  PGL NO NO NO
1234678-HpCDD ¢ 1.76 NA ND| 110000 a 45 NA|NoxG  pon NO NO NO
(OCDD ¢ 19.8 NA 6.17| 1100000 a 450 NA|[ NGKG  PoGL NO NO NO
234678-HxCDF ¢ 0.24 NA ND| 220000 a 45 NA[ NGKG  PGL NO NO NO
1234678-HpCDF ¢ 0.58 NA ND 54000 a 45 NA|NGKG  PGAL NO NO NO
OCDF ¢ 0.692 NA ND| 540000 a 450 NA|nNeKG PG NO NO NO
Notes:

Sources of screening concentrations appear in Table 5.6
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.3.2 and 10.3.6.

a - Calculated soil to groundwater SSL value (See Table 6.4)
b - Based on surrogate compound (See Table 5.6)

¢ - Carcinogen

NA - Not available/Not applicable
ND - Not detected

RBC - Risk-based concentration

SSL - Soil screening level
MG/KG - Milligrams per kilogram
NG/KG - Nanograms per kilogram
UG/KG - Micrograms per kilogram
PG/L - Picograms per liter

UG/L - Micrograms per liter




Table 10.3.10

Inorganic Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater

Comparison to Soil to Groundwater SSLs, Tap Water RBCs, Soil to Air SSLs, and Background Reference Values
Charleston Naval Complex, Zone K, Naval Annex: SWMU 163
Charleston, South Carolina

Maximum Concentration Screening Concentration Ground- Fugitive
Soil to Soil Soil to GW Water Particulate
Surface Subsurface Shallow GW Background  Air  Tap Water Background| Soil Water|Leaching Migration Inhalation
Parameter Soil Soil GW SSL Reference SSL RBC Reference |Units Units|Potential Concern Concern
Inorganics
Aluminum 10000 6690 504 560000 a 11200 NA 37000 471|MexG ueL NO NO NO
Antimony 33 ND ND 2.7 0.45 NA 15 NA [MGKG  UGL YES NO NO
Arsenic ¢ 33 1.8 1.8 15 3 750 0.045 NA|[mMexG UGL NO YES NO
Barium 494 6.9 15.1 820 25.6 690000 2600 31.2|mMexG  ueL NO NO NO
Beryllium 0.27 ND ND 32 0.17 1300 73 NA|MG6KG uGL NO NO NO
Cadmium 1 ND 0.4 38 0.13 1800 18 NA|MGKG UGL NO NO NO
Chromium (total) 21.5 84 ND 19b 8.76 270 110 NA|[MGKG UGL YES NO NO
Cobalt 54 13 ND 990 a 0.62 NA 2200 NA|MGKG UGL NO NO NO
Copper 144 ND ND 5600 a 3.86 NA 1500 2.8|MGKG UGL NO NO NO
Lead 149 4.1 1.4 400 d 39.6 400 15 1.9|McKG UGL NO NO NO
Manganese 339 12.8 33.7 480 a 26.4 NA 730 9.3|MGKG UGL NO NO NO
Mercury 0.07 ND ND 1 NA 10 11 NA|[MGKG UGL NO NO NO
Nickel 4.7 23 ND 65 2.64 13000 730 NA|MGKG UGL NO NO NO
Selenium 0.56 ND ND 2.6 0.84 NA 180 NA|MGKG UGL NO NO NO
Vanadium 13.8 6.6 ND 3000 15.8 NA 260 0.8|MGKG uGL NO NO NO
Zinc 268 18.1 ND 6200 14.8 NA 11000 NA|MGXG UGL NO NO NO
Notes:

Sources of screening concentrations appear in Table 5.7
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.3.3 and 10.3.7.

Background reference values for soil are shown for comparison purposes only.

Maximum groundwater concentrations are screened against the greater of tap water RBCs or corresponding background reference values to determine

groundwater migration concern.

a - Calculated soil to groundwater SSL value (See Table 6.4)
b - Assumes hexachrome

¢ - Carcinogen

d - USEPA de facto residential soil level

GW - Groundwater

NA - Not available/Not applicable

ND - Not detected

RBC - Risk-based concentration
SSL - Soil screening level
MG/KG - Milligrams per kilogram
UG/L - Micrograms per liter
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detection of antimony in soil at SWMU 163. Antimony was not detected in groundwater samples

collected at SWMU 163.

The only chromium exceedance in soil was also in the upper-interval sample collected at
163SB002. This concentration (21.5 mg/kg) also only slightly exceeded the screening
concentration (19 mg/kg). The generic SSL for total chromium assumes that all detected
chromium is the more toxic hexavalent variety, but no hexachrome was detected in any of the
11 Naval Annex soil samples (including one sample at SWMU 163) where it was one of the
analytical parameters. Chromium was not detected in groundwater samples collected at

SWMU 163.

10.3.5.2 SWMU 163 — Risk-Based Groundwater Transport

Table 10.3.9 and 10.3.10 also compare maximum detected organic and inorganic concentrations
in shallow groundwater samples to risk-based concentrations for drinking water. To provide a
conservative screen, no attenuation or dilution of constituents in groundwater is assumed before
comparison to the relevant standards. It should be noted that this screening is done for evaluation

only; the pathway is inherently invalid due to non-use of the resource as a potable water source.

Four organics ~ 1,2 DCE, PCE, TCE, and BEHP - were present in groundwater above their
respective RBCs. The highest concentrations of chlorinated organics were from one location
(163GWCO03) and the BEHP exceedance was from location 163GWCO02. The presence of these
compounds in groundwater could prove significant if the pathway were valid, but the spatial lack
of persistence also points to a small affected groundwater mass. Given that these were not
analyzed for until the fifth round; additional sampling is required to demonstrate temporal

persistence and significance.
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Arsenic (first-quarter only) and iron (second-quarter only) exceeded their respective RBCs.
Concentrations of these have been non-detect to below screening levels in subsequent quarters,

thus the pathway for them is considered invalid.

10.3.5.3 SWMU 163 — Soil-to-air Cross-media Transport
No VOCs were detected in SWMU 163 surface soil samples. As a result, the soil-to-air migration

pathway is not expected to be significant at SWMU 163.

10.3.5.4 SWMU 163 — Fate and Transport Summary _

Two organics and two inorganics detected in SWMU 163 soil exceeded groundwater protection
screening levels. Except for N-nitroso-di-n-propylamine, all exceedances were in upper-interval
soil samples. This organic was detected in only two of 10 total soil samples. PCE, which was
above screening in soil, was also above the RBC in groundwater, thereby validating the soil-to-

groundwater pathway for this parameter.

Four organics and two inorganics exceeded their RBCs in groundwater. Due to non-use of the
resource, this pathway is considered inherently invalid. The bulk of organic exceedance were
from one location; the inorganics have been non-detected or below RBCs since at least the
second-quarter. Further sampling is required to determine spatial and temporal persistence and

significance of these exceedances.

No other fate and transport concerns were identified at SWMU 163.
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10.3.6 Human Health Risk Assessment for SWMU 163

10.3.6.1 Site Background and Investigative Approach

SWMU 163 is a former less-than-90-day accumulation area for hazardous waste generated at the
Naval Annex. The site consists of a 100 square-foot concrete pit north of Building 2513.

Materials of concern due to past site operations are solvents, paint wastes, and heavy metals.

Ten soil samples were collected from each of the upper and lower-intervals to identify potential
impacts from the activities listed above. Surface soil samples from all 10 boring locations were
used to quantitatively assess soil exposure pathways. Subsurface soil is addressed in the previous
section. Three monitoring wells were installed in the shallow aquifer. Data from the
four-quarterly sampling events were used to quantitatively assess groundwater exposure pathways.

Sections 10.3.1 and 10.3.3 summarize the sampling effort for SWMU 163 soil and groundwater.

10.3.6.2 COPC Identification

Soil

Based on the screening comparisons described in Section 7 of this report and presented in
Table 10.3.11, benzo(a)pyrene equivalent compounds, arsenic, antimony, and were identified as
COPCs in surface soil. Wilcoxon rank sum test analysis resulted in the inclusion of aluminum on

the basis of background concentration comparison.

Groundwater

As shown in Table 10.3.12, arsenic, bis(2-ethylhexyl)phthalate, 1,2-dichloroethene,
tetrachloroethene, and trichloroethene were identified as a COPCs for shallow groundwater at
SWMU 163. Wilcoxon rank sum test analysis did not result in the inclusion of any parameter that

had been screened out on the basis of background concentration comparison.
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Table 10.3.11

Chemicals Present in Site Samples

SWMU 163 - Surface Soil

Charleston Naval Complex, Zone K

Charleston, South Carolina

Frequency Range Average Range Screening Concentration Number
of of Detected of Residential Exceeding
Parameter Detecti D Concentration SQL RBC Reference Units {RBC Ref
Carcinogenic PAHs
B(a)P Equiv. - 6 10 15 3896 104 360 380 87 NA| UG/KG 2
Benzo(a)anthracene 3 10 39 280 160 360 380 870 NA| UG/KG
Benzo(a)pyrene > 3 10 37 180 100 360 380 87 NA] UG/KG 1
{{Benzo(k)fiuoranthene 3 10 56 180 125 360 380 8700 NA[ UG/KG
Chrysene 5 10 43 400 148 360 380 87000 NA| UG/KG
Benzo(b)fluoranthene 4 10 52 190 90.25 360 380 870 NA| UG/KG
Dibenz(a,hyanthracene * 1 10 150 150 150 340 380 87 NA| UG/KG 1
Indeno(1,2,3-cd) pyrene 5 10 150 230 172 360 380 870 NA| UG/KG
TCDD Equivalents
1234678-HpCDD 1 1 176 1.76 176 NA NA NA NA| NG/KG
1234678-HpCDF 1 1 0.58 0.58 0.58 NA NA NA NA| NG/KG
234678-HxCDF 1 1 0.24 0.24 0.24 NA NA NA NA| NG/KG
Dioxin Equiv. 1 1] 0.0679 0.0679 0.0679 NA NA 1000° NA[ NG/KG
OCDD 1 1 198 19.8 19.8 NA NA NA NA| NG/KG
OCDF 1 1| 0692 0.692 0.692 NA NA NA NA| NG/KG
inorganics
|Aluminum (Al 5 5| 5210 10000 7884 NA NA 7800 11200 MG/KG 3
Antimony (Sb) - 1 5 33 33 33| 035 0.4 31 045 MG/KG | 1 1
Arsenic (As) . 5 5 1.2 33 2.15 NA NA 043 3] MG/KG 5 1
Barium (Ba) 5 5| 1375 49.4 25.47 NA NA 550 256| MG/KG 1
Beryllium (Be) 1 5 0.27 0.27 0.27 0.02 0.12 16 017 MG/KG 1
Cadmium (Cd) 3 S 0.53 1 0.7533 0.07 0.12 39 0.13] MG/KG 3
Calcium (Ca) S 5 870 5180 3028.1 NA NA NA NA| MG/KG
Chromium (Cr) 5 5 56 215 12.43 NA NA 23 8.4 MG/KG 3
Cobait (Co) 5 5 05 54 2.012 NA NA 470 034| MG/KG 5
(Copper {Cu) 3 5 42 14.4 7.7 0.42 21 310 3.86| MG/KG 3
Iron (Fe) 5 5| 2820 5430 4076 NA NA 2300 7060 MG/KG 5
Lead (Pb) 5 5 8.55 149 48.93 NA NA 400 39.6 MG/KG 2
Magnesium (Mg) 5 5 726 324 240.32 NA NA NA NA| MG/KG
Manganese (Mn) a 5 5 46 33.9 17.85 NA NA 1100 26.4| MG/KG 2
Mercury (Hg) 1 s| 007 007 007| 005 006 23 NA| MG/KG
Nickel (Ni) 5 5 16 47 2.87 NA NA 160 1.7 MG/KG 4
Potassium (K) 5 ) 53 144 114.2 NA NA NA NA| MG/KG
Selenium (Se) 2 5 05 0.56 0.53 0.37 0.42 39 0.84| MG/KG
|Sodium (Na) 4 5| 49.65 96.8 68.4375 147 147 NA NA[ MG/KG
Vanadium (V) 5 5 79 13.8 11.51 NA NA 55 15.8] MG/KG
Zinc (Zn) 5 5| 1065 268 90.89 NA NA 2300 14.8| MG/KG 4
Pesticides
4,4'-DDD 2 5 6.59 8.21 74 3.62 19.3 2700 NA| UG/KG
4,4'-DDE 3 5 51 53.3 21.8067 363 19.3 1900 NA| UG/KG
4,4'-DOT 3 5 9.12 55.3 29.9067 363 193 1900 NA| UG/KG
Semivolatile Organics
|Acenaphthene 1 10 46 46 46 340 380 470000 NA| UG/KG
|Acenaphthylene 1 10 88 88 88 340 380 160000 NA| UG/KG
Anthracene 1 9 65 65 65 340 380 2300000 NA| UG/KG
Benzo(g,h,i)perylene 110 78 78 78{ 340 380 160000 NA| UGKG
Bis(2-Ethylhexyl)phthalate 3 10 41 440 179 360 380 46000 NA| UG/KG
Butylbenzyiphthalate 1 10 160 160 160 360 380 1600000 NAl UG/KG
Dibenzofuran 1 10 54 54 54 340 380 31000 NA| UG/KG
Di-n-butylphthalate 1 9 39 33 39 360 380 780000 NA| UG/KG
Fluoranthene 5 10 53 600 226.4 360 380 310000 NA| UG/KG
Fluorene 1 10 42 42 42 340 380 310000 NAY UG/KG
Naphthalene 1 10 140 140 140 340 380 160000 NA| UG/KG
Phenanthrene 2 9 150 210 180 340 380 160000 NA| UG/KG
Phenol 2 10 120 240 180 340 380 4700000 NA| UG/KG
Pyrene 5 10 54 400 171 360 380 230000 NA| UG/KG
2-Methyinaphthalene 1 10 280 280 280 340 380 160000 NA| UG/KG
Volatile Organics
Acetone 1 10| 2700 2700 2700 5 12 780000 NA| UG/KG
Carbon Disulfide 1 10 1 1 1 S 6 780000 NA| UG/KG
Tetrachloroethene 4 10 14 990 262 5 6 12000 NA| UG/KG
Trichloroethene 3 5 5 22 11 5 6 58000 NA!l UG/KG
Notes:

* - Indicates chemical was identified as a COPC
a - The food RBC was used as a screening value for concentrations of manganese in soil
b - Reported soil concentrations of dioxin (as TEQs) were compared to the project screening level.

SQL - Sample quantitation limit

RBC - Risk-based concentration
UG/KG - micrograms per kilogram
MG/KG - miliigrams per kilogram
NA - Not applicable or not available

Reported soil concentrations of managanese were compared to the RBC associated with food exposures




Table 10.3.12

Chemicals Present in Site Samples
SWMU 163 - Groundwater
Charleston Naval Complex, Zone K
Charleston, South Carolina

Frequency Range Average Range Screening Concentration Number
of of Detected of Residential Exceeding
Parameter Detection Detection Concentration SQL RBC Reference Units |RBC Ref
Volatile Organic Compounds
1,2-Dichloroethene (total) * 2 2 2 480 241 NA NA 55 NA UG/L 1
Tetrachloroethene * 2 6 2 47 245 5 5 1.1 NA UG/L 2
Trichloroethene * 1 6 170 170 170 5 5 16 NA UG/L 1
Semivolatile Organic Compounds
Benzoic Acid 1 6 6.5 6.5 6.5 25 62 15000 NA UGIL
Bis(2-Ethylhexyl)phthalate * 1 6 41 41 41 10 12 48 NA UG/L 1
Butylbenzylphthalate 1 6 0.6 0.6 06 10 12 7300 NA UG/L
Di-n-butylphthalate 1 6 0.7 0.7 0.7 10 12 370 NA UGIL
Dioxins
OCDD 1 1 6.17 6.17 6.17 NA NA NA NA PG/L
Dioxin eqivalents 1 1 |0.0062 0.0062 0.00617 NA NA 0.45 NA PG/L
Inorganics
IAluminum (Al) 2 4 248 504 376 437 463 3700 NA| UGIL
Arsenic (As) * 1 4 1.8 1.8 1.8 1.8 3 0.045 NA| UGIL 1
Barium (Ba) 4 4 9.7 151 12.3 NA NA 260 314| UGIL
Cadmium 2 4 0.35 04 0.375| 042 1.0 1.8 NA| UGIL
Calcium (Ca) 4 4 6585 7330 7000 NA NA NA NA| UGIL
Iron (Fe) 3 4 137.5 244 183 76 76 1100 235! UGIL 1
Lead 1 4 1.4 1.4 14| 089 1.9 15 NA| UG/L
Magnesium (Mg) 4 4 392 498 441 NA NA NA NA| UGIL
Manganese (Mn) 4 4 9.3 337 17.6 NA NA 73 15.5] UGIL 2
Potassium (K) 2 4 594 7305 662 559 913 NA NA| UGIL
Sodium (Na) 2 4 1940 16300 9120 1930 9000 NA NA}] UG/L
Notes:

* - Indicates chemical was identified as a COPC

SQL - Sample quantitation limit
RBC - Risk-based concentration
UGI/L - micrograms per liter

NA - Not applicable or not available




Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

10.3.6.3 [Exposure Assessment

Exposure Setting

SWMU 163 is located approximately 100 feet north of Building 2513 at the Naval Annex. The
site consists of a 100-square-foot concrete pit, 2 feet deep. All potable water is provided through
the city’s water supply. Shallow groundwater at the site is not currently used as potable or process

water nor is it anticipated to be used for this purpose in the future.

Potentially Exposed Populations
Potentially exposed populations are current and future site workers. Additional potentially
exposed populations are hypothetical future site residents and adolescent trespassers. Future site

resident and worker exposure scenarios were addressed quantitatively in this risk assessment.

Current exposure to workers is discussed qualitatively in relation to the future workers and future
residents. The hypothetical future site worker scenario assumes continuous exposure to surface
soil conditions. Current site workers' exposure would be less than that assumed for the
hypothetical future site worker scenario because of their limited soil contact (the concrete surfacing
would prevent direct contact to a portion of the site). Therefore, future worker assessment is
considered to be conservatively representative of current site workers. The adolescent trespasser
was qualitatively addressed relative to the child resident. The future site resident scenario was
built on the premise that existing features would be replaced with dwellings.

Exposure Pathways

Exposure pathways for the hypothetical future site residents are dermal contact and incidental
ingestion of surface soils. The exposure pathways for future site workers are the same as those
for the future site residents with respect to soil. The groundwater pathway for the hypothetical
future site residents is incidental ingestion of groundwater and inhalation of volatiles resulting
from domestic or process use of groundwater. Uniform exposure was assumed for all sample

locations. Table 10.3.13 presents the justification for exposure pathways assessed in this HHRA.
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Table 10.3.13
Exposure Pathways Summary - SWMU 163
Charleston Naval Complex - Zone K
Charleston, South Carolina

Potentially Exposed Pathway Selected
Population Medium and Exposure Pathway for Evaluation? Reason for Selection or Exclusion

Current Land Uses

Current Users (Sxte o ;Aii',’ inhalation-of gaseous “No Fate and transport scres ngdld not 1dent1fy
Waorkers) o contamiinants- emanating fromsoil : any COPCS for this-indirect exposure pathway
Air, inhalation of chemicals No This exposure pathway was considered
entrained in fugitive dust msxgmﬁcant compared to the other pathways
Shallow groundwater, ingestion of No
contaminants during potable or :
general use - : : v
Shallow groundwater, inhalation No Shallow groundwater is not currently used as a
of volatilized shallow groundwater source of potable or process water at SWMU
contaminants 163.
Soil, inEidentﬁlzéiingestion . No (Qualified) Futute site use is con’sidered conservatwely

receptors

representative of curre‘

Soil, dermal contact No (Qualified) Future site use is considered conservatively
representative of current receptors.

Future Land Uses

Futy ire Site Residents Air, mhalauon o:f;ga"seous - & No
(Child and Adult), contaminants emanating from soil
Pithire Site Worker i _ :
Air, inhalation of chemicals No This exposure pathway was considered

entrained in fugitive dust insignificant compared to the other pathways.

Shallow groundwater, inhalation Yes Shallow groundwater is not likely to be used as

of volatilized contaminants during a source of potable or nonresidential water at
domestic use SWMU 163. This pathway was addressed as a

conservative measure

COPCs were identified subsequent to risk-
based and background screenmg comparlsons

livestock is prohlhxted Wi
South Carolina, city llmlts

Fruits and vegetables, ingestion of No The potential for significant exposure via this
plant tissues grown in media pathway is low relative to that of other
exposure pathways assessed.
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Exposure Point Concentrations

Because fewer than 10 surface soil samples were analyzed for inorganics, maximum detected
concentrations for aluminum, antimony, and arsenic were used as exposure point concentrations,
as discussed in Section 7 of this RFI. Ten surface soil samples were analyzed for benzo(a)pyrene
equivalents. Because the 95% UCL for benzo(a)pyrene equivalents exceeded its maximum
concentration, the maximum detected concentration was used as the EPC. Because fewer than 10

shallow groundwater samples were collected, maximum detected concentrations were used as the

EPC.

Quantification of Exposure
Soil
CDIs for ingestion and dermal contact with soils are shown in Tables 10.3.14 and 10.3.15,

respectively.

Groundwater
CDIs for the groundwater pathway are shown in Table 10.3.16. They apply to both ingestion and
inhalation pathways.

10.3.6.4 Toxicity Assessment

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.3.17
presents toxicological information specific to each COPC identified at SWMU 163. This
information was used in the quantification of risk/hazard associated with soil contaminants. Each

COPC's toxicology is briefly profiled in the following paragraphs.

Aluminum is one of the most abundant metals in the earth’s crust (7% aluminum), and it is
ubiquitous in air and water, as well as soil. The metal is water-soluble, silvery, and ductile, which

suggests its usefulness in many processes. Ingesting aluminum can affect the absorption of other
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Table 10.3.14

Chronic Daily Intakes (CDI)
Incidental Ingestion of Surface Soil

SWMU 163

Charleston Naval Complex, Zone K
Charleston, South Carolina
Fraction Exposure Future Future Future Current Current
Ingested from Point Resident adult Resident child Resident LWA| Worker adult Worker adult
Contaminated Concentration H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical Source * (mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day)
Inorganics
Antimony (Sb) 1 3.3 4.5E-06 4.2E-05 5.2E-06 1.6E-06 5.8E-07
Arsenic (As) 1 33 4.5E-06 4.2E-05 5.2E-06 1.6E-06 5.8E-07
Aluminum (Al) 1 10000 1.4E-02 1.3E-01 1.6E-02 4.9E-03 1.7E-03
Semivolatile Organics
Benzo(a)pyrene equivalent 1 0.3896 5.3E-07 5.0E-06 6.1E-07 1.9E-07 6.8E-08

NOTES:
LWA
CDI
H-CDI
C-CDI

*

Lifetime-weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
Chronic Daily Intake in mg/kg-day

CDI for hazard quotient
CDI for excess cancer risk

Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.3.15

Chronic Daily Intakes (CDI)

Dermal Contact with Surface Soil

SWMU 163

Charleston Naval Complex, Zone K

Charleston, South Carolina

Exposure Dermal Future Future Future Current Current
Point Absorption | Resident adult Resident child Resident LWA | Worker adult Worker adult

Concentration  Factor H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical FI/FC * (mg/kg) (unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day)

Inorganics
Antimony (Sb) 1 33 0.001 1.9E-07 6.1E-07 1.2E-07 1.3E-07 4.7E-08
Arsenic (As) 1 33 0.001 1.9E-07 6.1E-07 1.2E-07 1.3E-07 4.7E-08
Aluminum (Al) 1 10000 0.001 5.6E-04 1.9E-03 3.5E-04 4.0E-04 1.4E-04
Semivolatile Organics

Benzo(a)pyrene equivalents 1 0.3896 0.01 2.2E-07 7.2E-07 1.4E-07 1.6E-07 5.6E-08

NOTES:
CDI
H-CDI
C-CDI

*

Chronic Daily Intake in mg/kg-day
CDI for hazard quotient
CDI for excess cancer risk
Reflects the estimated fraction of the site impacted by the corresponding COPC.
The dermal absorption factor was applied to the exposure point concentration
to reflect the ability for trans-dermal migration of inorganic and organic chemicals




Table 10.3.16

Chronic Daily Intakes (CDI)

Ingestion of COPCs in Shallow Groundwater
SWMU 163

Charleston Naval Complex, Zone K
Charleston, SC

Exposure Future Future Future Future Future
Point Resident adult Resident child Resident LWA| Worker adult Worker adult

Concentration H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical (mg/liter) (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day)
Arsenic 0.0018 4.93E-05 1.15E-04 2.71E-05 1.76E-05 6.29E-06
bis(2-Ethylhexyl)phthalate 0.041 1.12E-03 2.62E-03 6.18E-04 4.01E-04 1.43E-04
1,2-Dichloroethene 0.48 1.32E-02 3.07E-02 7.23E-03 4.70E-03 1.68E-03
Tetrachloroethene 0.047 1.29E-03 3.00E-03 7.08E-04 4.60E-04 1.64E-04
Trichloroethene 0.17 4.66E-03 1.09E-02 2.56E-03 1.66E-03 5.94E-04

NOTES:

LWA Lifetime-weighted average
CDI Chronic Daily Intake

H-CDI Non-carcinogenic hazard based Chronic Daily Intake

C-CDI Carcinogenic risk based Chronic Daily Intake



Table 10.3.17
Toxicological Reference Information
for Chemicals of Potential Concern
SWMU 163
Charleston Naval Complex, Zone K
Charleston, South Carolina

Non-Carcinogenic Toxicity Data

Carcinogenic Toxicity Data

Oral Uncertainty Inhalation Uncertainty Oral Slope Inhalation Weight

Reference Dose Confidence Factor Reference Dose Confidence Factor Factor Slope Factor of Tumor
Chemical (mg/kg-day) Level Critical Effect Oral (mg/kg-day) Level Critical Effect Inhalation (kg-day/mg) (kg-day/mg) Evidence Type
Aluminum 1 d NA NA NA NA NA NA NA NA NA NA NA
Antimony 0.0004 a L whole body/blood increased mortality 1,000 NA NA NA NA NA NA D NA
Arsenic 0.0003 a hyperpigmentation 3 NA NA NA NA 1.5 a 15.1 a A various
Benzo(a)pyrene Equivalents NA NA NA NA NA NA NA NA 73 a 6.1 b B2 mutagen
bis(2-Ethylhexyl)phthalate 0.02 a M increased liver weight 1,000 NA NA NA NA 0.014 a NA B2 hepatorna
1,2-Dichloroethene (total) 0.009 b L increased serum phosphatase 1,000 NA NA NA NA NA NA D NA
Tetrachloroethene 0.01 a M/L hepatotoxicity in mice, weight gain in rats 1,000 NA NA NA NA 0.052 d 0.002 d NA NA
Trichloroethene 0.006 [ NA NA NA NA NA NA NA 0.011 0.006 2 B2 forestomach tumor

Nores:

a = Integrated Risk Information System (IRIS)
b = Withdrawn from IRIS/THEAST
d = EPA-National Center for Environemtnal Assessment Cincinnati (Provisional).
D = Carcinogenic potential not classifiable
A = Known human carcinogen

B2 = Possible human carcinogen based on laboratory animal study data.

NA = Not applicable or not available
L = Low confidence

M = Medium confidence
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elements within the gastrointestinal tract and can alter intestinal function. Aluminum can
potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on
the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part
of the neuromuscular system controlling bowel muscles. Aluminum dust is moderately flammable
and explosive in heat. Inhaling this dust can cause fibrosis (aluminosis) (Klaasen, et al., 1986;
Dreisbach et al., 1987). No data are available on an applicable SF or the USEPA cancer group.
The USEPA Region IV Office of Health Assessment suggested using the provisional oral RfD of
1.0 mg/kg/day. The aesthetic-based secondary MCL for drinking water is 50 to 200 r.g/L.

Antimony belongs to the same periodic group as arsenic. This element is absorbed slowly through
the gastrointestinal tract, which is its target. Another target is the blood, where antimony
concentrates. Due to frequent industrial use, the primary exposure route for antimony to the
general population is food. Antimony is also a common air pollutant from industrial emissions
(Klaassen, et al, 1986). USEPA has not classified antimony as a carcinogen, and the oral RfD is
0.0004 mg/kg-day.

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically
exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and
cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.0003 mg/kg/day as the RfD for
arsenic. As listed in IRIS, the critical effect of this chemical is hyperpigmentation, keratosis, and
possible vascular complications. Arsenic's effects on the nervous and cardiovascular systems are
primarily associated with acute exposure to higher levels. Exposure to arsenic-containing
materials has been shown to cause cancer in humans. Inhalation of these materials can lead to
increased lung cancer risk, and ingestion of these materials is associated with increased skin cancer
rates. Arsenic has been classified as a group A carcinogen by USEPA, which set the
1.5 (mg/kg/day)' SF. As listed in IRIS, the basis for the classification is sufficient evidence from

human data. An increased lung cancer mortality was observed in multiple human populations
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exposed primarily through inhalation. Also, increased mortality from multiple internal organ
cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were observed

in populations consuming drinking water high in inorganic arsenic.

Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons:

TEF
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Dibenz(a,h)anthracene 1.0
Benzo(k)fluoranthene 0.01
Benzo(a)pyrene 1.0
Indeno(1,2,3-cd)pyrene 0.1
Chrysene 0.001

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs
above have not been well established. They have no RfDs due to a lack of data. All PAHs listed
above are classified by USEPA as B2 carcinogens, and their carcinogenicity is addressed relative
to that of benzo(a)pyrene, having an oral SF of 7.3 (mg/kg/day)”. Toxicity equivalency factors,
also set by USEPA, are multipliers applied to the detected concentrations and subsequently used
to calculate excess cancer risk. Most carcinogenic PAHs have been classified as such due to
animal studies using large doses of purified PAHs. There is some doubt as to the validity of these
listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are
carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal tar,
soot, cigarette smoke). As listed in IRIS, the basis for the benzo(a)pyrene B2 classification is
animal studies. Human data specifically linking benzo(a)pyrene to a carcinogenic effect are
lacking. There are, however, multiple animal studies in many species demonstrating

benzo(a)pyrene to be carcinogenic by numerous routes.
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bis(2-Ethylhexyl)phthalate, otherwise known as BEHP, is a plasticizer used in virtually every
major product category. Phthalate esters are ubiquitously in the environment. Although the
toxicity of this compound is relatively low, it is a carcinogen. Reproductive effects are also
possible (indicated in animal studies) due to chronic exposure to BEHP. This compound is
classified as a B2 carcinogen, and USEPA set the oral RfD and oral SF to 0.02 mg/kg-day and
0.014 (mg/kg-day)", respectively (Klaassen et al., 1986).

1,2-Dichloroethene is a halogenated hydrocarbon associated with toxicity to the mucous
membrane, skin, lung, cornea (irritation), and liver. This compound is less toxic than its alkane
counterparts, and is neither mutagenic nor carcinogenic. There is no USEPA carcinogenicity
listing for this compound (Dreisbach et al., 1987). However, the oral RfD has been set to
1E-02 mg/kg-day for the cis-isomer, and at 2E-02 mg/kg/day for the trans-isomer by USEPA.

Tetrachloroethene (PCE) has been used as a solvent in industry and occurs as a volatile
constituent in other chlorinated hydrocarbons. Tetrachloroethene exposure can result in
long-lasting narcosis with delayed onset and damage to the liver and kidneys. The principal
manifestations of overexposure to this halogenated hydrocarbon are irritation of the eyes and nose
followed by headache and nausea as well as coma, jaundice, and oliguria. Cyanosis and CNS
depression progressing to coma appear one to four hours after the short-term exposure. Liver and
kidney damage after apparent recovery or after repeated exposures cause acute symptoms as
nausea, vomiting, abdominal pain, jaundice, oliguria, and uremia. =~ PCE exposure via the
inhalation and/or skin absorption exposure pathways could result in headache, tremor, dizziness,
peripheral paresthesia, hypesthesia, or anesthesia. PCE is a carcinogen, but is currently under
review by USEPA,; it is currently classified as a B2-C carcinogen. The oral RfD has been set to
0.01 mg/kg-day, and the oral SF and inhalation SF have been set to 0.052 and 0.0023 (mg/kg-
day)™, respectively, by USEPA (Dreisbach et al., 1987). An oral RfD uncertainty factor of 1000

has been issued for PCE as well as a modifying factor of 1.
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Trichloroethene is a mobile, volatile liquid with the characteristic odor of chloroform. Inhalation,
intravenous, and subcutaneous routes are all viable exposure pathways for this compound. TCE
is a strong skin and eye irritant that is relatively less toxic if ingested. Inhaling high
concentrations causes narcosis and anesthesia. This compound targets the liver and other organs
(Dreisbach et al., 1987). TCE is a B2 carcinogen, and the oral SF and inhalation SF have been
set by USEPA to 0.011 and 0.006 (mg/kg-day)”, respectively. USEPA also set the oral RfD to
0.006 mg/kg-day.

10.3.6.5 Risk Characterization

Surface Soil Pathways

Exposure to surface soil onsite was evaluated under residential and industrial (site worker)
scenarios using the incidental ingestion and dermal contact exposure pathways. For
noncarcinogenic contaminants evaluated for future site residents, hazard was computed separately
to address child and adult exposure. Tables 10.3.18 and 10.3.19 present the computed
carcinogenic risks and/or HQs associated with the incidental ingestion of site surface soils, and

dermal contact with them.

Hypothetical Site Residents
The ingestion ILCR (based on the adult and child lifetime-weighted average) for SWMU 163
surface soils is 1E-5. The dermal pathway ILCR is 3E-6. Arsenic and benzo(a)pyrene equivalents

were the primary contributors to ILCR projections for the ingestion and dermal pathways.
The ingestion Hls projected for the adult and child receptors are 0.04 and 0.37, respectively. The

dermal pathway HIs were 0.008 for the adult resident receptor and 0.03 for the child resident

receptor.
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Table 10.3.18

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 163

Charleston Naval Complex, Zone K

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Current Current
Used Used Resident Adult Resident Child Resident LWA| Worker Adult Worker Adult
Chemical (mg/kg-day) (mg/kg-day)! |Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Antimony (Sb) 0.0004 NA 0.011 0.11 ND 0.0040 ND
Arsenic (As) 0.0003 1.5 0.015 0.14 7.7E-06 0.0054 8.6E-07
Aluminum (Al) 1 NA 0.014 0.13 ND 0.0049 ND
Semivolatile Organics
Benzo(a)pyrene equivalents NA 7.3 ND ND 4.5E-06 ND 5.0E-07
[SUM Hazard Index/ILCR 0.040 0.37 1E-05 0.014 1E-06 |
NOTES:

NA Not applicable

ND Not Determined due to lack of available information
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime Cancer Risk



Table 10.3.19

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 163

Charleston Naval Complex, Zone K

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Current Current
Dermal Used Used Resident Adult Resident Child Resident LWA| Worker Adult Worker Adult
Chemical Adjustment (mg/kg-day) (mg/kg-day)! |Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Antimony (Sb) 0.2 0.00008 NA 0.0023 0.0076 ND 0.0017 ND
Arsenic (As) 0.2 0.00006 7.5 0.0031 0.010 8.7E-07 0.0022 3.5E-07
Aluminum (Al) 0.2 0.20 NA 0.0028 0.0093 ND 0.0020 ND
Semivolatile Organics
Benzo(a)pyrene equivalents 0.5 NA 14.6 ND ND 2.0E-06 ND 8.1E-07
[SUM Hazard Index/ILCR 0.0082 0.027 3E-06 0.0059 1E-06 |
NOTES:

NA Not applicable

ND Not Determined due to lack of available information
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A

ILCR Incremental Lifetime Cancer Risk

- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RiD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI)
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Hypothetical Site Workers
Site worker ILCRs are 1E-6 for the ingestion pathway and 1E-06 for the dermal contact pathway.
Benzo(a)pyrene equivalents and arsenic combined for a cumulative risk exceeding 1E-06,

although none individually exceeded 1E-06.

Site worker HIs are 0.01 for the ingestion pathway and 0.006 for the dermal pathway.

Groundwater Pathways

Exposure to shallow onsite groundwater was evaluated under both a residential and industrial
scenario based on the results of the four quarterly sampling events. The ingestion and inhalation
exposure pathways were evaluated assuming that the site groundwater will be used for potable
and/or domestic purposes and that an unfiltered well, drawing from the corresponding
water-bearing zone, will be installed. For noncarcinogenic contaminants evaluated relative to
future site residents, hazard was computed separately for child and adult receptors.
Tables 10.3.20 and 10.3.21 presents the risk and hazard for the ingestion and inhalation exposure

pathways, respectively.

Hypothetical Site Residents

The shallow groundwater ingestion ILCR for hypothetical site residents is IE-04, and the
inhalation pathway ILCR is 2E-05. For the ingestion pathway, arsenic, bis(2-ethylhexyl)phthalate,
tetrachloroethene, and trichloroethene are the primary contributors to ILCR. Tetrachloroethene
and trichloroethene contribute to the ILCR for the inhalation pathway. For the ingestion pathway,
the hazard indices for the adult and child resident are 3 and 6, respectively. Inbalation pathway
hazard indices were 2 and 5 for the adult and child resident, respectively. The primary
contributors to hazard index projections for groundwater pathways are 1,2-dichloroethene and

trichloroethene.
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Table 10.3.20

Hazard Quotients and Incremental Lifetime Cancer Risks

Shallow Groundwater Ingestion
SWMU 163

Charleston Naval Complex - Zone K
Charleston, SC

Oral RfD QOral SF Future Future Future Future Future
Used Used Resident adult  Resident child Resident LWA | Worker adult Worker adult

Chemical (mg/kg-day) (mg/kg-day)’! | Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Arsenic 0.0003 1.5 0.16 0.38 4.1E-05 0.059 9.4E-06
bis(2-Ethylhexyl)phthalate 0.02 0.014 0.056 0.13 8.6E-06 0.020 2.0E-06
1,2-Dichloroethene 0.009 NA 1.5 3.4 ND 0.52 ND
Tetrachloroethene 0.01 0.052 0.13 0.30 3.7E-05 0.046 8.5E-06
Trichloroethene 0.006 0.011 0.78 1.8 2.8E-05 0.28 6.5E-06
|SUM Hazard Index/ILCR 3 6 1E-04 0.9 3E-05

NOTES:

NA Not available

ND Not Determined due to lack of available information
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk



Table 10.3.21

Hazard Quotients and Incremental Lifetime Cancer Risks
Inhalation of Volatiles in Groundwater

SWMU 163

Charleston Naval Complex - Zone K

Charleston, SC

Inhalation RfD Inhalation SF Future Future Future Future Future
Used Used Resident adult  Resident child Resident LWA | Worker adult Worker adult
Chemical (mg/kg-day) (mg/kg-day)! [Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
1,2-Dichloroethene 0.009 NA 1.5 34 ND 0.52 ND
Tetrachloroethene 0.14 0.002 0.0092 0.021 1.4E-06 0.0033 3.3E-07
Trichloroethene 0.006 0.006 0.78 1.8 1.5E-05 0.28 3.6E-06
[SUM Hazard Index/ILCR 2 5 2E-05 0.8 4E-06 |
NOTES:
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk
NA Not available

ND

Not Determined due to lack of available information
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Hypothetical Site Workers

The shallow groundwater pathway risk for the site worker scenario is 3E-05 and 4E-06 for the
ingestion and inhalation pathways, respectively. For the ingestion pathway, arsenic, bis(2-
ethylhexyl)phthalate, tetrachlororethene, and trichlororethene contributed to risk projections.
Tetrachloroethene and trichloroethene contributed to the ILCR for the inhalation pathway. For
the ingestion and inhalation pathways, the hazard indices for the adult worker are 0.9 and 0.3,

respectively.

Current Site Workers
Shallow groundwater is not currently used as a potable water source for SWMU 163 or other
Zone K areas. In the absence of a completed exposure pathway, reported shallow groundwater

quality poses no threat to human health.

COCs Identified

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected
for this site on a medium-specific basis. USEPA has established a generally acceptable risk range
of 1E-4 to 1E-6, and a hazard index threshold of 1.0 (unity). In this HHRA, a COC was
considered to be any chemical contributing to a cumulative risk level of 1E-6 or greater and/or a
cumulative hazard index exceeding 1.0, if its individual ILCR exceeds 1E-6 or its hazard quotient
exceeds 0.1. For carcinogens, this approach is relatively conservative, because a cumulative risk
level of 1E-4 (and individual ILCR of 1E-6) is recommended by USEPA Region IV as the trigger
for establishing COCs. The COC selection method presented was used to more comprehensively
evaluate chemicals contributing to carcinogenic risk or noncarcinogenic hazard during remedial
goal options development. Table 10.3.22 presents the COCs identified for SWMU 163 surface

soil and groundwater.
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Table 10.3.22

Summary of Risk and Hazard-based COCs

SWMU 163

Charleston Naval Complex, Zone K

Charleston, South Carolina

Future Future Future
Exposure Resident Adult Resident Child Resident LWA Current Site Worker Identification
Medium Pathway Hazard Quotient (HI) Hazard Quotient (HI) ILCR Hazard Quotient ILCR |of COCs
Surface Soil  Incidental Inorganics
Ingestion Antimony (Sb) 0.011 0.11 ND 0.0040 ND
Arsenic (As) 0.015 0.14 7.7E-06 0.0054  8.6E-07 2
Aluminum (Al) 0.014 0.13 ND 0.0049 ND
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 4.5E-06 ND  5.0E-07 2
Dermal Inorganics
Antimony (Sb) 0.0023 0.0076 ND 0.0017 ND
Arsenic (As) 0.0031 0.010 8.7E-07 0.0022  3.5E-07
Aluminum (Al) 0.0028 0.0093 ND 0.0020 ND
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 2.0E-06 ND 8.1E-07 2
[Surface Soil Pathway Sum 0.05 0.4 2E-05 0.02 3E-06
Groundwater Ingestion Inorganics
Pathways Arsenic (As) 0.16 0.38 4.1E-05 0.059 94E-06|1 2
Semivolatile Organics
Aluminum (Al) 0.056 0.13 8.6E-06 0.020 2.0E-06|1 2
Volatile Organics
1.5 3.4 ND 0.52 ND} 1 3
Semivolatile Organics 0.13 0.30 3.7E-05 0.046 8.5E-06(1 2
Benzo(a)pyrene equivalents 0.78 18 2.8E-05 028 65E06)1 2 3
Inhalation Volatile Organics
0 1.5 34 ND 0.52 ND| 1 3
Semivolatile Organics 0.0092 0.021 1.4E-06 0.0033  3.3E-07 2
Benzo(a)pyrene equivalents 0.78 1.8 1.5E-05 028 36E-06|1 2 3 4
Groundwater Pathway Sum S 11 1E-04 2 3E-05
Sum of All Pathways 5 12 1E-04 2 3E-05

Notes:
ND indicates not determined due to the lack of available risk information.
ILCR indicates incremental excess lifetime cancer risk
HI indicates hazard index ‘
Identification of COCs
1- Chemical is a COC by virtue of projected child residence noncarcinogenic hazard.
2- Chemical is a COC by virtue of projected future resident lifetime ILCR.
3- Chemical is a COC by virtue of projected site worker noncarcinogenic hazard.
4- Chemical is a COC by virtue of projected site worker ILCR.
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Future Site Residents
Surface Soils
Benzo(a)pyrene equivalents and arsenic were identified as soil pathway COCs based on their

contribution to cumulative residential ILCR projections.

Future Site Workers

No soil pathway COCs were identified for the site worker scenario.

The extent of the COCs identified in surface soil is briefly discussed below. In this discussion,
residential soil RBCs and background reference concentrations are compared to each reported
COC concentration. Benzo(a)pyrene equivalents in two surface soil samples exceeded the
residential RBC (163SB001 and 163SB008). Arsenic exceeded its RBC (0.43 mg/kg) in all five
surface soil samples, but only slightly exceeded its background reference value (3 mg/kg) in one

surface soil sample (163SB002) at a concentration of 3.3 mg/kg.

Shallow Groundwater

Hypothetical Site Residents

Arsenic, bis(2-ethylhexyl)phthalate, tetrachloroethene, and trichloroethene were identified as the
groundwater COCs for SWMU 163, based on their contribution to residential risk projections.
Arsenic, bis(2-ethylhexyl)phthalate, 1,2-dichloroethene, tetrachloroethene, and trichloroethene
were identified as groundwater pathway COCs based on their contribution to residential HI

projections.
Hypothetical Site Workers

Arsenic, bis(2-ethylhexyl)phthalate, tetrachloroethene, and trichloroethene were identified as the

groundwater COCs for SWMU 163 based on their contribution to site worker risk projections.
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Dichloroethene (1,2-) and trichloroethene were identified as groundwater pathway COCs based

on their contribution to residential HI projections.

The extent of the COCs identified in shallow groundwater is briefly discussed below.

Arsenic was detected in the first-quarter shallow groundwater sample collected at SWMU 163 at
a concentration (1.8 ug/L) exceeding its tap-water RBC (0.045 ng/L). Arsenic was not detected
in groundwater samples collected from Zone K grid-based monitoring wells. As a result, an
arsenic background reference value was not established. Bis(2-ethylhexyl)phthalate was detected
in one of six groundwater samples at a concentration (41 ug/L) exceeding its tap-water RBC
(4.8 wg/L). 1,2-dichloroethene was detected in both groundwater samples at concentrations
exceeding its tap-water RBC (5.5 ug/L). Tetrachloroethene was detected in two of six
groundwater SWMU 163 samples at concentrations exceeding its tap-water RBC of 1.1 wng/L.
Trichloroethene was detected in one of six shallow groundwater samples. At a concentration of

170 ug/L, it exceeded its tap-water RBC (1.6 ng/L).

10.3.6.6 Risk Uncertainty

Characterization of Exposure Setting and Identification of Exposure Pathways

The potential for high bias is introduced through the exposure setting and pathway selection due
to the highly conservative assumptions (i.e., future residential use) recommended by USEPA
Region IV when assessing potential future and current exposure. The exposure assumptions made

in the site worker scenario are highly protective and would tend to overestimate exposure.

Residential use of the site would not be expected, based on current site uses and the nature of
surrounding buildings. If this area were to be used as a residential site, the surface soil conditions
would likely change — the soils could be covered with landscaping soil and/or a house.

Consequently, exposure to surface soil conditions as represented by samples collected during the
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investigation would not be likely under a true future residential scenario. These factors indicate
that exposure pathways assessed in this HHRA would generally overestimate the risk and hazard

posed to current site workers and future site residents.

Shallow groundwater is not currently used at SWMU 163 for potable or industrial purposes. A
base-wide system provides drinking and process water to buildings throughout Zone K. This
system is slated to remain in operation under the current base reuse plan. As a result, shallow
groundwater would not be expected to be used under future site use scenarios. Therefore, the
scenario established to project risk/hazard associated with shallow groundwater exposure is highly

conservative, and associated pathways are not expected to be completed in the future.

Determination of Exposure Point Concenﬁaﬁoﬁs

The maximum detected soil constituent concentrations were used as the exposure point
concentrations for this site. Use of maximum detected concentrations represent such conservative
assumptions when applied as the EPC, that it is unlikely that the maximum detected concentration

would be exceeded by the true mean concentration.

Frequency of Detection and Spatial Distribution

Surface Soil

Benzo(a)pyrene equivalent compounds were detected in six of 10 surface soil samples. Arsenic
was detected in all five surface soil samples; however, its maximum concentration only slightly

exceeded its background reference concentration.

Shallow Groundwater
Arsenic was detected in the first-quarter shallow groundwater sample collected at SWMU 163 at
a concentration (1.8 ug/L) exceeding its tap-water RBC (0.045 1.g/L). Arsenic was not detected

in groundwater samples collected from Zone K grid-based monitoring wells; as a result, a
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background reference value was not established for arsenic. Bis(2-ethylhexyl)phthalate was
detected in one of six groundwater samples collected a concentration (41 xg/L) exceeding its tap-
water RBC (4.8 ng/L). 1,2-dichloroethene was detected 2 of 2 groundwater samples collected at
concentrations exceeding its tap-water RBC (5.5 ug/L). Tetrachloroethene was detected in 2 of
6 groundwater samples collected at SWMU 163 at concentrations exceeding its tap-water RBC of
1.1 ug/L. Trichloroethene was detected in 1 of 6 shallow groundwater samples collected at a

concentration (170 ng/L) exceeding it tap-water RBC (1.6 ng/L).

Quantification of Risk/Hazard

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is
great. In addition, many site-specific factors have affected the uncertainty of this assessment that
would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of

uncertainty are discussed below.

Soil

A conservative screening process was used to identify COPCs for SWMU 163. The potential for
eliminating CPSSs with the potential for cumulative HI greater than 1 was addressed for
noncarcinogens through the use of RBCs that were reduced one order of magnitude. For
carcinogens, the RBCs are based on a conservative target risk of 1E-06. Combining conservative
RBCs with maximum detected concentrations minimizes the likelihood of a significant contribution
to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and eliminated from formal
assessment, none was reported at a concentration within 10% of its RBC. Although the future
land use of SWMU 163 is unknown, both worker and residential exposure scenarios were assessed
in this HHRA. As previously discussed, it is likely that these scenarios would lead to

overestimates of risk and/or hazard.
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Groundwater
The same conservative screening process used for soil is also used for groundwater. Of the CPSSs

screened and eliminated from formal assessment, none was reported at a concentration within 10%

of its RBC.

Groundwater is not currently used as a potable water source at SWMU 163, nor is it used for any
purpose at CNC or in the surrounding area. Municipal water is readily available. As previously
mentioned, it is highly unlikely that the site will be developed as a residential area, and it is
unlikely that a potable-use well would be installed onsite. It is probable that, if residences were
constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would

preclude this aquifer from being an acceptable potable water source.

Background-related Risk

Soil

It is not unusual for naturally occurring or background concentrations of some elements to exceed
risk-based concentrations. It is the risk assessment’s function to identify excess risk and/or

hazard, or that which exceeds background levels.

10.3.6.7 Risk Summary

The risk and hazard posed by contaminants at SWMU 163 were assessed for future site workers
and future site residents under reasonable maximum exposure assumptions. For surface soils, the
incidental ingestion and dermal contact pathways were assessed in this HHRA. For groundwater
the ingestion and inhalation exposure pathway were assessed. Table 10.3.23 summarizes risk

summary for each pathway/receptor group evaluated for SWMU 163.

10.3.60

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27



Table 10.3.23

Summary of Risk and Hazard
SWMU 163

Charleston Naval Complex, Zone K
Charleston, South Carolina

Exposure HI HI ILCR HI ILCR

Medium Pathway (Adult) (Child) (LWA) (Worker) (Worker)
Surface Soil Incidental 0.04 0.4 1E-05 0.01 1E-06

Ingestion

Dermal Contact 0.008 0.03 3E-06 0.006 1E-06
Sum of Soil Pathways 0.05 0.4 2E-05 0.02 3E-06
Groundwater Ingestion 2.6 6.0 1E-04 0.92 3E-05

Inhalation 2 5 2E-05 0.8 4E-06
Sum of Groundwater Pathways 5 11 1E-04 2 3E-05
Sum of All Pathways 5 12 1E-04 2 3E-05
Notes:

ILCR Indicates incremental lifetime cancer risk

HI Indicates hazard index
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Soil — Residential Scenario

Residential soil pathway COCs identified for SWMU 163 are arsenic and benzo(a)pyrene
equivalents. Figure 10.3.4 illustrates point risk estimates for SWMU 163 based on soil exposure
pathways under a future residential scenario. Table 10.3.24 summarizes the risk and hazard
contribution of each COPC at each sample location. This point risk map is based on the unlikely
assumption that a potential future site resident would be chronically exposed to specific points.
Exposure to surface soil conditions would more likely be the result of uniform exposure to the
entire site's soil conditions (or exposure unit area) rather than specific points. Risk maps
supplemented by tables help the reader visualize how chemicals driving risk estimates are spatially

distributed across the site.

Arsenic is a primary contributor to risk estimates exceeding 1E-06 at five of the 10 surface soil
sample locations. Benzo(a)pyrene equivalents contributed to risk estimates associated with the
remaining five surface soil sample locations. Risk estimates ranged from 2E-07 (163SB006) to

9E-06 (163SB001). The mean risk estimate is 4E-06.

Hazard index estimates ranged from 0.13 (163SB003) to 0.4 (163SB002).

Soil — Site Worker Scenario

No soil pathway COCs were identified for the site worker scenario.

Groundwater — Residential Scenario

Figure 10.3.5 illustrates point risk estimates for SWMU 163 based on groundwater exposure
pathways under a future residential scenario. Arsenic, bis(2-ethylhexyl)phthalate, 1,2-
dichloroethene, tetrachloroethene, and trichloroethene were identified as groundwater pathway

COCs. As shown in Table 10.3.25, these five parameters were contributors to risk estimates,
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Table10.3.24

Point Estimates of Risk and Hazard - Surface Soil Pathways
Residential Scenario

SWMU 163

Charleston Naval Complex, Zone K

Charleston, South Carolina

Site Location  Parameter  Concentration  Units Hazard Index  %HI Risk (E-06) %Risk

163 B001  Aluminum (Al 7790.000 MG/KG 0.1068 44.62 NA

163 B001  Antimony (Sb) ND MG/KG NA NA

163 B001  Arsenic (As) 2.900 MG/KG 0.1326 55.38 7.5748 80.16

163 B001 BEQs 113.200 UG/KG NA 1.8746 19.84
Total = 0.2394 9.4494

163 B002  Aluminum (Al) 7970.000 MG/KG 0.1093 20.28 NA

163 B002  Antimony (Sb) 3.300 MG/KG 0.1131 30.31 NA

163 B002  Arsenic (As) 3.300 MG/KG 0.1508 40.41 8.6196 100

163 B002 BEQs ND UG/KG NA NA
Total = 0.3732 8.6196

163 B003  Aluminum (Al) 5210.000 MG/KG 0.0714 56.57 NA

163 B003  Antimony (Sb) ND MG/KG NA NA

163 BO03  Arsenic (As) 1.200 MG/KG 0.0548 43.43 3.1344 100

163 B003 BEQs ND UG/KG NA NA
Total = 0.1263 3.1344

163 B004  Aluminum (Al) 10000.000 MG/KG 0.1371 61.22 NA

163 B004  Antimony (Sb) ND MG/KG NA NA

163 B004  Arsenic (As) 1.900 MG/KG 0.0868 38.78 4.9628 100

163 B004 BEQs ND UG/KG NA NA
Total = 0.2240 4.9628

163 B0O05  Aluminum (Al) 8450.000 MG/KG 0.1159 63.61 NA

163 BO0O5  Antimony (Sb) ND MG/KG NA NA

163 B005  Arsenic (As) 1.450 MG/KG 0.0663 36.39 3.7874 100

163 B005 BEQs ND UG/KG NA NA
Total = 0.1821 3.7874

163 B006 BEQs 15.000 UG/KG NA 0.2484 100
Total = NA 0.2484

163 B007 BEQs 21.752 UG/KG NA 0.3602 100
Total = NA 0.3602

163 B008 BEQs 389.580 UG/KG NA 6.4516 100
Total = NA 6.4516

163 BO09 BEQs 63.725 UG/KG NA 1.0553 100
Total = NA 1.0553

163 B010 BEQs 21.243 UG/KG NA 0.3518 100
Total = NA 0.3518



Table10.3.25

Point Estimates of Risk and Hazard - Groundwater Pathways

Residential Scenario

SWMU 163

Charleston Naval Complex, Zone K
Charleston, South Carolina

Site  Location Round Concentration  Units Hazard Index %HI Risk (E-06) %Risk
163 WO001 01 Arsenic (As) 1.8000 UG/L 0.3836 100 40.1566 100
163 WO001 01 bis(2-Ethylhexyl)phthalate (BEHP) ND UG/L NA NA
163 WO001 01 Tetrachloroethene ND UG/L NA NA
163 WO001 01 Trichloroethene ND UG/L NA NA
Total = 0.3836 T 401566
163 WO001 02 Arsenic (As) ND UG/L NA NA
163 WOO1 02 bis(2-Ethylhexyl)phthalate (BEHP) ND UG/L NA NA
163 WO001 02 Tetrachloroethene ND UG/L NA NA
163 WO001 02 Trichloroethene ND UG/L NA NA
Total = NA NA
163 W01 03 Arsenic (As) ND UG/L NA NA
163 WO001 03 bis(2-Ethylhexyl)phthalate (BEHP) ND UG/L NA NA
163 WO001 03 Tetrachloroethene ND UG/L NA NA
163 WO001 03 Trichloroethene ND UG/L NA NA
Total = NA NA
163 WO001 04 Arsenic (As) ND UG/L NA NA
163 WO001 04 bis(2-Ethylhexyl)phthalate (BEHP) ND UG/L NA NA
163 WO001 04 Tetrachloroethene ND UG/L NA NA
163 WO001 04 Trichioroethene ND UG/L NA NA
Total = NA NA
163 WC02 01 Arsenic (As) ND UG/L NA NA
163 WCO02 01 bis(2-Ethylhexyl)phthalate (BEHP) 41,0000 UG/L 0.1311 70.8253 8.5370 84.16
163 WC02 01 1,2-Dichloroethene 2.0000 UG/L 0.0284 15.3551 NA
163 WC02 01 Tetrachloroethene 2.0000 UG/L 0.0256 13.8196 1.6072 15.84
163 WC02 01 Trichloroethene ND UG/L NA NA
Total = 0.1850 10.1441
163 WCO03 01 Arsenic (As) ND UG/L NA NA
163 WC03 01 bis(2-Ethythexyl)phthalate (BEHP) ND UG/L NA NA
163 WCO03 01 1,2-Dichloroethene 480.0000 UG/L 6.8189 61.7522 NA
163 WCO03 01 Tetrachloroethene 47.0000 UG/L 0.6009 5.44191 37.7681 46.77
163 WCO03 01 Trichloroethene 170.0000 UG/L 3.6225 32.8059 42,9824 53.23
Total = 11.0423 80.7505
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which ranged from 1E-05 (163GWC0201) to 8E-05 (163GWC0301), with a mean risk estimate
of 2E-05.

Hazard index estimates ranged from 0.19 (163GWC0201) to 11.0 (163GWC0301).

Groundwater — Site Worker Scenario

Figure 10.3.6 illustrates point risk estimates for SWMU 163 based on groundwater exposure
pathways under a future industrial scenario.  Arsenic, bis(2-ethylhexyl)phthalate, 1,2-
dichloroethene, tetrachloroethene, and trichloroethene were identified as groundwater pathway
COCs. As shown on Table 10.3.26, these same four parameters were contributors to risk

estimates ranging from 5E-06 (163GWC0201) to 3E-05 (163GWC0301).

Hazard index estimates ranged from 0.05 (163GWC0201) to 2.5 (163GWC0301).

10.3.6.8 Remedial Goal Options

Soil

RGOs for carcinogens were based on the lifetime-weighted average site resident as presented in
Table 10.3.27 for surface soils. Hazard-based RGOs were based on the hypothetical child

resident, as noted in the table.

Groundwater

Groundwater RGOs based on the site resident scenario are shown in Table 10.3.28.

10.3.7 Corrective Measures Considerations
SWMU 163's upper and lower soil intervals and shallow groundwater were investigated. Ten soil
samples each were collected from the upper and lower-intervals. Three groundwater monitoring

well and one Geoprobe location were sampled at the site. Based on the analytical results and the
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Table10.3.26

Point Estimates of Risk and Hazard - Groundwater Pathways

Industrial Scenario

SWMU 163

Charleston Naval Complex, Zone K
Charleston, South Carolina

Site Location Round Parameter Concentratio  Units Hazard Index  %HI Risk (E-06) %Risk
163 WO001 01 Arsenic (As) 1.8000 UG/L 0.1174 100 18.8706 100
163 WO01 01 bis(2-Ethylhexyl)phthalate (BEHP) ND UGIL NA NA
163 W01 01 Tetrachloroethene ND UG/L NA NA
163 WO01 01 Trichloroethene ND UG/L NA NA
Total = 0.1174 18.8706
163 WO001 02 Arsenic (As) ND UGIL NA NA
163 Wo01 02 bis(2-Ethylhexyl)phthalate (BEHP) ND UG/L NA NA
163 WO0O01 02 Tetrachloroethene ND UG/L NA NA
163  WO01 02 Trichloroethene ND UGI/L NA NA
Total = NA NA
163 WO001 03 Arsenic (As) ND UG/L NA NA
163 WO001 03 bis(2-Ethylhexyl)phthalate (BEHP) ND UG/L NA NA
163 WO01 03 Tetrachloroethene ND UG/ NA NA
163 WO0O01 03 Trichloroethene ND UG/L NA NA
Total = NA NA
163  WO01 04 Arsenic (As) ND UG/L NA NA
163  WO01 04 bis(2-Ethylhexyl)phthalate (BEHP) ND UGIL NA NA
163 WO001 04 Tetrachloroethene ND UG/L NA NA
163 W01 04 Trichloroethene ND UGIL NA NA
Total = NA NA
163 WC02 01 Arsenic (As) ND UG/L NA NA
163 WC02 01 bis(2-Ethylhexyl)phthalate (BEHP) 41.0000 UG/L 0.0401 76.3975 4.0117 84.41
163 WC02 01 1.2-Dichloroethene 2.0000 UG/IL 0.0065 12.4224 NA
163 WCO02 01 Tetrachloroethene 2.0000 UG/L 0.0059 11.1801 0.7411 15.59
163 WC02 01 Trichloroethene ND UG/L NA NA
Total = 0.0525 47528
163 WCO03 01 Arsenic (As) ND UGL NA NA
163 WCO03 01 bis(2-Ethylhexyl)phthalate (BEHP) ND UGIL NA NA
163 WCO03 01 1,2-Dichloroethene 480.0000 UGIL 1.5656 61.7522 NA
163 WCO03 01 Tetrachloroethene 47.0000 UG/L 0.1380 5.44191 17.4148 51.15
163 WCO03 01 Trichloroethene 170.0000 UGL 0.8317 32.8059 16.6341 48.85
Total = 2.5352 34.0488
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Table 10.3.27

Remedial Goal Options for Soil
SWMU 163

Charleston Naval Complex, Zone K
Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based Risk-Based

Slope Reference Remedial Goal Options | Remedial Goal Options | Background

Factor Dose EPC 3 1 0.1{ 1E-06 1E-05 1E-04|Concentration
Chemical (mg/kg-day)! (mg/kg-day) mg/kg| mgkg mg/kg mgkg| mgkg mgkg mgkg mg/kg

Inorganics
Arsenic (As) 1.5 0.0003 33 66 22 2.2 0.38 3.8 38 3
Semivolatile Organics

Benzo(a)pyrene equivalents 7.3 NA 0.4 ND ND ND 0.06 0.6 6 ND

NOTES:

EPC Exposure point concentration
NA Not applicable

ND

Not determined

- Remedial goal options were based on the residential or site worker lifetime weighted average for
carcinogens and the child resident or site worker for noncarcinogens



Table 10.3.28

Remedial Goal Options - Shallow Groundwater
SWMU 163

Charleston Naval Complex - Zone K
Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based Risk-Based
Oral Oral Remedial Goal Options | Remedial Goal Options Background
SF RfD EPC 0.1 1.0 3 1E-06 1E-05 1E-04 [ MCL Concentration
Chemical (mg/kg-day)! (mg/kg-day) mg/l mg/1 mg/l mg/l [ mg/l mg/1 mg/l | mg/l mg/]
Arsenic 1.5 0.0003 0.0018{0.00047 0.0047 0.014]|0.000044 0.00044 0.0044( 0.05 ND
bis(2-Ethylhexyl)phthalate 0.014 0.02 0.041; 0.031 031 094 0.0047 0.047 047 NA ND
1,2-Dichloroethene NA 0.009 0.48( 0.0070 0.070 0.21 ND ND ND| NA ND
Tetrachloroethene 0.052 0.01 0.047| 0.015 0.15 0.44| 0.0012 0.012 0.12} 0.005 ND
Trichloroethene 0.011 0.006 0.17| 0.0047 0.047 0.14| 0.0039 0.039  0.39) 0.005 ND
Site Worker-Based Remedial Goal Options
Hazard-Based Risk-Based
Oral Oral Remedial Goal Options | Remedial Goal Options Background
SF RfD EPC 0.1 1.0 3 1E-06 1E-05 1E-04 | MCL Concentration
Chemical (mg/kg-day)-1 (mg/kg-day) mg/l mg/1 mg/l  mg/l mg/1 mg/l mg/l | mg/l mg/1
Arsenic 1.5 0.0003 0.0018| 0.0031 0.031 0.092| 0.00019 0.0019 0.019] 0.05 ND
bis(2-Ethylhexyl)phthalate 0.014 0.02 0.041 0.20 20 6.1 0.020 0.20 20 NA ND
1,2-Dichloroethene NA 0.009 0.48 0.05 046 1.4 ND ND ND| NA ND
Tetrachloroethene 0.052 0.01 0.047| 0095 095 29 0.0053 0.053 0.53] 0.005 ND
Trichloroethene 0.011 0.006 0.17| 0.031 031 0.92 0.017 0.17 1.7] 0.005 ND
NOTES:
EPC exposure point concentration
NA not applicable
ND not determined

- Residential-based remedial goal options were based on the residential lifetime weighted average for carcinogens
and the child resident for noncarcinoy -
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human health risk assessment, COCs requiring further evaluation through the CMS process were

identified for the upper soil interval and groundwater.

Benzo(a)pyrene equivalents and arsenic were identified as COCs in the upper soil interval. BEQs
exceeded the residential RBC in one of five surface soil samples collected (163SB001). Arsenic
exceeded its RBC (0.43 mg/kg) in all five surface soil samples. The soil pathway cumulative
residential exposure risk is 2E-05 and the cumulative HI is 0.4 (resident child). Both fall between

USEPA’s acceptable range of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI.

Residential risk-based remedial goals for surface soil set for BEQs, arsenic, and beryllium were
0.06, 0.38, and 0.13 mg/kg, respectively, based on a target risk of 1E-06. Potential corrective

measures and respective COCs are presented in Table 10.3.29.

The groundwater pathway cumulative residential exposure risk is 1E-04 and the cumulative HI is
11 (resident child). Residential risk based remedial goals for shallow groundwater were
0.000044 mg/L for arsenic, 0.0047 for bis(2-ethylhexyl)phthalate, 0.0012 mg/L for
tetrachloroethene, and 0.0039 mg/L for TCE.

Arsenic, bis(2-Ethylhexyl)phthalate, trichloroethene, tetrachloroethene, and 1,2-dichloroethene

were identified as COCs in groundwater at SWMU 163. Potential corrective measures, in addition

to no further action for shallow groundwater, and respective COCs are presented in Table 10.3.29.
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Table 10.3.29
Potential Corrective Measures for SWMU 163

Medium Compounds Potential Corrective Measures

Soil Arsenic, and benzo(a)pyrene a) No Action
: equivalents b)  Intrinsic remediation and

monitoring

¢) Containment by capping

d) Excavation and landfill, if
RCRA -tionhazatdous waste

¢) Insitu, chemical and physical
treatment

- 1) " Exsitu, chemical and physical

treatment o

Shallow Groundwater Arsenic, bis)2-Ethylhexyl)phthalate, a) No Action

trichloroethene, tetrachloroethene, 1,2 b) Intrinsic remediation and

dichloroethene monitoring

c) Exsitu, chemical and physical
treatment

10.3.76
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10.4 SWMU 164, Blasting Operation, Naval Annex
SWMU 164 consists of an abrasive sandblasting booth formerly located in Building 2556 at Naval
Annex. Building 2556 was constructed in 1983 and used to refurbish and store mines. Various
types of equipment were also sandblasted to remove paint. The east side of the building housed
the sandblasting booth, a paint booth, and a tool shed, which was once used as a drying booth.
(Figure 10.4.1). The building’s west side was used for mine storage. Mine refurbishing
continued at Building 2556 until 1993. When the concrete floor in the building was inspected in
March 9, 1999, it was in good condition and no cracks were observed. It has been reported that
‘the former blasting booth was not constructed in a2 manner that made it possible to prevent dust
emissions. Because the booth was near to the exterior doors, soil near the doors may have been

impacted.

A new blasting booth, installed in approximately 1986 on the site of the former blasting booth,
consisted of a metal structure on the concrete floor. The booth was installed with a metal grate
in the floor to recover abrasive blast media for reuse using a negative pressure system. During
operation, exhaust air from the booth, which contained airborne blast media, entered a cyclone
separator where particulate matter was remdved. However, fugitive airborne particulate,
including lead and cadmium particulate, may have been emitted from this system. Dust was noted
outside the booth. Because an exterior bay door was approximately 35 feet from the booth, dust
from the booth may have migrated from the building and impacted the surrounding soil. A fuel
oil aboveground storage tank was also located at the northwest corner of Building 2556. Stains
observed on the ground during the 1994 survey could be from leaking pipes leading to
Building 2556.

Materials of concern identified in the final RFI work plan for SWMU 164 were metals, PAHs,
and petroleum products. Potential receptors are current and future site users involved in

excavation.
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To fulfill CSI objectives, soil was sampled in accordance with the final RFI work plan and as
described in Section 3 of this report to confirm whether any contamination resulted from onsite
activities at SWMU 164. Groundwater was not sampled as a part of the CSI at SWMU 164.

10.4.1 Soil Sampling and Analysis

Soil was sampled in two rounds at SWMU 164 from the locations shown on Figure 10.4.1. The
final RFI work plan proposed collection of six soil samples from the upper-interval (0 to 1 foot)
and six from the lower-interval (3 to 5 feet) for the SWMU 164 investigation area. However, nine
samples each were collected from the upper-interval and lower-interval. During the initial
sampling, an additional grassy area was identified in an appropriate location for sampling. The

three additional sample were collected from three locations in this area.

The first samples were collected during the Zone K field investigation. During the first-round,
SVOCs and arsenic were detected in soil samples. Second-round samples were collected after
comparison of first-round analytical results to the USEPA Region Il Risk-Based Concentration
Table, June 1996. This comparison identified arsenic in a sample from 164SB00201 at
concentrations exceeding its RBC and noticeably greater than the other samples collected at
SWMU 164. The comparison of first-round data to RBCs also identified multiple PAHSs in
164SB00401 at concentrations exceeding their RBCs. As part of the Zone K second-round RFI
sampling, five additional soil borings were sampled at SWMU 164. Three of the additional soil
borings were associated with the arsenic detection at 164SB002. The other two soil borings were
associated with the SVOC detections at 164SB004. All soil sampling results are compared to the
October 1998 USEPA Region Il Risk-Based Concentration Table in the following nature and

extent discussion.
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First-round samples were submitted for analysis at DQO Level Il for SVOCs, metals, and TPH.
One duplicate was collected from boring 164SB01's upper-interval and submitted for Appendix IX
analyses at DQO Level IV. Second-round samples were submitted for SVOCs and metals at DQO
Level III (samples from 164SB010, 11, and 14 were only analyzed for arsenic). Table 10.4.1
summarizes first- and second-round sampling for SWMU 164.

Table 10.4.1
SWMU 164
First- and Second-Round Soil Sampling Summary
Sampling Sample Samples

Roun Date Collected Snmgle Analg Deviations

2 2/13/97 upper - 5 (0) SVOCs and metals Five additional samples were collected
lower - § (0) for site characterization. Borings
SBO010, 11, and 14 were sampled for

arsenic onl;.

Notes:

Q]
Appendix IX

Parentheses indicate number of samples proposed in RFI work plan.
VOCs, SVOCs, metals, cyanide, pesticides, PCBs, hex-chrome, dioxins, herbicides, and OP
pesticides at DQO Level IV.

10.4.2 Nature and Extent of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.4.2. Inorganic analytical
results are summarized in Table 10.4.3. Table 10.4.4 summarizes all analytes detected in soil at
SWMU 164. Analyte concentrations are listed in bold type if they exceeded their screening
concentrations (the applicable residential soil RBC or SSL and, when available, the associated
background concentration). Appendix F is a complete analytical data report for all samples
collected in Zone K, including SWMU 164.
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Table 10.4.2
SWMU 164
Organics Detected in Soil
Number of Samples
Sampie Detection Detection RBC (upper)
Parameter Interval Mean SSL (lower RBC or SSL

Semivolatile Organic Compounds (ug/kg)
14 gl collected! 9 ugr-interval! s lower-internl! and 2 dug‘ lamges for A@ X nnalg

m
0/11

Benzo(a)anthracene

Benzo(b)fluoranthene

Indeno(1,2,3-cd)pyrene 130 - 510

L HELE:

E

260
ND
180
ND

635

81
ND

350~ 1,300 677

79 - 1,800
ND
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Table 10.4.2
SWMU 164

Pesticides (ug/kg)

4,4'-DDT Upper 1”71 18.40 18.4 1,900
Lower 0/0 NT NT 16,000

Aroclor-1254

alpha-Chlordane

Lower 0/0 NT NT 5,000

Heptachlor expoxide

oo o8 o0 ©6 oo

TPH-DRO (mg/kg)
18 samples collected, 9 upper-interval, 9 lower-interval, 1 upper-interval duplicate for Appendix IX analysis

Dioxins (ng/kg)

1 ugr—intervnl duglicate for A@ X g

DTEQ '3.',,::0251';5;'._;;_‘;_"
CONT

Charleston Naval Complex project screening level
Not applicable/not available/not analyzed

Not detected/not determined

Not listed

Not taken

Micrograms per kilogram

Nanograms per kilogram

Milligrams per kilogram

3
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Table 10.4.3
SWMU 164
Inorganics Detected in Soil
Number of Samples
Exceeding: RBC &
Sample = Detection Backgroomd RBC (upper) Backgroumd (upper) or
p y Rang SSL (lo SSL & Backg '
Inorganics (mg/kg)
(28 samples collected; 14 upper-interval samples, 14 lower-interval samples, 1 upper-interval duplicate sample for Appendix IX analysis;
bothnmgs from three of the locations wm%gfornnmic!.

Antimony Upper 5111 0.38 - 056 046 0.45 3.1 0

Lower 0/1% ND ND i 2.7 NA

Lower 111 23 - 199 7.2 6.83 820 0

.;..;:0;98,; 072 -

- 19.5 6.8
-T1.3 10.3
‘ ‘:5.5:3356 3611
Lead Upper 11/11 83 - 114 39
Lower 11/11 2.8 -41.7 7.6
Magisbm  Uper WAl M7 -5® m9 NA AL NA
i Lower . UL . 443 - 205 182 A CONL CNAC
Manganese Upper 1/11 47 -9 137 26.4 160 0
Lower 11/11 1.9 - 11.8 5.2 5.93 480 0
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Table 10.4.3
SWMU 164
Inorganics Detected in Soil
Number of Samples
Exceeding: RBC &
Sample  Detection Background RBC (upper) Background (upper) or

Parameter Inte gg Detecﬂmgg Mean _ Concentration SSLgléwer! m&wgg‘m;

Selenium Upper 11 049 -0.67 0.58 0.84 39 0

= RBC for arsenic as a carcinogen.

b = RBC was not available for jead. USEPA residential soil cleanup level used for comparison (OSWER Directive 9355.4-12).
NA = Not applicable/not availabie/not analyzed

ND = Not detected/not determined

NL = Not listed

Number of nondetects prevented determination of reference concentration.
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Sofl

Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. =0.1 Background Conc. AF=10 Bac und

Semivolatile Organic Compounds (ug/kg)

Benzo(a)anthracene 164SB004 1,700 870 NA ND 800 NA

Benzo{a)pyrene
Benzo(b)fluoranthene 1645B004 1,700 870 NA ND 2,300 NA
Benzo(b nizo{K )ﬂuoranm.‘ene‘ : NA :
Chrysene NA
Dibenz(a,h)anthracéné NA
Indeno(1,2,3-cd)pyrene NA
164SB005 130 ND
164SB008 160 ND ’
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Parameter

Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil

Residential
Surface RBC Surface
Location Conc. =0.1 Background

Anthracene
 Benzo(g,b,iyperylene

Carbazole

1645B004 1,800 230,000 NA

Subsurface
Conc.

ND

Soil-to-
Groundwater
SSL Subsurface
AF =10 Background

6,000,000 NA

2,100,000 NA

Pesticides/PCBs
44DDE =
4,4-DDT
alpha-Chlordane
Aroclor-1254

- gamina-Chlordane
Heptachlor epoxide

164CB001 18.4 1,900 NA

164CB001 123 320 NA

o ledcBoot 498 0 180 NA

164CB001 5.89 70 NA

NA
NA
NA
NA
Na
NA
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil

Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. =0.1 Background Conc. AF =10

Dioxin Compounds (ng/kg)

e . e
1234678-HpCDD
1234678-HpCDE .
123478-HxCDF 164SB001
123678-HXCDF L 1645B00
234678-HxCDF ‘ 16453001 , 0.:
OCDF

TPH-DRO (mg/kg)

D
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. =0.1 Background Conc. AF=10) d
_Inorganics (mg/kg)

Aluminum (Al)

Antimonoy (Sb)

Arsenic (A9
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Parameter Location

16458012
164SB013
Beryllium (Be) 164SB001
164SB002
164SB003
164SB004
164SB005
164SB006
164SB007
164SB008
164SB009
164SB012

Cadsilum (Cd) e

1645B013

Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Sofl

Residential
Surface RBC Surface
Conc. =0.1 Background

Soil-to-
Groundwater
SSL

AF =10
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Sofl
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

=0.1 Conc. AF=10)

Chromium (Cr)
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. =0.1 Background Conc. AF =10 Bac|
Cobalt (Co) 164SB001 0.905 470 0.34 0.8 990 0.62
164SB002 0.85 0.61
164SB003 0.91 0.93
164SB004 0.77 0.27
164SB00S 1.2 0.52
164SB006 0.93 ND
164SB007 0.5 ND
164SB008 1.1 0.76
164SB009 0.28 0.66
164SB012 0.73 0.98

164SB013 0.56 0.91

Copper (Cu)

164SB013
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Parameter

Iron (Fe)

Lexd (Pb)

Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Laocation Conc. (THQ=0.1) Background Conc, (DAF=10) Background
S R R L E— o
164SB001 3,045 2,300 7060 NA 5130
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter . 2 Background Conc.

“agesm ot

Manganese (Mn) 164SB001 9.9 160 26.4 52 430 593

164SB012
1645B013

Mesiuty gy i kst

o
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface
Parameter Location Conc. =0.1 Background Conc. AF =10)
Nickel (Ni) 164SB001 29 160 1.7 28 65 2.64
164SB002
164SB003
164SB004
164SB005
164SB006
164SB007
164SB008
164SB009
164SB012
164SB013

Potassium (K) . 1648B001 |

Selenium (Se)

16458007
Sliver(Ag) ... ... . 164SB0OS . . ND

10.4.19
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Parameter

Sodium (Na)

Tin (Sn)

Vanadium (V)

Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

Location Conc. =0.1 Background Conc. AF =10

164SB001 38.35 NL NA 38.3 NA NA
164SB002 183

164SB003 58.7

164SB004 120

164SB005 458

164SB006 40

164SB007 379

164SB008 20.7

164SB009 42.4

164SB012 22.1

164SB013 26

ND - 4,700
12.3 - G S Ske o

164SB001 10.4 55 15.8 7.8 3,000 12.2
164SB002 11.5 8.4
164SB003 8.9 33

164SB004 9.5 4.5
164SB005 11.4 6.2
164SB006 8 3.8
164SB007 7.2 4.5
164SB008 9.7 12.1
164SB009 8.3 9.1
164SB012 9.4 12.5
164SB013 12.5 54
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Table 10.4.4
SWMU 164
Analytes Detected in Surface and Subsurface Soil
Sofl-to-
Residential Groundwater
Surface RBC Surface Subsurface SSL Subsurface

AF=10

Notes:
a =  Charleston Naval Complex project screening level

Bold concentrations exceed the RBCs, SSL, and the zone background.
All background values for Zone K are based on twice the means of the grid sample concentrations.

DAF = Dilution attepuation factor

NA = Not applicable/not available/not analyzed
ND = Not detected/not determined

NT =  Not taken

RBC = Risk-based concentration

SSL =  Soil screening level

THQ = Target hazard quotient

ng'kg = Micrograms per kilogram

mg/kg =  Milligrams per kilogtam

10.4.21



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

Volatile Organic Compounds in Soil
The duplicate sample (164CB00101) was the only SWMU 164 sample submitted for VOC
analysis. No VOCs were detected in that sample.

Semivolatile Organic Compounds in Soil

Fifteen SVOCs were detected in upper-interval soil samples at SWMU 164; no SVOCs were
detected in the lower-interval samples. Of the SVOCs detected, four exceeded their RBCs:
(benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, and dibenzo(a,h)anthracene). Three
samples (164SB9004, 164SB005, and 164SB008) contained all of the SVOC RBC exceedances.
The calculated BEQs for these samples were 1,496 ppb for 164SB004, 296 ppb for 164SB005, and
260 ppb for 164SB008, each of which exceeded the RBC for benzo(a)pyreme (87ug/kg).
Figure 10.4.2 shows BEQ values calculated for surface soil sample locations.

Samples were collected from two additional locations (164SB012 and 164SB013) near 164SB004
and analyzed for SVOCs. Neither sample contained SVOC detections.

Pesticides/PCBs in Soil

The duplicate sample (164CB00101) was the only SWMU 164 sample submitted for pesticide/PCB
analysis. One PCB (Aroclor-1254) and five pesticides were detected in this sample. However,
none of the pesticide/PCB compounds exceeded their RBCs.

Other Organic Compounds in Seil

Dioxins were detected in the duplicate sample collected at SWMU 164. The calculated TEQ
(0.51 ng/kg) was below the 2,3,7,8-TCDD RBC of 4.3 ng/kg.
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TPH-DRO was detected at all upper-interval first-round soil sample locations, except 164SB007
and 009. The only second-interval sample in which TPH was detected was at location 164SB005.
All of the TPH-DRO concentrations were between 9.8 and 42.4 ppm, which are well below the
CNC screening level of 100 ppm.

Inorganics in Soil

Several inorganics were detected in soil samples. Most iron concentrations exceeded the
2,300 mg/kg RBC. However, all iron concentrations were below the applicable surface
background concentration. Only one inorganic, arsenic, exceeded both its RBC and background
concentrations. All arsenic exceedances were detected in upper-interval samples and were within
one order of magnitude of the highest screening concentrations. Figure 10.4.3 shows arsenic

concentrations detected in surface soil.

The following inorganics exceeded their respective subsurface background concentrations in
lower-level samples: arsenic, barium, beryllium, chromium, cobalt, copper, iron, lead,
manganese, nickel, silver, and vanadium. However, none exceeded its SSL, except for iron,

which has no reported SSL value.

10.4.3 Fate and Transport Assessment for SWMU 164
Environmental media sampled as part of the SWMU 164 RFI are surface and subsurface soil.
Potential constituent migration pathways investigated for SWMU 164 are soil-to-groundwater, and

emission of volatiles from surface soil-to-air.

10.4.3.1 SWMU 164 — Soil-to-Groundwater Cross-media Transport
Tables 10.4.5 and 10.4.6 compare maximum detected organic and inorganic concentrations in
surface and subsurface soil samples to risk-based soil screening levels considered protective of

groundwater. To provide a conservative screen, generic soil screening levels are used; leachate
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entering the aquifer is assumed to be diluted by a ratio of 10:1, with no attenuation of constituents
in soil (DAF=10).

One organic compound was detected in SWMU 164 soil at a concentration exceeding its
groundwater protection SSL of 800 ug/kg. Benzo(a)anthracene was detected in three of
13 upper-interval soil samples at concentrations of 210 ug/kg, 250 ug/kg, and 1,700 ng/kg. It
was not detected in any lower-interval soil samples. The groundwater protection screening level
was exceeded at only one location (164SB004).

One inorganic was detected in soil at a concentration exceeding its groundwater protection SSL.
Arsenic was detected in all 14 upper-interval soil samples (mean of detections = 5.3 mg/kg) and
in 11 of 14 lower-interval samples (mean of detections = 1.6 mg/kg). The screening-level
exceedances were in the upper-interval samples collected at 164SB002 and 164SB010. Both
exceedances (22.5 mg/kg and 16.1 mg/kg) were within the same order of magnitude as the

screening concentration (15 mg/kg).

10.4.3.2 SWMU 164 — Soil-to-air Cross-media Transport
No VOCs were detected in surface soil samples collected at SWMU 164. As a result, the soil-to-
air migration pathway is not expected to be significant at SWMU 164.

10.4.3.3 SWMU 164 — Fate and Transport Summary

One organic and one inorganic in SWMU 164 soil exceeded their groundwater protection
screening levels. All exceedances of groundwater protection standards (one for
benzo[a]anthracene, two for arsenic) were in upper-interval samples. In lower-interval samples,
mean concentrations of arsenic were much less, while benzo(a)anthracene was not detected at all.

Consequently, they are not recommended for further fate and transport assessment.
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Table 10.4.5

Organic Compounds Detected in Surface Soil and Subsurface Soil
Comparison to Soil to Groundwater SSLs, Tap-Water RBCs, and Soil-to-Air SSLs

Charleston Naval Complex, Zone K, Naval Annex: SWMU 164

Charleston, South Carolina

Maximum Concentration Screening Concentration * Ground-

Soil to Soil to Water  Volatil-
Surface Subsurfac Shallow GW Tap Water  Air Soil Water|Leaching Migration ization
Parameter Soil Soil GW SSL RBC SSL | Units Units | Potential Concem Potential

Semivolatile Organic Compounds
Acenaphthene 130 ND NA| 290000 2200 NA|uexe ueL NO NO NO
Anthracene 420 ND NA| 6000000 11000 NAjvaxc uvaL NO NO NO
Benzo(g,h,ijperylene 450 ND NA| 57E4+07 a 730 NA|uvaxc uer NO NO NO
Benzo(a)pyrene equivalents (BEQs) ¢ 1496 ND NA NA 0.0092 NA|vexe oL NO NO NO
Benzo(a)anthracene ¢ 1700 ND NA 800 0.092 NA|uexG ucL YES NO NO
Benzo(a)pyrene ¢ 970 ND NA 4000 0.0092 NAluaxé uar NO NO NO
Benzo(b)fluoranthene ¢ 1700 ND NA 2300 a 0.092 NA|uvexe ueL NO NO NO
Benzo(k)fluoranthene ¢ 370 ND NA 25000 0.92 NAluaxe ueL NO NO NO
Chrysene ¢ 1300 ND NA 80000 9.2 NA|uvaxé oL NO NO NO
Dibenzo(a,h)anthracene ¢ 130 ND NA 800 0.0092 NA|voxc uaL NO NO NO
Indeno(1,2,3-cd)pyrene ¢ 510 ND NA 7000 0.092 NAjvaxc ueL NO NO NO
Carbazole c 180 ND NA 300 33 NA|uvexe uver NO NO NO
Fluoranthene 1800 ND NA| 2100000 1500 NAluaxc uaL NO NO NO
Fluorene 81 ND NA| 280000 1500 NA|uexé uGL NO NO NO
Phenanthrene 1300 ND NA| 660000 a 1100 NAjuexe oL NO NO NO
Pyrene 1800 ND NA| 2100000 1100 NA|uvaxe us NO NO NO

Pesticides/PCB Compounds
Aroclor-1254 ¢ 123 NA NA 1000 0.033 1000{ uaxa NO NO NO,
alpha-Chlordane ¢ 8.74 NA NA 5000 b 0.19 20000| uexG NO NO NO
gamma-Chlordane ¢ 496 NA NA 5000 b 0.19 20000| voxG voL NO NO NO
4,4-DDE ¢ 369 NA NA 27000 0.2 NAjuexe uoL NO NO NO
4,4-DDT ¢ 18.4 NA NA 16000 02 1.0EH09|uaxc uGL NO NO NO
{Heptachlor epoxide ¢ 5.89 NA NA 330 0.0012 5000| ugxke uGL NO NO NO
Dioxin Compounds
2378-TCDD Equivalents (TEQs) ¢ 0514 NA NA 1600 a 045 NA|Naxe rar NO NO NO
1234678-HpCDD ¢ 14.1 NA NA| 110000 a 45 NA|NGXG roL NO NO NO
OCDD ¢ 108 NA NA| 1100000 a 450 NA|NGXG PoL NO NO NO
123478-HxCDF ¢ 1.34 NA NA{ 220000 a 45 NA|noxGc rn NO NO NO
123678-HxCDF ¢ 0.569 NA NA| 220000 a 45 NA|NGXG  PGL NO NO NO
234678-HxCDF ¢ 0.311 NA NA| 220000 a 45 NA|NGXG PoL NO NO NO
1234678-HpCDF ¢ 3.66 NA NA 54000 a 45 NA|Noxc pPor NO NO NO
*OCDF c 6.22 NA NA| 540000 a 450 NA|NoxG PoL NO NO NO
TPH - Diesel Range Organics

Diesel 42400 11000 NA NA NA NAluaxc ue NO NO NO

Notes:

Sources of screening concentrations appear in Table 5.6
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Table 10.4.2

a - Calculated soil-to-groundwater SSL value (See Table 6.4)
b - Based on surrogate compound; see Table 5.6

c - Carcinogen

NA - Not available/Not applicable
ND - Not detected

RBC - Risk-based concentration

SSL - Soil screening level

MG/KG - Milligrams per kilogram
NG/KG - Nanograms per kilogram
UG/KG - Micrograms per kilogram
PG/L - Picograms per liter

UG/L - Micrograms per liter




Table 10.4.6

Inorganic Chemicals Detected in Surface Soil and Subsurface Soil
Comparison to Soil to Groundwater SSLs, Tap Water RBCs, Soil to Air SSLs, and Background Reference Values
Charleston Naval Complex, Zone K, Naval Annex: SWMU 164
Charleston, South Carolina

Maximum Concentration Screening Concentration Ground- Fugitive
Soil to Soil Soil to GW Water Particulate

Surface Subsurface Shallow GwW Background  Air  Tap Water Background| Soil WaterjLeaching Migration Inhalation

Parameter Soil Soil GW SSL Reference  SSL RBC  Reference |Units Units)Potential Concern Concemn

Inorganics

Aluminum 8510 9560 NA| 560000 a 11200 NA 37000 471|MoxG  uGL NO NO NO
Antimony 0.56 ND NA 2.7 0.45 NA 15 NA[MGKG uGL NO NO NO
i 225 1.6 NA 15 3 750 0.045 NA|MGKkG ucL YES NO NO
23.8 19.9 NA 820 25.6 690000 2600 31.2]mMexG uGL NO NO NO

0.23 0.23 NA 32 0.17 1300 73 NA[MGKG uGL NO NO NO

12 0.15 NA 38 0.13 1800 18 NAlMoxG veL NO NO NO

14.8 11.3 NA 19b 8.76 270 110 NA[MGxG ucL NO NO NO

12 0.98 NA 990 a 0.62 NA 2200 NA|mMGxG uar NO NO NO

19.5 71.7 NA 5600 a 3.86 NA 1500 2.8|maxc  ucL NO NO NO

114 41.7 NA 400 d 39.6 400 15 1.9|MoxG L NO NO NO

229 11.8 NA 480 a 26.4 NA 730 9.3|M6XG UGL NO NO NO

0.08 0.23 NA 1 NA 10 11 NA[mMexe uoL NO NO NO

42 5.1 NA 65 2.64 13000 730 NA|moxG vt NO NO NO

0.67 ND NA 26 0.84 NA 180 NA|moxG uvaL NO NO NO

ND 09 NA 17 0.44 NA 180 NA|mgxe uaL NO NO NO

12.3 13.7 NA 5500 a 19.4 NA 22000 102|moxG  uGL NO NO NO

12.5 12.5 NA 3000 15.8 NA 260 0.8/MoxGe uar NO NO NO

240 475 NA 6200 14.8 NA 11000 NA|mMoxG uoL NO NO NO

Notes:
Sources of screening concentrations appear in Table 5.7
Explanations of fate and transport screening procedures appear in Section 6.2.
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Table 10.4.3

Background reference values for soil are shown for comparison purposes only.
Maximum groundwater concentrations are screened against the greater of tap water RBCs or corresponding background reference values

to determine groundwater migration concern.

a - Calculated soil to groundwater SSL value (See Table 6.4)

b - Assumes hexachrome
¢ - Carcinogen

d - USEPA de facto residential soil level

GW - Groundwater

NA - Not available/Not applicable

ND - Not detected
RBC - Risk-based concentration
SSL - Soil screening level
MG/KG - Milligrams per kilogram
UG/L - Micrograms per liter
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No other fate and transport concerns were identified at SWMU 164.

10.4.4 Human Health Risk Assessment for SWMU 164

10.4.4.1 Site Background and Investigative Approach

SWMU 164 was an abrasive blast booth in Building 2556 at the Naval Annex. Section 10.4.1
summarizes the sampling effort for SWMU 164 soil. Surface soil samples from all 14 boring
locations were used to quantitatively assess surface soil exposure pathways. Subsurface soil
samples were addressed in the previous section. Fate and Transport Assessment for SWMU 164,

No groundwater samples were collected at SWMU 164.

10.4.4.2 COPC Identification

Based on the screening comparisons described in Section 7 of this RFI and presented in
Table 10.4.7, benzo(a)pyrene equivalents and arsenic were identified as COPCs in surface soil.
Wilcoxon rank sum test analysis resulted in aluminum being a COPC on the basis of background

concentration comparison.

10.4.4.3 Exposure Assessment
SWMU 164 is on the corner of Sixth Street and C Avenue. Building 2556, which houses the

abrasive blast booth, is in the middle of the site.

Potentially Exposed Populations

Potentially exposed populations are current and future site workers. Additional potentially
exposed populations are hypothetical future site residents and/or adolescent site trespassers.
Future site resident and future site worker exposure scenarios were addressed quantitatively in this
risk assessment. Current exposure to workers is discussed qualitatively in relation to the future

workers and future residents. The hypothetical future site worker scenario assumes continuous
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Table 10.4.7

Chemicais Present in Site Sampies
SWMU 164 - Surtace Soll
Charleston Naval Complex, Zone K
Charleston, South Carolina
Frequency Range Average Rangs Scresning Concentration Number
of of Detacted of Residential Exceeding
Parameter Detection Detection Conc. SQL RBC Relerence Units J|RBC Ref
TPH - Diesel Range Organics
Dissel 7 9| 987 424 21.28 534 547 100 NAl MGXG
Carcinogenic PAHs
B{a)P Equiv. . 4 1 85 1488 814| 0608.85 878.18 87 NA| UGXG 3
Benzo(a)anthivacens . 3 1 210 1700 T20 350 380 870 NA| UGKG 1
Benzo(a)pyrene . 3 1 18 70 4s7 35 380 87 NA] UGKG | 3
Benzo{b)fluoranthene . 4 1 85 1700 629 350 380 aro NA| UGKG 1
Benzo(k)fluoranthene 3 1 140 370 220 350 380 8700 NA| UGXKG
Chrysene 3 1 180 1300 607, 50 380 87000 NA| UGKG
Dibenz(a,h)snthracense . 1 1 130 130 130 350 380 87 NA| UGKG 1
indeno{,2,3-cd)pyrene 3 1 130 510 267 350 380 870 NA| UGXKG
TCDD Equivaients
1234678-HpCDD 1 1 14.1 141 14.1 NA NA NA NA| NGXG
1234878-HpCDF 1 1| 388 268 3.08 NA NA| NA NA{ NGKG
123478-HxCDF 1 1 1.34 1.4 1.34 NA NA NA NA| NGXG
123878-HxCDF 1 1] 0569 0.589 0.569 NA NA NA NA| NGXG
|234678-HXCDF 1 1] 0311 03N 0.311 NA NA NA NA] NGXG
Dioxin Equiv. 1 1] 0.5138 05138 0.5138 NA NA 1000* NA| NGXG
[OCDD 1 1 108 108 108 NA NA NA NA| NGXG
OCDF 1 1] 62 822 622 NA NA NA NA| NGXG
1 1| 4720 8510 6724 NA NA 7800 11200} MGXG | 3
5 11 038 056 0.48 029 04 31 045| MGXG 2
M 14 1 11 25 54 NA NA 043 3] MGG 14 6
11 1 98 238 14.78 NA NA 550 258 MGXG
1 1 003 023 0.11 NA NA, 16 0.17| MGXG 2
9 1 0.18 12 082 0.04 02 39 0.13| MGXG 9
1 1 189 8070 3081 NA NA NA NA| MGXKG
1 1 57 148 a8 NA NA 23 84| MGXKG 5
1 1 0.28 12 0.79 NA NA 470 0.34| MGXG 10
1 1 094 18.5 6.78 NA NA, 310 3.88] MGXKG 8
1 1] 1980 8880 877, NA NA, 2300 7060 MG/KG 10
11 1 83 114 39.02 NA NA 400 396| MGXKG 4
11 1 147 559 239 NA NA NA NA| MGXG
1 1 47 229 13687 NA NA 180 264| MGXG
Mercury (Hg) 3 1| o008 o008 008 005 008 23 NA] MGXKG
INicke! (Ni) 1 1 14 42 amn NA NA 180 1.7] MGXKG 9
Potassium (K) 9 1 831 210 115 707 B804 NA NA] MGKG
Seienium (Se) 2 1 048 067 0.58 04 056 39 084 MGXG
Sodium (Na) 1 1| 207 183 5172 NA NA NA NA| MGXG
Tin {Sn) 1 1 123 123 12.30 102 11 4700 194 MGAXG
| vanadium (V) 1 1 72 125 9.71 NA NA 55 158 MGXG
Zinc (Zn) 11 1 hh 240 7861 NA NA 2300 14.8] MGXG 10
Pesticides/PCBs
|Arocior-1254 1 1 123 122 123, NA NA 320 NA] UGKG
4.4-0ODE 1 1 369 369 389 NA NA 1800 NA|] UGXKG
|4,4-00T 1 1 184 184 184 NA NA 1800 NA| UGXKG
jaipha-Chiordane 1 1 874 874 874 NA NA 1800 NA| UGXKG
1 1 486 488 498 NA NA 1800 NA| UGKG
IHcphd\Ior epoxide 1 1| 589 589 5.89, NA  NA 70 NA! UGKG
Semtvolatile Organics
|Acensphthene 1 1 130 130 130 350 380 470000 NAl UGKG
1 1 420 420 420 350 380 2300000 NA| UGKG
Benzo(g.h.i)perytene 3 1 150 450 280 as0  3so| 160000 NA| UGKG
Carbazole 1 1 160 180 180, 350 380 32000 NA| UGKG
Fluoranthene 5 1 ‘5 1800 635 350 380 160000 NA| UGKG
Fluorene 1 1 81 81 81 350 380 310000 NA| UGXG
Phenanthrenes 3 1 350 1300 e77 350 380 310000 NA| UGKG
Pyrene 4 1 79 1800 737 350 380 230000 NA| UGKG
Notes:

'-lr\di'ummmMMnlCOPc
a - Reported soil concentrations of dioxins (as TEQs) were compared to the project screening level.

SQL - Sampie quantitation kmit
RBC - Risk-based concentration
UG/KG - micropgrams per KHOQram
NG/KG - nanograms per kilogram
MG/KG - milligrams per kilogram
NA - Not applicable or not available

Reported s0il concentrations of managanasse wers compared to the RBC associated with food sxposures
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exposure to surface soil conditions. Current site workers' exposure would be less than that
assumed for the hypothetical future site worker scenario because of their limited soil contact.
Therefore, future worker assessment is considered to conservatively represent current site users.
The future site resident scenario was built on the premise that existing fixtures would be removed

and replaced with dwellings.

Exposure Pathways

Exposure pathways for the hypothetical future site residents and site workers are dermal contact
and incidental ingestion of surface soils. The exposure pathways for current site workers are the
same as those for the future site residents with respect to soil. Uniform exposure was assumed
for all sample locations. Table 10.4.8 presents the justification for exposure pathways assessed
in this HHRA.

Table 10.4.8
Exposure Pathways Summary - SWMU 164
CNC -Zone K
Charleston, South Carolina
Potentially Exposed Medium and Exposure Pathway Selected
Population Pathwa; for Evaluation? Reason for Selection or Exclusion

Current Land Uses
: . “Fateand: transporl screening:did:not-
identify any. COPCs for: tlus mdtrect

mrmmd in fugmve dust = insngmﬁcant compared to'the other. -

Shallow groundwater. ingestion No Shallow groundwater is not currently
of contaminants during potable used as a source of potable or process
or general use water at SWMU 164
' :Shallow: groundwater, - ‘No :Shallow groundwater isnot currently
- winhalation-of volatilized shallow £ *":used asa source of: pouble or: prowss
. groundwater contamipants oo o waeratSWMU164.
Soil, incidental ingestion No (Qualified) Future site use is considered
conservatively representative of current
site use.
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Table 10.4.8
Exposure Pathways Summary - SWMU 164
CNC - Zone K
Charleston, South Carolina
Potentially Exposed Medium and Exposure Pathway Selected

Pogulation Pathwnx for Evaluation? Rmon for Selectlon or Exclusion
: . Soil, dermalcontact | ‘No(Qualified)  Furure siteuse i

Alr, inhalation of chemicals No This exposure pathway was considered

entrained in fugitive dust insignificant compared to the other
pathways

R s
-of comtaminants dunng pOtable

Shallow groundwater, No No COPCs were identified for this

inhalation of volatilized indirect exposure pathway.
contaminants during domestic
use

© Soil, incidental ingestion.

Soil, dermal contact Yes COPCs were identified subsequent to

risk-based and background screening
comparisons.
L Wild: game or domestic 7 No i E-Hlmtmghalung of game andlor ra:smg
::ammals. mgestlon of nsme G - - livestock is:prohibited within:the

:Charleston. South: Camlma. C!t)' lumts. »

Frulls and vegetables ingestion No The potential for signiﬁcant exposure via
of plant tissues grown in media this pathway is low relative to that of

other exposure gathwaxs assessed.

Exposure Point Concentrations
Exposure point concentrations were set equal to the 95 % upper confidence limit (UCL) for arsenic

and aluminum. Since the 95% UCL for benzo(a)pyrene equivalents exceeded its maximum
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concentration, the maximum detected concentration was used as its exposure point concentration.
The statistical analysis is summarized in Table 10.4.9.

Quantification of Exposure
CDIs for ingestion and dermal contact with soils are shown in Tables 10.4.10 and 10.4.11,

respectively.

10.4.4.4 Toxicity Assessment

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.4.12
presents toxicological information specific to each COPC identified at SWMU 164. This
information was used to quantify risk/hazard associated with soil contaminants. Each COPC’s
toxicology is briefly profiled in the following paragraphs.

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically
exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and
cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 ug/kg/day as the RfD for arsenic
based on a NOAEL of 0.8 n.g/kg-day in a human exposure study. Arsenic's effects on the nervous
and cardiovascular systems are primarily associated with acute exposure to higher levels.
Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation
of these materials can lead to increased lung cancer risk, and ingestion of these materials is
associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen
by USEPA, which set the 1.5 (mg/kg/day)™ slope factor (SF). As listed in IRIS, the basis for the
classification is sufficient evidence from human data. An increased lung cancer mortality was
observed in multiple human populations exposed primarily through inhalation. Also, increased
mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased
incidence of skin cancer were observed in populations consuming drinking water high in inorganic

arsenic. Human milk contains about 3 xg/L arsenic. As listed in IRIS, the critical effect of this
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Table 10.4.9

Summary of Statistical Analysis
Surface Soil COPCs; SWMU 164
Charleston Naval Complex, Zone K

Charleston, South Carolina
Natural Log Transformed UCL MAX| EPC
COPC n mean SD  H-stat (mgkg) (mgkg)] (mgkg)
Inorganics
Arsenic (As) 14 1.231 0902  2.642 9.96 225 9.96 UCL
Aluminum (Al) 11 8.796 0.198 1.860 7569 8510 7569 UCL
Semivolatile Organics
Benzo(a)pyrene equivalents 11 5.730 1.270  3.557 2.88 1.5 1.5 Max

NOTES:
mean Arithmetic mean of the log-transformed data
n Number of samples analyzed
SD Standard deviation for a sample of data
H-stat "H" statistic from Gilbert 1987; cuboidal interpolation was used to determine the value in
accordance with USEPA Supplemental Guidance to RAGS, Calculating the Concentration Term
NA Not applicable
EPC Exposure point concentration
UCL 95 percentile upper confidence level mean
MAX Maximum reported concentration



Table 10.4.10
Chronic Daily Intakes

Incidental Ingestion of Surface Soil

SWMU 164

Charleston Naval Complex, Zone K

Charleston, South Carolina

Fraction Exposure Future Future Future Current Current
Ingested from Point Resident adult Resident child Resident LWA| Worker adult Worker aduit
Contaminated Concentration H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical Source * (mg/kg) (mg/kg-day) (mg/kg-day) (mgkeg-day) | (mg/kg-day) (mg/kg-day)
Inorganics
Arsenic (As) 1 9.96 1.4E-05 1.3E-04 1.6E-05 4.9E-06 1.7E-06
Aluminum (Al) 1 7569 1.0E-02 9.7E-02 1.2E-02 3.7E-03 1.3E-03
Semivolatile Organics
Benzo(a)pyrene equivalents 1 1.5 2.0E-06 1.9E-05 2.3E-06 7.3E-07 2.6E-07

NOTES:
LWA
CDI
H-CDI1
C-CDI

Lifetime-weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
Chronic Daily Intake in mg/kg-day

CDI for hazard quotient
CDI for excess cancer risk

Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.4.11
Chronic Daily Intakes

Dermal Contact with Surface Soil

SWMU 164

Charleston Naval Complex, Zone K

Charleston, South Carolina

Exposure Dermal Future Future Future Current Current
Point Absorption | Resident adult Resident child Resident lwa| Worker adult Worker adult

Concentration  Factor H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical FI/FC* (mg/kg) (unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day)

Inorganics
Arsenic (As) 1 9.96 0.001 5.6E-07 1.8E-06 3.5E-07 4.0E-07 1.4E-07
Aluminum (Al) 1 7569 0.001 4.3E-04 1.4E-03 2.7E-04 3.0E-04 1.1E-04
Semivolatile Organics

Benzo(a)pyrene equivalents 1 1.5 0.01 8.4E-07 2.8E-06 5.3E-07 6.0E-07 2.1E-07

NOTES:
CDI
H-CDI
C-CDI

*

-

Chronic Daily Intake in mg/kg-day

CD! for hazard quotient

CDI for excess cancer risk
Reflects the estimated fraction of the site impacted by the corresponding COPC.
The dermal absorption factor was applied to the exposure point concentration

to reflect the ability for transdermal migration of inorganic and organic chemicals.




Table 10.4.12
Toxicological Reference Information
for Chemicals of Potential Concern
SWMU 164
Charleston Naval Complex
Charleston, South Carolina

Nen-carcil ic Toxicity Date Carcinegenic Texicisy Dete
Oral Uncertainty Inhalstion Uncertainty Oral Siope Inhalation Welght
Reference Dose Conflidence Factor Reference Dose Confidence Factor Factor Slope Factor of Tamor
Chemical (mg/kg-day) Level Criticat Effect Oral (mg/kg-day) Level Critical Effect Inhalstion (kg-day/mg) (kg-day/mg) Evidesce Type
Aluminum 1 d NA NA NA NA NA NA NA NA NA NA NA
Arsenic 0.0003 [ M hyperpigmentation 3 NA NA NA NA 1S 15.1 2 A various
Benzo(a)pyrene Equivalents NA NA NA NA NA NA NA NA 13 6.1 b B2 mutagen
Notes:
a = Iniegrated Risk Information System (IRIS)
b = Withdrawn from IRIS/HEAST
d = EPA-National Center for Envi I A Ci i (Provisi
A = Known human carcinogen
B2 = Possible human inogen based on lab y animal study data.

NA = Not applicable or not available
L = Low confidence
M = Medium confidence
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chemical is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty
factor was determined to be 3 and the modifying factor was determined to be 1.

Aluminum is one of the most abundant metals in the earth’s crust (7% aluminum), and it is
ubiquitous in air and water, as well as soil. The metal is water-soluble, silvery, and ductile, which
suggests its usefulness in many processes. Ingesting aluminum can affect the absorption of other
elements within the gastrointestinal tract and can alter intestinal function. Aluminum can
potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on
the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part
of the neuromuscular system controlling bowel muscles. (The effect could explain why aluminum
containing antacids often produce constipation and indicates aluminum could affect the uptake of
other chemicals.) Aluminum dust is moderately flammable and explosive in heat. Inhaling this
dust can cause fibrosis (aluminosis) (Klaasen, et al., 1986; Dreisbach et al., 1987). No data are
available on an applicable SF or the USEPA conager group. The USEPA Region IV Office of
Health Assessment suggested using the provisional oral RfD of 1.0 mg/kg/day. The aesthetic-
based secondary MCL for drinking water is 50 to 200 wug/L.

Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons
(PAHs):

TEF
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Dibenz(a,h)anthracene 1.0
Benzo(k)fluoranthene 0.01
Benzo(a)pyrene 1.0
Indeno(1,2,3-cd)pyrene 0.1
Chrysene 0.001
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs
above have not been well established. They have no RfDs due to a lack of data. All PAHs listed
above are classified by USEPA as B2 carcinogens, and their carcinogenicity is addressed relative
to that of benzo(a)pyrene, having an oral SF of 7.3 (mg/kg/day)”. Toxicity Equivalency Factors,
also set by USEPA, are multipliers that are applied to the detected concentrations, which are
subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been classified
as such due to animal studies using large doses of purified PAHs. There is some doubt as to the
validity of these listings, and the SFs listed in USEPA's RBC table are provisional. However,
these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic
substances (e.g., coal tar, soot, cigarette smoke). As listed in IRIS, the basis for the
benzo(a)pyrene B2 classification is animal studies. @ Human data specifically linking
benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, multiple animal studies

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes.

10.4.4.5 Risk Characterization

Surface Soil Pathways

Exposure to surface soil onsite was evaluated under residential and industrial (site worker)
scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways
were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was
computed separately to address child and adult exposure. Tables 10.4.13 and 10.4.14 present the
computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal

contact with site surface soils, respectively.

Hypothetical Site Residents

The ingestion ILCR (based on the adult and child lifetime weighted average) for SWMU 164
surface soils is 4E-5. The dermal pathway ILCR is 1E-5. Benzo(a)pyrene equivalents and arsenic
were the primary contributors to ILCR projections for the ingestion and dermal pathways.
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Table 10.4.13

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 164

Charleston Naval Complex, Zone K

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Current Current
Used Used Resident Adult Resident Child Resident LWA| Worker Adult Worker Adult
Chemical (mg/kg-day) (mg/kg-day)' | Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Arsenic (As) 0.0003 1.5 0.045 0.42 2.3E-05 0.016 2.6E-06
Aluminum (Al) 1 NA 0.01 0.1 NA 0.0037 NA
Semivolatile Organics
Benzo(a)pyrene equivalents NA 73 NA NA 1.7E-05 NA 1.9E-06
[SUM Hazard Index/ILCR 0.056 0.52 4E-05 0.020 SE-06 |
NOTES:
NA Not available
ND Not determined due to lack of available information
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A

ILCR

Incremental Lifetime Cancer Risk



Table 10.4.14

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 164

Charleston Naval Complex, Zone K

Charleston, South Carolina

Oral RfD Oral SF Future Future Future Current Current

Dermal Used Used Resident Adult Resident Child Resident LWA| Worker Adult Worker Adult

Chemical ~ Adjustment (mg/kg-day) (mg/kg-day)! [ Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Inorganics
Arsenic (As) 0.2 0.00006 7.5 0.0093 0.031 2.6E-06 0.0067 1.1E-06
Aluminum (Al) 0.2 0.20 NA 0.0021 0.0070 NA 0.0015 NA
Semivolatile Organics
Benzo(a)pyrene equivalents 0.5 NA 14.6 NA NA 7.7E-06 NA 3.1E-06
[SUM Hazard Index/ILCR 0.011 0.038 1E-05 0.0082 4E-06 |

NOTES:
NA Not available
ND Not determined due to lack of available information
LWA Lifetime-weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime Cancer Risk
- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI).
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The ingestion Hls projected for the adult and child receptors are 0.056 and 0.52, respectively.
The dermal pathway Hls were 0.011 for the adult resident receptor and 0.038 for the child resident

receptor.

Hypothetical Site Workers
Site worker ILCRs are SE-06 and 4E-06 for the ingestion and dermal contact pathways,
respectively. Benzo(a)pyrene equivalents and arsenic were the primary contributors to risk

estimates for each pathway.
Site worker HIs are 0.02 for the ingestion pathway and 0.0082 for the dermal pathway.

COCs 1dentified

Identification of chemicals of concern was based on cumulative (all pathway) risk and hazard
projected for this site on a medium-specific basis. USEPA has established a generally acceptable
risk range of 1E4 to 1E-6, and a hazard index threshold of 1.0 (unity). As recommended by
SCDHEC, a COC waé considered to be any chemical contributing to a cumulative risk level of
1E-6 or greater and/or a cumulative hazard index above 1.0, if its individual ILCR exceeds 1E-6
or its hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative,
because a cumulative risk level of 1E-4 (and individual ILCR of 1E-6) is recommended by USEPA
Region IV as the trigger for establishing COCs. The COC selection method presented was used
to more comprehensively evaluate chemicals contributing to carcinogenic risk or noncarcinogenic
hazard during remedial goal options development. Table 10.4.15 presents the COCs identified
for SWMU 164 surface soil.
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Table 10.4.15

Summary of Risk and Hazard-based COCs
SWMU 164

Charleston Naval Complex, Zone K
Charleston, South Carolina

Future Future Future
Exposure Resident Adult Resident Child ~ Resident LWA}  Current Site Worker  |Identification
Medium Pathway Hazard Quotient (HI) Hazard Quotient (HI) ILCR Hazard Quotient [LCR |[of COCs
Surface Soil  Incidental Inorganics
Ingestion  Arsenic (As) 0.045 0.42 2.3E-05 0.016 2.6E-06 2 4
Aluminum (Al) 0.010 0.10 ND 0.0037 ND
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 1.7E-05 ND 1.9E-06 2 4
Dermal Inorganics
Arsenic (As) 0.0093 0.031 2.6E-06 0.0067 1.1E06] 2 4
Aluminum (Al) 0.0021 0.0070 ND 0.0015 ND
Semivolatile Organics
Benzo(a)pyrene equivalents ND ND 7.7E-06 ND 3.1E-06 2 4
{Surface Soil Pathway Sum 0.067 0.56 5E-05 0.028 9E-06

Notes:

ND indicates not determined due to the lack of available risk information.

ILCR indicates incremental excess lifetime cancer risk.
HI indicates hazard index.
Identification of COCs

1- Chemical is a COC by virtue of projected child residence noncarcinogenic hazard.
2- Chemical is a COC by virtue of projected future resident lifetime ILCR.
3- Chemical is a COC by virtue of projected site worker noncarcinogenic hazard.

4- Chemical is a COC by virtue of projected site worker ILCR.
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Surface Soils
Future Site Residents
Benzo(a)pyrene equivalents and arsenic were identified as soil pathway COCs based on their

contribution to cumulative residential ILCR projections.

Future Site Workers
Benzo(a)pyrene equivalents and arsenic were identified as soil pathway COCs based on their

contribution to cumulative industrial ILCR projections.

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this
discussion, residential soil RBCs and background reference concentrations were compared to each
reported COC concentration. Benzo(a)pyrene equivalents exceeded the residential RBC in three
of 11 surface soil samples collected at SWMU 164 (164SB004, 164SB00S, and 164SB008).
Arsenic exceeded its RBC in all 14 surface soil samples, but its background reference value in

only six surface soil samples.

10.4.4.6 Risk Uncertainty

Characterization of Exposure Setting and Identification of Exposure Pathways

The potential for high bias is introduced through the exposure setting and pathway selection due
to the highly conservative assumptions (i.e., future residential use) recommended by USEPA
Region IV when assessing potential future and current exposure. The exposure assumptions made

in the site worker scenario are highly protective and would tend to overestimate exposure.

Residential use of the site would not be expected, based on current site uses and the nature of
surrounding buildings. If this area were to be used as a residential site, the surface soil conditions
would likely change — soils could be covered with landscaping soil and/or a house. Consequently,

exposure to surface soil conditions, as represented by samples collected, would not be likely under
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a true future residential scenario. These factors indicate that exposure pathways assessed in this
HHRA would generally overestimate the risk and hazard posed to current site workers and future
site Residents.

Determination of Exposure Point Concentrations

Exposure point concentrations were set equal to the 95% UCL for arsenic and aluminum. Use
of the 95% UCL represents such a conservative assumption when applied as an EPC, that it is
unlikely that the 95% UCL would be exceeded by the true mean concentration. The maximum
concentration of benzo(a)pyrene equivalents was used as an EPC since its 95% UCL exceeded the
maximum concentration. Because elevated concentrations of benzo(a)pyrene equivalents were
isolated to a small area, the use of the maximum concentration as its EPC likely overestimates risk

associated with this group.

Frequency of Detection and Spatial Distribution

Benzo(a)pyrene equivalent compounds exceeded risk-based concentrations in three of 11 surface
soil samples, with the highest concentration reported for sample 164SB004 across Sixth Street
from Building 2556. The other two benzo(a)pyrene exceedances were approximately five times
lower than the highest concentration. Arsenic exceeded its RBC in all 14 surface soil samples,
but its background reference concentration in only six surface soil samples. The highest arsenic
concentrations were reported at the corner of Sixth Street and C Avenue. Arsenic concentrations
reported for the remaining surface soil samples were at least five times lower than its highest
concentration. Beryllium exceeded its RBC in three surface soil samples and its background

reference concentration in two surface soil samples.

Quantification of Risk/Hazard
As indicated by the discussions above, the uncertainty inherent in the risk assessment process is

great. In addition, many site-specific factors have affected the uncertainty of this assessment that

10.4.47

10

11

12

13

14

15

16

17

18

19

21

23



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of

uncertainty are discussed below.

Soil

A conservative screening process was used to identify COPCs for SWMU 164. The potential for
eliminating CPSSs with the potential for cumulative HI greater than 1 was addressed for
noncarcinogens through the use of RBCs that were reduced one order of magnitude. For
carcinogens, the RBCs are based on a conservative target risk of 1E-06. Combining conservative
RBC:s with maximum detected concentrations minimizes the likelihood of a significant contribution
to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and eliminated from formal
assessment, none was reported at a concentration near its RBC (e.g. within 10% of its RBC).

Background-related Risk

It is not unusual for naturally occurring or background concentrations of some elements to exceed
risk-based concentrations. It is the risk assessment’s function to identify excess risk and/or
hazard, or that which exceeds background levels.

10.4.4.7 Risk Summary

The risk and hazard posed by contaminants at SWMU 164 were assessed for future site workers
and future site residents under reasonable maximum exposure assumptions. For surface soils, the
incidental ingestion and dermal contact pathways were assessed in this HHRA. Table 10.4.16
summarizes each pathway/receptor group evaluated for SWMU 164.

Soil — Residential Scenario

Residential soil pathway COCs identified for SWMU 164 are aluminum, arsenic, and
benzo(a)pyrene equivalents. Figure 10.4.4 illustrates point risk estimates for SWMU 164 based
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Table 10.4.16

Summary of Risk and Hazard

SWMU 164

Charleston Naval Complex, Zone K
Charleston, South Carolina

Exposure HI HI ILCR HI ILCR
Medium Pathway (Adult) (Child) (LWA) (Worker) {Worker)
Surface Soil Incidental 0.056 0.52 4E-05 0.020 SE-06
Ingestion
Dermal Contact 0.011 0.038 1E-05 0.0082 4E-06
Sum of Soil Pathways 0.067 0.56 5E-05 0.028 9E-06
Notes:

ILCR Indicates incremental lifetime cancer risk
HI Indicates hazard index
LWA Lifetime-weighted average




Table 10.4.17

Point Estimates of Risk and Hazard - Surface Soil Pathways

Residential Scenario

SWMU 164

Charleston Naval Complex, Zone K
Charleston, South Carolina

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) %Risk
164 BO00I1 Arsenic (As) 2.05 MG/KG 0.0937 48.13 5.3546 100.00
164 B001 B(a)P Equiv. ND UGKG NA NA
164 B001 Aluminum (Al) 7365 MG/KG 0.1010 51.87 NA

Total 0.1947 5.3546
164 B002 Arsenic (As) 22.5 MG/KG 1.0284 91.32 58.7700 100.00
164 B002 B(a)P Equiv. ND UG/KG ‘NA NA
164 B002 Aluminum (Al) 7130 MG/KG 0.0978 8.68 NA

Total 1.1262 58.7700
164 BO003 Arsenic (As) 4.1 MG/KG 0.1874 70.42 10.7092 100.00
164 B003 B(a)P Equiv. ND UG/KG NA NA
164 B003 Aluminum (Al) 5740 MG/KG 0.0787 29.58 NA

Total 0.2661 10.7092
164 B004 Arsenic (As) 3.5 MG/KG 0.1600 67.29 9.1420 26.95
164 B004 B(a)P Equiv. 1496 UG/KG NA 24.7742 73.05
164 BO04 Aluminum (Al) 5670 MG/KG 0.0777 32.71 NA

Total 0.2377 33.9162
164 BO00S5 Arsenic (As) 5 MG/KG 02285 66.92 13.0600 73.00
164 BO0S B(a)P Equiv. 291.68 UG/KG NA 4.8303 27.00
164 B00S5 Aluminum (Al) 8240 MG/KG 0.1130 33.08 NA

Total 0.3415 17.8903
164 BO006 Arsenic (As) 2.5 MG/KG 0.1143 57.50 6.5300 100.00
164 B006 B(a)P Equiv. ND UG/KG NA NA
164 B006 Aluminum (Al) 6160 MG/KG 0.0845 42.50 NA

Total 0.1987 6.5300
164 B007 Arsenic (As) 1.8 MGKG 0.0823 52.96 4.7016 100.00
164 B007 B(a)P Equiv. ND UG/KG NA NA
164 B007 Aluminum (Al) 5330 MG/KG 0.0731 47.04 NA

Total 0.1554 47016
164 B0OS Arsenic (As) 24 MG/KG 0.1097 62.89 6.2688 59.31
164 B00S B(a)P Equiv. 25974 UG/KG NA 4.3014 40.69
164 B00S Aluminum (Al) 4720 MG/KG 0.0647 37.11 NA

Total 0.1744 10.5702
164 B009 Arsenic (As) 1.1 MG/KG 0.0503 35.03 2.8732 95.33



Table 10.4.17

Point Estimates of Risk and Hazard - Surface Soil Pathways

Residential Scenario

SWMU 164

Charleston Naval Complex, Zone K
Charleston, South Carolina

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) %Risk
164 B009 B(a)P Equiv. 8.5 UGKG NA 0.1408 4.67
164 B009 Aluminum (Al) 6800 MG/KG 0.0932 64.97 NA
Total 0.1435 3.0140
164 BO10 Arsenic (As) 16.1 MG/KG 0.7359 100.00 42.0532 100.00
Total 0.7359 42.0532
164 BO11 Arsenic (As) 79 MG/KG 0.3611 100.00 20.6348 100.00
Total 0.3611 20.6348
164 B012 Arsenic (As) 23 MGKG 0.1051 47.39 6.0076 100.00
164 BO12 B(a)P Equiv. ND UG/KG NA NA
164 BO12 Aluminum (Al) 8510 MG/KG 0.1167 52.61 NA
Total 02218 6.0076
164 BO13 Arsenic (As) 24 MG/KG 0.1097 49.08 6.2688 100.00
164 BO13 B(a)P Equiv. ND UG/KG NA NA
164 B013 Aluminum (Al) 8300 MG/KG 0.1138 5092 NA
Total 0.2235 6.2688
164 BO14 Arsenic (As) 1.t MG/KG 0.0503 100.00 2.8732 100.00
Total 0.0503 2.8732
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on soil exposure pathways under a future residential scenario. Table 10.4.17 summarizes the risk
and hazard contribution of each COPC at each sample location. This point risk map is based on
the unlikely assumption that a potential future site resident would be chronically exposed to
specific points. Exposure to surface soil conditions is more likely the result of uniform exposure
to the soil conditions of the entire site (or exposure unit area) rather than specific points. With
this in mind, risk maps supplemented by the tables help the reader visualize how chemicals driving
risk estimates are spatially distributed across the site.

Arsenic contributed to risk estimates exceeding 1E-06 at all 14 surface soil sample locations.
Benzo(a)pyrene equivalents contributed to risk estimates exceeding 1E-06 at three locations -
164SB004, 164SB00S, and 164SB008. Risk estimates ranged from 3E-06 (164SB014) to 6E-05
(164SB002) with a mean risk estimate is 2E-05.

Arsenic contributed to a hazard index estimate exceeding unity at only one surface soil location
(164SB002). Hazard estimates ranged from 0.05 (164SB014) to 1 (164SB002). The mean hazard

estimate is 0.3.

Soil — Site Worker Scenario

Benzo(a)pyrene equivalents and arsenic were the only site worker soil pathway COCs identified
for SWMU 164. Figure 10.4.5 illustrates point risk for the soil pathways under the industrial (site
worker) scenario. As shown on Table 10.4.18 arsenic was the most widespread COC,
contributing to a risk of 1E-06 at only one location (164SB004). Risk estimates ranged from
4E-07 (164SB014) to 8E-06 (164SB002) with a mean risk of 2E-06.

Hazard index projections did not exceed unity at any sample location. Hazard index estimates
ranged from 0.002 (164SB0014) to 0.05 (164SB002).
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Table 10.4.18

Point Estimates of Risk and Hazard - Surface Soil Pathways
Industrial Scenario

SWMU 164

Naval Base Charleston, Zone K

Charleston, South Carolina

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) %Risk

164 B00I _ Arsenic (As) 2.05 MG/KG 0.0047 48.13 0.7575 100.00
164 B001  Aluminum (Al) 7365 MG/KG 0.0051 51.87 NA
164 B001  B(a)P Equiv. ND UG/KG NA NA
Total 0.0098 0.7575
164 B002  Arsenic (As) 22.5 MG/KG 0.0517 91.32 83139 100.00
164 B002  Aluminum (Al) 7130 MG/KG 0.0049 8.68 NA
164 B002  B(a)P Equiv. ND UG/KG NA NA
Total 0.0567 = 83139
164 B003  Arsenic (As) 4.1 MG/KG 0.0094 70.42 1.5150 100.00
164 B003  Aluminum (Al) 5740 MG/KG 0.0040 29.58 NA
164 B003  B(a)P Equiv. ND UG/KG NA NA
Total 0.0134 1.5150
164 B004  Arsenic (As) 3.5 MG/KG 0.0080 67.29 12933  20.43
164 B004  Aluminum (Al) 5670 MG/KG 0.0039 32.71 NA
164 B004  B(a)P Equiv. 1496 UG/KG NA 50372 79.57
Total 0.0120 6.3305
164 B0O05  Arsenic (As) 5 MG/KG 00115 66.92 1.8475  65.29
164 B005  Aluminum (Al) 8240 MG/KG 0.0057 33.08 NA
164 B00S  B(a)P Equiv. 291.68 UG/KG NA 09821 34.71
Total 0.0172 2.8297
164 B006  Arsenic (As) 2.5 MG/KG 0.0057 57.50 0.9238 100.00
164 B006  Aluminum (Al) 6160 MG/KG 0.0042 42.50 NA
164 B006  B(a)P Equiv. ND UG/KG NA NA
Total 0.0100 0.9238
164 B007  Arsenic (As) 1.8 MG/KG 0.0041 52.96 0.6651 100.00
164 B007  Aluminum (Al) 5330 MG/KG 0.0037 47.04 NA
164 B007  B(a)P Equiv. ND UG/KG NA NA
Total 0.0078 0.6651
164 BOO8  Arsenic (As) 2.4 MG/KG 0.0055 62.89 0.8868  50.35
164 B008  Aluminum (Al) 4720 MG/KG 0.0033 37.11 NA
164 B0O08  B(a)P Equiv. 259.74 UG/KG NA 0.8746  49.65
Total 0.0088 1.7614

164 B00S Arsenic (As) 1.1 MG/KG 0.0025 35.03 0.4065 93.42



Table 10.4.18

Point Estimates of Risk and Hazard - Surface Soil Pathways
Industrial Scenario

SWMU 164

Naval Base Charleston, Zone K

Charleston, South Carolina

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) %Risk

164 B009 Aluminum (Al) 6800 MG/KG 0.0047 64.97 NA

164 B009 B(2)P Equiv. 8.5 UGKG NA 0.0286 6.58
Total 0.0072 0.4351

164 BO10 Arsenic (As) 16.1 MG/KG 0.0370 100.00 5.9491 100.00
Total 0.0370 5.9491

164 BO11 Arsenic (As) 7.9 MG/KG 0.0182 100.00 2.9191 100.00
Total 0.0182 29191

164 BOI12 Arsenic (As) 2.3 MG/KG 0.0053 47.39 0.8499 100.00

164 BOI12 Aluminum (Al) 8510 MG/KG 0.0059 52.61 NA

164 BO12 B(a)P Equiv. ND UG/KG NA NA
Total 0.0112 0.8499

164 BO013 Arsenic (As) 2.4 MG/KG 0.0055 49.08 0.8868 100.00

164 BO013 Aluminum (Al) 8300 MG/KG 0.0057 50.92 NA

164 BOI3 B(a)P Equiv. ND UG/KG NA NA
Total 0.0112 0.8868

164 B0l4 Arsenic (As) 1.1 MG/KG 0.0025 100.00 0.4065 100.00
Total 0.0025 0.4065
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10.4.4.8 Remedial Goal Options

Soil

RGOs for carcinogens were based on the lifetime-weighted average site resident or site worker as
presented in Table 10.4.19 for surface soils. Hazard-based RGOs were based on the hypothetical

child resident or site worker, as noted in the table.

10.4.5 Corrective Measures Considerations

For SWMU 164, the upper and lower soil intervals were investigated. Inall, 14 soil samples each
were collected from the upper- and lower-intervals. Based on the analytical results and the human
health risk assessment, COCs requiring further evaluation through the CMS process were
identified for the upper-interval soil.

Benzo(a)pyrene equivalents, aluminum, and arsenic were identified as COCs in the upper soil
interval. BEQs exceeded the residential RBC in three of the surface soil samples collected.
Arsenic exceeded its RBC (0.43 mg/kg) in all 14 surface soil samples. Aluminum concentrations
did not exceed its RBC at any location. The soil pathway cumulative residential exposure risk is
5E-05 and the cumulative HI is 0.56 (resident child). Both are between USEPA’s acceptable range
of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI.

Residential risk-based remedial goals for surface soil set for BEQs and arsenic were 0.06 and
0.38 mg/kg, respectively, based on a target risk of 1E-06. Potential corrective measures are
presented in Table 10.4.20.
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Table 10.4.19

Remedial Goal Options for Soil

SWMU 164

Charleston Naval Complex, Zone K

Charleston, South Carolina

Residential-Based Remedial Goal Options

Hazard-Based Risk-Based
Slope Reference Remedial Goal Options | Remedial Goal Options
Factor Dose EPC 3 1 0.1 1E-06 1E-05 1E-04
Chemical (mg/kg-day)! (mg/kg-day) mg/kg | mgkg mgkg mgkg] mgkg mgkg mgkg
Inorganics
Arsenic (As) 1.5 0.0003 9.96 66 22 22 0.38 3.8 38
Semivolatile Organics
Benzo(a)pyrene equivalents 73 NA 1.5 ND ND ND 0.06 0.6 6
Worker-Based Remedial Goal Options
Hazard-Based Risk-Based
Slope Reference Remedial Goal Options | Remedial Goal Options
Factor Dose EPC 3 1 0.1] 1E-06 1E-05 1E-04
Chemical (mg/kg-day)! (mg/kg-day) mgkg | mgkg mgkg mgkg| mgkg mgkg mgkg
Inorganics
Arsenic (As) 1.5 0.0003 10.0 1305 435 43 27 27 271
Semivolatile Organics
Benzo(a)pyrene equivalents 73 NA 1.5 ND ND ND 0.30 3.0 30

NOTES:
EPC

NA

ND

Exposure point concentration
Not applicable
Not determined

Background
Concentration

mg/kg

NA

Background
Concentration

mg/kg

NA

Remedial goal options were based on the residential or site worker lifetime-weighted average for

carcinogens and the child resident or site worker for noncarcinogens.
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Table 10.4.20
Potential Corrective Measures for SWMU 164

P Crrective Measures
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10.5 SWMU 185, Sewer System and Former Septic Tank System, Naval Annex

The CSI report for SWMU 185, formerly known as SWMU 166, was submitted as an addendum
along with SWMU 166, the Automotive Repair Shop in November 1998. The revised
Section 10.5 will be included with this Final RFI report following completion of the SWMU 166

investigation and review of the addendum.
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10.6 AOC 693, Fuse and Primer House, Former Building 117 and AOC 694, Former Naval
Ammunition Depot

Due to their proximity and similar histories, AOCs 693 and 694 were investigated together.

AOC 694 encompasses the area of AOC 693 (Figure 10.6.1). Portions of the multiple-site

sampling plan were AOC-specific.

AOC 693 consists of former Building 117, a two room fuse and primer house, which operated
from 1930 until 1939. It is located in a wooded area adjacent to the Clouter Creek Dredge Area
on Clouter Island. No visual evidence of past operations is present in the building. No other
information was identified pertaining to the design features or operating practices of this fuse and

primer house.

AOC 694, a former Naval Ammunition Depot in operation from the 1920s until the 1940s,
consists of the area surrounding former Building 117. The exact location and dimensions of this
former explosives storage area are not known. Dredged materials may have been deposited in this
area since its use as an ammunition depot was discontinued. No other information was identified

pertaining to the design features or operating practices of this facility.

The remnants of three other structures also remain within the former depot. The northernmost
structure along the river shoreline is the foundation of Building 106, the Fixed Ammo Storehouse.
Approximately 200 feet south of Building 106, also at the shoreline, is the foundation of
Building 102, the Shell House. The only other foundation observed in the depot is between
Building 102 and the intact Fuse and Primer House (Building 115; AOC 693). This is the former
site of Building 103, the Magazine, which is also near the shore, but completely within the wooded

bottomland.
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Three distinct ecological subzones were identified in association with the Naval Depot. These
include a narrow salt marsh in the at the water’s edge (K-1), a wooded bottomland (K-2) which
is dominated by hackberry trees, and a scrub/shrub community (K-3) along the perimeter of the
dike and at the outer edge of K-2. Figure 8.2A presents the locations and areal extent of these
various habitats with respect to the Clouter Island AOCs.

According to construction details of the Dredge Disposal Area at Clouter Island, nine dewatering
spillways discharge from the shore opposite the AOCs and into Clouter Creek. No impact to the

Zone K AOC:s is anticipated from these spillways.

Waste materials associated with the former ammunition depot include military explosives. Based
on their toxicity characteristic, some explosives contain leachable concentrations of metals.
Historically, primer components may have included antimony, barium, lead, or mercury. A
survey conducted by an unexploded ordnance subcontractor was completed prior to initiating any
sample collection effort at AOCs 693 and 694. The survey was designed to identify the presence
of unexploded ordnance from ground surface to a depth of 5 feet bgs throughout the AOCs 693
and 694 area illustrated on Figure 10.6.1. Material of an unknown origin was also reported in the
AOC 694 area (verbal communication with Doyle Brittain, CNC RPM, Region IV U.S. EPA,
February 7, 1996, Zone K Scoping Meeting).

Materials of concern identified in the final RFI work plan (E/A&H, September 1996) for AOCs
693 and 694 are metals and explosives. Potential receptors are current and future site users

involved in invasive activities.

To fulfill CSI objectives, soil and groundwater were sampled in accordance with the final RFI
work plan and as described in Section 3 of this report to confirm whether any contamination

resulted from onsite activities at AOCs 693 and 694,
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10.6.1 Soil Sampling and Analysis

Soil was sampled in two rounds at AOCs 693 and 694 from the locations shown on Figure 10.6.1.
The final RFI work plan proposed collection of 23 soil samples from the upper-interval (O to 1
foot) and 23 from the lower-interval (3 to 5 feet) for the AOCs 693 and 694 investigation area.
During round one in January 1997, the proposed 23 samples were collected from the
upper-interval, but only nine were collected from the lower-interval due to a water table less than
5 feet bgs. Saturated samples were not submitted for analysis. Only one of the four proposed
subsurface background soil samples was collected due to the shallow depth to groundwater.
Round two, performed in January 1999, included the collection of four additional upper-interval

samples and three additional lower-interval samples.

First-round samples were submitted for Appendix IX analyses at DQO Level IV. One duplicate
sample was collected from boring 693SB001's upper-interval and submitted for Appendix IX
analyses at DQO Level IV. Round two samples were submitted for dioxin and metals analysis

only. Table 10.6.1 summarizes soil sampling for AOCs 693 and 694.

Table 10.6.1
AOCs 693 and 694
Soil Sampling Summary
Sampling Samples
Round Sampling Date Collected Sample Analyses Comments

1 L 1/1847/97 Upper 23 (23)  ‘Appendix IX plus None
Lower =9 (23) explosives
“Duplicate -1

2 1/13/99 Upper - 4 (0) Dioxins and Shallow water table prevented collection of majority
Lower - 4 (0) metals of second interval samples as saturated samples were

not submitted for analysis.

Notes:

@
Appendix IX

Parentheses indicate number of samples proposed in the RFI work plan. -
VOCs, SVOCs, metals, cyanides, pesticides, PCBs, hex-chrome, dioxins, herbicides, and OP pesticides at DQO Level IV.

10.6.5

10

11

12

13

14



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

10.6.2 Nature and Extent of Contamination in Soil

Organic compound analytical results for soil are summarized in Table 10.6.2. Inorganic analytical
results are summarized in Table 10.6.3. Table 10.6.4 summarizes all analytes detected in soil at
AOCs 693 and 694. Analyte concentrations are listed in bold if they exceeded their respective
screening concentrations, the applicable residential soil RBC or SSL and, when available, the
associated background concentration. Appendix F is a complete analytical data report for all

samples collected in Zone K, including AOCs 693 and 694.

Table 10.6.2
AOCs 693 and 694
Organics Detected In Soil
Number of Samples
Sample Detection Detection RBC (upper) Exceeding RBC
Parameter Interval Frequency Range Mean SSL (lower) or SSL

Volatile Organic Compounds (ug/kg)
(32 samples collected, 23 upper, 9 lower, 1 duplicate for Appendix IX analysis

Acetone : Upper 1723 2 2 780,000 0
Lowsr 019 ND ND 8,000

2-Butanone (MEK) Upper 0123 ND ND 4,700,000 0

Lower 1/9 7 7 3,900 NA

Carbori disulfide: i Upper 1123 4 4 780,000 0

' Lower 0/9 ND ND 16,000 0

Semivolatile Organic Compounds (ug/kg)
(32 samples collected, 23 upper, 9 lower, 1 duplicate for Appendix IX analysis)

BEQs . : ‘Upper 6/23 188 .~ 5355 246 87 5
‘Lower 1/9 99.1: - 5136 306 4,000 0

Benzo(a)anthracene Upper 4/23 87 - 480 264.25 870 0
Lower 1/9 170 170 800 0

Benzo(a)pyrene - Upper 25123 89 - 440 234 87 5
Lower = 219 87 - 410 2485 4,000 0

Benzo(b)fluoranthene Upper 6/23 100 - 450 272 870 0
Lower 2/9 120 - 59 355 2,300 0

Benzo(k)fluoranthene:.. .. Upper 4/23 130 - - 180 153 8,700 0
O Lower 119 140 0 25,000 0

Chrysene Upper 6/23 9 - 660 260 87,000 0
Lower 2/9 8 - 240 164 80,000 0
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Table 10.6.2
AOCs 693 and 694
Organics Detected In Seil
Number of Samples
Sample Detection Detection RBC (upper) Exceeding RBC
Parameter Interval Frequenc e Mea_n SSL (lower) or SSL
. Indeno(123<d)pyrene Upper - 203 130 - 160 W5 80 0
- | W ” % 700 0
Anthracéne 1/23 110 2,300,000 O
0/9 6,000,000 0
Benzo(g,h,iperylene m 160,000 0
o 18 . 57‘;0()()’,0‘00 0
bis(2-Ethylhexyl)phthalate 2/23 420 - 620 520 4,600 0
1/9 490 1,800,000 0
Butylbenzylphthalate mw o e 1,600,000 0
| | e ND 930,000 0
Fluorénl:hene 5/23 87 - 710 317 310,000 0
1/9 230 230 2,210,000 0
Phenanthrere - Upper - oam M0 - 750 e 160,000 0
... e o W W 660,000 NA
Pyrene Upper 6/23 91 - 1100 362 » 230,000 0
Lower 2/9 100 - 300 200 2,100,000 0
Pesticides/PCBs (ug/kg)
(32 samples collected, 23 upper, 9 lower, 1 duplicate for Appendix IX analysis)
Aden . Upper 223 303 - 844 6 38
Lower 19 259 25 200 0
Aroclor-1260 Upper 14/22 26 - 596 112 320 1
Lower 6/9 66.7 - 155 94.8 1,000 0
delta-BHC Sl Upéer , L 262 262 NL 0
 Lower  0® ND ND 18 0
élpﬁa-Chlordané Upper 1/23 9.91 9.91 1,800 0
Lower 0/9 ND ND 5,000 0
Dieldrin Upper . 3n 38 - 92 71 40 0
: “Lower : 1/9 4.82 4.82 2:0 B
4,4'-DDD Upper 3/23 474 - 548 22 2,700 0
Lower 1/9 6.43 6.43 8,000 0
44DDE  Upper e 9 1,900 0
o | Lower 09 ND - ND 27000 0
4,4'-DDT Upper 3/23 143 - 70 34.4 1,900 0
Lower 1/9 58.8 58.8 16,000 0
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Table 10.6.2
AOCs 693 and 694
Organics Detected In Soil
Number of Samples
Sample Detection Detection RBC (upper) Exceeding RBC
Parameter Interval Frequency Range Mean SSL (lower) or SSL
Endrin Upper 5/22 52 - 362 12.6 2,300 0
Lower 3/9 502 - 126 8.4 500 0
Endrin aldehyde +Upper : 223 6 - 209 1345 : 2,300 0.
- Lower e a9 479 340 0
Heptachlor epoxide Upper 7/23 256 - 547 16.4 70 0
Lower 1/9 2.89 2.89 330 0
Dioxins (ng/kg)
(39 samples collected, 27 upper, 12 lower, 1 duplicate for Appendix IX analysis)
TCDD TEQ : E : Uppér 27127 5.7E-03 - 95 196 » ; 4.3
Lower 1212 30B03 . 26 . 75 1,600 0
Notes:

RBC for chlordane was used as a surrogate for alpha-chlordane.

b =  RBC for endosulfan was used as a surrogate for endosulfan II.
ND = Not detected/not determined
NA = Not applicable/not available/not analyzed
NL = Not listed
Table 10.6.3
AOCs 693 and 694
Inorganics Detected In Soil
Number of Samples®
Exceeding: RBC
and Background
Sample Detection Background RBC (upper) (upper) or SSL and
Parameter Interval Frequency Detection Range Mean Concentration _SSL (lower) Background (lower)
Inorganics (mg/kg)
32 samples collected; 27 upper-interval samples, 12 lower-interval samples, 1 duplicate for Appendix IX analyses
Aluminum Upper 27/27 13700 - 44700 19,954 32,100 7,800 5
Lower 12712 4,460 - 38,500 14,252 NA - 560,000 0
Antimony Upper 17/27 0.56 - 279 3.42 2.16 3.1 5
Lower 7/12 0.36 - 47 1.77 NA 2.7 1
Arsenic Upper 25127 7.2 258 139 230 0.43* 1
Lower <1212 5.3 <216 10 NA 15 2
Barium Upper 27127 4.9 - 131 35.2 67.1 550 0
Lower 12/12 8.7 - 446 25.1 NA 820 0
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Table 10.6.3
AOCs 693 and 694
Inorganics Detected In Soil

Number of Samples®

Exceeding: RBC
and Background

Sample Detection Background RBC (upper) (upper) or SSL and

Parameter Interval Frequency Detection Range Mean Concentration SSL (lower) Background (lower)
Beryllitm Upper 22127 L0 -ooila L i08 ’ 135 o 6 0
lower  f2:2 03 - 15 o0&  NA  m 0
Cadmium Upper 23/27 0.22 - 1.5 0.4 0.55 3.9 0
Lower 10/12 0.19 - 1.1 0.44 NA 4.0 0
Calcium Upper: 0T 440 - 100000 36937 NA NL ' NA
Lower 12/12 18,500 < 239,000 111,883 o NA “NL NA
Chromium Upper 27/27 4.8 - 773 48.3 69.1 12,000 0
Lower 12/12 14.4 - 640 4.1 NA 1,000,000 0
Cobalt Upper 2127 0;97 L0 4.96 5.7 : 470 0
’ Lower 1w 1o on7 37 N 9% 0
Copper Upper 27/27 4.3 - 1020 89.9 119 310 1
Lower 12/12 10.9 - 126 56.7 NA 5,600 0
Iron Upper | 27127 2,170 =0 43,200 23,232: 35 ,20()‘ : 2300 3
Lower 1212 4,770 - 37,200 14,814 NA ‘NL NA
Lead Upper 27127 53 - 481 84.2 98.3 400 1
Lower 12/12 32 - 106 511 NA 400™ 0
Magnesium - Upper 2727 355 - 67700 3,786 NA NkL NA
. Lower 12/12 139 - 9,180 4724 NA NL NA
Manganese Upper 27127 83.5 - 738 381 1210 160 0
Lower 12/12 90.6 - 147 279 NA 480 1
Mercury Upper .:'525/27' : 0.11 2 17 0.36 0.63 23 0
Lower 112 007 - 14 0.34 NA 1.0 i
Nickel Upper 27/27 1.7 - 37.1 16.8 24.5 160 0
Lower 12/12 4.7 - 22.5 16.5 NA 65 0
Potassium Upper 27127 172 - 5800 1,981 NA NL NA
Lower 12112 514 - 409 1,636 NA NL NA
Selenium Upper 9/27 0.69 - 47 1.58 1.24 39 0
Lower 2/12 0.82 - 13 1.06 NA 2.6 0
Silver -+ Upper 15127 031 =12 0.6 0.41 39 0
Lower 112 0.33 0.33 NA 17 0
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Table 10.6.3
AOCs 693 and 694
Inorganics Detected In Soil

Number of Samples®

Exceeding: RBC

and Background
Sample Detection Background RBC (upper) (upper) or SSL and
Parameter Interval Frequency Detection Range Mean Concentration SSL (lower) Background (lower)
_— e e oWt
Sodium Upper 27/27 167 - 5,130 1,132 NA NL NA
Lower 12/12 218 - 12,200 2,731 NA NL NA
Lower  S/12 . na 0
Vanadium Upper 27/27 - 922 3
Lower 12/12 - 814 0
Zine Upper 26127 ; 792 - ., 0
i Lower 12112 486 - e _NA 6,200 0
Notes:
Background concentration calculated for upper-interval only. Only one background lower-interval sample collected.
a =  RBC for arsenic as a carcinogen.
b = Number of samples exceeding both the RBC and background for upper-interva! samples or the SSL and background for lower-interval
samples.
NA = Not applicable/not available/not analyzed
ND =  Not detected/not determined
NL = Not listed
. =  RBC not available for lead. USEPA residential soil cleanup level used for comparison (OSWER Directive 9355.4-12).
k=

SSL value not based on target leachate concentration.
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Volatile Organic Compounds (ug/kg)
Acetone ' 69458015 2 780,000 NA ND 8,000 ONA
2-Butanone (MEK) 694SB008 ND 4,700,000 NA 7 3,900 NA
Carbon disulfide 69458010 4 Lo 180,000 5 NA 2oNT: 16000 e ' NA
Semivolatile Organic Compounds (ug/k
BEQs 694SB003 120 87 NA NT 4,000 © NA
6945B009 359 ND i
694SB011 NP 514
694SB012 ND 99
69458013 535 NT
694SB016 105 ND
694SB018 337 “NT:
694SB019 18.8 NT
Benzo(a)anthracene 6945B009 250 870 NA ND 800 NA
694SB011 ND 170
694SB013 480 NT
6945SB018 240 NT
6945B019 87 NT
Benzo(a)pyrene 6948B003 100 87 NA S NT 4,000 NA
694SB0O09 280 ND
694SBO11 ND 410
69458012 ND 87
694SB013 440 NT
694SB016 89 ND
694SB018 260 NT
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Benzo(b)fluoranthene 694SB003 200 870 NA NT 2,300 NA
694SB009 390 ND
694SB011 ND 590
694SB012 ND 120
694SB013 450 NT
694SB016 140 ND
694SB018 350 NT
694SB019 100 NT
Benzo(k)fluoranthene 69458009 150 8,700 NA ND 25,000 NA
69458011 ND 140 :
6945B013 180 NT
0945B016 170 ND.
694SB018 130 NT : o
Chirysene 694SB003 130 87,000 NA NT 80,000 NA
694SB009 300 : S ND = &
69458011 ND 240 -
694SB012 ND 88
694SB013 660 NT
694SB016 99 ND
6945B018 270 NT:
694SB019 100 NT
Indeno(1,2,3-cd)pyrene 694SB009 130 870 NA ND 7,000 NA
694SB011 ND 260
694SB018 160 NY
Anthracene 6945B013 110 2,300,000 NA NT 6,000,000 NA
Benzo(g,h,i)perylene 694SBO11 ND 160,000 NA 280 57,000,000 NA
694SB018 180 NT
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4
AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
bis(2-Ethylhexylyphthalate (BEHP) 6945B009 ND 4,600 NA 490 1,800,000 CNA
69458014 620 NT -
6945B019 420 NT
Butylbenzylphthalate 694SB014 680 1,600,000 NT 930,000
Fluoranthene 694SB009 230 310,000 . NA . ND 2,100,000 NA
6945B011 ND ' 230 ;
694SB013 710 CINT
6945B016 87 ND
694SBO18 460 NT
694SB019 100 NT
Phenanthrene 694SB013 750 160,000 NA NT 660,000 NA
694SB018 140 NT
Pyrene 694SB003 110 230,000 NA NT 2,100,000 . NA
: 694SB00Y 330° ND : ' : -
694SE011 ND 300
69458012 ND 100
69458013 - 1:100 “NT
-6945B016 110 ND
694SB018 430 NT
69458019 91 NT.
Pesticides/PCBs (ug/k
4,4-DDD 6945B004 54.8 2,780 NA NT 8,000 NA
6945B008 ND 6.43
694SB00Y 474 ND
694SBO11. - 5.88 ND
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
4,4-DDE 693SB001 14 1,900 NA ND 27,000 NA

694SB004 4.72 NT

694SB014 8.36 NT
4,4-DDT 6935B001 70 1,900 NA ND 16,000 NA

694SB003 14.3 NT:

6945B008 ‘ND 58.8

6945B009 19. ND
Aldrin 694SB012 3.03 38 NA ND 200 NA

694SB013 8.44 NT

694SB016 ND 2.59
alpha-Chlordane 694SB014 9.91 1,800 NA NT - 5,000 NA
Aroclor-1260 693SB001 110 320 NA ND 1,000 NA

693SB002 40 NT

693SB003 52 NT

693SB004 48 NT

694SB005 50 NT

694SB006 26 NT

694SB007 170 110

694SB008 ND 80.5

694SB009 100 ND

694SB011 90.7 ND

6945B012 65.8 66.8

694SB014 596 NT

694SB015 73.3 66.7

694SB016 71.9 155

694SB017 74.8 89.8
delta-BHC 694SB014 2.62 NL NA NT 1.8 NA
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Analytes Detected in Surface and Subsurface Soil

Surface
Parameter Location Conc.
Dieldrin 694SB011 ND
694SB014 8.06
6945B016 3.89
694SB018 9.2
Endrin 694SB007 9.8
69458012 5.2
6945B014 36,2
69458015 ©5:28
6945B016 =ND
694SB018 ND
Endrin Aldehyde 694SB007 6
694SB014 20.9
694SB016 ND
Heptachlor epoxide 694SB001 7.2
69458004 54.7
69458016 194
6945B017 2.56
6945B018 7.76
694SB019 - 6.97

Table 10.6.4
AOCs 693 and 694

Residential
RBC* Surface

(THQ=0.1) Background

Subsurface
Conc.

Soil-to-
Groundwater
SSL* Subsurface

(DAF=10) Background

40 NA

2,300 o NA

2,300 NA

70 NA

4.82
NT
ND

2.0 NA

340 NA
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background

Dioxin Compounds (ng/kg)

TCDD TEQ 693SB001 2,081 4.3 NA 1,600 NA
6935B002 1.1723 :
6935B003 0.37156
693SB004 - 0.91529
694SB001 0.00576
69458002 0.18895
69458003 0.26583
694SB004 0.53771
694SB00S 042812
694SBO06 0.0332
6945B007 1.11934
694SB003 3.2058
694SB00Y 1.6727
694SB010 0:758616
694SB011 1.5342
694SB012 : 1.2645
694SB013 - 0.471298
694SB014 3.854
6945B015 1.3366
6945B016 2.6025
6945B017 1.7769 1954
694SB018 0.37035 "NFE
694SB019 1.0522 NT
694SB024 7.314411 0.090438
694SB025 8.618577 NT
694SB026 9.456076 0447853
694SB027 0.661397 0855223
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Table 10.6.4

AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil

(THQ=0.1) Background
fos ‘NA RO

Residential
Surface RBC*
Parameter Location Conc.
1234678-HpCDD 693SB001 55.8 430 ..
693SB002 31.8 o
694SB002 9.37
693SB003 118
694SB003 10
6935B004 30:1
6945B004 17:2
694SB00S 23.2
694SB006 2.26
694SB007 44
694SB008 777
6945B009 27
694SB010 20.7
-694SB011 44.7
694SB012 392
694SB013 19.4
694SB014 167
694SB01S 47.9
694SB016 72
6945B017 55.6
694SBO18 - 10:6
694SB019 37
694SB024 197731
694SB025 254127
6945B026 298.988
694SB027 26.06

Surface

Subsurface

Soil-to-
Groundwater
SSL* Subsurface

Conc.

(DAF=10) Background
110,000 o NA
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Parameter

Location

1234678-HpCDF

1234789-HpCDF

69358001
6935B002
6945B002
69358003
694SB003
693SB004
694SB004
6945B005
6945B007

694SB008

6945B009
694SB010
69458011

694SB012

694SB013
6945B014
694SB015

694SB016

694SB017
694SBO18
694SB019
694SB024
6945B025
694SB026
694SB027

6945B012
6945B014
694SB017

Analytes Detected in Surface and Subsurface Seil

Surface
Conc.

-6.245

3.98

1.74
1.87
3.14
251
2.61
6.31
15.1
9.24

0.402
6.11
4.54

0.532
7.71
4.29
102
6.77
7.73
3.82

26.333

27.641

14.177
ND

ND
1.03
ND

Table 10.6.4

AOCs 693 and 694

Residential

RBC*

(THQ=0.1) Background

430 :

NA

Surface

Subsurface

Soil-to-
Groundwater
SSL*
(DAF=10)

Subsurface
Background

NA

NA

Conc.

54,000

540,000

NA

NA
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
123478-HxCDD 694SB008 1.72 43 NA ND 4,100 NA
694SB010 0.8889 NT
694SB026 1.209 ND
. '123478-HxCDF i~ 1693SB001 3.37 43
<50 693SB002 1.93 '
69358003 0.446

. 694SB003 0.59 =

6938004 12

. 694SB004 0.687
694SB0OOR 3.84
69488009 1.77
694SBO11 ND
'694SB012 1.5
694SB014 4
694SB015 1.46
694SB016 2.9
694SB017 2.22
694SB0O18 0:657
694SB019 1:22
694SBO24 8791
694SB025 6.147
69458026 9.103
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Table 10.6.4

AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
123678-HxCDD 693SB001 4.835 43 NA ND 4,100 NA

693SB002 1.95 NT

693SB003 0.693 NT

6935B004 0.989 NT

694SB004 1.49 NT

694SB007 373 ND

694SB008 7.91 0.877

694SB009 1.9 ND

694SB010 0.773 NT

694SB011 3.2 1.79

694SB012 1.93 5.76

694SB014 3.44 NT

694SBO15 0.814 1.07

694SB016 5.33 ND

694SB017 3 3.6

694SB019 1.44 NT

69458024 7.002 ND

694SB025 7.651 NT

694SB026 7.596 ND

694SB027 ND 0.967

123678-HxCDF 6945B024 5.669 43 . NA : ND 220,000 NA

6945B025 2.004 a NT -
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
123789-HxCDD 693SB001 2.68 43 NA : ND 4,100 NA
-693SB002 1.77 NT.- :

6935B004 1.23 NT-

6945B008 3.56 ND

694SB009 2.16 ND

694SB010 198 NT

694SB011 2.13 1.8

6945B012 146 3.38

6945B013 1:.12 . NT

694SB014 2.88 . NT

6945B015 2.01 “ND

694SB016 3:91 ND:

6945B017 2.05 2.5

6945B019 1:38 NT

694SB024 3.852 “ND

694SB025 9,308 NT

694SB026 8.825 ND

694SB027 0.818 ND
12378-PeCDF 694SB008 1.11 85 NA ND 770 NA

694SB011 1.65 ND

694SB024 1.62 ND

694SB025 0.585 NT

694SB026 1.716 ND
2378-TCDD 6945B026 0.174 4.3 NA ND 1,600 NA
2378-TCDF 694SB009 2.37 43 NA ND 240 NA

694SB024 0.965 ND

694SB025 0.77 NT

694SB027 0.8 ND
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Parameter

Location

OCDD

693SB001

6945B001

6935B002
694SB002

6935B003
6945B003

69358004
694SB004
694SB00S
694SB006
694SB007
694SB008
694SB00Y
694SB010
694SBO11
694SBO12
694SB013
694SB014
694SB015
694SB016
694SBO17
604SB018
694SB019
6945B024
694SB025
694SB026
694SB027

Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Conc. (THQ=0.1) Background Conc. (DAF=10) Background
359 . 4,300 NA 3.04 21,100,000 S NA
5:76: NT : o
239 ‘NT
742 NT
118 NT
85 NT
234 NT
17 NT
166 NT -
10.6 NT
235 658
a2 9%
314 278
183 NT
396 257
325 554
159 NT
1,030 NT.
376 197
543 73.5
410 467
114 ZNT
230 NT
2,280.477 49.623
2.983.754 NT
3,312:714 204.774
232.053 407.549
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4
AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
OCDF 693SB001 13.05 4,300 NA ND 540,000 o SO NA
6935B002 10:5 NT :
694SB0O02 1:85 NT
6935B003 426 NT
694SB003 3.13 NT.
693SB004 6:99 NT
694SB004 591 NT
694SB003 4.02 NT
694SB007 8.24 15
694SB008 273 16.55 -
6945B009 193 AT
694SB010 0.39 NT
694SB011 14.6 12.8
694SB012 13.1 25
694SB013 0:978 -NT
694SB014 34.6 NT
694SB015 10.3 8.32
694SB016 235 5:82 e
6948B017 16.2 185
6945B018 735 =NT
694SB019 10 NT
6945B024 84.394 1.515
694SB025 139.893 NT
694SB026 78.612 8.539
694SB027 6.944 7:794
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Inorganics (mg/kg)
Aluminum (AD 6938B001 22,750 7.800 32,100 4,460 560,000 NA
1 6948B001 - 1,370 . NT :
6935B002 39,000 «NT.
69458002 30,100 NT
693SB003 39,100 NT
6945B003 33,100 NT
69358004 111,700 NT
6945B004 28,200 NT
694SB005 44,700 NT
69458006 5,160 NT
6945B007 17,100 6,580
6945B008 33,200 27,600
694SB00Y 14,100 8,080
694SB010 21,400 NT
6945B011 17,000 9.070:
694SB012 7,150 13,100
6945B013 17,900 ONT
694SB014 6,720 NT
694SB015 12,400 7170
69458016 16,100 11;000
6945B017 712,300 .5,230
69458018 12,300 NT
69458019 6,510 NT
- 6945B024 24,200 9,330
69458025 17,000 NT
69458026 20,100 30,900
69458027 28,100 38,500
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Antimony (Sb) 693SB001 0.58 31 2:16 ND 2.7 : “NA :
694SB001 0:56 : NT e
693SB002 0.74 NT
6945B002 2.5 NT
694SB003 .0:64 NT
6945B004 1 NT
694SB00S 33 NT
694SB007 0.81 ND
694SB008 0.67 2.2
694SB009 3.7 1.4
694SB011 0.89 P i
6945B012 279 0:36
694SB014 5.6 NT
694SB0O15 :=ND 0.7
694SB016 0.83 1:1
694SB017 1:1 NT
694SB018 2.2 NT
694SB019 5.1 NT
694SB026 ND 4.7
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Parameter

Arsenic (As)

Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
693SB001 17.5 0.43 23.0 8.1 15 NA
693SB002 21.9 NT
694SB002 14.7 NT
693SB003 17.9 NT
694SB003 16.3 NT
693SB004 11.2 NT
694SB004 12.5 NT
694SB005 25.8 NT
694SB007 11.7 53
694SB008 16.5 16.2
694SB009 10.6 7.2
694SB010 21.5 NT
694SB011 12.1 8.6
694SB012 7.2 10
694SB013 17.4 NT
694SB014 12.1 NT
694SB015 8 8.3
694SB016 8.6 8.2
694SB017 9.7 6
694SB018 7.4 NT
694SB019 9 NT
694SB024 13.8 6.9
6945SB025 12.4 NT
694SB026 13.5 13.2
694SB027 17.2 21.6
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter ___Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Barium (Ba) : i 693SB001 41.8 550 26701 8.7 e 820 B NA
694SB001 4.9 i comeNT = g i
6935B002 48.6 ' Cmema s NT
694SB002 37.6 =NT
6935B003: 44.5 : : : 'NT
694SB003 41.2 ‘NT
6935B004 274 : : NT-= =
694SB004 35.6 NT.
694SB005 51 NT
694SB006 10.7 : SeEan NT
6945B007 303 . 148
6948B008 407 372
:6945B009 131 o 354
6945B010 28.7 : S NT
694SB011 26.8 163
6945B012 18.7 21
694SB013 33.4 : - NT
694SBO14 276 Nt
694SB015 : -23.9 i G 19.7
6945B016 339 19.1
694SB017 25 11.6
694SB018 31.9 : NT
694SB019 22 ' NT
694SB024 40:3 28.9
694SB025 27.5 NT
694SB026 28.1 44.6
6945B027 36.1 L 439
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Beryllium (Be) 6935B001 1.25 16 1:35 0.36 32 COOTNA
: : 6948B001 v 0.1 : i NT 5
693SB002 16 NT
694SB002 0.97 NT
6935B003 1.6 NT
694SB003 13 NT
693SB004 0.74 NT
6945B004 1 NT
6945B00S 1.6 NT
6945B006 041 NT
694SB007 0.83 0:38
694SB008 12 0.96
694SB009 0.98 0.47
6945B010 0.8 NT.
694SBOt1 0.87 0.53
694SB0O12 0.39 0.57
6948B013 0.99 NT
6948B014 0.54 NT
694SBO15 0.55 0.55
694SB016 0:73 057
6945B017 0.63 0.34
694SBO18 0.68 NT
694SB019 075 NT
69488024 1.2 0.67
694SB025 0.86 NT
694SB026 0.88 1:2
- 6948B027 12 1.5
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4
AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL#* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Cadmium (Cd) 6935B001 0.38 39 1055 036 e ; NA

694SB002 0.32 NT : B
6935B003 0.32 NT.

694SB003 0:25 NT

6935B004 0.23 NT

694SB004 0:39 NT

694SB005 0:28 NT

694SB006 0:22 *NT

694SB007 0.26 0.48

694SB008 0.33 1.0

6945B009- 11 0:58

694SB011 027 0.63

694SB012 0.57 0.3

694SB014 15 NT

694SB015 0.28 025

694SB016 0:24 NT

694SB017 0:24 NT

6945B018 0:52 NT

694SB019 0.52 NT

69458024 0.56 " “0:19

694SB025 0.29 NT

694SB026 0:26 0.23

694SB027 0.25 0.32
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. DAF=10) Background
Calcium (Ca) 693SB001 26,750 NLE = INA 230,000 “NL ‘NA
694SB001 6,220 : NT
6935B002 7.840 NT
6945B002- 39.000 NT -
6938B003 7,470 NT:
694SB003 7,530 NT
6935B004 10,700 NT:
694SB004 33,800 NT
6945B00S 8,770 NT
694SB006 50,500 NT
694SB007 27,800 239:000 -
694SB008 57,200 144,000
694SB009 26,000 168,000 :
6945B010 4.470 NT: =
694SB011 53,400 195,000
694SB012 100,000 89,500
694SB013 9,260 - NT
6945B014 72,400 INT
694SB015S 57,400 52,400
694SB016 45,700 86,500 -
694SB017 28,100 22,100
694SB018 42,400 NT
694SB019 46,300 NT.
69458024 92,500 18,500
6945B025 32,300 NT:
694SB026 36,800 72,400
694SB027 66,700 25,200
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AQOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Chromium {Cn 693SB001 57.1 23E STe9T 40 1000000 CoLERENAE
694SB001 4.8 NT
693SB002 67.2 NT
-694SB002 51.9 NT
6$93SB003 75 NT
6945B003 63 NT
693SB004 294 NT
694SB004 532 NT
694SB005 1.3 NT
694SB006 - 16:7 NT:
694SB007 381 493
694SB008 59.7 - 638
694SB009 69.5 487
694S8B010 48.7 N
694SBO11 557 46.7
694SB012 433 38.4
694SB013 412 NT.
6945B014 639 NT
694SB015 29 229
694SB016 332 335
694SB017 30.6 14:4
6945SB018 344 NT
694SB019 75 NT
694SB024 60.5 247
694SB025 35.8 NT.
694SB026 38.6 58.7
694SB027 513 o4
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Cobalt {Co) 693SB001 5.7 470 8T 990 “NA
6945B001 0.97 ' S
693SB002 7.6
694SB002 5:1
6935B003 17
694SB003 6.9
693SB004 3.4
694SB004 5.8
694SB00S 1001
694SB006 14
694SB007 4.1
694SB008 57
6945B009 7.8
694SB010 3.7
694SB011 3.9
694SB012 1:5
694SB013 5.3
69458014 ‘5.3
694SB015 2.6
6945B016 335
694SB017 3
694SB018 2.2
694SB019 3
6945B024 5.9
6945B025 5.4
694SB026 6.6
69458027 9.7
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4
AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Copper (Cu) 6935B001 38.4. 3107 119 114 5,600 : o NA

694SB001 43 NT et
6935B002 344 NT

694SB002 321 NT

693SB003 36:1 NT

694SB003 33.8 NT:

693SB004 215 NT::

6945B004 82.6 NT

694SB00S 39.6 NT

694SB006 30:2 NT

694SB007 55.2 10,9

694SB008 48.6 110

694SB009 260 126

69458010 11.2 NT

694SBO11 60.8 64.9

6945B012 114 479

694SB013 14.8 NT

694SB014 1,020 NT

6945B015 41.1- 42.6

694SB016 50: 65.4

694SB017 579 21.6

694SB018 99.7 NT

6945B019 160 NT

69458024 32.8 i1

694SB025 28.8 NT

694SB026 26.7. 351

694SB027 29.8 33
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Iron (Fe) 693SB001 30,150 2,300 oo = 35200 4,770 NL ' NA
: 6945B001 2,170 o NT
693SB002 43,200 NT
694SB002 21,500 NT
6935B003 37,200 NT
694SB003 31,300 NT
693SB004 17,900 NT
694SB004 25,100 NT
694SB005 40,760 NT
694SB006 5,440 NT:
694SB007 18,600 5,230
694SB008 29700 22,500
634SB009 -25;100 10,300
694SB010 33,700 NT
694SB0O11 19,300 9.310.
694SB012 10,800 17,000
6945B013 27,600 NT
694SB014 28,100 NT
69458015 13,300 10,900
6945B016 15,400 11,500
69458017 17,900 8,360
6945B018 11,600 NT:
694SB019 18,600 NT
6945B024 30,300 12,300
- 6945B025 20,800 NT
694SB026 22,300 28,400
694SB027 29,500 37,200
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4
AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Lead (Pb) 6935B001 474 400 98.3 32 400 SNA

6945B001 53 G NT: ’

6935SB002 36.3 “NT:

694SB002 48.9 = NT

693SB003 393 NT-::

69458003 49.6 . NT-

693SB004 330 hh T NT

6945BO4 65.3 NT

694SB00S 46 NT

6945B006 34.7 NT

6945B007 724 112

6945B008 531 874

6945B009 481 106

694SB010 18.2 NT

6945B011 98.6 47.1

694SBOI2 . 105 432

69458013 30.7 NT

6945B014 1391 NT

694SB015 51.6 47.5

69458016 81.3 57

6945B017 50.9 233

6945B018 133 NT

6945B019 177 NT

69458024 35.6 90.8

694SB025 289 NT

694SB026 314 63.6

6945B027 27.6 328
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Magnesium (Mg) 6935B001 4,955 NE L NA e 5900 - NL NA

: 6945B0O1 355 : NT

6935B002 5,290 NT

6945B002 3.610 NT

693SB003 5,560 NT

69458003 5;170° NT

69358004 2,480 “NT

694SB004 5;550- NT

694SB00S 5,570 “NT

694SB006 1,180 NT

694SB0O0O7 2.940 6,170

694SBO0B 5.290 7,650

6945B009 3,080 4.630

6945B010 4790 NT

6945B011 3,830 4.570

6943B012 3,060 3.870

694SB013 3,440 NT

6945B014 2,370 2 NT

694SBO1S 3,160 2,450

694SBO16 3.040 3,050

6945SB017 2,750 1,390

6945B018 2,350 NT

6945B01Y 1,720 “NT

6945B024 5,810 1,940

69458025 3,850 NT

6945B026 4,310 6,090

69458027 6,700 9180
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Parameter

Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Manganéée (Mn)

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL#* Subsurface
Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background

693SB001 536:5 160 1210+ : 480 NA-
694SB001 125 Con :
6935B002 536

69458002 439

6935B003 415

6945B003 587

6935B004 - 315

6945B004 476

69458005 703

694SB006 83.5

6943B007 322

694SBOOB 573

6945B0O9 426

694SB010 140

6945B011 333

69458012 156

694SB013 240

69458014 403

694SB015 230

6945B016 251

6945B0O17 350

694SB018 194

694SB019 295

6945B024 738

694SB025 390

6945B026 47

094SB027 582
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Mercury (Hg) - 693SB00L 0.195 2.3 - 0.63 1 GNA
: 69358002 0.21 _ '

694SB002 027 -

693SB003 0.24

6945B003 0:19

693SB004 - 0.25

694SB004 0.37

694SB00S -0:29

694SB006 0:13

694SB00O7 0.44

694SB008 0.49

694SB009 0.57

694SBO11 0:46

694SH012 0:29

694SB013 026

6945B014 0.96

694SB015 0.27

694SB016 0:27

6945B017 0.27

694SB018 0:27

694SB019 1.7

6945B024 0.23

- 6945B025 o1z
-+ 6945B026 01
- 694SB027 0.25"
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Nickel {Ni}) 6935BUO1 17:35 160 245 11.7 65 : NA
6945B001 1.7 R = NT : '
6935B002 19.3 NT
6945B002 17.7 NT
693SB003 22 NT
6945B003 197 NT -
693SB004 8.5 NT
6945B004 182 NT: .
6945B005 24.4 NT:
694SB006 9.7 =NT
694SB007 13.2 194
694SB008 215 225
694SB0O0Y 371 18.1
6945B010 9:3 . NT.
694SB0O11 153 189
694SB012 192 16.7
6945B013 10:1 NT
694SB014 35.8 NT
6945B015 12.6 9:5
6945B016 13:1 202
6945B017 10:5 4.7
694SB018 12.4 NT
6945B019 20:2 NT
6945B024 24.1 15
6945B025 11.7 NT
69458026 12.8 21
6945B027 164 20
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Potassium (K) S 693SB001 2.555 NL g NA 1,370 woise N : NAG

= 69488001 e ep ) NT

693SB002 2.990 : B S NT

69458002 - 2,000 : : NT

693S8B003 - = 3,080 : “NT

694SB003 2,750 e i i NT

6935B004 1,100 ey

£ 694SB004 2,690 : S NT

6945B00S5 3,340 NT

694SB006 477 NT

6945B007 1,280 G = 1,590

6945B008 3,180 = | gl

694SB009 1,220 g o L = 1,380

69458010 5,800 NT

6945B011 1,700 1,360

-6945B012 990 S 1,310

694SB013 3,030 : NT

6945B014 759 : S NT

694SB015 1,270 : : o 894

694SB016 1;460 : 1400

694SB017 1.470 S 514

694SB018 1,010 : NT

6945B019 - 634 . . : : NT

694SB024 - - 2,140 i 935

694SB025 1,690 : : NT

6945B026 1,900 2,680 .=

69458027 2,790 : S 4090
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface

Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Selenium (Se) 694SB005 4.7 39 1.24 NT 2.6 NA

694SB010 2.2 NT

694SB012 0.85 1.3

694SB014 1.5 NT

694SB015 0.69 0.82

694SB017 0.96 ND

6945SB018 0.95 NT

694SB019 1.2 NT

694SB024 1.2 ND
Silver (Ag) 693SB001 0,72 39 0.41 ND 1. S NA

6945B001 0.31 NT : :

69358002 0.66 NT

694SB002 0.74 NT

6935B003 0.73 NT

6945B003 0.51 “NT

6935B004 0.5. - NT

6945B004 0:47 oo N

6945B00S 1.2 NT

6945BO07 .41 ND:

694SB009 0,43 ND

6945B014 0.44 = NT.

694SBO15 ND 0.33

6945B016 0,32 NT

6945B018 0.61 NT

69458019 1.2 NT
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil

Soil-to-
Residential Groundwater
Surface RBC* Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Sodium (Na) 693SB001 322.5 NL 2,210 NL NA
694SB001 546 NT
6935B002 1,350 NT
694SB002 784 NT
693SB003 1,290 NT
694SB003 1,610 NT
693SB004 167 NT
694SB004 3,160 NT
694SB005 337 NT
694SB006 475 NT
694SB0O07 414 2,250
694SB008 566 2,010
694SB009 423 2,040
694SB010 4,440 NT
694SB011 477 1,450
694SB012 614 655
694SB013 384 NT
694SB014 803 NT
694SB015 2,080 1,800
694SB016 471 816
694SB017 317 218
694SB018 1,190 NT
694SB019 762 NT
694SB024 951 2,650
694SB025 719 NT
6945B026 774 4,470
694SB027 5,130 12,200
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Tin (Sn) 693SB001 16 4.700 a9 ‘ND 5,500 NA
6945B003 224 : & NT :
-694SB004 18.6 NT
694SB008 293 18.7
694SB009 31.3 ND
6945B012 ND 733
694SB014 284 NT
694SB015 36 ND
6945B017 210 ND
694SB018 33 NT
694SB019 40.9 NT
69458024 T4 26:8
694SB025 5.9 NT
6945B026 6.1 7.5
694SB027 9:3 119
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Analytes Detected in Surface and Subsurface Soil

Table 10.6.4

AOCs 693 and 694

Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Vanadium (V) 693SB001 68.5 55 75.9 23.4 3,000 NA
694SB001 43 NT
693SB002 87.8 NT
694SB002 51 NT
693SB003 86.3 NT
694SB003 70.7 NT
693SB004 39.3 NT
694SB004 55.8 NT
694SB005 92.2 NT
694SB006 11.8 NT
694SB007 4]1.2 29.5
694SB008 66.1 55.2
694SB009 57 25.9
694SB010 54.6 NT
694SB011 41.9 30.3
694SB012 20.5 333
694SB013 48 NT
694SB014 23.7 NT
694SB015 29.6 219
6945B016 33.9 26.5
694SB017 33.2 17.6
694SB018 26.5 NT
694SB019 26.1 NT
694SB024 61.4 20.8
694SB025 427 NT
694SB026 44.1 67.9
694SB027 65.2 81.4
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Table 10.6.4
AOCs 693 and 694
Analytes Detected in Surface and Subsurface Soil
Soil-to-
Residential Groundwater
Surface RBC* Surface Subsurface SSL* Subsurface
Parameter Location Conc. (THQ=0.1) Background Conc. (DAF=10) Background
Zinc¢ (Zn) 6935B001 159 2,300 236 63.1 56,2000 NA

693SB002 139 NT s e =
69458002 122 NT

6935B003 139 NT

6945B003 163 NT

693SB004 105 NT

694SB004 204 NT

6945B0O0S 139 NT.

6945B006 101- NT

6945B007 224 577

6945SB008 157 341

694SB009 792 213

694SB010 389 NT

6945B011 169 243

694SB012 350 105

6945B013 67.9 NT

694SB014 702 NT

6943B015 128 151

69458016 218 250

69458017 103 48.6

694SBO18 270 NT

6945B01Y 602 NT

6945B(24 113 341

6945B025 81.9 NT

6945B026 84.7 164

69458027 931 141

10.6.45



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

Notes:

* = Residential RBCs (THQ=0.1) were used as a reference concentration for upper-interval samples. Generic soil-to groundwater SSLs (DAF=10) from Soil Screening Guidance: Technical
Background Document (USEPA, 1996b) were used as a reference concentration for lower-interval samples

Bold concentrations exceed the RBCs, SSL, and the zone background

All background values for Zone K are based on twice the means of the grid sample concentrations.

DAF = Dilution attenuation factor

NA = Not applicable/not available/not analyzed
ND = Not detected/not determined

NT = Not taken

RBC = Risk-based concentration

SSL = Soil screening level

THQ = Target hazard quotient

pg/kg = Micrograms per kilogram

ng/kg = Nanograms per kilogram

mg/kg = Milligrams per kilogram

NA = Not Applicable/Not Available

o = Number of nondetects prevented determination of background concentration
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Volatile Organic Compounds in Soil

Three VOCs (acetone, 2-butanone, and carbon disulfide) were detected in the soil samples
collected in the AOCs 693 and 694 area. Acetone and carbon disulfide were each detected in only
one upper-interval sample. 2-butanone was detected in only one lower-interval sample. Each
detection was between 2 and 7 wng/kg, which was lower than the VOCs respective upper- and

lower-interval RBC/SSL screening levels by three to five orders of magnitude.

Semivolatile Organic Compounds in Soil

Thirteen SVOCs were detected in soil samples collected from the AOCs 693 and 694 area; 10
were detected in both surface and subsurface samples. Of the SVOCs detected, only
benzo(a)pyrene exceeded its RBC. All five benzo(a)pyrene surface soil interval detections
(694SB00301, 00901, 01301, 01601, and 01801) exceeded its 87 ng/kg RBC. The BEQ
calculated for these samples also exceeded the 87 ng/kg B(a)P RBC. However, all detected B(a)P
concentrations were within one order of magnitude of the RBC. Figure 10.6.2 shows BEQ values

calculated for surface soil sample locations.

No lower-interval SVOC concentration exceeded its respective SSL.

Pesticides/PCBs in Soil

Ten pesticide compounds were detected in the soil samples collected at AOCs 693 and 694. Seven
were in both upper- and lower-interval soil samples. No upper-interval pesticide detection
exceeded a respective RBC. Only one subsurface detection, a dieldrin concentration, (4.82 ng/kg
at 694SB011) exceeded its 1.81 ng/kg SSL. The exceedance was the same order of magnitude as
the SSL.

Aroclor-1260 was detected in 14 of 23 upper-interval soil samples and six of nine lower-interval

samples. Only one surface detection (596 ng/kg at 694SB01401) exceeded Aroclor-1260's

10.6.47

10

11

12

13

14

15

20

21

22

23



Zone K RCRA Facility Investigation Report
Charleston Naval Complex

Section 10 — Site-Specific Evaluations
Revision No: 0

320 ng/kg RBC screening concentration. This detection was within the same order of magnitude

as the screening concentration. All subsurface concentrations were below the applicable SSL.

Other Organic Compounds in Soil

Dioxins were detected in all of the samples collected at AOCs 693 and 694. All dioxin
concentrations detected in site samples were below their respective RBC/SSL screening
concentrations. However, the calculated TEQs for three surface samples (7.31 ng/kg, 8.61 ng/kg
and 9.45 ng/kg for borings 694SB02401, 02501, and 02601, respectively) exceeded the 2,3,7,8-
TCDD RBC of 4.3 ng/kg.

Inorganics in Soil

Twenty-three inorganics were detected in soil at AOCs 693 and 694. The following inorganics
exceeded either an applicable RBC or SSL, and if available, the applicable background
concentration: aluminum, antimony, arsenic, copper, iron, lead, manganese, mercury, and

vanadium.

Aluminum was detected at most sampling locations. Five surface interval concentrations (at
locations 693SB002 and 003, and 694SB003, 005, and 008) exceeded the RBC and surface
background. However, all aluminum exceedances were of the same order of magnitude as the
RBC. All subsurface detections were below the applicable SSL. Figure 10.6.3 shows aluminum

concentrations detected in surface soil.

Five surface interval antimony concentrations (at locations 694SB005, 009, 012, 014, and 019)
exceeded the RBC and one subsurface concentration (4.7 mg/kg at location 694SB026) exceeded
the SSL. However, all antimony RBC and SSL exceedances were with the same order of
magnitude as the screening concentrations, with the exception of the 27.9 mg/kg surface interval

detection at 694SB01201. Figure 10.6.4 shows antimony concentrations detected in surface soil.
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